
4ID 

BNL-NCS-50496 
(ENDF-102) 

UG-80 
2nd Edition (ENDF/B-V) Revised 

(General Reactor Technology - TID-45001 

ENDF-102 

DATA FORMATS AND PROCEDURES 
FOR THE 

EVALUATED NUCLEAR DATA FILE, ENDF/B-V 

Edited by R. Kinsey 
OCTOBER 1979 

Revised by B.A. Magurno 
NOVEMBER 1983 

NATIONAL NUCLEAR DATA CENTER 

BROOKHAVEN NATIONAL LABORATORY 
ASSOCIATED UNIVERSITIES, INC. 

UPTON, LONG ISLAND, NEW YORK 11973 

UNDER CONTRACT NO. DE-AC02-76CH00016 WITH THE 
UNITED STATES DEPARTMENT OF ENERGY 



This publication is based on previous reports: 

BNL 8381, ENDF - Evaluated Nuclear Data File Description and Specifications, 
June 1964, H.C. Honeck. 

BNL 50066, ENDF 102, Vol. 1 - ENDF/B - Specifications for an Evaluated Nuclear 
Data File for Reactor Applications, May 1966, H.C. Honeck; Rev. July 1967, S. Pearl- 
stein; Rev. Oct. 1970, M.K. Drake, Editor. 

LA 4549, ENDF 102, Vol. I1 - ENDF Formats and Procedures for Photon'Production 
and Interaction Data, Oct. 1970, D.J. Dudziak. 

BNL-NCS-50496, ENDF 102, Data Formats and Procedures for the Evaluated Nuclear 
Data File, ENDF, Oct. 1975, D. Garber, C. Dunford, and S. Pearlstein, Editors. 

ORNL/TM-5938, ENDF-249, The Data Covariance Files for ENDF/B-V, July 1977, F. 
Perey. 

As in the previous edition, it brings under one cover both the neutron and photon formats 
and in addition includes the new data covariance formats. 

DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the Zlnited States Government nor any agency 
thereof, nor any of their employees, nor any of their contractors, subcontractors, or 
their employees, makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or usefulness of any 
infofmation, apparatus, product, or process disclosed, or represents that its use 
would not infringe privateIy owned rights. Reference herein to any specific com- 
mercial product, process, or service by trade name, trademark, manufacturer, or 
otherwise, does not necessarily constitute or imply its endorsement, recommenda- 
tion, or favoring by the United States Government or any agency, contractor or 
subcontractor thereof. The views and opinions of authors expressed herein do not 
necessarily state or reflect those of the United States Government or any agency, 
contractor or subcontractor thereof. 

Printed in the United States of America 
Available from 

National Technical Information Service 
U.S. Department of Commerce 

5285 Port Royal Road 
Springfield, VA 22161 



iii 

DATA FORMATS AND PROCEDURES 

FOR THE ENDF NEUTRON CROSS SECTION LIBRARY 

0. o ENDF/B-v VERSION PREFACE 

0.1 INllliODUCTION 

0.2 GENERAL FEATURES OF THE EVALUATED NUCLEAR DATA FILE 

0.3 RELATIONSHIP OF THE ENDF To OTHER DATA SYSTEMS 

0.3.1 Experimental Data Libraries 

0.3.2 Processing Codes and Neutronics Calculations 

0.4 GENERAL DESCRIPTION OF THE EM>F LIBRARY 

0.4.1 Definitions and Conventions 

0.4.2 Structure of an ENDF Data Tape 

0.4.3 Representation of Data 

GENERAL DESCRIPTION OF "E DATA FORMATS 0.5 

0.5.1 Nomenclature 

0.5.2 Types of Records 

0.5.3 Card Image ( B O )  Format 

1. FILE 1, GENERAL INFORMATION 

1.1 Descriptive Data and Dictionary (MT = 451) 

1.1.1 Formats 

1.1.2 Procedures 
- 

1.2 Number of Neutrons per Fission, V ,  (MT = 452) 

1.2.1 Formats 

1.2.2 Procedures 



iv 

DATA FORMATS AND PROCEDURES 

1.3 Delayed Neutron Data, vdl (MT = 455) 

1.3.1 Formats 

1.3.2 Procedures 

Number of Prompt Neutrons per Fission, V 

1.4.1 Formats 

1.4.2 Procedures 

Number of Neutrons from the Spontaneous Fissioning of the Target 

Nucleus (MT = 465,466) 

1.5.1 Formats 

1.5.2 Procedures 

Components of the Energy Release Due to Fission (MT = 458) 

1.6.1 Formats 

1.6.2 Procedures 

- 
1.4 (MT = 456) 

PI 

1.5 

1.6 

2. FILE 2, RESONANCE PARAMETERS 

2.1 General Description 

2.2 Resolved Resonance Parameters 

2.2.1 Formats 

2.2.2 Procedures 

2.3 Unresolved Resonance Parameters 

2.3.1 Formats 

2.3.2 Procedures 

2.4 Additional Procedures for the Resolved and 

Unresolved Resonance Regions 

Revised 11/83 



V 

(0 DATA FORMATS AND PROCEDURES 

3. FILE 3, .NEUTRON CROSS SECTIONS 

3.1 General Description 

3.2 Formats 

3.3 Procedures 

4. FILE 4, ANGULAR DISTRIBUTIONS OF -SECONDARY NEUTRONS 

4.1 General Description 

4.2 Formats 

4.3 Procedures 

5. FILE 5,  ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS 

5.2 Representation of Energy Distributions 

5.3 Formats 

5.4 Procedures 

6. FILE 6, ENERGY-ANGULAR DISTRIBUTIONS FOR SECONDARY NEUTRONS 

6.1 General Description 

6.2 Formats 

6.3 Procedures 

7. FILE 7 r  THERMAL NEUTRON SCATTERING LAW DATA 

7.1 General Description 

7.2 Formats 

7.3 Procedures 

8. FILE 8, RADIOACTIVE DECAY AND FISSION PRODUCT YIELD DATA 

8.1 Radioactive Nuclide Production 

8.2 Fission Product Yield Data (MT = 454 and MT = 459 

8.3 Radioactive Decay Data (MT = 457) 



DATA FORMATS AND PROCEDURES 

9. FILE 9, MULTIPLICITIES FOR PRODUCTION OF RADIOACTIVE NUCLIDES 

9.1 General Description 

9.2 Formats 

9.3 Procedures 

lo. FILE 10, CROSS SECTIONS FOR PRODUCTION OF RADIOACTIVE NUCLIDES 

10.1 General Description 

10.2 Formats 

10.3 Procedures 

11. GENERAL COMMENTS OF PHOTON PRODUCTION 

12. FILE 12, PHOTON PRODUCTION MULTIPLICITIES AND TRANSITION PROBABILITY 

ARRAYS 

12.1 Formats 

12.1.1 Option 1 (LIpI=l) Multiplicities 

12.1.2 Option 2 (L@=2) Transition Probability Arrays 

12.2 Procedures 

13. FILE 13, PHOTON PRODUCTION CROSS SECTIONS 

13.1 Formats 

13.2 Procedures 

13.3 Preferred Representations 

14. FILE 14, PHOTON ANGULAR DISTRIBUTIONS 

14.1 Formats 

14.2 Procedures 

15. FILE 15, CONTINUOUS PHOTON ENERGY SPECTRA 

15.1 Formats 

15.2 Procedures 



v i i  

(I) DATA FORMATS AND PROCEDURES 

16. FILE 16. PROTON ENERGY-ANGLE DISTRIBUTIONS 

16.1 Formats 

16.2 P r o c e d u r e s  

17. FILE 17,  DISCRETE DELAYED GAMMA RAYS 

17.1 G e n e r a l  Remarks 

17.2 Formats 

17.3 P r o c e d u r e s  

18. FILE 18, CONTINUOUS SPECTRA OF DELAYED-PHOTON EMISSION 

18.1 General Remarks 

18.2 Formats 

ARRAYS 

20. FILE 20, ELECTRON PRODUCTION CROSS SECTIONS 

21. FILE 21, ELECTRON ANGULAR DISTRIBUTIONS 

22. FILE 22, CONTINUOUS ELEGTRON mERGY SPECTRA 

23. FILE 23, "SMOOTH" PHOTON INTERACTION CROSS SECTIONS 

23 .1  General Comments on Pho ton  Interaction 

23.2 General Description 

23.3 Formats 

23.4 P r o c e d u r e s  

24. FILE 24, SECONDARY ANGULAR DISTRIBUTIONS K)R PHOTON INTERACTION 

24.1 General Description 

24.2 Formats 



viii 

DATA FORMATS AND PROCEDURES 

25. FILE 25, SECONpARY ENERGY DISTRIBUTIONS 

26. FILE 26, SECONDARY ENERGY-ANGLE DISjPRIBUTIONS 

27. FILE 27, ATOMIC FORM FACTORS OR SCATTERING FUNCTIONS 

27.1 G e n e r a l  D e s c r i p t i o n  

27.2 Formats 

27.3 Procedures 

30. 

31. FILE 31, COVARIANCES O F  THE AVERAGE NUMBER O F  NEUTRO.NS PER F I S S I O N  

IN!J!RODUCTION To DATA COVARIANCE F I L E S  

31.1 G e n e r a l  D e s c r i p t i o n  

31.2 Formats 

31.3 Procedures 

32. FILE 32, C O W I A N C E S  O F  RESONANCE 

32.1 G e n e r a l  D e s c r i p t i o n  

32.2 Formats 

32.3 Procedures 

33.  F I L E  33, COVARIANCES OF NEUTRON CROSS SECTIONS 

33 .l G e n e r a l  D e s c r i p t i o n  

33.2 Formats 

33.3 Procedures 



i x  

APPENDIX A: Glossary 

B: 

C: 

D: 

E: 

F: 

G: 

H: 

I: 

J: 

K: 

De f in i t i on  of Reac t ion  Types 

ZA Designation of  Materials 

Resonance Region Formulae 

I n t e r p o l a t i o n  Schemes 

Temperature Dependence 

A l t e r n a t i v e  S t r u c t u r e  for ENDF Data Tapes 

Data Formats f o r  t h e  ENDF/A L ib ra ry  

Summary of  Processing Codes Used With the  ENDF Library  

Materials i n  t h e  ENDF/B Library  

Sample Data Set 

L: Sample of I n t e r p r e t e d  Data Set 

M: Sample Graphical  Display 

N: Examples of Card Image Formats 

0: Format Dif fe rences  Between Versions of the  ENDF Library  

P: Summary of Important ENDF R u l e s  

Q: Dimensions of Important  ENDF Parameters 



X 

0. ENDF/B - v PREFACE 

These r e v i s i o n s  to Data Formats and Procedures for t h e  ENDF Neutron Cross 

Sect ion  Library ,  ENDF-102, p e r t a i n  to t h e  la tes t  ve r s ion  of ENDF/B-V. 

s c r i p t i o n s  of  t h e  formats have been brought up to d a t e  and important  procedura l  

matters have been explained.  

The de- 

Users of t h i s  manual who no te  d e f i c i e n c i e s  or have 

sugges t ions  are encouraged to c o n t a c t  t h e  Nat iona l  Nuclear Data Center a t  

Brookhaven Na t iona l  Laboratory,  Upton, New York 11973. 
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@ 0.1. INTRODUCTION 

0.1.1. ENDF System 

This r epor t  descr ibes  the philosophy, of the Evaluated Nuclear Data F i l e  

(ENDF)* and the  da ta  formats and procedures t h a t  have been developed fo r  it. The 

ENDF system was designed for the s torage  and r e t r i e v a l  of the evaluated nuclear 

da ta  t h a t  are required for neutronics ,  photonics and decay hea t  ca lcu la t ions .  

This system is composed of s eve ra l  parts t h a t  include neutron cross sec t ion ,  

photon cross sec t ion ,  and nuclear s t r u c t u r e  data l i b r a r i e s  with assoc ia ted  pro- 

cessing codes. 

The ENDF system was developed to provide a uni f ied  format t h a t  could be 

used to store and r e t r i e v e  evaluated sets of neutron cross sec t ions .  It was de- 

signed to allow easy exchange of cross sec t ion  information between var ious labo- 

ratories. The i n i t i a l  system contained format spec i f i ca t ions  for neutron cross 

sec t ions  and other related nuclear constants .  During the  later s t ages  of devel- 

opment the formats were expanded to include photon in t e rac t ion  cross sec t ions ,  

photon production data (photons produced by neutron in t e rac t ions )  and nuclear 

structure data. 

The bas ic  da ta  formats developed f o r  the  l i b r a r y  are v e r s a t i l e  enough to  

allow accurate  descr ip t ion  of the cross sec t ions  considered for a wide range of 

inc ident  neutron energ ies  (10 eV to  20 MeV). The ENDF formats are f l e x i b l e  i n  -5 

the  sense t h a t  almost any type of neutron in t e rac t ion  mechanism can be accu- 

r a t e l y  described. 

e n t  representa t ions  are allowed for  any given neutron reac t ion  mechanism. 

They are r e s t r i c t i v e  i n  t h a t  only a l imi ted  number of d i f f e r -  

1 

@ *This report supersedes the  descr ip t ions  of the  ENDF/B l i b r a r y  given i n  BNL 8381 
and i n  BNL 50066 (ENDF 102).  



0.2 

0.1.2. ENDF Documentation 

The purpose of t h i s  report is to descr ibe the  data formats and the  proce- 

dures to be used for en ter ing  data  i n t o  the ENDF l i b r a r y .  In  addi t ion ,  t h i s  re- 

port descr ibes  the  r e l a t ionsh ip  between the  ENDF evaluated da ta  l i b r a r i e s  and 

the experimental da ta  l i b r a r y  CSISRS (cross Sec t ion  - Information Storage and Re- 

t r i e v a l  3 s t e m ) .  

codes t h a t  are used to generate secondary data  l i b r a r i e s  (for example, f i n e  

group-averaged cross sec t ion  l i b r a r i e s )  is also described. The processing codes 

connected with the ENDF l i b r a r i e s  are summarized i n  Appendix I, b u t  the codes 

themselves are described i n  separate documents. 

The r e l a t ionsh ip  between the  FBDF l i b r a r i e s  and the  processing 

T h i s  report is organized i n  the following manner. The f i r s t  sec t ion  de- 

scribes the  general  f e a t u r e s  of the  ENDF l ibrar ies ,  the  r e l a t ionsh ip  between 

ENDF and CSISRS, and the  r e l a t ionsh ip  between ENDF and its secondary l i b r a r i e s .  

Sect ion 0.5 describes the  standard formats used i n  a l l  record types. _- An under- 

standing of Section 0.5 w i l l  faci l i ta te  understanding the  da ta  formats given i n  

Sect ions 1-33. BCD card-image formats are given i n  Appendix N. 

0.1.3. A and B L ib ra r i e s  

Two d i f f e r e n t  evaluated data l i b r a r i e s  are maintained a t  the  Nat ional  Nu- 

clear Data Section Center (NNDC). The ENDF/A l i b r a r y  contains  either complete 

or par t ia l  data sets ( p a r t i a l  i n  the  sense t h a t  the  data set may be, for 

example, an evaluat ion of the  f i s s i o n  cross sec t ion  for 235t7 i n  the energy range 

100 keV to 15  MeV only) .  

t i o n s  of the cross sec t ions  for a p a r t i c u l a r  nuclide.  The ENDF/B l i b r a r y ,  on 

the other hand, conta ins  only one evaluat ion of the c r o s s  sec t ions  for each mate- 

r i a l  i n  the l i b r a r y ,  but  each material contains  cross sec t ions  for a l l  

s i g n i f i c a n t  reac t ions .  

This l i b r a r y  may also contain seve ra l  different:  evalua- 

The data set se l ec t ed  f o r  the  ENDF/B l i b r a r y  is the  set 
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recommended by the Cross Section Evaluation Working Group (CSEWG) *. The ENDF/B 

library contains reference data sets w i t h  which other information may be com- 

pared, as opposed to data sets that are revised often on the basis of new infor- 

mation so as to constitute current standard data sets. After an extensive re- 

view period of 1 or more years, CSEWG may from time to time replace an older set 

w i t h  a new data set. The ENDF/A and ENDF/B l ibraries are described i n  more de- 

t a i l  i n  Section 0.2. 

0.2. GENERAL FEATURES OF WE EVALUATED NUCLEAR DATA FILE 

0.2.1. Evaluated Data 

The process of analyzing experimentally measured cross section data, 

combining it w i t h  the predictions from nuclear model calculations, and attempt- 

ing to extract the true value of a cross section is  referred to as evaluation. 

Parametrization and reduction of the data to tabular form produces an evaluated 
C' 

data set. If  the written description of the preparation of a unique data se t  

from the data sources is available, it is referred to as a documented evalua- 

tion. The ENDF format was developed to store the numerical results of an evalua- 

tion i n  a form suitable for automated retrieval for further processing. 

0.2.2. A and B Libraries 

The demands on an evaluated data f i l e  vary according to the user's 

applications. Whether the user is interested i n  performing a reactor physics 

calculation or i n  doing a shielding analysis, he wants evaluated data for a11 

neutron-induced reactions, covering the f u l l  range of incident neutron energies, 

for each material i n  the system that he is analyzing. Also, the user expects 

(ID *A cooperative effort  of many laboratories coordinated by the National Nuclear 
Data Center. 
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that the data f i l e  w i l l  contain information such as the angular and energy dis- e 
tributions for secondary neutrons. 

resentation (or interpretation) of the cross section's for a particular material 

The ENDF/B library w i l l  contain only one rep- 

a t  any given time. 

data for the materials on the ESIDF/B library. The data sets that are contained 

on the ENDF/A library may or may not be complete i n  the sense that ENDF/B is a 

complete evaluated f i le .  

mDF/A may contain several alternative sets  of evaluated 

The ENDF/A library is, i n  effect, a system for compil- 

ing  evaluated data sets. 

The formats used for these two libraries are basically identical; i.e., 

the codes that are used to read and process data from the F,NDF/B library may be 

used for the ENDF/A library. The data formats for these l ibraries are given i n  

the following sections. 

ENDF/B l ibraries are given i n  Appendix H. 

The differences i n  the formats for the ENDF/A and 

0.2.3. Choices of Data 

The data sets contained on the ENDF/B library are those chosen by the 

CSEWG from evaluations submitted to it. The data se t  that represents the cross 

sections for a particular material may change from time to time upon the recom- 

mendation of CSEWG. Such a recommendation generally is made when (1) new and 

significant experimental results become available, (2) integral data testing 

shows that the data set  gives erroneous results, or (3 )  users' requirements 

indicate a need for more accurate and/or a better representateion of the cross 

sections for a particular m.ateria1. 

0.2.4. Library Modes 

The neutron cross section l ibraries comprise the central part of the ENDF 

The l ibraries are contained on magnetic tapes or d i s k s .  Two different system. 
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modes of the data tapes are maintained: 

form. The formats for these two modes are very similar. The data formats for a 

binary tape are defined i n  Sections 1-15. 

ent types of binary records (see Section 0.5.2), each w i t h  a specific format. 

Control numbers and flags always appear i n  the same position w i t h i n  a record of 

a particular type. 

faci l i ta te  understanding the particular formats described later on. 

a binary form and a BCD card-image 

Basically there are only four differ- 

Understanding the definitions of a l l  record types w i l l  

Since binary tapes generated w i t h  use of a particular computer may not be 

easily read on another’ type of computer, a BCD card-image format was developed. 

The card-image formats are described i n  Section 0.5.3 and are similar to those 

used for binary records. Certain key data words (for example, material and 

cross section type identifiers),  which are given only a t  the beginning of each 

binary record, are given a t  the end of each BCD card-image record. BCD card-. 

image formats are described i n  Appendix N along w i t h  examples of data sets. (ID 
0.2.5. Systematization of Data 

The ordering of nuclear data €or a particular material is described i n  

Section 0.4.2. Integral cross section data (for example, the total  cross 

section) may be represented by giving tabulated values of cST vs. neutron energy. 

An interpolation scheme is also specified to define the cross section a t  interme- 

diate energy values. Also, resolved and/or unresolved resonance parameters may 

be given. Note that if resonance parameters are given, then contributions to a 

particular cross section from the resonance parameters must  be added to  the inte- 

gral cross sections to obtain the complete cross section. I n  other words, the 

integral cross sections and the resonance parameters are not redundant. 
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Note t h a t  the angular and energy d i s t r i b u t i o n  d i f f e r e n t i a l  data  are ex- 

pressed as p r o b a b i l i t i e s .  

( in tegra ted)  data to obta in  absolute d i f f e r e n t i a l  cross sec t ions .  

Therefore these  da ta  mus t  be combined with i n t e g r a l  

0.3.. RELATIONSHIP OF THE ENDF To OTHEX DATA SYSTEM 

0.3.1. Experimental Data L ib ra r i e s  

NNDC maintains a l i b r a r y  f o r  experimentally measured neutron cross sec t ion  

da ta ,  known as CSISRS. 

The CSISRS l i b r a r y  is q u i t e  f l e x i b l e ,  with many types of data stored. Bib-  

l iographic  information (a succ inc t  a b s t r a c t  to a reference)  is stored with many 

detai ls  about each experiment (standard,  renormalizations,  cor rec t ions ,  etc.) .  

A t  the  begi,ming of the evaluat ion process the evaluator  genera l ly  

requests the  ava i l ab le  experimental cross sec t ions  t h a t  are stored i n  the  CSISRS 

data l i b r a r y  fo r  a p a r t i c u l a r  mater ia l .  The r e t r i eved  information may be i n  the 

following forms : 

(a) L i s t ings  of a l l  or selected da ta  sets. 

(b) Magnetic tapes containing the  requested data .  

(c) Graphical. d i sp lays  containing selected data .  

The experimental cross sec t ion  data are supplemented by other nuclear data, such 

as sp ins ,  energies ,  and par i t ies  of exc i ted  states. The experimental data are 

then analyzed, and i n  some cases the  results are combined with p red ic t ions  from 

model ca l cu la t ions  to obta in  recommended cross sec t ions .  The recommended cross 

sec t ions  are then encoded i n  the  ENDF formats f o r  subsequent incorporat ion i n t o  

e i t h e r  the  ENDF/A or the  ENDF/B l i b r a r y .  
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A number of systems have been for  automating much of the 

time-consuming p a r t s  of the  evaluat ion process. These systems, by permit t ing 

man/computer i n t e rac t ion  through computer graphics ,  shorten the  t i m e  required 

f o r  the  evaluat ion process. Since the  evaluator  can make more detailed analyses 

of the cross sec t ions ,  the  q u a l i t y  of the evaluat ion process should be improved. 

0.3.2. Processing Codes and Neutronics Calculat ions 

The purpose of the  ENDF l i b r a r y  is to provide evaluated cross sec t ion  data 

sets i n  a form t h a t  can be used i n  var ious neutronics  and photonics calcula- 

t ions .  The ex i s t ing  codes t h a t  perform these ca l cu la t ions  require data 

l i b r a r i e s  t h a t  are q u i t e  d i f f e r e n t  from one another and from the  'ENDF l i b r a r y .  

Therefore a series of processing codes have been wr i t ten  which read the ENDF 

l i b r a r y  a s  input  and generate  a secondary cross sec t ion  l i b r a r y .  The secondary 

l ibraries,  i n  turn ,  .are read as input  to a spectrum-generating code, and gener- 

a l l y  broad group-average cross sec t ions  are obtained f o r  u s e  i n  the  neutronics  

ca lcu la t ions .  The ava i l ab le  processing codes are summarized i n  Appendix I. 

Figure 0.3.2.1 shows the  flow of data f o r  a p a r t i c u l a r  set of codes. 

The bas ic  data formats fo r  the  ENDF l i b r a r y  have been developed i n  such a 

manner t h a t  few c o n s t r a i n t s  are placed on using the  da ta  as input  to  the  codes 

t h a t  generate any of the secondary l i b r a r i e s .  

(1) C. L. Dunford -- et  a l . ,  "SCORE 11, An I n t e r a c t i v e  Neutron Evaluation 
System," USAEC Report AI-AEC-12757 (ENDF-126), March 1, 1969. 

(2) R. R. Kinsey, C. Rindfleisk,  D. Garber, "TIGER," The I n t e r a c t i v e  Graphics 
Evaluation Routine, NNDC, 1973. 

(D 
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Figure 0.3.2.1: Schematic of the flow of nuclear data 

Processing Code: MINX,  ETOX, ETOG, etc. 

Spectrum Generating Code: lox, SPHINX, etc. 

Neutronic Code: ANISN, DT", etc. 

compilation to reactor calculation. 

from 
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‘10 0.4. GENERAL DESCRIPTION OF THE E2VDF LIBRARY 

The ENDF l i b r a r y  is a c o l l e c t i o n  of documented data eva lua t ions  stored i n  

a def ined computer readable  format t h a t  can be used as the  main input  i n t o  cross 

s e c t i o n  process ing  programs. 

programs i n  mind and requires some f a m i l i a r i t y  with the  FORTRAN programming lan- 

A s  such it has been designed with the  processing 

guage. 

ord inary  programs. 

The order ing  of d a t a  on the  tape  allows the  use of segmented as w e l l  as - 

Two formats are provided, one f o r  b inary  data and t h e  o the r  for BCD card 

images. 

exchanged between l a b o r a t o r i e s .  A l s o ,  it is much easier to u s e  the  BCD card- 

Magnetic tapes conta in ing  BCD card-image data gene ra l ly  can be 

image formats when t r a n s l a t i n g  evaluated cross s e c t i o n s  i n t o  the  ENDF l i b r a r y .  

0.4.1. Def in i t i ons  and Conventions 

It has been t r a d i t i o n a l  to de f ine  a vers ion of the  ENDF/B l i b r a r y ,  for 

example ENDF/B-V. - The vers ion  number (V) i n d i c a t e s  a r e i s s u e  of t h e  ENDF/B 

l i b r a r y ,  superceding a l l  prev ious  vers ions .  I n  genera l ,  the  i s s u e  of a vers ion  

also corresponds to  t h e  implementation of formats and procedures  modi f ica t ions .  

Within the ENDF system, it is p o s s i b l e  to de f ine  d i f f e r e n t  sub - l ib ra r i e s  

such as ENDF/B, ENDF/A, CTR, etc. Each material i n  t h e  ENDF l i b r a r y  must be 

i d e n t i f i e d  as to the  appropr i a t e  sub- l ibrary  by use of the  NLIB number. See 

Sec t ion  1.1 for the  format and d e f i n i t i o n  of NLIB. 

A .  material is defined as e i t h e r  an i so tope  or a c o l l e c t i o n  of i so topes .  

I t  may be a s i n g l e  nuc l ide ,  a n a t u r a l  element conta in ing  s e v e r a l  isotopes, a 

molecule conta in ing  s e v e r a l  elements,  or a s tandard  mixture of elements (such as 

304 type s t a i n l e s s  s teel) .  Each eva lua ted  set of cross s e c t i o n s  for a material 

i n  the  ENDF l i b r a r y  is assigned a unique i d e n t i f i c a t i o n  number. These numbers 

are designated by the symbol MAT and they range from 1 t o  9999. Two d i f f e r e n t  



evaluated sets of cross s e c t i o n s  for 235U would have d i f f e r e n t  MAT numbers even 

though they desc r ibe  t h e  cross s e c t i o n s  for t h e  same nucl ide.  A program t h a t  

processes  data from the  ENDF l i b r a r y  gene ra l ly  refers to t h e  materials by t h e i r  

MAT number, b u t  a (2,A) des igna t ion  is also given for each material and t h i s  

value may be used. 

When an evaluated set of cross s e c t i o n s  for a material ( i n  t h e  ENDF 
t 

format) is s e n t  to the  NNDC, the  Center a s s igns  a MAT number to  t h i s  material. 

T h i s  number w i l l  never be ass igned  t o  another se t  of eva lua ted  cross sec, t ions.  

I n  the  p a s t  no new materials eva lua t ions  have been r e l eased  between 

I n  the  f u t u r e  t h e s e  r e s t r i c t i o n s  w i l l  be vers ions  of t h e  ENDF/B l i b r a r y .  

re laxed so t h a t  new or rev ised  eva lua t ions  can be added to t h e  ENDF/B l i b r a r y  be- 

tween release of t w o  vers ions .  This  is the  modi f ica t ion  (MOD) concept. Each ma- 

t e r i a l  has a NMOD number associated w i t h  it. 

A s  expla ined  i n  Sec t ion  1.1, NMOD=O means t h a t  t h e  eva lua t ion  was 

t r a n s l a t e d  i n t o  the  ENDF/B-V format from a previous vers ion  of the  l i b r a r y  wi th  

no changes to t h e  eva lua t ion ,  NMOD=l means t h a t  t h e  eva lua t ion  was either re- 

v ised  or is a new eva lua t ion  for ENDF/B-V, and NMOD=2 or g r e a t e r  means t h a t  the 

eva lua t ion  has been rev ised  s i n c e  its i n i t i a l  release as a p a r t  of t h e  ENDF/B- 

V l i b r a r y .  

I n  add i t ion ,  each data s e c t i o n  has a MOD number associated with it and 

given i n  the  d i c t i o n a r y  for the  material descr ibed i n  Sec t ion  1.1. The meaning 

of t h e  numerical  va lues  given i n  t h e  MOD f i e l d  are i d e n t i c a l  to those  i n  the  

NMOD f i e l d  except  t h a t  they apply to the  given data s e c t i o n  only.  O f  course, 

t h e  MOD number for any s e c t i o n  must always be less than or equal  to  NMOD. 

Whenever a material is re-released E:: an NMOD=2 or g r e a t e r ,  those s e c t i o n s  which 

where corrected or r ev i sed  w i l l  have MOD=NMOD. 
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As an example, consider the following sequence of events. User X 

evaluates a set of data f o r  235U and ass igns  the material number 278 to t h i s  

set. Within h i s  i n s t a l l a t i o n  the data set is always referred to as material 

278. A f t e r  checking and t e s t ing ,  the  user  f e e l s  t h a t  t he  data set is sa t i s f ac to -  

ry and transmits it to the NNDC. The Center adds the  data set to its f i l e s  and 

ass igns  it a MAT number of 1395 sub jec t  to CSWEG's approval of t h e  evaluation. 

This evaluation has NMOD=l, and MOD=l fo r  a l l  new or revised data sec t ions .  The 

Center then issues a newsletter describing data received and ava i l ab le  for dis- 

t r i bu t ion .  User Y reads the newsletter and requests material 1395 from the 

Center ' s  f i l e s .  Upon r ece ip t  of the  data he adds it to h i s  ENDF tape as mate- 
0 

r i a l  1395 and refers to it i n  later processing programs by t h i s  number. Should 

user  Y subsequently alter the  data, he could send the  revised sec t ions  to  NNDC 

and with CSWEG's approval NMOD=2 would be released with MOD=2 for a l l  t h e  re- 

vised sections.  



F i l e  Number (MF) C l a s s  of Data 

1 
2 
3 
4 
5 
6 
7 

, 8  
9 
10 
12 
13 
1 4  

15 
16 

17 
18 
19 

20 
21 
22 
23 
24 
25 
26 

27 
31 
32 
33 

General information 
Resonance parameter data 
Neutron cross sec t ions  
Angular d i s t r i b u t i o n s  of secondary neutrons 
Energy d i s t r i b u t i o n s  of secondary neutrons 
Ehergy-angular d i s t r i b u t i o n s  of secondary neutrons 
Thermal neutron s c a t t e r i n g  l a w  data 
Radioactive decay and f i s s i o n  product y i e l d  data 
Mul t ip l ic i t ies  for production of rad ioac t ive  nucl ides  
Cross sec t ions  for production of rad ioac t ive  nucl ides  
Mul t ip l ic i t ies  for photons (from neutron reac t ions)  
Cross sec t ions  for photons (from neutron reacticins) 
Angular d i s t r i b u t i o n s  of photons (from neutron 
reac t ions  ) 
Energy d i s t r i b u t i o n s  of photons (from neutron reac t ions)  
Energy-angular d i s t r i b u t i o n s  of photons (from 
reac t ions)  
Time dependent discrete photon production data 
Time dependent continuum photon production data 
Electron m u l t i p l i c i t i e s  and t r a n s i t i o n  p robab i l i t y  
a r r ays  
Electron production cross sec t ions  
Electron angular d i s t r i b u t i o n s  
Continuous e lec t ron  energy spec t r a  
Photon i n t e r a c t i o n  cross sec t ions  
Angular d i s t r i b u t i o n s  of photons (from photon reac t ions)  
Energy d i s t r i b u t i o n s  of photons (from photon r eac t ions  
Energy-angular d i s t r i b u t i o n s  of photons (from photon 
reac t ions)  
A t o m i c  form factors (for photon in t e rac t ions )  
Data covariance matrices for 
Data covariance matrices for resonance parameters 
Data covariance matrices for neutron cross sec t ions  
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Each file is divided into sections, each containing the data for a particu- 

lar reaction type. The various reaction types are identified by the symbol - MT. 

The definitions for allowed reaction types (MT numbers) are given in Appendix B. 

The first record of each section contains a ZA number that identifies the 

specific material. ZA is the (Z,A) designation (charge, mass). ZA €or a 

specific material is constructed by 

ZA = (lOOO.O*Z) + A, 
where 2 is the atomic number and A is the mass number for the material. For 

example, ZA = 92238.0 €or 238U. two 

or m r e  naturally occurring isotopes, A, in the above equation, is taken to be 

0.0. 

have been assigned certain values. 

If the material is an element containing 

The ZA designators for materials that are molecules or common mixtures 

These designators are given in Appendix C. 

The first record of each section also contains a quantity that is 

proportional to the nuclear mass of the material. 

defined as the ratio of the nuclear mass of the material (isotope, element, 

molecule, or mixture) to that of the neutron. The mass of a neutron is taken to 

be 1.008665 (in the carbon-12 system). 

This quantity symbol AWR, is 

- 

The data given in all sections always use the same set of units. These 
-TI-- 

are summarized below. 

Parameters 

energies 

angles 

cross sections 

temperatures 

mass 

angular distributions 

Units - 
electron volts 

dimensionless cosines of the angle 

barns 

OKelvin 

in units of the neutron mass 

probability per unit cosine 



0.14 

energy d i s t r i b u t i o n s  p robab i l i t y  per  e l ec t ron  v o l t  

energy-angle d i s t r i b u t i o n s  p robab i l i t y  per u n i t  cos ine  per 
e l ec t ron  v o l t  

1 ha l f  l i f e  seconds 

0.4.2. S t r u c t u r e  of an ENDF Data Tape - 

The s t r u c t u r e  of an ENDF da t a  tape  is i l l u s t r a t ed  schematically i n  Figure 

0.4.2-1. The s t r u c t u r e  of the  tape is the  same whether it is a BCD card image 

tape  or b inary  tape.  

The tape conta ins  a s i n g l e  record a t  t h e  beginning t h a t  i d e n t i f i e s  the 

tape  ( W I D ) ,  and a s i n g l e  record a t  the  end (TEND) t ha t  s i g n a l s  the  end of the  

tape.  The major subdivis ion between these  records is by material. The da ta  f o r  

a material is  divided i n t o  f i l e s ,  and each f i l e  (ME’ number) con ta ins  the  data 

for a c e r t a i n  class of information. A f i l e  is subdivided i n t o  sec t ions ,  each 

containing d a t a  for a particular r eac t ion  type (MT number). 

is divided i n t o  records.  The conten t  of each record is d i f f e r e n t  and depends on 

whether a b inary  tape  format or a BCD card-image format is used. Every record 

on a tape conta ins  t h r e e . i d e n t i f i c a t i o n  numbers: MAT, ME’, and MT. For a binary 

F i n a l l y  a sec t ion  

record,  these  numbers are given a t  the  beginning of each record. For BCD card- 

image records,  they are given i n  t h e  l a s t  t h ree  f ields of each record.  

numbers are always i n  increasing numerical order, and the  hierarchy is MAT, MF, 

MT. The end of a sec t ion ,  f i l e ,  or material is  s ignaled by s p e c i a l  records. 

These 

The s i n g l e  record a t  the  beginning of any ENDF tape, (WID), c o n s i s t s  of 

a 66 character free t e x t  f i e l d  and a tape number. For a binary tape t h i s  record 

is 20 words. The f i r s t  word is the  in teger  value of the  tape  number. The 

second and t h i r d  word are in teger  zeros  f o r  consis tency with t h e  o the r  ENDF 

records which a l l  have th ree  in teger  va lues  (MAT,ME’,MT) t o  l a b e l  the  record 

Revised 11\83 
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Material 
MAT 

Tape 
I dent. 
(TPID) 

First 
Material 

Material 
MAT 

File 
MF 

Last 
Section 

I 
\ 

Sect ion 
MT 

First 
Record 
(HEAD) 

Second 
Record 

Record 

Record 

Section 

(SEND) 

Figure 0.4.2.1: Arrangement of an ENDF Tape 
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type. The f inal  17 words are Hollerith data which is assumed to be i n  [16A4,A2) a 
format. For a BCD tape the 80 character record has the following format: I 

Cols . Con tents 

1-66 Alphanumeric tape label 

67-70 NTAPE, integer tape number 

71-72 P 

73-75 P 
Q 

76-80 Sequence number, fl for tape label 

Following the tape end card (TEND) on any BCD library tape w i l l  be a f i l e  

g iv ing  the current contents of the library. T h i s  feature w i l l  allow the user to 

compare the contents of h i s  library wi th  the master library.' The f i l e  w i l l  con- 

sist of one 80 character record per material i n  the following format:. 

Cols c Con tents  

1- 11 

12-17 

IZA = 1000* Z + A 

MAT = material number 

18-22 MOD = modification number 

23-33 Tape number on which material appears 

34-44 Distribution data (MMDDYY) 

45-66 Laboratory and evaluator 

67-70 ENDF version number 

71-80 Sequence number 

The l a s t  card w i l l  have a -I; i n  the f i r s t  field. 

tl 

0.4.3. Representation of Data 

The data i n  the ENDF Library are given by providing parameters to known 

analytic functions (such as resonance formulae or secondary energy distribution 
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(l) laws) , or are presented by tabula t ing  the  data i n  one (y  (x) ) or two ( y  (x,z) ) 

dimensional arrays.  
5 

Consider how a simple funct ion,  y(x)  , which might be a cross sec t ion ,  

0 (E) ,  is represented. y(x)  is represented by a series of tabulated values,  

pairs of x and y(x)  , plus a method for in t e rpo la t ing  between input  values. The 

pairs are ordered by increasing values  of x. 

pair, x and y ( x ) ,  given. The complete region over which x is ds  defined is bro- 

ken i n t o  Mi i n t e rpo la t ion  ranges. 

of t h e  independent va r i ab le  x i n  which a spec i f i ed  in t e rpo la t ion  scheme can be 

used; i.e., t h e  same scheme can be used to obta in  in t e rpo la t ed  values  of y(x)  

for any value of x t h a t  is within t h i s  range. To i l l u s t r a t e  t h i s ,  see Fig. 

0.4.3-1 and the d e f i n i t i o n s  below: 

There w i l l  be N P  values  of the  

An i n t e rpo la t ion  range is def ined as a range 

X(n) is the  nth value of x. 

Y(n) is t h e  nth value of y. 

NP is the number of pairs (X and Y) given. 

I N T ( m )  is the  in t e rpo la t ion  scheme i d e n t i f i c a t i o n  number used i n  the  m t h  

range. 

NBT(m) is the  value of N separat ing the  mth and ( m + l )  th i n t e rpo la t ion  

ranges. 

The allowed in t e rpo la t ion  schemes are 

INT 

1 

2 

- 

3 

4 

5 

Description 

y is cons tan t  i n  x 

y is l i n e a r  i n  x ( l inear - l inear )  

y is l i n e a r  i n  Rnx ( l inear- log)  

Rn y is l i n e a r  i n  x 

Rn y is l i n e a r  in.Rn x 

(constant)  

( log-linear ) 

(log-log) 



NBT (1) =3 NBT 

RANGE 1 RANGE 2 
f c * 

INT (1) INT ( 2 )  

I) =7 NBT (3 

RANGE 3 
INT (3) 

f - =10 

F i q u r e  0.4.3.1: T a b u l a t e d  one  d i m e n s i o n a l  func t ion  

i l l u s t r a t ed  for t h e  case NP=10, NR=3. 
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I n t e r p o l a t i o n  code, INT = 1 ( c o n s t a n t ) ,  implies t h a t  the  func t ion  is 

cons tan t  and equal  to  the  value given a t  t h e  lower l i m i t  of t h e  

i n t e r v a l .  

Note t h a t  where a func t ion  is discont inuous (for example, when resonance parame- 

ters are used to  spec i fy  t h e  cross sec t ion  i n  one range) ,  t he  value of X is 

repeated and a p a i r  (X,Y) given €or each of t h e  t w o  va lues  a t  t he  d i s c o n t i n u i t y  

(see Fig.  0.4.3-1). 

Next consider  a two-dimensional func t ion  of x and z ,  y ( x , z ) .  Again, t h e  

func t ion  is represented  by a series of tabula ted  va lues  of y ( x , z . )  p l u s  r u l e s  

€or i n t e r p o l a t i n g  the  funct3on between va lues  of z .  The func t ion  is thus  consid- 

1 

ered to be a sequence of one-dimensional func t ions ,  y i ( x ) ,  each evaluated a t  a 

p a r t i c u l a r  z The ind iv idua l  y . ( x )  can be represented  as i l lus t ra ted  above. 

The only a d d i t i o n a l  information t h a t  need be given is a breakpoint  and 

i' 1 @ 
i n t e r p o l a t i o n  table for i n t e r p o l a t i o n  between va lues  of z .  

0.5. GENERAL DESCRIPTION OF THE DATA FORMATS 

0.5.1. Nomenclature 

An attempt has  been made to  use an i n t e r n a l l y  c o n s i s t e n t  no ta t ion .  W e  

l ist here  some of t h e  r u l e s  used. ' 

a) Symbols s t a r t i n g  wi th  let ters I, J, K, L, M, or N are in t ege r s .  A l l  
I_ 

other  symbols refer to f l o a t i n g  p o i n t  numbers. 
. - I  

b) The le t ter  I or a symbol s t a r t i n g  with I r e f e r s  to an i n t e r p o l a t i o n  

code (see Appendix E ) .  

c) Letters J, K, L, M, or N,  when used alone,  are ind ices .  

d) A symbol s t a r t i n g  wi th  M is a c o n t r o l  number. Examples are MAT, MT, 

MF. 
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e) A symbol s t a r t i n g  w i t h  L is a test number. 

LTT. 

Examples are LFI,  LCT, 

f) A symbol s t a r t i n g  with N is a count of items. Examples are N 1 ,  NR, 

N P ,  NFP. 

g) 

h) Brackets <> denote a group of records.  

Severa l  f r equen t ly  used symbols are def ined  below. 

MAT - Material number 

Brackets ( )  denote one record on a b inary  tape.  

MF - F i l e  number 

MT - React ion type  number 

ZA - The (Z,A) des igna t ion  for a material (see Appendix C) 

AWR - The ra t io  of t h e  mass of  an atom (or molecule) to t h a t  of t h e  neu- 

t ron  

N P  - The number of p o i n t s  i n  a t abu la t ion  of y ( x )  t h a t  are contained i n  

the  same record 

NR - The number of d i f f e r e n t  i n t e r p o l a t i o n  i n t e r v a l s  i n  a t abu la t ion  

of y(x )  t h a t  are contained i n  the  same record 

T - Temperature 

E - Energy 

l~ 

LT - Temperature dependence (see Appendix F ) .  

- Cosine of an angle  

0.5.2. Types of Records 

All records on an ENDF tape are one of four p o s s i b l e  types, denoted by 

CONT, LIST, TABl, and - TAB2. A record always c o n s i s t s  of n ine  numbers followed --- 

a (depending on the record type) by none, one, or t w o  a r r a y s  of numbers. A gen- 
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era1 d e s c r i p t i o n  of these  n ine  numbers is given  below, bu t  t h e  a c t u a l  def in’ i t ion  

of each number w i l l  depend on its usage. 

MAT is t h e  material number ( i n t e g e r ) .  

MF is t h e  f i l e  number ( i n t e g e r ) .  

MT is t h e  r e a c t i o n  type  number ( i n t e g e r ) .  

C 1  is a cons t an t  ( f l o a t i n g  p o i n t ) .  

62 is a cons t an t  ( f l o a t i n g  p o i n t ) .  

L 1  is an  i n t e g e r  g e n e r a l l y  used as a test. 

L2 is an i n t e g e r  g e n e r a l l y  used as a test. 

N 1  is a count  of items i n  a l ist  to follow. 

N2 is gene ra l ly  a count  of i t e m s  i n  a second l i s t  to  follow. 

0.5.2.1. C@NT Records 

The smallest p o s s i b l e  record  is a c o n t r o l  (CWT) record c o n s i s t i n g  of the  

nine numbers g iven  above and no associated a r ray .  

record is denoted by 

For convenience, a C@NT 

(MAT, M!?, MT/Cl, C2; L1,  L2; N 1 ,  N2)CWT 

The numbers wi th in  t h e  b racke t s  are symbolic of t h e  numbers i n  a C@NT 

record.  

bers, tes t  numbers, and counts .  The s l a s h  is a reminder t h a t  t h e  numbers MAT, 

MF, and MT appear i n  a different  p o s i t i o n  on BCD card-image r eco rds  then they do 

on the  b inary  records. 

i n  more detai l .  

The semicolon is used to  mark  t h e  sepa ra t ion  between f l o a t i n g  p o i n t  num- 

The BCD card-image format is described i n  Sec t ion  0.5.3 

There are f i v e  s p e c i a l  cases of a CQINT record,  denoted by HEAD, SEND, 

FEND, MEND, and TEND. The HEAD record is t h e  f i r s t  i n  a s e c t i o n  and has  t h e  

same form as a CQINT record.  

(ID 
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The s t r u c t u r e  of a t y p i c a l  HEAD record is 

(MAT, ME', MT/ ZA, AWR, L1 ,  L2, N 1 ,  N2)HEAD 

where - ZA is the  (Z,A) designat ion f o r  a material (see Appendix C ) ,  

AWR is the  ratio of t he  mass of t he  atom (or molecule) to  t h a t  of the  neu- 

t ron  (carbon-12 system), 

- L1 is an in teger  to  be used as a f l a g  or a test, 

- L2 

N 1  

is an in teger  to be used as a f l a g  or a test ,  

is an in teger  to  be used as a count of items i n  a l ist  to  follow - 
except f o r  MT=451, and 

- N2 is an in teger  to  be used as a count of items i n  a second l ist  to 

follow except f o r  MT=451. 

The symbolism used above t o  represent  the  HEAD record and to be used i n  

the  following format descriptions can be in t e rp re t ed  i n  e i t h e r  t he  binary format 

or the  BCD-card image format. I n  the  BCD-card image format, the  s i x  items a f t e r  

the  s l a s h  are the  con ten t s  of t he  f i r s t  s i x  f i e l d s  on the  card. Each f i e l d  is  

1 eleven cha rac t e r s  wide. Af te r  the  f i r s t  66 cha rac t e r s ,  t he re  are four cha rac t e r s  

f o r  the  MAT, t w o  f o r  the  MF, and t h r e e  f o r  the  MT. I n  the  binary format, t he  

symbolism j u s t  i nd ica t e s  t he  l i s t  of items to be read. 

The SEND, FEND, MEND, and TEND records u s e  only t h e  f i r s t  th ree  numbers i n  

the  CgNT record, and they are used to  s i g n a l  the  end of a sec t ion ,  f i l e ,  mate- 

r ia l ,  and tape ,  respec t ive ly :  

(MAT, ME', O / O . O ,  0.0; 0 ,  0: 0 ,  0)SEND 

(MAT, o , o/o.o, 0.0; 0, 0; 0, O)FEND 

( 0 , 0 , O / O . O ,  0.0; 0, 0; 0, 0)MEND 

(-1 , o , 010.0, 0.0; 0, 0; 0, O)TEND 

Revised 11/83 
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A FORTRAN statement to read any C m T  record from a b inary  t ape  on u n i t  

LIB would be 

(LIB) MAT, MF, MT, C1, C2, L l ,  L2, N 1 ,  N2 

0.5.2.2. LIST Records 

The second type of record is the  LIST record ,  used to list a s t r i n g  of 

f l o a t i n g  point numbers, B1, B2, B3, etc. 

B ( N ) ,  and the re  are N 1  of them. A FORTRAN statement to read a LIST record from 

Tape LIB would be 

These numbers are given i n  an array, 

READ (LIB) MAT, MF, MT, C1,  C2, L l ,  L2, N 1 ,  N2, ( B ( N ) ,  N = l ,  N 1 )  

For convenience, t h i s  record is denoted by 

[MAT, MF, MT/Cl, C2; L1, L2; N 1 ,  N2/ Bn)LIST 

For example, to enumerate t h e  particular items i n  a list (A, B, C, D,  E ) ,  

t he  record would be 

[MAT, MF, MT/Cl, C2; L1, L2; 5, N2/ A, B, C, D, E)LIST 

where the  5 i n d i c a t e s  t h a t  t h e r e  are f i v e  items i n  the  list. 

0.5.2.3. TAB1 Records 

The t h i r d  type of record is the  TABl record used f o r  one-dimensional 

tabula ted  func t ions  such as y (x )  . 
t abu la t ed  func t ion  are the  interpolation t a b l e s  NBT(N) and I N T ( N )  €or each of 

t h e  NR ranges,  and t h e  NP t a b u l a t e a  pairs of X ( N )  and Y ( N )  . The FORTRAN 

statement to read a TABl record is 

The da ta  needed to speci€y a one-dimensional 

READ (LIB) MAT, MF, MT, C1,  C2, L1, L2, NR, NP, 

(NBT(N) , INT (N)  N = l ,  NR) (X (N)  Y ( N ) ,  N = l ,  NP) 

For convenience, t he  TABl record is denoted by 

(MAT, MF, MT/ ci, c2; ~ i ,  ~ 2 ;  NR, N P / ~ ~ ~ ~ / ~ ( ~ ) ) T A B ~  
(D 
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The term x 

values of the  va r i ab le  x. 

means the  in t e rpo la t ion  t a b l e  for  i n t e rpo la t ing  between successive i n t  

y (x)  means p a i r s  of x and y (x )  . x is genera l ly  used 

as the  inc ident  neutron energy E, and y(x)  is genera l ly  a parameter such as the 

cross sec t ion  CJ (E) .  

0.5.2.4. TAB2 Records 

The l a s t  record type is the  TAB2 record, which is used to  con t ro l  t he  

tabula t ion  of a two-dimensional funct ion,  y ( x , z ) .  I t  s p e c i f i e s  how many values  

of z are to be given and how to i n t e r p o l a t e  between successive value of z .  

Tabulated values of yi(x)  a t  each value of zi are given i n  TAB1 or LIST records 

following the  TAB2 record, with the  appropriate  value of z i n  the  f i e l d  desig- 

nated as C2. The FORTRAN statement to read a TAB2.record is 

READ (LIB) MAT, MF, MT, C1, C2, L1, L2, NR, N Z ,  (NBT(N) I 

INT (N)  , N = l ,  NR) 

where N Z  i n  the  number of values  of z. For convenience, a TAB2 record is 

denoted by 

(MAT, MF, MT/Cl, C2; L1, L2; Mi, NZ/zint)TAB2 

For example, a TAB2 record is used i n  specifying angular d i s t r i b u t i o n  data. 

i n  the  TAB2 record s p e c i f i e s  t he  number of i nc iden t  neutron energ ies  a t  which 

angular d i s t r i b u t i o n s  are given. Each d i s t r i b u t i o n  is given i n  a TAB1 record, 

N Z  

and the re  w i l l  be N Z  such records.  

0.5.3. Card-Image (BCD) Formats 

An a l t e r n a t i v e  format is used when data are contained on BCD card-image 

Bas ica l ly  the  data are stored i n  the  same order for t h i s  format as i n  tapes. 

the  binary tape format. 

bers MAT, MF, and MT. 

The major d i f f e rence  is the  pos i t i on  of t he  th ree  num- 

Also a card sequence number has been added to the  card- 



image format. I n  g e n e r a l ,  more t h a n  one BCD card-image record w i l l  be requir 'ed 

to  c o n t a i n  t h e  d a t a  i n  a b i n a r y  record .  

BCD card-image formats for each type of d a t a  section are a lso g i v e n  i n  Ap- 

pendix  N. I n  t h e  f o l l o w i n g  d i s c u s s i o n  of record t y p e s ,  n o t e  t h a t  when a r r a y s  of 

numbers are punched, t h e  f i r s t  element is always i n  F i e l d  1. The l a s t  element 

may f a l l  i n  any f i e ld ,  depending on t h e  a r r a y  s i z e .  Thus, t h e  fact  t h a t  X(NP) 
d 
\ 

i n  S e c t i o n  0.5.3.3 is  shown i n  F i e l d  6 should  Jot be taken  l i t e r a l l y .  

A s t a n d a r d  80-column c a r d  is d i v i d e d  i n t o  t h e  f o l l o w i n g  t e n  f i e l d s  

F i e l d  Columns Description 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

1- 11 
12-22 
23-33 
34-44 
45-55 
56-66 
67-70 
71-72 
73-75 
76-80 

Datum 
Datum 
Datum 
D a  t um 
Datum 
Datum 
MAT 
MF 
MT 
Sequence number, s t a r t i n g  w i t h  1 
for t h e  f i r s t  c a r d  of a material 

0.5.3.1. CONT Records 

As i n  section 0.5.2.1, c o n s i d e r  a CONT r e c o r d  denoted by 

(MAT, MF, MT/Cl, C2; L l ,  L2; N l ,  N2)CONT 

T h i s  r e c o r d  would be punched on c a r d s  i n  t h e  f o l l o w i n g  way 

8 9 - - - - - - 7 2 3 5 6 4 - 1 

C 1  C2 L 1  L2 N l  N2 MAT MF MT 

~ - 

A FORTRAN statement to r e a d  any CONT record from a card image tape on u n i t  

INP would be 

READ ( INP, l )  C1, C2, L1, L2, N 1 ,  N2, MAT, MF, MT, NS 

1 FORMAT (2E11.4, 4111, 1 4 ,  12 ,  1 3 ,  25) 
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0.5.3.2. LIST Records  

The LIST record denoted b y ,  

(MAT, MF, MT/ C1, C2; L1, L2; N 1 ,  N2/ BJLIST 

is punched i n  t h e  following way: 

The FORTRAN statements to  read a LIST record from input  tape INP would be  

READ (INP, 30)  C1, C2, L1, L2, N1, N2, MAT, I", MT, (B(N) , N = l ,  N 1 )  

30 FORMAT (2E11.4, 4111, 1 4 ,  12, 13/6E11.4)) 

An exception occurs when t h e  LIST record contains H o l l e r i t h  information 

(see F i l e  1): 

(MAT, ME', MT/ C1, C2; L1, L2; NWD, N2/ HJLIST 

I n  this case t h e  FORTRAN READ statements depend on t h e  type of computer being 

used, bu t  t h e  cards s h o u l d  be machine  independent. 

cards containing H o l l e r i t h  information punched i n  Cols. 1-66. The READ 

statements would be 

Define NWD as t h e  number of 

READ (INP, 4 0 ) ,  C1, C2, L l ,  L2, NWD, N2, MAT, MFI MT 

40 FORMAT (2E11.4, 4111, 1 4 ,  1 2 ,  13) 

NH = 17*NWD 

RFAD (INP, 50) (H(N), N = l ,  NH) 

50 FOFUWT (16A4, A2) 
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(1) 0.5.3.3.  TAB^ Records  

As i n  Section 0.5.2.3, consider a TAB1 record t h a t  was denoted by 

(MAT, ME', MT/Cl, C2; L1, L2; NR, NP/xint /y(x))TABl 

T h i s  record would be punched on cards i n  t h e  following way 

Field 

9 - 8 - 7 - 1 2 3 4 5 6 

c1 c 2  L1 L2 NR NP MAT MJ? MT 

NBT (1) INT (1) NBT (2)  INT(2) NBT(3) Im (3) MAT ME' MT 

MAT ME' MT NBT(4) " INT(4) NBT(5) INT(5) ----- ------ 

The FORTRAN statements to read a TAB1 record from i n p u t  tape INP would b e  

READ(INP, 1O)C1, C2, L1, L2, NR, NP, MAT, MF, MT, (NBT(N), INT(N), 

N 1, NR) 

1 0  FORMAT (2E11.4, 4111, 1 4 ,  1 2 ,  13 / (6111) )  

READ (INP, 20) (X(N) Y ( N ) ,  N = l ,  NP) 

20 FORMAT (6E11.4) 

0.5.3.4. TAB2 Records  

A s  i n  S e c t i o n  0.5.2.4, consider a TAB2 record t h a t  was denoted by 

(MAT, MI?, MT / C l ,  C2; L1, L2; NR, NZ / zint)TAB2 

T h i s  r e c o r d  would be punched on cards i n  t h e  following way 
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Field 

9 
I 

8 - 7 - 1 2 3 4 5 6 

61 c2 L1 L2 NR N Z  MAT MF MT 

NBT (1) INT (1) NBT (2) INT (2) NBT (3)  INT (3) MAT MF MT 

------ ------ ------ ------ NBT (NR) INT(NR) MAT ME' MT 

The FORTRAN statement to read a TAB2 record from i n p u t  tape INP would be 

READ(INP,10) 61, C2, L1, L2, NR, NZ, MAT, MT, 

(NBT(N) , INT(N) , N = l ,  NR) 

10  EDRMAT(2E11.4, 4111, 1 4 ,  1 2 ,  1 3 / ( 6 I l l ) )  
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1. FILE 1, GENERAL INFORMATION 

File 1 is the f i r s t  part of any set  of evaluated cross section data for a 

material. Each material must have a File 1, which consists of one or more - 
sections that contain neutron cross section information and other related nucle- 

ar data. File 1 provides a brief documentation of how the data were evaluated 

and a dictionary that summarizes the data f i l e s  and cross section types given i n  

Files 2, 3,  4 ,  5, etc. File 1 may also contain such basic nuclear data as the 

number of neutrons per fission (for f i s s i l e  materials). 

File 1 consists of a t  least  one section and may contain as many as four 

other sections for f i ss i le  materials. Each section has been assigned an MT num- 

ber (see below), and the sections are arranged i n  order of increasing MT nun- 

bers. 

record. The end of Pile 1 (and a l l  other f i les)  is indicated by a FEND record. 

These record types are defined i n  detail  i n  Section 0.5.2.1. 

Each section always s tar ts  w i t h  a HEAD record and ends w i t h  a SEND 

(ID 

1.1. Descriptive Data and Dictionary (MT = 451) 

T h i s  section is always the f i r s t  section of any material, and has two main 

parts: (1) a brief documentation of the cross section data, and (2) a diction- 

ary. 

I n  the f i r s t  part, a brief description of the evaluated data sets is 

given. 

used to obtain the evaluated data as well as other important features about the 

evaluated data set. 

Hollerith characters. The information is contained i n  an array H ( N ) ,  N = 1, 2, 

... NWD. Each element of the array, H(N),'contains 66 Hollerith characters. On 

cards the information is punched i n  Cols. 1-66, and NWD such cards are prepared. 

T h i s  information should include the significant experimental results 

The descriptive information is given as a series of 
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The f i r s t  two c a r d s  of the  H o l l e r i t h  information should con ta in  t i t l i n g  in- 

formation f o r  t h e  material. This  information is used to provide t i t les  for 

l i s t i n g s  and p l o t s  and, while  p a r t  of the  H o l l e r i t h ,  has  been organized amd 

formatted.  

ganized as shown i n  sec t ion  1.1.1. 

The fol lowing q u a n t i t i e s  are def ined  wi th in  t h e  H o l l e r i t h  and or- 

ZSYMA 

ALAB 

EDATE 

AUTH 

REF 

DDATE 

- 

RDATE 

( F i r s t  BCD Card Image Record) 

is a H o l l e r i t h  r ep resen ta t ion  of the  material Z-chemical. 

symbol-A and metas tab le  state f l a g  with 

Z r i g h t  j u s t i f i e d  i n  col. 1 to 3 

- hyphen i n  col. 4 

chemical symbol l e f t  j u s t i f i e d  i n  col. 5 and 6 

- hyphen i n  col. 7 

A r i g h t  j u s t i f i e d  i n  8 - 1 0  or blank 

M for t h e  i n d i c a t i o n  of a metas tab le  state or blank for 

the  ground s ta te  i n  col. 11 

Mnemonic of o r i g i n a t i n g  l abora to ry  (s) ( l e f t  ad jus t ed )  i n  cols. 

12-22. 

d a t e  of eva lua t ion ,  EVAL- i n  cols. 23-27, t h r e e  cha rac t e r  month 

i n  28-30, followed by t w o  cha rac t e r  year 31-32 (i.e. EVAL- 

DEC74) 

a u t h o r ( s )  of eva lua t ion  ( l e f t  ad jus ted)  cols. 34-66 

(Second BCD-Card Image Record) 

re ference  2-22 

o r i g i n a l  d i s t r i b u t i o n  d a t e  ( l e f t  ad jus t ed  DIST- followed by 

month-year as i n  EDATE) i n  cols. 23-33. 

d a t e  and number of l a s t  r e v i s i o n  (RW1- followed by month-year 

as i n  EDATE) i n  cols. 34-44. 
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-- ENDATE Master f i l e  e n t r y  date ( r i g h t  adjusted YYMMDD) cols. 56-61. 

The fol lowing q u a n t i t i e s  are def ined.  

-- LRP is  a f l a g  t h a t  i n d i c a t e s  t h a t  resolved and/or unresolved reso- 

0 nance parameters are given i n  F i l e  2. 

LRP = 0,  no resonance parameter data given; 

LRP = 1, resolved  ana/or unresolved resonance parameter data 

given i n  F i l e  2. 

L I  LFI is a f l a g  t h a t  i n d i c a t e s  whether t h i s  m a t e r i a l  is f i s s i o n a b l e :  

LFI = 0,  t h i s  is not  a f i s s i o n a b l e  material; 

LFI = 1, t h i s  m a t e r i a l  is f i s s i o n a b l e .  

- NLIB is the  l i b r a r y  i d e n t i f i e r :  

NLIB = 0,  ENDF/B. 

NLIB = 1, ENDF/A. 

NLIB = 2,  ENDF/A ( t r a n s l a t e d  from UK l i b r a r y ) .  

NLIB = 3 ,  ENDF/A ( t r a n s l a t e d  from KEDAK). 

NMOD is the  modi f ica t ion  number: --- 

ELI S 
_I 

STA 
I- 

LI s 

NMOD = 0,  eva lua t ion  carried over from previous  l i b r a r y  vers ion.  

NMOD = 1, new or r ev i sed  eva lua t ion  f o r  t he  c u r r e n t  l i b r a r y  vers ion.  

NMOD = 2 etc. , success ive  moai f ica t ion  i n d i c a t o r s .  

is t h e  e x c i t a t i o n  energy of the  t a r g e t  nucleus r e l a t i v e  to  0.0 for 

the  ground s ta te .  

is t h e  t a r g e t  s t a b i l i t y  f l a g .  I f  t he  t a r g e t  i s  uns tab le  r a d i o a c t i v e  

decay data should be given i n  MF=8, MT 457: 

STA = 0.0,  s tab le  nucleus,  

STA = 1 . 0 ,  uns tab le  nucleus.  

is the  s ta te  number of the t a r g e t  nucleus.  The ground s ta te  is 

ind ica t ed  by LIS=O. 

% 



- LISg is the  isomeric  s ta te  number. The ground s ta te  is ind ica t ed  by 

LISg=O, etc. L I S  need not  be the  same as LISg. 

is the  count of the  number of elements i n  the  H o l l e r i t h  sec t ion .  

BCD card-image tapes ,  NWD is  the  number of card images' used to  

describe the data set for t h i s  material ( W E  - < 294). 

t apes ,  NWD is the  number of words conta in ing  t h e  H o l l e r i t h  informa- 

t i o n ,  and it is understood tha t  1 7  words are requi re6  f o r  each card 

image (66 c h a r a c t e r s )  and the  format is (16A4, A2). (NWD 5 5000.) 

is an in t ege r  count of a l l  the sec t ions  to be found i n  the d ic t ion-  

ary. Each s e c t i o n  of t h i s  material is represented  by a s i n g l e  card 

image t h a t  conta ins  M F ,  MT, ( r eac t ion  number), and NC (a count of the  

number of ca rds  i n  the  s e c t i o n ) .  NXC is the  t o t a l  number of s e c t i o n s  

f o r  the complete material; i.e., it is equal to the  sum of a l l  the  

s e c t i o n s  i n  the  d i f f e r e n t  f i les .  

- NWD - For 

-__--_-_ For b inary  

--- NXC 

-- H ( N )  is  the a r r a y  conta in ing  the  H o l l e r i t h  information t h a t  describes the  

p a r t i c u l a r  evaluated data set. 

element of the a r r a y  is contained on one card image. 

For a BCD card-image tape ,  each 

MFn, - MTn, -- NCn andJPDn - are included i n  each of t h e  NXC items i n  t h e  

d i c t iona ry .  

MFn -- is the  M F  of t he  nth sec t ion .  

MTn -- is the MT of the  nth sec t ion .  

-- NCn is the  number of BCD card images i n  a given s e c t i o n  ( t h e  nth s e c t i o n ) .  

T h i s  card count -- does - no t  inc lude  the SEND card. 

( N o t e  t h a t  NC1 = NXC + NWD + 3 . )  

-- is the modif icat ion ind ica to r  f o r  section MFn and MTn (see NMOD for 

d e f i n i t i o n s )  . 
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(ID 1.1.1. Formats 

T h i s  section always begins w i t h  a HEAD r e c o r d  and ends w i t h  a SEND record. 

Its s t r u c t u r e  is 

(MAT, 1, 451/ZA , AWR, LRP, LFI, NLIB, NMOD)HEAD 

(MAT, 1, 451/ELIS, STA, LIS, LIS@, 0,  0)CgNT 

(MAT, 1, 451/0.0, 0.0, 0 ,  0 ,  NWD, NXC/ 

ZSYMA, ALAl3, EDATE, AUTH(33 c h a r a c t e r s ) /  

R W ( 2 2  c h a r a c t e r s ) ,  DDATE, RDATE, b, ENDATE/ 

H (N) )LIST* 

(MAT, 1, 451/0.0, 0.0, MF1, MT1, NC1, MOD1)C@NT 

(MAT, 1, 451/0.0, 0 .0 ,  MF2,  MT2, NC2, MOD2)CgNT 

(MAT, 1, 0 /O .O,  0.0, 0 , 0 , o , O)SEND 

1.1.2. P r o c e d u r e s  

The f l a g  LRP indicates  whether  resolved and/or  u n r e s o l v e d  resonance parame- 

ter d a t a  are to  be found i n  F i l e  2 (Resonance P a r a m e t e r s ) .  Every  material w i l l  

have  a F i l e  2 un less  only f i l e  1 is present, b u t  n o t  every F i l e  2 w i l l  c o n t a i n  

r e s o n a n c e  parameter data. F i l e  2 for c e r t a i n  materials w i l l  c o n t a i n  a 

scattering l e n g t h  (see sections 2.1. and  3.2.2.) .  For cases i n  which F i l e  2 con- 

t a i n s  information on t h e  s c a t t e r i n g  l e n g t h  only,  LRP w i l l  be set  a t  zero. 
* 

- 
*Note: ZSYMA to ENDATE are par t  of H ( N )  
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The f l a g  LFI = 1 ind ica t e s  t h a t  t h i s  material is f i s s ionab le .  

case, a sec t ion  specifying the  t o t a l  number of neutrons per f i s s i o n ,  v ( E ) ,  m u s t  - 
be given, i.e., MJ? = 1, MT = 452. Sect ions may also be given t h a t  spec i fy  f i s -  

s ion product y i e l d s  (MF = 8, MT = 454 and 459), the  number of delayed neutrons 

per f i s s i o n  ( M F  =1, MT = 455), and the  number of prompt neutrons per f i s s i o n  (MF 

= 1, MT = 456). 

In  t h i s  

The desc r ip t ive  data i n  the Ho l l e r i t h  sec t ion  must  be given for every mate- 

r ia l .  

(This t i t l e  should contain a ma te r i a l  i d e n t i f i c a t i o n ,  name of the person and lab- 

oratory preparing the  evaluat ion,  and a date).  The remaining card images should 

give a verba l  descr ip t ion  of the evaluated da ta  sets for  the  material. 

should include mention of t he  important experimental results upon which the  rec- 

ommended cross sec t ions  were based, the evaluat ion procedures, b r i e f  h i s to ry  and 

o r ig in  of evaluat ion,  resonance i n t e g r a l s  and thermal values ,  ana references.  

A l s o ,  any l i m i t a t i o n s  on the  use of the particular da ta  set should be c l e a r l y  

pointed o u t ,  along with other remarks t h a t  w i l l  assist the  user  i n  understanding 

the  data. The 2200-m/sec cross sec t ions  contained i n  the  data set should be 

given. 

t i ons  from resolved resonance parameters. 

g r a l s  should be given f o r  t he  r a d i a t i v e  capture  cross sec t ions  and the  f i s s i o n  

cross sec t ion  ( i f  appl icable) .  

The f i r s t  card imagc should be a self-contained t i t l e  for the  mater ia l .  

This 

This information is not  always easy to  f ind ,  s ince  the re  may be contribu- 

The i n f i n i t e  d i l u t i o n  resonance in te -  

(< I f  the  ma te r i a i  is an element containing more than one na tu ra l ly  occurr ing 
t 

isotope,  the  basis for es t ab l i sh ing  the reac t ion  Q-values (given i n  F i l e  3) 

should be explained. 

U s e  of MOD i n  the d ic t ionary  (1-451). 

1. MOD f o r  any M F  and MT mus t  be - < NMOD, the  material MOD number found i n  

f i e l d  6 on the f i r s t  card i n  MT = 451. 
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2. Any new section or revision of an old section requires that MOD for 

that MF, MT i n  the dictionary should be se t  equal to NMOD. 

section that is a carry-over from a previous version of ENDF/B should 

have MOD=O. 

Any 



- 
1.2. Number of Neutrons per F i s s i o n ,  V I  (MT = 452) 

If t h e  material is f i s s i o n a b l e  (LFI = l),  then a s e c t i o n  spec i fy ing  t h e  av- 

e rage  total  number of neut rons  per f i s s i o n ,  3 (MT = 452) must be given. 

g iven  as a f u n c t i o n  of i n c i d e n t  neut ron  energy. 

be found by t a b u l a t i n g  3 as a f u n c t i o n  of  i n c i d e n t  neutron ehergy or by 

v' is 

The energy dependence of 3 may 

provid ing  t h e  c o e f f i c i e n t s  f o r  a polynomial expansion of  3 (E) , 

where ;(E) i s  t h e  average t o t a l  (prompt p l u s  delayed)  number of neut rons  per 

f i s s i o n s  produced by neutrons of  i n c i d e n t  energy E ( e V ) ,  C is t h e  n 

c o e f f i c i e n t ,  and NC is t h e  number of terms i n  t h e  polynomial. 

t h  
n 

1.2.1. Formats 

The s t r u c t u r e  of t h i s  *section depends on whether va lues  of ;(E) are 

t abu la t ed  as a func t ion  of i n c i d e n t  neutron energy or whether 3 is rep resen ted  

by a polynomial. The fo l lowing  q u a n t i t i e s  are def ined:  

LNU - 

NC - 

C -n 

NR 

N P  - 

is a test t h a t  i n d i c a t e s  what r e p r e s e n t a t i o n  of ;(E) has been used: 

LNU = 1, polynomial r e p r e s e n t a t i o n  has  been used; 

LNU = 2, t abu la t ed  r ep resen ta t ion .  

is a count  of t h e  number of terms used i n  t h e  polynomial expansion. 

(NC - < 4 )  

are t h e  c o e f f i c i e n t s  of t h e  polynomial. There are NC c o e f f i c i e n t s  

given.  

is t h e  

3 (E) .  

is t h e  

number of i n t e r p o l a t i o n  ranges used to t a b u l a t e  va lues  of 

(See Appendix E.)  

t o t a l  number of energy p o i n t s  used to t a b u l a t e  (E) .  
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E is t h e  i n t e r p o l a t i o n  scheme (see Appendix E for detai ls . )  - in t  

:(E) is t h e  average number of neut rons  per f i s s i o n .  

If LNU = 1, t h e  s t r u c t u r e  of t he  s e c t i o n  is  

(MAT, 1, 452/ ZA, A m ,  0 ,  LNU, 0, 0)HEAD LNU = 1 

(MAT, 1, 452/ 0.0,  0.0, 0, 

(MAT, 1, 0 / 0.0,  0.0, 0, 0 , 0, 0)SEND 

I f  LNU = 2, t h e  s t r u c t u r e  of the  s e c t i o n  is 

(MAT, 1, 452/ ZA, AWR, 0, LNU, 0, 0)HEAD ' 

0 , NC, O/C1, C2, ... CNC)LIST 

LNU = 2 

(MAT, 1, 452/ 0.0, 0.0, 0, 0, NR, N P / E ~ ~ ~ / ~ ( E ) ) T A B ~  

(MAT, 1, O/ 0.0,  0.0, 0, 0 ,  0, 0)SEND 

1.2.2. Procedures 

If a polynomial r e p r e s e n t a t i o n  (LNU = 1) has  been used to s p e c i f y  ;(E), 

t h i s  r e p r e s e n t a t i o n  is v a l i d  over any range i n  which t h e  f i s s i o n  cross s e c t i o n  

is specified (as g iven  i n  F i l e s  2 and 3 ) .  

t h e  f i t  s h a l l  be l i m i t e d  to a third-degree polynomial (NC = 4 ) .  I f  such a f i t  

does no t  reproduce t h e  recommend va lues  of 5 ( E ) ,  a t a b u l a t e d  form (LNU = 2) 

should be used. 

(ID 
When us ing  a polynomial to f i t  < ( E ) ,  

I f  t abu la t ed  va lues  of 3 are s p e c i f i e d  (LNU = 2 ) ,  then pairs of energy- 

< values  are given. 

range i n  which t h e  f i s s i o n  cross s e c t i o n  is given  i n  F i l e  2 and/or F i l e  3 .  

Values of < ( E )  should be given t h a t  cover any energy 

The va lues  of < ( E )  given i n  t h i s  s e c t i o n  are f o r  t h e  average t o t a l  number 

of neutrons produced per f i s s i o n  event.  Even though another  s e c t i o n  (MT = 455) 

t h a t  specifies t h e  delayed neutron from f i s s i o n  may be given,  v t h e  average 

number of delayed neut rons  per f i s s i o n  m u s t  be inc luded  i n  t h e  va lues  of < ( E )  

- 
d' 

given i n  t h i s  s e c t i o n  (MT = 452). (ID 
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- 
1.3. Delayed Neutron Data, V,, (MT = 455) 

U 

This  sec t ion  descr ibes  the  delayed neutrons r e s u l t i n g  from f i s s i o n  events .  
- 

d The average total number of delayed neutron precursors emitted per f i s s i o n ,  V 

is given, along with the  decay constants ,  xi, f o r  each precursor family. The 

f r a c t i o n  of ? 

report). 

each precursor family are also given i n  F i l e  5.  

generated f o r  each family is given i n  F i l e  5 ( sec t ion  5. of t h i s  d 

The energy d i s t r i b u t i o n s  of the  secondary neutrons assoc ia ted  with 

The to ta l  number of delayed neutron precursors is given as a func t ion  of 

inc ident  neutron energy. 

dependence. They are the  same as those used i n  t h i s  f i l e ,  (MT = 452), to 

descr ibe the  average t o t a l  number of neutrons produced per f i s s i o n  event (see 

sec t ion  1 .2 . ) .  The inc iden t  energy dependence may be spec i f i ed  by tabula t ing  

V (E) a t  a series of inc ident  neutron energ ies  or by providing the  c o e f f i c i e n t s  

of a polynomial expansion i n  energy. 

Two representa t ions  are provided to  spec i fy  the  energy 

d 

The t o t a l  number of delayed neutron precursors emitted per f i s s i o n  event ,  

a t  inc ident  energy E, is given i n  t h i s  f i l e  and is defined as the  sum of the  num- 

ber of precursors emitted f o r  each of t he  precursor f ami l i e s ,  

NNF 
Gd(E) = c <..(E) , 

i=l 

where "I? is the  number of precursor fami l ies .  

Pi(E),  emitted f o r  each family is given i n  F i l e  5 (see section 5) and is defined 

as 

The f r a c t i o n  of the  t o t a l ,  , 
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(ID 1.3.1. Formats 

The s t ructure  of a s e c t i o n  depends on whether 3 (E)  is t abu la t ed  as a d 

func t ion  of i n c i d e n t  energy or given as c o e f f i c i e n t s  of a polynomial expansion 

i n  energy. If a polynomial is  used, Gd(E) is def ined  as 

NC 
g d ( E )  = CnE (n-1) 

n = l  

where ;(E) is  t h e  average number of delayed neut rons  per f i s s i o n  produced by 

neut rons  of  i n c i d e n t  energy E ( e V ) ,  Cn is t h e  n 

ber of  terms i n  t h e  polynomial. 

t h  
c o e f f i c i e n t ,  and NC is t h e  num- 

The fol lowing q u a n t i t i e s  are def ined:  

is  a t e s t  t h a t  i n d i c a t e s  which r e p r e s e n t a t i o n  is  used: 

LNU = 1 means t h a t  a polynomial expansion is used; 

LNU = 2 means t h a t  a tabula ted  r e p r e s e n t a t i o n  is  used. 

is t h e  number of terms i n  t h e  polynomial expansion. 

are t h e  c o e f f i c i e n t s  f o r  t h e  polynomial. 

is t h e  number of i n t e r p o l a t i o n  ranges used. 

is t h e  t o t a l  number of  i n c i d e n t  energy p o i n t s  used to  r e p r e s e n t  

3 (E) when a t a b u l a t i o n  is used. 

is t h e  i n t e r p o l a t i o n  scheme (see Appendix E ) .  

i s  t h e  t o t a l  average number of delayed neutron precursors formed 

per f i s s i o n  event .  

is t h e  number of  precursor f a m i l i e s  considered.  

is t h e  decay cons t an t  (sec ) f o r  t h e  i precursor. 

(NC - < 4 )  

(NR 5 20) 

d 

-1 t h  

The s t r u c t u r e  of a s e c t i o n  when a polynomial r e p r e s e n t a t i o n  

(ID has been used (LNU = 1) is 
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(MAT, 1, 455/ ZA, AWR, 0, LNU, 0, 0)HEAD 

(MAT, 1, 455/ 0.0, 0.0, 0, 0, NNF, o / A ~ ,  A ~ , . . .  
(MAT, 1, 455/ 0.0, 0.0, 0, 0, NC, o/cl, c2 ,... C ~ ~ ) L I S T  

LNU = 1 

)LIST 

(MAT, 1, 

The s t r u c t u r e  when va lues  of 3, are t abu la t ed  (LNU = 2) is  

0 / 0.0, 0.0, 0, 0, 0, 0)SEND 

(MAT, 1, 455/ ZA, AWR, 0, mu, 0, O)HFAD mu = 2 

(MAT, 1, 455/ 0.0, 0.0, 0, 0, 

(MAT, 1, 455/ 0.0, 0.0, 0,  0, NR, N P / E ~ ~ ~ / ~ ~ ( E ) ) T A B ~  

NNF, o/A,, A, ,... A ~ ~ ) L I S T  

(MAT, 1, 0 / 0.0, 0.0, 0, 0, 0 0)SEND 

1.3.2. Procedures  

When t h e  polynomial r e p r e s e n t a t i o n  i s  used, t h e  c a l c u l a t e d  va lues  of 

3 (E) may be used over any range i n  which t h e  f i s s i o n  cross s e c t i o n  has  been 

given i n  F i l e s  2 and/or 3. 

should be g iven  f o r  t h e  same energy range as t h a t  used to s p e c i f y  t h e  f i s s i o n  

cross s e c t i o n .  

d 

When t a b u l a t e d  va lues  of  3d(E)  are s p e c i f i e d ,  they 

The p r o b a b i l i t y  of producing t h e  precursors f o r  each fami ly  and t h e  energy 

d i s t r i b u t i o n s  of neut rons  produced by each p recu r so r  fami ly  are g iven  i n  F i l e  5 

( s e c t i o n  5 of t h i s  report). 

f a m i l i e s  be given i n  F i l e  5 as are given i n  F i l e  1 (MT = 455) ,  and t h e  o rde r ing  

of the  f a m i l i e s  should be t h e  same i n  both f i l e s .  I t  is recommended t h a t  t h e  

f a m i l i e s  be ordered  by decreas ing  h a l f - l i v e s  (A, < A, < ... < ANNF).  

I t  is  extremely important  t h a t  t h e  same precursor  

I 
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- 
1.4. Number of Prompt Neutrons per Fission, V , (MT = 456) 

kJ 

If the material is fissionable (LFI = l), a section specifying the average 
- 

number of prompt neutrons per fission, v (MT = 456) can be given using 

formats identical to MT = 452. is given as a function of incident neutron 

energy. The energy dependence of 3 may be given by tabulating 3 as a func- 
tion of incident neutron energy or by providing the coefficients for a 

polynomial expansion of 3 (E) .  

PI 

3 P 

P P 

P 

where 3 (E) is the average number of prompt neutrons per fission produced by 
neutrons of incident energy E(eV), C 

P 
is the n th coefficient, and NC is the num- n 

ber of terms in the polynomial. (ID 
1.4.1. Formats 

The structure of this section depends on whether values of ;(E) are 

tabulated as a function of incident neutron energy or whether 3 is represented 
by a polynomial. 

- LNU 

The following quantities are defined: 

is a test that indicates what representation of ;(E) has been 

used; 

LNU = 1, polynomial representation has been used; 

LNU = 2, tabulated representation. 

is a count of the number of terms used in the polynomial expansion. 

(NC < 4) 

are the coefficients of the polynomial. 

given. 

NC - 

- 
C -n There are NC coefficients 
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- m is t h e  number of i n t e r p o l a t i o n  ranges used to t a b u l a t e  va lues  of  

V p ( E )  . 
is t h e  to ta l  number of energy p o i n t s  used to t a b u l a t e  3 (E) 

- 
(See Appendix E. ) 

- N P  

E is t h e  i n t e r p o l a t i o n  scheme (see Appendix E.) -in t 

3 (E) -P- 
If LNU = 1 (polynomial r e p r e s e n t a t i o n  used) ,  t h e  s t r u c t u r e  of t h e  s e c t i o n  

is t h e  average number of prompt neutrons per f i s s i o n .  

is  

LNU = 1 (MAT, 1, 456/ZA, AWR, 0, LNU, 0 ,  

(MAT, 1, 456/0.0, 0.0, 0, 0, NC, O/C1, C2, ... CNC)LIST 

(MAT, 1, O/ 0.0, 0.0, 0, 0, 0, 0)SEND 

If LNU = 2 ( t a b u l a t e d  va lues  of  G), t h e  s t r u c t u r e  of  t h e  s e c t i o n  is 

0)HEAD 

(MAT, 1, 456/ZA, AWR, 0, LNU, 0 ,  0)HEAD L N u = 2  

(MAT, 1, 4 5 ~ 0 . 0 ,  0.0, 0, 0, m, N P / E ~ ~ ~ / G  ( E ) ) T A B ~  
P 

(MAT, 1, O/O.O, 0.0,  0 ,  0, 0, 0)SEND 

1.4.2. Procedures 

I f  a polynomial r e p r e s e n t a t i o n  (LNP = 1) has been used to s p e c i f y  3 ( E ) ,  

t h i s  r e p r e s e n t a t i o n  is v a l i d  over any range i n  which t h e  f i s s i o n  cross s e c t i o n  

is specified (as g iven  i n  Files 2 and 3). When us ing  a polynomial to €it 

S p ( E ) ,  t h e  f i t  s h a l l  be l i m i t e d  to a third-degree polynomial (NCP = 4 ) .  

such a f i t  does no t  reproduce t h e  recommended va lues  of 5 (E) a t abu la t ed  form 

(LNP = 2) should be used. 

P 

If 

P 

I f  t abu la t ed  va lues  of 3 (E) are specified (LNP = 2 ) ,  then pairs of 
P 

energy-; va lues  are given.  
P 

energy range i n  which t h e  f i s s i o n  cross s e c t i o n  is g iven  i n  F i l e  2 and/or F i l e  

3.  

Values of 3 (E) should be g iven  t h a t  cover any 
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The va lues  of 3 (E) g iven  i n  t h i s  s e c t i o n  are f o r  t h e  average number of 
P 

prompt neut rons  produced per f i s s i o n  event .  Even though another  s e c t i o n  (MT = 

455) t h a t  specifies t h e  delayed neutron from f i s s i o n  may be given; Vd,  t h e  num- 

ber of delayed neutrons per f i s s i o n ,  and 3 
f i s s i o n ,  must be included i n  t h e  va lues  of  ;(E) g iven  i n  t h e  s e c t i o n  (MT = 

452) ;  i.e., ;(MT = 452) = Vd(MT = 455) f 3 (MT = 456).  

1.5 

- 

t h e  number of  prompt neutrons per 
P' 

P 

Number of  Neutrons from t h e  Spontaneous F i s s ion ing  of  t h e  Targe t  Nucleus 

(MT = 465, 466) 

MT = 465 for ?sD (delayed component of spontaneous f i s s i o n  ?). 

MT = 466 for ?,, (prompt ccnnponent of spontaneous 3). 

1.5.1. Formats 

[MAT, 1, 465/ ZA AWR 0 2 0 0) HEAD* 

fMAT, 1, 465/ 0.0 0.0 0 0 1 2) TAB 1 

fMAT, 1, 465/ 2 1 0 0 0 0) 

[MAT, 1, 465/ 1.OE-5 ?,, 2.OEf7 ?,, 0 0) 

(MAT, 1, o/ 0.0 0.0 o 0 0 0) SEND 

and f o r  MT = 466, t h e  same format  would be followed. 

1.5.2. Procedures  

Fi les  3 and 4 are n o t  r equ i r ed  for MT = 465 and 466. 

(1) *LNU = 1 (polynomial expansion) is not  allowed as inpu t .  

Revised 11/83 



1.6. Components of the  Energy Release Due to Fi&On I (MT = 458) 

The energy re leased  i n  f i s s i o n  is c a r r i e d  by f i s s i o n  fragments, neutrons,  

gammas, be tas  (+ and -), and (ant i - )  neutr inos.  The term fragments includes a l l  

charged p a r t i c l e s  t h a t  are emitted promptly, s ince  f o r  energy-deposition calcula- 

t i ons ,  a l l  such particles have s h o r t  ranges and are usua l ly  considered to lose 

t h e i r  energy loca l ly .  Neutrons and gammas t r anspor t  t h e i r  energy elsewhere and 

need to  be considered separa te ly .  I n  addi t ion ,  sane gammas and neutrons are 

delayed, and i n  a shut-down assembly one needs to  know the  amount of energy t i e d  

up i n  these  particles and the  rate a t  which it  is released from the  metastable  

nuc l ides  or precursors .  

appl ica t ions ,  bu t  is par t  of the  Q-value. 

The neut r ino  energy is lost  completely i n  most 

As f a r  as t h e  be tas  are concerned, 

any prompt ones would deposit t h e i r  energy loca ly  with the  fragments, being 

charged, and t h e i r  prompt energy is c o r r e c t l y  included with the  fragment energy. 

- ET is the  sum of a l l  t he  p a r t i a l  energ ies  which follow. This  sum is the  

total  energy release per f i s s i o n  and e q u a l s  t he  Q value. 

EFR is the  k i n e t i c  energy of the  fragments 

- ENP is the  k i n e t i c  energy of the  "prompt" f i s s i o n  neutrons 

END is the  k i n e t i c  energy of the  delayed f i s s i o n  neutrons 

- 

- 
EGP is the  to ta l  energy released by t h e  emission of "prompt" y rays  

EGD is the  total  energy released by the  emission of delayed y rays  

- 
- 
- EB is the  total  energy re leased  by delayed B's 

- ENU is  the  energy c a r r i e d  away by the  neut r inos  

- ER is ET - ENU ( t h e  t o t a l  energy less the  energy of the  neut r inos) .  This  

-- 

ER is equal to  the  pseudo-Q i n  F i l e  3 for MT = 18. 
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E i (0 )  = Ei(EINC) + 6Ei 

where E is any of t h e  energy release components  

Ei (0 )  is t h e  v a l u e  a t  EINC = 0 

E .  (EINC) is t h e  value a t  inc iden t  energy EINC 

i 

1 

EINC = 0 is f ic t ic ious and represents an ar t i f ice  by which it is p o s s i b l e  to 

recover t h e  values a t  any EINC. 

The 6E.  ' s  are given by t h e  following: 
1 

6QG = EINC - (1.057 EINC - 8.07(V(EINC) - V ( 0 ) ) )  

6EB = 0.075 EINC. 

GEGD = 0.075 EINC. 

GENU = 0.100 EINC. 

~ E F R  = 0. 

6ENP = - (1.307 EINC - 8.07 (V(E1NC) - V ( 0 ) ) .  

GEGP = o 

Revised 11/83 
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1.6.1. Formats 

The s t r u c t u r e  of t h i s  s ec t ion  always starts with a HEAD record and end 

with a SEND record.  The sec t ion  conta ins  no subsect ions and only one LIST 

record. 

The s t r u c t u r e  of a sec t ion  is: 

(MAT, 1, 458/ ZA, AWR, 0, 0 ,  0 ,  0 )  HEAD 

(MAT, 1, 458/ 0.0, 0.0, 0, 0, 18,  9/ 

EFR, AEFR, ENP, AENP, END, AEND 

EGP, AEGP, EGD, AEGD, EB, AEB 

ENU, AENU, ER, AER, ET, AET) LIST 

(MAT, 1, O/ 0.0, 0.0, 0, 0 ,  0 ,  0) SEND, 

where the  A's allow the  error es t imates  on the  q u a n t i t i e s  l is ted above. 

1.6.2. Procedures 

This  s ec t ion  should be used f o r  f e r t i l e  and f i s s i l e  i so topes  only. (Z 2 
88) f o r  ENDF/B-V. 

Consistency should be maintained between the  Q va lues  i n  F i l e  3 ,  t he  

energ ies  calculated from F i l e s  5 and 15 and the  energ ies  l i s t ed  i n  F i l e  1. 

t h a t  ER = the  pseudo-Q f o r  f i s s i o n  (MT = 18) i n  F i l e  3 .  

N o t e  

Other components are not  so r e a d i l y  determined or checked. The procedure 

should be t h a t  F i l e  5 and F i l e  15 data t a k e  precedent,  whenever ava i l ab le .  That 

is, the  "prompt" f i s s i o n  neutron energy calculated from F i l e  5 spec t r a  from MT 

= 18 should be used i n  F i l e  1; the  same holds  t r u e  f o r  t he  delayed neutron 

spec t r a  given 

F i l e  15  (MT = 

gammas due to 

i n  F i l e  5 ,  MT = 455. The "prompt" gamma energy calculated from 

18 f o r  f i s s i o n )  should be input  i n t o  F i l e  1, t h a t  is the  prompt 

the  f i s s i o n  process.  

Revised 11/83 
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These q u a n t i t i e s  should be c a l c u l a t e d  a t  t h e  lowest energy g iven  i n  t h e  

F i l e s  f o r  MT = 18 except  for f i s s i le  isotopes f o r  which t h e  thermal  spectra 

should be used. For f e r t i l e  materials, t h e  spectrum given  a t  th re sho ld  would be 

appropriate. 

prompt ( n o t  3 total)  for t h e  f i s s i o n  neutrons.  

delayed f i s s i o n  neutron spectra. 

Note t h a t  t h e  F i l e  5 spectra for MT = 18 should be used w i t h  3 

MT = 455 i n  F i l e  5 c o n t a i n s  t h e  

I n  many reactor a p p l i c a t i o n s ,  time dependent energy d e p o s i t i o n  rates are 

requ i r ed  r a t h e r  than  t h e  components of t h e  total  energy per f i s s i o n  which are 

t h e  va lues  g iven  i n  t h i s  MT. 

ob ta ined  from t h e  six-group spectra i n  F i l e  5 (MT = 455) for delayed neutrons.  

Codes such as  CINDER, RIBID,  and ORIGEN must be used, however, to o b t a i n  more de- 

ta i led information on t h e  delayed neut rons  and a l l  time-dependent parameters f o r  

t h e  b e t a s  and t h e  gammas due to  t h e  f i s s i o n  process. 

Time-dependent energy d e p o s i t i o n  parameters can  be 

- 

The t ime- in tegra ted  e n e r g i e s  for delayed neut rons ,  delayed gammas, and 

delayed b e t a s  as c a l c u l a t e d  from t h e  codes l isted above may n o t  always agree 

with t h e  energy components g iven  i n  F i l e  1. 

ET ( t h e  total  energy released per f i s s i o n ) .  

The F i l e  1 components m u s t  sum to 

I n  hea t ing  c a l c u l a t i o n s ,  t h e  energy released i n  a l l  nuc lear  r e a c t i o n s  be- 

sides f i s s i o n ,  p r i n c i p a l l y  t h e  garmna-energy r e l e a s e d  i n  neut ron  r a d i a t i v e  cap- 

t u r e ,  e n t e r s  analogously to  t h e  v a r i o u s  f i s s i o n  energy components. 

(n,y) energy-release would be equa l  to  t h e  Q-value i n  f i l e  3 ,  MT=102, of t h e  cap- 

t u r i n g  nuc l ide .  

isomeric states is involved,  and t h i s  is r e l e v a n t  to  va r ious  f i s s i o n -  and 

burnup-product c a l c u l a t i o n s .  The " s e n s i b l e  energy" i n  a hea t ing  c a l c u l a t i o n  is 

t h e  sum of ER, def ined  p rev ious ly ,  and t h e  energy released i n  t h e s e  o t h e r  

Thus t h e  

The capture gammas can  be prompt or delayed,  if branching to 

reac t ions .  

(ID 
Revised 11/83 
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2. FILE 2 ,  RESONANCE PARAMETERS 

2.1. General Descr ipt ion 

Every material mus t  conta in  a F i l e  2. I t  has only one sec t ion ,  which has 

been assigned the  r eac t ion  type number MT = 151. I f  no resonance parameters are 

given f o r  the  material, the  purpose of the  F i l e  2 s ec t ion  is to spec i fy  the  

s c a t t e r i n g  rad ius ,  AP. I f  resonance parameters are given f o r  some iso topes  of 

an elemental  evaluat ion,  an isotope without resonance parameters may be 

included. I f  it is included, t h e  subsect ion €or t h e  f i r s t  and only energy range 

of t h a t  isotope w i l l  c o n s i s t  of a s i n g l e  CONT record g iv ing  the  sp in ,  SPI, and 

s c a t t e r i n g  rad ius ,  AP. I n  these  two cases, the  inc lus ion  of a s c a t t e r i n g  r ad ius  

is s o l e l y  f o r  t he  convenience of users who wish an es t imate  of the  p o t e n t i a l  

s ca t t e r ing .  

s ec t ion ,  which i n  these  t w o  cases, is represented e n t i r e l y  i n  F i l e  3 .  

I t  is not  used to  calculate a con t r ibu t ion  to  the  s c a t t e r i n g  cross 

The primary func t ion  of F i l e  2 is to conta in  data f o r  both resolved and 

unresolved resonance parameters. When resonance parameters are given the  total  

(MT = l) ,  elastic s c a t t e r i n g  (MT = 2 ) ,  f i s s i o n  (MT = 18), and r a d i a t i v e  capture  

(MT = 102) cross sec t ions  given i n  F i l e  3 must  be added to correspondinq - 

con t r ibu t ions  ca l cu la t ed  from the  resolved and/or unresolved parameters given i n  

- F i l e  2 i n  order t o  obta in  t h e  correct r eac t ion  cross sec t ions .  

- 

A l l  o ther  reac t ions ,  i f  any, are grouped together  i n t o  a s i n g l e  

“competit ive width, rx. 
nance region, and i m p l i c i t l y  i n  the  resolved region. I n  t h e  la t ter  region, it 

T h i s  width is given e x p l i c i t l y  i n  the  unresolved reso- 

is permissible  for t h e  to ta l  width to exceed the  sum of the  neutron, r a d i a t i v e  

capture ,  and f i s s i o n  widths. 

width : 

The d i f f e rence  is in t e rp re t ed  as the  c6mpetit ive 

rx = r - (rn + ry + r f )  . 
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By convention, the individual competitive reactions (if any) given in File 

3 represent the entire cross section and the contribution from File 2 is not to 

be added to them. (See Appendix D. Section D.3.3.) 

For those isotopes with resonance parameters, the potential scattering 

term is given by 

4lT 2 
k2 

onn = - (2R + 1) sin $%, R = 0, 1, 2, 

where 

k = 2.196771 -- x /E, E in ev , AWRI + 1.0 

h h h -1 3p - - A 

$o = p r  $l p - tan-' p ,  $ = p2- tan 2 '  3 - 5  

and 

A 

p = k(AP). 

In order to calculate the penetrability and shift factors when resonances 

are present, the current ENDF convention is to employ the channel radius, a, 

also known as the "hard-sphere radius" or the "nuclear radius," 

a = .123 AvJRI~'~ + .08 in units of cm. 

The resonance parameter data for a material are obtained by specifying the 

parameters for each isotope in the material. The data for the various isotopes 

Revised 11/83 
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are ordered  by inc reas ing  ZAI va lues  (charge- i so topic  mass number). The data 

f o r  each i so tope  may be d iv ided  i n t o  s e v e r a l  i n c i d e n t  neutron energy ranges,  and 

t h e  data f o r  t h e  energy ranges are ordered by inc reas ing  energy. 

ranges should no t  overlap;  each w i l l  con ta in  a d i f f e r e n t  r e p r e s e n t a t i o n  of t h e  

resonance parameters. 

isotope. The f i r s t  w i l l  con ta in  reso lved  parameters, and t h e  second, unresolved 

resonance parameters.’ The problems connected wi th  these  r e s t r i c t i o n s  are d i s -  

cussed i n  t h e  Procedures Sec t ions ,  2.2.2 and 2.4. 

The energy 

Normally t w o  energy ranges w i l l  be s p e c i f i e d , f o r  each 

Seve ra l  r e p r e s e n t a t i o n s  are allowed f o r  spec i fy ing  t h e  reso lved  resonance 

parameters. The particular r e p r e s e n t a t i o n  used for a particular energy range is 

i n d i c a t e d  by a f l a g ,  LRF. 

The allowed r e p r e s e n t a t i o n s  f o r  t h e  reso lved  resonance parameters are 

LRF = 1, s i n g l e - l e v e l  Breit-Wigner; 

LRF = 2,  m u l t i l e v e l  Breit-Wigner (resonance-resonance i n t e r f e r e n c e  e f f e c t s  

I 

are included i n  t h e  e las t ic  s c a t t e r i n g  cross s e c t i o n  and t h e  t o t a l  

cross s e c t i o n )  : 

LRF = 4 ,  Adler-Adler m u l t i l e v e l  (resonance-resonance i n t e r f e r e n c e  e f f e c t s  

are included i n  a l l  cross s e c t i o n s ) .  

For f i s s i l e  nuc l ides ,  t h e  p r e f e r r e d  formalism for eva lua t ion  purposes is 
* 

t h e  Reich-Moore m u l t i l e v e l  scheme, because it has less f l e x i b i l i t y  than t h e  

Adler method and is t h e r e f o r e  b e t t e r  able to d i s t i n g u i s h  between v a r i o u s  grades  

of experimental  data. However, f o r  purposes of p r e s e n t a t i o n  i n  ENDFB, Reich- 

Moore eva lua t ions  m u s t  be converted to  Adler format, s i n c e  t h e  l a t t e r  permits 

t h e  u s e  of Q- and X-functions f o r  Doppler-broadening, whereas t h e  Reich-Moore 

i 

*Previously allowed as LRF = 3; now restricted to ENDF/A. 
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scheme r e q u i r e s  k e r n e l  methods. Fur ther  d i scuss ion  of t h e  above t h r e e  

formalisms is contained i n  t h e  Procedures  Sec t ions ,  2.2.2 and 2.4. 

Each energy range c o n t a i n s  a f l a g ,  LRU, t h a t  i n d i c a t e s  whether it c o n t a i n s  

reso lved  or unresolved resonance parameters. LRU = 1 means reso lved ,  LRU = 2 

means unresolved. 

Only one r e p r e s e n t a t i o n  is allowed f o r  t h e  unresolved resonance parame- 

ters, namely average s i n g l e - l e v e l  Breit-Wigner . However , s e v e r a l  op t ions  are 

permitted, des igna ted  by t h e  F lag  LRF. With t h e  f i r s t  op t ion ,  LRF = 1, only  t h e  

average f i s s i o n  width i s  allowed to  vary  as a func t ion  of  i n c i d e n t  neut ron  

energy. The second op t ion ,  LFU? = 2, allows t h e  fo l lowing  average parameters t o  

vary: l e v e l  spacing,  f i s s i o n  width,  reduced neut ron  width,  r a d i a t i o n  width,  and 

a width f o r  an unspec i f ied  compet i t ive  r eac t ion .  

The data formats  f o r  t h e  v a r i o u s  resonance parameter r e p r e s e n t a t i o n s  are 

g iven  i n  S e c t i o n s  2.2.1 ( reso lved)  and 2.3.1 (unreso lved) .  The formulae f o r  

c a l c u l a t i n g  cross s e c t i o n s  f o r  t h e  v a r i o u s  resonance reg ion  t h e o r i e s  are given  

i n  Appendix D. 

Seve ra l  q u a n t i t i e s  used i n  F i l e  2 have d e f i n i t i o n s  t h a t  are t h e  same f o r  

a l l  resonance parameter r ep resen ta t ions :  

- NIS i s  t h e  number of isotopes i n  t h i s  material ( N I S  - < 1 0 ) .  

- ZAI is t h e  (Z,A) des igna t ion  f o r  an isotope. 

- ABN is the  abundance of an isotope i n  t h e  material. This  is a number 

f r a c t o n ,  n o t  a weight f r a c t i o n ,  nor a pe rcen t .  

- LE’W i s  a f l a g  i n d i c a t i n g  whether average f i s s i o n  widths  are g iven  i n  t h e  

unresolved resonance reg ion  f o r  t h i s  isotope: 

LFW = 0 ,  average f i s s i o n  widths  are n o t  given; 

LFW = 1, average f i s s i o n  wid ths  are given. 

- NER is t h e  number of energy ranges for t h i s  isotope (NER - < 2) .  
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* 
EL is the lower limit for an energy range. 

- M is the upper limit for an energy range. 

- 
* 

- LRU is a flag indicating whether this energy range contains data for 

resolved or unresolved resonance parameters: 

LRU = 0, only the scattering radius is given (LRF = 0, NLS = 0, 

LJ?W = 0 is required with this option); 

LRU = 1, resolved resonance parameters are given: 

LRU = 2, unresolved resonance parameters are given. 

- LRF is a flag indicating which representation has been used for the energy 

range. The definition of LFU? depends on the value of LRU: 

If LRU = 1 (resolved parameters) , then 

LE@ = 1, single-level Breit-Wigner (SLBW) parameters: 

LRF = 2, multilevel Breit-Wigner (MLBW) parameters: 

LRF = 4 ,  Adler-Adler parameters; 

If LRU = 2 (unresolved parameters), then 

LFU? = 1, only average fission widths are energy-dependent; 

LRF = 2, average level spacing, competitive reaction widths, 

reduced neutron widths, radiation widths, and fis- 

sion widths are energy-dependent. 

*These energies are the limits to be used in calculating cross sections from 
the parameters. Some resolved resonance levels, e.g., bound levels, will 

~ 

have resonance energies outside the limits. 
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The gene ra l  s t ructure  of a s e c t i o n  is as fol lows:  

(MAT, 2, 151/ ZA, AWR, 0 ,  0,  NIS, 0)HEAD 

(MAT, 2, 151/ Z A I ,  ABN, 0 ,  

(MAT, 2, 151,' EL, EH, LRU, LRF, 0,  0)CONT (range)  

L F W ,  NER, 0)CONT ( i so tope )  

<Subsection for the  f i r s t  energy range f o r  t he  f i r s t  i so tope  (depends 

on LRU and LRF)> 

(MAT, 2, 151/ EL, EH, LRU, LRF, 0,  O)CONT (range)  

<Subsection for the  second energy range for t h e  f irs-  isotope (depends 

on LRU and LRF)> 
'j 

--------------------______^ 

........................... 

(MAT, 2, 151/ EL, EH, LRU, L E ,  0 0)CONT (range)  

<Subsection f o r  the  l a s t  energy range f o r  t he  l a s t  i so tope  f o r  t h i s  

material> 

The da ta  are given f o r  a l l  ranges f o r  a given i so tope ,  and then  f o r  a l l  

i so topes .  The d a t a  f o r  each range s t a r t  wi th  a CONT (range)  record;  those  f o r  

each isotope, with a CONT ( i so tope )  record.  The s p e c i f i c a t i o n s  €or t h e  

subsec t ions  which inc lude  resonance parameters are given i n  Sec t ions  2.2.1 and 

2.3.1, below. 

The structure of F i l e  2 f o r  t he  s p e c i a l  case, i n  which j u s t  t he  s c a t t e r i n g  

r ad ius  is s p e c i f i e d ,  is given below (no reso lved  or unresolved parameters  are 

given f o r  t h i s  material) : 

(MAT, 2, 151/ ZA, AWR, 0, 0,  NISI 0)HEAD (NIS = 1) 

(MAT, 2, 151/ Z A I ,  ABNI 0, (LFW = 0, NER = 1 

(MAT, 2, 151/ EL, M, LRU, LRF, 0, 0)CONT (LRU = 0, LRF = 0 

LFW, NER, 0)CONT 

(MAT, 2, 151/ SPI, AP, 0, 0, NLS, O)CONT (NLS = 0) 
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(MAT, 2, 0 / 0.0, 0.0, 0, 0, 0, 0)SEND '?s 

(MAT, 0, 0 / 0.0, 0.0, 0, 0, 0, 0)FEND 

The structure of a subsection for an isotope for which no resonance parame- 

ters are given is: 

(MAT, 2, 151/ SPI,  AP, 0, 0, NLS, O)CONT (NLS = 0) 

and as above LEW = 0, NER = 1, LRU = 0, and LRF = 0 for t h i s  isotope. 
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2.2. Resolved Resonance Parameters (LRU = 1) 

2.2.1. Formats 

Three d i f f e r e n t  resonance formula t ions  are allowed t o  r e p r e s e n t  t h e  

reso lved  resonance parameters. The p e r t i n e n t  formulae associated wi th  these  rep- 

r e s e n t a t i o n s  are given i n  de t a i l  i n  Appendix D. The f l a g  LRU = 1, given i n  t h e  

CgNT ( range)  record ,  i n d i c a t e s  t h a t  reso lved  resonance parameters are g iven  f o r  

a p a r t i c u l a r  energy range. 

which resonance formula t ion  has  been used. 

Another f l a g ,  LRF, i n  t h e  same record s p e c i f i e s  

The s t r u c t u r e  of a subsec t ion  is t h e  same for LRF = 1 ( s i n g l e - l e v e l  

Breit-Wigner parameters) as it is for LRF = 2 (mul t i - l eve l  Breit-Wigner 

parameters). The fol lowing q u a n t i t i e s  are def ined  f o r  use when LRF = 1 and 2 
I 

(see Appendix D for formulae) : 

Resolved Resonance Parameters i f  LRF = 1 (SLBW) and LRF = 2 (MLBW) 

- SPI is the  nuclear  s p i n  of t h e  t a r g e t  nucleus,  I ( p o s i t i v e  number). 

- AP 
-12 i s  t h e  s c a t t e r i n g  r a d i u s  i n  u n i t s  of  1 0  cm. 

NLS is t h e  number of  sets of  resonance parameters g iven  i n  t h i s  energy re- - 
gion. A s e t  of parameters is g iven  f o r  - -  each R-value (neutron o r b i t a l  

angular  momentum) . (NLS - < 3 . )  

AWRI i s  t h e  ra t io  of  t h e  mass of  a particular isotope to  t h a t  of  a 

neutron. 

- QX is  an e f f e c t i v e  Q-value to be added to  t h e  i n c i d e n t  par t ic le ' s  

center-of-mass energy to  determine t h e  channel  energy f o r  u s e  i n  t h e  

p e n e t r a b i l i t y  f a c t o r  of t h e  compet i t ive  width. The conversion to a 

l a b o r a t o r y  system energy depends on t h e  reduced mass i n  t h e  e x i t  

channel.  For i n e l a s t i c  s c a t t e r i n g  t o  a discrete l e v e l ,  t h e  Q-value 

is minus t h e  l e v e l  e x c i t a t i o n  energy. QX = 0.0 i f  LRX = 0. 

L is t h e  va lue  of R .  - 
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- LRX is a f l a g  ind ica t ing  whether t h i s  energy range con ta ins  a competi t ive 

width: 
* 

LRX = 0 ,  no compet i t ive  width i s  given,  and I' = l? + I' 
n Y  

+ rf i n  t h e  

resolved resonance region,  while  <r > = 0 i n  t h e  unresolved res- 

onance region;  

X 

LRX = 1, a competi t ive width is given,  and is  e f f e c t i v e l y  a s i n g l e  

i n e l a s t i c  process to  the  f i r s t  exc i t ed  state.  I n  t h e  reso lved  

region,  it is  determined by s u b t r a c t i o n ,  TX = r - ( r n + r  + 

r f )  ; 
Y 

LRX = 2,  l i k e  LRX = 1, b u t  more than one competi t ive r e a c t i o n  is ener- 

g e t i c a l l y  poss ib l e .  (no t  y e t  implemented) 

NRS is the  number of resolved resonances f o r  a given R-value. (NRS < - - 
500. ) 

- ER is the  resonance energy ( i n  the  l abora to ry  system). 

- A J  is the  f l o a t i n g  p o i n t  va lue  of J ( t h e  s p i n ,  or t o t a l  angular  momentum 

of the  resonance) .  

is the  resonance t o t a l  width I' evalua ted  a t  the  resonance energy ER. 
(% 

- GT 

GN is the  neutron width I' evaluated a t  t he  resonance energy ER. 

GG i s  t h e  r a d i a t i o n  width I' eva lua ted  a t  the  resonance energy ER. 

GF is the  f i s s i o n  width I' evaluated a t  t h e  resonance energy ER. 

- GX 

n - 

Y - 

f - 
is the  competi t ive width rX evaluated a t  the  resonance energy ER. 

is no t  given e x p l i c i t l y ,  bu t  is to be obta ined  by sub t r ac t ion ,  GX = 

It 

GT - (GN + GG + GF) , i f  LRX # 0; 

The s t r u c t u r e  of a subsec t ion  con ta in ins  data f o r  (LRU = 1 and LRF = 1) or 

(LRU = 1 and LRF = 2)  is 

*A d i scuss ion  of t h e  p e n e t r a b i l i t y  factor to be a s soc ia t ed  with the  competi t ive 
width is contained i n  Appendix D. 
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(MAT, 2, 151/ SPI,  AP, 0 ,  0 ,  NLS, 0)CgNT 

(MAT, 2, 151/ AWRI, QX, L, LRX, 6*NRSr NRS/ 

1' AJ1, GT1, GN1, GG1, GF1r 

m2r A J 2 r  GT2, G N 2 t  GG2, GF2 I 

................................ 

%sf GTNRs, GNNRs, =NRs, GFNRs )LIST 

The LIST record is repeated u n t i l  each NLS R-values has been spec i f i ed  ( i n  

The values  of ER for each R-state s h a l l  be or- order of increasing value of R). 

dered by increasing neutron energy. 

Resolved Resonance Parameters i f  LlU? = 4 (Adler-Adler mul t i l eve l  parameters) 

- L I  

I f  L I  = 1, t o t a l  widths  only 

is a f l a g  to  ind ica t e  t h e  kind of parameters given: 
* 

* 
= 2, f i s s i o n  widths  only 

= 3, t o t a l  and f i s s i o n  widths 

= 4 ,  r a d i a t i v e  capture widths only 

= 5, t o t a l  and capture widths 

= 6, f i s s i o n  and capture  widths 

= 7, total, f ission, and capture  widths. 

* 

* 

* 

- NX is the  count of the  number of sets of background cons tan ts  to  be 

given. There are s i x  cons tan ts  per set. Each set refers to  a pa r t i c -  

u l a r  cross sec t ion  type. The background co r rec t ion  for the  t o t a l  

cross sec t ion  is ca l cu la t ed  by using t h e  s i x  cons tan ts  i n  the  follow- 

ing manner: 

(background) = C (AT + AT2/E + AT3/E + AT4/E + BT1*E + BT2*E ) 
2 3 2 

E 1  

*Reserved for use  i n  ENDF/A only. Formulas and formats for the  Reich-Moore 
formalism, also restricted to ENDF/A, are given i n  Appendix D. 
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where C = ah2 = a / k 2  and k = 2.196771 x 10 JE (ev) 

is  t h e  center-of-mass wave number i n  terms o f  t h e  l a b o r a t o r y  energy. 

The background terms f o r  t h e  f i s s i o n  and r a d i a t i v e  cap tu re  cross 

s e c t i o n s  are c a l c u l a t e d  i n  a similar manner. 

I f  NX = 2, background c o n s t a n t s  are g iven  f o r  t h e  t o t a l  and cap tu re  cross 

s e c t i o n s .  

= 3 ,  background cons t an t s  are given for t h e  total ,  cap tu re ,  and f i s -  

s ion  cross s e c t i o n s .  

- AJ is t h e  f loa t ing -po in t  va lue  of J ( t h e  s p i n  of  t h e  resonance) .  

- L is t h e  va lue  of R .  

- NLS is t h e  number of R-values for which parameters w i l l  be g iven  (NLS - < 

- NJS is t h e  number of sets of reso lved  resonance parameters (each set hav- 

ing  i t s  own J-value) f o r  a s p e c i f i e d  R .  

- N L J  is t h e  number of resonances f o r  which parameters are given,  f o r  a 

specified A J  and L. 

- SPI is t he  s p i n  of  t h e  t a r g e t  nucleus,  I. 

AWRI is t h e  r a t io  of  t h e  mass of a particular isotope to  t h a t  of  t h e  neu- 

t ron.  

is  t h e  s c a t t e r i n g  r a d i u s  i n  u n i t s  of 10 - 12 
- AP cm. I t  is assumed t o  be 

independent of  channel  sp in .  

- 1 Z 2 L 3 L * ’ 1 L 2  AT AT AT BT BT are t h e  background c o n s t a n t s  f o r  t h e  total  

cross sec t ion .  

- 1 L 2 L 3 L 4 L L 2  A F  AF AF A F  BF BF are t h e  background c o n s t a n t s  f o r  t h e  f i s s i o n  

cross sec t ion .  
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AC,~AC~AC~ACAC,~L~L~ BC BC are the background constants for the 

radiative capture cross section. 

DET is the resonance energy, (p), for the total cross section. Here and r - 
below, the subscript r denotes the rth resonance. 

DEE' is the resonance energy, (p), for the fission cross section. 

DEC is the resonance energy, (p), for the radiative capture cross 

r 

r 

- 
- 

section. 

DWT is the value of r/2, ( w ) ,  used for the total cross section. 

DWF is the value of r/2, ( w ) ,  used for the fission cross section. 

- DWC, is the value of r/2, ( v ) ,  used for the radiative capture cross 

r 

r 

- 
- 

section. 

Note: DET, = DEF, = D E r  and DWT, = DWFr = DWC,. The redundancy is an histori- 

cal carryover. 

- GRT is the symmetrical total cross section parameter, Gr. 
T GIT is the asymmetrical total cross section parameter, . - r Hr 

T 
r 

- GRF is the symmetrical fission parameter, . 
f - GIF, is the asymmetrical fission parameter, Hr. 

GRC is the symmetrical capture parameter, Gy. 

GIC is the asymmetrical capture parameter, H:. 

r G,' 

r r 

r 

- 

- 
The structure of a subsection containing data for (LRU = 1 and LRF = 4 )  depends 

on the value of NX (the number of sets of background constants). For the most 

general case (NX = 3) the structure is 

(MAT, 2, 151/SPI, AP, 0, 0, NLS I 0 ICJ1INT 1 
(MAT, 2, 151/AWRII 0.0,  LI, 0, 6 *NX I NX/ 
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................................. , G I ~ ~ ~  J) LIST 

The l a s t  LIST record is repeated f o r  each J-state ( t h e r e  w i l l  be NJS such LIST 

records). A new CgNT ( 2 )  record  w i l l  be given which w i l l  be followed by N J S  

, BF w i l l  no t  be LIST records.  N o t e  t h a t  if,NX = 2 then t h e  q u a n t i t i e s  AF1,---- 

given i n  t h e  f i r s t  LIST record.  A l s o ,  i f  L I  # 7 then  c e r t a i n  of t h e  parameters  

for each l e v e l  may be set a t  zero ,  i .e.,  t h e  f i e l d s  for parameters no t  given 

2 

(ID 
(depending on L I )  w i l l  be se t  t o  zero.  

Since the  format has no p rov i s ion  f o r  g iv ing  t h e  Adler-Adler parameters 

for t h e  s c a t t e r i n g  c ross -sec t ion ,  t h i s  is obta ined  by s u b t r a c t i n g  the  sum of cap- 

t u r e  and f i s s i o n  cross s e c t i o n s  from t h e  t o t a l  cross sec t ion .  

2.2.2. Procedures f o r  t he  Resolved Resonance Region 
* 

For c e r t a i n  resonances the  va lue  of R is  known but  t he  resonance s p i n  J is 

not .  

d e n s i t y  l a w  p is the  d e n s i t y  of compound nucleus lev-  

e ls  of s p i n  J and D t h e i r  spacing. The s t a t i s t i c a l  weight f a c t o r s  gJ corre- 

spondling to resonances of s p i n  J are such t h a t  C 

I n  such a case, t h e  resonance s p i n s  J may be ass igned  to follow t h e  l e v e l  
1 - 

= DRJ d' (2J+1) where p R J  RJ ** 
RJ 

gJ = (2R+l) where t h e  
J,S 

*See also Sec t ion  2.4. (ID 
**And t h e  p a r i t y  which corresponds to the  R-value. 
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summation is over t h e  d i f f e r e n t  s p i n  states J and t h e  channel  s p i n s  s, each 

taken as many times as it occurs.' The resonance s p i n s ,  i f  no t  known, should 

n o t  be s e t  equal to  t h e  t a r g e t  nuc leus  sp in ,  s i n c e  t h i s  can  r e s u l t  i n  nega t ive  

s c a t t e r i n g  cross s e c t i o n s  even when MLBW is specified. 
* 

The upper (M) and lower (EL) energy l i m i t s  of  an energy range i n d i c a t e  

t h e  energy range of  v a l i d i t y  f o r  t h e  g iven  parameters for calculating cross 

sec t ions .  O u t s i d e  t h i s  energy range t h e  cross s e c t i o n s  m u s t  be  obta ined  from 

t h e  parameters g iven  i n  another  energy range and/or from d a t a  i n  F i l e  3.  

It is sometimes necessary  t o  g i v e  parameters whose e n e r g i e s  l i e  outside a 

s p e c i f i e d  energy range i n  order to compute t h e  cross s e c t i o n  for neutron 

ene rg ie s  t h a t  are wi th in  t h e  energy range. (For example, t h e  inc lus ion  of bound 

l e v e l s  may be r equ i r ed  to predict t h e  cross s e c t i o n  a t  low energies, and reso- 

nances w i l l  u s u a l l y  be needed above M t o  compensate t h e  opposite, p o s i t i v e ,  

bias a t  the  high energy end. 

For materials t h a t  con ta in  more than one isotope, it is recommended t h a t  

t h e  lower energy l i m i t  of t h e  reso lved  resonance reg ion  be t h e  same f o r  a l l  

isotopes. It is also recommended t h a t  t h e  upper energy l i m i t  for t h e  unresolved 

resonance range be same f o r  a l l  isotopes. I f  reso lved  and/or unresolved reso- 

nance parameters are g iven  for on ly  some of t h e  n a t u r a l l y  occur r ing  isotopes, 

then AP should be given for t h e  o t h e r s ,  u n l e s s  they  have been included by 

inc reas ing  t h e  abundance of a neighboring isotope and t h e  f a c t  has  been noted i n  

t h e  summary documentation. 
8 

I f  more than one energy range is  used, they must be cont iguous and n o t  

overlap.  It is  a c u r r e n t  r e s t r i c t i o n  t h a t  t h e  data f o r  each isotope be d iv ided  

b e e  Appendix D. Sec t ion  D . 2 . 2 . 2 .  

*An except ion  to t h i s  rule  can be made i f  none of t h e  s p i n s  are known, and - a l l  
Jt-values are set  equal to  I. 
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into no more than two energy ranges, one for resolved and the other for 

unresolved resonance parameters. 

In the single-level Breit-Wigner formalism it is common €or negative cross 

sections to occur, and this formalism ought not to be used €or actual line-shape 

calculations. The problem can be avoided by the following procedures: 

1. Use of the MLBW formalism, together with the addition of negative- 

energy levels to compensate the end-effect bias. High-energy reso- 

nances can likewise be added. 

2. Insertion of File 3 "background" to produce a File 2 + File 3 cross 

section which is positive. 

Further discussion of "Procedures" will be found in Section 2.4.  

2.3. Unresolved Resonance Parameters (LRU = 2) 

2.3 .l. Formats 

Only the SLBW formalism for unresolved resonance parameters is allowed 

(see Appendix D for pertinent formulae). 

for specifying the energy-dependence of the parameters, designated by the flag 

LRF. Since unresolved resonance parameters are averages of resolved resonance 

parameters over energy, they are constant with respect to energy throughout the 

However, several options are available 

energy-averaging interval. However, they are allowed to vary from interval to 

interval, and it is I_ this energy-dependence which is referred to above and in the 

following paragraphs. 

The parameters depend on both R (neutron orbital angular momentum) and J 

(total angular momentum). 

distribution with a certain number of degrees of freedom. 

different for neutron and fission widths and for different (R,J) channels. 

Each width is distributed according to a chi-squared 

This number may be 



The following q u a n t i t i e s  are def ined f o r  use  i n  specifying unresolved reso- 

nance parameters (LRU =2): 

- SPI 

- AP is the  s c a t t e r i n g  r ad ius  i n  u n i t s  of cm. No channel quantum 

is the  sp in  of the  t a r g e t  nucleus, I. 

number dependence is c u r r e n t l y  permit ted by the  format. 

NE - is the  number of energy po in t s  a t  which energy-dependent widths are 

tabulated.  (NE - < 250.) 

NLS is the  number of R-values (NLS 5 3.) 

ES -i 

- 
I 

is the  energy of t he  ith po in t  used to  t a b u l a t e  energy-dependent 

widths . 
- L 

AWRI - 
is the  value of R.  

is the  ra t io  of t h e  mass of a particular isotope to  t h a t  of the  

neutron . 
N J S  

- AJ 

is the  number of J-states f o r  a particular R-state. 

is the  f loa t ing-poin t  value of the  J ( t h e  sp in ,  or total  angular 

momentum of the  set  of parameters). 

( N J S  - < 6.) - 

- D is the  average l e v e l  spacing for resonances w i t h  sp in  J. (It may be 

energy dependent i f  LRF = 2.) 

- AMUX is t h e  number of degrees of freedom used i n  t h e  competi t ive width 

d i s t r i b u t i o n .  (Assuming it is i n e l a s t i c ,  1 .0  - < AMUX - < 2.0, de te r -  

mined by whether t he  sp in  of the  f i r s t  exc i ted  state is zero  or 

not.) 
k 

- AMUN is the  number of degrees of freedom i n  the  neutron width d i s t r ibu -  

t ion .  ( L . 0  - < AMUN - < 2.0.) 

*See Appendix D. Sec t ion  D'.2.2.6.  

Revised 11/83 
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i s  t h e  number of degrees  of freedom i n  t h e  r a d i a t i o n  width d i s t r i b u -  

t i o n .  ( A t  p r e s e n t  M U G  = 0.0. Th i s  implies a cons t an t  va lue  of 

r - 1  
Y 

is  the  number of degrees  of freedom i n  t h e  f i s s i o n  width d i s t r i b u -  

t i on .  

is the  i n t e g e r  va lue  of t he  number of degrees  of freedom f o r  f i s s i o n  

widths.  

d e f i n e s  the  i n t e r p o l a t i o n  scheme to  be used f o r  i n t e r p o l a t i n g  be- 

tween t h e  c ross -sec t ions  obtained from average resonance parameters.  

Parameter i n t e r p o l a t i o n  is d iscussed  i n  the  Procedures Sec t ions  

2.3.2 and 2.4. 

is the  average reduced neutron width. 

LRF = 2. 

is the  average r a d i a t i o n  width. 

= 2. 

is the  average f i s s i o n  width. It may be energy-dependent i f  LRF = 

1 or 2. 

is the  average competi t ive r e a c t i o n  width, given only  when LRF = 2 ,  

i n  which case it may be energy-dependent. 

(1.0 5 AMUF - < 4.0.) 

(1 5 MUF - < 4) 

It  may be energy-dependent if 

I t  may be energy-dependent if LRF 

* 
The s t r u c t u r e  of a subsec t ion  depends OR whether LRF = 1 or LRF = 2. If 

LRF = 1, only  t h e  f i s s i o n  width is given as a func t ion  of energy. If LRF = 1 

and the  f i s s i o n  width is no t  given ( ind ica t ed  by LFW = 0)  , then the  s imples t  

form of a subsec t ion  results. I f  LRF =2, energy-dependent va lues  may be given 

for the  l e v e l  dens i ty ,  compet i t ive width, reduced neutron width, r a d i a t i o n  

width,  and f i s s i o n  width. Three sample formats  are shown below ( a l l  I;RU = 2) .  

*The structure of a s e c t i o n  was def ined  previous ly ,  and covers  both reso lved  
resonance and unresolved resonance subsec t ions .  

(I) 
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A. LFW = 0 ( f i s s i o n  widths  n o t  g i v e n ) ,  

LRF = 1 ( a l l  parameters  are energy-independent). 

The s t r u c t u r e  of a subsec t ion  is: 

(MAT, 2, 151/SPI, AP, O r  0, NLS, O)C@JT 

(MAT, 2, 151/AWRI, 0.0, Lt  0, 6*NJS, NJS/ 

~ . ~ ) L I S T  
D ~ ~ ~ l  A J ~ ~ ~ r  AMU"JSI G N o ~ ~ ~ l  G G ~ ~ ~ r  

The LIST record is repea ted  u n t i l  d a t a  for a l l  R-values have been s p e c i f i e d .  

B. LFW = 1 ( f i s s i o n  widths  given)  , 
LRF = 1 (only  f i s s l o n  widths  are energy-dependent; t h e  rest  are 

energy-independent).  

The s t ructure  of a subsec t ion  is: 

(MAT, 2, ~ ~ I / S P I ,  AP, 0, 

ES1 1 ES21 ES3 1 

* I  * I .  * I  

(MAT, 2, 151/AWRI, 0.0, L, 

(MAT, 2, 151/0.0, 0 .0 ,  L, 

DI AJ, AMuNl 

GF1t GF2t GF 

- 1  * ?  * I  

NE I 

- 1  

E S ~ ~  

NJS I 

NE+6 

GG I 

. I  

NLS/ 

* I  

)LIST 

o )CPNT (R) 

o/ 

0.0, 

* I  

)LIST 

The l a s t  LIST record  i s  repea ted  for each J-state ( t h e r e  w i l l  be NJS such 

LIST reco rds ) .  A new C@NT(R) record w i l l  then  be g iven  which w i l l  be followed 

by i t s  NJS LIST records  u n t i l  d a t a  f o r  a l l  R-values have been s p e c i f i e d  ( t h e r e  

w i l l  be NLS sets of d a t a ) .  
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In the above section, no provision was made for INTI and interpolation is (ID 
assumed to be lin-lin. 

C. LFW = 0 or 1 (does not depend on LFW) . 
LRF = 2 (all energy-dependent ,parameters). 

The structure of a subsection is: 

(MAT, 2, 151/SPI, AP, 0, 

(MAT, 2, 151/AWRI, 0.0, L, 

(MAT, 2 I 151/AJ, 0.0, INT 

0) C~NT 

0, NJS I 0) C~NT 

0, NLS , 

(6*NE)+6, NE / 0, 

ESNE, DNEr GXNEr GNONEi a N E r  G F ~ ~ )  LIST 

The LIST record is repeated until all the NJS J-states have been specified for 

a given R-value. A new CaNT (R) record is then given, and all data for each 

J-state for that R-value are given. The structure is repeated until all R- 

states have been specified. 

* 
2.3.2. Procedures for the Unresolved Resonance Region 

Recommended values for the various degrees of freedom are discussed in 

Section 2.4.21 and summarized in Appendix D, Section D.2.2.6. Examples A and B 

above make no provision for AMUG, AMUFI or AMUX, although example B specifies 

MUF. It is assumed that AMUG = 0.0 in both, that AMUF = MUF in BI and that 

example C (LRF = 2) will be used if a competitive reaction is given. The de- 

grees of freedom are constant throughout the unresolved resonance region. 

*See also Section.2.4. (ID 
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U p  to 250 energy p o i n t s  are pe rmi t t ed  for spec i fy ing  energy-dependent aver- 

age parameters. 

s t r u c t u r e  i n  t h e  unresolved cross s e c t i o n s .  Within a g iven  isotope t h e  same 

energy g r i d  must be used for a l l  J-states and R-values. 

e n t  f o r  d i f f e r e n t  isotopes. 

f o r  neutron energy r eg ions  where temperature-broadening or s e l f - s h i e l d i n g  ef- 

f e c t s  are important .  I t  is recommended t h a t  t h e  unresolved resonance r eg ion  ex- 

tend up to  a t  l eas t  20 keV. 

Th i s  number is presumed to be s u f f i c i e n t  to reproduce t h e  g r o s s  

The gr ids  may be d i f f e r -  

Unresolved resonance parameters should be provided 

A p o i n t  of confusion i n  t h e  past  has  been "parameter i n t e r p o l a t i o n "  versus 

"cross s e c t i o n  in t e rpo la t ion . "  The l a t t e r  is t h e  correct procedure,  bu t  s i n c e  

parameter i n t e r p o l a t i o n  is  b u i l t  i n t o  many codes, e v a l u a t o r s  are urged to u s e  an 

energy mesh dense enough to  make d i f f e r e n c e s  between t h e  t w o  methods small. 

f u l l e r  d i scuss ion  w i l l  be found i n  t h e  Procedures  Sec t ion ,  2.4. 

A 

The channel  r ad ius ,  

a = 0.123 AWR11'3 + 0.08 , 

is used i n  t h e  p e n e t r a t i o n  and s h i f t  f a c t o r s ,  whi le  t h e  s c a t t e r i n g  r a d i u s ,  AP, 

is used i n  t h e  phase s h i f t s  which f i x  t h e  p o t e n t i a l  s c a t t e r i n g  cross sec t ion .  
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2.4.1. Abbreviations and Nomenclature 

ABBREVIATIONS 

UR (R) - unresolved resonance (region) 

RR (R) - resolved resonance (region) 
RRP - resolved resonance parameter(s) 
URP - unresolved resonance parameter (s) 

SLBW - single-level Breit-Wigner 
MLBW - multi-level Breit-Wigner 
MLAG - multi-level Adler-Gauss 

NOMENCLATURE 

To avoid confusion due to definitions, the following will be adhered to: 

1. The resolved resonance region is one in which resonance parameters foi 

Usually this implies that experimental resofu- individual resonances are given. 

tion is good enough to llsee*l the resonances, and to determine their parameters 

by area or shape analysis, but an evaluator may choose to supply fictitious 

resolved parameters if he so desires. 

essential point is that resonance self-shielding can be accounted for by the 

user for each resonance individually. 

A file 3 background may be given. The 

2. The unresolved resonance region is that region in which the resonances 

are still not overlapping, and hence selfshielding is important, but experimen- 

tal resolution is inadequate to determine the parameters of individual 

resonances. 

In this situation, self-shielding must be handled on a statistical basisI 

and the formulas in Appendix D, and their generalizations to mixtures of mate- 

rials ("heterogeneity") and Doppler-broadened cross sections, are done on the 

basis of the single-level Breit-Wigner formalism. 
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3. Still higher in energy, the resonances overlap and the cross section 

smooths out, subject only to Ericson fluctuations. Even though the resonances 

are "unresolved" here, this is not the meaning of the word unresolved in these 

notes, since parameterization of Ericson fluctuations for selfshielding purposes 

would be entirely different from the usual unresolved resonance treatment, which 

is a simple average over resolved resonances, subject to known statistical 

distributions. 

2.4.2. Interpolation in the Unresolved Resonance Region (URR) 

The recommended procedure is to interpolate on the cross sections derived 

from the unresolved resonance parameters (URP). This is a change from the previ- 

ous procedure which was to interpolate on the parameters. The BNL RR codes 

AVRAGE3, AvRAGE4, and RESEND* follow the old procedure in this respect, also in 

using the Greebler-Hutchins scheme rather than MC2-I1 (Henryson), and also ig- 'IB 
nore threshold and penetrability effects related to the competitive width. 

In the common case that insufficient information is available about the 

URR, evaluators may provide a single set of URP, based on the distributions of 

the resolved resonance parameters (RRP), or on "systematics". Such a set 

implies a definite energy-dependence of the unresolved cross sections (UCS's), 

due to the slowly-varying penetrability-and X2-factors in the SLBW formula. 

This is the correct result, and - not a set of constant UCS's. 

nately true that in order to get this energy-dependence you must evaluate the 

It is unfortu- 

UCS's at some mesh over the URR, and this requires "interpolating" on the 

(single) set of parameters. It is important that the mesh be dense enough to 

provide accurate cross section interpolation. Evaluating the cross section only 

- 
*A new version of RESEND is available which interpolates on cross sections. 
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at the end points could lead to errors, since no ENDF/B interpolation scheme can 

reproduce a combination of s-, p-, and possibly d-wave energy-dependences. R.H. 

MacFarlane (LASL) has a computer code which determines a mesh that provides any 

desired percent accuracy in the interpolated cross sections and has agreed to 

make it available. 

It is recommended that evaluators provide the URP's on a mesh dense enough 

that the difference in results of interpolating on either the parameters or the 

cross sections be small, since it is expected that parameter interpolation will 

be around for a long time to come. A 1% maximum difference would be ideal, but 

5% is probably quite acceptable. 

It would also be desirable for NNDC to replace single sets of URP's in 

existing files with the same set on a dense mesh, using MacFarlane's procedure. 

In both cases, the flag LRF should be set equal to 2, all parameters 

energy-dependent, to reduce the number of options the user must consider, and to 

hopefully remind evaluators and users that even though the URP's are constant, 

they should treat them as energy-dependent and give them on a dense mesh. W = 1  

should not be used. (Ref: May '75 RRS/C Minutes) 

This procedure also provides a solution to the problems of threshold and 

penetrability of the competitive width, even though processing codes regard <Tx> 

as a constant. 

its value according to its penetrability. 

The evaluator can "turn on" ax> at its threshold, and build up 

To re-iterate: A single set of unresolved resonance parameters implies an 

energy-dependent average cross section. If INT=1 (parameters specified only at 

the lower end of the URR) or INT=2 (linear-linear) with a sparse mesh, is given 

by the evaluator, then the user who calculates the cross section only at the 

end-points, and then interpolates on the cross section will get the wrong an- 

swer, even though in a sense he is following the recommended procedure. He 
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needs to e v a l u a t e  <a> a t  a dense mesh and t h i s  requires " i n t e r p o l a t i n g "  on t h e  

parameters. 

eters l i k e  a m u l t i p l e  set ,  and provid ing  it on a dense mesh i n  FILE2. 

Th i s  semantic bind can be avoided by t r e a t i n g  a s i n g l e  set of  param- 

F i n a l l y ,  even i f  a dense mesh is provided by t h e  eva lua to r ,  i n  t h e  case 

t h a t  t h e r e  i s  genuine structure i n  t h e  cross s e c t i o n ,  t h e  user  who has  a set  of  

mult igroup breakpoin ts  d i f f e r e n t  from t h e  one t h e  eva lua to r  used w i l l  wind up 

wi th  numbers d i f f e r e n t  from what t h e  eva lua to r  "intended".  There is no s o l u t i o n  

to t h i s  problem, b u t  t h e  dense mesh procedure minimizes t h e  importance of  t h e  

discrepancy.  

I n  order to permit t h e  u s e r  to  determine what "error" he is incu r r ing ,  it 

i s  recommended t h a t  e v a l u a t o r s  s t a t e  i n  t h e  documentation what average cross 

s e c t i o n s  they intended to r e p r e s e n t  by t h e  parameters i n  FILE2. 

2 . 4 . 3 .  Overlapping of Resolved and Unresolved Resonance Regions 

Th i s  is not  permitted, because of c o n s t r a i n t s  i n  t h e  process ing  codes. A s  

a r e s u l t ,  t h e  accuracy of t h e  r e p r e s e n t a t i o n  may s u f f e r  u n l e s s  t h e  eva lua to r  is 

c a r e f u l  i n  h i s  choice  of parameters for t h e  reso lved  and unresolved resonance 

reg ions .  

Problem 1: A t  t h e  upper end of  t h e  reso lved  range, t h e  smaller resonances 

w i l l  begin to  be missed. 

background i n  FILE3. Th i s  c o n t r i b u t i o n  w i l l  n o t  be se l f - sh i e lded  by t h e  process- 

ing  codes, so it cannot  be allowed to  become " s i g n i f i c a n t " .  A b e t t e r  procedure 

is to supply f i c t i t i o u s  reso lved  parameters, based on t h e  statistics of t h e  

measured ones,  checking t h a t  t h e  average cross s e c t i o n  ag rees  with whatever 

poor-resolut ion data are a v a i l a h l e .  I f  both procedures  are employed, care needs 

to  be taken n o t  to d i s to r t  t h e  statist ics of  t h e  underlying parameter 

d i s t r i b u t i o n s  . 

An equ iva len t  c o n t r i b u t i o n  needs to  be added t o  t h e  
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Problem 2: Because d-wave resonances are narrower than p-waves, which are 

narrower than s-waves, every th ing  else being equal ,  t h e  p o i n t  a t  which p-waves 

w i l l  be in s t rumen ta l ly  unresolved can be expected to be lower i n  energy than for 

s-waves, and lower st i l l  f o r  d-waves. Thus t h e  unresolved reg ion  f o r  p-waves 

w i l l  u s u a l l y  o v e r l a p  t h e  reso lved  r eg ion  f o r  s-waves, and s i m i l a r l y  for d-waves. 

Cur ren t  procedure does n o t  permit r ep resen t ing  t h i s  e f f e c t  e x p l i c i t l y  - one 

c u t p o i n t  m u s t  s e rve  f o r  a l l  R-values. 

The remedies are t h e  same as above, e i t h e r  p u t t i n g  known or es t imated  reso- 

nances i n t o  t h e  background i n  t h e  URR,  or p u t t i n g  es t imated  ( " f i c t i t i o u s " )  reso- 

nances i n t o  t h e  RRR. The la t ter  is p r e f e r r e d  because narrow resonances tend to 

s e l f - s h i e l d  more than broad ones,  hence t h e  error incu r red  by t r e a t i n g  them as 

unshielded FILE3 background c o n t r i b u t i o n s  is p o t e n t i a l l y  s i g n i f i c a n t .  

A desirable expansion of c u r r e n t  procedures  would be to  main ta in  the re- 

s t r i c t i o n  to  one reso lved  and one unresolved reg ion ,  bu t  allow t h e  c u t p o i n t  to 

vary  with R .  The eva lua to r  would s t i l l  have to take care t h a t  i n  choosing h i s  

parameters he does no t  distort  t h e  statist ics of t h e  d i s t r i b u t i o n s ,  bu t  a t  l eas t  

he  cou ld  keep t h e  s-, p-, and d-waves d i sen tang led  from each o t h e r  more simply 

than a t  p re sen t .  

I n  any event ,  the, eva lua to r  should be aware of when s e l f - s h i e l d i n g  e f f e c t s  

are s i g n i f i c a n t  for each R-value, and govern h i s  choice  of c u t p o i n t s  and proce- 

dures  accordingly.  

2.4.4. Energy Range Boundary Problems 

There may be as many as t h r e e  boundaries  under c u r r e n t  procedures:  

1 - between a low-energy FILE3 r e p r e s e n t a t i o n  (range 1) and EL f o r  t h e  RRR 

2 - between t h e  RRR ( range  2) and t h e  URR (range 3 ) ,  
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3 - between EH for t h e  URR ( range 3) and the  high-energy FILE3 representa-  

t i o n  (range 4 ) .  

D i s c o n t i n u i t i e s  can be expected a t  each boundary. A t  1, it w i l l  occur i f  

range 1 and range 2 are not  c o n s i s t e n t l y  Doppler-broadened. 

i d e n t i c a l  kernel- t reatment  w i l l  produce c o n t i n u i t y ,  and t h i s  on ly  i f  t he  range 

1 cross s e c t i o n s  are s u i t a b l y  broadened, i.e., from the  temperature a t  which 

they were measured, i f  t h a t  is appropriate, and n o t  n e c e s s a r i l y  abso lu t e  zero, 

the  way the  range 2 cross s e c t i o n s  would be. 

no broadening a t  a l l ,  w i l l  be d iscont inuous  with a 9-x t rea tment  of range 2. 

Th i s  effect is not  expected to be serious a t  normal reactor temperatures, and 

presumably t h e  CTR and weapons communities are cognizant  of t h e  Doppler problem. 

I n  view of these  problems, a double energy p o i n t  w i l l  n o t  u sua l ly  produce 

c o n t i n u i t y  i n  t h e  complete cross s e c t i o n ,  (FILE2 + FILE3) un le s s  eva lua tor  and 

user employ i d e n t i c a l  methods throughout. 

I n  genera l ,  on ly  an 

A k e r n e l  t rea tment  of range 1, or 

Discon t inu i ty  a t  2 i s  unavoidable,  s i n c e  t h e  b a s i c  r ep resen ta t ion  has  

changed, and should p r e s e n t  no problem. On the  o the r  hand, i f  t h e  RRR cross 

s e c t i o n s  are group-averaged or otherwise smoothed, t h e  d isconinui ty*  should be 

reasonably small. If it exceeds 1 0  or 15% after t h e  averaging i n t e r v a l  has  been 

s u i t a b l y  chosen, it i n d i c a t e s  t h a t  t he  eva lua tor  d i d  no t  p rope r ly  cons ider  h i s  

choice  of parameters r e l a t i v e  to the  poor-resolut ion data, experimental  or calcu- 

*"This r e f e r s  to t h e  d i s c o n t i n u i t y  between the  average cross s e c t i o n  i n  the  
RRFt, and t h e  pointwise cross s e c t i o n  i n  the  URR, which has  been generated (I) from t h e  URR parameters." 
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lated.  

e l i m i n a t e  t h e  d isccmt inui ty ."  

A double  energy p o i n t  w i l l  normally occur a t  t h i s  boundary, bu t  w i l l  n o t  

D i scon t inu i ty  a t  #3 should be small, s i n c e  both t h e  URR and range 4 repre- 

s e n t  r a t h e r  smooth cross s e c t i o n s ,  and t h e  oppor tun i ty  for eva lua tor -er ror  ought 

t o  be small. Anything over 5% or so should be viewed wi th  susp ic ion .  

2.4.5. Numer ica l  I n t e g r a t i o n  Procedures  i n  t h e  URR 

The eva lua t ion  of  e f f e c t i v e  cross s e c t i o n s  i n  t h e  URR can involve  Doppler 

e f f e c t s ,  f lux-depression,  and resonance-overlap as w e l l  as t h e  s ta t i s t ica l  d is -  

t r i b u t i o n s  of t h e  underlying resonance parameters  f o r  a mixture  of  materials. 

The p rev ious  ENDF/B recommendation f o r  doing t h e  complicated m u l t i -  

d imensional  i n t e g r a t i o n s  wds t h e  Greebler-Hutchins scheme , b a s i c a l l y  a trape- 

z o i d a l  i n t e g r a t i o n .  For e s s e n t i a l l y  t h e  same computing e f f o r t ,  a more s s p h i s t i -  

cated weighted-ordinate method can be used and it has been shown t h a t  t h e  scheme 

i n  MC2- I I (2 )  

Henryson, I1 (ANL) has  made t h e  MC2-II(2) subrout ine  a v a i l a b l e  through NNDC and 

produces r e s u l t s  d i f f e r i n g  by up to  s e v e r a l  percent from G-H. H. 

it is recommended t h a t  it be used. 

The M. Beer(3) a n a l y t i c a l  method has  also been suggested,  and is  q u i t e  ele- 

gant ,  bu t  un fo r tuna te ly  w i l l  no t  t rea t  t h e  gene ra l  heterogeneous case. 

*"The RESEND-SIGAR code package gene ra t e s  poin twise  cross s e c t i o n s  i n  t h e  FtRR 
and URR and then k e r n e l  (Doppler) broadens through d i s c o n t i n u i t y  #2, as  
though t h e  cross s e c t i o n s  were one cont inuous  r e p r e s e n t a t i o n .  
v a l l e y s  i n  t h e  FtRR near  boundary #2 w i l l  t hus  raise or lower t h e  doppler- 
broadened cross s e c t i o n s  over  an energy r eg ion  of s e v e r a l  Doppler widths.  
Th i s  is one case where t h e  use of  $- and X-functions would probably produce 
more p h y s i c a l l y  reasonable  resul ts .  
u i t y  2 i n c o r r e c t l y ,  a s s ign ing  t h e  same (low-energy) va lue  to  both of t h e  re- 
pea ted  va lues  of t h e  double-energy po in t .  
s e c t i o n s  and resonance i n t e g r a l s . "  

Large peaks or 

Some ve r s ions  of  SIGAR handle  d i scon t in -  

Th i s  w i l l  cause  errors i n  cross 

1. Po Greebler and B. Hutchins.  E -7ics of Fast and In t e rmed ia t e  Reactors. 

2. H. Henryson, 11, B. J. Toppel, and 6. G. Stenberg,  ANL-8144, June,  1976. 
3. M. Beer, NSE - 50 (2973) 171. 

111, 121 (1962) I n t e r n a t i o n a l  A t o m i c  Energy Agency, Vienna, 1962. 
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2.4.6. Doppler-Broadening of File 3 Background Cross Sections 

In principle, the contribution to each cross section from FILE3 should be 

Doppler-broadened, but in practice, many codes ignore it. It is therefore recom- 

mended that the evaluator keep file 3 contributions in the RRR and URR small 

enough and/or smooth enough so that omission of Doppler-broadening does not 

"significantly" alter combined FILE2 plus FILE3 results up to 3000'K. 

Unfortunately, the diversity of applications of the data in ENDF/B make 

the work llsignificantly" impossible to define. 

NOTE 1. A common source of structured FILE3 data is the representation 

of multilevel or MLBW cross sections in the SLBW format, the difference being 

put into FILE3. This difference is a series of residual interference blips and 

dips, which unfortunately affect the between-resonance valleys and hence the 

transmission in thick regions and in turn the absorption rates in lumped poisons, 

shields, blankets, etc. Users who are tied to the SLBW scheme exclusively should 'IB 
be aware of the need to estimate these valley-distortion effects for significant 

regions. 

form sf MLBW.* 

in partial fractions, it becomes a single sum of symmetric and asymmetric SLBW- 

type terms. 

all resonance's for each resonance, these new sums are weakly energy dependent 

and lend themselves to approximations that could greatly facilitate the use of 

I)- and X-functions with MLBW. 

However, a neat remedy is now available in the Multilevel Adler-Gauss 

If the resonance-resonance interference term in MLBW is expanded 

Although two coefficients occur which require a single sum over 

NOTE 2. 

cross sections is: 

The "in-principle" correct method for constructing resonance 

*To be published. Formulas given in Section 2.4.14. 



a) 

s i n c e  the  l a t te r  may be based on room-temperature or o t h e r  non-zero degree K 

U s e  a Sollbrig k e r n e l  to broaden FILE2 to  the temperature  of FILE3, 

data. 

b) Add FILE2 and FILF.3. 

c) Sol lbr ig-broaden t h e  r e s u l t  to ope ra t ing  temperature .  

Using a Gaussian k e r n e l  i n c u r s  a small error a t  l o w  ene rg ie s ,  u n l e s s  it is 

misused, i n  which case t h e  error can  be l a rge .  Using $- and X-functions 

in t roduces  f u r t h e r  errors. I n  fact ,  the  Sol lbr ig  k e r n e l  a l r e a d y  approximates 

t h e  t r u e  motion of t h e  t a r g e t  molecules  by a free-gas l a w ,  b u t  anyth ing  more ac- 

c u r a t e  is q u i t e  d i f f i c u l t  to handle.  

2.4.7: U s e  of F i c t i t i o u s  J-Values 

I f  a t a r g e t  nucleus has  non-zero s p i n  I, then s-wave neut rons  can e x c i t e  

resonances w i t h  J equa l  to I 2 1/2, and i n  a l l  m u l t i l e v e l  resonance formalisms 

except  Adler-Adler, t h e  J-value determines which resonances i n t e r f e r e  w i t h  each 

other. I n  A-A, t h e  J-values  are n o t  used and t h e  pseudo-resonance i n t e r f e r e n c e  

is determined by a d j u s t i n g  parameters to f i t  t h e  observed cross sec t ion .  

l y ,  J is known on ly  for a few resonances,  and measurers report 2gr 

others. 

incu r r ing  an error of unce r t a in  magnitude, depending on how d i f f e r e n t  

Usual- 

for the 

T h i s  number is then assumed to be T n  by process ing  codes, thereby 
n 

2J+1 
= 2(21+1) 

is from 1/2,  how l a r g e  rn is r e l a t i v e  to t h e  other pa r t i a l  w i d t h s ,  and how im- 

p o r t a n t  resonance-resonance i n t e r f e r e n c e  is. 

The ENDF/B format uses  J, n o t  g,  and g=1/2 is  rep resen ted  by t h e  f ic t i -  

t i o u s  va lue  J=I. 
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The mixing of t h e  t h r e e  f a m i l i e s  J=I, I k 1/2 can r e s u l t  i n  nega t ive  

s c a t t e r i n g  cross sec t ions ,  or even worse d i s t o r t i o n s  of t h e  p o t e n t i a l  s c a t t e r i n g  

term, depending on what formalism is used and how it is eva lua ted .  

It is the re fo re  recommended t h a t  eva lua to r s  a s s i g n  J-values  to each reso- 

nance, i n  p ropor t ion  to t h e  l e v e l  d e n s i t y  factor 2 J f l .  It  is recognized t h a t  

t h i s  forces i n t e r f e r e n c e  between resonances on a random b a s i s ,  bu t  t h i s  is no 

worse than t h e  spu r ious  neg lec t  of i n t e r f e r e n c e  implied by J=I. To reduce t h e  

amount of i n t e r f e r e n c e ,  t h e  J-values  of  s t rong  neighboring resonances,  which 

would produce t h e  l a r g e s t  i n t e r f e r e n c e  e f f ec t s . ,  can be chosen from d i f f e r e n t  

families. 

An except ion  to t h i s  r u l e  is t h e  case where no J-values  are known, s i n c e  

if a l l  resonances are ass igned  J=I, t h e  s c a t t e r i n g  cross s e c t i o n  is non-negative, 

i f  MLBW is specified. 

Users who employ t h e  "amplitude-squared" formula,  * 

I 2  
- - jAJks + .JkS 

'nn J pot resonance 

should be e s p e c i a l l y  c a r e f u l  with f i c t i t i o u s  J-values ,  s i n c e  t h e  equivalence be- 

tween t h i s  form and a "squared" form l i k e  SLBW, or t h e  ENDF/B (Gregson) formulas  

for MLBW w i l l  be destroyed i f  t h e  sum on Jks does no t  go over phys i ca l ly -co r rec t  

values.  S ince  t h i s  form is now i n  f a i r l y  common use,  f i c t i t i o u s  J-values  should 

probably be avoided a l t o g e t h e r .  

- 
*Section 2.4.19 



2.4.8. Equiva len t  Single-Level Representa t ions  

I n  response to  users who are a b l e  to process only  SLBW resonance parame- 

ters, va r ious  schemes have been proposed over  t h e  y e a r s  to  re-cast mul t i - l eve l  

cross s e c t i o n s  i n t o  SLBW + background format.  S ince  Reich-Moore parameters are 

now to be g iven  i n  equ iva len t  Adler format ,  and t h e  M u l t i l e v e l  Adler-Gauss formu- 

l a  of Sec t iod  2.4.14 provides  an SLBW equ iva len t  to MLBW, t h e  need for such pro- 

cedures  is much less. The Adler parameters can be handled by SLBW codes,  t h e  

only  new feature being t h a t  asymmetric terms (Doppler Voight p r o f i l e s  x) occur 

i n  capture and f i s s i o n  as w e l l  as s c a t t e r i n g .  S ince  these  i n t e g r a t e  approxi- 

mately to zero ,  t h e i r  n e g l e c t  i n  cons t ruc t ing  mult igroup cross s e c t i o n s  is 

presumably i n  a class wi th  t h e  many o t h e r  approximations which need to be 

u l t i m a t e l y  c o r r e c t e d  for i n  mult igroup analyses .  

The M U G  formalism uses SLBW capture and f i s s i o n ,  and hence in t roduces  no 

new requirements  on these  cross sec t ions .  

2.4.9. U s e  of t h e  Reich-Moore Formalism 

The computer code POLLA (ORNL-TM-2599, June 12,  1969, G. DeSaussure and 

R.B. Pe rez ) ,  as w e l l  as some o t h e r s ,  w i l l  conve r t  a set of Reich-Moore 

m u l t i l e v e l  resonance parameters to Adler format. Although R-M has  some 

advantages i n  actuaily eva lua t ing  data, mainly t h a t  it uses  resonance s p i n s  and 

is more c l o s e l y  t i e d  to  f a m i l i a r  resonance parameters, t h e  Adler format  is  more 

convenient  s i n c e  it permits t h e  use of  Q- and X-functions f o r  Doppler 

broadening. 

All R-M e v a l u a t i o n s  w i l l  t h e r e f o r e  be converted to Adler format  f o r  presen- 

t a t i o n  i n  ENDF/B, and t h e  R-M op t ion  is deleted, a l though ENDF/A w i l l  cont inue  

t o  accept it. 
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If t h e  conversion causes d i f f e r e n c e s  between t h e  Adler and R-M cross 

s e c t i o n s  which exceed 0.1%, these  should be p u t  i n t o  FILE3, s i n c e  it is no t  t h e  

i n t e n t  of t h e  procedure to  i n  any way a l ter  t h e  o r i g i n a l  cross sections. Such 

d i f f e r e n c e s  can presumably be minimized by feeding  t h e  POLLA output  parameters 

t o  a l eas t - squa res  sea rch  code based on t h e  Adler formalism, and " f i t t i n g "  t h e  

o r i g i n a l  R-M values .  

(I) 

According to t h e  d i scuss ion  i n  BNL 50296 (ENDF 148) "ENDF/B Processing 

Codes f o r  t h e  Resonance Region", M.R. Bhat, June, 1971, t h e  Reich-Moore code 

RAMP1, now incorpora ted  i n  RESEND, sets t h e  s h i f t  f a c t o r  AA equa l  to zero. 

' 2  Since  AA = - y S t h i s  is equ iva len t  to  s e t t i n g  S = 0. On t h e  o the r  hand, 

t h e  Reich-Moore formalism and RAMP1, set t h e  q u a n t i t y  C equal to zero.  

XR R R 
Since  C= 

- (SR + R)/ PRI t h i s  is equ iva len t  to s e t t i n g  SR = -E, another  common choice  i n  

R-matrix theory.  However, t hese  t w o  cho ices  f o r  SR are c o n s i s t e n t  on ly  €or s- 

waves, and RESEND should be applied t o  Reich-Moore p- and d-waves wi th  cau t ion ,  

i f  a t  a l l .  

I 

2.4.10. Competit ive Width i n  t h e  Resonance Region 

2.4.10.1. Resolved Region 

Procedures f o r  t h e  Resolved Resonance Region are contained i n  Sec t ion  

D.3.1 of Appendix D. 

2.4.10.2. Unresolved Region 

Procedures for t h e  Unresolved Resonance Region are conta ined  i n  Sec t ion  

D.3.2 of Appendix D. Users are d i r e c t e d  to  t h e  d i scuss ion  of t h e  total. cross 

section i n  Appendix D I  S e c t i c n  D.3.3, s i n c e ,  as  poin ted  o u t  by H. Henryson, 11, 

i n  connect ion wi th  MC procedures ,  a p o s s i b i l i t y  for erroneous c a l c u l a t i o n s  2 '  

e x i s t s .  e 
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2.4.11. 

2.4.11.1. I n  the  SLBW Formalism 

Negative Cross Sect ions i n  the  Resolved Resonance Region 

Capture and f i s s i o n  use  the  p o s i t i v e  symmetric Breit-Wigner shape and 

should never be negative. 

cross sec t ion  were transformed to an "equivalent" set  of SLBW parameters. This 

might produce unphysical negat ive widths and hence negat ive cross sec t ions .  

Sca t t e r ing  involves the  asymmetric term which goes negat ive f o r  E < and can 

cause negative cross sect ions.  A s ing le  resonance, or a series of w e l l -  

separated resonances, w i l l  usua l ly  no t  produce negat ive cross sec t ions ,  but  when 

t w o  or more resonances "cooperate", t h e i r  negat ive t a i l s  can combine to produce 

negat ive values.  In  na ture ,  t he  negat ive t a i l s  are compensated by e i t h e r  the  

p o s i t i v e  t a i l s  of lower-lying resonances or mul t i l eve l  i n t e r f e rence  e f f e c t s .  

A poss ib l e  exception might occur i f  an Adler-format 

However, i n  evaluated da ta  f i l e s  the  resonances are usua l ly  given only clown to 

llE=O1l, a q u i t e  a r b i t r a r y  po in t  from the  s tandpoint  of the  compound nucleus, so 

t h a t  "negative-energy" resonances are needed to compensate the  nega t iv i ty  bias. 

A 1  though the negat ive s c a t t e r i n g  cross sec t ions  themselves can usua l ly  be 

c lassed  as an inconvenience, t h e i r  e f f e c t  i n  d i s t o r t i n g  the  t o t a l  cross sec t ion ,  

which governs neutron penet ra t ion ,  can be a serious source of error. Perhaps 

even more important is the  f a c t  t h a t  even when the  cross sec t ion  remains 

pos i t i ve ,  it is st i l l  o f t e n  too l o w  due to the  same e f f e c t  and t h i s  b i a s  again 

a f f e c t s  the  t o t a l  cross sec t ion  and calculated absorpt ion rates. 

the  end-effect  b i a s ,  the  evaluator  should p u t  i n  e i t h e r  a series of negative 

energy resonances with reasonable s i z e  and spacing ("picket fence", or r e f l e c t  

the  posit ive-energy ones around E=O) or a few l a r g e  f i c t i t i o u s  ones ("barber 

po les") ,  or a compensating background i n  FILE 3.*  

To compensate 

*E.g., G. DeSaussure, e t  a l . ,  NSE - 61, 496, (1976). 
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To compensate in t e r io r - r eg ion  n e g a t i v i t y  r e q u i r e s  a m u l t i l e v e l  t rea tment  

of which MLBW is the  simplest. Although t h e r e  is no guarantee t h a t  MLBW cross 

s e c t i o n s  w i l l  be more accura t e  than  SLBW, they are guaranteed to be non-negative 

(but  see next  s ec t ion )  and are gene ra l ly  to be p r e f e r r e d  over SLBW. 

- 

The same b i a s  e f f e c t  occurs a t  t h e  upper end of t h e  reso lved  resonance 

range, where it is less no t i ceab le  because it is a p o s i t i v e  b i a s ,  and most calcu-  

l a t i o n s  are n o t  as s e n s i t i v e  to t h i s  reg ion  as they are to the  low-energy end. 

The remedy is the  same - e x t r a  resonances above the  RRR, or compensation i n  FILF: 

3.  The la t te r  remedy r e q u i r e s  a nega t ive  FILE 3 c o n t r i b u t i o n ,  which is 

phys ica l ly  acceptab le ,  bu t  produces undes i rab le  s i d e - e f f e c t s  i n  some process ing  

codes, hence t h e  extra-resonance remedy is preferred. It is probably safe to 

say t h a t  t h e r e  is r a r e l y  a compelling reason to  use t h e  SLBW formula for t h e  cal- 

c u l a t i o n  of pointwise s c a t t e r i n g  cross sec t ions .  

t h a t  is sophisticated enough to  warrant  t h e  u s e  of poin twise  cross s e c t i o n s ,  

If one is doing a c a l c u l a t i o n  

then  a m u l t i l e v e l  formalism is c e r t a i n l y  j u s t i f i a b l e .  

mult igroup cross sec t ions ,  then the  o the r  approximations involved j u s t i f y  t h e  

If one is  merely de r iv ing  

use of any reasonable  " f ix"  for the  nega t ive  s c a t t e r i n g ,  such as simply s e t t i n g  

(5 = 0 when it goes negat ive.  
S 

2.4.11.2. I n  t h e  MLBW Formalism 

Capture and f i s s i o n  use t h e  SLBW formulas and are p o s i t i v e ,  s u b j e c t  to  the  

same p rov i so  concerning Adler-equivalence as i n  t h e  prev ious  sec t ion .  

S c a t t e r i n g  uses a formula which can be w r i t t e n  as an abso lu te  square and as such 

is non-negative. The use  of f i c t i t i o u s  J-values  (which see) can des t roy  t h e  

correspondence between the  absolute-square form and the  expanded form given i n  

Appendix D, and resul t  i n  nega t ive  s c a t t e r i n g  cross sec t ions .  Despite i t s  non- 

n e g a t i v i t y ,  MLBW sti l l  produces b iassed  cross s e c t i o n s  a t  both ends of t he  RRR (ID 
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unless  compensating e x t r a  resonances or FILE3 con t r ibu t ions  are included above 

and below it, and the  evaluator  should genera l ly  correct f o r  t h i s  effect. 

2.4.11.3.- I n  the  Reich-Moore Formalism 

This is again based on an absolu te  square and cannot be negative.  

ever ,  it can be biassed and e x t r a  resonances or FILE3 con t r ibu t ions  should 

always be provided. If conversion t o  A d l e r  format produces negat ive cross 

sec t ions ,  t he  parameters should be ad jus ted  to e l imina te  them. 

2.4.11.4. I n  the  Adler Formalism 

How- 

Although the  formulas are der ived from an absolu te  square and are i n  pr in-  

ciple non-negative, i n  practice the  parameters are chosen to f i t  measured data, 

so t h a t  the  phys ica l  and mathematical. c o n s t r a i n t s  among t h e  parameters, which 

prevent  negat ive cross sec t ions ,  are lost ,  and any of the  cross sec t ions  can be 

negative.  I f  the  Adler formalism is  used for evaluat ions,  n e g a t i v i t y  should be 

checked for .  The end-effect  b i a s  e x i s t s  i n  t h i s  formalism also and should be 

checked for i n  the  s c a t t e r i n g  and total  cross sec t ions  by comparing with 

experiment . 

2.4.12. Negative Cross Sec t ions  i n  the  Unresolved Resonance Region 

R. P rae l  (ANL) has reported a d i f f i c u l t y  with SLBW resonance ladders  

c rea t ed  by VIM from the  unresolved resonance parameters i n  M o  (MAT. NO. 1287) ,  

namely t h a t  t h e  negat ive FILE3 capture background sometimes causes negat ive cap- 

t u r e  cross sec t ions  i n  the  resonance va l leys .  

The evaluator  ev ident ly  intended the  background to compensate f o r  a n  

excess of capture i n  t h e  average unresolved capture cross sec t ion ,  bu t  d id  not  

a n t i c i p a t e  the  problem which would arise when the  parameters were used i n  a d i f -  

f e r e n t  context .  One remedy is to drop out  the  negat ive FILE3 background and 
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(B adjus t  4' > on whatever energy mesh is  needed to produce agreement with t h e  

d i l u t e  poor-resolut ion da ta .  
Y 

The c r e a t i o n  of SLBW l a d d e r s  from average parameters can be expected to 

produce the  same kind of end-effect  b i a s  and f r equen t  nega t ive  s c a t t e r i n g  cross 

s e c t i o n s  t h a t  are seen i n  the  reso lved  resonance region.  Again, t h e  s c a t t e r i n g  

cross s e c t i o n  per se may no t  be important,  but  t h e  biassed to t a l  cross s e c t i o n  

w i l l  adverse ly  a f f e c t  c a l c u l a t e d  r e a c t i o n  rates. 

A s  mentioned before ,  f o r  a s o p h i s t i c a t e d  a p p l i c a t i o n  l i k e  t h e  VIM Monte 

Carlo code, t h e  use of MLBW is c e r t a i n l y  ind ica t ed ,  and t h e  M u l t i l e v e l  Adler 

Gauss* formula makes i ts use  q u i t e  simple. 

2.4.13. U s e  of Two Nuclear R a d i i  

Two d i f f e r e n t  nuclear  r a d i i  are def ined  by t h e  c u r r e n t  ENDF/B formats: 

a) t h e  s c a t t e r i n g  r ad ius ,  AP, and 

b) t h e  channel radius, a. 

The s c a t t e r i n g  r a d i u s  is also r e f e r r e d  to  as " the  e f f e c t i v e  s c a t t e r i n g  rad ius"  

and " t h e  p o t e n t i a l  s c a t t e r i n g  radius" .  The channel r ad ius  is also r e f e r r e d  to 

as  " t h e  hard-sphere radius", or " the  nuclear  radius" .  The former is  t h e  quant i -  

t y  def ined as AP (for a+, or $) i n  FILE 2, which must be given even i f  no reso- 

nance parameters  are given,  whi le  t h e  l a t te r  is def ined  by 

-12 a = (0.123 AWR11'3 -I- 0.08) i n  u n i t s  of 10 cm.  

( S t r i c t l y  speaking, t h i s  formula should use t h e  t a r g e t  mass, A l l 3  b u t  AWRI is 

c u r r e n t l y  spec i f i ed . )  

*Section 2.4.14 
4D 
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The channel  r a d i u s  is a b a s i c  q u a n t i t y  i n  R-matrix theory ,  where t h e  i n t e r -  

n a l  and e x t e r n a l  wave-functions are jo ined  and leads to t h e  appearance of hard- 

sphere phase s h i f t s  de f ined  i n  terms of  it. 

t i o n  and permit two rad i i  can be thought  o f  as  a " d i s t a n t - l e v e l  e f f e c t " ,  n o t  usu- 

The n e c e s s i t y  to  r e l a x  t h e  d e f i n i -  

a l l y  e x p l i c i t  i n  R-matrix d i scuss ions .  

The c u r r e n t l y  recommended ENDF/B procedure is: 

U s e  t h e  channel  r a d i u s  t o  c a l c u l a t e  t h e  p e n e t r a b i l i t i e s  P ( k a )  and t h e  R 
s h i f t  f a c t o r s  Sk (ka )  , bu t  t h e  s c a t t e r i n g  r a d i u s  to  c a l c u l a t e  t h e  hard-sphere 

phase s h i f t s  I$ ( k a ) .  R- 
Since  t h e  phase - sh i f t s  de f ine  t h e  p o t e n t i a l  s c a t t e r i n g  cross s e c t i o n ,  t h e  

eva lua to r  has  t h e  freedom to f i t  AP = ^a to a measured cross s e c t i o n  whi le  s t i l l  

l eav ing  undis turbed those  codes t h a t  use t h e  A l l 3  formula to  calculate t h e  

channel  r ad ius .  

Note t h a t  t h e  s c a t t e r i n g  r a d i u s  a lso appears i n  t h e  p h a s e s h i f t  dependent 

terms cos241 , sin241R, etc., t h a t  appear i n  t h e  resonance terms of the  va r ious  

formalisms. 
R 

The o r i g i n a l  ENDF/B formats made p rov i s ion  for an AM, or "A-minus", al-  

though it was always r equ i r ed  t h a t  e v a l u a t o r s  p u t  AM=O, to s i g n i f y  t h a t  it was 

equa l  i n  value.  to AP. I n  t h e  c u r r e n t  formats ,  AM i s  e l imina ted ,  bu t  one can 

a n t i c i p a t e  t h a t  more s o p h i s t i c a t e d  eva lua t ion  techniques may even tua l ly  force 

t h e  re - ins ta tement  of n o t  on ly  AM, bu t  a more g e n e r a l  dependence of t h e  

s c a t t e r i n g  r a d i u s  on t h e  channel  quantum numbers, e s p e c i a l l y  a s  higher  e n e r g i e s  

become impor t a n  t . 
I n  theory,  t h e  s c a t t e r i n g  r a d i u s  depends on a l l  t h e  channel  quantum num- 

be r s ,  and i n  practice it is common to f i n d  t h a t  d i f f e r e n t  opt ical  model parame- 

ters are requ i r ed  f o r  d i f f e r e n t & - v a l u e s  ( 8 ,  p, d, . . . )  and f o r  d i f f e r e n t  j- a 
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values (p1l2, p 3/2 , , , ,) . This implies that one would require a different 
scattering radius for each of these states. 

For the special case of s-waves, only two J-values are possible, 

namely I ? 1/2, commonly denoted J+ and J 

ogy A+ and A . 
. This is the origin of the terminol- - 

- 

2.4.14. The Multilevel Adler-Gauss Formula for MLBW 

Appendix D of ENDF 102 gives (implicitly) for the MLBW formalism the 

equations : 

NLS-1 

R=O 

where RRI labels the resonance-resonance-interference term for a given R-value: - - - 

NRJ r-1 

4 
k2 J gJ r=2 s=l [ (E-E')2+(r /2)2)( (E-E')2+(r /2)2) 

2r nr r ns [ (E-E;) (E-Ei)+rrrs/4) - 

r 



*J 
T T ' a - T '  G r r r  + 2Hr(E-E;) 

J 

where 

NRJ 

2.40 

As most u s e r s  are aware, t h i s  double  sum over resonances can eat  

p rod ig ious  amounts of computer t i m e  u n l e s s  handled very  t a c t f u l l y .  Thus, f o r  a 

200-resonance material, t h e r e  are J'40000 cross terms, of which o n l y  20000 need 

to be eva lua ted  because t h e  express ion  is symmetric i n  r and s. 

I t  has  been noted many times i n  t h e  past t h a t  par t ia l  f r a c t i o n s  can  reduce 

Equation (1) to a form w i t h  on ly  a s i n g l e  Breit-Wigner denominator. Most 

r e c e n t l y ,  DeSaussure, Olsen,  and Perez (NSE - 61, 496 (1976))  have w r i t t e n  it 

compactly as 
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D-O-P give the special case for I=R=O, but it is valid for any set of quan- 

tum numbers. 

to the symmetric part of the SLBW formula, 

Thus an existing SLBW code can be converted to MLBW by adding G r r r  

I 

and 2Hr to the coefficient of (E-Er) in the asymmetric part, 

R' 2rnr sin2+ 

Since G and H are weakly energy-dependent, via the penetrabilities and r r 
shift factors, they lend themselves to approximations that can sharply reduce 

computing time compared to the Gregson form with the "double" Breit-Wigner denom- 

inator. In fact, if the resonances are all given s-wave shifts of zero, s-wave 
2 2 penetrabilities of /E, and the total widths are taken constant, Gr/k and Hr/k 

become independent of the neutrons energy and consume a negligible amount of 

computing time so that MLBW and SLBW become equivalent in this respect. 

The amplitude-squared form of MLBW also reduces computing time, and is 

given in section 2.4.19. 

2.4.15. Notes on the Adler Formalism 

1974 

a ted 

The following is a condensation..and updating of the Appendix in the June, 

Minutes of the Resonance Region Subcommittee: 

Questions concerning the ENDF/B treatment of the Adler formalism are enumer- 

below, together with recommended procedures for handling them: 
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1. The resonance energy p and to ta l  half-width V are t h e  same f o r  each 

r e a c t i o n  for a given resonance i n  t h e  Adler formalism, but  t h e  formulas of the  

October 1970 vers ion  of ENDF-102, page D-7, and t h e  format d e s c r i p t i o n s  of pages 

7.9 and N-12 permit d i f f e r e n t  va lues  f o r  t he  total, f i s s i o n ,  and cap tu re  cross 

s e c t i o n s  . 
This  is a misreading of t h e  formalism and t h e  remedy is to c o n s t r a i n  t h e  

e q u a l i t i e s  DET, = D W n  =DMJn and DWT, = D W n  = DWC,. 

f i s s i o n  should also have the  phases  e l imina ted  i n  Appendix D. 

2. The Adler formalism, as app l i ed  by t h e  Adlers ,  breaks t h e  reso lved  res- 

The formulas for cap tu re  and 

onance region up i n t o  subregions,  and each is analyzed sepa ra t e ly .  This  avoids  

problems with c o n t r i b u t i o n s  from d i s t a n t  resonances,  bu t  r e q u i r e s  t h a t  t h e  

polynomial background be t a i l o r e d  to each subregion. However, t h e  ENDFJB 

formats allow on ly  one reso lved  resonance energy reg ion ,  so t h i s  procedure can- 

not  be used. 

If a s i n g l e  set  of polynomial background c o n s t a n t s  is i n s u f f i c i e n t ,  

a d d i t i o n a l  background can be p u t  i n t o  FILE 3, point-by-point. 

3. The ENDF/B formats formerly permi t ted  incomplete s p e c i f i c a t i o n  of t h e  

cross sec t ions .  The allowed va lues  of L I  were 5 ( total  and cap tu re  wid ths) ;  6 

( f i s s i o n  and cap tu re ] ;  and 7 ( total ,  f i s s i o n ,  and c a p t u r e ) .  L I  = 6 l e a v e s  t h e  

s c a t t e r i n g  (and total)  undefined and L I  = 5 is d e f i c i e n t  for f i s s i le  elements. 

LI=6 i s  now r e s t r i c t e d  to ENDF/A, and LI=5 should be used only  f o r  non- f i s s i l e  

elements.  

4. The nomenclature for the  G I s  and H I S  i s  confusing.  There is an 

unfor tuna te  3-way nomenclature problem. 

s e c t i o n  the  d e f i n i t i o n s :  

The Adlers  use for t h e  total  cross 

Gt = acos 

Ht = @cos 

2ka + 6 s i n  2ka 

2ka - CC s i n  2ka 



(ID and then the combination 

For the reaction cross sections there are no phases, and they write 

VGc + (lJ - E) Hc 
VGf + W - E) Hf 

(capture) 

(fission) 

These are properly designated as "symmetrical" and "asymmetrical" parameters 

Nomenclature switch No. 1 occurs in the ENDF-102 formula, which changes a to G 

and p to Ht, viz: 

9 

t 

v (Gt cos 2ka + Ht sin 2ka) + (11 - E) (Ht cos 2ka -Gt sin 2ka) 

These G ' s  and Htls are no longer symmetrical and asymmetrical, but the manual 

refers to them that way. The precedent for this altered nomenclature is prob- 

ably BNL 50045 (T-455), D.B. Adler, March 1967, page 7. 

t 

'IB 
Nomenclature switch No. 2 is due to DeSaussure and Perez, who in their 

published tables of G and H, incorporate the Adler's constant c into their defi- 

nition, but otherwise leave the formalism unchanged. 

Users and evaluators should adhere to the ENDF-102 definitions. 

5. The flag NX, which tells what reactions have polynomial background 

coefficients given, should be tied to LI, so that the widths and backgrounds are 

given for the same reactions, i.e., use NX = 2 with LI = 5 (total and capture), 

and NX = 3 with LI = 7 (total, capture, and fission). Since no NX is defined 

for LI = 6 (fission and capture), one is forced to use NX = 3 with the back- 

ground total coefficients set equal to zero, but this now occurs only in ENDF/A, 

if at all. 

' 
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2.4.16. M u l t i l e v e l  Versus Single-Level Formalisms i n  t h e  Resolved and 

Unresolved Resonance Regions 

2.4.16.1. I n  the Resolved Resonance Region 

The SLBW formalism is adequate for resonance t r ea tmen t s  t h a t  do n o t  re- 

q u i r e  actual poin twise  s c a t t e r i n g  cross s e c t i o n ,  as, e.g., mult igroup slowing- 

down codes. 

s e c t i o n s ,  when t w o  or more resonance-poten t ia l  i n t e r f e r e n c e  terms ove r l ap ,  SLBW 

should never be used to compute poin twise  s c a t t e r i n g  cross sec t ions .  

t he  MLBW formalism should be used, a l though MLBW is n o t  a t r u e  m u l t i l e v e l  

formalism, bu t  t h e  l i m i t  of one which is v a l i d  i f  r / D  is small. 

simple way to  test the  q u a l i t y  of MLBW s c a t t e r i n g  cross s e c t i o n s  b u t  they  are 

probably almost always supe r io r  to SLBW. 

Because of t h e  f r equen t  occur rence  of nega t ive  s c a t t e r i n g  cross 

Ins t ead ,  

There is no 

The Reich-Moore reduced R-matrix formalism is a t r u e  m u l t i l e v e l  formalism, 

and is recommended for f i s s i le  element eva lua t ions .  All of its cross slections 

are non-negative, and its on ly  s i g n i f i c a n t  drawbacks, apart from the  effor t  

r equ i r ed  for its a p p l i c a t i o n ,  are the  d i f f i c u l t y  of determining a su i tab le  R t o  

r e p r e s e n t  d i s t a n t - l e v e l  effects, and of determining t h e  parameters of negat ive-  

energy resonances.  

00 

The Adler form of t h e  Kapur-Peierls formalism i s  also a t r u e  m u l t i l e v e l  

t rea tment ,  b u t  i n  a c t u a l  a p p l i c a t i o n s  t h e  parameters are determined by f i t t i n g  

data and t h e  theoretical c o n s t r a i n t s  among them are lost ,  so t h a t  any Adler 

cross s e c t i o n  can be negat ive.  

The simplest t r u e  m u l t i l e v e l  formalism is  t h e  reduced R-function, i n  which 

a l l  channels  except  s c a t t e r i n g  have been e l imina ted .  

eva lua t ion  tool for n o n f i s s i l e  e lements  up to t h e  threshold for i n e l a s t i c  

s c a t t e r i n g ,  s i n c e  below t h a t  t h e  e l imina ted  channels  are (usua l ly )  simply 

r a d i a t i v e  capture .  I t  can be corrected for d i s t a n t - l e v e l  effects by 

I t  makes  a very  adequate  
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'ID substituting optical-model phase shifts for the hard-sphere ones which occur in 

the formalism, and by introducing an appropriate ROD. 

Multi-channel multilevel fitting is also feasible in many cases, and 

permits the simultaneous use of non-neutron data leading to the same compound nu- 

cleus. The conversion of R-function and R-matrix analyses to ENDF/B-acceptable 

formats is discussed in the next section. 

2.4.16.2 In the Unresolved Resonance Region 

In principle, if the statistical distributions of th r solved sonance 

parameters are known, any formalism can be used to construct fictitious cross 

sections in the unresolved region. At the present time, only the SLBW formalism 

is allawed in ENDFB, for the reason that no significant multilevel effect can be 

demonstrated, when the SLBW is properly handled. 

If resolved region statistics are used without adjustment to poor resolu- 

tion data, then large multilevel/single-level differences can result, but there 

is no simple way to determine which is better. 

'ID 
If both are adjusted to yield 

the same average cross sections, and for fissiles, the same capture-to-fission 

ratio, then the remaining differences are within the statistical and measurement 

errors inherent in the method. 

As noted in Section 2.4.12, the use of SLBW to construct resonance 

profiles in the unresolved region will result in the defects associated with 

this formalism elsewhere, and is not recommended. This application calls for 

MLBW or better, and the SLBW scheme should be used only for constructing average 

cross sections where the negative scattering effects will combine with the other 

approximations and presumably be "normalized out" someplace along the line. 

The above comments on multilevel effects in the unresolved resonance re- 

gion are based on the work of G. DeSaussure and R.B. Perez "Multilevel Effects 

in the Unresolved Resonance Region, etc.", NSE - 52, 382 (1973). 
@ 
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2.4.17. Conversion of R-Function and R-Matrix Evaluations to Allowed Formats 

R-function and R-matrix evaluations have been made for various materials 

and the use of these genuine multilevel formalisms is to be encouraged, but with 

the recent decision to convert Reich-Moore parameters to Adler format, the R- 

parameters cannot be used directly. 

Several alternatives exist. The simplest, applicable to light nuclei, is 

to simply give a pure FILE3, point-by-point, representation. Doppler-broadening 

will be negligible at reactor temperatures, and ultra-high temperature require- 

ments can be met by kernel-broadening. 

If enough parameters have been given to make parameterization desirable, 

then one can calculate the cross section from the R-parameters using the MLBW 

formalism, do a point-by-point subtraction from the R-cross section, and put the 

difference into FILE3. Since the materials which have been evaluated this way 

have usually small (or no) Doppler effect, no problems should arise from FILE3 

structure" . 
Unfortunately, this procedure encounters problems connected with the use 

of single-level shift factors, SR (E) -Sa (IErI ) , in the MLBW formalism, which 

puts the resonances at different places than does the R-formalism. MLBW also 

breaks down for overlapping resonances, (large r/D values), and loses the de- 

tailed angular distributions inherent in the R-formalism phase shifts. 

More complicated, but potentially capable of producing a smaller residual 

FILE3, is to run the parameters through POLLA, or one of its equivalents, and 

use the Adler-equivalent parameters in FILE2. The following points need to be 

considered: 

1. POLLA is written for s-waves, hence the conversion of higher !k-waves 

will produce a residual difference due to the penetrabilities and 

shift factors. If sufficient interest existed, POLLA could probably 
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be fixed up, using /E expansions, to do a reasonably good job on any 

!?,-wave, at the cost of introducing several additional constants per 

resonance. 

2. For light nuclei, with keV or MeV widths, the neglect of the energy- 

dependence of rn in the total width in the Adler denominator may be 
more serious than it is for eV-wide resonances. 

G. DeSaussure is of the opinion that POLLA could not be made to work at 

all for p- and d-wave resonances, due to the resultant string energy-dependence 

of the Adler parameters (Ref: Minutes of the May, 1977, Resonance Region 

Subcommittee, letter from G. DeSaussure to C.R. Lubitz). 

Because of the above difficulties, this topic is currently an open one. It 

is under investigation, with a view toward including an R-formalism, probably 

less complicated than Reich-Moore, into the set of allowed formats. 

In BNL 50296, "ENDF/B Processing Codes for the Resonance Region", M.R. (I) 
Bhat, June 1971, it is stated the shift is set equal to zero in the Code RAMPl. 

This implies that RESEND cannot be used as an R-function code for p- and d- 

waves. See discussion in Section 2.4.9. 

2.4.18. Computer Time for Generating MLBW Cross Sections 

Previous solutions to the problem of evaluating the Gregson form of the 

MLBW resonance-resonance interference term in a reasonable amount of time have 

been to use the amplitude-squared form from which it was derived, and kernel- 

broadening, or to optimize the calculation of inner and outer loop quantities 

and $/x -broadening. 
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A third solution is now available, namely to use the Multilevel Adler- 

Gauss* formulas and possibly approximate the energy-dependence of the Gr - and 
H - coefficients. r 

For reference, the amplitude-squared form of MLBW is given in Section 

2.4.19. 

2.4.19. Amplitude-Squared Form of the MLBW Formulas 

The Gregson form of the MLBW (scattering cross section), given in Appendix 

D and in Section 2.4.14, is mathematically identical to the more fundamental 

"amplitude-squared" form given in Appendix D, as equations (5) - (7) of Section 
D.1.2. 

Those equations can be coded in complex Fortran, or broken up into their 

r ea1 

the 

. and imaginary parts before coding. The essential point is that they sum 

resonances before squaring. This avoids turning two "linear" sums into one 

"quadratic" one. If an isotope has 200 resonances, the above formulas have two 

sums with 200 terms each, whereas the Gregson/ENDF-102 form has a sum with 40000 

cross terms. A discussion of points to consider in coding the above equations 

is given in the June 1974 Minutes of the Resonance Region Subcommittee. 

In addition to those notes, we remind the reader that UJ (E) in equa- nn 
tions (6) and (7), and rnr and rr in equation (7), should properly be written 

JR JR UJR (E) , Tnr, and Tr , respectively, to show explicitly the channel quantum nn 
number dependence which is only implicit in the ENDF 102 notation, and which has 

occasioned some misunderstanding in the past. 

The main drawback to the above equations is that they do not admit 

Doppler-broadening with 9- and X-functions, but require kernel methods instead. 

*Section 2.4.14 
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2.4.20. Degrees of Freedom for Unresolved Resonance Parameters  

A resonance i n  t h e  system (neutron p l u s  a target of mass A) corresponds to  

a quas i - s t a t iona ry  state i n  t h e  compound nucleus  A + 1. 

decay i n  one or more ways, each descr ibed  as a channel.  

Such a resonance can  

These are l a b e l l e d  by 

t h e  i d e n t i t y  of t h e  emi t ted  particle (two-body decay) ,  t h e  s p i n s  I and i o f  t h e  

r e s i d u a l  nucleus and t h e  emitted particle, and t h e  o r b i t a l  angular  momentum R of 

t h e  pair. To uniquely s p e c i f y  t h e  channel ,  two more quantum numbers are needed, 

s i n c e  t h e  magnetic quantum numbers can be e l imina ted  by "geometr ical"  

cons ide ra t ions ,  f o r  unpolar ized particles.  

It is common to g ive  the  channel  s p i n ,  S I  which is the  vec tor  sum of I and 
+ + +  

i, p l u s  J = S + R, s i n c e  t h i s  f a c i l i t a t e s  t h e  i s o l a t i o n  of t h e  R-dependence 

of a l l  channel q u a n t i t i e s .  

g r e d i e n t  angular  momenta, I, i, and R ,  w i l l  g i v e  r ise to a number of d i f f e r e n t  

channels ,  according to t h e  r u l e s  for coupl ing angular  momenta. The resonance 

w i l l  decay i n t o  each of t h e s e  channels ,  wi th  a p r o b a b i l i t y  t h a t  is governed by 

The important  p o i n t  is t h a t  t h e  same set of t h r e e  in- 

t he  reduced width amplitude,  where a g i v e s  t h e  i d e n t i t y  a real  number y 

of t h e  emitted particle, t h e  state of e x c i t a t i o n  of  t h e  daughter  nucleus,  etc. 

aIiJRS' 

The par t ia l  wid th  f o r  t h e  channel  is 

2 - 
'a1 i JRS - 2paI i JRSyaI i JRS 

The p e n e t r a b i l i t i e s  depend only  on R ,  and are g iven  i n  Appendix D f o r  uncharged 

particles. 

on t h e  s u b j e c t ,  and f o r  gamma rays  one uses /r' r a t h e r  than y and P. 

For charged particles,  t h e i r  Coulomb ana logs  can be found i n  t ex t s  

If t h e  c o l l e c t i o n  of channel  quantum numbers ( a I i JkS)  is denoted by c, 

(ID then t h e  total  width for t h e  l e v e l  is r = Ccrc. 
channels ) .  

(Ec means a sum over a l l  

The argument from s ta t i s t ica l  compound nucleus  theo ry  is t h a t  t h e  
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y Is are random va r i ab le s ,  normally d i s t r i u b t e d  with zero  mean and equal. var i -  

ance. 

the  l e v e l s  (or resonances).  

a chi-squared d i s t r i b u t i o n  with N degrees of freedom, s ince  t h i s  is the  statis- 

t i ca l  consequence of squaring and adding N normal v a r i a t e s .  

the  Porter-Thomas d i s t r i b u t i o n .  

t h a t  is going to  be averaged over resonances, it is necessary to know t h e  way i n  

which the  widths are d i s t r i b u t e d ,  hence the  inc lus ion  of these  degrees of f ree-  

dom i n  ENDFB. 

1. 

ular R-value. 

any decay, although the  formats would allow giv ing  both s- and d-wave widths f o r  

t he  same resonance. Since the re  is only one J-value f o r  a given resonance, and 

w e  l a b e l  the  widths by one R-value, t he re  can be a t  most 2 channels f o r  neutrons 

(i  = 1 / 2 ) ,  l a b e l l e d  by the  channel sp in  values  S = I k 1/2. I f  I = 0,  t h e r e  is 

only one channel, S = i = 1/2. 

C 

The population r e fe r r ed  to is the  set of y 's f o r  a given channel. and a l l  
C 

I t  fol lows t h a t  t he  total  width is d i s t r i b u t e d  as 

For N = l ,  t h i s  is 

I n  determining the  behavior of any quan t i ty  

The neutron width is governed by AMUN, which is spec i f i ed  f o r  a partic- 

Usually, only the  lowest allowed R-value w i l l  be s i g n i f i c a n t  i n  

Hence the  r e s t r i c t i o n ,  1.0 - < AMUN - c 2.0. 

Although the re  is no evidence to  support it, it is assumed t h a t  the  aver- 

age partial  widths  f o r  each channel sp in ,  i f  I > 0 ,  are equal,  and t h a t  <I' > is 

the  sum of t w o  equal  average pa r t i a l  widths. 

n 

I n  Appendix D; t h i s  factor of 2 is 

absorbed i n t o  the  d e f i n i t i o n  of <rn>, through the  use  of a m u l t i p l i c i t y  which is 

the  number of channel sp ins ,  1. or 2. 

2. The competit ive width is cu r ren t ly  r e s t r i c t e d  to i n e l a s t i c  s c a t t e r i n g ,  

which has the  same behavior as elastic s c a t t e r i n g ,  measured from a d i f f e r e n t  

"zero channel energy," hence 

1.0 < AMUX < 2.0 - - 
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@ Note t h a t  one should - n o t  set AMUX = 0 

prev ious ly  suggested i n  ENDF 102. 

o u t  of ignorance of its t r u e  va lue ,  as 

Th i s  implies a cons t an t  from resonance to res- 

onance, s i n c e  t h e  chi-squared d i s t r i b u t i o n  approaches a d e l t a  func t ion  as N + CQ. 

An i n e l a s t i c  r e a c t i o n  can be expected to proceed through a small number of 

channels  and hence to  f l u c t u a t e  s t r o n g l y  from l e v e l  to  l e v e l .  

3.  For t h e  r a d i a t i v e  process, AMUG should be set  equa l  to zero.  

Rad ia t ive  c a p t u r e  proceeds through many channels  and it is n o t  worthwhile  

dec id ing  i f  AMUG is 30' or 40'. ( I f  some nucleus has  s e l e c t i o n  r u l e s  which 

restrict  r a d i a t i v e  decay t o  a few channels ,  then a d i f f e r e n t  va lue  of  AMUG might 

be appropriate. ) 

4 .  The f i s s i o n  va lue  should be s t a t e d  as 1.0 - < AMUF - < 4.0 and t h e  value,  

ze ro  would be i n c o r r e c t .  These small va lues  v i o l a t e  t h e  p rev ious  d i s c u s  s i o n  of  

(Wigner-type) channels  and i n s t e a d  obey s ta t is t ics  governed by f i s s i o n  barrier 

tunnel ing  (Bohr -c hanne 1s) . 



(I) 3. FILE 3 ,  NEUTRON --- CROSS SECTIONS 

3.1. General Descr ipt ion 

Neutron cross sec t ions  , SUCK as the t o t a l  cross sec t ion  , elastic 

s c a t t e r i n g  cross section, and r ad ia t ive  capture  cross sec t ion ,  are given i n  F i l e  

3 .  C e r t a i n  derived q u a n t i t i e s  a r e  also given. These da ta  are given as a func- 

t i o n  of energy, E, where E is the  inc ident  neutron energy ( i n  eV) i n  the  labora- 

t o r y  system. They are given as energy-cross sec t ion  (or derived quant i ty)  

p a i r s .  An i n t e rpo la t ion  scheme is given t h a t  s p e c i f i e s  the  energy v a r i a t i o n  of 

the  da ta  for  neutron energies  between a given energy poin t  and the  next higher 

energy poin t .  

F i l e  3 is divided i n t o  sec t ions ,  each containing the  data fo r  a pa r t i c -  

u l a r  reac t ion  type (MT number). The sec t ions  are ordered by increas ing  MT num- 

ber. A complete list of MT's and t h e i r  d e f i n i t i o n s  can be found i n  Appendix B. 

(ID 
3.2 .  Formats 

F i l e  3 is made up of sec t ions  where each sec t ion  gives  the  neutron cross 

sec t ions  (or derived q u a n t i t i e s )  f o r  a p a r t i c u l a r  reac t ion  type (MT number). 

Each sec t ion  always s tar ts  with a HEAD record and ends with a SEND record.  

The common va r i ab le s  used i n  t h i s  other  f i l e  are defined i n  Sect ion 0.5.1 

and i n  the  Glossary (Appendix A ) .  For F i l e  3 the  following q u a n t i t i e s  a r e  de- 

fined: 

- LIS is  an ind ica tor  t h a t  s p e c i f i e s  the  i n i t i a l  s tate of the  t a r g e t  nucleus 

( fo r  materials t h a t  represent  nucl ides)  . 
LIS = 0,  the  i n i t i a l  s t a t e  is the ground state. 

= 1, the  i n i t i a l  s tate is the  f i r s t  exc i ted  state (genera l ly  the  

f i r s t  metastable  s ta te ) .  
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= 2, t h e  i n i t i a l  s ta te  is t h e  second e x c i t e d  state. 

etc. 

- LFS is an i n d i c a t o r  t h a t  specifies t h e  f i n a l  e x c i t e d  s ta te  of t h e  res idu-  

a1 nucleus produced by a particular r eac t ion .  

LFS = 0 ,  t h e  f i n a l  s ta te  is t h e  ground state. 

= 1, t h e  f i n a l  state is t h e  f i r s t  e x c i t e d  s ta te .  

= 2,  t h e  f i n a l  state is t h e  second e x c i t e d  state. 

= 98, an unspec i f i ed  range of  f i n a l  states.  

= 99, a l l  f i n a l  states. 

- Q i s  de f ined  f o r  t h e  r e a c t i o n  a + A +  b + B as: 

Q(eV) = ( ( m a  + mA) - (% + % + EB(eV)/(9.315016+OS))) (9.315016+08) , 
where t h e  masses are g iven  i n  terms o f  t h e  C atomic mass u n i t s  (amu) 

and E r e p r e s e n t s  t h e  e x c i t a t i o n  energy of t h e  f i n a l  s ta te  (ground or 

ith e x c i t e d  state) of t h e  r e s i d u a l  nuc leus  B. 

s c a t t e r i n g  to  a d i s c r e t e  l e v e l ,  Q = - 

12  

B 

Note t h a t  f o r  i n e l a s t i c  

EB 

- S is t h e  temperature ( O K ) .  NOTE: I f  t h e  LR f lag  is used, S becomes t h e  

breakup energy f o r  t h e  f i n a l  r e a c t i o n  products  corresponding to  t h a t  

p a r t i c u l a r  LR value.  (Except ions are LR = 39 and LR = 40, which are 

set equa l  to 0 .0) .  

is  a f l a g  to  s p e c i f y  whether temperature-dependent d a t a  are given. S 

and LT are normally zero.  Details  on temperature-dependent d a t a  are 

g iven  i n  Appendix F. 

is a f l a g  to be used i n  t h e  r e a c t i o n s  MT = 51, 52, 531....P 90, and 

91, to  d e f i n e  x i n  (n ,n 'x ) .  (See Sec t ion  3.2.4.4.) 

- LT 

- LR 



- Mi is the  number of energy ranges t h a t  have been given. 

i n t e rpo la t ion  scheme may be given f o r  each range. 

is the  t o t a l  number of energy po in t s  used to spec i fy  the  data .  

5000). 

A d i f f e r e n t  

(NR < 20) .  - 
(NP < - 

E is the  in t e rpo la t ion  scheme f o r  each energy range. (For detai ls ,  see -int  

Sect ion 0.4.3.). 

(5 is the  cross sec t ion  (barns) f o r  a particular r eac t ion  type a t  
-(E) 

inc ident  energy poin t ,  E, i n  (ev). Data are given i n  energy-cross 

sec t ion  pa i r s .  

The s t r u c t u r e  of a section is 

(MAT, 3, MT/ZA , AWR, LIS, LFS, o , O)HEAD 

(MAT, 3, MT/S I Q I LT, LR I NR, NP/Eint/(5(E))TAB1 

(MAT, 3, 0 /O.O, 0.0, 0, 0, 0 , 0)SEND 

3.3 Procedures 

3.2.1. Reaction Types to be Included 

A complete l is t  of poss ib l e  reac t ion  types and t h e i r  d e f i n i t i o n s  can be 

found i n  Appendix B. Cross sec t ions  f o r  a l l  reac t ion  types t h a t  are not zero or  

negl ig ib ly  small should be given i n  F i l e  3. A s  a minimum, da ta  f a r  t he  

reac t ions  l i s t e d  below should be given, i f  appl icable .  

MT Reaction - 
1 Total cross sec t ion  

2 Elast ic  s c a t t e r i n g  cross sec t ion  

4 I n e l a s t i c  s c a t t e r i n g  cross sec t ion  ( total)  

16 (n,2n) cross sec t ion  

1 7  (n,3n) cross sec t ion  

18 F i s s ion  cross sec t ion  



MT - 
51 

52 

90 

9 1  

1 0 2  

1 0 3  

1 0 4  

105 

106  

107 

108  

251 

252 

253 

3.4 

I n e l a s t i c  e x c i t a t i o n  cross sec t ion  f o r  t he  1st l e v e l  

I' I' 2nd l e v e l  II II I t  II 

I n e l a s t i c  e x c i t a t i o n  cross sec t ion  f o r  the 40th l e v e l  

(continued on t h e  next  page) 

I n e l a s t i c  e x c i t a t i o n  cross sec t ion  for the  40th cont in  

(n, y)  r a d i a t i v e  capture  cross sec t ion  

(n,p) cross sec t ion  

(n,d)  

(n,  t) 

II 

II 

3 (n,He ) 'I 
II 

(nra)  

(n,  4 x 1  It 

II II 

II 

- 
VLab 

5 

Y 

um 

3.2.2. General  Procedures - 
_I-- 

1. A l l  s i g n i f i c a n t  cross sec t ions  m u s t  be given i n  t h i s  f i l e  using the  
0 

r eac t ion  types (MT numbers) t h a t  have been def ined.  Appendix B summarizes a l i  

c u r r e n t l y  def ined r eac t ion  types. If new MT numbers are needed, t h e  Nat ional  

Nuclear Data Center a t  Brookhaven Nat iona l  Laboratory should be contac ted .  

S e l e c t  t he  most appropr ia te  MT number to r ep resen t  the  r eac t ions .  I n  

many cases d i f f e r e n t  MT numbers may be used to  r ep resen t  t h e  same r e a c t i o n  a '  
mechanism, e . g . ,  Li-6 (n, t) and Li-6 ( n , a ) .  This s i t u a t i o n  arises when the  
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r eac t ion  produces m u l t i p l e  secondary p a r t i c l e s  or when the secondary p a r t i c l e  

and the  r e s i d u a l  nucleus are interchangeable .  Many r eac t ions  of neutrons on 

l i g h t  t a r g e t s  f a l l  i n t o  t h i s  category. I t  is not  poss ib l e  to e s t a b l i s h  r i g i d  

ground rules ,  but  i n  genera l ,  t he  MT chosen inc ludes  the  l i g h t e s t  nucleus i n  t h e  

e x i t  channel. 

2. Reaction Q-values are important,  and attempts should be made to  o b t a i n  

a value f o r  each sec t ion  i n  F i l e  3.  Even when the  m a t e r i a l  r ep resen t s  a n a t u r a l  

element containing t w o  or more i so topes ,  r eac t ion  Q-values should be given. 

I n  these  cases f o r  which the re  is no unique Q-value, the value given should be 

the Q-value t h a t  produces the  lowest threshold  energy. 

3 . 2 . 3 .  I n i t i a l  and F i n a l  S t a t e s  - 

The formats  have been genera l ized  t o  spec i fy  data f o r  exc i t ed  s ta tes  of 

the  t a r g e t  ( i n i t i a l )  and res idua l  ( f i n a l )  nucleus using the  L I S  and LFS f l a g s .  

I f  t h e  i n i t i a l  s ta te  is isomeric and has a h a l f - l i f e  > 1 sec, c u r r e n t  ENDF proce- 

aures require data to be given as a sepa ra t e  ENDF Material. Reaction data 

producing known f i n a l  s ta tes  are given wi th in  t h e  Mate r i a l  a s soc ia t ed  with t h e  

i n i t i a l  nucleus.  

-- 

Where s e v e r a l  f i n a l  s ta tes  are produced by a r eac t ion ,  t h e  summation, d i s -  

crete l e v e l ,  and continuum cross sec t ions  can be spec i f i ed .  Spec i f i ca t ion  of 

summation r eac t ion  cross sec t ions  to  a l l  s ta tes ,  d i s c r e t e  and continuum, is 

given wi th in  an MT number by LFS = 99. Data f o r  an unspecif ied range of f i n a l  

s ta tes  is given by using the  same MT number with LFS = 98. 

3 For the  (n ,p ) ,  ( n , d ) ,  ( n , t ) ,  (n,  H e ) ,  and (n,u)  r eac t ions ,  the  summation 

cross s e c t i o n s  m u s t  be given i n  the  MT = 103 ,  1 0 4 ,  105, 106 ,  and 1 0 7  s e c t i o n s ,  

respec t ive ly .  U s e  of LFS = 99 i n  these  cases is redundant. The cross s e c t i o n s  

to the  ground and the  f i r s t  1 7  discrete exc i t ed  l e v e l s  of the  f i n a l  nucleus m u s t  
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be given i n  the  MT = 700 series. U s e  of LFS is redundant f o r  a number of l e v e l s  a 
<17. For t h e  (n,2n) r eac t ion  the  summation cross sec t ion  m u s t  be given i n  t h e  

MT = 1 6  sec t ion .  U s e  of LFS = 99 is redundant. The (n,2n) cross sec t ion  t o  iso- 

meric s ta tes  should be given i n  the  MT = 26 s e c t i o n ,  using the  LFS f l a g  t o  

i n d i c a t e  the  isomeric s ' t a t e s  (counting a l l  s ta tes)  designated.  

- 

3.2.4. Procedures for S p e c i f i c  React ions 

3.2.4:L. Index for Sect ion 3.2.4. - ~ - ~ ~  

3.2.4. Subsection Relevant ivlT Nos. (See Appendix B) ----- 
1 1 

2 

3 

2 

3 

4 4 

5 6-9, 1 6 ,  1 7 ,  26, 46-49 

6 18, 1 9 ,  20, 21, 38 

7 27 

8 51-91 

9 10  1 

1 0  1 2  0 

11 10 2 - 114 

1 2  700-799 

3 .2 .4 .1  Total Cross Sec t ions  - 
1. I f  resolved or unresolved resonance parameters are given i n  F i l e  2 ,  

the  con t r ibu t ion  to  the  t o t a l  c ros s  sec t ion  i n  the  resonance region is the sum 

calculated from F i l e  2 and M T  = 1 i n  F i l e  3. (see Sec t ion  3.3.) 
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2. The t o t a l  cross sec t ion  is gene ra l ly  the most important cross sec t ion  

i n  a sh i e ld ing  material. Considerable care should be exerc ised  i n  eva lua t ing  

t h i s  c ros s  sec t ion  ana i n  deciding how to represent  it. 

3. Cross sec t ion  minima ( p o t e n t i a l  windows) and cross s e c t i o n  structure 

should be c a r e f u l l y  examined. 

ing the s t ructure  and minima t o  reproduce the  experimental  data to  the  measured 

ciegree of accuracy. 

S u f f i c i e n t  energy p o i n t s  mus t  be used i n  describ- 

4. The t o t a l  cross s e c t i o n  as w e l l  as any p a r t i a l  cross s e c t i o n  m u s t  be  

represented by 5000 inc iden t  energy po in t s  or less. The set of p o i n t s  or energy 

mesh used for the  t o t a l  c r o s s  sec t ion  m u s t  be a union of a l l  energy meshes used 
a 

f o r  the p a r t i a l  c r o s s  sec t ions .  Within the above c o n s t r a i n t s ,  every at tempt  

should be made to minimize the  number of p o i n t s  used. The t o t a l  cross s e c t i o n  

m u s t  be the  sum of MT = 2 (e las t ic)  and MT = 3 ( n o n e l a s t i c ) .  I f  MT = 3 is not 

given,  then the  e las t ic  c r o s s  sec t ion  p l u s  a l l  none la s t i c  components mus t  sum to  

the  t o t a l  cross sec t ion .  

3.2.4.2. E l a s t i c  Sca t t e r ing  Cross Sec t ion  - -------------- 

1. I f  resolved or unresolved resonance parameters are given i n  F i l e  2, 

the  con t r ibu t ion  to  the  e l a s t i c  s c a t t e r i n g  cross s e c t i o n  i n  t h e  resonance reg ion  

is the sum calculated from F i l e  2 and MT = 2 i n  F i l e  3 (see Sect ion 3.3). 

2. The e las t ic  s c a t t e r i n g  c r o s s  sec t ion  is gene ra l ly  not known to  the  

same accuracy as t h e  t o t a l  cross sec t ion .  Frequent ly  the  elastic s c a t t e r i n g  

c r o s s  sec t ion  is obta ined  by sub t r ac t ing  the  non-e las t ic  cross s e c t i o n  from t h e  

t o t a l  cross sec t ion .  This procedure can cause problems. The r e su l t  is an 

e l a s t i c  s c a t t e r i n g  cross s e c t i o n  t h a t  con ta ins  unrea l  structure.  There may be 

s e v e r a l  causes. F i r s t ,  the  none la s t i c  cross sec t ion ,  or any p a r t  thereof ,  I is 

not gene ra l ly  measured with the  same energy r e s o l u t i o n  t h a t  t he  t o t a l  cross ------------ ---- --~------------- 
(ID 
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s e c t i o n  has  been measured. When the  somewhat poorer r e s o l u t i o n  n o n e l a s t i c  cross a 
I 

s e c t i o n  is subtracted from t h e  t o t a l  cross sec t ion ,  much of t h e  s t r u c t u r e  ( a t  

times very  u n r e a l i s t i c )  is  placed i n  t h e  elastic s c a t t e r i n g  c r o s s  sec t ion .  

Second, i f  t h e  observed structure i n  t h e  n o n e l a s t i c  cross s e c t i o n  is improperly 

c o r r e l a t e d  wi th  the  s t r u c t u r e  i n  the  total  cross s e c t i o n ,  an u n r e a l i s t i c  struc- 

ture  is generated i n  t h e  e las t ic  s c a t t e r i n g  cross sec t ion .  

3. Frequent ly  the  exper imenta l ly  measured elastic s c a t t e r i n g  cross 

s e c t i o n  is obta ined  by i n t e g r a t i n g  angular d i s t r i b u t i o n  data. These data may 

con ta in  c o n t r i b u t i o n s  from neutrons producing n o n e l a s t i c  r eac t ions .  This  contam- 

i n a t i o n  is gene ra l ly  due to  c o n t r i b u t i o n s  from i n e l a s t i c  s c a t t e r i n g  t o  low l y i n g  

l e v e l s  t h a t  are not  reso lved  i n  the  experiment. Care must be taken i n  using 

such r e s u l t s  to  o b t a i n  i n t e g r a t e d  cross sec t ions .  Such angular d i s t r i b u t i o n  

a da ta  can also cause similar problems when they are used to  prepare F i l e  4 data. 

i 3 . 2 . 4 . 3 .  Nonelas t ic  Cross  Sec t ion  (MT = 3) 
I-------------------- 

The n o n e l a s t i c  cross s e c t i o n  is not  requi red  unless  any par t  of t he  photon 

product ion  cross s e c t i o n  data given i n  F i l e  12 u s e s  MT = 3 to  r ep resen t  t h e s e  

data. I n  t h i s  case MT = 3 is requi red  i n  F i l e  3.  I f  MT = 3 is  given,  then the  I 

se t  of p o i n t s  used to  s p e c i f y  t h i s  cross s e c t i o n  should be a union of t h e  sets 

used f o r  all. i t s  par t ia ls .  

3.2.4.4. I n e l a s t i c  S c a t t e r i n g  Cross Sec t ions  
___I_______ 

1. A t o t a l  i n e l a s t i c  s c a t t e r i n g  cross s e c t i o n  must be given i f  any of t he  

p a r t i a l s  are given,  i .e. ,  discrete l e v e l  e x c i t a t i o n  cross s e c t i o n ,  MT = 51, 52, 

53, ....., 90, or continuum i n e l a s t i c  s c a t t e r i n g ,  MT = 91. 

2. The set of i n c i d e n t  energy p o i n t s  used f o r  t h e  t o t a l  i n e l a s t i c  cross 

s e c t i o n  (MT = 4)  m u s t  be a union of a11 the  sets used f o r  t h e  par t ia l s .  
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3. Values should be ass igned  to t h e  l e v e l  e x c i t a t i o n  cross s e c t i o n s  f o r  

the  f i r s t  f e w  l e v e l s  for t h e  e n t i r e  energy range (up to 20 MeV). Frequent ly  t he  

i n e l a s t i c  l e v e l  cross s e c t i o n  for t h e  f irst  f e w  l e v e l s  can be obta ined  from ex- 

per imenta l  measurements. A t  o the r  times, deformed nucleus model c a l c u l a t i o n s  

must be made. Direct i n t e r a c t i o n  c o n t r i b u t i o n s  are important  i n  neutron ine l -  

astic s c a t t e r i n g  p a r t i c u l a r l y  for deformed nuc le i  w i t h  0 ground states. The 

secondary energy d i s t r i b u t i o n  f o r  t hese  neut rons  resembles elastic s c a t t e r i n g  

more than an evapora t ion  spectrum. 

+ 

4. The recommended procedure f o r  spec i fy ing  i n e l a s t i c  s c a t t e r i n g  cross 

s e c t i o n s  is to g ive  l e v e l  e x c i t a t i o n  cross s e c t i o n s  f o r  as many l e v e l s  as 

p o s s i b l e  and up to an i n c i d e n t  energy for which l e v e l  ene rg ie s ,  sp ins ,  and 

parities are known. Above t h i s  po in t  and up to 20 MeV, estimates should be made 

for those l e v e l s  t h a t  have s i g n i f i c a n t  d i r e c t  i n t e r a c t i o n  con t r ibu t ions .  Any 

remaining i n e l a s t i c  s c a t t e r i n g  should be t r e a t e d  as continuum. 

5. Level e x c i t a t i o n  cross s e c t i o n s  must s ta r t  with ze ro  cross s e c t i o n  a t  

the  th re sho ld  energy. If t h e  cross s e c t i o n  for a p a r t i c u l a r  l e v e l  does no t  ex- 

tend  to 20 MeV, it must be double-valued a t  t h e  h ighes t  energy p o i n t ,  f o r  which 

the  cross s e c t i o n  is non-zero. The second cross s e c t i o n  va lue  a t  t h a t  p o i n t  

should be ze ro  and it should be followed by another  ze ro  va lue  a t  20 MeV. Th i s  

w i l l  p o s i t i v e l y  show t h a t  the  cross s e c t i o n  has been t runca ted .  

6. An LR f l a g  s p e c i f i e s  i n e l a s t i c  s c a t t e r i n g  to l e v e l s  t h a t  de-exci te  by 

particle emission or pair product ion r a t h e r  than by y emission. 

to completely d e f i n e  a r e a c t i o n  l i k e  (n ,n lx ) .  The LR f l ag  is to be used i n  t h e  

r e a c t i o n s  MT = 51,52,53,. . . , 90, and 91 to d e f i n e  x i n  (n ,n lx ) .  I f  x is . 

unspec i f ied  then  LR = 0. 

Appendix B) t h a t  d e f i n e s  the  r eac t ion ;  e.g., i f  t h e  r e a c t i o n  is (n ,n*p) ,  then LR 

= 28. When LR > 0, then  S is t h e  breakup energy for t h e  combined r e a c t i o n  prod- 

U s e  t h e  LR f l a g  

I f  x is a par t ic le  then LR becomes the MT number (see 
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u c t s  s p e c i f i e d  by the  LR value.  

t he  file. When LR = 39 and LR = 40, S 0.0 must be used. 

Even when S Q, both values  must be en tered  i n  

When t h e  LR f l a g s  are used, t he  fol lowing r e a c t i o n s  take on s l i g h t l y  

d i f f e r e n t  meanings. MT = 4 means t h e  r e a c t i o n  is (n,nl  eve ry th ing ) .  MT = 51- 

91 means the  r e a c t i o n  is (n,n'  something),  where "something" is def ined  by t h e  

LR f l a g .  When MT = 91 is a composite of s e v e r a l  de-exc i ta t ion  modes, then  LR = 

4. 

This  system has been e s t a b l i s h e d  to fac i l i t a te  accura t e  d e s c r i p t i o n s  o f  

t h e  energy and angular  d i s t r i b u t i o n  of t hese  neutrons 

are given i n  F i l e  4 ) .  

If a p a r t i c u l a r  l e v e l ,  which has been l e f t  i n  an 

the  angular  d i s t r i b u t i o n s  

exc i t ed  state, decays by 

emission of particles of more than one type, then  s e v e r a l  s e c t i o n s  must be g iven  

i n  F i l e  3. Consider t h e  case i n  which an e x c i t e d  state decays by emission of a 

pro ton  and an a particle. That part of t h e  r e a c t i o n  t h a t  r ep resen t s  (n ,n l a )  

would use LR = 22, and the  o the r  p a r t  m u l d  be given i n  the  next  s e c t i o n  (next  

higher  MT number) and would use LR = 28 (n ,n 'p ) .  The angular d i s t r i b u t i o n  f o r  

t h e  neutron would have to be given i n  t w o  d i f f e r e n t  MT numbers i n  F i l e  4,  even 

though they  r ep resen t  t h e  same neutron. Competition f o r  t he  de-exc i ta t ion  of a 

l e v e l  should be considered only  i f  it is a t  least  1 0 %  of t h e  total  de-exc i ta t ion  

cross s e c t i o n  f o r  t h a t  level .  The s e c t i o n  must be ordered by inc reas ing  Q- 

values.  See Appendix B, page B.3 f o r  specific LR Flag  procedures.  

3.2.4.5. (n,2n),  (n ,3n) ,  (n,4n) Cross Sec t ions  

1. 

2. If t h e  in, 2n) .  cross s e c t i o n  r e a c t i o n  produces an isomeric state, then  

If any of t h e  these  r e a c t i o n s  takes p lace ,  it must be given i n  F i l e  3. 

i n  a d d i t i o n  to the  total  (n,2n) cross s e c t i o n  (given i n  MT = 16), t h e  isomeric 

state product ion cross s e c t i o n  can be g iven  i n  MT = 26. Processing codes con- 
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(ID cerned only  with the neutron cross sec t ions  can ignore the da t a  given i n  MT = 

26. 

3. It is p o s s i b l e  to r ep resen t  the (n,2n) cross sec t ion  e i t h e r  t o t a l l y  as  

direct  (n,2n) (MT = 16)  or as a combination of t h i s  and a t i m e  s equen t i a l  

r eac t ion .  

I n  the  t ime-sequential  (n,2n) r eac t ion  A(n,nl)A*(n2) (A-1) *, t h e  " f i r s t "  

neutron (n ) is e s s e n t i a l l y  an i n e l a s t i c  s c a t t e r i n g  event  t h a t  may leave  the  nu- 

c l e u s  A* i n  one of seve ra l  e x c i t e d  states.  The "second" neutron (n ) is 

subsequently emitted by the decay of the  r e c o i l i n g  nucleus A*. Conservation of 

l 

2 

energy and momentum ensure a c o r r e l a t i o n  between f i r s t  and second neutrons f o r  

t h i s  t ime-sequent ia l  (n,2n) r eac t ion  f o r  each l eve l .  The second neutron l a b  sys- 

t e m  angular and energy dis iq- ibut ions can be d r a s t i c a l l y  d i f f e r e n t  f o r  each l e v e l  

and m u s t  be described separa te ly .  In  add i t ion  to  the t ime-sequent ia l  (n,2n) 

r eac t ion  the re  may be a direct (n,2n) r eac t ion ,  which proceeas w i t h o u t  going 

through any in te rmedia te  s ta tes .  The to t a l  (n,2n) r eac t ion  m u s t  t he re fo re  be 

considered as a composite of t ime-sequent ia l  (n,2n) p l u s  a d i rec t  (n,2ni.  

The (n,2n) l e v e l  events  are descr ibed by t r e a t i n g  the f i r s t  neutron as com- 

ing  from an i n e l a s t i c  l e v e l  (energy ortiered i n  MT = 51-90) and t h e  second neu- 

t rons  from l e v e l s  represented  by MT = 46-49, b u t  t he re  is no c o r r e l a t i o n  between 

energy s p e c t r a  of t he  f i r s t  and second neutrons.  Reaction types MT = 6-9, are 

used to r ep resen t  the  f i r s t  neutron from the f i r s t  few ind iv idua l  l e v e l s ,  and 

r eac t ion  types  MT = 46-49 would be used to  represent  t h e  second neutron from 

ind iv idua l  l e v e l s .  Reaction type MT = 16 is to be used for the  r ep resen ta t ion  

of both neutrons when t ime-sequent ia l  (n,2n) r e a c t i o n s  do no t  apply or when de- 

t a i led  data are not  ava i l ab le .  The t o t a l  (n,2n) cross sec t ion  is the  sum of 

9 *This format is not  restricted to Be. 
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reaction types MT = 6-9 and 16  and does no t  i n c l u d e  reaction types MT = 46--49. a 
This  procedure removes t h e  n e c e s s i t y  for r e p r e s e n t i n g  t h e  f i r s t  neut ron  from an 

(n,2n) r e a c t i o n  by an i n e l a s t i c  l e v e l  (MT = 51-90). 

3.3.4.6. F i s s i o n  Cross S e c t i o n s  --------- 

1. The t o t a l  f i s s i o n  cross section must be given i n  MT = 1 8  for 

f i s s i o n a b l e  materials. Every attempt must be  made to break t h i s  cross s e c t i o n  

i n t o  i ts  v a r i o u s  parts: f i r s t  chance f i s s i o n  ( n , f ) ,  MT = 19;  second chance fis- 

s i o n  ( n , n ' f ) ,  MT = 20; t h i r d  chance f i s s i o n  ( n , 2 n f ) ,  MT = 21,  and f o u r t h  chance 

f i s s i o n  ( n , 3 n f ) ,  MT = 38. 

2. The data i n  MT = 1 8  is to  be  t h e  sum of d a t a  i n  MT = 19,  20, 21 and 

38. The set of energy p o i n t s  used for MT = 1 8  should be t h e  union of a l l  sets 

f o r  t h e  par t ia ls .  

3. If r e s o l v e d  or unresolved resonance parameters  are given i n  F i l e  2, 

t h e  c o n t r i b u t i o n s  to  t h e  t o t a l  f i s s i o n  cross s e c t i o n  i n  t h e  resonance r e g i o n  are 

the sum c a l c u l a t e d  from F i l e  2 and MT = 1 8  from F i l e  3 (see S e c t i o n  3.3). If 

data are g i v e n  i n  F i l e  3 f o r  MT = 19-21 or 38, t h e y  must  sum to  d a t a  i n  F i l e  3 

f o r  MT = 18. S ince  o n l y  t h e  t o t a l  f i s s i o n  cross s e c t i o n  can be c a l c u l a t e d  from 

t h e  resonance parameters  to  be added to  F i l e  3 v a l u e s  for MT = 18,  ___I____-- t h e  resonance 

reg ion  should not  extend above - t h e  t h r e s h o l d  for second chance f i s s i o n  -- d a t a  (MT -- 
= 20) g iven  i n  F i l e  3 , t o  p r e v e n t  i n c o n s i s t e n c y  between t h e  t o t a l  f i s s i o n  cross _____-_ ------ 
s e c t i o n  and its p a r t i a l s .  I f  MT = 20 d a t a  are p r e s e n t ,  MT = 1 9  must e x i s t  and 

cover t h e  f u l l  range of MT = 1 8  d a t a .  

4. The energy release per f i s s i o n  (Q minus n e u t r i n o  energy)  is  e n t e r e d  as 

t h e  Q value  for MT's = 1 8 ,  1 9 ,  20, 21, and 38. 
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(ID 3.3.4.7. Absorption Cross S e c t i o n s  (MT = 27) 

The a b s o r p t i o n  c.ross s e c t i o n  is n o t  requi red .  It is d e f i n e d  as t h e  sum of 

MT = 18 ( total  f i s s i o n )  p l u s  MT = 1 0 1  ( to t a l  neut ron  d isappearance) .  

3.3.4.8. (n ,n 'x )  React ion Cross S e c t i o n s  

The cross s e c t i o n s  for those  r e a c t i o n s  i n  which t h e  secondary neut ron  

l e a v e s  t h e  t a r g e t  nuc leus  i n  an e x c i t e d  s ta te  should  be  given i n  F i l e  3 as 

s e c t i o n s  us ing  t h e  MT's i n  t h e  series MT = 51, 52,..., 90, 91. I n  cases i n  

which t h e r e  are s e v e r a l  r e a c t i o n s  l i k e  ( n , n ' x ) ,  it is b e t t e r  to e n t e r  t h e  

r e a c t i o n s  s e p a r a t e l y  i n  F i l e  3 under t h e i r  r e g u l a r  MT numbers. 

3.3.4.9. Neutron Disappearance Cross S e c t i o n  (MT - 101) 

The neutron d isappearance  cross s e c t i o n  is t h e  sum of a l l  cross s e c t i o n s  

i n  which a neut ron  is n o t  i n  t h e  e x i t  channel.  It  is t h e  sum of MT = 102 - 109 

and 111 - 114. 

3.3.4.10. Targe t  D e s t r u c t i o n  Cross S e c t i o n  (MT = 120) - 

The t a r g e t  d e s t r u c t i o n  cross s e c t i o n  w i l l  depend on t h e  v a r i o u s  r e a c t i o n  

mechanisms p r e s e n t .  I n  g e n e r a l ,  it is t h e  n o n e l a s t i c  cross s e c t i o n  minus t h e  

t o t a l  (n ,n 'y )  cross s e c t i o n s .  

3.3.4.11. (n,x) React ion Cross S e c t i o n s  (MT = 102, . . . , 114) -- 
1. If  r e s o l v e d  or unresolved resonance parameters are g iven  i n  F i l e  2, 

t h e  c o n t r i b u t i o n  to  t h e  r a d i a t i v e  capture cross s e c t i o n  i n  t h e  resonance reg ion  

is t h e  sum c a l c u l a t e d  from F i l e  2 and MT = 102 i n  F i l e  3 (see S e c t i o n  3 .3 . ) .  

2. If both (n,p) and (n,2p) are given,  they  are n o t  redundant.  Both 

should be  g iven ,  i f  p r e s e n t .  
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3.  Par t ia l  cross s e c t i o n s  such as nrpo;  n,pl; ..., etc., should be given 0 
us ing  t h e  MT = 700 series f o r  materials i n  which par t ic le  hea t ing  is important .  

The (n,p) cross s e c t i o n  MT = 103 is equal  to the  sum of MT = 700 through MT = 

718. 

3.3.4.12. Reaction Cross Sec t ions  to  Discrete and Continuum Levels  

(MT = 700 series) ----- 
For s t u d i e s  of r a d i a t i o n  damage and/or long-lived a c t i v a t i o n  i n  f i s s i o n  

and fus ion  reactors, a d d i t i o n a l  information about  e x i t  par t ic les  is n a t u r a l .  

Ex i t  p ro tons  w i l l  be used for i l l u s t r a t i o n ,  a l though t h e  same arguments hold for 

deuterons,  t r i t o n s ,  and H e  and H e  par t ic les .  The MT = 700 series allows t h e  3 4 

cross s e c t i o n s  and t h e  energy and angular  d i s t r i b u t i o n s  f o r  pro tons  l eav ing  t h e  

f i n a l  nucleus i n  t h e  ground through t h e  1 7 t h  e x c i t e d  s ta te  p l u s  a continuum 

l e v e l  to  be described by using MT = 700 to  MT = 718. 

Data i n  s e c t i o n s  MT = 700 to MT = 718 f o r  (n,p,) through (n ,p  ) m u s t  add 

up to MT = 103.  I n  some cases cross s e c t i o n  information about t h e  e x i t  proton 

is needed t h a t  has  already been included i n  the  IENDF/B f i l e s .  For example, t h e  

(n,n 'p)  cross s e c t i o n  is usua l ly  found under MT = 5i-91. It  may be,  however, 

t h a t  t h i s  pro ton  energy d i s t r i b u t i o n  is more important  f o r  r a d i a t i o n  damage stud- 

ies  than the  energy of t h e  neutron.  I n  t h i s  case, a so-called redundant cross 

s e c t i o n  t h a t  is a l r e a d y  par t  of 0 may be included i n  Sec t ion  MT = 719. I f  

used ,  t h i s  s e c t i o n  g i v e s  the  product ion cross s e c t i o n  of the  ex i t  pro tons  

excluding p ro tons  from t h e  discrete (n,p) r e a c t i o n s  (MT = 700 to 717).  

C 

tot 

S imi la r  procedures  are used i n  Sec t ions  MT = 720 through MT = 799 to 

describe t h e  e x i t  deuteron (720+), t r i t o n  (740+), and He (760+) and He 1(780+) 

particles . 
3 4 
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'ID 3 . 4 .  Rela t ionship  Between F i l e  3 and Other Files 

If F i l e  2 (Resonance Data) conta ins  resolved and/or unresolved resonance 

parameters, then i n  order to  o b t a i n  the  t o t a l  cross sec t ion  (MT=l) the  r a d i a t i v e  

capture  cross s e c t i o n  (MT=102) , f i s s i o n  cross s e c t i o n  (MT=18) , and elastic 

s c a t t e r i n g  cross sec t ion  (MT=2) , the  cross sec t ions  calculated from these  pa- 

0 rameters m u s t  be added to  t h e  appropr i a t e  data given i n  F i l e  3 .  Any contr ibu-  

t i o n  f i o m  F i l e  2 to  r a d i a t i v e  capture  or f i s s i o n  mus t  a l s o  be included i n  the  

F i l e  3 none la s t i c  cross s e c t i o n  (MT=3). The con t r ibu t ions  from Fi les  2 and 3 

. m u s t  be summed to  o b t a i n  the  correct cross s e c t i o n s  f o r  neutron energ ies  wi th in  

the  energy ranges s p e c i f i e d  for the  resolved and/or unresolved resonance parame- 

ters. For t h i s  case, the  cross sec t ions  given i n  F i l e  3 may con ta in ,  f o r  

example, co r rec t ions  (background cross. sec t ions )  to  take i n t o  account m u l t i l e v e l  

i n t e r f e rence  e f f e c t s  t h a t  were apparent  i n  the experimental  data where it was 

not  p o s s i b l e  to cons t ruc t  a set of resonance parameters t h a t  adequately f i t t e d  

the  measured data. Cross s e c t i o n s  i n  F i l e  3 to  be added t o  F i l e  2 are s p e c i f i e d  

a t  0' Kelvin and are intended to be combined with F i l e  2 data calculated a t  Oo 

Kelvin 

Some materials w i l l  no t  have resonance parameters. However, they w i l l  

have a s c a t t e r i n g  length ,  given i n  F i l e  2, t h a t  can be used to  c a l c u l a t e  the po- 

t e n t i a l  e las t ic  s c a t t e r i n g  cross sec t ion ,  which is then used to  calculate reso- 

nance self - sh ie ld ing  e f f e c t s  i n  o ther  ma te r i a l s .  For these  materials the  

elastic s c a t t e r i n g  cross sec t ion  i n  F i l e  3 must -- no t  be added to  t h i s  p o t e n t i a l  

s c a t t e r i n g  cross s e c t i o n ,  s ince  the  F i l e  3 data f o r  these  materials comprise the  

e n t i r e  s c a t t e r i n g  cross sec t ion .  

Double-valued p o i n t s  ( d i s c o n t i n u i t i e s  i n  the  cross s e c t i o n s )  are ailowed 

anywhere i n  F i l e  3. They mus t  always be given a t  t he  upper and lower energy 

l i m i t s  of the resolved and unresolved resonance regions.  
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To ob ta in  absolu te  values  f o r  d i f f e r e n t i a l  ( i n  angle)  s c a t t e r i n g  cross 

sec t ions ,  t he  data i n  F i l e  4 have to  be combined with t h e  c ross - ;Sec t ions  f o r  t h e  

corresponding MT number given i n  F i l e  3. The F i l e  4 da ta  (see Sec t ion  4) may be 

given as e i t h e r  tabulated normalized p r o b a b i l i t y  d i s t r i b u t i o n s ,  p (p ,E) ,  o r  

Legendre polynomial expansion c o e f f i c i e n t s ,  f g ( E ) .  

Note t h a t  t he  der ived  q u a n t i t i e s  FLab, 5, and y are e n t i r e l y  from F i l e  4 

angular d i s t r i b u t i o n  data €or e last ic  s c a t t e r i n g .  These data are included i n  

F i l e  3 f o r  convenience and must be c o n s i s t e n t  w i t h  F i l e  4 data. 

Secondary energy d i s t r i b u t i o n s  are expressed as normalized p r o b a b i l i t y  dis-: 

t r i b u t i o n s  and are given i n  F i l e  5. The d i f f e r e n t i a l  ( i n  secondary energy) 

cross sections f o r  a r e a c t i o n  of a p a r t i c u l a r  type are obtained by mul t ip ly ing  

the  normalized p r o b a b i l i t y  d i k t r i b u t i o n  by t h e  corresponding (same MT number) 

cross s e c t i o n ,  o(E), given i n  F i l e  3 .  An except ion is  the  data for i n e l a s t i c  

s c a t t e r i n g  to  var ious  l e v e l s  and t h e  continuum; only the  secondary energy d i s -  

t r i b u t i o n  for the continuum is to be found i n  F i l e  5. The e x c i t a t i o n  cross 

sections f o r  discrete levels are given i n  F i l e  3 ,  and t h e  angular  d i s t r i b u t i o n s  

for these  secondary neutrons are given i n  F i l e  4; t he re fo re ,  t he  secondary neu- 

t ron  energ ies  are uniquely def ined.  

Abso lu te  values  f o r  the  double d i f f e r e n t i a l  ( i n  secondary energy and 

angle)  s c a t t e r i n g  cross sec t ions  may be obta ined  by combining t h e  data i n  F i l e  

6 and the cross s e c t i o n s  i n  F i l e  3.  

3 . 5 .  General Suggest ions f o r  Preparing Data f o r  F i l e  3 - ~ - -  --_ - L 

The l i m i t  on the number of energy p o i n t s  (NP) to  be used to  r ep resen t  a 

p a r t i c u l a r  cross s e c t i o n  is 5000. 

are necessary to r ep resen t  t he  cross s e c t i o n  accura te ly .  

The eva lua tor  should not  u s e  more p o i n t s  than  
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Cross sec t ion  data f o r  nonthreshold r eac t ion  types should cover the  energy 

-5 range from 1 0  e V  to 20 MeV f o r  a l l  materials. For o ther  reactions the  cross 

sec t ion  data should s ta r t  a t  the r eac t ion  threshold  energy (with a value of 0.0)  

and cont inue up to 20 MeV. For nonthreshold r e a c t i o n s  a cross s e c t i o n  value 

m u s t  be given a t  0.0253 eV. 

The r eac t ion  Q-value is def ined  as t h e  k i n e t i c  energy (eV) r e l eased  by a 

r eac t ion  ( p o s i t i v e )  or requi red  f o r  a r eac t ion  (nega t ive) .  Except f o r  f i s s i o n ,  

for a r eac t ion  having a threshold ,  t he  threshold  energy E is given by th  

IQI 
AWR + 1 

Eth' AWR 

where AWR is the  atomic mass r a t i o  given on the  HEAD card of each sec t ion .  

For a material t h a t  is a mixture  of s e v e r a l  i so topes ,  t he  Q-value is no t  

uniquely def ined.  The threshold  energy gene ra l ly  should p e r t a i n  to the  pa r t i cu -  

i a r  i so tope  t h a t  con t r ibu te s  to  the  cross s e c t i o n  a t  t h e  lowest energy, bu t  see 

d iscuss ion  i n  Sect ion 3.2.2.2. 

The to ta l  c ros s  s e c t i o n  should,  as a minimum, be given a t  every energy 

p o i n t  a t  which a t  l eas t  one p a r t i a l  cross sec t ion  is given. This w i l l  allow the  

p a r t i a l  cross s e c t i o n s  to  be added together  and checked aga ins t  t h e  t o t a l  cross 

sec t ion  f o r  any poss ib l e  errors. In  c e r t a i n  cases more po in t s  may be necessary 

i n  the  to ta l  cross s e c t i o n  over a given energy range than are required to 

spec i fy  the  corresponding p a r t i a l  cross sec t ions .  For example, a cons tan t  

e l a s t i c  s c a t t e x i n g  c r o s s  sec t ion  and a l / v  (n,y) cross s e c t i o n  could be e x a c t l y  

s p e c i f i e d  over a given energy range by l i n e a r  i n t e r p o l a t i o n  on a log-log scale 

(INT = 5), but  t he  sum of the  two cross s e c t i o n s  woulu no t  be exac t ly  l i n e a r  on 

(ID a log-log scale. 
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The i n e l a s t i c  s c a t t e r i n g  cross s e c t i o n  (MT = 4 )  should be given and should 

be e x a c t l y  equa l  to  t h e  sum of t h e  cross s e c t i o n s  for i n e l a s t i c  s c a t t e r i n g  to  

the  va r ious  discrete l e v e l s  (MT = 51, 52, 53,. . . , 90) and the continuum (MT = 

91). 

The t o t a l  i n e l a s t i c  s c a t t e r i n g  cross s e c t i o n  and the  c o n t r i b u t i n g  pa r t i a l  

cross s e c t i o n s  should be s p e c i f i e d  on t h e  same energy mesh above t h e  r e s p e c t i v e  

thresholds .  Linear- l inear  i n t e r p o l a t i o n  (INT=2) or l i nea r - log  (INT=3) should be 

used f o r  t hese  cross sec t ions .  

I n  gene ra l ,  care must be used i n  spec i fy ing  cross s e c t i o n s  and t h e  

i n t e r p o l a t i o n  scheme to  be used to  determine t h e  cross s e c t i o n s  between i n p u t  

energy p o i n t s .  For example, i f  a cross s e c t i o n  has  a value of zero  a t  t he  

th re sho ld  energy and a non-zero va lue  a t  the  next  h igher  energy p o i n t ,  a problem 

w i l l  be created i f  a log- l inear  or a log-log i n t e r p o l a t i o n  scheme is  used. 
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(ID 4. FILE 4, ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS 

4.1. General Descr ip t ion  
--L- 

F i l e  4 con ta ins  r ep resen ta t ions  of angular d i s t r i b u t i o n s  of secondary 

neutrons.  Normally, these d i s t r i b u t i o n s  w i l l  be given for e l a s t i c a l l y  scattered 

neutrons and for t h e  neutrons r e s u l t i n g  from discrete l e v e l  e x c i t a t i o n  due to  

i n e l a s t i c  s c a t t e r i n g .  However, angular d i s t r i b u t i o n s  mus t  also be given for neu- 

t r o n s  r e s u l t i n g  from (n,n '  continuum) and (n,2n) r eac t ions .  I n  these cases the 

angular d i s t r i b u t i o n s  w i l l  be i n t e g r a t e d  over a l l  f i n a l  neutron energ ies .  

Angular d i s t r i b u t i o n s  for a s p e c i f i c  r e a c t i o n  type (MT number) are given 

f o r  a series of inc iden t  neutron energ ies ,  i n  order of inc reas ing  energy. The 

energy range covered should be the  same as t h a t  for t h e  same r e a c t i o n  type i n  

F i l e  3.  Angular d i s t r i b u t i o n s  for s e v e r a l  d i f f e r e n t  r eac t ion  types (MT's) may 

be given i n  F i l e  4 for each material, i n  ascending order of MT number. 

The angular d i s t r i b u t i o n s  are expressed as normalized p r o b a b i l i t y  

d i s t r i b u t i o n s ,  i.e., 

P 

where p(p,E)dp is the  p r o b a b i l i t y  t h a t  a neutron of inc iden t  energy E w i l l  be 

scattered i n t o  t h e  i n t e r v a l  dp about an angle  whose cos ine  is 1-1. The u n i t s  of 
-1 p(p,E) are ( u n i t  cos ine)  . Since the  angular  d i s t r i b u t i o n  of scattered neu- 

t r o n s  is gene ra l ly  assumed to have azimuthal symmetry, t he  d i s t r i b u t i o n  may be 

represented  as a Legendre polynomial series, 
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where Fr = cos ine  of the  scattered angle  i n  e i t h e r  the l abora to ry  or the  center -  

of -mass s y s  t e m ;  

E = energy of the inc iden t  neutron i n  the l abora to ry  system; 

OS(E)  = the  s c a t t e r i n g  cross sec t ion ,  e.g., e las t ic  s c a t t e r i n g  a t  energy E as 

given i n  F i l e  3 f o r  the  particular r eac t ion  type (MT); 

R 

dp = d i f f e r e n t i a l  s c a t t e r i n g  cross sec t ion  i n  u n i t s  of barns per 

= order of t h e  Legendre polynomial; 

@%E) 
s t e rad ian  ; 

= t he  Rth Legendre polynomial c o e f f i c i e n t  and it is understood t h a t  

a = 1.0.  
0 

The angular d i s t r i b u t i o n s  may be given i n  one of two rep resen ta t ions ,  and 

i n  e i t h e r  the CM or LAB systems. In  the  f i r s t  method the  d i s t r i b u t i o n s  are 

given by t abu la t ing  the  normalized p r o b a b i l i t y  d i s t r i b u t i o n ,  p (p ,E) ,  as a func- 

t i o n  of i nc iden t  neutron energy. Using the  second method, t he  Legendre 

polynomial expansion c o e f f i c i e n t s ,  aa ( E ) ,  are tabula ted  as a func t ion  of 

i nc iden t  neutron energy. 

Absolute d i f f e n t i a l  cross s e c t i o n s  are obta ined  by combining da ta  from 

F i l e s  3 and 4 .  I f  t abula ted  d i s t r i b u t i o n s  are given, t he  absolu te  d i f f e r e n t i a l  

cross s e c t i o n  ( i n  barns  per  s t e rad ian )  is obta ined  by 

where cr (E) is given i n  F i l e  3 (for the same MT number) and p(p,E)  is given i n  

F i l e  4. I f  t h e  angular d i s t r i b u t i o n s  are represented as Legendre polynomial 

c o e f f i c i e n t s ,  the  absolu te  d i f f e r e n t i a l  cross sec t ions  are obtained by 

S 



NL 

where 0 (E) is given i n  F i l e  3 (for the  same MT number) and the  c o e f f i c i e n t s  

a (E) are given i n  F i l e  4 .  

S 

R 
Also, a t ransformation mat r ix  may be given i n  F i l e  4 t h a t  can be used to 

transform a set  of Legendre expansion c o e f f i c i e n t s ,  which are given to desc r ibe  

e l a s t i c  s c a t t e r i n g  angular  d i s t r i b u t i o n s ,  from one frame of re ference  to  the  

o ther .  The Legendre expansion c o e f f i c i e n t s  a (E) i n  t h e  two systems are related 

through an energy-independent t ransformation mateix, U 

R 
, and i ts  inverse ,  Rm 

and 

NM 

m=O 
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-1 Expressions f o r  t he  mat r ix  elements of U and U may be found i n  papers  by 

Z w e i f e l  and Hurwitz ' l )  and Amster (2)  . 
r e a c t i o n s  are not  i n c i d e n t  energy independent and are no t  given i n  F i l e  4. 

Transformation matrices for nonel.astic 

The t ransformation matrices should be square,  w i t h  the  number of rows 

equal  to NM + 1 where NM is t h e  maximum order of the  Legendre polynomial series 

used to desc r ibe  any elastic angular d i s t r i b u t i o n  i n  t h i s  f i le .  

t ransformat ion  mat r ix  is  given as an a r r a y  of numbers, VKI where K = 1, . r . r . I  

NKI and NK = (NM + 1) 2 I  and where K = 1 + R + m (NM + 1) e 

i n d i c a t e s  how the  (R ,m) th  element of the mat r ix  may be found i n  a r r a y  V 

means t h a t  t he  elements of the mat r ix  U 

t he  a r r a y  V 

The 

The va lues  of K 

T h i s  IC 
-1 or UR are given column-wise i n  

rm r m  

K: 

. . . . . . . .  
0 r N M  

U u 
0,o 0 , l  U 

U . . . . . . . .  1,O U 1 r 1  ul,NM 

. . . . . . . .  

. . . . . . . .  

. . . . . . . .  
. . . . . . .  u m,o UNMI1. %M,NM 

4.2,  Formats --- 
F i l e  4 is divided i n t o  s e c t i o n s ,  each conta in ing  data €or a p a r t i c u l a r  

r eac t ion  type (MT number) and ordered by i n c r e a s i n  MT number. Each s e c t i o n  

always s tar ts  wi th  a HEAD record and ends w i t h  a SEND record. If t h e  s e c t i o n  

con ta ins  a d e s c r i p t i o n  of the  angular d i s t r i b u t i o n s  for elastic s c a t t e r i n g ,  t he  

t ransformation mat r ix  is given f i r s t  ( i f  p re sen t )  and t h i s  is followed by the  

r ep resen ta t ion  of the  angular d i s t r i b u t i o n s .  

1. - a  I---_- - 
P.E-Zweife1 and H. Hurwitz, Jr.,  J. Appl. Phys. - 25, 1 2 4 1  (1954). 

2. H. Amsterr J. A p p l .  Phys. - 29, 623 (1958). 
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The following quantities are defined. 

- LTT is a flag to specify the representation used and it may have the fol- 

lowing values: 

L'IT = 0, all angular distributions are isotropic, 

LTT = 1, the data are given as Legendre expansion coefficients, aR(E): 

LZT = 2, the data are given as normalized probability distributions, 

P(F.lrE) * 

- LI is a flag to specify whether all the angular distribu-ions are 

isotropic : 

LI = 0, not all isotropic, 

LI = 1, all isotropic. 

- LCT is a flag to specify the frame of reference used: 

LCT = 1, the data are given in the LAB system; 

LCT = 2, the data are given in the CM system. 

- LVT is a flag to specify whether a transformation matrix is given for 

elastic scattering: 

LW = 0, a transformation matrix is not given (always use this value 

for all non-elastic scattering reactions); 

LvT = 1, a transformation matrix is given. 

is the number of incident energy points at which angular distributions - NE 

are given (NE - c 500). 

is the highest order Legendre polynomial that is given at each energy 

(NL - e 20) 

is the number of elements in' the transformation matrix (NK 5 441). 

NK = (NM + 1) . 
is the maximum order Legendre polynomial that will be required 

- NE 

- NK 
2 

- NM 

(NM - e 20) to describe the angular distributions of elastic scattering 
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in either the center-of-mass or the laboratory system. NM should be 

an even number. 

are the matrix elements of the transformation matrices: 

v~ = 'g,m 
VK = U 

is the number of angular points (cosines) used to give the tabulated 

probability distributions for each energy (NP 5 101). 

- vK 
-1 if LCT = 1 (data given in LAB system); and 

if LCT = 2 (data given in CM system). 
fi rm 

- NP 

Other commonly used variables are given in the Glossary (Appendix A). 

The structure of a section depends on the values of LTT (representation 

used, afi (E) or p(u,E)), and LVT (transformation matrix given?), but it always 

starts with a HEAD record of the form 

(ZA, AWR, LVT, LTT, 0, O ) H ~ D .  

4.2.1. Legendre Polynomial Coefficients and Transformation Matrix Given: 

LTT = 1, LVT = 1, and LI = 0 

When LTT = 1 (angular distributions given in terms of Legendre polynomial 

coefficients) and LVT = 1, the structure of a section is 

(MAT, 4, MT/ZA, ~ W R ,  LVT, LTT, O,O)HEAD LTT = 1, LVT = 1 

(MAT, 4, MT/O. 0, AWR, LI, LCT, NK, NM/V~)LIST LI = 0 

(MAT, 4, MT/O.O, 0.0, 0, 0, NR, NE/Eint)TAB2 

(MAT, 4, MT/T , El , LT, 0 , NL, O/ak (E1) )LIST 
(MAT, 4, MT/T , E2 , LT, 0 , NL, O/afi(E2)]LIST 

(MAT, 4 ,  MT/T , Em, LT, 0 , NL, O/ak (Em) LIST 
(MAT, 4,  0 /O.O, 0.0, 0 , 0 , 0 , 0)SEND 



4.2.2. Legendre Polynomial Coefficients Given and the Transformation Matrix 

Not Given: LTT = 1, LVT = 0, and LI = 0 

If L1T = 1 and LVT = 0, the structure of a section is the same as above, 

except that the second record (a LIST record) is replaced by 

LI = 0 (MAT, 4, MT/ 0.0, AWR, LI, LCT, 0, 0) CONT. 

This form is always used for angular distributions of nonelastically scattered 

neutrons when Legendre polynomial expansion coefficients are used. 

4.2.3. Tabulated Probability Distributions and Transformation Matrix Given: 

LTT = 2, LVT = 1, and LI = 0 

If the angular distributions are given as tabulated probability distri- 

butions, L1T = 2, and a transformation matrix is given for elastic scattering, 

the structure of a section is 

(MAT, 4, MT/ZA, AWR, LVT, LTT, 0, O)HEAD LVT = 1, LTT = 2 

(MAT, 4, MT/O.O, AWR, LI, LCT, NK, NM/V~)LIST LI = 0 

(MAT, 4, MT/O.O, 0.0, 0 , 0 , NR, NE/Eint)TAB2 

(MAT, 4, MT/T , I LT, 0, NR, NP/P~~~/P(FL,E~))TAB~ 

(MAT, 4 ,  MT/T I E2 I LT, 0, NR, NP/Pint/P(lJ,E2))TAB1 

.................................................... 

4.7 

0 ‘ID Note that T and LT refer to temperature (in K) and a test for temperature de- 

pendence, respectively. These values are normally zero; however, see Appendix 

F for an explanation of cases in which temperature dependence is specified. 

-I 

(MAT, 4, 0 /O.O,  0.0, 0 , 0 , 0, 0)SEND 
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T and LT are normally zero.  See Appendix F for d e t a i l s  on tempera ture  

dependence. 

4.2.4. Tabula ted  P r o b a b i l i t y  D i s t r i b u t i o n s  Given and Transformation Matr ix  

N o t  Given: LTT = 2, LVT = 0,  and L I  = 0 

The s t r u c t u r e  of a s e c t i o n  is t h e  same a s - a b o v e ,  e x c e p t  t h a t  t h e  second 

r e c o r d  (a LIST r e c o r d )  is replaced by 

(MAT, 4,'MT/ 0.0, AWR, L I ,  LCT, 0, 0)CONT. LI  = 0 

T h i s  form is always used for angular  d i s t r i b u t i o n  of n o n e l a s t i c a l l y  scattered 

n e u t r o n s  when t a b u l a t e d  a n g u l a r  d i s t r i b u t i o n s  are g iven .  

I 

4.2.5. A l l  Angular D i s t r i b u t i o n s  Isotropic: 

a LTTeO, LVT=O, LI=1 

When - a l l  angular  d i s t r i b u t i o n s  for a g i v e n  MT are assumed to be isotropic 

t h e n  t h e  s e c t i o n  s t r u c t u r e  is: 

(MAT, 4, MT/ZA, AWR, LVT, LTT, O,O)HEAD 

(MAT, 4, MT/O. 0, AWR, LI, LCT, O,O)CONT 

LvT=O, LTT=O 

L I = 1  

(EIAT, 4, 0 /O .O,  0.0, 0, 0, 0, 0)SEND 

4.3. Procedures  - 

The angular  d i s t r i b u t i o n s  for elastic s c a t t e r i n g  should be g i v e n  as 

Legendre polynomial c o e f f i c i e n t s ,  a (E) .Is (LTT = l), and t h e y  should  be g,ven i n  

t h e  CM system (LCT = 2 ) .  

n e u t r o n s  from n o n e l a s t i c  r e a c t i o n s  (such as continuum i n e l a s t i c ,  f i s s i o n ,  etc.) 

be g iven  as t a b u l a t e d  d i s t r i b u t i o n s ,  p(Fl,E) 's ,  and t h a t  t h e y  be i n  t h e  Lab sys- 

- t e m .  

R 
It is recommended t h a t  t h e  angular  d i s t r i b u t i o n s  of 

a A l l  a n g u l a r  d i s t r i b u t i o n  data should  be g i v e n  a t  t h e  minimum number of 



4.9 

(I) incident energy points that will accurately describe the energy variation of the 

distributions . 
When the angular distributions are represented as Legendre polynomial 

coefficients, certain procedures should be followed. Enough Legendre coeffi- 

cients should be used to accurately represent the recommended angular distri- 

bution at a particular energy point and ensure that the interpolated distribu- 

tion is everywhere positive. The number of coefficients (NL) may vary from 

energy point to energy point; in general, NL will increase with increasing 

incident energy. A linear-linear interpolation scheme (INT = 2) must be used to 

obtain coefficients at intermediate energies. This is required to ensure that 

the interpolated distribution is positive over the cosine interval from -1.0 to 

f 1.0; it is also required because some coefficients may be negative. In no 

case should NL exceed a value of 20. If more than 20 coefficients appear to be 

required to obtain a non-negative distribution, a constrained Legendre 

polynomial fit to the data should be given. 

to specify an isotropic angular distribution. 

@ 
NL = 1 is allowed at low energies 

When angular distributions are represented as tabulated data, certain pro- 

cedures should be followed. Sufficient angular points (cosine values) should be 

given to accurately represent the recommended distribution. 

angular points may vary from distribution to distribution. The cosine interval 

must be from -1.0 to +loo. The i n t e r  lation scheme for p(pBE$ vs. 1-1 should be 

log-linear (Em = 4 1 ,  and that for p(v,E) vs. E should be Einear-linear (INT = 

The number of 

2) * 

Representation of angular distributions of neutrons for the thermal energy 

Either free-atom or bound-atom scattering data may be range presents a problem. 

given in File 4 for a material, but not both. (ID 
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The formats given above do not allow an energy-dependent transformation ma- a 
trix to be given, so transformation matrices may not be given for nonelastic 

scattering reaction types. When a processing code wishes to transfer inelastic 

level angular distributions expressed as Legendre polynomial coefficients from 

the Lab to the CM system, or CM to LAB, a distribution should be generated and 

transformed point-wise to the desired frame of reference. The pointwise angular 

distributions can then be converted to Legendre polynomial coefficients in the 

new frame of reference. 

The formats given above do not allow both Legendre polynomial coefficients 

and tabulated data to represent angular distributions for a given reaction type 

(MT number). 

elastic scattering angular distributions at high energies, tabulated data must 

If tabulated data are required to describe highly structured 

also be used to describe elastic scattering angular distributions at low 

energies. 

4.4. Procedures for Specific Reactions 

4.4.1. Elastic Scattering (MT = 2) 

1. A transformation matrix should be given in File 4 for elastic 

scattering. If the angular distributions are given for the CM system, the ma- 

trix should be for CM to LAB conversion. The parameter NM should be even, and 

it must be equal to or greater than Rmax used in any of the angular distribu- 

tions (if Legendre coefficients are given). The parameter NK is equal to (NM + 

l)2. 

2. Legendre polynomial representations should be used for elastic scat- 

tering angular distributions and discrete channel scattering and must be given 

in the CM system. When this representation is given, the maximum order of the 

polynomial for each incident energy should be even and Rmax must be - < 20. 



4 .11  

3. Care m u s t  be exe rc i sed  i n  s e l e c t i n g  an  i n c i d e n t  energy mesh for cer- 

t a i n  light-to-medium mass materials. Here it is important  to relate any known 

s t r u c t u r e  i n  t h e  elastic s c a t t e r i n g  cross s e c t i o n  to t h e  energy dependent var i '  

a t i o n s  i n  t h e  angular  d i s t r i b u t i o n s .  These t w o  f e a t u r e s  of t h e  cross s e c t i o n s  

cannot  be analyzed independent o f  one another .  Remember, p rocess ing  codes op- 

erate on MT = 2 d a t a  g iven  i n  F i l e s  3 and 4. ( S t r u c t u r e  i n  t h e  total  cross 

s e c t i o n  i s  n o t  cons idered  when gene ra t ing  energy t r a n s f e r  a r r ays . )  It is be t -  

ter to main ta in  cons is tency  i n  any s t r u c t u r e  e f f e c t s  between F i l e  3 and F i l e  4 

data than  to in t roduce  s t r u c t u r e  i n  one f i l e  and ignore  it i n  t h e  o t h e r .  

4. Consis tency must be maintained between angular  d i s t r i b u t i o n  data g iven  

for e las t ic  and i n e l a s t i c  s c a t t e r i n g .  Th i s  applies n o t  o n l y  to  s t r u c t u r a l  ef- 

fects but  also to how t h e  d i s t r i b u t i o n s  were obta ined .  Frequent ly ,  t h e  evalu- 

ated elastic s c a t t e r i n g  angular  d i s t r i b u t i o n s  are based on exper imenta l  results 

t h a t  a t  times con ta in  c o n t r i b u t i o n s  from i n e l a s t i c  s c a t t e r i n g  to low-lying lev-  

els (which i n  t u r n  may c o n t a i n  direct i n t e r a c t i o n  e f f e c t s ) .  I f  i n e l a s t i c  c o n t r i -  

bu t ions  have been s u b t r a c t e d  from t h e  experimental  angular  d i s t r i b u t i o n s ,  t h i s  

process m u s t  be done i n  a c o n s i s t e n t  manner. The same c o n t r i b u t i o n s  must be 

s u b t r a c t e d  from both t h e  i n t e g r a t e d  elastic s c a t t e r i n g  and t h e  angular  d i s t r i b u -  

t i o n .  B e  s u r e  t h a t  t h e s e  c o n t r i b u t i o n s  are inc luded  i n  t h e  i n e l a s t i c  

s c a t t e r i n g  cross s e c t i o n  (both i n t e g r a t e d  d a t a  and angular  d i s t r i b u t i o n s ) .  Th i s  

is p a r t i c u l a r l y  important  when t h e  i n e l a s t i c  c o n t r i b u t i o n s  are due to d i r e c t  

i n t e r a c t i o n ,  s i n c e  t h e  angular  d i s t r i b u t i o n s  are n o t  isotropic or symmetric 

about  90° but  they are g e n e r a l l y  forward peaked. 

"' 

5 .  D o  n o t  use an excess ive  number of i n c i d e n t  energy p o i n t s  for t h e  

angular  d i s t r i b u t i o n s .  

v a r i a t i o n  i n  t h e  angular  d i s t r i b u t i o n s .  

The number used should be determined by t h e  amount of 

(ID 



-5 6. An inc ident  energy po in t  must  be given a t  10 eV. 

not required,  to include a po in t  a t  0.0253 eV. A po in t  must  

I t  i s  he lp fu l ,  but  

be given a t  the  

h ighes t  energy po in t  for which the  angular d i s t r i b u t i o n  is i so t rop ic .  

est inc ident  energy po in t  must be 20 MeV. 

The high- 

7. A r e l a t i o n s h i p  e x i s t s  between the  total  cross sec t ion  and the  d i f f e ren -  

t i a l  cross sec t ion  a t  forward 

> = (3.0560 x ds2 

angles  ( W i c k ' s  l i m i t  or optical  theorem). 

2 barns 2 AWR 

(1 f AWR) Eo) 2 s t e rad ian  

where Eo is i n  eV and (JT i n  barns. Care should be taken to observe t h i s  

inequal i ty ,  e s p e c i a l l y  a t  high energies .  

4.4.2. I n e l a s t i c  Sca t t e r ing  Cross Sec t ions  

1. 

2. 

D o  no t  g ive  angular d i s t r i b u t i o n  da ta  f o r  MT = 4. 

Always g ive  angular d i s t r i b u t i o n  da ta  fo r  any of t he  following i f  they 

are given i n  F i l e  3:. MT = 51, 52, 53, ..., 91. 

3. Discrete l e v e l  data m u s t  be given i n  the  CM system. A 1 1  continuum 

reac t ions ,  such as MT = 91, must be given i n  the  LAB system. 

4. Discrete channel ( t w o  body) angular d i s t r i b u t i o n s  (e.g., MT = 2, 51 - 
9 0 ,  701. ..) should be given as Legendre c o e f f i c i e n t s  i n  the  CM system. 

Continuum angular d i s t r i b u t i o n s  should be tabular  i n  the  LAIS system. 

5. Isotropic angular d i s t r i b u t i o n s  should be used unless  t h e  degree of an- 

i so t ropy  exceeds 5%. I f  any l e v e l  e x c i t a t i o n  cros sec t ions  conta in  s i g n i f i c a n t  

d i r e c t  i n t e r a c t i o n  cont r ibu t ions ,  angular i s t r i b u t i o n s  are very i a 
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6. U s e  t h e  p recau t ions  o u t l i n e d  above when dea l ing  wi th  l e v e l  e x c i t a t i o n  

cross s e c t i o n s  t h a t  con ta in  a large amount of  s t r u c t u r e .  

7. D o  n o t  overcomplicate  t h e  d a t a  f i l e s .  Restrict t h e  number of  d i s t r i b u -  

t i o n s  to t h e  minimum requ i r ed  to a c c u r a t e l y  r ep resen t  t h e  data. 

8 .  Angular d i s t r i b u t i o n s  for e x i t  p ro tons ,  etc.,  are g iven  i n  t h e  MT = 

700 series, and for photons i n  F i l e  14 .  

4.4.3. A l l  Other Neutron Producing React ions 

Angular d i s t r i b u t i o n  d a t a  must be g iven  f o r  a l l  neutron producing 

r e a c t i o n s .  Make s u r e ,  g iv ing  t h e s e  d a t a ,  t h a t  they  are realist ic.  Tabulated 

angular  d i s t r i b u t i o n s  are p r e f e r r e d .  
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(I) 5. FILE __ 5 ,  ENERGY DISTRIBUTION OF SECONDARY NEUTRONS 

5.1. General Descr ipt ion - 

F i l e  5 conta ins  da ta  for  the  energy d i s t r i b u t i o n s  of secondary neutrons,  

expressed as normalized p robab i l i t y  d i s t r i b u t i o n s .  Each sec t ion  of t he  f i l e  

g ives  the  data for a p a r t i c u l a r  reac t ion  type (MT number). The sec t ions  are 

then ordered by increas ing  MT number. 

Data w i l l  be given i n  F i l e  5 for a l l  reac t ion  types t h a t  produce second- 

a ry  neutrons,  unless  the  secondary neutron energy d i s t r i b u t i o n s  can be 

i m p l i c i t l y  determined from da ta  given i n  F i l e s  3 and/or 4. N o  da ta  w i l l  be 

given i n  F i le  5 for elastic s c a t t e r i n g  (MT = 2),  s ince  the  secondary energy d is -  . 

t r i b u t i o n s  can be obtained from the  angular d i s t r i b u t i o n s  i n  F i l e  4. N o  data 

w i l l  be given for neutrons t h a t  r e s u l t  from e x c i t a t i o n  of discrete i n e l a s t i c  lev- 

e l s  when da ta  for these reac t ions  are given i n  both F i l e  3 and F i l e  4 (MT = 51, 

52, . . . , 90) . Data should be given i n  F i l e  5 for MT = 91 ( i n e l a s t i c  s c a t t e r i n g  

to a continuum of l eve l s )  , MT = 18 ( f i s s i o n )  , MT = 1 6  (n,2n) , MT = 1 7  (n,3n) , MT 

= 455 (delayed neutrons from f i s s i o n ) ,  and c e r t a i n  other nonelas t ic  r eac t ions  

t h a t  produce secondary neutrons.  

(ID 

The energy d i s t r i b u t i o n s ,  p(E .+ E' )  , are normalized so t h a t  

P(E .+ E ' )  dE' = 1 , 
d 
0 

where E' is the  maximum possible secondary neutron energy and i ts  value 

depends on the  incoming neutron energy E and the  a n a l y t i c  representa t ion  of p ( E  

.+ E ' ) .  

svstem. 

max 

The secondary neutron energy E'  is always expressed i n  the  --- l abora tory  
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The differential cross section is obtained f rom 

where a(E) is the cross section --- as given in File 3 for the same reaction 

type number (MT) and m is the neutron multiplicity for this reaction (m is 

implicit; e.g., m = 2 for n,2n reactions). 

The energy distributions p(E+ E') can be broken down into partial energy 

distributions, fk(E + E')p where each of the partial distributions can be de- 

scribed by different analytic representations; 

and at a particular incident neutron energy E, 

where p (E) is the fractional probability that the distribution f (E + E') can 

be used at E. 

k k 

The partial energy distributions f (E += E') are represented by various k 
analytical formulations. Each formulation is called an energy distribution law 
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II) and has an i d e n t i f i c a t i o n  number associated w i t h  it (LF number). The allowed 

energy d i s t r i b u t i o n  laws are given below. 

Secondary Energy Dis t r ibu t ion  Laws 

LE' = 1, Arbi t ra ry  tabulated function: 

f ( E +  E ' )  = g(E + E ' ) .  

A set of inc ident  energy po in t s  is given, Ei and g ( E i +  E ' )  is 

tabulated as a funct ion of E' .  

General evaporation spectrum: 

f (E + E ' )  = g[E'/8 (E) j .  

@(E) is tabulated as a funct ion of inc ident  neutron energy, E; 

g(x)  is tabulated as a funct ion of x, x = E'/e (E) .  

LF = 5, 

LE' = 7, Simple f i s s i o n  spectrum (Maxwellian): I 

d 3  e-E'/8(E) f (E + E' )  = - 
I 

I is t h e  normalization constant ,  

3/2 1 = 0  

8 is tabulated as a funct ion of energy, E; 

U is a cons tan t  introduced to def ine  t h e  proper upper l i m i t  for 

the  f i n a l  neutron energy such t h a t  0 - < E' - < E - U. 

LF = 9, Evaporation spectrum: 

E' e-E'/e f ( E ' E ' )  = I  
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I is the  normalizat ion cons t an t ,  

8 is tabula ted  as a func t ion  of i nc iden t  neutron energy, E; 

U is a cons t an t  introduced to  de f ine  the  proper upper l i m i t  for 

t h e  f i n a l  neutron energy such t h a t  0 - < E' - < E - U. 

LE' = 11, Energy dependent W a t t  spectrum: 

-E'/a 
s i n h  (e) . e f ( E  -+ E ' )  = -- 

I 

- a exp ( - ( y) s i n h  (,&=)) 

a and b are energy dependent; 

U is a cons t an t  introduced to  d e f i n e  t h e  proper upper l i m i t  

for the f i n a l  neutron energy such t h a t  0 5 E' - < E - U. 

NOTE: D i s t r i b u t i o n  laws are no t  presented  for LF = 2 ,  3 ,  4, 6, 8, OK 
10.  These l a w s  are no longer used. 

The data are given i n  each s e c t i o n  by spec i fy ing  t h e  number of p a r t i a l  

energy d i s t r i b u t i o n s  t h a t  w i l l  be used. The same energy mesh should be used for 

each one. The par t ia l  energy d i s t r i b u t i o n s  may a l l  u s e  t h e  same energy d i s t r i b u -  

t i o n  l a w  (LE' number) or they may use d i f f e r e n t  laws. e 



'ID 5.2. Formats 

Each section of File 5 contains the data for a particular reaction type 

(MT number), starts with a HEAD record, and ends with a SEND record. Each 

subsection contains the data for one partial energy distribution. The structure 

of a subsection depends on the value of LF (the energy distribution law). 

The following quantities are defined 

- NK is the number of partial energy distributions. There will be 

one subsection for each partial distribution. 

- U is a constant that defines the upper energy limit for the 

secondary neutron so that 0 5 E' - < E - U (given in the Lab 

system). 

is a parameter used to describe the secondary energy distribu- 

tion. 

If LF = 5, 7, or 9, 0 is an effective nuclear temperature in 

eV . 
is a flag that specifies the energy distribution law that is 

used for a particular subsection (partial energy 

distribution). (The definitions for LF are given in Section 

5.1.). 

is the fractional part of the particular cross section that 

can be described by the kth partial energy distribution at the 

Nth incident energy point. 

NK 

f (E + E') is the kth partial energy distribution. The definition -k 

depends on the value of LF. 



NR 

NP 

- 

- 
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is t h e  number of  i n t e r p o l a t i o n  ranges. 

is t h e  number of i n c i d e n t  energy points a t  which p (E) is 

given. 

are parameters used i n  t h e  energy dependent Watt spectrum. 

(LF = 11.) 

k 

is t h e  number of i n c i d e n t  energy p o i n t s  a t  which a t a b u l a t e d  dis- 

t r i b u t i o n  is given. 

(NE < 200.) - 

- NF is t h e  number of secondary energy p o i n t s  i n  a t abu la t ion .  

(NF - < 1000.) 

The s t r u c t u r e  of a s e c t i o n  has  t h e  fo l lowing  form: 

(MAT, 5, MT/ZA, AWR, 0, 0, NK, 0)HEAD 

<subsec t ion  f o r  k = 1> 

<subsec t ion  f o r  k = 2> 

<subsec t ion  f o r  k = NK> 

(MAT, 5, 0 /o.o, 0.0, 0, 0, 0, 0)sm 

The s t r u c t u r e  of a subsec t ion  depends on t h e  va lue  of LF. Subsec t ions  

should be ordered  by inc reas ing  va lues  of LF. For cases i n  which more than one 

subsec t ion  con ta ins  data us ing  t h e  same LF, t h e s e  subsec t ions  should be ordered  

by inc reas ing  va lues  of 8. The formats  f o r  t h e  va r ious  va lues  o f  LE' are given 

below. 

LF = 1, A r b i t r a r y  t abu la t ed  func t ion  

(MAT, 5, MT/T , 0.0 , LT , LF=1 I NR I NP/Eint/p(E) )TAB1 

(MAT, 5,  MT/O.O , 0.0 I 0 ,  0 r NR I W E i n t  ) TAB2 

(MAT, 5, MT/T I El r LT I 0 I NR I "/Elnt/ 
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I 

E& 
Note that the incident energy mesh for p (E) does not have to be the k 

same as the E mesh used to specify the energy distributions. The interpolation 

scheme used between incident energy points, E, and between secondary energy points, 

E', should be linear-linear. T and LT refer to possible temperature (physical) 

dependence. 

LE' = 5, General evaporation spectrum 

(MAT, 5, MT/ U , 0.0 , 0 , LF=5, NR, NP/Eint/p(E))TA131 
(MAT, 5, MT/O.O , 0.0 , o , o , NR, NE/E~,,/B(E))TAB~ 
(mT, 5 ,  m/O.O , 0.0 , 0 I 0 , NR, NF/xint/g(x))TAB1 x = - E' 

8 (E) 
LF = 7, Simple fission spectrum (Maxwellian) 

(MAT, 5,  m/ u I 0.0 , o , m=7, NR, NP/E~~,/P(E))TABI 



LF = 9,  Evaporation spectrum 
-1--1_1--1 

(MAT, 5 ,  MT/ u , 0.0, 0, LF=~,NR, N P / E ~ ~ ~ / P ( E ) ) T A B ~  

(MAT, 5, MT/O.O , 0.0 , 0, o , NR, NE/E / ~ ( E ) ) T A B ~  i n t  

LF = 11, Energy dependent Watt spectrum 
I----- 

(MAT, 5 ,  MT/ u , 0.0, 0, LF=U,NR, N P / E ~ ~ ~ / P ( E )  )TABL 

(MAT, 5, MT/O.O , 0.0 , 0, 0 , Mi, NE/Eint/a(E))TAB1 

(MAT, 5 ,  MT/O.O , 0.0 , 0, 0 , M z ,  NE/Eint/b(E))TABl 

Note t h a t  no formats  have been descr ibed  f o r  LF = 2,  3 ,  4 ,  6 ,  8, or 1 0 .  

These laws are no longer def ined .  

5 . 3 .  Procedures __- 

A s  many a s  th ree  d i f f e r e n t  energy meshes may be r equ i r ed  to  desc r ibe  t h e  

da t a  i n  a subsec t ion  (one p a r t i a l  d i s t r i b u t i o n ) .  These are t h e  i n c i d e n t  energy 

mesh for p ( E ) ,  t h e  inc iden t  energy mesh a t  which secondary d i s t r i b u t i o n s  are 

given,  f (EtE), and t h e  secondary energy mesh f o r  f ( W E ' ) .  I t  is recommended 

k 

k k 

t h a t  a l i n e a r - l i n e a r  or a l i nea r - log  i n t e r p o l a t i o n  scheme be used f o r  t he  f i r s t  

t w o  energy meshes, and a l i n e a r - l i n e a r  i n t e r p o l a t i o n  f o r  t h e  l a s t  energy mesh. 

Double energy p o i n t s  mus t  be given i n  the  inc iden t  energy mesh whenever 

t h e r e  is a d i s c o n t i n u i t y  i n  any of t h e  p ( E ) ' s  ( t h i s  s i t u a t i o n  occurs f a i r l y  
k 

f r e q u e n t l y ) .  This  energy mesh m u s t  also include th re sho ld  energy v a l u e s  f o r  a l l  

r e a c t i o n s  being described by the  p ( E ) ' s .  Zero va lues  f o r  p mus t  be given f o r  k k 

ene rg ie s  below t h e  th re sho ld  ( i f  a p p l i c a b l e ) .  

Two nuclear  temperatures may be given f o r  t he  (n,2n) r eac t ion .  Each tem- 

p e r a t u r e ,  8 ,  may be given as a func t ion  of i nc iden t  neutron energy. I n  t h i s  

case p (E) = p 2 ( E )  = 0.5. 

and o the r  r e a c t i o n s .  

A similar procedure may be followed f o r  t h e  (n,3n) 1 
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A cons tan t ,  U, is given fo r  c e r t a i n  d i s t r i b u t i o n  laws (LE' = 5, 7, 9, or 

11). The cons t an t ,  U, is provided t o  d e f i n e  t h e  proper upper l i m i t  f o r  t h e  

secondary energy d i s t r i b u t i o n  so t h a t  0 5 E' 5 E - U. 

how t h e  d a t a  are represented  for a particular r e a c t i o n  type. 

i n e l a s t i c  s c a t t e r i n g :  

-' The value of U depends on 

Consider U f o r  

Case A The to t a l  i n e l a s t i c  s c a t t e r i n g  cross s e c t i o n  is descr ibed  as a 

continuum. U is the  th re sho ld  energy f o r  e x c i t i n g  the  lowest 

l e v e l  i n  t h e  r e s i d u a l  nucleus.  

Case B For t he  energy range considered,  t he  f i r s t  t h ree  l e v e l s  are de- 

scribed e x p l i c i t l y  ( e i t h e r  i n  F i l e  3, MT = 51, 52, and 53, or i n  

F i l e  5, and t h e  rest of the  i n e l a s t i c  cross s e c t i o n  is treated as 

a continuum. U is t h e  th re sho ld  energy (known or es t imated)  f o r  

t h e  f o u r t h  l e v e l  i n  t h e  r e s i d u a l  nucleus.  

I f  t h e  r e a c t i o n  being descr ibed  is f i s s i o n ,  then U shoula  be a l a r g e  nega- 

6 6 t i v e  value (U S -20.0 x 10 e V  to -30. x 1 0  eV) . I n  t h i s  case neutrons can be 

born with ene rg ie s  much l a r g e r  than t h e  i n c i d e n t  neutron energy. 

practice to desc r ibe  the  i n e l a s t i c  cross s e c t i o n  as the  sum of e x c i t a t i o n  cross 

s e c t i o n s  ( f o r  discrete l e v e l s )  for neutron ene rg ie s  up to t h e  p o i n t  where l e v e l  

p o s i t i o n s  are no longer known. At t h i s  energy p o i n t ,  t h e  total  i n e l a s t i c  cross 

s e c t i o n  is treated as a continuum. This  practice can lead to erroneous 

secondary energy d i s t r i b u t i o n s  f o r  i nc iden t  neutron ene rg ie s  j u s t  above t h e  

cutoff energy. 

t h e  f i r s t  several levels (e.g., 4 or 5 l e v e l s )  be es t imated  f o r  s e v e r a l  MeV 

above t h e  cu to f f  energy. 

w i l l  be zero a t  t h e  cu to f f  energy, and it w i l l  no t  become the  t o t a l  i n e l a s t i c  

I t  is common 

It is recommended t h a t  t h e  l e v e l  e x c i t a t i o n  cross s e c t i o n s  f o r  

The continuum p o r t i o n  of t h e  i n e l a s t i c  cross s e c t i o n  

cross s e c t i o n  u n t i l  s e v e r a l  MeV above t h e  cu to f f  energy. (ID 



5.10 

I t  is recommended t h a t  t he  cross s e c t i o n s  f o r  e x c i t a t i o n  of discrete 

i n e l a s t i c  l e v e l s  be described i n  F i l e  3 (MT = 51, 52, . . . , etc.) . The angular  

d i s t r i b u t i o n s  f o r  t he  neutrons r e s u l t i n g  from these  l e v e l s  should be given i n  

F i l e  4 (same MT numbers). The secondary energy d i s t r i b u t i o n s  for these  neut rons  

can be obta ined  a n a l y t i c a l l y  from the  data i n  F i l e s  3 and 4. This  procedure is 

t h e  only way i n  which t h e  energy d i s t r i b u t i o n s  can be given f o r  t h e s e  neutrons.  

For i n e l a s t i c  scat ter ,  t h e  only  data r equ i r ed  i n  F i l e  5 are f o r  MT = 91  

(continuum par t )  . 

5.4. Addi t iona l  Procedures 

5.4.1. General  Comments .- - 
1. D o  no t  g ive  F i l e  5 data f o r  t he  discrete l e v e l  e x c i t a t i o n  d a t a  given i n  

F i l e  3 as MT = 51, 52, ..., 90. I f  MT = 9 1  is given i n  F i l e  3 ,  a s e c t i o n  f o r  MT 

= 9 1  must be given i n  F i l e  5. A s e c t i o n  must also be given i n  F i l e  5 f o r  a l l  

o ther  neutron producing r eac t ions .  Energy d i s t r i b u t i o n s  f o r  e x i t  p ro tons ,  etc. ,  

are given i n  t h e  MT = 700 series, and f o r  photons,  i n  F i l e  15. 

2. Care must be used i n  s e l e c t i n g  t h e  d i s t r i b u t i o n  l a w  number (LF) to  be 

used to  r e p r e s e n t  t h e  data. As a r u l e ,  use the  simplest l a w  t h a t  w i l l  accu- 

r a t e l y  r ep resen t  t h e  data. U s e  on ly  t abu la t ed  d i s t r i b u t i o n s  (LF = 1) when t h e  

d a t a  cannot  be represented  by an evapora t ion  spectrum (LF = 9)  or a Maxwellian 

(LF = 7 ) .  

3 .  A s e c t i o n  i n  F i l e  5 must cover the  same i n c i d e n t  energy range as was 

used for t h e  same MT number i n  F i l e  3. The sum of  t h e  probabili t ies f o r  a l l  

laws used m u s t  be equal to u n i t y  f o r  a l l  i n c i d e n t  energy po in t s .  

4. I f  t h e  i n c i d e n t  neutron energy exceeds s e v e r a l  MeV, pre-equi l ibr ium 

particle emission can be important ,  as i l l u s t r a t e d  from high r e s o l u t i o n  neutron 

and pro ton  spectra measurements and a n a l y s i s  of pulsed sphere experiments.  I n  
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these cases either tabulated spectra or "mocked-up" levels can be constructed to 

supplement or replace simple evaporation spectra. 

5. Note that prompt fission spectra are given under M-18 with LF=11 pre- 

ferred. The delayed fission spectra are given under MT=455 and 465. 

5.4.2. LF = 1 (Tabulated Distributions) --- 
Use only tabulated distributions to represent complicated energy 

distributions. Use the minimum number of incident energy points and secondary 

neutron energy points to accurately represent the data. The integral over sec- 

ondary neutron energies for each incident energy point must be unity to within 

four significant figures. All interpolation schemes must be with linear-linear 

or log-linear (INT = 1, 2, or 3) to preserve probabilities upon interpolation. 

All secondary energy distributions must start and end with zero values for the 

distribution function g(E + E'). 

5.4.3. LF = 5 (General Evaporation Spectrum) 

This law may be used for MT = 455 and 456, otherwise, LF = 1 should be 

used. 

5.4.4. LF = 7 (Maxwellian Spectrum) - 
A linear-linear interpolation scheme is preferred for specifying the nucle- 

ar temperature as a function of energy. 

5.4.5. LF = 9 (Evaporation Spectrum) 

An evaporation spectrum is preferred for most reactions. Care must be 

taken in describing the nuclear temperature near the threshold of a reaction. 

Nuclear temperatures that are too large can violate conservation of energy. 

Revised 11/83 
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5.4.6. LF = 11 - (Watt Spectrum) 

This  is the  preferred l a w  to u s e  f o r  the  prompt f i s s i o n  spectrum. A 

l i nea r - l i nea r  i n t e rpo la t ion  scheme is preferred f o r  specifying the  parameter as 

a func t ion  of energy. 

5.4.7.  Se lec t ion  of the  In t eg ra t ion  Constant,  U 

1. When LF = 5 ,  7 ,  9 ,  or 11 is used, an in t eg ra t ion  cons tan t ,  U is 

required.  

neutrons; i.e., Elmax = En - U, where En is  the  inc ident  neutron energy. U is 

a cons tan t  f o r  t he  complete energy range covered by a subsect ion i n  F i l e  5 and 

is given i n  the  LAB system. 

This  cons tan t  is  used i n  def in ing  the  upper energy l i m i t  of secondary 

2. U is  negat ive f o r  f i s s i o n  reac t ions .  The p re fe r r ed  value i s  -20 MeV. 

3. I n  p rac t i ce ,  U can be taken to be the  absolu te  va lue  of Q for the  

lowest l e v e l  (known or est imated)  t h a t  can be exc i t ed  by the  p a r t i c u l a r  r eac t ion  

within t h e  inc ident  energy range covered by the  subsection. U is a c t u a l l y  a 

funct ion of the  inc ident  neutron energy, b u t  it can be shown t h a t  it is always 

g rea t e r  than the  absolute va lue  of Q and less than the  threshold energy of the  

reac t ion .  

be used bu t  t he  absolute value of Q is prefer red .  

U is the  b e s t  approximation and mus t  be used. 

A t  l a r g e  AWR, s ince  Eth and l Q l  are approximately e q u a l ,  e i t h e r  could 

A t  small AWR, using 1 Q l  f o r  

a 
4.  The following three cases commonly occur i n  data f i l e s ;  procedures are 

given for obtaining U values.  

Case A: The complete r eac t ion  is treated as a continuum. 

U = -Q 

where Q is the  r eac t ion  Q-values. 
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Case B: The r e a c t i o n  is descr ibed  by e x c i t a t i o n  of t h ree  l e v e l s  ( i n  F i l e  (1) 
3 as MT = 51, 52, 53) and a continuum part  where Q is the  known or estimated 

Q-value f o r  t he  f o u r t h  l e v e l .  

4 

U = -Q4 

Case C: The r e a c t i o n  is descr ibed  by e x c i t a t i o n  of t he  f i r s t  t h r e e  l e v e l s  

( i n  P i l e  3 as MT = 51, 52, 53) f o r  neutron ene rg ie s  from the  l e v e l  t h re sho lds  up 

t o  20 MeV, e x c i t a t i o n  of t he  next  f i v e  l e v e l s  ( i n  F i l e  3 as MT = 54, 58) 

from t h e i r  t h re sho lds  up to  8 MeV, and by a continuum par t  t h a t  s tarts a t  5 MeV. 

I n  t h i s  case two subsec t ions  should be used7 one to  desc r ibe  t h e  energy 

range from 5 to 8 MeV and another to  describe t h e  energy region from 8 to  20 

MeV. I n  the  f i r s t  subsec t ion  ( 5  - 8 MeV) , 

u = -Q,7 

and t h e  second (8  - 20 MeV) , 

U = -Q4. 

5.4.8. M u l t i p l e  Nuclear Temperatures ----------- ---- 
C e r t a i n  r eac t ions ,  such as (n,2n) , may r e q u i r e  s p e c i f i c a t i o n  of more than 

one nuclear  temperature.  @ ( E )  should be given f o r  each neutron i n  t h e  e x i t  

channels;  t h i s  is done by using more than one subsec t ion  f o r  a r eac t ion .  The 

U value  is t h e  same f o r  a l l  subsec t ions .  The upper energy l i m i t  is determined 

by the  threshold  energy and not  by l e v e l  d e n s i t i e s  i n  t h e  r e s i d u a l  nuc le i .  

5.4.9. - Average Energy for a D i s t r i b u t i o n  

The average energy of a secondary neutron d i s t r i b u t i o n  m u s t  be less than 

t h e  a v a i l a b l e  energy f o r  t h e  reac t ion :  

l + A W R Q  
AWR 

= E +  Eava il 



This  mean is a n a l y t i c  i n  t h e  t h r e e  cases given below. 

E -------- LF --- 

3 e 5 l 2  (E ; U )  3/2 e - ( E  - U ) / 8  7 2 8 - -  I 

9 2 8 - -  e 3  (y) e -(E - U ) / 8  2 

I 

- 2a2 exp (- (?))[(?) + %) s i n h 2 G  -2G) 

f (E .+ E') dE' J EAax I =  
0 

(E) 9 m u l t i p l i c i t y  Thus *ava i l  = t h e  normalizing dominator (see 5.3). 

* E. 
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'[I) 6 .  FILE 6 ,  ENERGY-ANGULAR DISTRIBUTIONS FOR SECONDARY NEUTRONS -- ----------- 
6 .l. General Descr ip t ion  

The use of F i l e  6 is discouraged b u t  t he  formats and procedures are pre- 

sented here  i n  case the  F i l e  should be ac t iva t ed .  

This  f i l e  is provided to  r ep resen t  energy-angular d i s t r i b u t i o n s  of sec- 

ondary neutrons.  Data are given here  when it is not  p o s s i b l e  to  provide accu- 

ra te  r ep resen ta t ion  by using Files 4 and/or 5. This  s i t u a t i o n  f r equen t ly  arises 

when t r y i n g  to  provide a d e s c r i p t i o n  of t he  secondary neutrons r e s u l t i n g  from 

c e r t a i n  neutron r e a c t i o n s  with f a i r l y  l i g h t  nuc le i .  

Each sec t ion  of t h e  f i l e  con ta ins  the  data for a p a r t i c u l a r  r eac t ion  type 

(MT number) and the  s e c t i o n s  are ordered by inc reas ing  MT number. I f  data are 

given i n  F i l e  6 f o r  a particular r eac t ion ,  no da ta  w i l l  be given i n  F i les  4 or 

5 for the  same reac t ion .  The secondary neutron energy-angle d i s t r i b u t i o n  are ex- 

pressed  as normalized p r o b a b i l i t y  d i s t r i b u t i o n s ,  p (E  + E ' ,  1-1). 

-1 

The d i f f e r e n t i a l  cross sec t ion  ( i n  barns  per  s t e r a d i a n  per eV) is obta ined  from 

where G ( E )  is the  cross sec t ion  for a particular r eac t ion  as given i n  F i l e  3 

and/or F i l e  2 for t he  same reac t ion  type and m is the  implied neutron 

m u l t i p l i c i t y .  

The angular  part of the d i s t r i b u t i o n  may be spec i f i ed  i n  one of t w o  ways 

(ID (L), secondary energy d i s t r i b u t i o n s  may be t abu la t ed  a t  a set of secondary 



angles ;  (2),  t h e  p r o b a b i l i t y  d i s t r i b u t i o n s  may be expressed as a Legendre poly- e 
nomial expansion. 

R=O 

I n  t h i s  case, t h e  ze ro th  c o e f f i c i e n t ,  a (E + E ' )  , is no t  u n i t y  (as i n  F i l e  4 )  , 
0 

but  for a p a r t i c u l a r  i n c i d e n t  neutron energy, E, 

The i n c i d e n t  neutron ene rg ie s  and secondary angles  and ene rg ie s  m u s t  be 

g iven  i n  t h e  l a b o r a t o r y  system. 

e If d i s t r i b u t i o n s  p ( E  + E ' ,  11) are t abu la t ed  a t  a series of angles ,  a set  

of secondary angles  ( cos ines  of t h e  scattered angles)  is selected. T h i s  set is 

t h e  same f o r  a l l  i n c i d e n t  energy p o i n t s  and t h e  d a t a  are ordered by inc reas ing  

va lues  of the cos ine  (-1.0 t o  +1.0). A t  each angular  p o i n t ,  t h e  p r o b a b i l i t y  dis-  

t r i b u t i o n s  p ( E  3 E', p) are given for a set of i n c i d e n t  neutron energ ies ;  i.e., 

a subsec t ion  of data is given f o r  each angle  and the  format of a subsec t ion  

resembles t h e  format  of a s e c t i o n  i n  F i l e  5. The secondary energy dis-  

t r i b u t i o n  laws (LE' numbers) def ined  i n  Sec t ion  5.2 are used i n  t h i s  f i l e .  

When the  d i s t r i b u t i o n s  are represented  by Legendre polynomial expansion 

c o e f f i c i e n t s ,  then a subsec t ion  is given f o r  each c o e f f i c i e n t ,  a (E -+ E F ) .  Its 

format  is similar to  t h a t  f o r  a s e c t i o n  i n  F i l e  5 (Sec t ion  5.2) .  The f i r s t  
R 

subsec t ion  con ta ins  data f o r  t h e  ze ro th  c o e f f i c i e n t ,  a (E -+ E ' ) .  The 
0 

subsec t ions  are then ordered by inc reas ing  R-value.of t h e  c o e f f i c i e n t s .  

0 
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The following quantities are defined. 

- LCT is a flag indicating which reference frame is used for both secondary 

angles and energies. 

LCT = 1: 

LCT = 2: (CM) Do not use. 

The data are given in the LAB system. 

--- 
- LTT is a flag indicating which representation is used. 

LTT = 1: 

LTT = 2: The data are given as a tabulation. 

is the order of the expansion (when Legendre polynomial coefficients 

are given, LTT = 1). 

is the value of R (for the Rth coefficient). 

The data are given as Legendre expansion coefficients. 

- NL 

- LA 

NA - is the number of angles (cosines) at which the secondary distributions 

are given (NA - < 101.). 

is the cosine of the scattered angle. 

is the number of partial probability distributions used for this re- 

action type (used as in File 5, Section 5.2.) 

2 

- NK 

LF is a flag that indicates which secondary energy distribution law is - 
used for a particular partial probability distribution. (See Section 

5.2) 

6.2. Formats 

Each section of the file gives the data for a particular reaction type. 

The structure of a section depends on the value of LTT (representation used). 

The structure of a section for LTT = 1 (Legendre polynomial expansion) is 

(MAT, 6, MT/ZA , AWR, 0, LTT, 0, 0)HEAD 

(MAT, 6, MT/O.O, 0.0, 0, LCT, NL, 0) CgNT 

LTT = 1 



<Subsection for a (E + E')> 
0 

<Subsection for a (E + E')> 
NL 

(MATr 6, O/O.O, 0.0, 0, 0, 0, 0)SEND 

The structure of a subsection is identical to that of a section for sec- 

ondary energy distributions in File 5 (Section 5.2) except that the SEND record 

is deleted (since the section in File 5 is used here as a subsection), and, the 

HEAD record is changed to read 

(MATI 6, MT/O.O, 0.0, LA, 0, NK, O)C~NT 

The following is the structure for a typical section, where LTT = 1 (Legendre 

expansion coefficients given), NK = 1 (one partial probability distribution, and 

LF = 1 (an arbitrary tabulated distribution). 

(MAT, 6, MT/ZA, AWR, 0, LTT,.O, 0)HEAD LTT = 1 

(MAT, 6, MT/O.O, 0.0, 0, LCT, NL, 0)CpNT 

(MAT, 6, MT/T, 0.0, LT, LF, NR, NP/Eint/ao(E))TAB1 

(MAT, 6, MT/O.O, 0.0, 0, 0, NR, NE/Eint)TAB2 

LF = 1 Subsection for 
ao(E + E') 

(MAT, 6, MT/T, El, LT, 0, NR, NF/Eint/ao(E1 -3 E'))TABl 

(MAT, 5, MT/T, E2, LT, 0, NR, NF/Eint/ao(E2 += E'))TABl 

(MAT, 6, MT/O.O, 0.0, LA, 0, NK, 0)CJbNT LA = 1, NK = 1 

(MAT, 6, MT/T, 0.0, LT, LF, M i ,  NP/Eint/al(E))TABl 

(MAT, 6, MT/O.O, 0.0, '~0, 0, NR, NE/Eint)TAB2 

(MAT, 6, MT/T, El, LT, 0, NR, NF/E' 

LF = 1 Subsection for 
a (E + E') 1 

/al(E1+= E1))TAB1 int 
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<Subsection for a (E + E ' ) >  
2 

< S u b s e c t i o n  for a (E -t E ' ) >  
NL 

[MAT, 6 ,  0 /O.O, 0.0, 0, 0, 0, 0)SEND 

T and LT refer to  possible temperature d e p e n d e n c e  (see Appendix F for format). 

The s t ruc tu re  of a section for LTT = 2 (tabulated d i s t r i b u t i o n s  a t  a se- 

ries of scat ter ing angles) is 

[MAT, 6 ,  MT/ZA, AWR, 0, LTT, 0 ,  OjHEAD 

[MAT, 6 ,  MT/O.O, 0.0, 0, LCT, NR, NA/jgint)TAB2 

JP < S u b s e c t i o n  for p ( E  + E' 

< S u b s e c t i o n  for p ( E  + E ' ,  p2)> 

< S u b s e c t i o n  for p ( E  + E' I UNA)> 

(MAT, 6 ,  MT/O.O, 0.0, 0. 0. 0. 0)SEND 

LTT=2 

I 

Again t h e  structure of a s ' u b s e c t i o n  is i d e n t i c a l  to  t h a t  of a s e c t i o n  for 

secondary energy d i s t r i b u t i o n s  i n  F i l e  5 except t h a t  the  SEND record is deleted 

(since the section i n  F i l e  5 is used here as a subsec t ion) ,  and the  HEAD record 

is changed to read 

(MAT, 6 ,  MT/ 0.0, U, 0,  0 ,  NK 0)CgNT 

The  s t r u c t u r e  of a t f l ical  section w i t h  LTT = 2 (tabulated d i s t r i b u t i o n s  

a t  a series of  IS)^ NK = 1 (one p a r t i a l  probabi l i ty  d i s t r i b u t i o n )  and LF = 1 

(an arbi t rary tabulated d i s t r i b u t i o n s )  is  

(MAT, 6,  MT/ZA, Am, 0, LTT, 0 ,  0)HEAD 

(MAT, 6 ,  MT/O.O, 0.0,  0, LCT, Mi, NA/Uint)TAB2 

(MAT, 6 ,  MT/O. 8 ,  p1 , 0,  0 ,  NK, 0)CgNT 

LTT = 2 

NK = L 

(MAT, 6 ,  MT/T, 0.0, LT, LF, Mi, NP/Eint/p(Er U1))TAB1 L F = 1  

(MAT, 6 ,  MT/O.O, 0.0, 0, 0, NR, NE/Eint)TAB2 
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(MAT, 6 ,  MT/T, ENE, LT, 0, NR, NF/Eint/p(ENE+ E', ]I~))TAB~ 

<Subsection for p(E -+ E', v3)> 

<Subsection for p(E -+ E' I UNA)' 

(MAT, 6 ,  MT/O.O, 0.0, 0, 0, 0, 0)SEND 

Again T and LT refer to possible temperature dependence. 

6.3. Procedures 

All interpolation schemes used in this section should be linear-linear to 

ensure that the probability distributions will have the proper normalization 

everywhere. It is strongly recommended that an arbitrary tabulated distribution 

law (LF = 1) be used for secondary energy distribution for both LTT = 1 and 2. 



7.1 

rg) 7 .  FILE 7, THERMAL NEUTRON SCATTERING LAW DATA 

7.1. General  Descr ip t ion  

F i l e  7 conta ins  i n e l a s t i c  neutron s c a t t e r i n g  (MT = 4) data for the  thermal 

neutron energy range for moderating materials (E < 5 e V ) .  The data i n  t h i s  f i l e  

must be combined with that i n  Fi les  2 and 4 (MT = 2)  to  o b t a i n  t h e  t o t a l  

s c a t t e r i n g  cross s e c t i o n s  for c e r t a i n  materials. 

I n e l a s t i c  s c a t t e r i n g  is represented  by t h e  thermal neutron s c a t t e r i n g ,  l a w ,  

S (a ,B ,T) ,  and is defined (for a moderating molecule) by 

where t h e r e . a r e  (NS + 1) types of atoms i n  the  molecule (i.e.,  for H20, N S  = 1) 

and 

Mn - is the  number of atoms of the  nth type i n  t h e  molecule, 

- T is the  moderator temperature ( O K ) ,  

- E is t h e  inc iden t  neutron energy (ev), 

I E' is the secondary neutron energy ( e V ) ,  

- ,8 is the energy t r a n s f e r ,  6 = (E'  - E)/kT, 

c1 - 
An .is the  mass of t h e  nth type atom, A 

s c a t t e r i n g  atom i n  the  molecule, 

is the  momentum t r a n s f e r ,  c1 = (E' + E - 21-1 m ) / A o k T ,  

is the  mass of t h e  p r i n c i p a l  
0 - 

0 bn is the  bound atom s c a t t e r i n g  cross s e c t i o n  of t he  nth type atom, 

A n + l  2 - 
'bn - 'fn ( An ) 



t h  t h e  f r e e  atom s c a t t e r i n g  cross s e c t i o n  of t he  n type atom, 

Boltzmann's cons t an t ,  and 

t h e  cos ine  of t he  s c a t t e r i n g  angle  ( i n  t h e  l ab  system).  

The data i n  F i l e  7 f o r  any particular material con ta in  only  t h e  s c a t t e r i n g  

l a w  f o r  t h e  p r i n c i p a l  scatterer, So (a ,B,T)  , i .e. , t he  Oth atom i n  the  molecule. 

These data are given as an a r b i t r a r y  t abu la t ed  func t ion .  The s c a t t e r i n g  proper- 

t ies  f o r  t h e  o the r  atom types (n = 1, 2,  ..., NS) are represented  by -- a n a l y t i c  

func t ions .  N o t e  t h a t  t h e  s c a t t e r i n g  properties of a l l  atoms i n  t h e  molecule may 

be represented  by a n a l y t i c  func t ions .  I n  t h i s  case t h e r e  is no p r i n c i p a l  

-- - -- 

s c a t t e r i n g  atom. 

The c o n s t a n t s  required f o r  t he  s c a t t e r i n g  law data and t h e  a n a l y t i c  repre- 

s e n t a t i o n s  for t h e  nonpr inc ipa l  s c a t t e r i n g  atoms are g iven  i n  an a r r a y ,  B ( N ) ,  N 

= 1, 2. . . ,  N I ,  where N I  = 6*(NS + 1). Six  c o n s t a n t s  are required f o r  each atom 

type (one BCD card-image ' record) .  

pa l  s c a t t e r i n g  atom, n = 0. The elements of  t he  a r r a y  B(N) are def ined  as 

'I 
The f i r s t  s i x  e lements  p e r t a i n  to  t h e  p r i n c i -  

B ( L )  = M 0 t h e  t o t a l  f r e e  atom cross s e c t i o n  f o r  t h e  p r i n c i p a l  
0 fo, 

s c a t t e r i n g  atom. I f  B ( 1 )  = 0.0,  t h e r e  is no p r i n c i p a l  s c a t t e r i n g  

atom and t h e  s c a t t e r i n g  properties f o r  t h i s  material are completely 

described by a n a l y t i c  func t ions  f o r  each atom type i n  t h i s  mate- 

r i a l .  

' B ( 2 )  = E, t h e  va lue  of E/kT above which the  s t a t i c  model of e las t ic  

s c a t t e r i n g  is adequate ( total  s c a t t e r i n g  properties may be obta ined  

from MT = 2 as given i n  F i l e s  2 and 4 of  the  appropriate 

materials) .  

B ( 3 )  = A th,e ra t io  of t h e  mass of t h e  atom to t h a t  of t h e  neutron t h a t  
0 

was used to  compute a (a = (E'  + E -211 =)/Ao kT) . 
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B(4) = Emax, the upper energy limit for the constant afO (upper energy 

limit in which So(a,B,T) may be used). 

B(5), not used. 

B(6), not used. 

The next six constants specify the analytic functions to be used in de- 

scribing the scattering properties of the first non-principal scattering atom, 

(n = 1); i.e., for H20, this atom would be oxygen if the principal atom was 

hydrogen. 

B(7) = al, a test indicating the type of analytic function used for this 

atom type. 

a = 1.0, use a free gas scattering law. 

a = 2.0, use a diffusive motion scattering law. 

1 

1 

B(8) = Mlafl, the total free atom cross section for this atom type. 

B(9) = A1, effective mass for this atom type. 

B(lO)= 0.0, B(l0) is not used. 

B(11)= 0.0, B(11) is not used. 

B(12)= 0.0, B(12) is not used. 

The next six constants, B(13) through B(18), are used to describe the second 

nonprincipal scattering atom (n = 2), if required. The constants are defined ,.I 

the same way as for n = 1; e.g., B(13) is the same type of constant as B(7). 

The scatterin9 law is given by tabulating S (  a , f3 ) at a specific tempera- 

ture (OK) or at a series of temperatures. Since scattering law data are gener- 

ally given at more than one temperature, it is extreme11 important to understand 

the data formats for specifying temperature-dependent data (see Appendix F for 

details). 

increasing values. For each value of 8 ,  pairs of a vs S ( a , B )  are given. (The 

data are given in this form only for the first temperature; see Appendix F for 

The data are presented at given values of f 3 .  The B ' s  are ordered by 
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b 
the formats for temperature dependent data.) 

given to interpolate between values of @ and a. 

Two interpolation schemes are 

In certain cases a more accurate temperature representation may be 

obtained by replacing the value of the actual temperature, T, that is used in 

the definition of a and 

depending on the units of Boltzmann's constant). A flag (LAT) is given for each 

material to indicate which temperature has been used in generating the S(a,@) 

data. 

with a constant, To (To = 0.0253 eV or the equivalent 

7.2. Formats 

There is only one section in File 7, but the format varies slightly, de- 

pending on whether temperature-dependent data are given. The following quanti- 

ties are defined: 

- LAT is a flag indicating which temperature has been used to compute a and 

6. 

LAT = 0, the actual temperature was used. 

LAT = 1, the constant To = 0.0253 eV has been used. 

is the number of non-principal scattering atom types. 

moderating materials there will be (NS + 1) types of atoms in the 
- NS For most 

molecule (NS - < 3). 

- NI is the total number of items in the B(N) list. NI = 6*(NS + 1). I 
- B(N) is the list of constants. Definitions are given above (Section 7.1). 

- NR is the number of interpolation ranges for a particular parameter, 

either @ or a. 

- NE3 

NP 

is the total number of @ values given. 

is the number of a values given for each value of f3 for the first tem- 

perature described, NP is the number of pairs, a and §(a,@), given. 
- 
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a ' i n t  and i n t  are the interpolation schemes used (see Appendix E for 

interpolation formats) . 

.................................................. 

(MAT, 7, MT/T, BNB, LT, 0, NR, NP/aint/S(a,BNB)jTAB1 

[MAT, 7, 0 /O.O, 0.0, 0, 0, 0, 0)SEIND 

T and LT refer to possible temperature dependence. I f  the scattering law data 

are completely specified by analytic functions (no principal scattering atom 

type, as indicated by B ( l )  = 0 ) ,  tabulated values of S (a,B) are omitted and the 

TAB2 and TAB1 records are not given. 

0 

7 . 3 .  Procedures 

Any material may contain a File 7 to describe inelastic scattering cross 

sections for the thermal neutron energy range. Except for moderating materials, 

a free gas scattering law is generally adequate. 

File 7 is the most important part of the cross section data for moderator 

type materials. Moderator materials should also contain a File 3, and, as a min- 

imum,  the radiative capture cross section (MT = 102)  should be given (as well as 

any other type of absorptive cross sections). 

(i.e., coherent scattering) contributions to the total  scattering cross section, 

If there are elastic scattering 



7.6 

then MT = 2 mus t  be given i n  F i l e  3.  The da ta  i n  Fi1.e 3 s h a l l  a t  l e a s t  cover a 
t he  same energy range (cons tan t ,  B ( 4 ) )  as the  s c a t t e r i n g  l a w  da ta ,  S o ( a , f 3 ) .  The 

s c a t t e r i n g  l a w  data should cover the  energy range i n  which thermal i n e l a s t i c  e f -  

fects are important. The recommended energy range is e V  to  3.0 eV; how- 

ever ,  it may not  be poss ib le  to obta in  s c a t t e r i n g  l a w  data  for  every moderating 

material for t h i s  energy range. The 6 mesh f o r  S ( a , @ )  should be se l ec t ed  i n  

such a manner as to accura te ly  represent  the  s c a t t e r i n g  properties of the  mate- 

r i a l  wi th  a minimum of 6 poin ts .  The c1 mesh a t  which S(a, f3)  is given should be 

the  same fo r  each value of f3 and for each temperature. 

Note t h a t  the  d i f f e r e n t i a l  s c a t t e r i n g  cross sec t ion ,  as given i n  t h e  equa- 

t i o n  i n  Section 7.1, represents  the cross sec t ion  for  the  complete molecule. 

The d i f f e r e n t i a l  s c a t t e r i n g  cross sec t ion  for a s i n g l e  atom of any component can 

be obtained by replacing N c1 Obn' n bn 
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(1) 8. FILE 8,  RADIOACTIVE DECAY AND FISSION PRODUCT Y I E L D  DATA 

Information concerning t h e  decay of t he  r e a c t i o n  products  (any MT) is  

given i n  t h i s  f i l e .  In  add i t ion ,  f i s s i o n  product  y i e l d  da t a  (MT=454 and 459) 

for f i s s i o n a b l e  materials (see Sec t ion  8.2) and spontaneous r ad ioac t ive  decay 

data (MT=457) for the  nucleus (see Sect ion 8.3) are also included. See descrip- 

t i o n s  of F i l e  9 and F i l e  1 0  for information on isomeric state product ion from 

t h e  va r ious  r eac t ions .  Since a r eac t ion  may resu l t  i n  more than one uns tab le  

end product ,  data for t h e  most important uns tab le  end product  should be en tered .  

8.1. Radioact ive Nuclide Production 

For any i so tope ,  s e c t i o n s  may be given which s p e c i f y  t h a t  t he  end product  

(from a neutron i n t e r a c t i o n )  is rad ioac t ive .  

Information is given for any MT by spec i fy ing  the  end products  i n  t h e  

r eac t ion  i d e n t i f i e d  by t h e i r  ZAP (ZA f o r  the  product ) ,  and how these  end prod- 

u c t s  decay. 

which fol lows t h a t  neutron r eac t ion .  

A s e c t i o n  w i l l  con ta in  only  minimal information about  t h e  cha in  

One or more ikomeric s ta tes  of the  t a r g e t  

or t h e  r ad ioac t ive  end product  i so tope  w i l l  be descr ibed.  

The fol lowing q u a n t i t i e s  are defined: 

is t h e  des igna t ion  of t h e  o r i g i n a l  nuc l ide  (ZA = 1000.0 * Z -t A ) .  

is the  des igna t ion  of the nucl ide produced i n  the r eac t ion  (ZAP = 

1000.0 * Z + A ) .  

is the  material number for the  reaction product  ( Z A P ) .  

is t h e  total  number of states (LFS) of t h e  r ad ioac t ive  r e a c t i o n  

product  f o r  which decay are given. 

is the  f i l e  number i n  which t h e  m u l t i p l i c i t y  or cross s e c t i o n  for 

t h i s  MT number w i l l  be found. 
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LIS - 

LISP 

LFS - 

E LFS 

- NP 

ND 

HL 

Z A N  

- 

- 

- 

BR - 

ER - 

CT - 

is t h e  s t a t e  number ( inc luding  ground and a l l  l e v e l s )  of t h e  t a r g e t  

(ZA) 

is the  isomeric state numbec of t h e  t a r g e t .  

is the  l e v e l  number ( inc luding  ground and a l l  levels) of t h e  state 

of ZAP formed by t h e  neutron i n t e r a c t i o n  ( to  be given i n  ascending 

order). 

is t h e  e x c i t a t i o n  energy of the  s t a t e  of  ZAP produced i n  t h e  

i n t e r a c t i o n  ( i n  e V  above ground s ta te) .  

is the f l a g  to allow the i d e n t i f i c a t i o n  of a r e a c t i o n  product  

which is r a d i o a c t i v e  i n  its ground state and for which t h e  cross 

s e c t i o n  w i l l  n o t  be found i n  F i l e  9 or 10. 

N$ = 0 ,  cross s e c t i o n  i n  F i l e  9 or LO. 
N@ = 1, cross s e c t i o n  n o t  i n  F i l e  9 or 10.  

is t h e  number of  branches i n t o  which t h e  nuc l ide  ZAP decays. 

is t h e  ha l f - l i fe  of the  nuc l ide  ZAP i n  seconds. 

is t h e  Z an$ mass i d e n t i f i e r  of t h e  next  nuc l ide  produced along t h e  

cha in .  

is the  branching ratio for t h e  product ion of t h a t  par t icu l -a r  ZAN 

and l e v e l .  

is the  end-point energy of t h e  p a r t i c l e  or quantum emi t ted  ( t h i s  

does n o t  inc lude  t h e  gamma energy, fol lowing b e t a  decay, f o r  

example). 

is t h e  cha in  te rmina tor  which g ives  minimal information about  t h e  

formation and decay of ZAN. The hundreths  d i g i t s  of  CT des igna te  

t h e  e x c i t e d  l e v e l  i n  which ZAN is formed. The cond i t ion  :L.O 1. CT 

< 2.0 i n d i c a t e s  t h a t  the  cha in  te rmina tes  w i t h  ZAN, poss ib ly  after 

one or more gamma decays. The cond i t ion  CT 2 2.0 i n d i c a t e s  t h a t  
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ZAN is  uns tab le  and decays f u r t h e r  to  o ther  nuc l ides .  For example, 

consider  t h e  nuc l ide  ( Z A P )  formed v i a  a neutron r eac t ion  (MT 

number) i n  a f i n a l  s ta te  ( U S  number); ZAP then decays to a l e v e l  

i n  ZAN; the  l e v e l  number is p a r t  of t he  CT i n d i c a t o r  and inc ludes  

nonisomeric s ta tes  i n  the  count.  The fol lowing examples may he lp  

expla in  t h e  use of CT: 

CT = 1.00 ZAN was formed i n  the  ground s ta te  which is s t a b l e .  

CT = 1.06 ZAN was formed i n  t h e  s i x t h  exc i t ed  state; the  s i x t h  

s t a t e  decayed to the  ground s ta te  which is stable.  

CT = 2.00 ZAN w a s  formed i n  the  ground state which is unstable .  

( N o  'delayed gammas are a s soc ia t ed  with the formation 

and decay of t h i s  p a r t i c u l a r  ZAN.) The next  decay i n  

the  cha in  is spec i f i ed  under t h e  RTYP. 

CT = 2.11 ZAN was formed i n  the  11th  e x c i t e d  state b u t  t he  cha in  

does not  terminate  with t h a t  ZAN. The next  decay i n  

the  cha in  is s p e c i f i e d  under the  RTYP. 

It is r e a d i l y  apparent from the  above t h a t  CT = "1." i n d i c a t e s  t h a t  t he  

cha in  te rmina tes  with t h a t  p a r t i c u l a r  ZAN and CT = "2." means t h a t  one or more 

decays are involved before s t a b i l i t y  is reached. N o t e ,  however, t h a t  s t a b i l i t y  

can be reached ins tan taneous ly  upon occasion with the  emission of one or more 

l i g h t  particles. The hundreths d i g i t s  of the CT (06) i n d i c a t e  the  state ( s i x t h  

i n  which ZAN is formed. 

RTYP is the  mode of decay using the  same d e f i n i t i o n s  s p e c i f i e d  i n  MT = 

457 (see Sec t ion  8 . 3  of t h i s  report). As an examsle, consider  MT 

= 102. Then RTYP = 1 . 4 4  would be i n t e r p r e t e d  as fol lows:  

The f i r s t  two columns of t h e  RTYP (1.) i n d i c a t e s  p- decay of ZAP; 

t he  t h i r d  and f o u r t h  columns ( 4 4 )  i n d i c a t e  t h a t  the  nucleus ZAN 
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(formed i n  the  6' decay) then immediately emits t w o  a p a r t i c l e s .  

This  example is represented  by t h e  fol lowing reac t ion :  

7 n + L i  -t y + 8Li  (ground state) 

B- (MT = 102) 

+ 
8Be 

0.0 0 ,o 

For t h i s  example: 

7 LIS@( L i )  = 0 7 

8 

L I S (  L i )  = 0 ZA( L i )  = 3.007 + 03 

LE'S( L i )  = 0 Z A P (  L i )  = 3.008 + 03 

CT( Be) = 2.01 Z A N (  Be) = 4.008 + 03 

Since 8Be has  a h a l f - l i f e  of the  order of compound-nucleus formation 

7 

8 

8 8 

times, decay data for MT = 457 are not  requi red ,  and the  complete chain 

can e a s i l y  be represented  and read from the  information given here .  

8.1.1. Formats 

The s t r u c t u r e  of each s e c t i o n  always s tar ts  with a HEAD record and ends 

with a SEND record. If N@=O, t h e  s e c t i o n  is d iv ided  i n t o  subsec t ions ,  which 

con ta in  data f o r  a particular f i n a l  state of the  r e a c t i o n  product  (US). 

The number of subsec t ions  N S  is given on t h e  HEAI4 record for t h e  sec t ion .  

Each subsec t ion  c o n s i s t s  of a s i n g l e  LIST record.  

by inc reas ing  value of LE'S. 

The subsec t ions  are ordered 

The structure of a sec t ion  is: . 

[MAT, $ p  MT/ZA, m, LIS, LIS#, N S ~  N~)H 

<subsect ion f o r  US1> 

csubsec t i o n  for USz' 



<subsec t ion  f o r  LFSNs> 

(MAT, 8,  O/O.O, 0.0; 0 ,  0 ,  0 ,  0)SEND 

The s t r u c t u r e  of a subsec t ion  is: 

(MAT, 8, MT/ZAP, ELFS; DE', LE'S ; 6*ND, MATP/ 

HL(2) 1 RTYp(2)r ZAN(2) BR(2)r ER(2) CT(2) 

HL (ND) I 'RTYP (ND) , ZAN (ND) , BR(ND) , ER (ND) , CT (ND) ) LIST 

If Npl=l ,  then t h e  r e a c t i o n  g i v e s  rise to  a s i g n i f i c a n t  product which is  

r a d i o a c t i v e  i n  its ground state,  and the eva lua tor  wishes only  to  i d e n t i f y  t h e  

r ad ioac t ive  product .  The eva lua tor  must supply MF=8, MT=457 d a t a  e lsewhere to  

desc r ibe  the  decay of t he  product .  I t  is understood t h a t  t h e  cross s e c t i o n  f o r  

producing the r a d i o a c t i v e  product  is to  be found i n  MF=3 for 'the given MT. 
(1) 

For N@=l ,  t he  structure of a s e c t i o n  is: 

(MAT, 8 ,  MT /ZA, AWR, LIS, LISO, NS,  Ng=l)HEAD 

(MAT, 8 ,  MT /ZAP, ELFS=O., LMF=3, LFS=O, 6*ND=O, MATP)C@VT 

(MAT, 8 ,  0 /O.O, 0.0, 0, 8, 0, 0 j SEND 

8.1.2. Procedures 

1. Data should be given for a l l  uns tab le  states of t h e  r e a c t i o n  product  

nuc leus  for which cross s e c t i o n s  are given i n  F i l e  1 0  or m u l t i p l i c i t i e s  i n  F i l e  

9. N o  information of t h i s  type is allowed i n  eva lua t ions  for mixtures  of  

elements,  molecules,  or elements with more than one n a t u r a l l y  occurr ing  isotope. 
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2. I n  order to provide more gene ra l  usefu lness  as these  f i l e s  are being 

cons t ruc ted ,  t h e  fo l lowing  procedures  are mandatory. For each r e a c t i o n  type  

(MT), F i l e  9 ( m u l t i p l i c i t i e s )  or F i l e  1 0  (cross s e c t i o n s )  must be cons t ruc ted .  

3. If  t h e  ENDF/B f i i e  also c o n t a i n s  a complete eva lua t ion  of the  neut ron  

cross s e c t i o n s  for t h e  r e a c t i o n  product  nucleus ( Z A P ,  L I S ) ,  then t h e  r a d i o a c t i v e  

decay data for t h e  eva lua t ion  of  ( Z A P ,  LIS) found i n  MF=8, MT=457 must be cons is -  

t e n t  with the  decay data i n  t h i s  s ec t ion .  
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(1) 8.2. F i s s ion  Product Yield Data (MT = 454 and MT = 459) 

MT numbers 454 and 459 spec i fy  t h e  i n c i d e n t  neutron energy-dependent fis- 

A complete set of f i s s i o n  product y i e l d  data is given s i o n  product  y i e l d  data. 

for a p a r t i c u l a r  i n c i d e n t  neutron energy. 

c i e n t  i nc iden t  energ ies  to completely spec i fy  y i e l d  data for t he  energy range 

given f o r  t h e  f i s s i o n  cross s e c t i o n  (as determined from Files 2 or 3 ) .  These 

data are given by spec i fy ing  f i s s i o n  product i d e n t i f i e r s  and f i s s i o n  product  

y i e l d s .  

Data sets should be given a t  s u f f i -  

MT=454 is used for independent y i e l d s  ( Y I )  and MT=459 is used f o r  

cumulative y i e l d s  (YC). The formats  for MT=454 and MT=459 are i d e n t i c a l .  

Independent y i e l d s  ( Y I )  are direct y i e l d s  per f i s s i o n  p r i o r  to delayed neutron,  

be t a ,  etc. decay. The sum of a l l  independent y i e l d s  is  S2.0 for any p a r t i c u l a r  

i nc iden t  neut ron ,  energy. Cumulative y i e l d s  (YC) are s p e c i f i e d  f o r  t he  same set 

of f i s s i o n  products .  These account f o r  a l l  decay branches, inc luding  delayed 

neutrons.  

The f i s s i o n  products  are s p e c i f i e d  by g iv ing  an exc i t ed  state des igna t ion  

(FPS) and a (charge,  mass) i d e n t i f i e r  (ZAFP). Thus, f i s s i o n  product  nuc l ides  

are given, no t  mass chains .  More than one (Z,A) may be used to rep resen t  t h e  

y i e l d s  €or a p a r t i c u l a r  mass chain.  

The fol lowing q u a n t i t i e s  are def ined  

NFP is the  number of f i s s i o n  product  nucl ide s ta tes  to  be spec i f i ed  a t  8.3 - 
each inc iden t  energy p o i n t  ( t h i s  is a c t u a l l y  t h e  number of sets of 

f i s s i o n  product  i d e n t i f i e r s  - f i s s i o n  product  y i e l d s ) .  

1250. ) 

(NFP - < 

- ZAFP is the  (Z,A) i d e n t i f i e r  f o r  a p a r t i c u l a r  f i s s i o n  product.  (ZAFP = 

(1000.0* Z)  + A ) .  
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FPS - 

YI - 

DYI 

YC 

DYC 

- 

- 
- 

is the  s t a t e  des igna tor  ( f loa t ing-poin t  number) f o r  t he  f i s s i o n  a 
product  nuc l ide  (FPS = 0.0 means the  ground state, FPS = 1.0  means 

t h e  f i r s t  exc i t ed  state,  etc.) 

(MT=454) is t h e  f r a c t i o n a l  ( independent) y i e l d  f o r  a p a r t i c u l a r  fis- 

s i o n  product  prior to  par t ic le  decay. 

(MT=454) is t h e  la unce r t a in ty  i n  YI. 

(MT=459) is the  cumulative y i e ld .  

(MT=459) is t h e  la unce r t a in ty  i n  YC. 
tvr .  

C ( E . )  is the  a r r a y  of y i e l d  data for the  i""' energy po in t .  This  a r r a y  -n-i- 

con ta ins  NFP sets  of four  parameters  i n  t h e  order ZAFP, FPSI Y I ,  

and BY1 i n  MT=454 and ZAFP, FPS, YC, and DYC i n  MT=459. 

is equal  to 4*NFP, t he  number of items i n  t h e  Cn(Ei) a r r ay .  

is the  inc iden t  neutron energy of the  ith p o i n t  (ev). 

is a test to determine whether energy-dependent f i s s i o n  product 

LE= - 

LE> - 

I. 
-1 

y i e l d s  are given: 

0 implies no energy-dependence (only one set  of f i s s i o n  product  

y i e l d  da t a  g iven ) ;  

0 means t h a t  (LE + 1) sets of f i s s i o n  product  y i e l d  data are given 

a t  (LE + 1) inc iden t  neutron energ ies .  

is t h e  i n t e r p o l a t i o n  scheme (see Appendix E) to be used between t h e  

and E .  energy po in t s .  Ei-l 1 

8.2.1. Formats 

The s t r u c t u r e  of a s e c t i o n  always s tar ts  with a HEAD record  and ends 

with a SEND record.  S e t s  of f i s s i o n  product  y i e l d  data are given f o r  one or 

more i n c i d e n t  neutron energ ies .  The sets are ordered by inc reas ing  neutron 

energy. For a particular neutron energy t h e  data are presented  by g iv ing  four  
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‘ID parameters (ZAFP, FPS, Y I ,  and DYI i n  MT=454 and ZAPF, PPS, YC, and DYC i n  MT 

459) for each f i s s i o n  product  state. The d a t a  are f i r s t  ordered by inc reas ing  

values  of ZAFP. If more than one y i e l d  is given f o r  t he  same (Z,A) t h e  data are 

ordered by inc reas ing  va lue  of the  .state des igna tor  (FPS) . 
The s t r u c t u r e  f o r  a sec t ion  is 

(MAT, 8 ,  MT/ZA, Am, LE + 1, 0, 0,  0)HEAD 

(MAT, 8, MT/E1, 0.0, LE, 0 ,  NN, WP/Cn(E1) )LIST 

(MAT, 8, MT/E2, 0.0, I , 0,  NN, NFP/Cn(E2))LIST 

(MAT, 8, MT/E3, 0.0, I , 0, NN, NFP/Cn(E3))LIST 

............................................... 

(MAT, 8, O/O.O, 0.0, 0, 0, 0 ,  O)SEND, 

where MT = 454 for independent y i e l d  data and MT = 459 for cumulative y i e l d  

data. There are (LE + 1) LIST records. 

8.2.2. Procedures * 

The da ta  sets for f i s s i o n  product  y i e l d s  should be given over the  same 

energy range as t h a t  i n  Fi les  2 and/or F i l e  3 for t h e  f i s s i o n  cross sec t ion .  

The y i e l d s  are given as f r a c t i o n a l  va lues  a t  each energy, and normally the  

independent y i e l d s  w i l l  sum to ,P 2.0. 

This  format provides  for t h e  y i e l d s  ( Y I  or YC) t o  each exc i t ed  state (FPS) 

of t he  nuc l ide  designated by ZAFP, and hence accommodates t h e  many metastable 

f i s s i o n  products  having d i r e c t  f i s s i o n  y i e l d s .  

more f i s s i o n  product  nuc l ide  states to  r ep resen t  t h e  y i e l d  f o r  a p a r t i c u l a r  mass 

chain.  I f  independent y i e l d  d a t a  are given f o r  more than one nuc l ide ,  t he  y i e l d  

€or t he  lowest Z (charge) nuc l ide  state f o r  a p a r t i c u l a r  mass cha in  should be 

Data may be given f o r  one or 

,@ 
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the  same as the  cumulative f r a c t i o n a l  y i e l d  i n  MT=459, and a l l  other independent 

y i e l d s  for t h i s  same chain should be direct f r a c t i o n a i  y i e lds .  

The direct f i s s i o n  product y i e l d s  are those prior to  delayed neutron 

emission; f o r  t h i s  reason, the  summation of independent y i e l d s  over the  nucl ides  

i n  each mass chain does - not necessar i ly  equal the i soba r i c  chain y i e ld .  

cumulative y i e l d  f o r  each nucl ide (ZAE'P, FPS) can be determined by use  of the  

branching f r a c t i o n s  i n  MT=457 or d i r e c t l y  from MT=459. 

The 

Yie lds  f o r  the  same f i s s i o n  product nucl ides  should be given a t  each 

energy point .  This w i l l  f a c i l i t a t e  i n t e rpo la t ion  of y i e l d  da ta  between inc ident  

energy poin ts .  A l s o ,  a l inear - l inear  i n t e rpo la t ion  scheme should be used. 
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'[I) 8 . 3 .  Radioactive Decay Data (MT=457) .-- 

The spontaneous radioactive decay data are given in Section 457. This 

section is given for materials that are single nuclides in their ground state or 

an isomeric state. (An isomeric state is a "long lived" excited state of the 

nucleus.) The main purpose of MT=457 is to describe absolutely the energy 

spectra resulting from radioactive decay and give average parameters useful for 

applications such as decay heat, waste disposal, depletion and buildup studies, 

shielding, and fuel integrity. The information in this section can be divided 

into three parts: 

a. General information about the material 

- ZA is the designation of the original (radioactive) nuclide 

(=1000* Z+A) . 
AWR is the ratio of the LIS state nuclide mass to that of - 

neutron . 
is the state of the original nuclide (LIS=O, ground state, 

LIS=l, first excited state, etc.). 

is the isomeric state number for original nuclide (LISg=O, 

ground state; LISJZI=l, first isomeric state; etc.). 

is the half-life of the original nuclide (seconds). 

is the average decay energy (eV) of "x" radiation for decay 

heat applications. The "B," "y," and "a" energies are given in 

that order wi'th space reserved for zero "6" or "y" entries. 

See procedures for precise definitions of "B",  "y" and "a." 

- LIS 

- LISg 

3 
-Wx" E 

SPI is the spin of the nuclide in its LIS state. - 
(SPI = - 77.777 = SPIN UNKNOWN) 

is the parity of the nuclide in its LIS state (kl.0). - PAR 
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b. - Decay mode information - for each mode of decay: 
- NDK 

RTYP is the mode of decay of the nuclide in its LIS state. 

is the total number of decay modes given (cannot be zero). 

- 
Decay modes defined: 

- RTYP Mode of decay 

0. Y y-ray (not used in 457) 

1. f3- Beta decay 

2. e.c., (6') Electron capture and/or positron emission 

3. IT Isomeric transition (will in general be 

present only when the state being consid- 

ered is an isomeric state) 

4. ci Alpha decay 

5. n Neutron emission (not "delayed neutron 

decay" considered below) 

6. SF Spontaneous fission 

7. P Proton emission. 

10. - Unknown origin. 

Multiple particle decay is also allowed using any combination of the above RTYP 

variables as illustrated in the following examples: 

RTYP Mode of decay 

1.5 B-,n Beta decay followed by neutron emission 

5_ I 

("delayed neutron decay") 

1.4 B- ,a 

2.4 B+ ,a 

Beta decay followed by alpha emission 

(N-16 decay) 

Positron decay followed by alpha 

emission. 
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(ID 8.3. Radioac t ive  Decay Data (MT=457) ._- 

The spontaneous r a d i o a c t i v e  decay d a t a  are g iven  i n  S e c t i o n  457. T h i s  

s e c t i o n  is g iven  f o r  materials t h a t  are s i n g l e  nuc l ides  i n  t h e i r  ground s ta te  or 

an  isomeric state. (An isomeric state is  a "long l i ved"  e x c i t e d  state of t h e  

nucleus.)  The main purpose of M-457 is t o  d e s c r i b e  a b s o l u t e l y  t h e  energy 

spectra r e s u l t i n g  from r a d i o a c t i v e  decay and g i v e  average parameters u s e f u l  f o r  

a p p l i c a t i o n s  such as decay h e a t ,  waste disposal, d e p l e t i o n  and bui ldup  s tud ie s ,  

s h i e l d i n g ,  and f u e l  i n t e g r i t y .  The information i n  t h i s  s e c t i o n  can  be d i v i d e d '  

i n t o  t h r e e  parts: 

a. General  information about  t h e  material 

- ZA is t h e  des igna t ion  of t h e  o r i g i n a l  ( r a d i o a c t i v e )  nuc l ide  

(=1000* Z+A) . 
AWR is t h e  ratio of t h e  LIS state nuc l ide  mass t o  t h a t  of - 

neutron. 

is t h e  state of t h e  o r i g i n a l  nuc l ide  (LIS=O, ground state,  - LIS 

L I S = l ,  f i r s t  e x c i t e d  state, etc.). 

- LIS$$ is t h e  isomeric s t a t e  number f o r  o r i g i n a l  nuc l ide  (LISg=O, 

ground state; LISpI=l, f i r s t  isomeric state; etc.) .  

is t h e  h a l f - l i f e  of t h e  o r i g i n a l  nuc l ide  (seconds) .  

E is t h e  average decay energy (eV) of "x" r a d i a t i o n  for decay A l x n  

3 

h e a t  a p p l i c a t i o n s .  The "B," "y," and "c1" energies are g iven  i n  

t h a t  o rde r  wi'th space reserved  for z e r o  "B" or "y" e n t r i e s .  

See procedures f o r  precise d e f i n i t i o n s  of  "B" ,  "y" and "(3." 

SPI is t h e  s p i n  of t h e  nuc l ide  i n  its LIS state. - 
(SPI = - 77.777 = SPIN UNKNOWN) 

- PAR is t h e  p a r i t y  of t h e  nuc l ide  i n  i ts  LIS s ta te  ( k l . 0 ) .  
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b. - Decay mode information - f o r  each mode of decay: 

- NDK 

RTYP is the  mode of decay of t h e  nuclide i n  i ts  LIS state. 

is the  total  number of decay modes given (cannot be zero) .  

- 
Decay modes defined: 

0. 

1. 

2. 

3 .  

4 .  

5. 

6 .  

7. 

1 0 .  

Mode of decay 

a 

n 

SF 

P 

- 

y-ray (no t  used i n  457) 

Beta decay 

Electron capture  and/or pos i t ron  emission 

Isomeric t r a n s i t i o n  ( w i l l  i n  genera l  be 

present  only when the  s ta te  being consid- 

ered is an isomeric state) 

Alpha decay 

Neutron emission (e "delayed neutron 

decay" considered below) 

Spontaneous f i s s i o n  

Proton emission. 

Unknown or i g  in. 

Multiple p a r t i c l e  decay is also allowed using any combination of t he  above RTYP 

va r i ab le s  as i l l u s t r a t e d  i n  t h e  following examples: 

RTYP Mode of decay 

1.5 B-ln B e t a  decay followed by neutron emission 

- 

("delayed neutron decay") 

Beta decay followed by alpha emission 

(N-16 decay) 

Positron decay followed by alpha 

emission. 

1 . 4  B- la 

2.4 B+ la 
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RE'S is the isomeric state flag for daughter nuclide. (F@S=O.O, 

ground state; RFS=l.O, first isomeric state; etc.) 

- Q is the total decay energy (eV) available in the corresponding 

decay process. (This is not necessarily the same as the maxi- 

mum energy of the emitted radiation. In the case of an isomer- 

ic transition Q will be the energy of the isomeric state. For 

both 8' and B-, Q equals the energy corresponding to the mass 

difference between the initial and final atoms.) 

- BR is the fraction of the decay of the nuclide in its LIS state 

which proceeds by the corresponding decay mode. (e.g. If only 

$- occurs and no isomeric states in the daughter nucleus are 

excited then BR = 1.0 for $-decay). 

c. Resulting radiation spectra 

NSP is the total number of radiation types (STYP) for which 

spectral information is given (NSP may be zero). 

- 

STYP is the decay radiation type 
___. 

Decay radiations defined: 

STYP Radiation type - 
Gamma rays 0. Y 

1. 8- Beta rays 

2. e.c., (B+) Electron capture and/or positron 

4 .  01 

5. n 

6. SF 

7. P 

8. e 
- 

emission 

Alpha particles 

Neutrons 

Spontaneous fission fragments 

Pro tons 

"Discrete electrons" 
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Decay Radiations Defined (Cont'd) 

STYP Radiation type - 
9. X X-rays and annihilation radiation (photons 

not arising as transitions between nuclear 

states) 

is the energy (eV) of radiation produced (E , etc.) 
is the intensity of radiation produced (relative units) 

y, E~-, Ee.c. ER 

- RI 

- 

- R P  is the spectrum of the continuum component of the radiation 

in units of probability/eV such that JRP(ER)dER = 1 

TYPE is the type of transition for beta and electron capture 

Types Defined: 

- 

TYPE Spectrum Definition 

0 .o 

- 
not required for STYP 

I. .O allowed, nonunique 

2 .o First-forbidden unique 

3 .O Second-forbidden unique 

- RICC is the total internal conversion coefficient (STYP=O.O only) 

- RICK is the K-shell internal conversion coefficient (STYP=O.O only) 

- RICL is the L-shell internal conversion coefficient (STYP=O.O only) 

- RIS is the internal pair formation coefficient (STYP=O.O) 

positron intensity (STYP=2 .O) 

0 .O (0 therwise) 

is the continuum spectrum flag - LCON* 

LCON = 0, no continuous spectrum given 

WON = 1, only continuous spectrum given 

*Spontaneous 3: For RTYP = 6. and STYP = 5. LCON = I. and FC = 3 and 
FD = 0.0 
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NK 

A 
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LCON = 2, both discrete and continuous spectra 

LCON = 5, spectral information in file 5 format 

is the number of entries given for each discrete energy (ER) 

is the continuum spectrum normalization factor (absolute 

intensity/relative intensity) 

is the discrete spectrum normalization factor (absolute 

intensity/relative intensity) 

is the total number of tabulated discrete energies for a given 

spectral type (STYP) 

is the average decay energy of radiation produced 

is the number of interpolation ranges for the continuum 

spectrum 

is the number of points at which the distribution will be given 

is the interpolation scheme for the continuum spectrum 

is the number of partial energy distributions when LCON = 5 is 

used. 

is the uncertainty in any quantity. 

8.3.1. Formats 

The structure of this section always starts with a HEAD record and ends 

with a SEND record. This section is divided into subsections as follows: 

(MAT, 8,457/ ZA AWR LIS LISg b NSP 1 HEAD 
(MAT, 8,457/ T4 b b 6 b /  

- - - - 
E n ~ n  AEIIBII Ewyn AEII,. E n a n  A E ~ ~ ~  ) LIST 

*Spontaneous 3: For RTYP = 6. and STYP = 5. LCON = 5 or LCON = 1 and FC = 
5 and FD = 0.0 ** For STYP = 2, this is the average positron energy; for STYP = 4 ,  this includes 
energy of recoil nucleus. 
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(MAT,8,457/ SPI PAR b b 6*NDK NDK / 

RTYPl RFsl Ql AQ1 BR1 ABRl 

R T Y P ~ ~ ~  RFSNDK QNDK AQNDK ~k~  AB^^) LIST 

R e p e a t  NSP times 

b 

FD 

ERl 

RTYPl 

RICCl 

RTYP 

' in t  

ZA 

STYP 

AFD 

AERl 

TYPEl 

ARICC1 

A E % ~ ~  

TYPEmR 

0.0 

/ 

AWR 

LCON 

- 
ER 

b 

R1l 

RICKl 

b 

RINER 

b 

ERK 

ER 

b 

- 
AER 

b 

ARI 

ARICKl 

b 

A R 1 ~ ~ ~  

b 

RpK) 

AER 

6 

FC 

NT 

RISl  

RICLl 

NT 

---- 

NR 

NK 

NER / ( o m i t  i f  
NSP=O) 

AFC ) L I S T  

b / ( o m i t  i f  

ARISl 
LCON=lor5)  

A R I C L ~ )  LIST 

b / ( o m i t  i f  
* LCONz5) 

) L I S T  

NP / ( o m i t  i f  
LCON=Oor5) 

TAI31 

o ) HEAD (omit i f  
LCON 
25 1 

<SUBSECTION for K = 1> 

<SUBSECTION for K = NK> 

where subsec t ions  are described i n  C h a p t e r  5, "Fi le  5 ,  E n e r g y  D i s t r i b u -  

i o n s  of Secondary Neutrons" page 5.1. 

.................................................................. 

(MAT 1 8 1 o/ b b b b b b ) SEND. 
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8.3.2. Procedures  

I. The i n i t i a l  s ta te  of t h e  pa ren t  nucleus is des igna ted  by LIS@ which 

equa l s  0 for t h e  ground state and equals n f o r  t h e  n th  isomeric state. Only iso- 

meric states are included i n  t h e  count of  LIS@. 

non-isomeric states may be included i n  t h e  count of  l e v e l s . )  

( I n  o the r  f i l es  isomeric and 

11. The average decay energy ~ l l X l ,  f o r  decay hea t  a p p l i c a t i o n  is g iven  
- - - 

for t h r e e  g e n e r a l  r a d i a t i o n  types, E,,B,,, E,, 

q u a n t i t i e s  is t h e  to ta l  average (neu t r ino  ene rg ie s  excluded) energy a v a i l a b l e  

and E,, The sum of these  t h r e e  Y"'  all 

per decay to t h e  decay hea t  problem. The t h r e e  q u a n t i t i e s  are more p r e c i s e l y  de- 

f i n e d  as 

- - - - - - - + ... 
E11y81 - Ephot. - EY + Ex-ray Eann. rad. 

- + E + En, - + p = E  E"al' h.p. 

- - 
) means t h e  average energy o f  "e l ec t ron - re l a t ed"  B "  (Eelect. where E,, 

+ 
Y 

The q u a n t i t y  E,, 

) means t h e  average energy of  & "electromagnet ic"  r a d i a t i o n s  such as 

r a d i a t i o n  such as $-, f3 , convers ion-e lec t rons ,  Auger ,  etc. 

(Epho t . 
- 

- 
gamma rays ,  x-rays,  and a n n i h i l a t i o n  r a d i a t i o n .  The q u a n t i t y  E,, is t h e  aver- 

age energy o f  heavy charged particles and delayed neutrons.  

a 

- - 
and E,, must be specified i n  t h a t  order wi th  space reserved  a - "Y I, E " B " '  E 

also inc ludes  Ea f o r  ze ro  or unknown information.  The average a lpha  energy, 

t h e  recoil energy bu t  t h e  a lpha  energy a lone  can be separated o u t  by t h e  usua l  

MR+% factor where M and M are t h e  recoil nucleus and a lpha  masses respec- 
MR 

R a 
t i v e l y .  

111. The symbol RTYP i n d i c a t e s  t h e  mode of decay as determined by t h e  i n i -  

t i a l  event .  A nucleus undergoing beta decay to an e x c i t e d  s ta te  of t h e  daughter 
I 
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nucleus which subsequently decays by gamma emission is in the beta decay Mode. 

RTYP = 0.0  is not allowed in MT = 457 (although used under 8.1). 

An isomeric state of the daughter nuclide resulting from the decay of 

parent nuclides is designated by RF'S following the procedures used for LIS#. 

Q represents the total energy available in the decay process and is equal to the 

energy difference available between the initial and final states (both of which 

may be isomeric). The branching ratio BR for each decay mode is given as a 

fraction and the sum over all decay modes must equal unity. Multiple particle 

emission is also allowed by using any combination of the RTYP variables. This 

will account for particle emission from nuclear states excited in the decay of 

the parent ("delayed-particle" emission) whose half-lives are too short to 

warrant separate entry in the file. It will also allow users and processing 

codes to identify the various intermediate states, without having to examine all 

the spectrum listings to determine radiation types. The multiple-particle RTYP 

should be constructed in the order in which the particles are emitted. (e.g. 

RTYP = 1.5 indicates 6 decay followed by neutron emission). 

IV. The source-of-radiation should be specified for each spectral line or 

continuous spectra. The source of radiation is a floating point integer corre- 

sponding to the RTYP definitions. If the source-of-radiation is not known RTYP 

= 10. should be used. 

I 

V. The energy spectra should be specified if they are known and identi- 

fied by STYP. 

intensities and errors in the relative intensity should be specified. Absolute 

normalization is made through multiplication by FC and FD. 

spectra are given FD must equal unity. 

contributions from all decays leading to radiation within a particular decay 

type, STYP, having an energy E 

Gamma spectra are described using STYE, = 0 . 0 .  Relative 

If absolute discrete 

The radiation intensity should total the 

* AE~. r 
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a. For gamma ray emission (STYP = O . O ) ,  no other information is 

required if X, Auger electron, conversion electron, and pair forma- 

tion intensities have not been calculated for these transitions. 

In this case NT = 6. 

The amount of additional information depends upon the detail in 

which quantities were obtained for inclusion in STYP = 8. or 9. 

spectra, and the number of decay modes. (This detail will also be 

reflected in the uncertainties assigned in STYP = 8. or 9. 

spectra.) If only the total conversion electron emission is calcu- 

lated, RICC and ARICC should be included and NT is specified as 8. 

If contributors from the individual K, L, and M shells are calcu- 

lated the K and L shell conversion coefficients should be included 

and NT = 12. In the rare case (i.e.';N), where internal pair for- 

mation is included the internal pair formation coefficient should 

be included along with the conversion coefficients as the quantity 

RIS and ARIS. 

b. For electron capture (STYP = 2.) the quantity RIS is 0.0 provided 

< 1.022 MeV. If positron emission is energetically possi- e.c. - E 

ble, RIS and ARIS must be specified (as IB+ and A I B + ) .  

c. The spectra should be ordered in increasing values of STYP, and 

discrete spectral data should be specified before continuous spectra. 

d. For STYP = 6. (spontaneous fission neutrons) LCON and NER must 

be zero and and A5 should be given. SF SF 

VI. The specification of data uncertainties is an important quantity which 

is difficult to represent in a simple way. Although a one sigma variance is 

desired, a number should be entered that at least indicates qualitatively how 

well the parameter is known. 
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For STYP = 8. and 9. ,  AE w i l l  r e f l e c t  the  d e t a i l  i n  which these values  

were derived. For example, i f  only the  total  conversion e l ec t ron  emission has 

been calculated, AE would be the  spread between K-conversion and M-conversion 

e l ec t ron  energies.  

f l e c t  the unce r t a in t i e s  i n  the  e l ec t ron  binding energy and the  t r a n s i t i o n  

energy . 

I f  a very detailed ca l cu la t ion  has been made', AE would re- 

V I I .  L O N  = 5 should  be used whenever data is given i n  MF = 5 as w e l l  as MF 

= 8 ,  MT = 457 so t h a t  consistency between the  t w o  f i l e s  is ensured. 

V I I I .  Every e f f o r t  should be made to  determine the  sp in  and p a r i t y  of the  

o r i g i n a l  nucleus, e i t h e r  by experimental evidence or by s t rong theoretical 

arguments. 

i f  t h e  p a r i t y  cannot be determined it should be reported as zero.  

I f  the  sp in  cannot be determined, it should be reported as -7'77.77; 
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(1) 9. FILE 9, MULTIPLICITIES FOR PRODUCTION OF RADIOACTIVE NUCLIDES 

9.1. General  Descr ip t ion  -- 
Neutron cross s e c t i o n s  can be obtained by the  use  of m u l t i p l i c i t i e s  i n  

F i l e  9. The m u l t i p l i c i t y  r ep resen t s  t h a t  f r a c t i o n  of t h e  cross s e c t i o n  which 

produces the  LFS s t a t e  i n  the  daughter nucleus.  F i l e  9 m u s t  be employed f o r  

those r e a c t i o n s  which are represented  by resonance parameters i n  F i l e  2. 

The m u l t i p l i c i t i e s  are given as a func t ion  of energy, E, where E is  the  

i n c i d e n t  neutron energy ( i n  eV) i n  the  l abora to ry  system. They are given as 

energy-mul t ip l ic i ty  pairs. An i n t e r p o l a t i o n  scheme must be given to spec i fy  the  

energy v a r i a t i o n  of the  data for neutron ene rg ie s  between a given energy p o i n t  

and the  next  higher energy po in t .  

F i l e  9 is divided i n t o  sec t ions ,  each sec t ion  conta in ing  data f o r  a p a r t i c -  

ular r e a c t i o n  type (MT number). The s e c t i o n s  are ordered by inc reas ing  MT num- 

ber. Within a s e c t i o n  for a given MT are subsec t ions  f o r  d i f f e r e n t  f i n a l  s ta tes  

of the  daughter product‘ (LFS). F i l e  9 is  only allowed for eva lua t ions  which rep- 

r e sen t  data €or s i n g l e  nucl ides .  

9.2. Formats 

F i l e  9 is made up of sections where each s e c t i o n  g i v e s  t h e  neutron 

m u l t i p l i c i t y  for a p a r t i c u l a r  r e a c t i o n  type (MT number). Each sec t ion  always 

starts with a HEAD record and ends with a SEND record. For F i l e  9,  t he  follow- 

ing  q u a n t i t i e s  are defined: 

- LIS is an i n d i c a t o r  to s p e c i f y  t h e  

LFS is an ind ica to r  to  s p e c i f y  the  - 
(as  def ined i n  MF=8) produced 

l e v e l  number of t he  

l e v e l  number of t he  

n the  neutron react 

LFS = 0 t h e  f i n a l  state is the  ground state.  

t a r g e t .  

nuc l ide  ( Z A P )  

on (MT number). 

LFS = 1 the  f i n a l  state is the  f i r s t  exc i t ed  s ta te .  
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LFS = 2 the f i n a l  s t a t e  i s  the second excited s t a t e .  

- Q 

NS - 

NR 

LFS = 98 

i s  the reaction Q-value (eV). 

an unspecified range of f i n a l  s t a t e s .  

i s  the number of f i n a l  s t a t e s  for  each MT fo r  which-,multiplicit ies 

are to be given. 

i s  the number of energy ranges. 

may be given for  each range. 

A d i f fe ren t  interp-o*lation scheme 

(NR - < 20). 

i s  the t o t a l  number of energy points used t o  specify the data (NP 

- < 5000) 

i s  the interpolat ion scheme for  each energy range. (For de t a i l s ,  

see Section 0 . 4 . 3 . )  

i s  the mul t ip l ic i ty  for a par t icu lar  reaction type a t  incident 

energy E( eV). Data are  given for  energy-multiplicity pairs .  

The s t ruc ture  of a section is :  

(MAT, 9 ,  MT/ZA, AWR, LIS, 0, NS, 0) HEAD 

<NS subsections, one for each value of LFS> 

(MAT, 9 ,  O/O.O, O,O, 0, 0 ,  0,  0 )  SEND 

The s t ruc ture  of a subsection is: 

(MAT, 9, MT/O.O, Q ,  0, LFS, NR, NP/Eint/Y(E))TAB1 

9 . 3 .  Procedures 

Mul t ip l ic i t ies  must be given i n  F i l e  9 for  those reactions described i n  

MP=8 which have LMF=9 i n  the LIST record of the subsection for that  par t icu lar  

MT number and value of LFS. 

of the cross section which produces the LFS s t a t e  i n  the daughter nucleus. 

The mul t ip l i c i t i e s  i n  F i l e  9 describe the f rac t ion  

For 
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a r e a c t i o n  r ep resen ted  by resonance parameters i n  F i l e  2, F i l e  10 cannot  be 

used; on ly  m u l t i p l i c i t i e s  i n  F i l e  9 are allowed. 

The d a t a  i n  F i l e  9 must cover t h e  e n t i r e  energy range for each r e a c t i o n  i n  

F i l e  3 from th resho ld  to 20 MeV. That  is, m u l t i p l i c i t i e s  cannot  be used over a 

p o r t i o n  of t h e  i n c i d e n t  neutron energy range with cross s e c t i o n s  covering an- 

o the r  po r t ion .  For negat ive  Q reactions, t h e  f i r s t  energy p o i n t  should be a t  

th re sho ld  g iven  i n  F i l e  3. I f  a subsec t ion  Q is  n o t  equa l  to t h e  Q i n  F i l e  3,  

t h e  m u l t i p l i c i t y  should be g iven  as z e r o  up to t h e  energy p o i n t  corresponding to 

t h e  th re sho ld  of t h e  subsec t ion .  

The set of p o i n t s  or energy mesh used for t h e  total  cross s e c t i o n  i n  F i l e  

3 must inc lude  t h e  union of a l l  energy meshes i n  F i l e  9 €or each MT number. Al-  

though 5000 i n c i d e n t  energy p o i n t s  are allowed f o r  t h e  t o t a l  cross sec t ion ,  

every attempt should be made to  minimize t h e  number of p o i n t s  i n  F i l e  9. 

The m u l t i p l i c i t i e s  i n  F i l e  9 should be equa l  to or less than u n i t y  s i n c e  

t h e  cross s e c t i o n s  to  be generated m u s t  be equal  to  or less than t h e  cross sec- 

t i o n s  i n  F i l e  3 f o r  each MT number. 

I n  summary, t h e  proper  procedure would be to  no t  e n t e r  data i n  MF=8 and 

g iven  MT u n t i l  t h e  F i l e  9 mul t ip l ic i t ies  (or F i l e  10  cross s e c t i o n s )  are added 

t o  t h e  eva lua t ions .  That is, every MT number (except  MT=454, 457, or 459) i n  

MF=8 with LMF=9 as an i n d i c a t o r  i n  t h e  LIST record of t h e  subsec t ion  f o r  t h a t  

p a r t i c u l a r  MT and va lue  of LFS must have t h e  corresponding m u l t i p l i c i t i e s  i n  

F i l e  9. 
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10. FILE LO, QiOSS SECTIONS FOR PRODUCTION OF RADIOACTIVE NUCLIDES 
I_ I_ -------_ --- 

10.1.  General  Descr ipt ion ------ 
Neutron a c t i v a t i o n  cross s e c t i o n s  (such as the  (n,p) and (n,2n) cross 

sec t ions )  and cross sec t ions  for a p a r t i c u l a r  s ta te  of a r ad ioac t ive  t a r g e t  are 

given i n  F i l e  10 .  These cross s e c t i o n s  are given as a func t ion  of energy, E, 

where E is the  i n c i d e n t  neutron energy ( i n  eV) i n  t he  l abora to ry  system. They 

are given as energy--cross-section p a i r s .  An i n t e r p o l a t i o n  scheme m u s t  spec i fy  

the  energy v a r i a t i o n  of the  data f o r  neutron ene rg ie s  between a given energy 

p o i n t  and tne  next  higher energy poin t .  

F i l e  10 is d iv ided  i n t o  sec t ions ,  each sec t ion  conta in ing  the  data f o r  a 

p a r t i c u l a r  r e a c t i o n  type (MT number). The sec t ions  are ordered by increas ing  MT 

number. Within a sec t ion  f o r  a given MT are subsec t ions  for d i f f e r e n t  f i n a l  

s t a t e s  (LFS) of the  daughter product nucleus.  F i l e  10 is allowed only f o r  evalu- 

a t i o n s  which r ep resen t  the  da t a  f o r  s i n g l e  i so topes .  

10.2. Formats --- 
F i l e  1 0  is made up of s e c t i o n s  where each sec t ion  g ives  the  neutron cross 

s e c t i o n  for a p a r t i c u l a r  r e a c t i o n  type (MT number). Each s e c t i o n  always s t a r t s  

with a HEAD record and ends with a SEND record.  

t i t i e s  are defined: 

For F i l e  1 0 ,  t he  fol lowing quan- 

LIS - 

- LFS 

is an i n d i c a t o r  to  s p e c i f y  the  l e v e l  number of t he  t a r g e t .  

is an ind ica to r  to  s p e c i f y  the  l e v e l  number of t he  nuc l ide  ( Z A P )  

produced i n  the  neutron r eac t ion  (MT) number. 

LFS = 0 t h e  f i n a l  s ta te  is the  ground s ta te .  

LFS = 1 the  f i n a l  s ta te  is the  f i r s t  exc i t ed  s ta te .  .--- 
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LFS = 2 the  f i n a l  state is  t h e  second exc i ted  s ta te .  

9 
NS - 

NR - 

NP 

LFS = 98 an unspec i f ied  range of f i n a l  states.  

is the  r e a c t i o n  Q-value (eV). 

i s  the  number of f i n a l  states f o r  each MT f o r  which c ross  sec t ions  

are t o  be given. 

i s  t h e  number of energy ranges.  A d i f f e r e n t  i n t e r p o l a t i o n  scheme 

may be given f o r  each range. 

is  the  to ta l  number of energy po in t s  used t o  spec i fy  t h e  da t a  (NP 

(NR 1. 20). 

- < 5000). 

i s  t h e  i n t e r p o l a t i o n  scheme f o r  each energy range. FOP d e t a i l s ,  

see Sec t ion  0 . 4 . 3 . ) .  

i s  the  c ros s  s e c t i o n  i n  barns  f o r  a p a r t i c u l a r  r e a c t i o n  type a t  

inc iden t  energy E (eV). Data are given f o r  energy, c ross -sec t ion  

p a i r s .  

The s t r u c t u r e  of a s e c t i o n  is: 

(MAT, 10, MT/ZA, AWR, LIS,  0, NS, 0 )  HEAD 

<NS subsec t ions  one f o r  each LFS> 

(MAT, 10, O/O.O, 0.0, 0, 0,  0 ,  0 )  SEND 

The s t r u c t u r e  of a subsec t ion  is: 

(MAT, 10, MT/O.O, Q, 0, LFS, NR, NP/Eint/o(E)) TAB1 

10.3.  Procedures 

Isomer product ion c ros s  sec t ions  must be  given i n  F i l e  0 f o r  those 

r eac t ions  descr ibed i n  MF=8 which have LMF=lO i n  t h e  LIST record of t h e  

subsec t ion  for t h a t  p a r t i c u l a r  MT number and va lue  of LFS. The data i n  File 10 
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(0 are the  cross sections f o r  the  product ion of a f i n a l  s t a t e  (LFS) of the  daughter 

product  nucleus. 

F i l e  1 0  cannot be used; on ly  m u l t i p l i c i t i e s  i n  F i l e  9 are allowed. 

For a r e a c t i o n  represented  by resonance parameters i n  F i l e  2, 

The data i n  F i l e  1 0  m u s t  cover t he  e n t i r e  energy range f o r  each reaction 

from the  threshold  of the  subsec t ion  i n  F i l e  1 0  up to 20 MeV. 

s e c t i o n s  cannot be used over a po r t ion  of t h e  i n c i d e n t  neutron energy range with 

mul t ip l ic i t ies  covering another por t ion .  For negat ive  Q r e a c t i o n s ,  t h e  f i r s t  

That is, cross 

energy p o i n t  should be a t  t h e  threshold  of t he  subsec t ion  i n  F i l e  1 0  and t h e  

cross s e c t i o n  a t  t h i s  p o i n t  m u s t  be zero.  

The set of p o i n t s  or energy mesh used f o r  t h e  t o t a l  cross s e c t i o n  i n  F i l e  

3 must be the  union of a l l  energy meshes i n  F i l e  1 0  f o r  each MT number. A l -  

though 5000 i n c i d e n t  energy p o i n t s  are allowed for t h e  t o t a l  cross s e c t i o n ,  

every at tempt  should be made to  minimize the  number of p o i n t s  i n  F i l e  1 0 .  

Using the  93Nb(n,2n) 92Nb cross s e c t i o n  as an example, on ly  t h e  cross sec- 

t i o n  for the product ion of the  10.16 day isomer i n  92Nb would appear under MT=16 

with LIS=O and LFS=1 i n  F i l e  10.  

(n,2n) r e a c t i o n  would s t i l l  be found i n  F i l e  3 under MT=16 (note  t h a t  t h i s  is 

the  only  (n,  2n) cross s e c t i o n  requi red  f o r  neutron t r a n s p o r t  c a l c u l a t i o n s ) .  

should be noted, however, i n  t h i s  p a r t i c u l a r  case, t h a t  t he  evaluator: would have 

the  choice  of using energy-dependent mult ipl ic i t ies  i n  F i l e  9 i n s t e a d  of cross 

s e c t i o n s  i n  F i l e  10 .  

The sum of a l l  p a r t i a l  cross s e c t i o n s  for t h e  

I t  

The cross s e c t i o n s  which appear i n  F i l e  1 0  are redundant; t h a t  is, they  

should no t  be included i n  t h e  check sum f o r  the  t o t a l  cross sec t ion .  The cross 

s e c t i o n s  i n  F i l e  1 0  m u s t  be equal to or less than t h e  cross s e c t i o n s  for t h a t  MT 

number which appear i n  F i l e  3 .  

I n  summary, t h e  proper procedure would be to not  e n t e r  data i n  MF=8 and 

given MT u n t i l  t he  F i l e  1 0  cross s e c t i o n s  (or F i l e  9 m u l t i p l i c i t i e s )  are added 
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to the evaluations. That is, every MT number (except MT=454, 457, or 459) with 

LMF=lO as an indicator in the LIST record of the subsection for that particular 

MT and value of LFS must have the corresponding cross sections in File 10. 

. 



(D 11. GENERAL COMMENTS OF PHOTON PRODUCTION 

Photon product ion data are d iv ided  i n t o  f i v e  d i s t i n c t  files. 

- F i l e  Descr ip t ion  

1 2  M u l t i p l i c i t i e s  and t r a n s i t i o n  p r o b a b i l i t y  a r r a y s  

1 3  Photon production cross s e c t i o n s  

1 4  Photon angular d i s t r i b u t i o n s  

15 Continuous photon energy spectra 

16 Photon energy-angle d i s t r i b u t i o n s  

With the exception of F i le  12 ,  a l l  the  f i l e s  are c l o s e l y  analogous to t h e  

corresponding neutron data f i l e s  with the  same number (modulo 1 0 ) .  The purpose 

of F i l e  12  is to provide a d d i t i o n a l  methods for represent ing  the energy 

dependence of photon product ion cross sec t ions .  The allowed reac t ion  type (MT) 

numbers are the  same as those assigned f o r  neutron r eac t ions ,  Files 1 through 7. 

However, they may have somewhat d i f f e r e n t  meanings €or photon product ion t h a t  re- 

quire a d d i t i o n a l  explanat ion i n  some cases: 

QD 

MT = 3 should be used i n  Fi les  1 2  through 16 to rep resen t  composite 

cross sec t ions ,  t h a t  is, photon product ion cross s e c t i o n s  from more 

than one r eac t ion  type t h a t  have been lumped toge ther .  

There is no apparent  reason to have redundant or derived data for the  

photon product ion f i les ,  as is the  case for t h e  neutron f i l e s ,  i.e., 

MT = 3, 4 ,  etc. Therefore,  to avoid confusion, the  j o i n  of a l l  

s e c t i o n s  of Fi les  12  and 1 3  should r ep resen t  t he  photon product ion,  

with each sec t ion  being d i s j o i n t  from a l l  o the r s .  

L e t  u s  consider  how one might r ep resen t  t h e  i n e l a s t i c  y-ray produc- 

t i o n  data. The d i f f e r e n t i a l  cross sec t ion  for producing a y-ray of 

energy E r e s u l t i n g  from the  e x c i t a t i o n  of t h e  m o t h  level  of t h e  re- 

s i d u a l  nucleus and the  subsequent t r a n s i t i o n  between two d e f i n i t e  lev- 
Y 
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where 
C h  
C L I  

omo(E) = neutron cross s e c t i o n s  for e x c i t i n g  t h e  m 

t r o n  energy E, 

l e v e l  with neu- 
0 

&(Ey - E j  + ci) = delta func t ion  w i t h  cj,  ci being energy l e v e l s  of the  resid- 

u a l  nucleus,  

p r o b a b i l i t y  of the  r e s i d u a l  nucleus having a t r a n s i t i o n  t o  

t h e  Rth l e v e l  given t h a t  it was i n i t i a l l y  i n  the  exc i t ed  

state corresponding to the  kth l e v e l ,  and 

TP = 
k t 2  

= p r o b a b i l i t y  of emission of a y ray  of energy E = E -- E as % I R  Y k R  
a r e s u l t  of t h e  r e s i d u a l  nucleus having a t r a n s i t i o n  from t h e  

kth to  the  Rth l e v e l .  

W e  are a t  once b e s e t  by the  problem t h a t  no clear choice  of ENDF r e p r e s e n t a t i o n  

i n  terms of s e c t i o n  number is poss ib l e .  The data may n a t u r a l l y  be i d e n t i f i e d  

t h  
w i t h  both t h e  mnth l e v e l  and t h e  j l e v e l .  To avoid t h i s  problem, we can sum 

U 

Eq. (1) over m : 
0 

N 
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where N is the  highest  l e v e l  t h a t  can be exci ted by a neutron of incident  energy 

E (i.e., E < AWK E ) .  This g ives  a de-exci ta t ion cross sec t ion  t h a t  can 

s ing le  o u t  a d e f i n i t e  y-ray t r a n s i t i o n  and has the  advantage when experimental 

da ta  are to be represented. The de-excitation cross sec t ion  is iden t i f i ed  with 

the  jth l eve l .  Al te rna t ive ly ,  w e  can sum Eq. (1) over i and j :  

- 
AWR + 1 N -  

m j-1 
0 

This gives  an exc i t a t ion  cross sec t ion  tha t  can s i n g l e  out  a d e f i n i t e  exci ted 

state and has the  advantage when calculated da ta  are to be represented. 

e x c i t a t i o n  cross sec t ion  is i d e n t i f i e d  with the m th l eve l .  

summed over i and j ,  or i f  Eq. (3) is summed over mo, then 

The 

(1) I f  Q. (2)  is 
0 

N 

m =1 
0 

j =1 i = O  

This gives  a cross sec t ion  for a l l  poss ib l e  exc i t a t ions  and t r a n s i t i o n s  and thus  

corresponds to the  total  i n e l a s t i c  neutron cross sec t ion  for discrete l eve l s .  
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It is recommended that MT = 4 be used for the data represented by Eq. 

(4), as well as for the continuum. If, however, it is expedient or useful 

to use MT = 51 through 91, then one must use either the de-excitation 

cross sections of Eq. (2) or the excitation cross sections of Eq. ( 3 ) ,  but 

not both. A restriction is imposed if the transition probability array 

option is used and if the entire neutron energy range is not covered by 

the known transition probabilities. Then, for MT = 51 through 90 in File 

12 to be used for the remaining neutron energy range, a representation by 

excitation multiplicities must be used. 

The integrated cross sections of File 13 are obtained by integrating Eqs. 

Y' 
(1) through (4) over E 

(4) The remarks in Item (3)  apply for discrete rays from (n,py), (n,dy) , 
3 (n,ty), (n, Hey), and (n,ay) reactions, and the use of MT = 103, 104, 105, 

106, and 107 is recommended for these cases. 
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12. FILE 12: PHOTON PRODUCTION MULTIPLICITIES AND TRANSITION PROBABILITY 

ARRAYS 

F i l e  12 can be used to represent  the neutron energy dependence of photon 

production cross sec t ions  by means of either m u l t i p l i c i t i e s  or t r a n s i t i o n  proba- 

b i l i t y  arrays.  Both methods r e l y  upon processing codes t h a t  u s e  neutron cross 

sec t ions  from Fi le  2 and/or F i le  3 to generate  absolu te  photon production cross 

sec t ions  . 
Mult ip l ic i t ies  can be used to represent  the  cross sec t ions  of discrete 

photons and/or the in tegra ted  cross sec t ions  of continuous photon spectra. The 

MT numbers i n  F i l e  1 2  designate  the  particular neutron cross sec t ions  (F i le  2 

and/or F i l e  3) to  which the  mul t ip l ic i t ies  a r e  referred. The u s e . o f  

mul t ip l ic i tes  is the  recommended method of present ing (n,y) capture y-ray cross 

sec t ions ,  provided, of course, t h a t  the (n,y) cross sec t ion  is adequately repre- 

sented i n  F i l e  2 and/or F i l e  3 .  0 
For well-established l e v e l  decay schemes, the use of t r a n s i t i o n  probabil- 

i t y  a r r ays  offers a concise  method for present ing (n,xy) information. With t h i s  

method, the actual decay scheme of the residual nucleus for a particular 

reac t ion  (defined by MT number) is entered i n  F i l e  12. T h i s  information can 

then be used by a processing code together wi th  discrete l e v e l  exc i t a t ion  cross 

sec t ions  from Fi le  3 to calculate discrete y-ray production cross sec t ions .  

This option cannot be used to represent  t h e  i n t e g r a l s  of continuous photon 

spectra . 

12.1. Formats 

Each sec t ion  of F i l e  1 2  gives  information for a particular reac t ion  type 

(MT number), either as mul t ip l ic i t ies  (L(b = 1) or as t r a n s i t i o n  p robab i l i t y  



12.1.1. Option 1 (Lpl = 1): M u l t i p l i c i t i e s  

The neutron energy dependence of photon product ion  cross s e c t i o n s  is repre- 

sented  by t a b u l a t i n g  a set of neutron energy and m u l t i p l i c i t y  pairs  (E,y (E) ) 

for each discrete photon and for t h e  photon energy continuum.* The s u b s c r i p t  k 

k 

des igna te s  a particular discrete photon or a photon continuum, and t h e  total  num- 

ber of  such sets is represented  by NK. 

The m u l t i p l i c i t y  or y i e l d  y (E) is def ined  by k 

where E des igna te s  neutron energy and 5 ( E )  is t h e  neutron cross s e c t i o n  i n  F i l e  

2 and/or F i k  3 to which t h e  m u l t i p l i c i t y  is r e f e r r e d  (by t h e  MT number). For 

discrete photons, 5 i ( E )  is t h e  photon product ion  cross s e c t i o n  f o r  t h e  discrete 

photon des igna ted  by k. For photon cont inua ,  cr (E) is the  cross s e c t i o n  for 

t h e  photon continuum i n t e g r a t e d  over photon energy. I n  t h e  continuum case, 

Y 
k 

Emax 
Y 

do 

*There should be no more than one energy continuum fo r  each MT number used. I f  
t h e  decomposition of a continuum i n t o  s e v e r a l  par ts  is des i r ed ,  t h i s  can be 
accomplished i n  F i l e  15. 
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is t h e  abso lu te  photon energy d i s t r i b u t i o n  i n  barns/eV, and y (E 

r e l a t i v e  energy d i s t r i b u t i o n  i n  photons/eV. The q u a n t i t y  y (E f E) can be bro- 

ken down f u r t h e r  as  

f E) is t h e  
k Y  

k Y  

which results i n  t h e  requirement t h a t  

f (E f E ) d E  = 1. rx 0 k y Y 

Any t i m e  a continuum rep resen ta t ion  is used for a given MT number i n  e i t h e r  F i l e  

12 or 13, then the  normalized energy d i s t r i b u t i o n  f (E f E) must be given 
k Y  

i n  F i l e  15 under t h e  same MT number. 

As a check quan t i ty ,  the  total  y i e l d  

Y(E) = Yk (E) (photons) 

k = l  

is also t abu la t ed  for each MT number if NK > 1. (ID 



The s t r u c t u r e  of a sec t ion  for = 1 is 

(MAT, 12, MT/ZA, AWR; L9=1, b; NK, b ) H W  

(MAT, 12, MT/ b, b; b, b; NR, NP/Eint/Y (E) )TABl* 

<subsec t ion  for k = 1> 

<subsect ion for k = 2> 

<subsect ion for k = NK> 

(MAT, 12,  O /  b, b; b, b; b, b ) S W  , 
and the s t r u c t u r e  of each subsec t ion  is 

[MAT, 12,  MT/EGk, ESk; LP, LF; NR, NP/Eint/Yk(E) )TAB1 I 

where 

- NK the number of discrete photons inc luding  the  continuum. 

0 

ES the  energy of t h e  l e v e l  from which the  photon o r i g i n a t e s .  If the  4 

l e v e l  is unknown or i f  a cont inuous photon spectrum is produced, then  

ESk E 0.0 should be used. 

t h e  photon energy for LP = 0 or 1 or Binding Energy for LP = 2. 

a cont inuous photon energy d i s t r i b u t i o n ,  EGk Z 0.0 should be used. 

i n d i c a t o r  of whether or n o t  the  p a r t i c u l a r  photon is a primary: 

LP = 0 ,  o r i g i n  of photons is not  designated or not  known, and the  

M; -k For 

I LP 

photon energy is Sk; 

LP = 1, for nonprimary photons where t h e  photon energy is aga in  simply 

S k i  and 

*If  the total  number of discrete photons and photon cont inua is one (NK = l), 
t h i s  TAB1 record is omitted. 
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LP = 2,  for primary photons where the photon energy EG' is given by k 

EG; = EGk + AwR+1 m E  n' 

- LE' the  photon energy d i s t r i b u t i o n  l a w  number, which p resen t ly  has only 

two values  defined: 

LE' = 1, a normalized tabulated funct ion ( i n  F i l e  1 5 ) ,  and 

= 2, a discrete photon energy. 

12.1.2. Option 2 (LpI = 2 ) :  Trans i t ion  Probabi l i ty  Arrays 

With t h i s  opt ion,  the only da ta  required are the  l e v e l  energies ,  

de-excitation t r a n s i t i o n  p r o b a b i l i t i e s ,  and (where necessary) condi t iona l  photon 

emission p r o b a b i l i t i e s .  Given t h i s  information, the  photon energies  and t h e i r  

mu l t ip l i c i t i e s  can r ead i ly  be calculated. 

then be computed for any given l e v e l  from the exc i t a t ion  cross sec t ion  i n  F i l e  

3,  along with the  t r a n s i t i o n  p robab i l i t y  array.  S imi la r ly ,  mul t ip l ic i t ies  and 

photon production cross sec t ions  can be constructed for  the  total  cascade. 

any given l e v e l ,  the  t r a n s i t i o n  and photon emission p robab i l i t y  da t a  given i n  

the sec t ion  are for photons o r ig ina t ing  a t  t h a t  l e v e l  cnly; any fu r the r  

cascading is determined from t h e  data for the  lower l e v e l s .  

Photon production cross sec t ions  can 

For 

Now def ine the  following var iab les .  

- LG = 1, simple case ( a l l  t r a n s i t i o n s  are y emission).  

= 2, complex case ( i n t e r n a l  conversion or other  competing processes 

occur) . 
I N S  number of l e v e l s  below the present  one, including the ground state. 

(The present  l e v e l  is also uniquely defined by the  MT number and by 

its energy leve l . )  
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- NT number of t r a n s i t i o n s  for  which da ta  are given i n  a list to  fo,llow e 
(i.e.,  number of nonzero t r a n s i t i o n  p r o b a b i l i t i e s ) ,  NT < NS. - 

ES energy of the  i t h  level,  i = 0 , 1 , 2 . . .  NS. (ES E 0.0, the  ground 
-i 0 

state.) 

TP. TPNS,i, the  p robab i l i t y  of a d i r e c t  t r a i l s i t i on  from Level NS to l e v e l  

i, i = 0,1,2... (NS-1). 

GpNS,i' the  p robab i l i t y  t h a t ,  given a t r a n s i t i o n  from level  NS to 

leve l  i, the  t r a n s i t i o n  is a photon traiisition (i.e., the  condi t iona l  

p robab i l i t y  of photon emission).  

-1 

GPi 

B.  an a r r ay  of NT doublets or t r i p l e t s  depending on LG value. 
-1 

Note t h a t  each l e v e l  can be i d e n t i f i e d  by its NS number. Then the  energy of a 

photon from a t r a n s i t i o n  to l e v e l  i is given by E = ESNS - ESi, and its m u l t i -  
Y 

e p l i c i t y  is given by y(E + E) = (TPi) (GPi). 

t r a n s i t i o n  p robab i l i t y  a r r a y  is independent of inc ident  neutron energy. 

It  is i m p l i c i t l y  assumed t h a t  the  
Y 

The s t r u c t u r e  of a section for  LpI = 2 is 

(MAT, 12 ,  MT/ ZA, Am; m = 2 ,  LG; NS, b)HEAD. 

(MAT, 12, MT/ESNs, b; LP, b; (LG+l) *NT, NT/Bi]LIST. 

(MAT, 12  O/ b, b; b, b; b, b)SEND. 

I f  

sists of NT t r iplets  (ESi,TPi,GP.). 

over the l e v e l s  below the  l e v e l  for  which the  t r a n s i t i o n  p robab i l i t y  a r ray  is 

= 1, the  a r r ay  Bi consists of NT doublets  (ESi,TPi); i f  LG = 2 ,  it con- 

Here the  subsc r ip t  i is a Lunning index 
1 

being given (i.e.,  below l e v e l  NS). The doublets or t r ip le t s  are given i n  de- 

i' creas ing  magnitude of energy ES 

12 .2 .  F i l e  12  Procedures 

l. Under Option 1, the subsect ions are given i n  decreasing magnitude of 

=k 
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2. Under Option I, t h e  convention is t h a t  the subsec t ion  f o r  the 

continuum photons, if presen t ,  is las t .  

(EG ) is set equal to  0.0, and l o g i c a l  cons is tency  with Procedure 1 is main- 
NK 

ta ined.  

In  t h i s  case, the  l a s t  value of E G ~  

3.  Under Option 1, the  va lues  of IGk should be c o n s i s t e n t  to wi th in  four  

s i g n i f i c a n t  f i g u r e s  wi th  the  corresponding EG 

angular  d i s t r i b u t i o n s .  This allows processing and "physics" checking codes to 

match photon y i e l d s  with the  corresponding angular  d i s t r i b u t i o n s .  

va lues  f o r  t he  F i l e  1 4  photon k 

4.  Under Option 1, ES is the  energy of the l e v e l  from which the  photon 

o r i g i n a t e s .  If  ES is unknown or  not  meaningful (as f o r  t he  continuous photon 

spectrum),  t he  va lue  0.0 should be en tered .  

k 

k 

5. If  capture and f i s s i o n  resonance parameters are given i n  F i l e  2,  

photon product ion for these r eac t ions  s h o u l d  be given by using Option l of Pile* 

12, i n s t e a d  of using photon product ion cross s e c t i o n s  i n  F i l e  13. T h i s  is  due 

to the  voluminous data requi red  to  r ep resen t  the  resonance structure i n  F i l e  13 

and the  d i f f i c u l t y  of c a l c u l a t i n g  multigroup photon product ion matrices from 

such data. 

6. Under Option 1, t h e  t o t a l  y i e l d  table, Y (E) , should exac t ly  span t h e  

same energy range as the combined energy range of a l l  t h e  y (E) .  Within t h a t  

range , 
k 

snould hold wi th in  four  s i g n i f i c a n t  f i g u r e s .  

7. The e x c i t a t i o n  cross s e c t i o n s  for a l l  t he  l e v e l s  appearing i n  the 

t r a n s i t i o n  p r o b a b i l i t y  a r r a y s  m u s t ,  of course, be given i n  F i le  3 .  
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8. The j o i n  of a l l  s e c t i o n s ,  r e g a r d l e s s  of the  op t ion  used,  should repre- 

s e n t  t h e  photon product ion  da ta ,  wi th  no redundancy. For example, MT = 4 cannot  

inc lude  any photons given elsewhere under MT = 51 through 91. 

can be no redundancy between F i l e s  12 and 13. 

L i k e w i s e ,  t h e r e  

9. I f  m l y  one energy d i s t r i b u t i o n  is given under Option 1 (NK = l), t he  

TAB1 record  f o r  t h e  Y(E)  table is d e l e t e d  to  avoid r e p e t i t i v e  e n t r i e s .  

1 0 .  Data should no t  be given i n  F i l e  1 2  f o r  r e a c t i o n  types t h a t  do no t  

appear i n  F i l e s  2 and/or 3 .  

11. Under Option 2, the  l e v e i  ene rg ie s ,  ESi, i n  the  t r a n s i t i o n  p r o b a b i i i t y  

a r r a y s  are given i n  decreas ing  magnitude. 

12 .  The MT numbers for which t r a n s i t i o n  p r o b a b i l i t y  da ta  are given should 

be for consecut ive  l e v e l s ,  beginning a t  t h e  f i r s t  l e v e l ,  wi th  no embedded l e v e l s  

. omit ted.  

13. The ene rg ie s  of photons a r i s i n g  from l e v e l  t r a n s i t i o n s  should be con- 

s i s t e n t  w i th in  four  s i g n i f i c a n t  f i g u r e s  wi th  the  corresponding EG va lues  i n  

P i i e  i 4 .  Therefore ,  care m u s t  be taken  to  s p e c i f y  Level ene rg ie s  t o  t h e  appro- 

pr ia te  number of s i g n i f i c a n t  f i g u r e s .  

k 

14. Under Option 2 ,  t h e  sum of t h e  t r a n s i t i o n  p r o b a b i l i t i e s  (TPi) over i 

should equa l  1.0000 ( t h a t  is, should be un i ty  to  wi th i a  f i v e  s i g n i f i c a n t  

f i g u r e s ) .  

15. The l i m i t  on t h e  number of energy p o i n t s  i n  any t a b u l a t i o n s  of Y(E) or 

yk(E)  is 1600. 

practice because y i e l d s  are normally smoothly varying func t ions  of i n c i d e n t  neu- 

t r o n  energy. 

Th i s  is an upper l i m i t  t h a t  w i l i  r a r e l y  be approached i n  

16. The l i m i t  on the  number of i n t e r p o l a t i o n  reg ions  is 10 .  



17. Tabulat ions of nonthreshold data should normally cover a t  least the  

-5 7 energy range 1 0  e V  < E < 2 x 1 0  eV, where practical. Threshold data should 

be given from threshold  energy up to 2 x l o 7  eV, where p r a c t i c a l .  

18. T rans i t i on  P r o b a b i l i t y  Arrays f o r  (n ,n 'y)  photons. 

- -  

a. The use  of t r a n s i t i o n  p r o b a b i l i t y  a r r a y s  (F i le  12, LpI = 2) is a 

convenient way to  r ep resen t  a p o r t i o n  of the  y-rays produced by 

de-exc i ta t ion  of discrete l e v e l s  populated by (n ,n ' )  and o ther  

r eac t ions .  

b. Severa l  condi t ions  m u s t  be m e t  before  t h i s  r ep resen ta t ion  can be 

used. Level e x c i t a t i o n  cross s e c t i o n s  (given i n  F i l e  3 as MT = 

51,. . .) must be given from threshold  energ ies  up to  the same maxi- 

mum energy (no excep t ions ) .  Decay p r o p e r t i e s  of a l l  n l e v e l s  m u s t  

be known. The information given i n  F i l e  1 2  must be c o n s i s t e n t  

with data given i n  F i l e  3 .  

c. Usually,  no t  a l l  the  cond i t ions  can be m e t .  Part of the  problem 

is t h e  recommendation t h a t  l e v e l  e x c i t a t i o n  cross s e c t i o n s  f o r  t h e  

f i r s t  few l e v e l s  be given f o r  neutron ene rg ie s  up to  20 MeV. It  

is seldom t h a t  a l l  l e v e l  data can be given for neutron energ ies  up  

to  1 5  MeV. 
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The purpose of F i l e  1 3  is t h e  same as t h a t  of F i l e  1 2 ,  namely, it can b e  

used to  r e p r e s e n t  t h e  neut ron  and photon energy dependence of photon p r o d u c t i o n  

cross s e c t i o n s .  I n  F i l e  13 ,  however, a b s o l u t e  cross s e c t i o n s  i n  b a r n s  are 

t a b u l a t e d ,  and t h e r e  is no need to  r e f e r  to  t h e  neut ron  f i l e s .  

13 .l. Formats 
.---I_ 

A s  i n  F i l e  1 2 ,  each s e c t i o n  i n  F i l e  1 3  g i v e s  informat ion  f o r  a p a r t i c u l a r  

r e a c t i o n  type (MT number). Each s e c t i o n  always s tar ts  w i t h  a HEAD r e c o r d  and 

ends  with a SEND record .  

The r e p r e s e n t a t i o n  of t h e  energy dependence of  t h e  cross s e c t i o n s  is accom- 

p l i s h e d  by t a b u l a t i n g  a se t  of neut ron  energy-cross  s e c t i o n  pairs  ( E , D  Y ( E ) )  f o r  
k 

each d i s c r e t e  photon and f o r  t h e  photon energy continuum. 

d e s i g n a t e s  a p a r t i c u l a r  discrete photon or t h e  photon continuum, and t h e  t o t a l  

number of such sets is NK. 

t i o n  cross s e c t i o n  (b) f o r  t h e  photon d e s i g n a t e d  by k .  For t h e  photon 

continuum, crY(E) i s  t h e  i n t e g r a t e d  (over  photon energy)  cross s e c t i o n  for t h e  

photon continuum* d e s i g n a t e d  by k .  I n  t h e  continuum case, 

The s u b s c r i p t  k 

For discrete photons,  o y ( E )  is t h e  photon produc- 
k 

k 

--- ___- 
*There should  be no more than  one energy continum f o r  each MT number used. If 

t h e  decomposi t ion of  a continuum i n t o  s e v e r a l  p a r t s  is d e s i r e d ,  t h i s  can be 
accomplished i n  F i l e  15. 
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energy d i s t r i b u t i o n  i n  b/eV. The energy d i s t r i b u t i o n  can be fu r the r  broken down 

as 

+ E) = crZ(E) f k  (E + E) , - 
dE ‘Ey Y Y 

which obviously r equ i r e s  t h a t  

Emax 
P Y  

f (E + E )  dE = l .  
k Y  Y 

Any t i m e  a continuum representa t ion  is used fo r  a given MT number i n  F i l e  13, 

the  normalized energy d i s t r i b u t i o n ,  f (E 

t he  same MT number. 

f E), must  be given i n  F i l e  15 under 
k Y  

As a check quant i ty ,  t he  t o t a l  photon production cross sec t ion ,  

NK 

r 
k = l  

is also tabula ted  fo r  each MT number, unless only one subsection is present  

(i.e., NK = 1). 
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The s t r u c t u r e  of a s e c t i o n  i n  F i l e  1 3  .is 

(MAT, 13, MT/ZA, AWR; b, b; NK, b)HEAD 

(MAT, 13, MT/ b, b; b, b; W ,  NP/Eint/a 

<subsec t ion  for k = 1> 

<subsec t ion  f o r  k = 2> 

<subsec t ion  f o r  k = NK> 

(MAT, 13,  O/ b, b; b, b; b, b)SEND 

and the  s t r u c t u r e  of  each subsec t ion  is 

(MAT, 13, MT/EG~,  E S ~ ;  LP, LF; m, NP/E~~,/CI;(E))TAB~ , 

where 

NK 

ES 
--k 

- 

% 

LP - 

t h e  number of discrete photons inc luding  the  continuum. 

t h e  energy of t h e  lebel from which t h e  photon o r i g i n a t e s .  I f  t h e  

l e v e l  is unknown or i f  a cont inuous photon spectrum is produced, 

then ES : 0.0 should be used. 

t h e  photon energy f o r  LP = 0 or 1 or Binding Energy f o r  LP = 2. For 

k 

a cont inuous photon energy d i s t r i b u t i o n ,  EGk = 0.0 should be used. 

I n d i c a t o r  of whether or no t  t he  p a r t i c u l a r  photon is a primary: 

LP = 0 ,  o r i g i n  of  photons is n o t  des igna ted  or not  known, and t h e  

k ;  
photon energy is EG 

LP = 1, f o r  nonprimary photons where t h e  photon energy is aga in  

simply EGk; and 

LP =, 2, for primary photons,  where t h e  photon energy is given by 

AWR 
EGk + AWR + 1 En 

*I f  t h e  t o t a l  number of discrete photons and photon cont inua  is one (NK = l), (ID t h i s  TAB1 record  is omitted. 
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13.2. F i l e  1 3  Procedures 

1. 

2. The convention is t h a t  t h e  subsec t ion  f o r  t h e  continuum photons,  i f  

I n  t h i s  case, EGNK E 0.0. 

The subsec t ions  are given i n  decreas ing  magnitude of  EGk. 

p re sen t ,  is l a s t .  

k 
3 .  The va lues  of EG should be c o n s i s t e n t  to  wi th in  four  s i g n i f i c a n t  f i g u r e s  

wi th  the  corresponding EGk va lues  i n  F i l e  14. 

4 .  ES is t h e  energy of t h e  l e v e l  from which t h e  photon o r i g i n a t e s ,  i f  known. 
k 

0 
Otherwise ES E 0.0.  

I f  capture and f i s s i o n  resonance parameters are given i n  F i l e  2, t h e  cor- 

responding photon product ion should be given by us ing  Option 1 of F i l e  12,  

i n s t e a d  of using photon product ion cross s e c t i o n s .  

The t o t a l  photon product ion  cross s e c t i o n  t a b l e ,  omT(E), should e x a c t l y  I span t h e  same energy range as the  combined energy range of a l l  t h e  cr,(E). 

k 

5. 

Y 6. 

Y 

should hold wi th in  fou r  s i g n i f i c a n t  f i g u r e s .  I f  on ly  one energy d i s t r i -  

but ion  is given,  e i t h e r  d i s c r e t e  or cont inuous (NK = l),  t h e  TAB1 record  

f o r  t h e  a,,(E) Y is de le ted .  
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@ 7. .The j o i n  of a l l  s e c t i o n s  i n  F i l e s  1 2  and 13 combined should r ep resen t  the  

photon product ion d a t a  with no redundancy. 

inc lude  any photons given elsewhere under MT = 51 through 91. 

For example, MT = 4 cannot  

8. The l i m i t  on the  number of energy p o i n t s  i n  a t a b u l a t i o n  for any photon pro- 

duc t ion  subsec t ion  is 1000. This  is an upper l i m i t ;  i n  practice, the  mini- 

mum number of p o i n t s  p o s s i b l e  should be used. I f  t h e r e  is extens ive  s t ruc -  

ture, the  use  of F i l e  12 should be s e r i o u s l y  considered,  because y i e l d s  are 

normally much smoother func t ions  of i n c i d e n t  neutron energy than cross 

sec t ions .  

9. 

10. 

The l i m i t  on the  number of i n t e r p o l a t i o n  reg ions  is  10 .  

Tabulat ions of nonthreshold data should normally cover a t  least the  energy 

range eV < E < 2 x LO eV, where p r a c t i c a l .  Threshold da t a  should be 

given from threshold  energy up to 2 x l o 7  eV, where practical. 

7 - -  

13.3. F i l e  1 3  Preferred Representa t ions  -- - 
1. 'The recommended r ep resen ta t ion  €or (n,n 'y)  r e a c t i o n s  is photon pro- 

duct ion cross s e c t i o n s  (F i le  13) using MT = 4. 

r a y s  are given i n  a series of subsec t ions .  

A l l  discrete and continuum y 

2. Photon product ion cross s e c t i o n s  resemble the  f r equen t ly  measured or 

repor ted  results. 

3. The u s e  of MT = 4 e l imina te s  confusion about whether t h e  d a t a  repre- 

s e n t  an e x c i t a t i o n  or de-exci ta t ion cross sec t ion .  

4. If  f o r  any reason MT = 51, 52 ... is used, it is understood t h a t  t hese  

d a t a  r ep resen t  de-exc i ta t ion  and not  e x c i t a t i o n  cross s e c t i o n s  (see 3 above). 

MT = 51, 52, ... i n  F i l e  3 ,  of course, means e x c i t a t i o n  cross sec t ions .  

5. Combined use of MT = 4 and MT = 51, 52, ... is no t  allowed. 
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6. Above a certain energy poin t  it probably w i l l  not  be poss ib l e  to sepa- 

r a t e  the  var ious components of the  t o t a l  y production cross sect ion.  

happens, it is preferred t h a t  the  data  be given as MT = 3. 

When t h i s  

7. A l l  other react ions.  Data for other  reac t ions  should be given as 

photon production cross sec t ions  ( F i l e  13) using the  appropriate  MT numbers. 

The same general  rules out l ined  above should be used. 



14. FILE 14: PHOTON ANGULAR DISTRIBUTIONS 

The purpose of F i l e  14 is to provide a means f o r  represent ing the  angular 

d i s t r i b u t i o n s  of secondary photons produced i n  neutron in t e rac t ions .  

d i s t r i b u t i o n s  should be given f o r  each d i s c r e t e  photon and photon continuum 

Angular 

appearing i n  F i l e s  1 2  and 13, even i f  the  d i s t r i b u t i o n s  are isotropic. 

The s t r u c t u r e  of F i l e  14 is, with the exception of isotropic f l a g  (LI )  , 
c lose ly  analogous to  t h a t  of F i l e  4.  Angular d i s t r i b u t i o n s  fo r  a s p e c i f i c  

reac t ion  type (MT number) a r e  given f o r  a series of inc ident  neutron energ ies  i n  

order  of increasing neutron energy. The energy range covered should be the same 

as t h a t  f o r  the  data given under the  corresponding reac t ion  type i n  F i l e  1 2  or 

F i l e  13. The da ta  are given i n  ascending order of MT number. 

The angular d i s t r i b u t i o n s  are expressed as normalized p robab i l i t y  

d i s t r i b u t i o n s ,  t h a t  is, (ID 
1 a 

where p (F.l,E) is the  p robab i l i t y  t h a t  an inc ident  neutron of energy E w i l l  re- 

s u l t  i n  a particular d i s c r e t e  photon or photon energy continuum ( spec i f i ed  by k 
k 

and MT number) being emitted i n t o  un i t  cosine about an angle whose cosine is 1.1. 

Because the photon angular d i s t r i b u t i o n  is assumed to  have azimuthal symmetry, 

t he  d i s t r i b u t i o n  may be represented as a Legendre series expansion, 

I, 



NL 

R=O 
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where 

p = cos ine  of t he  r e a c t i o n  angle  i n  the  l a b  system. 

E = energy of the  inc iden t  neutron i n  the  l abora to ry  system, and 

a l ( E )  = photon product ion cross sec t ion  for the  d i s c r e t e  photon or photon 

continuum s p e c i f i e d  by k ,  as given i n  e i t h e r  F i l e  13 or i n  Fi les  2, 

3, and 12 combined. 

J?, = order of t h e  Legendre polynomial. 

- = d i f f e r e n t i a l  photon product ion cross s e c t i o n  i n  barns /s te rad ian .  
dQ - 

k aR(E)  = the  Rth Legendre c o e f f i c i e n t  a s soc ia t ed  w i t h  t he  d i s c r e t e  photon or 

k photon continuum s p e c i f i e d  by k.  (It is  understood t h a t  a (E) Z 

1.0.) 

0 

Angular d i s t r i b u t i o n s  may be given i n  F i l e  14 by t a b u l a t i n g  as a func t ion  

of inc iden t  neutron energy either the  normalized p r o b a b i l i t y  d i s t r i b u t i o n  func- 

t i o n ,  pk(p,E) , or the  Legendre polynomial expansion c o e f f i c i e n t s ,  a R ( E ) .  

Provis ion  is made i n  t h e  format for simple flags to denote isotropic angular  

d i s t r i b u t i o n s ,  e i t h e r  for a block of ind iv idua l  photons wi th in  a reaction. type  

or for a l l  photons wi th in  a r e a c t i o n  type taken as a group. 

k 
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N o t e  t h a t  F i l e  14 assumes s e p a r a b i l i t y  of t h e  photon energy and angular  

d i s t r i b u t i o n s  for t h e  continuum spectrum. If t h i s  is n o t  t h e  case, F i l e  16  

(analogous to  F i l e  6 )  m u s t  be used i n s t e a d  of F i l e s  14 and 15. 

i m p l i c i t l y  s p e c i f i e s  an energy-angle d i s t r i b u t i o n  for d i s c r e t e  photons,  F i l e  16  

is required only  f o r  t h e  continuum spectrum. 

(Since F i l e  14 

14 .1 .  Formats 

As usual ,  s e c t i o n s  are ordered by inc reas ing  r e a c t i o n  type (MT) numbers. 

The fo l lowing  d e f i n i t i o n s  are requi red .  

- L I  = 0, d i s t r i b u t i o n  is n o t  isotropic for a l l  photons from t h i s  r e a c t i o n  

type,  but  may be f o r  some photons. 

= 1, d i s t r i b u t i o n  is isotropic f o r  a l l  photons from t h i s  r e a c t i o n  
_I 

type. 

k LTT = 1, d a t a  are given as Legendre c o e f f i c i e n t s ,  where a (E) 2 1.0 is 
0 - 

understood. 

= 2, data are given as a t abu la t ion .  

- NK = t h e  number of  d i s c r e t e  photons inc luding  t h e  continuum ( m u s t  equal 

t h e  va lue  given i n  F i l e  12  or 1 3 ) .  

number of isotropic photon angular d i s t r i b u t i o n s  given i n  a section 

(MT number) f o r  which L I  = 0,  i.e., a sec t ion '  with a t  least one 

a n i s o t r o p i c  d i s t r i b u t i o n .  

- N I  

NE number of neutron energy p o i n t s  given i n  a TAB2 record. 

NL. 
-1 i' 

- 
h ighes t  va lue  of R required a t  each neutron energy E 

t h e  energy of the  l e v e l  from which t h e  photon o r i g i n a t e s .  

l e v e l  is unknown or i f  a cont inuous photon spectrum is produced, 

then  ESk E 0.0 should be used. 

If the  ES,_ 
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EG ---k t h e  photon energy a s  given i n  F i l e  1 2  or 13. 

energy d i s t r i b u t i o n ,  EGk, = 0.0 should be used. 

For a continuous photon 

a. - L I  = 1: Isotropic Dis t r ibu t ion  

If L I  = 1, then a l l  photons for the  r eac t ion  type (MT) i n  quest ion are 

T h i s  is a f l a g  t h a t  t he  processing code can sense,  and assumed to  be isotropic. 

t h u s  needless isotropic d i s t r i b u t i o n  data are not entered ir l  t he  f i l e .  

case, the  sec t ion  is composed of a HEAD card and a SEND card,  as follows: 

I n  t h i s  

(MAT, 14, MT/ZA, AWR; LI=1 ,  b; NK, b)HEAD 

(MAT, 14, O/ b, b; b, b; b, b)SEND . 
b. L I  = 0: Anisotropic  Di s t r ibu t ion  

I f  L I  = 0,  there are t w o  poss ib l e  structures for a sec t ion ,  depending 

upon the  value of LTT. 

i- -- LTT = 1: Legendre Coeff ic ien t  Representation 

The structure of a sec t ion  w i t h  L I  = 0 and LTT = 1 is 

(MAT, 14, MT/ZA, AWR; LI=O, LTT=l; NK, N1)HEAD 

<subsection for k = 1> 

<subsection for k = 2> 

;ubsection for k 

(MAT, 14, O /  b, b; 

NK> 

b, b; b, b)SEND . 
The s t r u c t u r e  of each record i n  the  f i r s t  block of NI subsections,  

which is for the  N I  i s o t r o p i c  photons, is 

(MAT, 14, MT/EGk, ESk; b, b; b, b)C@NT . 
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There is j u s t  one CgNT record f o r  each i s o t r o p i c  photon. (The 

set qf CJdNT records is empty i f  N I  = 0.) The subsec t ions  are ordered i n  

decreas ing  magnitude of EG (photon energy) ,  and the  continuum, i f  p re sen t  and 

i s o t r o p i c ,  appears  l as t ,  with EGk 5 0.0. 

k 

This  block of N I  subsec t ions  is then followed by a block of NK-NI 

subsec t ions  for t h e  a n i s o t r o p i c  photons i n  decreasing magnitude of EG The 

continuum, i f  p re sen t  and a n i s o t r o p i c ,  appears l a s t ,  with EGk f 0.0. 

t u r e  f o r  t he  l a s t  NK-NI subsec t ions  is 

k '  

The s t ruc -  

(MAT, 14, MT/EGk, ESk; b,  b; M i ,  NE/Eint)TAB2 

(MAT, 1 4 ,  MT/ b, El; b, b; NL1, b/aR(El))LIST k 

k 
(MAT, 14, MT/ b, E2; b, b; NL 2' b/aR(E2))LIST 

(MAT, 1 4 ,  MT/ 

k k 
R Note t h a t  l ists of t h e  a (E) s ta r t  a t  R = 1 because ao(E) z 1.0 

is  always understood. 

ii. LTT = 2: Tabulated Angular D i s t r i b u t i o n s  - -- -- 
The s t r u c t u r e  of a sec t ion  for L I  = 0 and LTT = 2 is  

(MAT, 1 4 ,  MT/ZA, AWR; LI=O, L T T = ~ ;  NK, NI)HEAD 

<subsect ion for k = 1> 

<subsect ion for k = 2> 

<subsect ion f o r  k = NK> 

(MAT, 14, O/ b, b; b, b; b, b)SEND . 
The s t ructure  of t h e  f i r s t  b l o c k  of N I  subsec t ions  (where N I  may 

be zero)  is the  same as for the  case of a Legendre r ep resen ta t ion ;  i.e., it con- 

soists of one CONT record f o r  each of the  N I  i s o t r o p i c  photons i n  decreasing mag- 
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nitude of EGk. 

= 0.0. 

The continuum, if present and isotropic, appears last, with EGk 

- 

The structure of the first NI subsections is 

(MAT, 14, MT/EGk, ESk; b, b; b, b)CONT . 
This block of NI subsections is then followed by a block of NK-NI 

k'  
sub-sections for the anisotropic photons, again in decreasing magnitude of EG 

with the continuum, if present and anisotropic, appearing last, with EG 0.0. 

The structure of the last NK-NI subsections is 
k 

(MAT, 14, MT/EGk, ESk; b, b; NR, NE/Eint)TAB2 

(MAT, 14, MT/ b, El; b, b; NP/pint/Pk(yrE1))TAB1 

(MAT, 14, MT/ b, E2; b, b; NR, NP/lJint/Pk(Fl,E2))Tm1 

14.2. Procedures 

1. The subsections are given in decreasing magnitude of EG within each 
k 

of the isotropic and anisotropic blocks. 

2. The convention is that the subsection for the continuous photon 

spectrum, if present, appears last in its block. In this case, EG 5 0.0. NK 
3.  The values of EG should be consistent within four significant figures k 

with the corresponding EGk values in File 12 or 13. 

(transition probability arrays), the values of EGk are implicitly determined by 

the level energies. 

File 12, Option 2 

4. E§ is the energy of the level from which the photon originates, if k 

known. Otherwise, ESk 0.0 (as is always the case for the continuum). 
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5. Data should no t  appear i n  F i l e  1 4  f o r  photons t h a t  do not  have produc- 

t i o n  d a t a  g iven  i n  F i l e  12 or 13. 

F i l e  12 or 1 3  an angular  d i s t r i b u t i o n  must be given i n  F i l e  14 .  

energy range for which t h e  angular d i s t r i b u t i o n s  are given should be t h e  same as 

t h a t  f o r  which the  photon product ion d a t a  are given i n  F i l e  12  or 13. 

Conversely,  for every photon appearing i n  

The neutron 

6. For LTT = 1 (Legendre c o e f f i c i e n t s ) ,  t h e  va lue  of  NL should be t h e  min- 

imum number of c o e f f i c i e n t s  t h a t  w i l l  reproduce t h e  angular  d i s t r i b u t i o n  wi th  

s u f f i c i e n t  accuracy and be p o s i t i v e  everywhere. 

even number, 5 20. 

I n  a l l  cases, NL should be an 

7. The TAB1 records for the  p (p ,E . )  wi th in  a subsec t ion  are given i n  k 1 

i nc reas ing  order of neutron energy, E . i 

8. The t abu la t ed  p r o b a b i l i t y  func t ions ,  pk(p,Ei), should be normalized 

wi th in  four  s i g n i f i c a n t  f i g u r e s  ( t o  u n i t y ) .  

9. The i n t e r p o l a t i o n  scheme for p (p,E) with  respect to  E m u s t  be k 

l i n e a r - l i n e a r  or log- l inear  (INT = 2 or 3) to  preserve  normal i ty  of the  

i n t e r p o l a t e d  d i s t r i b u t i o n s .  I t  is recommended t h a t  t h e  i n t e r p o l a t i o n  i n  p be 

l i n e a r - l i n e a r  (INT = 2 ) .  

10 .  For LI  = 1 (isotropic d i s t r i b u t i o n )  , t h e  parameter NK is t h e  number of 

photons i n  t h a t  s e c t i o n  and should be c o n s i s t e n t  with t h e  NK va lues  i n  F i l e s  12 

and 13. 

11. The minimum amount of data should be used t h a t  w i l l  a c c u r a t e l y  repre- 

s e n t  t h e  angular d i s t r i b u t i o n  as a func t ion  of  both p and E. 

12. If a l l  photons for a r e a c t i o n  type (MT number) are isotropic, t h e  L I  

= 1 f l a g  should be used. The use of L I  = 0 and N I  = NK is s t r o n g l y  discouraged.  

L i k e w i s e ,  isotropic d i s t r i b u t i o n s  should n o t  be en te red  e x p l i c i t l y  as a tabu- 

k l a t i o n  or as a Legendre expansion wi th  all(E) 5 0,  fi 2 1. 
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15. FILE 15: CONTINUOUS PHOTON ENERGY SPECTRA 

F i l e  1 5  provides  a means for represent ing  continuous energy d i s t r i b u t i o n s  

of secondary photons, expressed as normalized p r o b a b i l i t y  d i s t r i b u t i o n s .  The 

energy d i s t r i b u t i o n  of each photon continuum occurr ing  i n  F i l e s  12  and 1 3  should 

be s p e c i f i e d  i n  F i l e  15 over t h e  same neutron energy range used i n  Files 12 and 

13. Each s e c t i o n  of F i l e  15 g i v e s  the  da t a  f o r  a p a r t i c u l a r  r eac t ion  type (MT 

number) and t h e  s e c t i o n s  are ordered by increas ing  MT number. 

The energy d i s t r i b u t i o n s ,  f (Ey  * E ) ,  are i n  u n i t s  of eV -1 and are 

normalized so t h a t  

Emax 
Y 

P 

1 ‘(Ey + E) dE = 1 , 
Y 

d 
0 

where Emax is t h e  maximum p o s s i b l e  secondary photon energy and i t s  va lue  

depends on the  incoming neutron energy as w e l l  as the  p a r t i c u l a r  n u c l e i  
Y 

involved.* The energy d i s t r i b u t i o n s  f ( E  4- E) can be broken down i n t o  t h e  
Y 

weighted sum of s e v e r a l  d i f f e r e n t  normalized d i s t r i b u t i o n s  i n  the  fol lowing man- 

ner : 

NC 
rn 

j =1 

“Note t h a t  t h e  s u b s c r i p t  k used i n  desc r ib ing  F i l e s  12 and 1 3  has been dropped 
from f (E+ 9- E ) .  This  is done because only one energy continuum is allowed f o r  
each MT number, and the  s u b s c r i p t  k has no meaning i n  F i l e  15. I t  is, i n  f a c t ,  
t he  NKth subsec t ion  i n  F i l e  12 or 1 3  t h a t  con ta ins  the  product ion d a t a  f o r  t he  
con ti nuum. (I) 



where 

NC f t h e  number of par t ia l  d i s t r i b u t i o n s  used to  r ep resen t  f ( E  f E ) ,  
Y 

g j  (Ey f E) E t he  jth normalized pa r t i a l  d i s t r i b u t i o n  i n  the  units eV-‘, and 

p .  (E) f t h e  p r o b a b i l i t y  or weight given to t h e  jth par t ia l  d i s t r i b u t i o n ,  
3 

g j  ‘Ey f E) 

The fo l lowing  normal iza t ion  cond i t ion  is imposed. 

Emax 

P Y  
gj(Ey f E) dE = 1 . 

Y 
0 

Thus, 

NC 

p j ( E )  = 1 . c 
j =1 

The abso lu te  energy d i s t r i b u t i o n  cross s e c t i o n ,  aY(E 

from t h e  express ion  

f E ) ,  can be cons t ruc t ed  
Y 

“’(Ey f E) = “‘(E) € ( E  f E) (b/eV) Y 

where CT Y (E) is t h e  i n t e g r a t e d  cross s e c t i o n  for t h e  continuum given e i t h e r  

d i r e c t l y  i n  F i l e  13 or through t h e  combination of Fi les  2, 3, and 12. 

The system used to rep resen t  cont inuous photon energy d i s t r i b u t i o n s  i n  

F i l e  1 5  is similar to t h a t  used i n  F i l e  5. A t  p re sen t ,  however, there is on ly  

one cont inuous d i s t r i b u t i o n  l a w  a c t i v a t e d  for F i l e  15, i.e., a 
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where g(E f E) represents an a r b i t r a r y  tabulated €unction. I n  the  fu tu re ,  new 

laws ( for  example, the f i s s i o n  gamma-ray spectrum) may be added. 

Y 

15.1 F i l e  15 Format 

The structure of a section is 

(MAT, 15, MT/ZA, AWR; b, b; NC, b)HEAD 

<subsection for  j = 1> 

<subsection for j = 2> 

<subsection fo r  j = NC> 

(MAT, 15, O/ b, b; b, b; b, b)SEND . 
For LF = 1, t h e  structure of a subsection is 

(MAT, 15, MT/br 

(MAT, 15, MT/b, b; b, b; NR, NE/Eint)TAB2 

(MAT, 15, MT/b, El; b, 

(MAT, 15, MT/b, E2; b, 

b; b, LF=l; NR, NP/Eint/pj(E))TA131 

b; NR, NP/Ey int /g (Eu + El) )TAB1 

b; NR, NP/Ey int /S(Ey * E2) )TAB1 

(MAT, 15, MT/b, ENE; b, b; NR, "'/Ey int/g(Ey * ENE) )TAB1 

Only one d i s t r i b u t i o n  l a w  is present ly  ava i l ab le  (tabulated secondary photon 

energy d i s t r i b u t i o n ) .  

but t h e i r  structures w i l l  probably c lose ly  p a r a l l e l  those i n  F i l e  5 €or LE' = 

Therefore, formats f o r  other laws remain to be defined, 'IB 
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5, 7,  9 ,  and 11. When his togram r e p r e s e n t a t i o n s  are used ( i n t e r p o l a t i o n  scheme, 

INT = l), 0.25 to 0.5-MeV photon energy bands should be used. The i n c i d e n t  

energy ranges must agree  wi th  d a t a  given i n  F i l e s  12  and/or 13. 

dures  are t h e  same as those  recommended f o r  F i l e  5 d a t a  (tabulated 

d i s t r i b u t i o n )  . 

Other proce- 

15.2. - F i l e  1 5  Procedures  

1. Photon ene rg ie s ,  E , wi th in  a subsec t ion  are given i n  order  of 
Y 

i nc reas ing  magnitude . 
2. The TAB1 r eco rds  for t h e  g(E f E , )  w i th in  a subsec t ion  are given i n  

Y 1  
i nc reas ing  order  of neutron energy, . Ei 

3 .  The t abu la t ed  func t ions ,  g ( E  f E . )  , should be normalized to  u n i t y  
Y 1  

wi th in  fou r  s i g n i f i c a n t  f i g u r e s .  

4. The i n t e r p o l a t i o n  scheme for p .  (E) must be e i t h e r  l i n e a r - l i n e a r  or 
7 

log- l inear  (INT = 1, 2,  or 3) to preserve p r o b a b i l i t i e s  upon i n t e r p o l a t i o n .  

Like-wise ,  t h e  i n t e r p o l a t i o n  scheme f o r  g(E f E) must be l i n e a r - l i n e a r  or log- 

l i n e a r  wi th  respect to  E. 
Y 

5. The neutron energy mesh should be a subse t  of t h a t  used f o r  t he  y (E) NK 
t a b u l a t i o n  i n  F i l e  12  or f o r  t h e  a:,(E) t a b u l a t i o n  i n  F i l e  13,  and t h e  energy 

ranges  must be i d e n t i c a l .  

be t h e  same as t h a t  for g(E f E) , as long as they  span t h e  same range. 

However, t h e  neutron energy mesh f o r  p . ( E )  need no t  
7 

Y 
6. For an MT number appearing i n  both F i l e  12 and F i l e  13, a cont inuous 

photon energy d i s t r i b u t i o n  (LF = 1) can appear i n  only  one of those  f i les .  

Otherwise t h e  d i s t r i b u t i o n  as given i n  F i l e  15  could  n o t  i n  g e n e r a l  be uniquely 

a s s o c i a t e d  wi th  a corresponding m u l t i p l i c i t y  or product ion  cross sec t ion .  

0 7. U s e  t h e  minimum amodnt of data t h a t  w i l l  a c c u r a t e l y  E-epresent t h e  

energy d i s t r i b u t i o n  as a func t ion  of both E and E. However, do no t  use t o o  Y 



E, s i n c e  the  i n t e r p o l a t e d  d i s t r i b u t i o n  w i l l  always have a nonzero component up 

to the maximum energy a t  which e i t h e r  of the  o r i g i n a l  d i s t r i b u t i o n s  has a non- 

ze ro  component. 

8. The l i m i t  on t h e  number of neutron energy p o i n t s  for either p .  (E) or I 
g(Ey + E) is 200. 

is  1000. 

The l i m i t  on the  number of photon energy p o i n t s  for g ( E  + E) Y 
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FILE 16 : PHOTON ENERGY-ANGLE DISTRIBUTIONS* 16 -  ---- IIB 

If the  photon-energy and angular dependences of t he  cross s e c t i o n  f o r  pro- 

duc t ion  of the  cont inuous spectrum are not  separable ,  then a f i l e  analogous to 

F i l e  6 is requi red  in s t ead  of F i l e s  1 4  and 15. The energy-angle d i s t r i b u t i o n s  

for d i s c r e t e  photons are completely determined i n  F i l e  1 4  and should never 

appear i n  F i l e  16. A knowledge of t h e  formats of F i l e s  1 4  and 1 5  is assumed i n  

t h i s  d i scuss ion .  

Consider a nonnormalized energy-angle d i s t r i b u t i o n  func t ion  F(E 4 E,p) ,  Y 
where t h e  angular  dependence is normalized so t h a t  

i Y  F ( E  4 E,ll)dp = y(Ey 4 E) . 
d 
-1 

Then t h e  m u l t i p l i c i t y  ( y i e l d )  can be separa ted  ou t ,  l eav ing  a func t ion ,  h(Ey c 
(I) 

The d i f f e r e n t i a l  photon product ion cross s e c t i o n  is then obta ined  from 

where O(E) is t h e  cross sec t ion  for the  r e a c t i o n  type being considered,  as deter- 

mined i n  Fi les  2 and 3.  

* 
The use of P i l e  16 is discouraged but  t he  formats  and procedures  are presented  
here  i n  case the  f i l e  should be ac t iva t ed .  
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As i n  F i l e  14, the  angular p a r t  of the  d i s t r i b u t i o n  may be spec i f i ed  

e i t h e r  i n  tabular  form or as Legendre c o e f f i c i e n t s ,  a (E + E ) .  The Leglendre 

expansion is 
R Y  

R=O 

,1. F i l e  16 Format 

Two opt ions  are allowed, corresponding to  the  opt ions  i n  F i l e  14: 

angular d i s t r i b u t i o n  can be represented by e i t h e r  Legendre c o e f f i c i e n t s  

I) or by tabulated angular d i s t r i b u t i o n s  (LTT = 2) 

the  

LTT = 

LTT = 1: Legendre Coeff ic ien t  Representation. I n  t h i s  opt ion,  the  

Legendre c o e f f i c i e n t s  are tabula ted  as func t ions  of both inc ident  neutron energy 

and photon energy. The s t r u c t u r e  of a sec t ion  f o r  LTT = 1 is 

(MAT, 16, MT/ZA, Am; b, LTT=l; b, b)HEAD 

(MAT, 16, MT/ b, b; b, b; NL, b)CONT 

<subsection fo r  R = O> 

<subsection f o r  R = 1> 

<subsection f o r  R = NL> 

(MAT, 16,  O /  b, b; b, b; b, b)SEND 

The subsect ions contain the  energy d i s t r i b u t i o n s ,  and are i d e n t i c a l  i n  s t r u c t u r e  

t o  a sec t ion  for a continuous energy d i s t r i b u t i o n  ( F i l e  15), with the following 

except ions : 
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a. The SEND record is de le t ed .  

b. The HEAD record is changed to  read 

(MAT, 16, MT/b, b; b, b; NC, b)CJdNT. 

c. g(E f E) is replaced by a (E f E ) .  

- LTT = 2: Tabulated Angular D i s t r ibu t ion .  I n  the  opt ion ,  the  subsec t ions  
Y R Y  

consist of t abu la t ions  f o r  h(E + E,p ) ,  m = 1,2...NA. 

section for LTT = 2 is  

The structure of a Y m 

(MAT, 16, MT/ZA, AWR; b, LTT=2; b,  b)HEAD 

(MAT, 16,  MT/ b, b; b, b; NA/vint)TAB2 

<subsec t ion  €or m = 1> 

<subsect ion for m = 2> 

<subsec t ion  for m = NA> 

(MAT, 16,  O/ b, b; b, b; b, b)SEND . 
A s  wi th  t h e  Legendre c o e f f i c i e n t  r ep resen ta t ion ,  t h i s  section f o r  a 

t abu la t ion  contains  subsec t ions ,  i d e n t i c a l  i n  structure to a s e c t i o n  for F i l e  

15, wi th  t h e  fol lowing except ions:  

a. The SEND record is de le ted .  

b. The HEAD record is changed to read 

(MAT, 16,  MTJb, pm; b, b; NC, b)CJdNT . 
c. g(Ey + E) is rep laced  by g (E  +- E,p ) ,  where each subsec t ion  is f o r  a 

particular va lue  of p , m = 1,2...NA. 

Y m 

m 



16.2. File 16 Procedures 

The procedures for this file are the same as those for Files 14 and 15, 

where applicable. 
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‘ID 17. FILE 17, DISCRETE DELAYED GAMMA RAYS 

17.1. General  Remarks  

The gamma rays  given i n  Fi les  12-16 are emit ted i n  a neg l ig ib ly  s h o r t  t i m e  

fol lowing a neutron i n t e r a c t i o n .  Many i n t e r a c t i o n s ,  however, of which f i s s i o n  

is a prominent example, produce residual nuc l ides  which emit gamma rays  with 

measurable ha l f - l i ves ,  or which decay i n t o  o ther  products which subsequently 

emit gamma rays.  Since the  emi t t ing  nucl ide may be unknown, and i n  many 

p r a c t i c a l  i n s t ances  its photon emission is t h e  only  proper ty  of i n t e r e s t ,  in for -  

mation concerning these  nuc l ides  may be obtained from P i l e s  17 and 18 of the  MAT 

f o r t h e  t a r g e t  nuc l ide  in s t ead  of being collected from a l l  of t h e  sepa ra t e  MATS 

f o r  t he  in te rmedia te  products .  C lea r ly  Pi les  17 and 18 are redundant with any 

eva lua t ion  f o r  such an in te rmedia te  nucl ide.  

F i l e  17 is used to  r ep resen t  data f o r  resolved d i s c r e t e  delayed photons; ‘IB 
Fi l e  18 is used for var ious  types of unresolved data on delayed emission. 

Within a p a r t i c u l a r  MAT, Fi les  17 and 18 are completely d i s j o i n t  wi th  each o ther  

ana with Files 12-16, so t h a t  t h e  t o t a l  delayed photon emission is the  sum of 

F i l e s  17 and 18 and is - not  redundant with any of the prompt emission i n  F i l e s  

12-16 of t h e  same MAT. 

All of the  information i n  Files 17 and 18 is given i n  the  form of 

mul t ip l ic i t ies  (photons/f iss ion,  photons/capture,  etc.). Consequently, it is 

always necessary to r e f e r  to  F i l e s  2 and/or 3 to obtain cross s e c t i o n s  f o r  t h e  

product ion of t h e  delayed photons. 

17.2. Formats 

F i l e  17 con ta ins  information concerning ind iv idua l  delayed gamma rays.  A t  

p re sen t  t h e  only opt ion  recognized is LF = 1, y i e l d  and h a l f - l i f e  of discrete 



gamma r a y s  of known energy. The data  are entered as t r iplets  of 

(photon energy, h a l f - l i f e ,  y i e l d )  using the  following s t ruc tu re :  

(MAT, 17, MT/ZA , AWR, b, b, b, b) HEAD 

infor  mat ion e 

[MAT, 1.7, MT/ b, 

[[MAT, 17, MT/ b, 

b, LF=1, b, NR, NE/Eint) TAB2 

El, b, b, NZ, b) CONT 

 MAT, 17, M T / Z A ~ ,  

[MAT, J 7 ,  M T / Z A ~ ,  

,NG / C  (E ) )  LIST 
b r  b' b' "NZ N Z  N Z  1 

(Repeat above bracket  for E2) 

(Repeat above bracket  for E3) 

- ZA. - 
-1 

- NG . - 

NN. - 
-1 

- 
-1 

(Repeat above bracket  for %E) 

O/ b, b, b, b, b, b) SEND 

Ind ica t e s  t h a t  h a l f - l i f e  and y i e l d  data are given. N o  o ther  

op t ions  e x i s t  a t  present .  

Inc ident  neutron energy (eV) . 
Number of r e s i d u a l  nuc le i  fo r  which discrete photon da ta  are 

given. 

ZA-number (lOOO*Z+A) of the  ith residual. nucleus for which dis- 

crete photon data are given. NOTE:: ZA = 0.0 is used to 

i nd ica t e  photons of unknown or undesignated origim. 

Number of d i s c r e t e  photons a t t r i b u t e d  to t h e  nucleus ZAi. 

3*NGi. 
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C. (E.) = -1-1- The a r r ay  of y i e l d  and h a l f - l i f e  data for the  ith residual nu- 

cleus a t  neutron energy E 

data i n  the order EG, T Y ( i n  increasing order of E). 

The a r r ay  conta ins  NG t r iplets  of j' i 

4' 
M; = Photon energy (eV) . - 

= Half-life (seconds). 3 
- Y = Yield (e.g., photons/fission, photons/capture, etc.). 

17.3. Procedures 

1. One sec t ion  is included for each reac t ion  type MT which g ives  rise t o  

delayed emission. These are arranged i n  order of increasing MT. 

2. Since F i le  17 conta ins  m u l t i p l i c i t i e s ,  the  corresponding production 

cross sec t ions  over the  same range of neutron energies  must be ava i l ab le  i n  

Files 2 and/or 3. 

QB 3. F i l e  17 is not redundant w i t h  any other f i les  i n  the same MAT. 

Therefore, s ince  a i l  e n t r i e s  i n  F i l e  17 imply gamma i n t e n s i t i e s  a t  zero  t i m e ,  

these i n t e n s i t i e s  must  be excluded from the prompt spectrum that appears i n  

Files 12-16 and from any spectra given i n  F i l e  18. 

4. F i l e  17 is intended to summarize, i n  the MAT for the  t a r g e t  nuclide,  

information which i n  p r i n c i p l e  could be found by searching MATS containing data 

on each of the product nucl ides  which give rise to delayed photon emission. 

Accordingly, ZA # 0.0 (and hence N Z  > l), should be used only when there is com- 

pe l l i ng  reason for ident i fy ing  the emit t ing nucl ides  ( i n  order to  d i s t ingu i sh  

v o l a t i l e  from nonvola t i le  f i s s i o n  products, or example). I n  fact, it is 

s t rongly  recommended t h a t  eva lua tors  of data for product nucl ides  wi th  half-  

l i v e s  longer than 1 msec make a practice of rout ine ly  forwarding summaries of 

photon-emmision data to' the evaluators  assigned to  the  target nuclides.  
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ZAs which are known to be covered i n  other MATS should be mentioned i n  

F i l e  1 to prevent ambiguity i n  determining redundancy. If more than one ZA is 

used, ZA = 0.0 is given f i r s t ,  followed by the  o thers  i n  increasing order of ZA. 

5. In  con t r a s t  t o  t he  convention i n  F i l e  12, d i s c r e t e  gamma rays are 

given i n  increasing order of photon energy. Continuum gamma rays are given i n  

F i l e  18 (not i n  F i l e  17 with E = 0.0) .  Y 
6 .  N o  mechanism is provided for d is t inguish ing  photons which are p a r t  of 

a known cascade. Although members of a cascade are tabulated separately, ,  they 

should be given i d e n t i c a l  ha l f - l ives  and cons is ten t  y ie lds .  

7. I n  t h e  case of delayed photons from f i s s i o n ,  many of the  photons have 

. been observed following f i s s ion 'o f  more than one nuclide. Wherever the i d e n t i f i -  

ca t ion  is reasonably ce r t a in ,  t he  h a l f - l i f e  and energy should be the  same i n  
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@ 18. FILE 18, CONTINUOUS SPECTRA OF DELAYED-PHOTON EMISSION 

18.1. General Remarks 

Resolved photons are catalogued by energy and h a l f - l i f e  i n  F i l e  17. F i l e  

18 provides a means of represent ing the  spectrum of delayed unresolved secondary 

photons as a funct ion of t i m e  a f t e r  i n t e rac t ion .  

Three opt ions  are provided for represent ing these  continuous 

d i s t r i b u t i o n s  : 

LFT = 1 The photon energy d i s t r i b u t i o n  P(E,T,E ) is given as a funct ion 
Y 

of t i m e  T a f t e r  the primary reac t ion  for  a given neutron energy 

E. 

Same as U T  = 1 except t h a t  only average photon energ ies  are 

given ins tead  of the  complete energy d i s t r i b u t i o n s .  

The photon y i e l d  P'(E,T) is given as a funct ion of E and T with 

no information provided on the  photon energy spectrum except a 

LFT = 2 

LFT = 3 

lower -ener gy cutoff  . 
The d i s t r i b u t i o n  f o r  LFT = 1 is normalized so t h a t  t he  i n t e g r a l  with 

respec t  to E is equal to unity.  

u s e  of parameterized a n a l y t i c a l  d i s t r i b u t i o n  laws. 

To da t e ,  no provis ion has been made fo r  the  
Y 

18.2. Formats 

The-dependent da ta  for energy d i s t r i b u t i o n s  of .de layed  unresolved 

secondary photons are given i n  F i l e  18 using only one LFT opt ion for a given 

reac t ion  type MT. 



18.2.1. 

18.2 

LFT = 1 €or complete time-yield-energy array 

The structure of a section with LET = 1 is as follows: 

(MAT,18,MT/ZA, AWR, b, b, b, b) HEAD 

(Repeat above bracket €or E3) 

(Repeat above bracket €or ENE) 

[MAT,18,0/ b, b, b, b, b, b) SEND 

where 

E = Incident neutron energy (ev). 

T = Time after primary reaction (seconds). 

Y(E,T) = Yield per second per interaction of photons at time T arid neu- 

tron energy E. Units are, for example, photons/fissionJsec, 

photons/capture/sec, etc. . 
NT = Number of times at which yields or spectra are given. 

NBi 
"i = 3*NBi. 

EG = Photon energy (eV) . 

= Number of photon energies or energy bins given at time Ti. 
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P(E,IF,EG) = P r o b a b i l i t y  a t  neutron energy E for emission of a photon of 

energy EG a t  t i m e  T. U n i t s  are (eV) and t h e  normalization is 

.f P(E,T,EG)d(EG) = 1. 

18.2.2. LFT = 2 for yield- t ime a r r a y  wi th  average photon ene rg ie s  given 

The structure of a section with LFT = 2 is as follows 

(MAT, 18 ,MT/ZA, AWR, b, b, b, b)HEAD 

(MAT,18,MT/ b, b, LE'T = 2, b, NRE, NE/Eint)TA132 

>', 

(MAT,18,MT/ b, El, 11, J1, N T ~ / R ( E ~ )  ]LIST 

(MAT,18,MT/ b, E2, 12, J2, m2, NT2/R(E2))LIST 

(MAT,18,MT/ b, ENE, J ~ ~ ,  mNEr N T ~ E / R ( % ~ )  j L I s T  

(MAT,18,0/ b, b, br b, b, b)SEND 

where t h e  q u a n t i t i e s  have the  same meanings as for LFT = 1, and 

NT, = The number of times a t  which d a t a  are given f o r  t h e  ith neutron 
1 

energy, Ei. 

NNi = 3*NTi. 

R(Ei) = The array of time, y i e  d,  and average photon energy given for t h e  

ith neutron energy. 

Y, %, i n  i nc reas ing  order of T. 

The a r r a y  conta ins  NTi t r iplets  of d a t a  T, 

-- 

- 
I33 = The average energy of photons emi t ted  a t  t i m e  T and neutron 

energy E (eV).  

= The i n t e r p o l a t i o n  scheme to be used for Y i n  t h e  LIST record for 

t h e  ith neutron energy. 

I i  

= The interpolation scheme to be used for i n  tbe LIST record for Ji 

t h e  ith neutron energy. 
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18.2.3. LFT = 3 for  yield-time ar ray  with no information given on the photon 

energy spectrum except a lower-energy cutoff  

The format i n  t h i s  case is the  same as for LFT = 2 except t h a t  E is 

replaced by EC, the  lower energy cu tof f  ( i n  eV) for photons emitted a t  t i m e  T 

and neutron energy E. 

.? 
18.3. Procedures 

1. There is one sec t ion  for each reac t ion  type MT which produces a 

delayed continuum. These are arranged i n  order of increas ing  MT. 

2. Since F i l e  18 contains  mul t ip l i c i t i e s  ( y i e l d s ) ,  the corresponding pro- 

duction cross sec t ions  for the primary reac t ions  must be ava i l ab le  over t h e  same 

range of neutron energy for Files 2 and/or 3. 

3. File  18 is not  redundant with the  'prompt" data i n  F i l e s  12-16. 

Therefore, either T1 must  be a t i m e  after which no more of the 'prompt" y i e l d  

occurs, or else T = 0.0 and the  zerotime y i e l d  has been subt rac ted  from the  

'prompt" y i e ld .  I n  e i t h e r  case, none of the resolved l i n e s  i n  F i l e  1 7  is 

1 

included i n  e i t h e r  the  y i e l d  or spectrum i n  F i l e  18. 

4. ZA = 0.0 is used for the  y i e l d  and spectrum of the sum of a l l  

unresolved delayed photons whose emi t t ing  nucl ides  are unknown or are 

unspecified.  I f  NZ > 1, ZA = 0.0 is given f i r s t ,  followed by tine o the r s  i n  

increasing order of  ZA. Refer to  17.3.3. f o r  cons idera t ions  on whether or not  

to use ZA = 0.0. 

5. The range of T should be g r e a t  enough to include e s s e n t i a l l y  a l l  of 

the  y i e l d  from each delayed process. It  need not  be the same for d i f f e r e n t  

reac t ions  types MT or d i f f e r e n t  emitters ZA. The energies  used for represent ing 

the  y i e l d  and swctrum should be subse ts  of a s i n g l e  mesh. The primary neutron 
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(ID energ ies  should p re fe rab ly  be a subset of the  mesh used for represent ing  the  

cross s e c t i o n  i n  F i l e  3.  

6. Note t h a t  for LFT = 2 or 3, the  i n t e r p o l a t i o n  scheme for E is given i n  

the  u s u a l  way i n  the  TAB2 record, but  separate i n t e r p o l a t i o n  methods for Y and 

EG (or EG) versus  T are given a t  the  beginning of each LIST record.  Although 

these  methods need not  be the  same and can change from one incident-neutron 

energy to the  next ,  t he  same method must be used for t he  e n t i r e  range of T. 

- 
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(ID 19. FILE 19,  ELEClRON MULTIPLICITIES AND lRANSITION PROBABILITY ARRAYS 

The formats and procedures for encoding e v a l u a t e d  d a t a  or e l e c t r o n  produc- 

t i o n  from neut ron  induced r e a c t i o n s  are d e n t i c a l  to t h o s e  for photon product ion  

data. (See Chapter  12.) 
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([B 20. FILE 20, ELECTRON PRODUCTION CROSS SECTIONS 

The formats and procedures f o r  encoding evaluated da ta  f o r  e l ec t ron  produc- 

t i o n  from neutron induced reac t ions  a r e  ident ical  to those for  photon production 

data. (See Chapter 13,)  
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21. FILE 21, ELEClRON ANGULAR DISTRIBUTIONS 

The formats and procedures for encoding e v a l u a t e d  data for e l e c t r o n  produc- 

t i o n  from neut ron  induced reactions are i d e n t i c a l  to  t h o s e  for photon p r o d u c t i o n  

d a t a .  (See Chapter  14.) 
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(I) 22. FILE 22, CONTINUOUS ELEClRON ENERGY SPECTRA 
---_l_-------___-__I_ 

The formats and procedures  for encoding e v a l u a t e d  d a t a  for electron produc- 

t i o n  from neutron induced r e a c t i o n s  are i d e n t i c a l  to  t h o s e  for photon product ion  

d a t a .  (See Chapter 15.) 

22.1 

(I) 22. FILE 22, CONTINUOUS ELEClRON ENERGY SPECTRA 
---_l_-------___-__I_ 

The formats and procedures  for encoding e v a l u a t e d  d a t a  for electron produc- 

t i o n  from neutron induced r e a c t i o n s  are i d e n t i c a l  to  t h o s e  for photon product ion  

d a t a .  (See Chapter 15.) 

-1 



23. FILE 23: 'rSMOOTH'r PHOTON INTERACTION CROSS SECTIONS 

23.1. General  Comments on Photon I n t e r a c t i o n  

Photon i n t e r a c t i o n  d a t a  are d iv ided  i n t o  f i v e  f i l e s ,  the  f i r s t  four 

analogous to Fi les  3 through 6. 

F i l e  

23 

- Descript ion 

"Smooth" cross s e c t i o n s  

24 Secondary angular  d i s t r i b u t i o n s  

25 Secondary energy d i s t r i b u t i o n s  

26 

27 

Secondary energy-angle d i s t r i b u t i o n s  

Coherent s c a t t e r i n g  form f a c t o r s  and 

incoherent  s c a t t e r i n g  func t ions  

A s  with t h e  photon product ion data f i l e s ,  t he  photon i n t e r a c t i o n  d a t a  

formats paral le l  as c l o s e l y  as p o s s i b l e  those  for the  neutron data f i l e s  of t h e  

same number (modulo 20). This  f a c i l i t a t e s  t h e  use of e x i s t i n g  r e t r i e v a l  rou- 
'IB 

t i n e s  i n  processing codes for photon i n t e r a c t i o n  da ta  (as i n  CHECKER). For 

Compton s c a t t e r i n g  a t  higher  ene rg ie s  ($1 MeV), the  energy and angular d i s t r i b u -  

t i o n  f i les  would not  normally be used because a simple a n a l y t i c a l  r ep resen ta t ion  

of t hese  d i s t r i b u t i o n s  is ava i l ab le .  'ALSO, p rov i s ion  is made f o r  t he  e n t r y  of 

coherent  s c a t t e r i n g  form factors as w e l l  as incoherent  s c a t t e r i n g  func t ions .  

The secondary energy and angular d i s t r i b u t i o n  f i l e s  can be used f o r  both photon 

secondar ies  or p a r t i c u l a t e  secondar ies  (e.g., photoneutrons) .  

23.2. General Descr ip t ion  

This  f i l e  is f o r  t he  i n t e g r a t e d  photon i n t e r a c t i o n  cross sec t ions ,  

inc luding  those  usua l ly  called microscopic a t t enua t ion  or energy-deposit ion 

c o e f f i c i e n t s ,  as w e l l  as photonuclear r e a c t i o n  cross sec t ions .  The r eac t ion  
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type (MT) numbers fo r  photon in t e rac t ion  are i n  the  500 and 600 series. Several  

common photon i n t e r a c t i o n s  have been assigned MT numbers: 

MT - Reaction Description 

501 Total 

502 Coherent s c a t t e r i n g  

504 Incoherent s c a t t e r i n g  

515 Pair production, e l ec t ron  f i e l d  

516 Pair production, nuclear and e l ec t ron  f i e l d  

(i . e., pair p l u s  t r i p l e t  production) 

517 Pai r  productim, nuclear f i e l d  

518 Photof iss ion (y , f )  

532 Photoneu t ron  (y , n) 
533 Total photonuclear 

602 Photoe lec t r ic  

Photon cross sec t ions ,  such as the  t o t a l  cross sec t ion ,  coherent elastic 

s c a t t e r i n g  cross sec t ion ,  and incoherent (Compton) cross sec t ion ,  are given i n  

F i l e  23, which has e s s e n t i a l l y  the  same structure as F i l e  3. These da ta  are 

given as a funct ion of energy, E , where E 

( i n  ev). 

scheme is given t h a t  s p e c i f i e s  the  energy v a r i a t i o n  of the  cross sec t ion  f o r  

photon energ ies  between a given energy po in t  and the  next higher energy point .  

The photon cross sec t ions  are given i n  one or more energy ranges. Within any 

one energy range, the in t e rpo la t ion  scheme is unchanged. The in t e rpo la t ion  

scheme may change from one to another energy range. 

is the  energy of the  inc ident  photon 
Y Y 

The data are given as energy-cross-section p a i r s .  An i n t e rpo la t ion  

Each sec t ion  i n  F i l e  23 conta ins  the  da ta  for a p a r t i c u l a r  reac t ion  type 

(MT number). The sec t ions  are ordered by increas ing  MT number. 
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(ID 23.3. Formats 

The format is almost i d e n t i c a l  to t h a t  of F i l e  3, as fol lows.  

(MAT, 23, MT/ZA, A m ;  b, b; 

(MAT, 23, MT/ b, 

(MAT, 23, O/ b, b; b, b; b, b)SEND . 

b, b)HEAD 

b; b, b; NEt, NP/Ey i n t / ~ ( E y ) ) T ~ l  

23.2. Procedures 
I_ 

1. Values are usua l ly  f o r  elements; hence, except  f o r  monoisotopic 

elements,  ZA = Z x 1000; also, AWR should be for t h e  n a t u r a l l y  occurr ing  

element. 

2. Pho toe lec t r i c  edges w i l l  not  be mult ivalued.  The edge w i l l  be def ined  

by two ene rg ie s  d i f f e r i n g  i n  the  f o u r t h  or f i f t h  s i g n i f i c a n t  f i gu re .  

3.  The total  p a i r  product ion va lues  are given f o r  r e a c t i o n  type MT = 516. ‘IB React ion type 517 is reserved  €or the  po r t ion  of the  pair product ion cross 

s e c t i o n  due to the  nuclear  f i e l d ,  i.e., excluding t r ip le t  production. 

4. I n t e r p o l a t i o n  is normally log-log ( I N T  = 5) .  

5. Kerma f a c t o r  (energy depos i t ion  c o e f f i c i e n t s )  l i b r a r i e s  w i l l  normally 

be local because , the re  is no un ive r sa l  d e f i n i t i o n .  

mine whether a n n i h i l a t i o n  or o ther  r a d i a t i o n  f r a c t i o n s  are subt rac ted .  

The app l i ca t ion  w i l l  deter- 
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II) 24. FILE 24: SECONDARY ANGULAR DISTRIBUTIONS 

The s t r u c t u r e  of F i l e  24 is i d e n t i c a l  to  t h a t  for F i l e  4, so t he  p e r t i n e n t  

d i scuss ion  from Sect ion  4 of t h i s  report is reviewed here  for convenience. 

Secondary angular d i s t r i b u t i o n s  are expressed as p r o b a b i l i t y  d e n s i t y  func- 

These func t ions  can be represented  e i t h e r  as a t abu la t ion  or as t i o n s ,  p ( p , E y ) .  

t h e  Legendre c o e f f i c i e n t s ,  a (E ) ,  i n  R Y  
NL 
1 

R=O 

a (E ) 1.0. 
O Y  

Here, = cos€), where 0 is t h e  po la r  angle  of s c a t t e r i n g  i n  e i t h e r  the  center -  

of-mass or t h e  l abora to ry  system. The secondary may be e i t h e r  a photon 

(coherent ly  scattered) or a p a r t i c l e  (e.g., photoneutrons) .  When t h e  secondary 

d i s t r i b u t i o n  is for a photon, t he  l abora to ry  system is always used. 

24.1. Formats -- 
The format is i d e n t i c a l  to  t h a t  for F i l e  4 and w i l l  no t  be reproduced here 

(see sec t ion  4 ) .  However, for the  case i n  which t h e  secondary d i s t r i b u t i o n  is 

for a photon, t h e  LCT f l a g  is not  r e l evan t ,  and the  fol lowing a r b i t r a r y  

convention is adopted: 

a. LCT = 1, data are given i n  t h e  l abora to ry  system. 

b. LVT = 0,  t ransformation mat r ix  is not  given. 
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25. FILE 25: SECONDARY ENERGY DISTRIBUTIONS - 

The s t r u c t u r e  of t h e  analogous F i l e  5 appears to  be e n t i r e l y  adequate  (see 

S e c t i o n  5 ) .  Thus, t h e  format w i l l  not  be reproduced h e r e ,  b u t  w i l l  be adopted 

by reference to  F i l e  5. 
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(I@ 26. FILE 26 : --- SECONDARY ENERGY-ANGLE - DISTRIBUTIONS 

The s t r u c t u r e  of t h e  analogous F i l e  6 appears to be e n t i r e l y  adequate  (see 

S e c t i o n  6 ) .  Thus, t h e  format w i l l  n o t  be reproduced h e r e  b u t  adopted by refer- 

ence to F i l e . 6 .  The i n c l u s i o n  of F i l e  26 (as w e l l  as F i l e s  6 and 16)  is, a t  t h e  

p r e s e n t  s t a g e  of development of cross s e c t i o n  d a t a ,  s t r i c t l y  - pro -- forma. 
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@ 27. FILE 27: ATOMIC FORM FACTORS OR SCATTERING FUNCTIONS 

The ENDF system for neutron and photon production da ta  allows t w o  alter 'na- 

t i v e s  for s to r ing  angular d i s t r i b u t i o n  data .  One is by p robab i l i t y  per u n i t  

cos0 v s  coset and the  other is by Legendre coe f f i c i en t s .  Actually,  ne i ther  of 

these is a "natural"  method for photons. The n a t u r a l  method would be atomic 

form factors or incoherent s c a t t e r i n g  funct ions.  These are discussed b r i e f l y  

be l o w .  

a. Incoherent Sca t te r ing ,  The cross sec t ion  for incoherent s c a t t e r i n g  i s  

given by 

where do /dp is the  Klein-Nishina cross sec t ion ,  which can be wr i t t en  i n  closed 

form. The f ac to r  S ( q ; Z )  is t h e  incoherent s c a t t e r i n g  funct ion.  A t  high 

momentum t r ans fe r  (9) , S approaches Z.  I n  t h e  other l i m i t  S(0,Z) = 0. The quan- 

t i t y  q is t h e  momentum of the  recoil e lec t ron  ( i n  inverse angstroms ) .  

C 

* 

wher 

2 a = E moc , 
E' = scattered photon energy, and 

J 
Y 
P = case . 

* 
I n  ENDF, q is given i n  inverse angstroms as customarily reported i n  t h e  
l i terature.  The above equations show q i n  "natural"  m C un i t s .  Inverse 
angstroms, s in(0/2) /y ,  can be converted to moC u n i t s  bf t h e  factor 2 x 
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The angular d i s t r i b u t i o n  can then e a s i l y  be ca lcu la ted ,  given a t a b l e  OS 

S(q;Z) . 
a reasonably small a r r ay  of numbers. The q u a n t i t i e s  S ( q ; Z )  are tabula ted  as a 

funct ion of q i n  F i l e  27. The user presumably w i l l  have subrout ines  ava i l ab le  

f o r  ca l cu la t ing  q f o r  energ ies  and angles of i n t e r e s t  and fo r  ca l cu la t ing  

Klein-Nishina cross sec t ions .  H e  w i l l  then generate  h i s  cross sec t ions  f o r  t he  

appropriate  cases by ca l cu la t ing  q ’ s ,  looking up the appropriate  values  (of S, 

and s u b s t i t u t i n g  them i n  the  above formula. 

Because S is a smoothly varying funct ion of q, it can be represented by 

b. Coherent Sca t te r ing .  The coherent s c a t t e r i n g  cross sec t ion  is given 

bY 

where 

q = c1(2(1 - l ~ ) ) l / ~ ,  the  recoil momentum of the  atom ( i n  inverse  angstroms, 

see note  on previous page),  and 

2 2 r = e /m c , the  classical rad ius  of the  e l ec t ron .  
0 0 

The quan t i ty  F(q;Z) is a form fac to r .  This quan t i ty  is also e a s i l y  tabulated.  

A t  high momentum t r ans fe r  (9) , F approaches zero. I n  the  o ther  l i m i t  F(0;Z) = 

Z .  

An a l t e r n a t i v e  way of present ing the  photon s c a t t e r i n g  data, then, would 

be to  t abu la t e  incoherent s c a t t e r i n g  func t ions  and form fac to r s .  Users could 

then provide processing codes to generate  the  cross sec t ions  from t h i s  informa- 

t ion .  The ca l cu la t ion  is q u i t e  s t ra ightforward and allows the  user to  generate  

a l l  h i s  s c a t t e r i n g  da ta  from a r e l a t i v e l y  small t a b l e  of numbers. The 

incoherent and coherent s c a t t e r i n g  da ta  should always be presented as s c a t t e r i n g  

func t ions  and form f a c t o r s ,  respec t ive ly ,  whether or not  data are included i n  

F i l e s  24, 25, or 26. 



(0 27.1. F i l e  27 Format 

The s t r u c t u r e  of a sec t ion  is very similar to t h a t  of F i l e  3 (and .23) and 

is 

(MAT, 27, MT/ZA, AWR; b, b; 

(MAT, 27, MT/ b, 

(MAT, 27, O/ b, b; b, b; b, b)SEND. 

b, b)HEAD 

2; b, b; NR, NP/qint /H(q;Z))TAB1 

The genera l  symbol H ( q ; Z )  is  used fo r  e i t h e r  F(q;Z) or S(q;Z) f o r  coherent and 

incoherent scat teFing,  respect ively.  

27.2. F i l e  27 Procedures 

Va lues  of H ( q ; Z )  should be entered i n  each case f o r  the  e n t i r e  energy 

range fo r  which in tegra ted  coherent and incoherent cross sec t ions  are 

given i n  F i l e  23. This is t r u e  even though the  respec t ive  values  may 

be 0.0 or z over most of the (higher)  energy range, 

2. The value of Z is entered i n  f loat ing-point  format. 

1. 



3 0 .  INTRODUCTION TO DATA COVARIANCE FILES 

U n t i l  E=NDF/B-IV, the only means available to evaluators for communicating 

the estimated uncertainties i n  the data was through publication of the 

documentation of the evaluations. During the preparation of ENDF/B-IV, a Data 

Covariance Subcommittee of CSENG was formed to csordinate the efforts a t  

standardizing statements made about the data uncertainties and their 

correlations. One of the important aspects of nuclear data and of cross 

sections i n  particular is that the uncertainties i n  the various data tend to be 

highly correlated through the measurement processes and the different correc- 

tions made to the observable quantities to obtain the microscopic cross 

sections. I n  many applications when one is interested i n  estimating the 

uncertainties i n  calculated results based on the cross sections, the correla- 

tions i n  the uncertainties of the different data play a crucial role. I n  princi- 

ple the uncertainties i n  the results of a calculation due to the data 

uncertainties can be calculated provided one is given a l l  of the covariances of 

the data. In  practice, i n  addition to the uncertainties due to the basic data, 

the results of calculations have uncertainties due to the calculational models 

used which may not represent perfectly the actual situation for which the calcu- 

lations are intended. In  some situations "modeling uncertainties" may dominate 

the uncertainties i n  computed results; i n  others they are negligible compared to 

the microscopic data uncertainties. I n  principle "modeling uncertainties" may 

be reduced by improving the models, although sometimes a t  large cost. The data 

uncertainties may also be reduced, often at  large cost, by performing better 

measurements, new kinds  of measurements or more refined analysis of existing 

data. 

One of the requirements of the uncertainty information is that it be easi- 

l y  processed to yield the covariances i n  the "data" used i n  the calculations 
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themselves. For ENDF/B-IV the  p r i n c i p l e  of having the  uncertainty information 

on the  data tape was adopted and a t r i a l  formalism w a s  developed. T h i s  

formalism has the  v i r t u e  t h a t  the information is i n  such a form t h a t  it can be 

e a s i l y  processed w i t h  minor modification to e x i s t i n g  processing codes. Only a 

f e w  evaluat ions of ENDF/B-IV were issued w i t h  data covariance information i n  

t h i s  format as a t r i a l  measure. Since then, considerably more work has been 

done i n  t ry ing  to quant i fy  data covariances within the ENDF/B formalism and 

using the  information for purposes of s e n s i t i v i t y  s tud ie s .  These s e n s i t i v i t y  

studies have been made i n  three d i f f e r e n t  areas where the data covariances play 

a c r u c i a l  role: propagation of unce r t a in t i e s  to f i n a l  calculated r e s u l t s ,  

adjustment of data sets incorporat ing information from some i n t e g r a l  

measurements and, determination of data accuracies needed to meet ta rge ted  

unce r t a in t i e s  i n  results taking i n t o  account the co r re l a t ions  i n  unce r t a in t i e s  

i n  the  present  data sets. 

mDF/B s t r u c t u r e  can only be termed exploratory i n  nature ,  s o m e  s i g n i f i c a n t  re- 

s u l t s  have a l ready  been obtained. I t  is therefore w i t h  much g rea t e r  confidence 

i n  the u l t i m a t e  usefulness  of this e f f o r t  t h a t  the  formalism and formats for rep- 

resent ing  data covariances i n  ENDF/B-V have been extended to cover a l l  of the 

neutron cross sec t ion  data i n  the  f i les.  

Although most of the  work done to date within t h e  

! 

Current ly ,  t h e  formats and procedures e x i s t  for represent ing the  data cova- 

r iances  i n  ENDF/B-V for the  neutron cross sec t ions .  It should be noted here 

t h a t  two important classes of data, energy d i s t r i b u t i o n s  (Fi le  4)  and angular 

d i s t r i b u t i o n s  (Fi le  5), have not  y e t  received formats for represent ing the data 

unce r t a in t i e s  and t h e i r  co r re l a t ions .  It is rea l i zed  tha t  i n  some app l i ca t ions  

this w i l l  l i m i t  the  usefulness  of the present  data covariance f i l e  for neutron 

t r anspor t  appl ica t ions .  Hopefully, these de f i c i enc ie s  w i l l  be removed i n  the  

near fu ture ;  however, it should be r ea l i zed  t h a t  very possibly an enormous pro- 
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(0) cessing t a s k  l ies ahead for these types of data s ince  one must now generate cova- 

r iance  matrices for group-to-group t r ans fe r  cross sec t ions  as w e l l  as their 

Legendre moments! For many appl ica t ions  the l a c k  of treatment of covariances i n  

continuous energy d i s t r i b u t i o n s  is most serious. 

formats of ENDF/B, it is possible to bypass the  problem, a t  least for i n e l a s t i c  

s c a t t e r i n g ,  by using the  subterfuge of pseudodiscrete l e v e l s  to treat a 

continuum. In  t h i s  case the  cur ren t  formats may be used s ince  we have then ef- 

f e c t i v e l y  el iminated the  continuum from the  f i les.  Unfortunately t h i s  expedient 

is of l i t t l e  use for some important "continuum types of data" such as (n,2n) 

spec t ra .  

However, within the  cu r ren t  
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(I) 31. FILE 31, COVARIANCES OF THE AVERAGE NUMBER OF NEUTRONS PER FISSION 

31.1. General Description 

For f i s s ionab le  materials, i n  F i l e  1, MT=452 must  be used to specify 3, 

the  average total  number of neutrons per f i s s ion .  

t he  average total  number of delayed neut rons  per f i s s i o n ,  vd, and MT=456 may 

a l s o  be used t o  spec i fy  the  average number of prompt neutrons per f i s s i o n ,  v 

The average number of neutrons per f i s s i o n  is given as a function of incident 

neutron energy. 

a function of incident neutron energy or by providing the c o e f f i c i e n t s  for  a 

polynomial expansion a s  a function of inc ident  neutron energy. 

is used, the r e su l t  is t h a t  the q u a n t i t i e s  are spec i f ied  as a function of inci-  

dent neutron energy and i n  t h i s  sense are s imi la r  t o  the  data given i n  F i l e  3. 

Therefore, t h e  problems associated with representing t h e  covariances of the aver- 

age number of neutrons per f i s s i o n  are i d e n t i c a l  t o  those i n  F i l e  33. 

MT=455 may be used to spec i fy  
- 

- 
P' 

This energy dependence may be given by tabula t ing  the  values as 

Whichever method 

31.2. Formats 

The formats f o r  F i l e  31, MT=452, 455 and 456 are the  same as those f o r  

F i l e  33 given i n  sec t ion  33.2. 

31.3. Procedures 

A l l  procedures given i n  33.3 concerning the ordering and completeness of 

s ec t ions  of F i l e  33 apply to sec t ions  of F i l e  31: (MAT,31,452), (MAT,31,455) 

and (MAT,31,456). 

W e  note t h a t  i n  F i l e  1 3 (MT=452), 5, (MT=455) and 3 (MT=456) s a t i s f y  
P 

the r e l a t ion :  
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Therefore i f  one of these  q u a n t i t i e s  is "derived" i n  terms of the o ther  a 
two, it is permissible to use  "NC-type" sub-subsections w i t h  LTY=O to i n d i c a t e  

t h a t  it is a "derived redundant cross sect ion."  See sec t ion  33.2.1.a. for an ex- 

p l ana t ion  of t h i s  format. 

when a sec t ion  of F i l e  31 for e i t h e r  MT=452, 455 or 456 is used, there 

must be a s e c t i o n  i n  F i l e  33 for t h e  f i s s i o n  cross sec t ions ,  i.e., s e c t i o n  

(MAT,33,18) 

N o t e :  1. Since 3, is much smaller than ? it should never be eva1.u- 
PI 

ated by sub t r ac t ing  3 from 3. 
P 

2. When a polynomial r ep resen ta t ion  is used to descr ibe  t h e  data 

i n  F i l e  1 'MT=452, 455 and 456, the covariance f i l e  app l i e s  to the  tabular 

recons t ruc t ion  of t h e  da t a  as a func t ion  of energy and no t  to  the  polynomial 

c o e f f i c i e n t s .  
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(0) 32. FILE 32, COVARIANCES OF RESONANCE PARAMETERS 

32.1. General Descr ipt ion 

In  F i l e  32, MT=151, the covariances of the resonance parameters of the  

resolved resonances i n  F i l e  2, MT=151, may be given. 

i n  File 2, MT=151, used with the appropriate resonance formalism, provide an ef- 

f i c i e n t  way to represent  t h e  important c o r r e l a t i o n s  i n  t h e  magnitudes of the d i f -  

f e r e n t  par t ia l  cross sec t ions  over the resonances, compared to the use of F i l e  

3 only. 

rameters of ind iv idua l  resonances provides an e f f i c i e n t  way of represent ing the  

rapid va r i a t ion  of the  covariances of the  p a r t i a l  cross sec t ions  over t h e  

ind iv idua l  resonances. 

cross sec t ions  are o f t e n  qharac te r ized  by a)  "long-range" components which 

affect the covariances over many resonances, which should be given i n  F i l e  33, 

and b) "short-range" components a f f e c t i n g  the  covariances of the  d i f f e r e n t  

The resonance parameters 

S imi la r ly  with F i l e  32, t h e  u s e  of the  covariances of the  resonance pa- 

In the resonance region the  covariances of the par t ia l  

'IB 
p a r t i a l  cross sec t ions  over the  ind iv idua l  resonances, which should be given i n  

F i l e  32. When the  cross sec t ions  are averaged over many resonances, as is o f t en  

the case for some appl ica t ions  i n  the higher energy range of the resolved reso- 

nance energy region and for the  unresolved resonance energy region, t h e  effects 

of the "short-range" components tend to "average out"  and the  covariances of the 

averaged cross sec t ions  are dominated by the  long-range components given i n  F i l e  

33. Therefore, the  covariances of the cross sec t ions  i n  the  unresolved reso- 

nance energy region should be given by means of F i l e  33 only. 

resonance energy region t h e  covariances of the partial  cross sec t ions  may be 

given using only F i l e  33, i n  which case the  "short-range" v a r i a t i o n s  which occur 

over ind iv idua l  resonances are ignored. For some appl ica t ions  such as: a) the  

ca l cu la t ion  of the  unce r t a in t i e s  i n  Doppler e f f e c t s  and se l f - sh ie ld ing  and b) 

the  ca l cu la t ion  of group c ross  sec t ion  covariances where the  groups are narrow 

I n  the  resolved 



group), a knowledge of the "short-range" correlations of uncertainties within 

the resonance is needed. It is for these purposes that File 32 should be used, 

with File 33, to describe the covariances of the cross sections. Because this 

situation may only be important in the lower energy range of the resolved reso- 

nance region, File 32 may only contain data for the lowest energy resonances and 

need not cover the whole range of resonances given in File 2. It should be 

noted that it is the sum of the covariances in Files 32 and 33 which gives the 

total covariances of the partial cross sections and that in the resolved and 

unresolved resonance energy region one should not identify the components of the 

covariance matrix given in File 33 with the covariances of the "residual cross 

sections" which may or may not be present in File 3 .  

I 

For ENDF/B-V the use of File 32 is limited to the Breit-Wigner representa- 

tions (LRE'=l or 2 ) .  For the Adler-Adler representation one is limited to the 

description of the "long-range" components given in File 33. 

For the Breit-Wigner representations (LRF=L, single level; or LRF=2, 

multi-level formalism) for each resonance given in File 2 we have: 

ER the resonance energy (in the laboratory system) ; 

AJ the floating-point value of J (the spin, or total angular momentum of 

the resonance) ; 

the resonance total width, r ,  evaluated at the resonance energy ER; GT 

GN the neutron width, r evaluated at the resonance energy ER; 

GG the radiation width, r , evaluated at the resonance energy ER; 
GF the fission width, rf, evaluated at the resonance energy ER. 

GT is no longer redundant since a "competitive width" GX is allowed in 

n' 

Y 

Pile 2. However, for purposes of File 32 we ignore GX and therefore only con- 

cern ourselves with the covariance matrix of the parameters ER, AJ, GN, EG and 
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GF. 

small in practice in File 32 we only concern ourselves with the variance of ER. 

The uncertainties on ER in practical applications are expected to be significant 

only for some calculations involving the thermal region for a few resonances. 

The value of the total angular momentum AJ of the resonance may only take on 

some discrete values. 

tal data, then its variance is zero as well as the covariance of AJ and of the 

other resonance parameters. 

obtained from the experiments; it is then permissible (see 2.2.2 Procedures for 

File 2) to assign to it a value in File 2 such that the statistical weight fac- 

tor gL is given properly, an the average, for each value of L, the neutron angu- 

Because the covariance of ER and the other resonance parameters is very 

When the value of AJ can be determined from the experimen- 

However, frequently the exact value of AJ cannot be 

lar momentum. In such cases it may not be possible within the resonance formal- 

ism used, to represent all of the available data and their uncertainties without 

assigning a variance to AJ and a covariance of AJ and of the other resonance pa- 

rameters. In the above situation AJ is considered as a constrained parameter of 

the formalism and the covariances of AJ and of the other parametets a device for 

representing accurately the uncertainties in various quantities related to the 

resonance. 

32.2. Formats --- 
The format for File 32, M-151, parallels the format for File 2, M-151, 

with the restrictions that only resolved resonance parameters of the single- 

level and multi-level Breit-Wigner formalisms are allowed. The major difference 

is that in File 32 we require more information per resonance, the covariances of 

the resonance parameters, than in File 2. In the description of the format for 

File 32, M-151, which follows, we use the same symbolism for naming the quanti- 

ties as given in File 2, section 2, of the manual: 

Revised 11/83 



- NIS is the  number of isotopes i n  t h i s  material (NIS 1 0 ) .  

- Z A I  is t h e  (Z,A) des igna t ion  f o r  an isotope. 

- ABN is the  abundance (weight f r a c t i o n )  of  an isotope i n  t h i s  material. 

- EL 

- EH 

- LRF 

is t h e  lower energy l i m i t  of t h e  energy range. 

is t h e  upper energy l i m i t  of  t h e  energy range. 

is a f l a g  i n d i c a t i n g  which r e p r e s e n t a t i o n  is used: 

LFU?=l, s i n g l e - l e v e l  B-W parameters. 

LRF=2, mul t i - l eve l  B-W parameters. 

The gene ra l  s t r u c t u r e  of F i l e  32 is as fol lows:  

(MAT, 32, 151/ ZA, AWR; 0 ,  0; N I S ,  0) HEAD 

(MAT, 32, 151/ Z A I ,  ABN; 0 ,  0; 1, 0) CONT (isotope) 

(MAT, 32, 151/ EL, EH; 1, LRF; 0, 0) CONT ( range)  

<subsec t ion  f o r  t h e  f i r s t  i so tope> 

(MAT, 32, 151/ Z A I ,  ABN; 0 ,  0; 1, 0) CONT (isotope) 

(MAT, 32, 151/ EL, EH; 1, LRF; 0, 0)  CONT (range)  

<subsec t ion  for the  l a s t  isotope> 

(MAT, 32, O/ 0.0, 0.0; 0, 0; 0 ,  0 )  SEND 

(MAT, 0, o/ 0.0, 0.0; 0, 0; 0 ,  0) FEND 

The s t r u c t u r e  of a subsec t ion  is t h e  same f o r  L W = 1  ( s ing le - l eve l  B-W 

parameters) as it is f o r  LRF=2 (mul t i - l eve l  B-W parameters). The fo l lowing  quan- 

t i t ies  are def ined:  
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- SPI is the nuclear spin of the target nucleus, I (positive number). 

- Ap 
-12 is the scattering radius in units of 10 

is an effective Q-value. 

is the number of sets of resonance parameters given. 

A set of parameters is given for each R-value (neutron orbital 

angular momentum (NLS 5 3 ) .  

is the value of R. 

cm. 

- NLS 

- L 
AWRI is the ratio of the mass of a particular isotope to that of a 

neutron. 

is the number of resonances for a given R-value (NRS 5 500). - NRS 

The symbols for the resonance parameters and the covariances of the reso- 

nance parameters are: 

- ER the resonance energy (in the laboratory system); 

- AJ the floating-point value of J (the spin, or total angular momentum of 

the resonance) ; 

GT the resonance total width, I', evaluated at the resonance energy ER; 

- GN 

GG the radiation width, r evaluated at the resonance energy ER; 

- GF 

- DE2 

- DJ2 

- DJDN the covariance of AJ and of GN in units of eV; 

- DN2 

- DJDG the covariance of AJ and of GG in units of eV; 

DNDG the covariance of GN and of GG in units of eV squared; 

- DG2 

- DJDF the covariance of AJ and of GF in uits of eV; 

the neutron width, Tnl evaluated at the resonance energy ER; 

Y'  - 
the fission width, rf, evaluated at the resonance energy ER; 
the variance of ER in units of eV squared; 

the variance of AJ; 

the variance of GN in units of eV squared; 

the variance of GG in units of eV squared; 
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- DNDF the  covariance of GN and of G F  i n  u n i t s  of e V  squared; 

DGDF the  covariance of GG and of G F  i n  u n i t s  of eV squared; 

- DF2 

The s t ructure  of a subsec t ion  is as follows: 

- 
the  var iance  of G F  i n  u n i t s  of e V  squared. 

(MAT, 32, i51/ spI, AP; 0, 0; NLS, o j  CONT 

[MAT, 32, 151/ AWRI, QX; L, 0; 18*NRS, NRS/ 

DJDNl , 2 
DF1 

ER 2' AJ2 
2 2 

2 

DE2' DN2i 

DF2,  DJDN2, 

ERNRs AJNRs 
2 

D+RS1 DNNKSr .. 

+. 

32.3. Procedures 

The data i n  F i l e  32 for each resonance are only 

GFms 1 

DGDGNKS, 

0. O)LIST. 

intended to  provide in fo r -  

mation concerning the  r a p i a  v a r i a t i o n s  of the  covariance matrices of the  d i f f e r -  

e n t  pa r t i a l  cross s e c t i o n s  over t h e  resonance, t he  long-range components of t h e  

covariance matrices being given i n  F i l e  33. Since the  long-range components of 

the  covariance matrices may be the  dominant ones, i n  p a r t i c u l a r  i n  t h e  higher  

energy range of the  resolved resonance region f o r  some material, it is not  neces- 
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(I) sary to provide in File 32 the covariances of the resonance parameters for all 

the resonances given in File 2,  although it might be desirable to do so. 

I. Correspondence between File 32 and File 2 

The following procedures indicate the relationships which may or must 

exist between corresponding quantities in File 2 and File 32. We shall indicate 

quantities in File 2 with the index 2 and the corresponding quantities in File 

32 with the index 32. 

1. In File 2 for each subsection EL2 and EH indicate the range of 2 

energies where the resonance formalism must be used to generate the partial 

cross sections even though some of the resonances may have a resonance energy 

outside the range of EL In File 32, since the resonances with reso- 

nance energies outside EL 

to EH2. 

32 

2 

and EH32 may only contribute long-range components 

to the covariance matrices of the partial cross sections in the range EL to 

EH32, it is not necessary to include them in File 3 2  if their contributions to 

the covariance matrices have been given in File 33. 

3 2  

2. In the corresponding subsections of File 2 and File 32 the value 

of EL must be the same, i.e. However, since the long-range components 

of the covariance matrices given in File 33  may dominate completely the covari- 

ance matrices in the higher energy region of the resolved resonance range E€I 

2' 

32 

may be lower than EX2, i.e. EE132 5 EH2. 

to a11 of 

in the subsections of File 2 must also be given in File 3 

32 3 .  Within the energy range EL 

11. Completeness of File 32 

the resonances given 

Procedure 1-3 above requires that all the resonances of File 2 within 

to EH32 be given in File 32. All of the covariances of 32 
the energy range EL 

the parameters of each resonance need not be non-zero in File 32. 

lar , the variance of AJ, DJ , and the covariances of AJ and of the other parame- 
In particu- 

2 
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ters w i l l  be zero  when the  value of A J  is known or when it is not  used as a con- 

s t r a i n e d  f r e e  parameter of t h e  formalism. However, when t h e  covariance of t w o  

d i f f e r e n t  resonance parameters is non-zero, the  var iances  of each of these  param- 

eters m u s t  be non-zero. W e  note  t h a t  because of se l f - sh i e ld ing  effects t h e  

a n a l y s i s  of most experimental  data r e s u l t s  i n  a l a r g e  covariance of GN and of GG 

as w e l l  as a l a r g e  covariance of GN and of GF. 

32.4. =ample 

I n  order to i l l u s t r a t e  t h e  use of t he  formats and procedures for F i l e  32, 

we g ive  i n  Tables 32.1 and 32.2 Files 2 and 32 f o r  an hypo the t i ca l  eva lua t ion  of 

Fe-56. The resonance parameters were evaluated using: t ransmission d a t a  which 

y ie lded  values  of grn and t h e i r  var iances ,  angular d i s t r i b u t i o n  d a t a  which 

y ie lded  J, and capture  resonance areas (gr  I' /I' ) with t h e i r  var iances  after cor- 

r e c t i o n  for s e l f s h i e l d i n g  effects i n  the samples. Without going i n t o  the  de- 
n y  t 

ta i l s  of the  eva lua t ion  of t h e  var ious  resonances most of t h e  covariances of Tn 

and I' 

area is e s s e n t i a l l y  a measure of I' 

and I' was small and neglected i n  the  F i l e  32. 

is e s s e n t i a l l y  a measure of I' . Since t h e  se l f - sh i e ld ing  is small, t h e  covari-  

ance of rn and I' 

came from the variance i n  the  resonance areas. When Tn >> I' the  capture  
Y Y 

and s ince  I' was known t h e  covariance of I' 
Y t n 

>> I'n the  capture  area When r Y Y 

n 

was small and it was neglected i n  the  F i l e  32. 
Y 

I n  t h e  example of Table 32.2 w e  do not  g ive  t h e  F i l e  33 which would 

accompany t h i s  F i l e  32. This  F i l e  33 would con ta in  a sec t ion  for MT=l, t he  

total  cross sec t ions ,  with long-range components; it would also conta in  a 

sec t ion  f o r  MT=102, t he  capture cross s e c t i o n s  with a long-range component of 

about  10% to account for t h e  normalizat ion of a l l  of t h e  cap tu re  da ta .  

To i l l u s t r a t e  the  procedures, i n  F i l e ' 2  w e  i n d i c a t e  the  range of the  

-5 resolved resonance energy region as 1 0  eV to  100 keV and g ive  a f e w  resonances 
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@ outside t h e  range. 

var iances  and some covariances for a l l  t he  resonances i n  F i l e  2 within t h i s  

range. Presumably the F i l e  33, not shown for t h i s  material, would represent  

e n t i r e l y  the covariances of the  cross sec t ions  above 85 keV. 

In  F i l e  3 we i nd ica t e  the range from 10-5 e V  to  85 keV with 

=I 
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Table 32.1 

2.60560+ 4 5.54540+ 1 0 0 1 01180 2151 HEAD 
2.60560+ 4 9.16600- 1 0 0 1 01180 2151 CONT 
1.00000- 5 1.00000+ 5 1 2 0 01180 2151 CONT 
O.OOOOO+ 0 5.00000- 1 0 0 3 01180 2151 CONT 
5.54540+ 1 0. OOOOO+ 0 0 0 36 61180 2151 LIST 

2.76700+ 4 5.00000- 1 1.52140+ 3 1,52000+ 3 1.40000+ 0 O.OOOOO+ 01180 2151 

8.36500+ 4 5.00000- 1 1.25130+ 3 1.25000+ 3 1.30000+ 0 O.OOOOO+ 01180 2151 
1.29800+ 5 5.00000- 15.01100+ 2 5.00000+ 2 1.10000+ 0 O.OOOOO+ 01180 2151 
1.40400+ 5 5.00000- 12.70220+ 3 2.70000+ 3 2.20000+ 0 O.OOOOO+ 01180 2151 
5.54540+ 1 O.OOOOO+ 0 1 0 114 191180 2151 LIST 
1.14900+ 3 5.00000- 16.60000- 16.00000- 2 6.00000- 1 O.OOOOO+ 01180 2151 

-2.OOOOO+ 3 5.00000- 1 1.80640+ 2 1.80000+ 2 6.40000- 1 O.OOOOO+ 01180 2151 

7.39800+ 4 5.00000- 1 5.35730+ 2 5.35000+ 2 7.30000- 1 O.OOOOO+ 01180 2151 

1.24500+ 4 5.00000- 1 5.42300- 1 2.30000- 3 5.40000- 1 O.OOOOO+ 01180 2151 
1.77500+ 4 5.00000- 1 5.59000- 1 1.90000- 2 5.40000- 1 O.OOOOO+ 01180 2151 
2.27900+ 4 5.00000- 18.10000- 12.70000- 15.40000- 1 O.OOOOO+ 0x180 2151 
3.42000+ 4 1.50000+ 0 1.33000+ 0 7.90000- 1 5.40000- 1 O.OOOOO+ 01180 2151 
3.84000+ 4 1.50000+ 0 8.60000- 13.20000- 15.40000- 1 O.OOOOO+ 01180 2151 
4.60400+ 4 5.00000- 1 1.05300+ 1 1.00000+ 1 5.30000- 1 O.OOOOO+ 01180 2151 
5.21200+ 4 1.50000+ 0 1.24200+ 11.20000+ 1 4.20000- 1 O.OOOOO+ 01180 2151 
5.35400+ 4 5.00000- 11.67000+ 0 1.00000+ 0 6.70000- 1 O.OoOOO+ 01180 2151 
5.53700+ 4 5.00000- 1 2.02000+ 0 1.90000+ 0 1.20000- 1 O.OOOOO+ 01180 2151 
5.92000+ 4 1.50000+ 0 4.49000+ 0 4.00000+ 0 4.90000- 1 O.OOOOO+ 01180 2151 
6.34400+ 4 1.50000+ 0 1.35000+ 0 8.00000- 1 5.50000- 1 O.OOOOO+ 01180 2151 
7.29800+ 4 5.00000- 12.07200+ 12.00000+ 1 7.20000- 1 O.OOOOO+ 01180 2151 
7.70400+ 4 5.00000- 13.93000+ 0 3.60000+ 0 3.30000- 1 O.OOOOO+ 01180 2151 
9.02900+ 4 1.50000+ 0 1.44600+ 1 1.40000+ 1 4.60000- 1 O.OoOOO+ 01x80 2151 
9.27800+ 4 1.50000+ 0 1.06000+ 0 5.20000- 15.40000- 1 o.oOoOO+ 01180 2151 
9.62900+ 4 5.00000- 1 1.70000+ 0 1.30000+ 0 4.00000- 1 O.OOOOO+ 01180 2151 
9.65700+ 4 1.50000+ 0 2.90000+ 0 2.50000+ 0 4.00000- 1 O.OOOOO+ 01180 2151 
1.02630+ 5 1.50000+ 0 2.13600+ 12.10000+ 1 3.60000- 1 O.OOOOO+ 01180 2151 
5.54540+ 1 O.oOOOO+ 0 2 0 36 61180 2151 LIST 
2.35000+ 3 1.50000+ 0 8.40200- 12.00000- 4 8.40000- 1 O,OOOOO+ 01180 2151 
2.01700+ 4 1.50000+ 0 8.44700- 14.70000- 3 8.40000- 1 O.OOOOO+ 01180 2151 
3.67000+ 4 2.50000+ 0 9.50000- 1 1.10000- 1 8.40000- 1 O.OOOOO+ 01180 2151 
8.08000+ 4 2.50000+ 0 7.74000+ 0 7.00000+ 0 7.40000- 1 O.OOOOO+ 01180 2151 
9.26500+ 4 1.50000+ 0 2.25000+ 0 1.60000+ 0 6.50000- 1 O.OOOOO+ 01180 2151 
9.61400+ 4 2.50000+ 0 1.77000+ 0 6.70000- 11.10000+ 0 O.OOOOO+ 01180 2151 
0. ooooo+ 0 0. ooooo+ 0 0 0 0 01180 2 0 SEND 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 01180 0 0 FEND 
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2.60560+ 4 5.54540+' 1 0 0 1 0118032151 HEAD 
2.60560+ 4 9.16600- 1 0 0 1 0118032151 CONT 
1.00000- 5 1.00000+ 5 1 2 0 0118032151 CONT 
O.OOOOO+ 0 5.00000- 1 0 0 3 0 118 0 3 2 15.1 CONT 
5.54540+ 1 O.OOOOO+ 0 0 0 36 2118032151 LIST 
2.76700+ 4 5.00000- 1 1.52140+ 3 1.52000+ 3 1.40000+ 0 O.OOOOO+ 0118032151 
9.00000+ 2 9.00000+ 2 O.OOOOO+ 0 1.00000- 2 O.OOOOO+ 0 O.OOOOO+ 0118032151 
O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0118032151 
7.39800+ 4 5.00000- 1 5 . 3 5 7 3 0 +  2 5.35000+ 2 7.30000- 1 O.OOOOO+ 0118032151 
2.50000+ 3 1.00000+ 2 O.OOOOO+ 0 4.90000- 3 O.OOOOO+ 0 O.OOOOO+ 0118032151 
O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0118032151 
5.54540+ 1 O.OOOOO+ 0 1 0 18 0 10118032151 LIST 
1.14900+ 3 5.00000- 1 6 . 6 0 0 0 0 -  1 6 . 0 0 0 0 0 -  2 6.00000- 1 O.OOOOO+ 0118032151 
4.00000+ 0 1.60000- 5 1.40000- 4 3.60000- 3 O.OOOOO+ 0 O.OOOOO+ 0118032151 
O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0118032151 
1.24500+ 4 5.00000- 1 5.42300- 1 2 . 3 0 0 0 0 -  3 5.40000- 1 O.OOOOO+ 0118032151 
1.60000+ 3 9.00000- 8 O.OOOOO+ 0 2.50000- 2 O.OOOOO+ 0 O.OOOOO+ 0118032151 
~ . O O o o o +  0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0118032151 
1.77500+ 4 5.00000- 1 5.59000- 1 1.90000- 2 5.40000- 1 O.OOOOO+ 0118032151 
2.50000+ 3 4.00000- 6 O.OOOO'O+ 0 2.50000- 2 O.OOOOO+ 0 O.OOOOO+ 0118032151 
o.oOooo+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOoo+ 0 O.OOOOO+ 0 O.OOOOO+ 0118032151 
2.27900+ 4 5.00000- 1 8 . 1 0 0 0 0 -  1 2 . 7 0 0 0 0 -  1 5 . 4 0 0 0 0 -  1 O.OOOOO+ 0118032151 
2.50000+ 3 3.60000- 3-5.80000- 3 2.50000- 2 O.OOOOO+ 0 O.OOOOO+ 0118032151 
O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0118032151 
3.42000+ 4 1.50000+ 0 1.33000+ 0 7.90000- 1 5.40000- 1 O.OOOOO+ 0118032151 
2.50000+ 3 9.00000- 2-4.30000- 2 2.50000- 2 O.OOOOO+ 0 O.OOOOO+ 0118032151 
O.OOOOO+ 0 O.Q0000+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0118032151 
3.84000+ 4 1.50000+ 0 8.60000- 1 3.20000- 1 5.40000- 1 O.OOOOO+ 0118032151 
2.50000+ 3 6.40000- 3-9.30000- 3 2.50000- 2 O.OOOOO+ 0 O.OOOOO+ 0118032151 
O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0118032151 
4.60400+ 4 5.00000- 1 1.05300+ 1 1.00000+ 1 5.30000- 1 O.OOOOO+ 0118032151 
2.50000+ 3 9.00000+ 0 O.OOOOO+ 0 2.50000- 3 O.OOOOO+ 0 O.OOOOO+ 0118032151 
O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0118032151 
5.21200+ 4 1.50000+ 0 1.24200+ 1 1.20000+ 1 4.20000- 1 O.OOOOO+ 0118032151 

'4 .00000+ 2 1.00000+ 0 O.OOOOO+ 0 1.60000- 3 O.OOOOO+ 0 O.OOOOO+ 0118032151 
O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0118032151 
5.35400+ 4 5.00000- 1 1.67000+ 0 1.00000+ 0 6.70000- 1 O.OOOOO+ 0118032151 
4.00000+ 2 1.60000- 1-5.50000- 2 2.90000- 2 O.OOOOO+ 0 O.OOOOO+ 0118032151 
O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0118032151 
5.53700+ 4 5.00000- 1 2 . 0 2 0 0 0 +  0 '1 .90000+ 0 1.20000- 1 O.OOOOO+ 0118032151 
4.00000+ 2 9.00000- 2 O.OOOOO+ 0 2.50000- 3 O.OOOOO+ 0 O.OOOOO+ 0118032151 
O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0118032151 
5.54540+ 1 O.OOOOO+ 0 2 0 . 54 3118032151 LIST 
2.35000+ 3 1.50000+ 0 8.40200- 1 2.00000- 4 8.40000- 1 O.OOOOO+ 0118032151 
2.50000+ 3 3.60000- 9 O.OOOOO+ 0 6.20000- 2 O.OOOOO+ 0 O.OOOOO+ 0118032151 
O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0118032151 
2.01700+ 4 1.50000+ 0 8.44700- 1 4 . 7 0 0 0 0 -  3 8.40000- 1 O.OOOOO+ 0118032151 
2.50000+ 3 2.50000- 7 O.OOOOO+ 0 6.20000- 2 O.OOOOO+ 0 O.OOOOO+ 0118032151 
O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0118032151 
3.67000+ 4 2.50000+ 0 9.50000- 1 1.10000- 1 8.40000- 1 O.OOOOO+ 0118032151 
2.50000+ 3 1.00000- 4 O.OOOOO+ 0 6.20000- 2 O.OOOOO+ 0 O.OOOOO+ 0118032151 
O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0118032151 
0. ooooo+ 0 0. ooooo+ 0 0 0 0 0118032 0 SE%D 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 01180 0 0 FEND 
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33. FILE 33, COVAFlIANCES OF NEUTRON CROSS SECTIONS 

33.1 General DescriDtion 
L 

The covariances of neutron cross section information appearing in File 3 

are given in File 33. File 33 is intended to provide a measure of the 

"accuracies and their correlations" of the data in File 33 and does not indicate 

the precision with which the data are entered in the File 33. Since ENDF/B rep- 

resents our knowledge of the microscopic data, the File 33 is used to give the 

covariances of these microscopic data. However, it should be stressed that for 

most practical applications to which the files are intended the data will be 

processed into group cross sections. While generating File 33 it should be 

remembered that one of their major aims is to represent adequately: 

i. The variances of the group cross sections, 

ii. The correlations of the uncertainties between the several adjacent 

groups, and (ID 
iii. The Long-range correlations of the uncertainties over many groups. 

Table 33.1 illustrates the relation of these three covariances with experimental 

uncertainties. 

These primary considerations and the inherent difficulties associated with 

quantifying uncertainties should dictate the details given in Files 33. 

In the resolved resonance region, some of the covariances of the cross 

sections, within each resonance, may be given through the covariances of the res- 

onance parameters in File 32. In this case, the long-range components of the co- 

variance matrix of the cross sections which span several resonances are given in 

File 33. It is permissible, in the resolved resonance region, to represent the 

covariance matrix in File 33, since often the major components of the matrix are 
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shor t-range 

33.2 

Table 33.1 

Analogies Between File 33 Covariances Within One Section 
* 

and Experimental Uncertainties 

medium-range 

long-range 

Experimenkal 

statistical 

Detector Efficiency 
Multiple Scattering 
In/Out Scattering 

Geometry 
Flux 
Background 
Normalization 

Energy Dependence 

Rapid variation 

Slowly varying 

More or less constant 

Example: If we had a 2% uncertainty due to statistics (short-range), 2% due to 

multiple scattering (medium-range) and, 1% due to background (long- 

range), we would cite a 3% uncertainty for a discrete measurement (one 

group covering a small ($ 200 kev) energy range) ; $ 2.5% over an 

energy range encompassing several measurements (several groups which 

together cover a 1- to 2-MeV range); and $ 1% over the entire energy 

range. 

*As with all analogies, this should be used with care. It is designed to show 
in a familiar way of thinking how the covariance within a section are related. 
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(ID 

I 

long-range. 

sections must be given entirely in File 33. 

33.2 Formats 

In the unresolved resonance region the covariances of the cross 

File 33 is divided into sections identified by the value of MT. Within a 

section, (MAT,33,MT), several subsections may appear. Each section of File 33 

starts with a HEAD record, ends with a SEND record, and has the following struc- 

ture: 

(MAT, 33, MT/ZA, AWR; b, MTL; b, NL) HEAD 

<subsection for L = 1> 

<subsection for L = 2> 

<subsect on ,331 L = NL> 

(MAT, 33, O/ b, b; b, b; b, b) SEND 

NL in the HEAD record denotes the number of subsections within a section. 

A non zero value of MTL is used as a flag to indicate that reaction MT is one 

component of the evaluator defined lumped reaction MTL, as discussed below; in 

this case, no covariance information is given for reaction MT (other than the 

HEAD record) and NL = 0. 

Subsections 

Each subsection of the section (MAT,33,MT) is used to describe a single co- 

variance matrix. 

sections given in section (MAT,3 ,MT) and energy-dependent cross sections given 

in section (MAT1,3,MTl) of the ENDF/B tape. The values of MAT1 and MT1 are 

given in the CONT record which begins every subsection. Each subsection is 

It is the covariance matrix of the energy-dependent cross 
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therefore identified with a unique combination of values (MAT,MT) and 

(MATl,MTl), and we may use the notation (MAT,MT;MATl,MTl) to specify a 

subsection. 

Each subsection may contain several sub-subsections. Two different types 

Of sub-subsections may be used; they are referred to as "NC-type" and "NI-type" 

sub-subsections. Each sub-subsection describes an independent contribution, 

called component, to the covariance matrix given in the subsection. The total 

covariance matrix in the subsection is made up of the sum of the contributions 

of the individual sub-subsection. 

The structure of a subsection describing the covariance matrix of the 

Cross sections given in the ENDF/B type (MAT,3,MT) and (MATl,3,MTl) is: 

(MAT, 33, MT/ b, b; MATl, MT1; NC, NI) CON" 

<sub-subsection for nc = 1> 

<sub-subsection for nc = 2> 

<sub-subsection for nc = NC> 

<sub-subsection for ni = 1> 

<sub-subsection for ni = 2> 

<sub-subsection for ni = NI> 

NC is the number for "NC-type" sub-subsections which follow the CONT 

record. 

Revised 11/83 
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NI is the number of "NI-type" sub-subsections which follow the "NC-type" 

sub-subsections. 

Sub-subsections 

There are two different types of sub-subsections which have a different 

structure, the "NC-type" and "NI-type" sub-subsections. 

The "NC-type" sub-sections may be used to indicate that some or all of the 

contributions to the covariance matrix described in the subsection are to be 

found in a different subsection of the ENDF/B tape. The major purpose of the 

"NC-type" subsections is to eliminate from the m F / B  tape a large fraction of 

the mostly redundant information which would otherwise be needed if only "NL- 

type" sub-subsections were used. 

The "NI-type" sub-subsections are used to describe explicitly the various 

components of the covariance matrix of the subsection. 

I. "NC-type" Sub-subsections 

The "NC-type" sub-subsections may be used to describe the covariance 

matrices in energy ranges where the cross sections in (MAT,3,MT) can be 

"derived" in terms of other "evaluated" cross sections in the same energy range. 

In the context of File 33, and for purposes of discussing "NC-type" sub- 

subsections, we define an "evaluated" cross section, in a given energy range, as 

one for which the covariance matrix in that energy range is given entirely in 

terms of "NI-type" sub-subsections. The covariance matrices involving the 

"derived" cross sections may be obtained in terms of the covariance matrices of 

the "evaluated" cross sections already given in File 33 and therefore need not 

be given explicitly again. 

Revised 11/83 



33.6 

a. LTY=O, "Derived Redundant Cross Sections" 

In File 33 the evaluator may indicate by means of an LTY=O sub- 

subsection that in a given energy range the cross sections in (MAT,3,MT) were 

strictly obtained, in the general sense of evaluated, as a linear combination of 

other "evaluated" cross sections having the same MAT number but different MT 

values. 

the sense that the covariances of these cross sections are given in File 33 only 

In general the linear relationship given 

We recall that we use the definition of "evaluated" cross sections in 

I in terms of "NI-type" sub-subsections. 
in an LW=O sub-subsection applies not only to the range of energy specified, 

but also over the whole range of the file; however, it may not be the method 

whereby the cross sections were obtained, in the sense of evaluated, over the 

whole energy range of the file. 

The structure of an "NC-type" sub-subsection with LTY=O is: 

(MAT, 33, MT/ b, b; b, LTY=O; b, b] 

(MAT, 33, MT/ El, E2: b, b; 2*NCI, NCI/ {GI, XMTI)] 

In the LIST record, El and E2 define an energy range where the cross 

CONT 

LIST 

sections given in the section (MAT,3,MT) were "derived" in terms of other 

"evaluated" cross sections given in the sections (MAT,3,MTI)s. 
* 

NCI is the number of pairs of values in the array {CI, XMTI). 

{SI, XMTI) are pairs of numbers. The coefficient CI is associated in 

the pair'with a value of MTI, given as a floating point number and indicated as 

XMTI. The pairs of numbers indicate, in the energy range El to E2, that the 

CrOSS sections in file (MAT,3,MT), written as MATO (E), were obtained in terms 

m T ~  (E), as follows: of the cross sections in files (MAT,3,MTI), written as 
MT 

MTI 

*The notation {AI,BI) stands for Al, Bl; A2, B2; ...; Ai, Bi in a LIST record. 
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MAT NLI 
Ow,,, (E) = 1 Ci* Owm (E). MAT 

i =1 L.1 1 1-11 . 
1 

In this expression we have written the GI's as Ci, and XMTI's as MTi. 

The numbers CL are constant numbers over the whole range of energy El to E2, 

usually - + 1. 
- Note: In general each subsection describes a single covariance ma- 

trix. However, when an "NC-type" sub-subsection with LTy=O is used in a 

subsection, several covariance matrices may be implied and these are not 

explicitly given as subsections in the File 33 (see procedure 11-a-3). There- 

fore, in such cases the subsection may be thought of as describing several cova- 

riance matrices. 

b. LTY=l, 2 and 3, "Covariances of Cross Sections Derived via Ratio 

Measurements" 

Many important cross sections of mF/B are determined through "ratio" 

measurements. Evaluation of cross sections by means of "ratio" measurements is 

one of the main sources of information on covariances of cross sections having 

different MAT values. 

tions where the results depend on the relative magnitude of different cross 

sections. In order to represent efficiently these important covariance matrices 

in the Files 33, evaluators may use "NC-type" sub-subsections with LTy=1, 2 and 

3 in appropriate subsections of the Fi-les 33. 

These covariances play an important role in many applica- 

Let the cross sections in (MAT,33,MT) be strictly "derived", in the 

general sense of evaluated, in the energy range El to E2, through the evaluation 

of ratio measurements to other "evaluated" cross sections given in (MATS,3,MTS), 

referred to also as the "standard" cross sections for this "ratio evaluation". 
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Then in the subsection (MAT,MT;MAT,MT) of the File 33 for the material MAT, an 

LTY=l sub-subsection must be used to describe in part the covariance matrix in 

the energy range El to E2. This part, or component, of the covariance matrix, 

given by the LTY=l sub-subsection, is derived from the covariance matrix of the 

"standardtt cross sections in the subsection (MATS,MTS;MATS,MTS) of the File 33 

of the "standard" material MATS. The other part, or component, of the covari- 

ance matrix comes from the evaluation of the "ratiosn and is given explicitly, 

over the range El to E2, by means of '"1-type" sub-subsections in the subsection 

(MAT,MT;MAT,MT) of the File 33. In addition, since this method of evaluation 

introduces a covariance of the "derived" cross sections in (MAT,3,MT) over the 

energy range El to E2 and the "standard" cross sections in (MATSr3,MTS) over 

their complete energy range, in the File 33 of the material MAT, in subsection 

(MAT,MT;MATS,MTS), there must be an LTY=2 sub-subsection to describe this covari- 

ance matrix. 

the previously given LTY=l sub-subsection in the subsection (MAT,MT;MAT,MT) 

refers to a different covariance matrix than the LTY=l sub-subsection previously 

mentioned, but it can also be derived from the covariance matrix of the 

"standard" cross sections in the subsection (MATS,MTS;MATS,MTS)of the File 33 of 

the "standard" material MATS. Finally, as a consequence of the evaluation of 

the cross sections in (MAT,3,MT) in the energy range El to E2, as a "ratio" to 

This LTY=2 sub-subsection [which contains the same information as 

the "standard" cross sections in (MATSr3,MTS), there must be in the subsection 

(MATS,MTS;MAT,MT) of the File 33 of the "standard" material MATS an LTY=3 sub- 

subsection (which also contains the same information as the previously given 

LTY=1 sub-subsection in the subsection (MAT,MT;MAT,MT) ) serves in the material 

MATS the same role as the LTY=2 sub-subsection in the material MAT since they 

describe the same covariance matrix. But, in addition, the LTY value of 2 
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serves as a "flag" to the user, and the processing codes, to indicate that there 

are additional covariances of cross sections using the same "standard" cross 

sections (MATS,3,MTS) not explicitly given in the Files 33. These additional co- 

variance matrices can be derived from the appropriate LTY=3 sub-subsections and 

the covariance matrix of the "standard" cross sections in the subsection 

(MATS,MTS;MA!eS,MTS) of the File 33 of the "standard" material MATS. 

The structure of an "NC-type" sub-subsection with LTY=l,2 and 3 is: 

(MAT, 33, MT/ b, b; b, LTY; b, b) 

(MAT, 33, MT/ El, E2; MATS, MTS; 2*NEI, NEI/ {EI, WEI)) 

CONT 

LIST 

In the LIST record, El and E2 define an energy range where the cross 

sections given in the section (MAT,3,MT) were "derived" in terms of ratio meas- 

urements to "evaluated" cross sections given in section (MATS,3,MTS) 

For ENDF/B-V the only value of NE1 'allowed is 2 and the list EI, WE1 

must be: {El, 1.; E2, 0.1. 4B 
Note A: The above structure for LTy=1, 2 and 3 is dictated by two 

considerations: 

1. Compatibility with the LTY=O sub-subsection structure, 

2. The possible extension of the use of the format LTY=l, 2 and 3 

when the cross sections given in (MAT,3,MT) are only partially determined from 

ratio measurements to the cross sections given in (MATS,3,MTS). In such cases 

the list {EI, WE11 will indicate the relative weights of the ratio measurements 

in the evaluation of the cross sections in (MAT,3, MT) . 
Note B: LTY=l, 2 and 3 sub-subsections are all used as flags in 

subsections to describe relative covariance matrix components obtained from the 

relative covariance matrix of the "standard" cross sections already given in a 

File 33. There is, however, a major difference between covariance matrices ob- 
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tained with LTY=1 sub-subsections and those obtained from LTY=2 and 3 sub- 

subsections. This difference results from the definition of their use given 

above. LTY=2 and 3 sub-subsections are always used in subsections where one o 

the cross sections involved is the "standard" cross section used. The LTY=2 

subsection appears in the File 33 of the material whose cross sections are 

"derived," whereas the LTY=3 sub-subsection appears in the Pile 33 of the mate- 

rial whose cross sections are the "standard"; LTy=l sub-subsections always 

appear in subsections describing covariance matrices of cross sections "derived" 

from a "standard" and no LTY=2 or 3 sub-subsections may appear in such 

subsections. An LTY=1 sub-subsection describes a covariance matrix which in 

principle is a "square matrix" of dimension E l  to E2. 

subsection describes in principle a "rectangular matrix" : 

An LTY=2 or 3 sub- 

the covariance matrix 

of the "derived" cross sections over the energy range E l  to E2 and of the 

"standard" cross sections over their complete energy range. 

In general, if cross sections in (MAT,3,MT) are "derived," over an 

energy range E l  to E2, by "ratios" to "standard" cross sections in (MATS,3,MTS I 

there will be three "NC-type" sub-subsections with LTY=l, 2 and 3 generated in 

File 33. The LTY=1 sub-subsection is given in the subsection (MAT,MT;MAT,MT); 

the LTY=2 sub-subsection is given in the subsection (MAT,MT;MATS,MTS). Both of 

these subsections are given in the File 33 of the material MAT of the "derived" 

cross sections (MAT,3,MT). The LW=3 sub-subsection is given in the subsection 

(MATS,MTS;MAT,MT) which is in the Pile 33 of the material MATS of the "standard" 

cross sections (MATS,3,MTS). There are, however, some instances, such as the 

one taken in example 33.4A, where "still another cross section" such as those in 

(MAT,3,MT1) are "indirectly derived" from the cross sections in (MATS,3,MTS) 

through evaluation of ratios of the cross sections in (MAT,3,MTl) to those in 
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(MAT,3,MT). 

subsections (MAT,MTl;MAT,MTl) and (MAT,MT;MAT,MTl) and LTY=2 sub-subsection will 

also be used in the Subsection (MAT,MTl;MATS,MTS). 

subsections are in the File 33 of the material MAT. 

In such cases an LTY=1 sub-subsection will also be used in the 

All three of these 

Corresponding to the LW=2 

sub-subsection in the subsection (MAT,MTl;MATS,MTS) of the File 33 of the mate- 

rial MAT, there will also be an LW=3 sub-subsection in the subsection 

(MATS,MTS:MAT,MTl) of the File 33 of the material MATS. 

Note C: For purposes of discussing the covariance matrices of cross 

sections "derived" through evaluation of ratio measurements, the label 

"standard" cross sections was used for the cross sections relative to which the 

ratio measurements were made and the symbol (MATS,3,MTS) was used for these 

cross sections. The cross sections for which the label "standard" was used may 

be any "evaluated" cross sections of ENDF/B and are not restricted to the 

special set of "standard cross sections" maintained in the ENDF/B library. 

"standard cross sections of ENDF/B~' are the preferred ones to use for ratio meas- 

urements in order to minimize the magnitude of the covariance matrix elements ob- 

tained from LTY=l, 2 and 3 sub-subsections. However, they may not always be the 

ones which were used in the data available to evaluators to perform evaluations. 

11. "NI-type" Sub-subsections 

The 

The "NI-type" sub-subsections are used to describe explicitly the various 

In each "NI-type" components of the covariance matrix given in the subsection. 

sub-subsection there is a flag, the LB flag, whose numerical value indicates 

whether the components are "relative" or "absolute" and the kinds of correla- 

tions as a function of energy represented by the components in the sub- 

subsection. 
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e For values  of t he  LB f l a g  from 0 to 4 ,  t he  l t N I - t y p e l l  sub-subsection has 

the  following s t r u c t u r e :  

fMAT,33,MT/b1b; LT, LB; 2*NP, NP/(Ek , FklfER , F23) 

LB is a f l a g  whose numerical value determines the meaning of t he  numbers 

LIST 

given i n  the  a r r a y s  {Ek , Fk3(ER , Fk3. 

N P  is the  total  number of pairs of numbers i n  the  a r r ays  (Ek , Fk)CE,% I 

LT is the  number of p a i r s  of numbers i n  the  second ar ray ,  {ER , FR). 

LT may be zero,  i n  which case w e  have a s i n g l e  a r r ay  {Ek , FkI. When 

LT#o, we have two a r r ays  and the  f i r s t  one, h k  , Fk), has (NP-LT) pairs of num- 

be r s  i n  it. 

(Ek , Fk)(ER , Fk) are two a r r ays  of pairs of numbers. Each a r r a y  is 

re fe r r ed  to as an E table,  t he  Ek table and the  ER table. I n  each E table t h e  

f i r s t  member of a pair is an energy, En; the  second member of the  pair ,  Fn, is 

a number associated w i t h  t h e  energy i n t e r v a l  between the  t w o  e n t r i e s  En and 

En+l 

The Ek table, and the  ER t a b l e  when present ,  mus t  cover t he  complete 

energy range of the  f i l e .  

be 10'' eV and the  l a s t  one 2 x lo+' eV. 

zero,  as mus t  be the  case below threshold f o r  a threshold reac t ion ,  and the  l a s t  

The f i r s t  energy en t ry  i n  an E table mus t  t he re fo re  

Some of t h e  Fk l s ,  or FR1s,  may be 

value of F i n  an E t a b l e  must be zero s ince  it is not  defined. 

W e  now def ine  the  meaning of t h e  F values entered i n  the  E tables for d i f -  

f e r e n t  values  of LB. L e t  Xi r e f e r  to the  cross sec t ion  i n  (MAT,3,MT) a t  energy 

Ei and Y .  refer to the  cross sec t ion  i n  (MAT1,3,MTl) a t  energy E The contribu- 3 j* 

t i o n  of t h e  sub-subsection to the  covariance matr ix  COV(Xi,Y .) , having the  u n i t s  
7 
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Of "barns squared," described in the subsection, is defined as follows for the. 

different values of LB: 

LB=O 

LB=1 

LB=2 

LB=3 

LR=4 

Absolute components only correlated within each Ek interval 

Fractional components only correlated within each Ek interval 
i;k COV(Xi,Yj) = k 1 P jtk F w , k  x I. .Y j 

Fractional components correlated over all Ek intervals 

Fractional components correlated over Ek and ER intervals 

Fractional components correlated over all ER intervals within 

each Ek interval 

For LB=O, 1 and 2 we have LT=O, i. e., only one Ek table. For LB=3 and 

LB=4 we have LT#O, i.e., two E tables, the Ek and the ER tables. 

The dimensionless operators P in the above definitions are defined in 

terms of the operator S as follows: 

where 

S'I" G 1 when the energy Ei is in the interval Ek to Ek+l of an Ek table, 

Si E 0 when the energy E 
I. 
k is outside the range of Ek to Ek+l of an Ek i 

table. 
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It is often possible during the evaluation process to generate the rela- 

tive covariance matrix of some cross sections averaged over some energy inter- 

vals. Such relative covariance matrices may be suitable for use in File 33. AL- 

though the use of LB=3 sub-subsections allows the representa,tion of such 

matrices, one row (or one column) at a time this method of representation is 

very inefficient since one sub-subsection must be used for every row (or column) 

and the same energy mesh is repeated in the Ek table (or ER table) of every 

sub-subsection. Often, in addition, such relative covariance matrices are 

symmetric about their diagonal and there is no way to avoid repeating almost 

half of the entries with LB=3 sub-subsections. In order to allow such relative 

covariance matrices to be entered efficiently in the files directly LB=5 sub- 

subsections may be used. 

subsections: 

The following definition applies for LB=5 sub- 

LB=5 Rela-ive covariance matrix components 

A single list of energies (Ek) is required to specify the energy intervals 

represent fractional com- xy: k,  k' labeled by the indices k and k l .  The numbers F 

ponents correlated over the energy intervals Ek and E k I .  

Since we no longer have the need for the Ek tables with pairs of numbers 

(Ek,Fk) found in sub-subsections with LB<5 we need a new structure for LB=5 

sub-subsections. The structure of an LB=5 sub-subsection is: 

[ m T ,  33, MT/ b, b; LS, LB=5; NT, NE/ (Ek){Fk ,kI ) )  LIST. 

NT is the total number of entries in the two arrays (Ek) 
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NE is the number of entries in the array {Ek) defining (NE-1) energy inter- 

vals. 

LS is a flag indicating whether the Fk,kl matrix is symmetric or not: 

LS=O Asymmetric matrix 

The matrix elements FkIkl are okdered by rows in the array IFklkl): 

{Fk,k') ' F1,1 ; F1,2 i - - * ;  F1,NE-l F2,2 ; * . * ;  FNE-l,N 
2 2 numbers in the array fFkIkl1 and NT=NE + (NE-1) There are (NE-1) 

LS=1 Symmetric matrix 

The matrix elements Fk,kl are ordered by rows starting from the diagonal 

term in the array {Fk,kI): 

IFk,kil E Fl,l ; F1,2 ;...; F1,NE-l t F2,2 i F2,3 i . . . :  FNE-I,NE-~ 

There are NE* (NE-1)/2 numbers in the array CFk,kl ) and 

NT = NE + NE*(NE-1)/2 
A lumped reaction is an evaluator-defined "redundant' cross section, 

defined in File 33 for the purpose of specifying the uncertainty in the sum of 

a set of cross sections, such as those for a set of neighboring discrete 

inelastic levels. The uncertainty in a lumped-reaction cross section, as well 

as its correlations with other reactions, are given in the usual way using the 

formats described above. 

of the individual parts or components of a lumped reaction are not given. 

L_ 

On the other hand, the uncertainties and correlations 

The File33 section for one component of a lumped'reaction consists of a 

single HEAD record that contains, in the second integer field, the section num- 

ber M T L  of the lumped reaction to which the component contributes. 

M T L  must lie in the range 851-870, which has been reserved specifically for 

lumped reactions. These MT-numbers may not be used in Files 3, 4 or 5, so the 

The value of 
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net cross section and net scattering matrix for a lumped reaction must be 

constructed at the processing stage by summing over the reaction components. 

A list of the components of a given lumped reaction is given only 

indirectly, namely, on the above-mentioned HEAD records. These special HEND 

records, with MTL # 0 and NJL = 0, form a kind of index that can be scanned eas- 

ily by the processing program in order to control the summing operation. 

Except for the need to sum the cross-section components during uncertainty 

processing, lumped reactions are "normal" reactions, in that all covariance for- 

nats can be used to describe their uncertainties. For example, one expects in 

general that the covariances of a lumped reaction with other reactions, 

including other lumped reactions, will be given by the evaluator. 

lumped reaction may be represented, using an "NC-type" sub-subsection with LTY 

= 0, as being "derived" from other reactions, including other lumped reactions. 

(However, since uncertainties are not provided for the separate component 

reactions, a lumped reaction may not be represented as being "derived" from its 

components.) 

33.3 Procedures 

Also, a 

Although it is not necessary to have a section in File 33 for every sec- 

tion in File 3, the most important values of MT for the applications to which 

the evaluation was intended should have a section in File 33. 

I. Ordering of Sections, Subsections and Sub-subsections 

a. Sections 

The sections in File 33 are ordered by increasing value of MT. 

b. Subsections 

Within a section, (MAT,33,MT), the subsections are ordered in a rigid 

manner. A subsection of File 33 is uniquely identified by the quartet of num- 
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bers: (MAT,MT;MATl,MTl); t he  f i r s t  pair of numbers ind ica t e  t h e  sec t ion  and the  

second pa i r  of numbers appear i n  the  appropriate  f i e l d ,  MATl and MT1, of t he  

CONT record which begins every subsection. 

1. The subsect ions within a sec t ion  are ordered by increasing values  

Of MATl. 

2. I n  order to have the  covariance matrices of the  cross sec t ions  for 

which MATl=MAT appear f i r s t  i n  a sec t ion ,  and follow procedure 1-b-1, t he  value 

MATl=O s h a l l  be used to mean MATl=MAT i n  t h e  CONT record which begins the  

subsection. 

3.  When the re  are seve ra l  subsect ions w i t h  t h e  same value of MATl i n  

a sec t ion ,  these  subsect ions s h a l l  be ordered by increasing values of MT1 given 

i n  t h e  CONT record which begins the  subsect ions.  

4. When MATl=O, which according t o  procedure I-b-2 means t h a t  

(I) MATl=MAT, only subsect ions for MTL - > MT s h a l l  be given. 

c. Sub-subsections 

When both "NC-type" and " N I - t y p e "  sub-subsections are present  i n  a 

subsect ion,  t he  format requi res  t h a t  t he  "NC-type" sub-subsections be given 

f i r s t  . 
1. "NC-type" sub-sections. Several  "C-type" sub-subsections may be 

given i n  a subsection. When more than one is given, these  must  be ordered ac- 

cording to t h e  value of the  energy range E l  t o  E2 given i n  the  LIST record. W e  

note t h a t  by de f in i t i on ,  i f  severa l  "NC-type" sub-subsections are given i n  a 

subsect ion,  t he  energy ranges E l  to  E2 of these  d i f f e r e n t  sub-subsections cannot 

overlap. The value of t he  LTY f l a g  of "NC-type" sub-subsections does not affect  

t h e  order ing of the  sub-subsections within a subsection. 
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2. "NI-type" sub-subsections. There is no special ordering require- 

However, it often hap- ment of a "NL-type" sub-subsection within a subsection. 

pens that the full energy range of the file is covered by different sub- 

subsections, the F-values being set to zero in the E-tables outside the differ- 

ent ranges. It would improve the readability of the files if these different 

sub-subsections were grouped together by the energy range effectively covered in 

the sub-subsections. 

11. Completeness 

As previously stated, there is presently no minimum requirement on the num- 

ber of sections and subsections in File 33. However, the presence of Some 

subsections in a File 33, as well as the presence of some sub-subsections in a 

subsection, implies the presence of other subsections either in the same File 33 

or the File 33 of another material. In what follows we shall identify the 

subsections by their value of the quartet: 

(MAT,MT;MATl,MTl) 

a. Subsections for which MATl=O 

By subsections for which MATl=O, we mean the subsection having the 

quartet: (MAT,MT;O ,MT1), which according to procedure I-b-2 means MATl=MRT. 

1. If there is a subsection (MAT,MT;O,MT~) with MT~#MT, there must 

be within the same File 33 the two subsections: (MAT,MT;O,MT) and 

(MAT,MTl;O,MTl). Note that the converse is not necessarily true since the two 

cross sections (MAT,3,MT) and (MAT,3,MTl) may have zero covariances, which are 

not required to be explicitly stated in the files. 

I-b-4 guarantee that every section of File 33, (MAT133,MT), starts with the 

subsection (MAT,MT; 0 ,MT) . 

This procedure and procedure 
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2. In a subsection (MAT,MT;O,MT) , if there is an "NC-type" sub- 

subsection with LTY=O, it contains a list of MTI values. 

subsection (MAT,MT;O,MTI) for every value of MTI given in the "NC-type" sub- 

subsection. 

There must be a 

3.  "NC-type" sub-subsections with LTY=O must be given only in sub- 

1 sections of the type (MAT,MT;O,MT), i.e. with MTl=MT. "NC-type" sub-subsections 

with LTY=O, for "derived redundant cross sections," imply many covariance 

matrices of the "derived" cross sections and of the "evaluated" cross sections. 

It is the task of the processing code to generate these covariance matrices from 

the information given in the File 33. 

4.  In a subsection (MAT,MT;O,MT) if there is an "NC-type" sub- 

subsection with LW=1, this sub-subsection contains values of MATS, MTS. There 

must be another material MATS with a File 33 containing the subsection 

(MATS,MTS;O,MTS) . However, in the same File 33, there must be a sub-subsection 

(MAT,MT;MATS,MTS). Note that according to procedure III-a, given below, MATS 

must be different from MAT in an "NC-type" sub-subsection with LTY=l. 

(I) 

5 .  In a subsection (MAT,MT;O,MT) , if there is an "NC-type" sub- 
subsection with LTY=l which covers the energy range El to E2, in the same 

subsection there must be some "NI-type" sub-subsections with F-values different 

from zero in this energy range El to E2. These "NI-type" sub-subsections repre- 

sent the relative covariance matrix of the evaluated ratio measurements. 

b. Subsection for MATlfO 

If there is a subsection (MAT,MT:MATl,MTl) with MATl#O, similar to 

procedure II-a-1, there must also be a subsection (MAT,MT;O,MT) in the same File 

33, but there must also be the two sub-subsections: (MATl,MTl;O,MTl) and 

(MATl,MTl;MAT,MT) in the File 33 for material MATl. 
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111. Other Procedures 

a. "NC-type" sub-subsections with LTY=l shall only be used with 

MATSfMAT. The use of LTY=l sub-subsections is reserved for covariance matrix 

components arising out of ratio measurements of cross sections of different 

nuclides, i.e. different values of MAT. 

b. If a single "NC-type" sub-subsection with LTY=O is used in a 

subsection and there are no "NI-type" sub-subsections, the value of El must be 

lo-' ev and the value of E2 must be 2 x 10'' eV. 

c. As a consequence of the definition of "NC-type" sub-subsections with 

LTY=O, if there are any "NI-type" sub subsections in the same sub-section, the 

F-values in their E-tables must be zero within the range El to E2 of these "NC- 

type" sub-subsections. 

d. "NI-type" sub-subsections with LB=O shall in general be avoided and 

forbidden in the case of cross sections involved in ratio measurements. There- 

fore the "standard cross sections of ENDF/B" shall not have LB=O, "NI-type" 

sub-subsections. The use of LB=O "NI-type" sub-subsections should be reserved 

for the description of covariance matrices of cross sections which fluctuate rap- 

idly and for which details of the uncertainties in the "deep valleys" of the 

cross sections are important. 

e. The formats of File 33 allow for the possibility of great details to 

be entered in the files if needed. The number of "NI-type" sub-subsections and 

the number of energy entries in their Ek and ER tables will be a function of the 

details of the covariance matrices available and the need to represent them 

within their estimated accuracies. However, good judgement should be used to 

minimize as much as possible the number of different entries in the Ek and ER 

tables. The important quantity to remember is the union of a11 of the E values 
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of the  Ek and ER t a b l e s  of a F i l e  33. A reasonable upper l i m i t  of t he  order of 

100 d i f f e r e n t  E values  f o r  the  union of a l l  energy e n t r i e s  i n  a l l  of t he  Ek and 

ER tables i n  a F i l e  33 should be considered. 

f .  The lumping of reac t ions  f o r  uncer ta in ty  purposes w i l l  be use fu l  

mainly i n  connection with d i sc re t e - l eve l  inelast ic  s c a t t e r i n g  cross sec t ions .  

FIowever, other  reac t ions ,  such as ( n , n l p ) ,  ( n , n l a ) ,  and (n,nl  continuum) , may 

also be t r e a t e d  i n  t h i s  way. 

g. In  order not  to lose usefu l  uncer ta in ty  information, reac t ions  lumped 

together  should have similar c h a r a c t e r i s t i c s .  Ordinar i ly ,  the  l e v e l  energ ies  of 

discrete i n e l a s t i c  l e v e l s  lumped together  should not span a range g rea t e r  than 

30-40%, and the  angular d i s t r i b u t i o n s  should be similar. 

h. The components of a lumped reaction need not have adjacent  MT-numbers. 

i. Lumped-reaction MT-numbers must be assigned sequent ia l ly ,  beginning a t  

851. The sequence is determined by order ing the  lumped reac t ions  according t o  

the  lawest MT-number of t h e i r  respec t ive  components. Thus, t he  f i r s t  value of 

MTL encountered on any component-reaction HEAD record w i l l  be 851. 

value of M T L  encountered w i l l  be 852, and so on. 

The next new 

j .  Lumped reac t ions  with only a s i n g l e  component are permitted.  This is 

recommended p r a c t i c e  when, €or example, an important d i s c r e t e  i n e l a s t i c  l e v e l  

is treated indiv idua l ly ,  while a l l  of its neighbors are lumped. Covariances 

for both the  ind iv idua l  l e v e l  and the  nearby lumped l e v e l s  can then be placed 

together  i n  sec t ions  851-870. 

33.4 Example 

W e  i l l u s t r a t e  here the  u s e  of F i l e  33 by means of two concrete  examples. 
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A. Use of LTY-1 and LTY=2 "NC-type" subsections 

Let us consider the hypothetical evaluation of Pu-239, MAT=1264. The 

decision is made that in File 33 only the fission cross sections and the capture 

cross sections shall have covariances represented. The following methods !were 

used in performing the evaluation: 

1. Fission cross sections, MT48 

Let Xi stand for the fission cross section of Pu-239 at the energy 

Ei. 
-5 a. From 10 eV to an energy ES, Xi was evaluated in terms of 

"direct" or "absolute" measurements, Ai. By this we mean that in this energy 

range, X and its uncertainties are independent of any other cross sections. 

In this energy range Xi = Ai. 

b. 

i 
- 

From ES to 20 MeV, Xi was evaluated by means of ratio measure- 

ments to Yi the fission cross section of U-235, to which we assign the MAT num- 

ber 1261. 

energy Ei. 

In this energy range Xi = RiYi, where Ri is the evaluated ratio at 

2. Capture cross sections, MT=102 

Let Zi stand for the capture cross section of Pu-239 at the energy 

E.. 

plete range of the file. 

In this evaluation, Zi was obtained by the evaluation of ai over the com- 
1 

Therefore we have Zi = a .X.. 
1 1  

In this evaluation then, only 3 quantities were evaluated: Ai 
frm loe5 eV to ES, Ri from ES to 20 MeV, and ai frm eV to 20 MeV. The 

evaluation of these quantities resulted in the evaluation of three covariance 

matrices: 
7 3 

dition it has been determined that the uncertainties in these three different 

COV(Ai,Aj), COV(Ri,R.) and COV(ai,a.). Let us now assume that in ad- 
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quantities are uncorrelated, i.e. covariances such as COV(Ai,a.) are essentially 

zero. 
7 

COV (Ai, A j ) Let us denote relative covariance matrices such as 
A: A; 
I J  as <dAi'dA.>, and similarly for the other quantities. 

3 
From eV to ES, since Xi = Ai and Zi = aiXi, we have: 

<dxi*dx.> = <dAi'dA.> 
3 3 

3 3 3  

3 3 3 

<dxi'dZ.> = <dA.'dA.> 

<dZi'dZ.> = <dai'da.> + <dAi'dA.> 

From ES to 20 MeV, since Xi = RiYi and Zi = aiXi, we have: 

<dXi'dX.> = <dRi'dR.> + <dYi'dP.> 
<dXi'dz.> = <dR.'dR.> + <dYi'dY.> 
<dxi 'dY . > = <dYi 'dY . > 

<dZi'dZ ,> = <dai'da .> + <dRi'dR .> + <dYi'dY .> 

<dZi'dY.> = <dYi'dY.> 

We note that in the above we have expressed all of the covariance 

3 3 3 

3 1 3  3 

3 3 

3 3 3 7 

3 3 

matrices of the cross sections only in terms of the covariance matrices of the 

evaluated quantities and the covariance matrix of the U-235 fission. 

For purposes of illustrating the use of the formats we need not 

know the details of how the covariance matrices <dAi'dA .>, <dRi'dR .> and 3 3 

<dai'da.> are represented. 

sub-subsections having an Ek table, or could be so represented. 

poses, we symbolically represent each one of them in terms of a single "NI-type" 

sub-subsection with a single Ek table: 

They must be represented by one or more "NI-type" 

For our pur- 
3 
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Whether one or more "NI-type" sub-subsection is used, each one 

of the E tables used in the sub-subsections can be written as: 

A A  A 
k k  {E ,F 1 = fl.OE-5, F1; ...; E;,F:; ... ; ES, 0.0; 2.0E+7,0.0)f 

the E and F values explicitly shown must have the values indicated above for 

this example. 

In the listing given in Table 33.2 for the File 33 of MAT=1264, 

corresponding to our example, we have shown with only one sub-subsection each of 

the matrices <dAi*dA.> , <dRi'dR.> and <dai,da.> with the E tables indicated 
3 3 I 

symbolically as: 
A A  (EAH, FAK) for {E~,F~I , etc. 

Note: In the File 33 of MAT-1261 in the subsections (1261, - 
18; 1264,18) and (1261,18; 12'64,102) and LTY=3 "NC-type" sub-subsection correspond- 

ing to the LTY=2 sub-subsections of Table 1-33 must be inserted. 

B. Use of LTY=O, "NC-type" sub-subsections 

Let us consider a hypothetical evaluation of C-12, MAT=1274. The deci- 

sion is made that in File 33 the MT values 1,2,4,102 and 107 shall have covari- 

ances represented. We shall use the notation developed in the previous example. 

The following method was used in this evaluation: 
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T a b l e  33.2 

(1264,18; 0,18) 
9.42390+ 4 2.36999+ 2 0 0 0 3126433 18 HEAD 
o.ooooo+ 0 o.ooooo+ 0 0 18 1 2126433 18 CONT 
o.ooooo+ 0 o.ooooo+ 0 0 1 0 0126433 18 CONT 
2.00000+ 5 2.00000+ 7 1261 18 4 2126433 18 LIST 
2.00000+ 5 1.00000+ 0 2.00000+ 7 o.ooooo+ 0 126433 18<dYibdYj> 
o.ooooo+ 0 o.ooooo+ 0 0 1 14 7126433 18 LIST 
1.00000- 5 O.OOOOO+ 0 1.00000+ 0 2.50000- 3 3.00000+ 2 3.60000- 3126433 18<dAi'dAj> 
3.00000+ 4 4.90000- 3 l.OOOOO+ 5 6.40000- 3 2.00000+ 5 O.OOOOO+ 0126433 18 
2.00000+ 7 o.ooooo+ 0 126433 18 
o.ooooo+ 0 o.ooooo+ 0 0 1 6 3126433 18 LIST 
1.00000- 5 O.OOOOO+ 0 2.00000+ 5 4.00000- 4 2.00000+ 7 O.OOOOO+ 0126433 18<dRi'dRj> 

(1264,18; 0,102) 
o.ooooo+ 0 o.ooooo+. 0 0 102 1 2126433 18 CONT 
o.ooooo+ 0 o.ooooo+ 0 0 1 0 0126433 18 CONT 
2.00000+ 5 2.00000+ 7 1261 18 4 2126433 18 LIST 

o.ooooo+ 0 o.ooooo+ 0 0 1 14 7126433 18 LIST 

3.00000+ 4 4.90000- 3 1.00000+ 5 6.40000- 3 2.00000+ 5 O.OOOOO+ 0126433 18 
2.00000+ 7 o.ooooo+ 0 126433 18 
o.ooooo+ 0 o.ooooo+ 0 0 1 6 3126433 18 LIST 

2.00000+ 5 1.00000+ 0 2.00000+ 7 o.ooooo+ 0 126433 18'dYi' dY j> 

1.00000- 5 O.OOOOO+ 0 1.00000+ 0 2.50000- 3 3.00000+ 2 3.60000- 3126433 18'dAi'dAj' 

1.00000- 5 O.OOOOO+ 0 2.00000+ 5 4.00000- 4 2.00000+ 7 O.OOOOO+ 0126433 18'dRi'dRj' 
(1264,18 ; 1261,18 ) 

o.ooooo+ 0 o.ooooo+ 0 1261 18 1 0126433 18 CONT 
o.ooooo+ 0 o.ooooo+ 0 0 2 0 0126433 18 CONT 
2.00000+ 5 2.00000+ 7 1261 18 4 2126433 18 LIST 
2.00000+ 5 1.00000+ 0 2.00000+ 7 o.ooooo+ 0 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 0126433 0 SEND 

9.42390+ 4 2.36999+ 2 0 0 0 2126433102 HEAD 
o.ooooo+ 0 o.ooooo+ 0 0 102 1 3126433102 CONT 
o.ooooo+ 0 o.ooooo+ 0 0 1 0 0126433102 CONT 
2.00000+ 5 2.00000+ 7 1261 18 4 2126433102 LIST 

o.ooooo+ 0 0.00000+ 0 0 1 14 7126433102 LIST 

3.00000+ 4 4.90000- 3 1.00000+ 5 6.40000- 3 2.00OpO+ 5 O.OOOOO+ 0126433102 
2.00000+ 7 o.ooooo+ 0 126433102 
o.ooooo+ 0 o.ooooo+ 0 0 1 6 3126433102 LIST 

o.ooooo+ 0 o.ooooo+ 0 1 5 21 6126433102 LIST 

2.21000- 3 4.84000- 4 3.62000- 4 3.56000- 4 O.OOOOO+ 0 4.84000- 4126433102 
3.10000- 4 3.04000- 4 O.OOOOO+ 0 6.25000- 4 2.30000- 4 O.OOOOO+ 0126433102 
2.21000- 3 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0126433102 

(1264,102;1261,18) 
o.ooooo+ 0 o.ooooo+ 0 1261 18 1 0126433102 CONT 
o.ooooo+ 0 o.ooooo+ 0 0 2 0 0126433102 CONT (ID 2.00000+ 2.00000+ 1261 18 4 2126433102 LIST 

o.ooooo+ 0 o.ooooo+ 0 0 0 0 0126433 0 SEND 

126433 18<dYi'dYj> 

(1264,102;0,102) 

2.00000+ 5 1.00000+ 0 2.00000+ 7 o.ooooo+ 0 126433102<dyi' dY j> 

1.00000- 5 O.OOOOO+ 0 1.00000+ 0 2.50000- 3 3.00000+ 2 3.60000- 3126433102<dAi'dAj> 

1.00000- 5 O.OOOOO+ 0 2.00000+ 5 4.00000- 4 2.00000+ 7 O.OOOOO+ O126433102<dRibdRj> 

1.00000- 5 2.53000- 2 9.00000- 2 2.50000- 1 l.OOOOO+ 0 2.00000+ 7126433102<dc~i*d~lj> 

2.00000+ 5 1.00000+ 0 2.00000+ 7 o.ooooo+ 0 126433102<dYi* dYj> 
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a 1. Total cross sections, MT=l 

The total  cross sections, Oy, were evaluated over the complete 

energy range, w i t h  the covariance matrix obtained, and: 

w i t h  

2. Elastic cross sections, MT=2 

E The elast ic  cross sections, ai, were "derived" up to  8.5 MeV from 

the "evaluated" cross sections: 

Above 8.5 MeV the elast ic  cross sections were evaluated and: 

w i t h  

E E  E fEk,Fk) = f1.OE-5, 0.0; 8.53+6, F1; ...; E:,FE; ...; 2.0E+7, 0.0). 

3.  Inelastic cross sections. MT=4 

I The inelastic cross sections, ai, were evaluated from threshold, 

4.8 MeV, to  8.5 MeV and: 
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w i t h  (ID I 1  I I 1  (Ek,Fk! = C1.OE-5, 0.0; 4.83+6, F1; ...; Ek,Fk; ... ; 8.5E+6, 
0.0; 2.OE+7, 0.0) . 

Above 8 . 5  MeV the  i n e l a s t i c  cross sec t ions  were "derived" and: 

4. Capture cross sec t ions ,  MT=102 

The capture cross sec t ions ,  a:, were evaluated over the  complete 

energy range and: 

c c  C C C  (Ek,Fk) = C1.OE-5, Fl; ...; Ek, Fk; ...; 2.OE+7, 0.0) . 

5. The (n,a) cross sec t ions ,  MT=107 

The (n,a) cross sec t ions ,  a:, were evaluated from threshold,  6.18 

MeV to 20 MeV and: 

w i t h  

a a  a a 
k k  (E ,F 1 = C1.OE-5, 0.0; 6.183+6, FL; ...; Ek, F:; ...; 

2.OE+7, 0.01 . 
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a In  the  l i s t i n g  given i n  Table 33.3 f o r  F i l e  33 of MAT=1274, corre- 

sponding to our example, we have shown only one "NI-type" sub-subsection for 

each evaluated covariance matrix with the  E t a b l e s  ind ica ted  symbolically as: 

T 
(ETK, FTK.) f o r  {Ek, Fz3 etc... 

The above example has g r e a t  s i m i l a r i t y  to  the  way the  evaluation 

of C-12 was made, the  major d i f fe rence  being t h a t  ins tead  of MT=4 being evalu- 

ated, t h e  evaluation w a s  made f o r  MT=51 and MT=91. Since it w i l l  i l l u s t r a t e  

some of the  procedures of F i l e  33, l e t  u s  now consider adding to the  above F i l e  

33 f o r  MAT=1274 t h e  covariance matrices f o r  MT=51 and MT=91. 

a. MT=51 

51 The i n e l a s t i c  s c a t t e r i n g  to  the  f i r s t  exc i ted  state, (Ti up 

to  8.5 MeV is i d e n t i c a l  to (Ti. Therefore we may consider up to  8.5 MeV t h a t  

051 = (T I This is permissible i' 0:' is a "derived" cross sec t ion  with: 

because MT=4 has only "NI-type" sub-subsections i n  t h i s  energy range. 

From 8.5 MeV to 20 MeV, MT=51 was evaluated and: 

w i t h  

51 51 51 51 51 
{Ek , Fk 1 = (1.0E-5, 0.0; 8.53+6, F1 ;...; Ek , Fk ;...; 

b. MT=91 

2.0E+7,0.0 3. 

91 
From 8.5 to 20 MeV, t he  continuum inelastic, (Ti , was 

However, w e  cannot use t h i s  r e l a t ionsh ip  f o r  51 
i o  "derived" as: (Ti' = 0' - (T i 
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purposes of File 33 because 0; in this energy range is indicated in the file as 

being already "derived." 

Therefore, for purposes of File 33, we must write: 

which now only refers to cross sections having exclusively "NI-type" sub- 

subsections. 

shown in Table 33.4, to have a more complete File 33. 

Therefore we may now add the sections to the File 33, MAT=1274, 
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Table  33.3 

(1274,l;O ,l) 
6.01200+ 3 1.18969+ 1 0 0 0 1112733 1 HEAD 
o,ooooo+ 0 o.ooooo+ 0 0 1 0 1112733 1 CONT 
o.ooooo+ 0 o.ooooo+ 0 0 1 6 3112733 1 LIST 
1.00000- 5 O.OOOOO+ 0 2.00000+ 6 2.50000- 5 2.00000+ 7 O.OOOOO+ 0112733 1 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 0112733 0 SEND 

(1274,2;0,2) 
6.01200+ 3 1.18969+ 1 0 0 0 1112733 2 HEAD 
o.ooooo+ 0 o.ooooo+ 0 0 2 1 1112733 2 CONT 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 0112733 2 GONT 
1.00000- 5 8.50000+ 6 0 0 8 4112733 2 LIST 
1.00000+ 0 l.OOOOO+ 0-1.00000+ 0 4.00000+ 0-1.00000+ 0 1.02000+ 2112733 2 
-1.00000+ 0 1.07000+ 0 112733 2 
o.ooooo+ 0 o.ooooo+ 0 0 1 8 4112733 2 LIST 
1.00000- 5 4.00000- 6 1.00000+ 3 8.00000- 6 2.00000+ 6 2.50000- 5112733 2 
2.00000+ 7 o.ooooo+ 0 112733 2 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 0112733 0 SEND 

(1274,4; 0 ,4)  
6.01200+ 3 1.18970+ 1 0 0 0 1112733 4 J3.EAD 
o.ooooo+ 0 o.ooooo+ 0 0 4 1 1112733 4 CONT 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 0112733 4 CONT 
8.50000+ 6 2.00000+ 7 0 0 8 4112733 4 LIST 
1.00000+ 0 1.00000+ 0-1.00000+ 0 2.00000+ 0-1.00000+ 0 1.02000+ 2112733 4 

-1.00000+ 0 1.07000+ 2 112733 4 
o.ooooo+ 0 o.ooooo+ 0 0 1 20 10x12733 4 LIST 
1.00000- 5 O.OOOOO+ 0 8.29600+ 6 1.00000- 2 8.45000+ 6 2.50000- 3112733 4 
8.95000+ 6 1.00000- 2 1.10000+ 7 4.00000- 2 1.20000+ 7 4.00000- 2112733 4 
1.30000+ 7 2.25000- 2 1.40000+ 7 1.00000- 2 1.50000+ 7 4.00000- 2112733 4 
2.00000+ 7 o.ooooo+ 0 112733 4 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 0112733 0 SEND 

(1274,102 : 0,102) 
6.01200+ 3 1.18969+ 1 0 0 0 1112733102 HEAD 
o.ooooo+ 0 o.ooooo+ 0 0 102 0 1112733102 CONT 
o.ooooo+ 0 o.ooooo+ 0 0 1 6 3112733102 LIST 

o.ooooo+ 0 o.ooooo+ 0 0 0 0 0112733 0 SEND 
(1274,107; 0,107) 

6.01200+ 3 1.18969+ 1 0 0 0 1112733107 HEAD 
o.ooooo+ 0 o.ooooo+ 0 0 107 0 1112733107 CONT 
o.ooooo+ 0 o.ooooo+ 0 0 0 8 4112733107 LIST 
1.00000- 5 O.OOOOO+ 0 6.32000+ 6 1.00000- 4 7.36000+ 6 O.OOOOO+ 0112733107 
2.00000+ 7 o.ooooo+ 0 112733107 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 0112733 0 S.mD 

1.00000- 5 3.60000- 3 1.00000+ 3 4.00000- 2 2.00000+ 7 O.OOOOO+ 0112733102 



T a b l e  33.4 

(1274 31; 0 31) 
0 0 0 1127433 51 HEAD 6.01200+ 3 1.18969+ 1 

o.ooooo+ 0 o.ooooo+ 0 0 51 1 1127433 51 CONT 
0 0127433 5 1  CONT o.ooooo+ 0 0.00000+ 0 0 0 

1.00000- 5 8.50000+ 6 0 0 2 1127433 51 LIST 
1.00000+ 0 4.00000+ 0 127433 51 
o.ooooo+ 0 o.ooooo+ 0 0 1 6 3127433 51 LIST 
1.00000- 5 O.OOOOO+ 0 8.29600+ 6 2.50000- 3 2.00000+ 7 O.OOOOO+ 0127433 51 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 0127433 '0 SEND 

6.01200+ 3 1.18969+ 1 0 0 0 1127433 91 HEAD 
0 91 1 0127433 91 CONT o.ooooo+ 0 o.ooooo+ 0 

o.ooooo+ 0 o.ooooo+ 0 0 0 0 0127433 51 CONT 
8.50000+ 6 2.00000+ 7 0 0 10 5127433 51 LIST 
1.00000+ 0 1.00000+ 0-1.00000+ 0 2.00000+ 0-1.00000+ 0 5.10000+ 1127433 51 

-1.00000+ 0 1.02000+ 2-1.00000+ 0 1.07000+ 2 127433 51 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 0127433 0 SEND 

(1274,91; 0,91) 



APPENDIX A 

Glossary 

Sec t ion  

A n 

A 
k,R 

a,b 

ABN 

7 

t h e  mass of the  nth type atom, A 

the  p r i n c i p a l  s c a t t e r i n g  atom i n  the molecule. 

p r o b a b i l i t y  of emission of a y ray  of energy 

E 

is the  mass of 
0 

= ck - cR as a r e s u l t  of the residual nucleus Y 
having a t r a n s i t i o n  from the kth to the  kth l e v e l .  11 

ak kth Legendre c o e f f i c i e n t .  4,6,14,6 

parameters used i n  t h e  Watt spectrum. 

the  abundance (weight f r a c t i o n )  of an isotope i n  

5 

t h i s  material. 2,32 

AC1r AC2, AC3, AC4, the background cons t an t s  for the  
BC2 

Adler-Adler r a d i a t i v e  cap tu re  cross sec t ion .  

A F 1 t  A F 2 r  m3, mqi BF1, BF2 the  background cons t an t s  for the  

Adler-Adler f i s s i o n  cross sec t ion .  

ALAB Mnemonic of l abora to ry  o r i g i n a t i n g  eva lua t ion .  

A J  t he  compound nucleus sp in ,  J ( the  s p i n  of the  

resonance) ( f l o a t i n g  p o i n t ) .  

AMUF 

AMUG 

AMUN 

the number of degrees  of freedom used i n  t h e  

f i s s i o n  width d i s t r i b u t i o n .  

t he  number of degrees of freedom used i n  t h e  

r a d i a t i o n  width d i s t r i b u t i o n .  

t he  number of degrees of freedom used i n  t h e  

2 

2 

1.1 

2,32 

2 

neutron width d i s t r i b u t i o n .  



Section a 
t he  number of degrees of freedom used i n  t h e  AMUX 

2 competit ive width d i s t r i b u t i o n .  

AT4! BT1t BT2 

the Adler-Adler to ta l  cross sec t ion .  

t he  background cons tan ts  for 

2 

2!, 32 

1.1 

the  s c a t t e r i n g  rad ius  AP 

AUTH 

AWR 

author of evaluat ion.  

t h e  ratio of the  mass of t he  atom (or molecule) . 

to tha t  of the  neutron. 

the ratio of t h e  mass of the p a r t i c u l a r  isotope 

to t h a t  of the neutron. 

A l l  

AWRP 

2,32 

'7 112 the list of constants .  

t he  branching ratio for the  production of a 

Bi (N) 

BR 

8 0 p a r t i c u l a r  nucl ide and l e v e l  

t h e  c o e f f i c i e n t  of the  reac t ion  cont r ibu t ing  to CP 

the sum (usua l ly  - f 1.) 

the  a r r ay  of tr iplets ( E G l  T1,2f Y) i n  increasing 

order of EG of the  photon energy h a l f - l i f e  and y i e l d  

data f o r  the  ith residual nucleus a t  neutron 

17 
j' 

energy E 

the  c o e f f i c i e n t s  of a polynomial. There are NC 
'n 

1 c o e f f i c i e n t s  given. 

the a r r ay  of y i e l d  da ta  for the ith energy point .  

8.2 

8.1 

There are 4 numbers per f i s s i o n  product. 

the chain ind ica tor .  

the mean l e v e l  spacing for a p a r t i c u l a r  J-state. 

CT 

ID 



DDATE 

DETr 

2 DE 

DEF r 

DECr 

D F ~  

DG2 

DGDF 

2 DJ 

DJDG 

DJDN 

2 
DN 

DNDF 

DNDG 

Dmr 

DwFr 

A. 3 

o r i g i n a l  d i s t r i b u t i o n  date of the  evaluation. 

t he  Adler-Adler resonance energy for the total  

cross sect ion.  Here and below, the  subsc r ip t  r 

denotes the  r resonance. 

t he  var iance of t h e  resonance energy ER. 

the resonance energy for the  f i s s i o n  cross sec t ion .  

t h  

the  resonance energy for t h e  r a d i a t i v e  capture 

cross sec t ion .  

the var iance of GF. 

t h e  var iance of GG. 

the  covariance of GG and GF. 

the var iance of A J .  

the covariance of A J  and GF. 

t he  covariance of A J  and GG. 

the  covariance of A J  and GN. 

the var iance of GN. 

the covariance of GN and GF. 

t h e  covariance of GN and GG. 

the  value of r/2, (v) , used for the total cross 

sec t ion .  

the  value of r/2, (v) , used for the  f i s s i o n  

cross sec t ion .  

the  value of r/2, (v), used for the  r a d i a t i v e  

capture cross sec t ion .  

d i f f e r e n t i a l  s c a t t e r i n g  cross sec t ion  i n  u n i t s  of 

barns per s te rad ian .  

Section 

1.1 

2 

32 

2 

2 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 

2 

2 

2 

4 



- 
as1 

E .  

E' 

Eavail  

E i n t  

E t h  

Ell *I1 

EB 

EC 

EDA!CE 

EFR 

EG 

zi 

EGk 

EGD 

EGP 

E1 

A. 4 , 
l 

a Section 

d i f f e r e n t i a l  photon production cross sec t ion  i n  

barns per s te rad ian .  

energy of the  inc ident  neutron. 

the  secondary neutron energy (eV).  

ava i l ab le  energy. 

the  in t e rpo la t ion  scheme f o r  each energy range. 

(Appendix E ) .  

the  threshold energy. 

average decay energy (eV) of "x" r ad ia t ion  for 

decay hea t  appl ica t ions .  

t he  total  energy re leased  by delayed 8's. 

t he  lower energy cu tof f  (eV) f o r  photons emit ted 

14 

All 

5,7617 

5 

All 

3 

8.3 

1.5 

a t  t i m e  T and neutron energy E. 18 

date of evaluat ion.  1.1 

the  k i n e t i c  energy of the  fragments. 1.5 

the  photon energy (ev) . 17 I 18 

the  average energy of photons emitted a t  t i m e  T 

and neutron energy E 18 

the  photon energy or Binding Energy. 12,13 I 1 4  

t he  total  energy re leased  by the  emission of delayed 

y rays. 1.5 

the  total  energy re leased  by the  emission of 'prompt" 

y-rays. 

the  energy p o i n t s  where t h e  weighting of t h e  

s tandard cross sec t ion  is given. 

1.5 
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A. 5 

Section 

ELI S 

ELFS 

END 

ENDATE 

ENP 

ENU 

ER 

ER 

m 

ESi 

=k 

the  lower and upper l i m i t s  for a resonance region 

energy range. 

e x c i t a t i o n  energy of the  t a r g e t  nucleus. 

the exc i t a t ion  energy of the reac t ion  product. 

the  k i n e t i c  energy of the  delayed f i s s i o n  neutrons. 

t he  master f i l e  en t ry  date (YYMMDD) 

the k i n e t i c  energy of t h e  "prompt" f i s s i o n  neutrons. 

the  energy c a r r i e d  away by neutr inos . 
the  total  energy release due to f i s s i o n  minus t h e  

neut r ino  energy. 

the  resonance energy ( i n  the labora tory  system). 

the  energy (eV) of r ad ia t ion  produced. 

the  average decay energy of r ad ia t ion  produced. 

energy of the  ith leve l ,  

t h e  energy of the  l e v e l  from which the  photon 

o r ig ina t e s .  

the  energy of t he  Nth po in t  used to tabulate energy- 

dependent widths. 

the  total  energy release due to f i s s ion .  

a range of neutron energies .  

The form factor for coherent photon sca t t e r ing .  

the  kth p a r t i a l  energy d is t r ibu t ion .  

depends on the value of LF. 

The d e f i n i t i o n  

2,32 

1.1 

8 

1.5 

1.1 

1.5 

1.5 

1.5 

2,32 

8 

8.3 

12 

12,13,14 

2 

1.5 

31 , 33 
27 

5 



A. 6 

a Section 

fk(Er + E) A normalized ( to uni ty)  photon energy d i s t r i b u t i o n  

(or p robab i l i t y  densi ty)  funct ion a t  inc ident  neutron 

energy E for the  k t h  subsect ion within a r eac t ion  

15 

a.3 

8 . 3  

the  continuum spectrum normalization factor. 

the  d i s c r e t e  spectrum normalization f ac to r .  

the state designator ( f loat ing-point  number) fo r  a 

FC 

FD 

FPS , 

8.2 f i s s i o n  product nucl ide.  

related to the symmetrical total  cross sec t ion  GRT, 

2 parameter. 

r e l a t e d  to t h e  asymmetrical total  cross sec t ion  GIT, 

parameter. 

the symmetrical f i s s i o n  parameter. 
r GRF 

G IF 

GRC, 

G ICr 

GG 

r the asymmetrical f i s s i o n  parameter. 

t h e  symmetrical capture  parameter. 

t he  asymmetrical capture  parameter. 

the  average r ad ia t ion  width. It  is energy dependent 

2 i f  mTJ = 2. 

the  average f i s s i o n  width. T h i s  value may be G F  

2 

2 

energy dependent . 
the  average competit ive reac t ion  width.  

t he  average reduced neutron width. I 

dependent. 

It is energy 

GX 

GNO 

2 

The condi t iona l  p robab i l i t y  of photon emission i n  

a direct t r a n s i t i o n  from l e v e l  j to l e v e l  i, i < j .  

- G P j r i  = GPi 



A. 7 

GT 

GN 

GG 

G F  

GX 

I 

'i 

I i 

t he  resonance total  width I' evaluated a t  t h e  

resonance energy ER. 

t he  neutron width l' evaluated a t  the  resonance 

energy ER. 

n 

t he  r ad ia t ion  width I' 

energy ER. 

pvaluated a t  the  resonance Y 

the  f i s s i o n  width I' evaluated a t  the  resonance 

energy ER. 

f 

t he  competit ive width I' evaluated a t  the  resonance 

energy ER 

A particular class of the  func t ions  q (E * E) i n  

F i l e  15; those which are tabulated (eV-l) .  

X 

j Y  

A general  symbology for a form factor or incoherent 

s c a t t e r i n g  funct ion;  either F(q;Z) or S ( q ; Z ) ,  

respect ively.  

t h e  a r r ay  containing the H o l l e r i t h  information t h a t  

describes the  particular evaluated data set. 

Section - 

2,32 

2,32 

2,32 

2,32 

2 

15 

27 

1.1 

A normalized ( to  uni ty)  energy-angle d i s t r i b u t i o n  

funct ion for photon production (ev-'). 16 

the  half  l i f e  of the  reac t ion  product. 8 

the  normalizing denominator {see 5.3) . 
t h e  in t e rpo la t ion  scheme (see Appendix E) to be 

5 

used between the  E and E. energy poin ts .  8.2 i-1 1 

the  in t e rpo la t ion  scheme for the  y i e l d s  i n  the  

R(EiP a r ray  a t  the  ith neutron energy. l 8  



Section @ 
INT 

I N T  (m) 

Ji 

k 

L 

LA 

LAT 

L O N  

LCT 

LB 

LE 

LF 

LF 

t he  in t e rpo la t ion  scheme to be used for in t e r -  

po la t ing  between the  cross-sect ions obtained f rom 

average resonance parameters. 

the in t e rpo la t ion  scheme i d e n t i f i c a t i o n  number 

used i n  the mth range. 

t he  in t e rpo la t ion  scheme for the average photon 

energies  i n  the  R(Ei) a r r ay  of the  ith neutron energy. 18 

Boltzmann's constant .  7 

t he  value of the  8-state (neutron angular momentum 

quantum number) . 2,32 

the value of 8 (for t h e  Rth c o e f f i c i e n t ) .  6 

a f l a g  ind ica t ing  which temperature has been used 

to compute c1 and B . 7 

the  continuum spectrum f l ag .  8.3 

a f l a g  ind ica t ing  which reference frame is used for 

both secondary angles and energies .  4,6 

a f l a g  which determines the meanings of the  numbers 

i n  the  a r r a y s  {Ek,Fk}{E8,FR}. 

a test to determine whether energy-dependent 

f i s s i o n  product y i e l d s  are given. 

a f l a g  tha t  specifies the  energy d i s t r i b u t i o n  l a w  

t h a t  is used for  a p a r t i c u l a r  subsection (par t ia l  

energy d i s t r i b u t i o n )  . 
a f l a g  to spec i fy  t h a t  h a l f - l i f e  and y i e l d  data 

are given 17 

31 I 33 

8.2 

5,6 I 12J3 , :L5 I 16 



Section 

LFI 

LFS 

LFT 

LFW 

LG 

L I  

L I S  

a f l a g  t h a t  i nd ica t e s  whether t h i s  material is 

f i s s ionab le .  

an ind ica tor  t h a t  s p e c i f i e s  the  f i n a l  exc i t ed  

state of the  r e s idua l  nucleus produced by a 

particular react ion.  

a f l a g  fo r  specifying the  opt ion used to represent  

the  continuous spec t r a  of delayed photon emission. 

a f l a g  ind ica t ing  whether average f i s s i o n  widths 

are given i n  the  unresolved resonance region f o r  

t h i s  isotope. 

The t rans i t io r f  p robab i l i t y  a r r ay  f l a g  for dis- 

t inguishing between doublet  and t r i p l e t  a r r ays  i n  

1.1 

3 r8 r9r LO 

18 

2 

F i l e  12 .  1 2  

a f l a g  to  ind ica t e  the  kind of Adler-Adler parame- 

ters given. The isotropy f l a g  i n  F i l e  4 and 14. 2,4,14 

state number of the  t a r g e t  nucleus (for materials 

t h a t  represent  nucl ides)  . 1,3,8,9,10 

LIS@ t h e  isomeric state number of the t a r g e t  nucleus. l r 8  

LMF the  f i l e  number fo r  t h i s  MT containing the  m u l t i p l i c i t y  

or cross sect ion.  8 

a test t h a t  i nd ica t e s  what representa t ion  of :(E) 

has been used. 1 

The opt ion f l a g  to determine whether m u l t i p l i c i t i e s  

or t r a n s i t i o n  p robab i l i t y  a r r ays  are to be given i n  

F i l e  12 .  12 



1 

e Section 

LP 

LR 

LRJ? 

LRP 

LRU 

LRX 

LS 

LT 

LT 

LT 

LTT 

LTY 

12 ,13  

Indicator of whether or not the particular photon 

is a primary. 

a flag to be used in the reactions MT = 51, 52,  

5 3 , . . . . ,  90,  and 91, to define x in (n,n'x). (See 

Section 3 .2 .4 .4 .  ) 3 

a flag indicating which resonance parameter repre- 

sentation has been used for this energy range. The 

definition of LRE' depends on the value of LRU for 

this energy range. 2 ,32  

a flag that indicates that resolved and/or unresolved 

resonance parameters are given in File 2 .  1.1 

a flag indicating whether an energy range contains 

data for resolved or unresolved resonance parameters. 2 

a flag indicating whether a competitive width is 

given. 2 

matrix is k,k' a flag indicating whether the F 

asymmetric or symmetric. LB=5 31,33 

a flag to specify whether temperature-dependent data 

are given. 3 ,4 ,5  , 6 , 7 

Temperature dependence (see Appendix F) . 0 

the number of pairs of numbers in the array {ER,FR) 31,33 

a flag to specify whether Legendre or probability 

representation is used. 4,6,14,16 

the flag used in "NC-type" sub-subsections to 

indicate the procedure used to obtain the covariance 

matrix. 31,33 
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Sect ion 

LVT 

L 1  

L2 

n M 

MAT 

MATP 

MF 

MT 

MUF 

MFn 

MTn 
MOD 

NA 

n 

NB 

NB 

NBT (n) 

NC 

NC 

NC 

a f l a g  to spec i fy  whether a transformation matr ix  

is given for elastic sca t t e r ing .  

an in teger  to be used as a f l a g  or a test. 

an in teger  to be used as a f l a g  or a test.' 

t he  number of atoms of the  nth type i n  the  molecule. 

Material number. 

t h e  material number for the  reac t ion  product. 

F i l e  number. 

Reaction type number. 

the  in teger  value of the  number of degrees of freedom 

for f i s s i o n  widths. 

t he  MF of t h e  nth sec t ion .  

the  MT of the  nth sec t ion .  

t he  modification ind ica tor  for  sec t ion  ME' and MT 

the  number of angles  (cosines)  a t  which the  secondary 

d i s t r i b u t i o n s  are given. 

t h e  t o t a l  number of f3 values given. 

the  number of photon energies  or energy bins.  

the  value of N separa t ing  the  mth and ( m + l )  t h  

i n t e rpo la t ion  ranges. 

the  number of p a r t i a l  d i s t r i b u t i o n s  used to  represent  

n n 

- 

f 'EY + E)* 
a count of the  number of terms used i n  t h e  polynomial 

expansion. 

t h e  number of "NC-type" sub-subsections. 

4 

1 

1 

7 

0 

8 

0 

0 

2 

1.1 

1.1 

1.1 

6,16 

7 

18 

0 

15 , 16 

1 

33 



NCn 

NCI 

ND 

NDK 

NE 

NE 

NE 

N E 1  

NER 

NER 

NF 

NFP 

NG 

N I  

Section 

the  number of BCD card images i n  a given sec t ion  ( the 

nth sec t ion ) .  

the number of reac t ions  summed to ob ta in  the r eac t ion  

1.1 

of i n t e r e s t .  31,33 

the  number of branches i n t o  which the  r eac t ion  

8.1 

8 . 3  

product decays. 

total  number of decay modes given. 

number of neutron energy po in t s  given i n  a TAB2 

record. 14,15,1.7,18 

the number of energy po in t s  a t  which energy-dependent 

widths are tabulated.  

t he  number of inc ident  energy po in t s  a t  which 

tabula ted  d i s t r i b u t i o n s  are given. 

2 

A l s o  t h e  number 

of po in t s  a t  which 8 (E) is given. 4,s 

33 

2 

the number of energy po in t s  i n  the {EI,WEI) list. 

the  number of energy ranges given for t h i s  isotope. 

the total  number of discrete energies  for a given 

spectral type (STYP) . 
t he  number of secondary energy p o i n t s  i n  a 

tabula t ion .  

t h e  number of f i s s i o n  product nucl ide states to be 

spec i f i ed  a t  each inc ident  energy point .  

the  number of discrete photons for nucleus ZAi. 

the total  number of i t e m s  i n  the  B(N) list. 

NL = 6" (NS + l) 

8 . 3  

5 

8 . 2  

17 

7 



A. 13 

Section 

NI 

NI 

NI S 

N JS 

number of isotropic photon angular distributions 

given in a section (MT number) for which LI = 0, 

i.e., a section with at least one anisotropic 

distribution. 

the number of "NI-type" sub-subsections. 

the number of isotopes in this material. 

the number of sets of resolved resonance parameters 

(each having the same J state) for a specified 

R-s tate. 2 

NK the number of partial energy distributions. There 

will be one subsection for each partial distribution. . 5r6 

NK (ID 
NK 

NL 

NL 

NLIB 

N U  

NLS 

NM 

the number of elements in the transformation matrix 

NK = (NM + 1)2. 

the number of discrete photons plus the photon 

continuum 

the highest order Legendre polynomial that is given 

at each energy. 

the number of subsections within a section. 

library identifier . 
the count of the number of levels for which 

parameters will be given. 

the number of R-values considered. A set of 

resonance parameters is given for each R-value. 

the maximum order Legendre polynomial that will 

be required to describe the angular distributions. 

4 I 6  I14r16 

33 

1.1 

2 

2,32 

4 



Section a 
NMOD 

NN 

"I? 

NP 

NP 

NR 

NRS 

NS 

NS 

NS 

NSP 

NT 

NT 

NT 

NTi 

modif icat ion number. 1.1 

8.2 , 17 , 18 the  number of elements i n  the  LIST record 

the  number of precursor families considered. 1.4 

the number of po in t s  i n  a tabula t ion  of y(x) tha t  

are contained i n  the same record. A l l  

t he  total  number of p a i r s  of numbers i n  the  a r r ays  

31,33 

the  number o f - d i f f e r e n t  i n t e rpo la t ion  i n t e r v a l s  i n  

a tabula t ion  of y(x) t h a t  are contained i n  the same 

record. A l l  

the number of resolved resonances for a given 

R-state. 

the number of non-principle s c a t t e r i n g  atom types 

number of l e v e l s  below the  present  one, including 

t h e  ground state. 1 2  

t h e  number of states of the  rad ioac t ive  r eac t ion  

product. 8,9,10 

total  number of spectra r ad ia t ion  types (STYP) given. 8.3 

the  number of e n t r i e s  for each discrete energy (ER). 8.3 

number of t r a n s i t i o n s  for which data are given i n  a 

list to follow. 1 2  

the number of t i m e s  a t  which y i e l d  or spectra are 

given. 18 

the  number of times a t  which da ta  are given fo r  the  

ith neutron energy. 
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Section 

1.1 

2 

1.1 

NWD the  count of the  number of elements i n  t h e  Holler i th  

sec t ion .  

NX the  count of the  number of sets of background con- 

s t a n t s  to be given. 

NXC an in teger  count of a l l  the  sec t ions  to be found i n  

the  dict ionary.  

the number of r e s idua l  nuc le i  for which discrete NZ 

photon data are given. 

the  f l a g  to i d e n t i f y  a reac t ion  product which is 

17 

8 rad ioac t ive  i n  its ground state. 

an in teger  to be used as a count of items i n  a list N l  

to follow except for MT 451. 

an in teger  to be used as a count of items i n  a 

second list to follow. 

the  p robab i l i t y  or weight given to the  jth partial  

d i s t r i b u t i o n ,  q . ( E  4- E). 

the f r a c t i o n a l  part of the p a r t i c u l a r  cross sec t ion  

t h a t  can be described by the kth partial  energy 

d i s t r i b u t i o n  a t  t h e  Nth inc ident  energy point .  

J Y  
15 

5.2 

t he  p robab i l i t y  a t  neutron energy E for t h e  

18 

4 

emission of a photon of energy EG a t  time T. 

8 .3  PAR the  p a r i t y  of the  t a r g e t  nuclide.  

t h e  reac t ion  Q-value (ev) . Q = (rest mass of 

i n i t i a l  state - rest mass of f i n a l  state.) 

Q 

3,9,10 



Q 

RDATE 

REF 

RFS 

RL 

RICC 

RICK 

RICL 

R I  S 

RP 

RTYP 

S 

Total decay energy (ev) available in the correspond- 

ing decay process. (This is not necessarily the 

same as the maximum energy of the emitted radiation.) 

an effective Q value for the competitive width. 

the j th normalized partial distribution in the units 

the array of triplets of time, yield, and average 

photon energy for the ith neutron energy. 

date and number of last revision REV1 - followed by 
month-year as in EDATE 

reference to evaluation 

Isomeric state flag for daughter nuclide. 

the intensity of radiation produced (relative units). 

the total internal conversion coefficient. 

the K-shell internal conversion coefficient. 

the L-shell internal conversion coefficient. 

the internal pair formation coefficient (STYP=O . 0) 
or positron intensity (STYP=2.0). 

the spectrum of the continuum component of the 

radiation RP(ER)dER = 1. 

the mode of decay of the nuclide in its LISP state. 

the temperature (OH). NOTE: If. the LR flag is 

8.3 

:2,32 

15 

18 

1.1 

1.1 

8.3 

8.3 

8.3 

8.3 

8.3 

8.3 

8.3 

8 

used, S becomes Q for the reaction corresponding 

to LR. 
1 

3 
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Section 

s (af B f T) defined ( fo r  a moderating molecule) by the  r e l a t i o n  

SP I 

STA 

STYP 

T 

T 

TPi 

TYPE 

U 

WE1 

n=O 

the  nuclear sp in  of the  t a r g e t  nucleus,  I (pos i t i ve  

number) . 
the  t a r g e t  s t a b i l i t y  f l ag .  

the  decay r ad ia t ion  type (defined i n  8.3).  

the  temperature (OK) a t  which temperature 

dependent da ta  is given. 

t he  t i m e  a f t e r  the  primary i n t e r a c t i o n  (secs.). 

h a l f - l i f e  of the  o r i g i n a l  nucl ide (seconds).  

t he  h a l f - l i f e  emission of a gamma ray from a 

given r e s idua l  nucleus. 

t he  p robab i l i t y  of a d i r e c t  t r a n s i t i o n  from l e v e l  NS 

to l e v e l  if i = O  1 ,2 , .  . . (NS-1) . 
a f l a g  ind ica t ing  the  type of t r a n s i t i o n  fo r  beta  

and e l ec t ron  capture.  

a constant  t h a t  def ines  the  upper energy l i m i t  f o r  

t he  secondary neutron so t h a t  0 < E' < E - U (given 

i n  the  Lab system). 

the  matrix elements of t he  transformation matrices. 

the  weighting of the  standard cross sec t ion  a t  a 

given E1 to the  next given energy. 

E'/e (E) 

the  nth value of  x. 

- - 

18 

8.3 

17 

12 

8.3 

5 

4 

31f33 

5 

0.1 
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XMTI the floating point equivalent of the MT number of the 

reaction contributing to the sum. 

Y 

YC ,DYC 

the yield of photons per interaction. 

the cumulative yield and 1 (J uncertainty for a 

particular fission product. 

Y (E) the total multiplicity at energy E(eV). Data are 

given as energy-multiplicity pairs. 

Y I  fDYI 

Y (n) 

ZA 

ZAI 

ZAi 

ZAFP 

ZAN 

ZAP 

ZSYMA 

a 

B 

the partial multiplicity at energy E(eV). 

the yield of photons per second per interaction at 

time T and neutron energy E. 

the fractional (independent) yield and 1 (J uncertainty 

for a particular fission product. 

the nth value of y. 

the designation of the original nuclide (ZA = 

(1000.0*2) + A) 

the (Z,A) designation for an isotope. 

the ZA-number of the ith residual nucleus. 

the (Z,A) identifier for a particular fission 

product. (ZAFP = (1000.0*2) f A). 

the (Z,A) designation of the next nuclide in the chain. 

the (Z,A) designation of the product nuclide (ZAP = 

(1000.0*2) + A). 

a Hollerith representation of the material Z-chemical 

symbol - A. 
the momentum transfer, a = (E' + E - 2lJ G t ) / A o k T .  

the energy transfer, 6 = (E' - E)/kT. 

31,33 

17 

8 . 2  

9 , 1 2  

12 

18 

8 . 2  

0 . 1  

All 

2,32 

17 

8 . 2  

8 . 1  

8 . 1  

8 . 1  

7 

7 



Section 

A the  uncer ta in ty  i n  a quant i ty .  1.6,8.3 

“Ey - E + &.)de l t a  funct ion with E,, E .  being energy l e v e l s  j 1 1 

“bn (ID 
f n  0 

of the  residual nucleus. 

the  total  average number of neutrons formed 

per f i s s i o n  event. 

the  decay constant  (sec-l) fo r  the ith precursor.  

a parameter used to describe the  secondary energy 

d i s t r i b u t i o n .  The d e f i n i t i o n  of 8 depends on the 

energy d i s t r i b u t i o n  l a w  (LF). 

the  cross sec t ion  (barns) for  a p a r t i c u l a r  reac t ion  

type a t  inc ident  energy po in t ,  E, i n  (ev). 

the  bound atom s c a t t e r i n g  cross sec t ion  of the n 

type atom, 

th 

t h  
( ‘ ) 2  

- 
‘bn - “fn 

the  f r e e  atom s c a t t e r i n g  cross sec t ion  of the  n 

type atom. 

photon production cross sec t ion  f o r  the  discrete 

photon or photon continuum spec i f ied  by k. 

neutron cross sec t ions  f o r  exc i t i ng  the  m o t h  l e v e l  

w i t h  neutron energy E. 

the  s c a t t e r i n g  cross sec t ion ,  e.g., elastic 

s c a t t e r i n g  a t  energy E as given i n  F i l e  3 for . 

the  particular reac t ion  type (MT). 

i 

#. .. 

11 

1 

1.4 

5 

3,lO 

7 

7 

13 

11 

4 

0 (background) C (AT1 + AT2/E + AT3/EL + AT4/EJ T 

2 + BT1*E + BT2*E ) .  2 
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Sect ion e 
Wick ' s  l i m i t  cross section i n  units of barns per 

steradian. 

cosine of the scattered angle i n  either the 

laboratory or the center-of-mass system. 

4 

4 I 6 I 14 I 16 
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APPENDIX B 

Def in i t i on  of Reac t ion  Types 

Reac t ion  types are i d e n t i f i e d  by an i n t e g e r ,  MT. The allowed r e a c t i o n  

types  are l i s t e d  below. The r e a c t i o n  type  number (MT) gene ra l ly  r e f e r s  t o  a 

s p e c i f i c  neutron-nucleus i n t e r a c t i o n  mechanism, bu t  occas iona l ly  it i n d i c a t e s  

t h a t  a particular type  of information is given. The gene ra l  r u l e s  f o r  

assignment of MT numbers are 

MT (range)  Descr ip t ion  of Class of Reac t ions  

1-100 Reac t ion  types  i n  which secondary par t ic les  of t h e  same type  as 
the  i n c i d e n t  par t ic les  are emit ted 

101-150 Reac t ion  types  i n  which no secondary particles of t h e  same type  
as t h e  i n c i d e n t  p a r t i c l e s  are emitted 

151-200 Resonance reg ion  information 

201-450 Q u a n t i t i e s  der ived  from t h e  basic d a t a  

451-699 Miscel laneous q u a n t i t i e s  

700-799 E x c i t a t i o n  cross s e c t i o n s  f o r  r e a c t i o n s  t h a t  e m i t  charged 
par ti cles 

800-999 (no t  ass igned)  

The specific MT assignments are given i n  t h e  tab le  below. For t h e  most 

p a r t ,  they are c o n s i s t e n t  with those used i n  t h e  UKAEA Nuclear Data Fi le .  

MT Descr ip t ion  - 
1 Total cross s e c t i o n  (redundant,  equal to  t h e  sum of a l l  par t ia l  

cross s e c t i o n s )  

2 E l a s t i c  s c a t t e r i n g  cross s e c t i o n  

3 None las t i c  cross section (redundant ,  equal to  t h e  sum of a l l  
par t ia l  cross s e c t i o n s  except  elastic s c a t t e r i n g )  

Total i n e l a s t i c  cross s e c t i o n  (redundant ,  equa l  to  t h e  sum of 
MT = 51, 52, 53, . . . I  90, 91) 



B. 2 

MT 
5 

6 

7 

8 

9 

10-15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31  

32 

Descr ip t ion  a 
( to  be ass igned)  

(n,2n) cross s e c t i o n  for f irst  exc i t ed  state (describes f i r s t  
neutron)  

(n,2n) cross s e c t i o n  for second exc i t ed  state (describes f i r s t  
neutron)  

(n,2n) cross sec t ion  for t h i r d  exc i t ed  state (describes f i r s t  
neutron)  

(n,2n) cross sec t ion  for f o u r t h  exc i t ed  state (describes f i r s t  
neutron)  

( t o  be assigned)  

direct (n,2n) cross s e c t i o n  ( to ta l  (n,2n) cross s e c t i o n  is sum 
of MT = 6, 7, 8,  9, and 16)  

(n,3n) cross s e c t i o n  

Total f i s s i o n  cross s e c t i o n  (sum of MT = 19,  20, 21, 38) 

(n , f )  cross s e c t i o n  ( f i r s t  chance f i s s i o n )  

(n ,n '€)  cross sec t ion  (second chance. f i s s i o n )  

(n, 2nf) cross s e c t i o n  ( t h i r d  chance f i s s i o n )  

(n ,n 'a)  cross sec t ion  

(n,n '3a) cross s e c t i o n  

(n,2na) cross sec t ion  

(n,3na) cross s e c t i o n  

(n,2n) isomeric state cross s e c t i o n  

Absorption cross s e c t i o n  (sum of MT = 18 and 101) (incl-udes 
particle r eac t ions )  

(n ,n 'p)  cross section 

(n,n '2a)  cross sec t ion  

(n,2n 2a) cross s e c t i o n  

to be used as LR f lag  only* 

(n,n 'd)  cross s e c t i o n  
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33 

34 

35 

36 

37 

38 

39 

40 

41-45 

46 

47 

(ID 48 

Descr ipt ion 

( n , n ' t )  cross s e c t i o n  

3 (n,n' H e )  

(n, n'd2cl) cross section 

(n ,ng t2a )  cross sec t ion  

(n, 4n) cross s e c t i o n  

(n,3nf.) cross sec t ion  ( fou r th  chance f i s s i o n )  

To be used as LR f l a g  only* 

To be used as LR f l a g  only* 

( to  be assigned)  

cross s e c t i o n  f o r  desc r ib ing  the  second neutron form (n,2n) 
r eac t ion  f o r  f i r s t  e x c i t e d  state 

cross s e c t i o n  for descr ib ing  the  second neutron from (n,2n) 
r eac t ion  for second exc i t ed  s t a t e  

cross s e c t i o n  for desc r ib ing  the  second neutron from (n,2n) 
r eac t ion  for t h i r d  e x c i t e d  state 

*The fol lowing MT numbers are used only as LR f l a g s  i n  order to  i n d i c a t e  the  
mode of decay of t h e  r e s i d u a l  nucleus: 

LR -- Descript ion 

31 I n d i c a t e s  t h a t  y-emission is t h e  m o d e  of decay of t h e  r e s i d u a l  nucleus 
formed i n  the  primary r eac t ion .  

39t  I n d i c a t e s  t h a t  i n t e r n a l  conversion is t h e  m o d e  of decay of t h e  residu- 
a1 nucleus formed i n  the  primary r eac t ion .  

401' I n d i c a t e s  t h a t  e lec t ron-pos i t ron  p a i r  formation is  t h e  mode of decay 
of the residual nucleus formed i n  t h e  primary r eac t ion .  

(The "primary" r eac t ion  could be, f o r  example, an ( n , n ' ) ,  ( n , p ) ,  ( n , a ) ,  (n ,np) ,  
etc. r eac t ion . )  

For local  hea t ing  c a l c u l a t i o n s ,  S E 0.0. 
(ID .; 
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MT 

49 

- 

50 

51 

52 

50 

9 1  

92-100 

10  I 

102 

103 

I 104 

105 

106 

107 

1 0 8  

10  9 

110 

ill 

112 

11 3 

% 

Descr ip t ion  

cross section for descr ib ing  t h e  second neutron from (n,2n) 
r e a c t i o n  f o r  f o u r t h  exc i t ed  state 
(Note: MT = 46, 47, 48 and 49 should not  be included i n  t h e  sum €or 
t h e  total  (n,2n) cross sec t ion )  

( to  be assigned)  

(n,n ) to the  f i r s t  exc i t ed  state 

(n,n ) to  t h e  second exc i t ed  state 

(n,n ) to t h e  40th exc i t ed  state 

(n,n ')  to the  continuum 

( to  be ass igned)  

neutron disappearance (sum of a l l  cross s e c t i o n s  i n  which a neutron is 
n o t  i n  t h e  e x i t  channel ) .  

1 4  

MT = 101 is (MT=10 O+i) 

i=2 

(n,y) r a d i a t i v e  cap tu re  cross s e c t i o n  

(n,p) cross s e c t i o n  

(n,d) cross s e c t i o n  

( n , t )  cross s e c t i o n  

(n, H e )  cross s e c t i o n  3 

(n,a)  cross sec t ion  

(n, 2a) cross s e c t i o n  

(n,3a) cross sec t ion  

( to  be assigned)  

(n,2p) cross s e c t i o n  

( n , p )  cross s e c t i o n  

(n,  t 2a )  cross s e c t i o n  
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114 

115-119 

120 

121-150 

15 1 

152-20 0 

20 1-2 0 2 

203 

204 

205 

206 

207 

'IB 208-250 

25 1 

252 

253 

254-3 00 

301-450 

451 

1 452 

454 

455 

Description --- ------,-I- 

(n,d2a) cross section 

(to be assigned) 

Target destruction = nonelastic less total (n,n'y) 

(to be assigned) 

General designation for resonance information 

(to be assigned for specific resonance information) 

(to be assigned) 

Total hydrogen production 

Total deuterium production 

Total tritium production 

Total 'He production 

4 Total He production 

(to be assigned) 

VL, the average cosine of the scattering angle (laboratory system) 
for elastic scattering 

- 

6 ,  the average logarithmic energy decrement for elastic scattering 

y, the average of the square of the logarithmic energy decrement for 
elastic scattering, divided by twice the average logarithmic decrement 
for elastic scattering 

(to be assigned) 
- 

Energy release rate parameters, E*u, for total and partial cross 
sections. Subtract 300 from this number to obtain the specific 
reaction type identification. For example, MT = 302 = (300 + 2) 
denotes elastic scattering 

Heading or title information (given only in File 1) 

V ,  average total (prompt plus delayed) number of neutrons released 
per fission event 

Independent fission product yield data 

Delayed neutrons from fission 

Revised 11/83 
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MT 

456 

457 

458 

459 

465 

466 

467 -500 

5 0 1  

502 

503 

504 

505-514 

5 15 

5 16 

- 

5 17 

5 18 

519-531 

532 

533 

534-601 

602 

603-699 

700 

7 0 1  

702 

Description 
I .---- ----- 

Prompt neutrons from fission 

Radioactive decay data 

Energy Release in fission 

Cumulative fission product yield data 

Delayed neutrons from spontaneous fission 

Prompt neutrons from spontaneous fission 

(to be assigned) 

Total photon interaction cross section 

Photon coherent scattering 

(to be assigned) 

Photon incoherent scattering 

(to be assigned) 

Pair production, electron field 

Pair production, nuclear and electron field (i.e., pair plus triplet 
product ion) 

Pair production, nuclear field 

Photof ission (y , f) 
(to be assigned) 

Photoneutron (y, n) 

Total photonuclear 

(to be assigned) 

Photoelectric 

(to be assigned) 

(n,po) cross section (cross section for leaving the residual nucleus 
in the ground state) 

(n,pl) cross section for 1st excited state 

(nrP2) " 2nd ll n 

Revised 11/83 
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703 

704 

7 18 

7 19 

720 

721 

722 

738 

739 

740 

741 

742 

750 

759 

760 

761 

778 

779 

780 

Description 

N 11 (nfP3) " 3rd 

(n,p ) cross section for 4th excited state 4 

n n continuum excited state (%P,) 

(n,p,') cross section for continuum specifically not included in (J 

total (redundant, used for describing outgoing proton) 

(n,d,) cross section for ground state 

(n,dl) cross section for 1st excited state 

(n,d2) cross section for 2nd excited state 

(n,dc) cross section for continuum excited state 

(n,dc') cross section for continuum specifically not included in (J 

total (redundant, used for describing outgoing deuteron) 

(n,tO) cross section for ground state 

(btl) " " 1st excited state 11 

n continuum excited state (n,tc) " 

(n,t,') cross section for continuum specifically not 'included in (J 

total (redundant, used for describing outgoing triton) 

(n,3He0) cross section for ground state 

(nf3Hel) cross section for 1st excited state 

(n,3Hec) cross section €or continuum 

(r~,~He,) cross section for continuum specifically not included in CT 
total (redundant, used for describing outgoing 3He) 

(n,ao) cross section for ground state 

Revised 11/83 
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-I_ 

Description 

(n,al) cross section €or 1st excited state 781 

798 (n,aC) cross section €or continuum 

799 (n,ac') cross section €or continuum specifically not included in oT 
(redundant, used to describe outgoing a) 

800-999 (to be assigned) 
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APPENDIX C 

ZA Desisnation of Materials 

A floating point number, ZA, is used to identify materials. If Z is the 

charge number and A the mass number, then ZA is computed from 

ZA = (1OOO.O*Z) + A 

For example, ZA for 238U is 92238.0, and ZA for beryllium is 4009.0. For mate- 

rials other than isotopes, the following rules apply. 

(1) If the material is an element that has more than one naturally occur- 

ring isotope, then A is set to 0.0. For example, ZA for the element tungsten is 

74000.0. 

(2) For all other types of material, Z is set to zero, and the appropri- 

ate ZA is given in the following table. For example, ZA for H 0 is given as 

100.0. The following classifications apply. 
2 

Class of Materials 

1-99 Hypothetical materials 

100-199 Liquid moderators and coolants 

200-299 Solid moderators 

300-399 Metal alloys, cladding, and structural materials 

400-499 Lumped fission ,products 

ZA 

1 

2 

3-99 

100 

@ 101 

Table of Appropriate ZA Designations 

Material 

Pure l/v absorber. 

Pure scatterer. ‘Ss(E) = 1.0 

(to be assigned) 

Water , 
Heavy water, 

aabs (2200 m/sec) = 1.0 

H2° 

D2° 
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ZA 

102 

103 

104 

105 

106 

107-199 

200 

201 

202 

203 

204 

205 

206-300 

301 

302 

303 

3 04 

305-309 

310 

311-314 

315 

3 16 

317- 327 

3 28 

329-399 

400 

Mater i a 1 

Biphenyl, Cl2Hl0 

Sodium hydroxide, NaOH 

Santowax R, C 

Dowtherm A 

Benzene 

( to be assigned)  

Beryll ium oxide, B e 0  

Beryll ium carb ide ,  Be2C 

Beryll ium f l u o r i d e ,  BeF2 

Zirconium hydride,  ZrHx 

Polystyrene,  (CHI 

Polyethylene (CH2) 

( to be assigned)  

Z i r ca l loy  1 

Zi rca l loy  2 

Z i r ca l loy  4 

304-type s t a i n l e s s  steel  

( to be assigned)  

18H14 

uranium dioxide ,  "O2 

( to  be ass igned)  

Uranium carb ide ,  UC 

316-type s t a i n l e s s  s teel  

( to be assigned)  

Inconel  718 

( to be ass igned)  

233U f i s s i o n  products  ( r a p i d l y  s a t u r a t i n g )  for thermal  reactors 



4 01 

402 

403 

404 

4 05 

406 

4 07-4 09 

4 10 

4 11 

412 

413 

4 14 

(I) 415 

416 

4 17-4 19 

420 

421 

422 

4 23 

424 

4 25 

4 26 

4 27-4 29 

430 

431 

432 
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ZA 

433 

434 

435 

436 

437-439 

440 

441 

442 

4 43 

444 

4 45 

446' 

447-449 

450 

451 

45 2 

453 

454 

4 55 

456 

457-499 

1 

Material 

24b f i s s i o n  p r o d u c t s  (rapidly s a t u r a t i n g )  for f a s t  reactors 

232Th I1 I1 11 I1 I1 11 

23eu I1 I1 I1 I1 I1 I1 It 

I1 

240Pu f i s s i o n  products (rapidly s a t u r a t i n g )  for fas t  reactors 

( to  be a s s i g n e d )  

233U f i s s i o n  p r o d u c t s  ( n o n - s a t u r a t i n g )  for fas t  reactors 

235u 11 I1 I1 I1 I1 11 

23gpu 11 I1 I1 I t  11 

24lPU It I1 I1 It 11 11 

232Th I1 11 I1 I1 11 11 

23eu II 11 I1 11 

I1 

11 I1 

11 It 11 I1 11 

( to  be a s s i g n e d )  



THE RESOLVED RESONANCE REGION - D . l .  

D . l . l .  Single-Level Breit-Wigner Formula: LRU=1, LRl?=1 -- 
The formulae appearing i n  Gregson e t  a l . ,  (I) which o m i t  the  reso- 

nance-resonance in te r fe rence  terms, are adopted. 

labora tory  system for a l l  R-values and without Doppler broadening, are ( fo r  a 

p a r t i c u l a r  isotope)  

These formulae, wr i t t en  i n  the  

-_I_ 

1. Elastic Sca t t e r ing  Cross Section -- I_ 

NLS-1 

R=O 

where 

41T 2 

k 2  
%,n(E) = (2R + 1) - s i n  4, 

2 

2 1 2  
4 r  

R 
r2  cos24p-2rnr ( ryr+rfr)  s i n  4R+2 (E-E;) r sin24 

nr 
----I_ 

- + !!- gJ 1 nr -_ 
(E-E;) + -r k2 

J r =1 

*Several processing codes have been developed to calculate cross sec t ions  w i t h  
use  of the  formulae given here. These codes are given i n  Appendix I. 

(1) K. Gregson, M.F. James, and D.S. Norton, "MLBW - A Mul t i leve l  Breit-Wigner 
Computer Programme", UKAEA Report AEEW-M-517, March 1965. 
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The hard-sphere phase s h i f t s  t he  wave number k ,  t he  primed 

i resonance energy E:, the  neutron width T n r ,  and through it the  t o t a l - w i d t h  

r , are all func t ions  of energy, ($R(E), k ( E ) ,  EL(E) ,  r n r ( E ) ,  and r r ( E ) ,  

but t h i s  dependence is not shown e x p l i c i t l y .  

carries the  implicit  quantum numbers !& and J, determined by the  appropriate  

r 
Also, each resonance parameter 

f l a g s  i n  the  E3?DF/B f i le.  

2. Radiat ive Capture Cross Sect ion 

NLS-1 

R =O 

where 

J r=l  

and r is t he  r a d i a t i v e  capture  width. 
Y r  

3 .  Fis s ion  Cross Sec t ion  

NLS-1 

R=O 

where 
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*J 

-c- r r  nr fr R 
n,f k2 
d (E) = ?!- 'J 

J 

2 1 2  
4 r  (E-Ei) - -r /1 

r=l 

and rfr is the fission width. 
4. The Competitive Reaction Cross Section The competitive reaction 

(E), is given in terms of analogous formulas involving rxr cross section, d 

the competitive width. By convention, the cross section for the competitive 

reaction is given entirely in File 3 ,  and is not to be computed from the reso- 

nance parameters. The reason for this is that the latter calculation can be 

done correctly only in the case of a single competitive channel, since the file 

can define only a single competitive width. 

n,x I 

The statistical factor gJ = (2J+l) /2(21+1) is obtained from the 

target spin I and the resonance spin J given in File 2 as SPI and AJ, respec- 

ti vely . 
The sum on R extends over all &-states described. There will be NLS 

terms in the sum. NLS is given in File 2 for each isotope. It is important for 

the evaluator to provide, and processing codes to include, contributions from 

R-values for which there are no resonances, in order that the potential 

scattering be correctly calculated. 

The sum on J extends over all possible J-states for a particular 1- 

state. NR is the number of resonances for a given pair of R and J values. 

NRS = c NRJ 
J 

NRS is given in File 2 for each R-value. (ID 
Revised 11/83 
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r (IE I )  E GN is the neutron width, for the rth resonance for a par- nr r r 

ticular value of R, evaluated at the resonance energy Er. 

absolute value lEr I is used. 
For bound levels, the 

(E) + rYr + rfr + rxr is the total width, a function of - 
rr - rnr 

energy through rnr and (possibly) rxr since r 
with respect to energy. 

in File 2. It is calculated implicitly from the equation: 

and rfr are assumed constant Yl. 
The "competitive" width, Txr is not entered explicitly 

'xr = rr - rnr - ryr - rfr at E.r 

The following quantities are given in File 2 for each resonance: 

Er = ER, the resonance energy 

J = AJ, the spin of the resonance state 

rnr ( lEr I ) = GN, the neutron width 

J? = GG, the radiation width 

rfr = GF, the fission width and 

rr ( 1  Er 1 ) = GT, the total width evaluated at the resonance energy. 

Yr 

I 
Since the competitive width, rXr, is not given, rr should be obtained from File 
2 directly, and = by summing partial widths. rxr, if non-zero, should be ob- 
tained by subtraction. 

For p-, d-, and higher R-values, the primed resonance energy E; is 

energy-dependent: 

Revised 11/83 
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although the fact that the shift is zero at each E is an artifact of the SLEW 

formalism, and implies a different R-matrix boundary condition for each reso- 
r .___ 

nance. 

k = 2.196771 -- AWRJ. 10-~fi 
AWRJ. + 1.0 

is the neutron wave number in the center-of-mass system, in terms of the labora- 

tory energy, and AWRJ. is the ratio of the mass of a particular isotope to that 

of the neutron. E is the incident neutron energy (Laboratory system, eV); S is R 
the shift factor, 

(ID so = 0 

1 s1 = - 
1 + p2 

18 + 3p2 
2 4  s2 = - 

9 + 3 p  + p  

P is the penetration factor, R 
Po = P 

- P3 
1 + p2 pl - 

5 -P 
2 4  9 + 3 p  + p  

p2 - 

Revised 11/83 
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where p = k a  and "a" is t h e  -- channel  radius  ( i n  u n i t s  of  c m )  , def ined  as  

a = .123  AWR1113 + .08; AWRI = AI1.00865" 

4, is t h e  (nega t ive  of a) hard-sphere phase s h i f t ,  

@o = 6 
+1 = 8 - t a n  

4 2  = 6 - t a n  

-1, 
p 

-1 3P I - 
3 - p  

A 

2 

where p^ = k (AP) and AI? is t h e  scatterL.lg r ad ius ,  g iven  i n  F i l e  2 ,  which 

de termines  t h e  l o w  energy p o t e n t i a l  s c a t t e r i n g  cross s e c t i o n .  

D.1 .2 .  M u l t i l e v e l  Breit-Wigner Formula: LRU=1, LRF=2 

The equa t ions  are e x a c t l y  t h e  same as above, except  t h a t  a resonance- 

resonance i n t e r f e r e n c e  term is included i n  t h e  equat ion  f o r  e las t ic  s c a t t e r i n g  
n x of E-wave neut rons ,  (E)  : 

mJ r-1 / 

2 This  form, which as \r N /2 energy-dependent terms and can involve a 

g r e a t  deal  of computer t i m e ,  can be w r i t t e n  i n  t h e  fol lowing form wi th  only  N 

terms: (See S e c t i o n  2 . 4 . 1 5 )  

*A is  t h e  t a r g e t  mass i n  amu. The channel  r a d i u s ,  s t r i c t l y  speaking,  involves  
A l l 3 ,  and n o t  ( A W R I ) I j 3 ,  b u t  as long as t h e  mass of t h e  i n c i d e n t  par t ic le  is 

a approximately u n i t y ,  as it is f o r  neut rons ,  t h e  d i f f e r e n c e  is n o t  important .  

Revised 11/83 
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mJ 
Grrr + 2Hr(E-Ei) 

2 2 %cgJc k + (rr/2) 
J r=l 

where 

NRJ 

For the user who does not require $- and X-broadening, the following 

equations, which are mathematically identical to the MLBW equations, require 

very little computing time: (See Section 2.4.20) 

NLS 

R=O 

J 

Revised 11/83 
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r= l  

D.1.3. Reich-Moore Formulae 

A d e t a i l e d  d e r i v a t i o n  of t hese  formulae is to be found i n  Reich and 

Moor e. ( 2 )  Neutron cross s e c t i o n s  with an e x i t  channel c are given by* 

J 

where k and gJ are t h e  same as i n  t h e  prev ious  sec t ion .  

I n  t h e  Reich-Moore formalism one has  f o r  t h e  s c a t t e r i n g  matr ix ,  

l a b e l l e d  by channel s u b s c r i p t s  (n  i n ,  c ou t )  

where 

i 
2 

- -  c 
*These formulae are to be used f o r  t h e  O°K case (no Doppler broadening terms 
given)  . 

(2)  C.W. Reich and M. S. Moore, Phys. Rev. 111, 929 (1958).  
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and t h e  *summation is over the  resonances r; E 

t h e  "el iminated" r a d i a t i o n  width; and r 
the  r-th resonance i n  channels  c and c ' ,  r e spec t ive ly .  

is the  resonance energy; r 
and rc,r  are t h e  p a r t i a l  widths  for 

is Yr r p 
cr 

If w e  de f ine  

m 
= 6 - ( ( I -K)- l )nc  = 6 - - nc I 

Pnc nc nc A 

where A = II-KI is the  determinant of t h e  mat i x  I-K 

the  element (I-K) of the mat r ix  I-K, we o b t a i n  nc 

d m is -he cofactor of nc 

+ 2Re ( e-2i'kp ) nnl 



The phase s h i f t s  are evaluated i n  terms of the  --- s c a t t e r i n g  -- r ad ius ,  t he  

p e n e t r a b i l i t y  i n  terms of the  channel radius (see previous sec t ions ) .  

factor has been set equal to zero i n  the above equations (E’ + E ) and hence 
Y r  

they should be used only for s-wave resonances. 

The s h i f t  

Because the  sec t ion  and subsect ion s t r u c t u r e  were deleted from the  

F i l e  2 descr ip t ion ,  they w i l l  be given here for reference and for use i n  ENJIF- 

A. 

The s t r u c t u r e  of a subsect ion is similar to tha t  for SLBW and MLBW, 

t h e  major d i f f e rence  being tha t  the  t o t a l  resonance widths are not  given and two 

f i s s i o n  widths  are allowed for each resolved resonance. The q u a n t i t i e s  for use  

when LRF = 3 are defined below. 

Resolved Resonance Parameters 
-----l_l_----- 

If LRF = 3 (Reich-Moore mul t i l eve l  parameters) ENDF/A only - --_---------- 

e 

is the  sp in  of the  t a r g e t  nucleus, I. 

is the  s c a t t e r i n g  radius  i n  u n i t s  of cm. 

is the number of R-states considered. A set  of resolved reso- 

nance parameters is given for each R-state. 

is the value of (neutron angular momentum quantum number). 

(NLS - < 3.1 

- AWRI is the ratio of the  mass of a p a r t i c u l a r  isotope to t h a t  

of the  .neutron. 

is the number of resolved resonances for a given R-state. (NRS 

- < 500.) 

is the  resonance. energy ( i n  the labora tory  system) . 

0 is the f l o a t i n g  po in t  value of J ( t h e  sp in  of the resonance). 



GN is the 

GG is the 

GFA is the 

GFB is the 

- 
- 
- 

neutron width r 
radiation width r evaluated at the resonance energy. .,' 

first partial fission width. 

second partial fission width. 

evaluated at the resonance energy. 

Y 

n 

GFA and GPB are signed 

quantities, their signs being determined by the realtive phases 

of the width amplitudes in the two fission channels. 

The structure of a subsection when LRU = 1 (resolved parameters) and 

LEU? = 3 (Reich-Moore multileve1,parameters) is 

(MAT, 2, 151/SPI, API 0,  0, NLS, 0) CONT 

(MAT; 2, 151/AwRI, O . ,  L, 0,  6*NRS, NRS/ 

2 ER 2' A J 2 r  GN 2' GG2' GFA2, GPB 

ERms, AJms, G"Rs1 G G ~ ~ ~  G F ~ ~ ,  G F B ~ J  LIST 

The LIST 

in order 

dered by 

D.1.4. 

record is repeated until each of the NLS !&states has been specified 

of increasing value of 8. The values of ER for each !&state are or- 

increasing value of ER. 

Adler-Adler Multilevel Resonance Parameters: LRU=l, LRF=2 

The formulae for obtaining cross sections, taken from AdLer and 

Adler(3'4) are given for the total, radiative, capture, and fission cross sec- 

tions (without Doppler broadening), 

them conform to the definitions used earlier in this Appendix. 

They have been slightly re-cast to make 

Furthermore, 

- 
(3) F.T. Adler and D.B. Adler, Conf. on Neutron Cross Section Technology, 

Vol .  11, 873 (1967) 
-- I_--- 

(4) D.B. Adler and F.T. Adler, ANL-6792, 695 (1963). (ID 
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only the  R=O terms are given, consis tent  wi th  cu r ren t  u s a g e  of this formalism. 

Procedures are described i n  Section 2.4.16. 

1. Total Cross Section --- 
4?T 2 

k2  
C J ~ ( E )  = - s i n  9, 

3 + AT1 + AT2/E + AT3/E2 + AT4/E + BT1 * E + BT2 * E2] 

2. R a d i a t i v e  Capture-C:oss Section 

NRS 

fi 
k2 

r =1 

+ AC1 + A C ~ / E  -I- AC3/E 2 + AC,/E3 + BC1 * E + BC2 * E2] 



3.  Fiss ion  Cross Sect ion (ID - 

NRS 

r= l  

2 3 + AF + AF /E + AF /E f AF4/E + BF1 1 2 3 * E + BF2 * E 2 1  . 

Although the  format provides f o r  d i f f e r e n t  

each reaction, these  must be equal: 

J 

values  of 1.I and V for  

Dmr = DEF, = DEC = l.Ir; 

DWT, = DWFr = DWC, = V r .  

r 
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The Unresolved Resonance Region: LRU=2, W=l or 2 
---~_lll_--- 

D.2. 

Average resonance parameters are provided i n  F i l e  2 for the  unresolved 

region. Parameters are given for poss ib l e  k- and J-states (up to d-wave, R = 2) 

ro %,J' r y f i f J f  
Dk J' 

and the  following parameters may be energy dependent: 

IifR,J and ' X k f  J' 

with in t e r f ace .  Each width is dis t r ibuted according to a chi-squared d is t r ibu-  

The parameters are for a s ingle- leve l  Breit-Wigner forMula 

t i o n  w i t h  a designated number of degrees of freedom. The number of degrees of 

freedom may be d i f f e r e n t  for neutron and f i s s i o n  widths  and for d i f f e r e n t  (a, J) 

states. These formulae do not consider Doppler broadening. 

D.2.1. Cross Sect ions i n  the Unresolved Region 

Def in i t ions  and amplifying comments on the following are given i n  Sec- 

t i o n  D.2.2. 

a. -- Elastic Sca t t e r ing  Cross Sect ion 

NLS 

R=O 

J 

The asymmetric term i n  E-E: is assumed to average to zero under the energy- 

averaging denoted by < >. 
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b. Radiative Captive Cross Section ~- 
NLS 

R=O 

c. F i s s ion  Cross Sec t ion  

R (E) = - 21T2 
'J (F) . n,f k2 T 'R,J 

(J 

R i J  U 

The sum over R i n  t h e  above equations extends up to  R = 2 or to 

NLS ( the  number of R-states for which data are g iven) .  For each value of R, t h e  

sum over J has  NJSR terms ( t h e  number of J-states f o r  a p a r t i c u l a r  R-state). NLS 

and N J S  are given i n  F i l e  2. 

The averages are re-writ ten as 



D.16 

, and Rn are width-f luctuat ion f a c t o r s  f o r  capture, f i s -  
where "va, Rfa, R,J 
s ion ,  and elastic s c a t t e r i n g ,  respec t ive ly .  Associated with each f a c t o r  is t he  

number of degrees of freedom fo r  each of the  average widths,  and the  i n t e g r a l s  

are to be evaluated using the  MC2-IL method. 

Data given i n  F i l e  2 fo r  each (R, J) state 

= AI", t h e  number of degrees of  freedom fo r  neutron widths 

=AMuF, It 

= m x ,  'I compe t i t ive  

= AMUG, 'I 

V"R, J 

%I, J 

VYR , 

11 II 11 II f i s s i o n  widths I1 

#I I1 II I1 II 

'xR, J 
II II 11 II II I' r a d i a t i o n  widths 

- 
= GX, t he  average competit ive r eac t ion  width 

= GNO. t he  average reduced neutron width 

= GG, t he  average r a d i a t i o n  width 

= GF, the  average f i s s i o n  width 

rxR, J 
-0 

r"R , J 

5 R  ,J 
% ,J - 

D = D, the  average Level spacing 
R , J  

The average neutron widths are def ined i n  Sec t ion  D.2.2.2, Equation 

= <r ( R , J ) > .  "R ,J n 1 0 ,  where T 

Revised 11/83 9 
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The average total  width, a t  energy E, is  

and a l l  widths are evaluated a t  energy E. J = AJ, I = SPI, and = L are a l l  

given i n  F i l e  2. 

R' The pene t r a t ion  f a c t o r s  P are func t ions  of ka;  t h e  phase s h i f t s  R 
of k(AP), as i n  sec t ion  D.1 .1 ,  a being t h e  channel radius, and Ap t he  s c a t t e r i n g  

r ad ius  from F i l e  2. 

The correct procedure f o r  determining t h e  energy-dependence of an 

unresolved cross s e c t i o n  is to eva lua te  it a t  t h e  energy p o i n t s  a t  which t h e  

parameters are given,  and then to i n t e r p o l a t e  on t h e  cross sec t ion .  I n  some 

cases, as when only one set of parameters is given,  t h i s  appears  to involve in- 

t e r p o l a t i n g  on t h e  parameters, s i n c e  a s i n g l e  set of parameters w i l l  y i e l d  a 

cross sec t ion  t h a t  v a r i e s  with energy as a combination of s-, p-, and poss ib ly  

d-wave p e n e t r a b i l i t i e s .  

i n t e r p o l a t i o n ,  it is recommended t h a t  t he  energy mesh f o r  unresolved resonance 

parameters be dense enough to render the  d i f f e r e n c e s  between t h e  two methods 

small. 

D.2.2 

(1) 

I n  view of t h e  s t i l l  widespread use  of parameter 

Def in i t i ons  for t h e  Unresolved Resonance Region 

Previous e d i t i o n s  of ENDF-102 have had subs t an t ive  and typographica l  

errors i n  the  "Def in i t ions"  s e c t i o n  of Appendix D (prev ious ly  Sec t ion  D.2.1). To 

c l a r i f y  the  p o i n t s  and f a c i l i t a t e  p a r a l l e l  reading with Gynlasy and Perk ins  (5) 

t h e i r  parenthesized ind ices  w i l l  be used. Sec t ion  D.2.3 con ta ins  a table of 

(5) M. Gynlassy and S. T. Perkins ,  Nuclear Science Engineering 53, 482 (1974). - 
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equivalences to the notation used in D.2.1. and Section 0.2.4 compares the 

present discussion with those previously given. 

D.2.2.1 Sums and Averages 

In an energy interval k,  let the resonances be identified by a se- 

quential subscript A = 1, 2, --- which goes over all the resonances. The 

present discussion is concerned with the combinational aspects of level 

sequences, hence A enumerates all the resonances, whether their widths are 
observably large or not. 

missed resonances by comparing observed level densities or strength functions 

with the theoretically-expected relations. The latter are concerned with the 

set of all resonances, and not just those that are observable in a particular 

experiment. 

One purpose of this section is to permit estimation of 

Let x denote a set of quantum numbers that label a subset of reso- 

nances in the interval. If there are N (x) such resonances, their level density 

is 

and their level spacing is 

If yA is some quantity associated with each resonance, A, the sum of 

the y-values over the subset x is 

X c yx 
x 

(3) 
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The summation index A is wr i t ten  as a subscr ip t ,  and t h e  range of the 

summation is indicated by t h e  supe r sc r ip t  x. Equation (3) says "sum the  quanti- 

t y  y over every resonance i n  the  i n t e r v a l  A& which has the quantum numbers x." 

Usually, these resonances w i l l  possess other quantum numbers too, b u t  it is t h e  

set x which determines whether they are included or not. 

An average of the  quant i ty  y over the  set  x is  

CY> = (l /N(x)) 

A 

(4 )  

D.2.2.2 Reduced Widths 

Reduced widths  follow the  experimental notation. A p a r t i a l  width 

for the decay of a resonance i n t o  a pa r t i cu la r  channel carries many quantum 

numbers, b u t  here we need a t  most three, the  total  and o r b i t a l  angular momenta 

J and R, and t h e  channel sp in  s. 

defined by: 

For t h i s  case, the reduced neutron width is 

where 

vo = 1 

v2 = P / ( g  + 3P 

2 

4 2 4  
+ P 1 

v1 = P /(1 f P2) 

and p = ka, a being the channel radius. 

(ID 
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Assuming a d d i t i v i t y  of p a r t i a l  wid ths ,  

R rnh (J) 

If w e  average over resonances,  and assume t h a t  t he  average p a r t i a l  wid th  is in- 

dependent of channel  sp in ,  * 

R (J)> = Cs<rn(J1$)> 

<rR (J,$)> - - %,J n 

(8) in t roduces  the  m u l t i p l i c i t y  p 

2, depending on whether t h e  channel s p i n  has one or two values .  

I = O ,  or J = O ,  vk, J=l. 

the  a d d i t i o n a l  vec tor  sum 

, which for neutrons can have t h e  value 1 or R ? J  
For R=O, or 

I n  other cases,s can take i n  the va lues  I k 1/2 s u b j e c t  to 

+ 
s = x + s  

** which can again restrict 1-I to the  va lue  one. 
R ? J  

D. 20 

Assuming a d d i t i v i t y  of p a r t i a l  wid ths ,  

(7) 

If w e  average over resonances,  and assume t h a t  t he  average p a r t i a l  wid th  is in- 

dependent of channel  sp in ,  * 

(8) in t roduces  the  m u l t i p l i c i t y  p 

2, depending on whether t h e  channel s p i n  has one or two values .  

I = O ,  or J = O ,  vk, J=l. 

the  a d d i t i o n a l  vec tor  sum 

, which for neutrons can have t h e  value 1 or R ? J  
For R=O, or 

I n  other cases,s can take i n  the va lues  I k 1/2 s u b j e c t  to 

+ 
s = x + s  

** which can again restrict 1-1 to the  va lue  one. 
R ? J  

*This is not  t r u e  for t h e  i n d i v i d u a l  resonances.  

**E.g.,  if I = 1/2, pl12 = 1  
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The other new notat ion is the l i n e  through the quantum number s, 

meaning t h a t  the  quan t i ty  <I' (R,J,$)> does not  depend on t h e  value of s. .This 

is - not the  same as omit t ing s from the parentheses,  s ince  - t h a t  def ines  the 

left-hand side quant i ty .  This is the  primary source of confusion i n  previous 

n 

discussions.  Since V only depends i n  R, R 

where t h e  bar over fi V 

D.2.2.3 Strength Functions 

denotes some average value appropriate  to t h e  i n t e r v a l .  R 

The pole-strength funct ion was o r i g i n a l l y  introduced as an average 
2 widths for a given channel, yc. Using t h e  experimen- over the  R-matrix reduced 

t a l  convention, 

s) = 

Since the  channel sp in  values are uniquely determined by J and 8,  together w i t h  

the  t a r g e t  sp in  I which is common to  a11 the resonances, s is super f luous  i n  

def ining t h e  subset  over which t h e  average is taken, and 



D. 22 

I f  the p a r i t y  TT was used as an explicit quantum number, R could be 

dropped, 

because R and TT are equivalent  €or l a b e l l i n g  resonances, t h a t  is, every reso- 

nance with a given J and TT w i l l  have channels l abe l l ed  by the  same set of 2- 

values,  whether t h e i r  par t ia l  widths are observably l a rge  or not.  

Some authors  go one s t e p  fu r the r  and drop TT, so t h a t  J means J, n,  but  

t h i s  is an i n v i t a t i o n  to confusion. 

Expressing S (R,J,s) as a sum over reduced widths gives 

R where w e  u s e  t he  assumed independence of <rn(J,$)> on s t o  g e t  the  same r e s u l t  

on the lef t-hand-side . 
The s t r eng th  func t ion  S ( R ,  J) is defined as 
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(ID The corresponding sum and average forms are 

S(a,J) = 

The next  "na tura l"  summation would be to collect the  d i f f e r e n t  R- 

cont r ibu t ions  to the total  width, to form S ( J ) ,  but  t h i s  is not  what is 

observable.  Ins tead  one de f ines  S(R) as a weighted sum of the S(R,J,s): 

T h i s  equation occurs i n  Lynn(6) as 6.126, w i t h  a confusing typographical error, 

namely the  index S is missing from S (R,J,s). 

Actually,  the s-wave s t r eng th  funct ion was introduced f i r s t  i n  the 

form 

and later general ized by Saplakoglu, Bol l inger ,  and Cote(7) to the  p-wave form. 

J. E. Lynn, "The theory of Neutron Resonan 
Oxford, 1968. 

Physics Review iO9, 1258 (1958) 

React i o n  , 'I Clare  don Pr f '  

Iv 



For exposi tory purposes, it is clearer to s ta r t  from (19) .  The sum on J and s 

is f o r  f ixed  R: 

I + 1/2 R + S  

It is important to note t h a t  the  outer sum on channel sp in  is correct as 

wr i t ten .  It  goes over the  values I k 1/2 i f  I - > 1/2, and over the  s i n g l e  value 

1/2, i f  I = 0. It  is -- not  fu r the r  constrained by equation (8a) because now it is 

the  "independent var iable" .  The inner sum on J enumerates some J-values once, 

and some twice, the  l a t te r  occurring when both s-values can produce t h a t  J- 

value. The number of times J occurs is the same p t h a t  appeared previously.  

(The proof w i l l  be l e f t  to the  reader). 

!&,J . 

I f  we are summing a quant i ty  t h a t  is independent of s, then (22) can 

be rewritten: 

t h e  m u l t i p l i c i t y  p 

on J I  a s  emphasized by Gyulassy and Perkins") , reminds u s  t h a t  J goes over its 

f u l l  range I "once-only" 

t a k e s  care of the  sum on s, and the  t i ld;  over the  sum R , J  



R+I+1/2 

$ =  J c 
R+I+1/2 = c  
J= I I-R-1/2 I 

The denominator i n  equat ion (19) can e a s i l y  be shown to be 

CJs g = 2R + 1 

or, s i n c e  g is independent of s (ID 

G-P assume, and later approximately j u s t i f y  by comparison to experi-  

ment, t h a t  S(R, J, 6 )  is also independent of J. With t h i s ,  (19) becomes 

Using equat ion (16) . 
*Ref (5) has t h i s  w r i t t e n  i n c o r r e c t l y  (ID 
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Note the  pecul ia r  f a c t  t h a t  S(R) and S(R,$,$) are independent of J, but  

S(R,J) is not. This is a consequence of the  fact t h a t  more than one channel 

sp in  vaJue can con t r ibu te  to S(R,J) ,  inducing a "J-dependence" i n  the  form 

of a poss ib l e  factor of two.  

As a sum over resonances, 

The r.h.s. of (31) says to sum (J) over a11 poss ib l e  values  of J, which is nA 

what is meant by equat ions (20) and (21). W e  can suppress the  explicit J ' s  and 

write 

R R but we have to remember t h a t  rn is still Tn (J) ,  and not  a new quant i ty .  

AS an average, using the same convention, 

otherwise, a l l  t he  nota t ion  is correct: D(R)  is the  spacing of !&-wave reso- 

nances without regard to their J-values, and the average < > goes over all res- 
R 
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onances possessing the  quantum number R, again without regard for their J- 

values. It  is worth noting e x p l i c i t l y  t h a t  although S ( k t  J) is "almost" inde- 

pendent of JI t h i s  is not  t r u e  of <rn(J)>. 
dependence is cancel led by t h e  J-dependence of D ( f i t  J) 

T h i s  property is what makes s t r eng th  funct ions u s e f u l .  

R 
As equation (18) showsl its J- 

up to the  factor 1-Ik 
I J' 

D.2 .2 .4  Level Spacings 
--I--- 

G-P emphasize t h a t  

which, together wi th  the  assumption 

p ( k l  J) = K(R) (2J+1) 

leads to  

where 

= (R + 1 ) / ( 2 R  + 1) for R - < I 
1 IR 

w 

= (I + 1)/(21 + 1) f o r  R - > I 

and .is uni ty  i f  R = 0 or I = 0. 
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The reader is re fe r r ed  to t h e i r  paper fo r  a f u l l e r  discussion b u t  

here w e  can po in t  o u t  t h a t ,  for a given p a r i t y ,  p (R,J) is independent of R, 

by de f in i t i on .  As noted, every resonance w i t h  a given J and IT has the  same 

set of associated R-channels, whether they have observable widths or not.  

and P (1, J) = p ( 3 ,  J) = p (5, J) 

The fu r the r  assumption of p r i ty- indep dence m a k  t 

independent of R. As a r e s u l t ,  G-P's K ( R )  from (35) is independent of R, 

and 

where C depends on the  nucleus but not on any quantum numbers. 

D.2.2.5 Gamma Widths 

In  the  l imi t ed  energy range of a f e w  keV usua l ly  covered by t h e  

--- 

unresolved resonance region, t he  gamma width may be assumed to be constant  and 

equal to tha t  obtained from an ana lys i s  of the resolved resonances. I f ,  how- 

ever ,  the  energy range is rather wide, an energy dependence as given by some of 

the well-known theoretical models(6) may be b u l l t  i n .  Since the observed gamma 

width is a sum of a l a r g e  number'of primary gamma t r a n s i t i o n s ,  each assumed to 

have a chi-squared d i s t r i b u t i o n  of ll = 1, it is found to have a 1-I - > 20. I n  
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(ID effect this implies that the gamma width is a constant, since a chi-squared dis- 

tribution with a large number of degrees of freedan approximates a 8-function. 

D.2.2.6 Degrees of Freedom --- 
For the reasons enumerated in File 2, Section 2.4.21, the following 

values should be used: 

1. 

2. Radiation width, AMUG = 0. 

3. 

llfi,J* Neutron width, 1. - < AMUN - < 2., and specifically, AMUN = 

Fission width, 1. - < AMUF - < 4., to be determined by comparison with 

experiment. 

Competitive Widths, 1. - < AMUX - 2., because only a single 

inelastic level excitation is permitted as a competitive reaction. 

where J is the spin of the resonance, Specifically, AMUX = 

and f is the orbital angular momentum of the inelastically scat- 
tered neutron. Since the daughter "nucleus" may have a spin I 

different from the target spin I, 

the number of channel spin valuesy 

Only integral values are permitted. 

4. 

%,J, 

s 

s 
&may be different from 4 and 
s may be different from 

f i , J  

%, J' 
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D.2.3 Equivalent Quantities in Sectiolis D.l and D.2 
l__-l------- ________-___ 

Symbol in Symbol in Symbol in Definition 
D.2.1 D.2.2 

ll__l_-------̂ --- 
D. 1 

r This is a non-equivalence. 

X enumerates all resonances. - 
- Renumerates those within a 

subset and hence implies -. a 

set of quantum numbers. 

The neutron width, summed 

over channel spin. 

Not used in D.2.2, but the 

same implication of R, J 

holds. 

Penetration factor. 

Average level spacing for a 

subset of resonances with 

given R and J. 

The &-wave reduced width, 

averaged over all resonances 

with given R and J. 

The average neutron width. 

In practice, the energy- 

dependence of this quantity 

is not average, but extracted 

before averaging. 

pvR 

D(R,J) 

<ran(,) >'IJ 

R r J  <Tn(R,J)' 
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(I) D.2.4 Comparison with previous e d i t i o n s  of - ENDF-102 

D.2.4.1 ENDF-102, October 1970 e d i t i o n  

1. Equation (1). D observed is D (fi) 

2. Line 9. fi is not  t he  angular momentum of " the  inc ident  neutron". 

The inc ident  neutrons c a r r y  a l l  angular momenta. 

mentum of the  resonance, or more p rec i se ly ,  of the  channel or channels which are 

involved. 

ones i n  angular d i s t r i b u t i o n s ,  bu t  not  i n  angle-integrated cross sec t ions .  

fi is the  o r b i t a l  angular mo- 

The resonant fith phase s h i f t  w i l l  i n t e r f e r e  w i t h  the  non-resonant 

3. Equation (2). 

, Equation ( 3 ) .  DJ is D (fi,J) and the  right-hand- ide  should have 

I ,R' a factor w 

5. Page D-11, l i n e  1. "level-spacing" means D (%,J). Line 8. The 

statement " I f  w e  assume the  s-wave s t r eng th  func t ion  is independent of J ...I1 

presumably means assuming S (0 , J )  is independent of J, s ince  the  s-wave s t r eng th  

funct ion itself; S ( 0 ) ,  is a sum over J-states and is therefore "independent" of 

J by d e f i n i t i o n .  

Equation 4 means 



S ( 0 )  = S(0,J) = 
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Equation 5 is tr,skier because &l is not indentically equal to 1, 

and the discussion appears to give the user the option of getting D(R,J) from 

equation (3)  and "the corresponding reduced neutron width" fxom equation ( 3 ) ,  or 

1,J 

of using the ESDFB convention, equation (6) 
R 
n The problem lies in the failure to distinguish I? (J) from 

Equation ( 6 )  states the "ENDFB convention" : 

We know that the correct relationship is 

<Tn(R, J) > = <Tn R. (J,$)> 
VRVR, 

= <Tn(J)> R VR 

R 
nf If we assume that <T > in equation (6) is to agree with experiment; then 

<r > must be OR 
nJ 

If we put a subscript E on to denote an ENDF/B-convention quantity, 
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and now 

<r n> O R  <r O <rnac tua i>  0 R 
J -- J i n  (5 )  means - J =  --- 

DRJ DRJ D!+!, I J'k, J 

which is correct. 

Thus an ENDF/B reduced width w i l l  sometimes be ha l f  what 

an expe r imen ta l i s t  would measure. 

In the  no ta t ion  of D.2 .2 .  equat ion (6) is 

and TR (J) is the  reduced width determined by experiment. 
n 

For p-waves, 

= (J) >" '/D (1, J) lJ1, n 

and equat ion (5)  would read: 



6 .  Three d i f f e r e n t  symbols are used f o r  t h e  reduced width. 

I n  a un i f i ed  notat ion:  

D.2.4.2 Comments -- on ENDF-102, October 1975 e d i t i o n ,  Sec t ion  D.2.1 

1. Equa.tion (1). DR, observed is D f k ) .  

2. 

3.  Equation (2) .  Dabs is '('1 ; Palobs is P(R); C, is I,. 
4. 

Same as comment 2 on t h e  1970 e d i t i o n ;  above. 

" A l l  allowed R-values label the  same set of resonances" means P 

(R , J) does not  depend on R (for given p a r i t y )  . 
5 .  Equation ( 3 ) .  

6 .  Page D-12, second equation: 

(2J+1)" is missing from the r i g h t  hand side. 

R R R R  
The q u a n t i t y  <gTn> is <gr,(J)> . The bracke t  < > means t h a t  

a l l  J-values are summed over.  The other t w o  bracke ts  are for p a r t i c u l a r  

J-values , i. e. , 
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7. "The s t r eng th  funct ions for a given R-value b u t  d i f f e r e n t  J- 

R,J  
values" means S ( k , J ) .  These are not a l l  equal--i t  is the  ratio S(fi,J)/11 

which is independent of J. 

8 .  Equation (6) should read: - 

R where r (J) is the  reduced width determined by experiment. n 
t i o n  involving p 

also be some appropriate average value. 

That is, the  rela- 

is only v a l i d  for an average width, and hence d h R  mus t  
fi ,J  

The quantum number s should be exhib i ted  

when 1-1 is used. (ID 



D. 3 The Competitive Width 

D.3.1 )the Competitive Width in the Resolved Reso- 

nance Region 

The only physical situation which can be handled without appro:simation 

is that in which a single competitive process is possible, because the format 

presently permits the definition of only one - additional quantity. The most com- 

men case will occur when inelastic scattering to only the first excited state of 

the target nucleus is energetically possible. Ignoring, as in the case of 

elastic scattering, the possibility that the partial widths depend on channel 

spin, the penetrability is identical to that for elastic scattering, but the 

energy is reduced by the excitation energy of the first excited state, corrected 

for recoil, so that 

* * * 
if E > E , and r 
excitation energy of the first excited state, ET. ( E T  = -QX in File 2).  

(E) = 0 if E < El where E is (AWRI + 1)/ AWRI times the - 1  xr 

This definition involves two conventions, both taken over from the 

elastic case. One is the way in which an llexperimental" reduced width lrR , is 
n' 

defined in terms of the theoretical reduced width y', and the other is the way 

in which negative energy levels are treated. Neither of these problems arises 

in the theory, where I' = 2P y 

channel energy . 
2 and all quantities are defined in terms of the 

It is conceivable that an (n,a) or (n,p) reaction to the ground 

state of the daughter nucleus could be open, without inelastic competition, 
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(I) in which case the formula for I' would be the same, but the pa would be a xr 
* 

Coulomb penetrability, and the excitation energy E would be replaced by the 1 
appropriate Q-value and reduced mass. There is presently no explicit provision 

for this option in ENDF/B. 

If more than one competitive process is energetically possible, then 

the format is inadequate to give the correct energy dependence of the 

competitive width, since it supplies only one number, and a partial width is 

required for each process. E.g., when two inelastic levels can be reached, 

with appropriate modification below each threshold. 

The recommended procedure for processing codes which use an energy- 

dependent total width in the denominator of the single-and multi-level Breit- 

Wigner formulas is to use r as though it were entirely a partial width to the 

first excited state. 
XT 

For codes that presently approximate I' as a constant in the denomina- 

tor, the recommended procedure is to substitute a step function 

and then make sane provision to handle the resultant discontinuity in tb 

cross section. (1) 
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Users who are unable to handle even this degree of c complexity, and 

would like to use GTr from File 2 as the total width without regard for whether 

the competitive process is energetically possible or not should probably obtain 

pre-processed multigroup cross sections from some other organization. 

Since the Reich-Moore and Adler-Adler formalisms are presently re- 
i 

stricted to low-energy fissile materials, no recommendations concerning the 

treatment of r need be given, and users can presume that it is zero. xr 
D.3.2 Penetrability Factgr for the Competitz Width in the Unresolved Reso- 

nance Region 

Since many codes treat the average total width in the denominator of 

express-ans like <'$> as an energy-independent constant, the penetrability 
I 

factor of the competitive width needs to be handled by specifying energy 

dependent unresolved resonance parameters. 

The formalism, which is simple average over SLBW line shapes, takes 

account of the energy-dependence of the neutron width(s) in the numerator, by 

extracting their penetrability factors before the averaging is done. These then 

contribute to the energy-dependence of the average cross section. The energy- 

dependence of the neutron width in the denominator, i.e., in <r>, is neglected. 
No such fix is readily available for the energy-dependence 

width, whose penetrability factor will involve the threshold dependence of an 

inelastic cross section. The evaluator can circumvent this difficulty by 

specifying energy-dependent prarmeters and setting <r > = 0 below its threshold; 

then allowing it to build up according to the formulas given in Section D.3. 

of the competitive 

X 

The degrees of freedom AMUX should be 1.0 or 2.0. (See Section 

0.2.2.6). 
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Calculation of the Total Cross Section When a Competitive Reaction is 

Specified 

When a competitive reaction is specified, and r exceeds r + r + ?? 

- (ID 0 . 3 . 3  - 

n y f' 
the ENDF convention is that the scattering, capture, and fission cross sections 

will be calculated from the sum of FILE 2 and FILE 3 contributions, but the 

competitive reaction will be contained entirely in FILE 3, and no FILE 2 contri- 

bution should be added to it. The reason for this is that users can avoid 

problems in coding up resonant competitive widths. 

calculations, the correct total width I' mist be used in order to get the correct 

In the above FILE 2 

line shape. 

This leaves the total cross section in a special category. If it is 

then the above prescription works calculated as the sum of On, 0 , O , and (5 

satisfactorily. However, if it is calculated directed from r ,  care must be 
taken to avoid counting the competitive reaction twice. 

Y f  XI 

That is, since r includes r the FILE 2 total cross section includes 
XI 

the competitive reaction, somewhat at variance with the idea that the 

competitive reaction will not be calculated from FILE 2. 

therefore insure that the FILE 3 total cross section does ~ not include it. 

The evaluator must 

In view of a1 the permutations and combinations of FILE 2/FILE 3 addi- 

tions and subtractions and sum checks that are possible, this area should be 

approached with care. 
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APPENDIX E 

InterPolation Schemes 

Interpolation schemes are provided to obtain values of a function, y(x), 

from a tabulated series of X(N) and Y(N). The symbolism used to specify an 

interpolation scheme might be 

(MAT, ME', MT/C1, C2; L1; L2; NR, NP/E /Y(E))TABl int 
where E implies an interpolation scheme and Y(E) implies pairs of values for 

E(N) and Y(N). The binary record would actually contain the following numbers: 

int 

(MAT, MF, MT, Cl, C2, L1, L2, NR, NP, NBT(1) , INT(1), NBT(2), INT(2) I 
NBT(3)t INT(3), ...I NBT(NR), INT(NR), E(l), Y(1), E(2), E(3), Y(3), 

.-. , E(NP) Y(NP)) 

NP is the number of pairs, E and Y, that are given. NR is the number of in- 

terpolation ranges given. NBT (1) is defined to mean that a particular inter- 

polation scheme is to be used between point number one and the point number 

given by NBT(1). 

by the value of INT(1). Likewise in the second interpolation region, between 

the point number given by NBT(1) and that given by NBT(2), the interpolation 

scheme is given by the value of INT(2). The procedure is followed ,until all 

interpolated regions have been specified. It should be obvious that the value 

of NBT(NR) is equal to the number NP. An illustration is shown in Figure E.l. 

The interpolation scheme to be used in this range is specified 

Interpolation schemes for a two-dimensional function y(E',E) are similar. 

The function is represented by a series of tabulated values and interpolation 

schemes. In this case two interpolation schemes must be given, one for E and 

and another for E'. This is specified by a TAB2 record followed by several TAB1 

or LIST records. A n  example might be 

(MAT, ME', MT/Cl, C2; L1, L2; NR, NE/Eint)TAB2 
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(MAT, MF, MT/Cl, E(NE); L1, L2; NR, NF/Elnt/9(E', ENE) )TAB1 

I n  this case NR, i n  the TAB2 record, ind ica tes  the  number of in te rpola t ion  

ranges for (E) .  

is the in t e rpo la t ion  scheme used for the E mesh. NF i n  each TAB1 record E i n t  
i nd ica t e s  t h e  number of p a i r s ,  E'  and g (EaIE)  t h a t  w i l l  be given i n  the  particu- 

lar record. 

in t e rpo la t ion  schemes are given below. 

There w i l l  be NE TAB1 records, each w i l l  contain a value of E. 

Bint is the  in te rpola t ion  scheme to be used. The allowed 

- I N T  Description 
1 

1 y is constant i n  x (cons tan t )*  

2 y is l inea r  i n  x ( l inear - l inear )  

3 y is l i n e a r  i n  Rn x (l inear-log) 

4 Rn y is l i n e a r  i n  x (log-linear) 

5 Rn y is l i n e a r  i n  Rn x (log-log) 

*Note: INT = 1 (constant) implies t h a t  the function is constant and equal to 

. t he  value given a t  the  lower l i m i t  of the  intervak. 

c 
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APPENDIX F 

TemDera tUre  DeDendence 

Any of the  data given i n  Files 3 ,  4 ,  5, 6, or 7 may have a temperature 

dependence (where it is phys ica l ly  realistic) . The temperature dependence is 

s p e c i f i e d  by repea t ing  t h e  d a t a  f o r  each temperature given and i n d i c a t i n g  how to 

i n t e r p o l a t e  t he  da t a  between temperatures.  LT is .a f l a g  t h a t  i n d i c a t e s  whether 

or no t  temperature-dependent data are given. 

The fol lowing q u a n t i t i e s  are defined. 

Tm - is t h e  mth temperature (OK). 

LT is a test for temperature dependence: - 

LT = 0 means no temperature  dependence; 

LT > 0 means t h a t  t he  func t ion  y(x,T)  is given a t  (LT + 1) tempera- 

t u r  es . 
I m  is the  i n t e r p o l a t i o n  scheme used between T and Tm. The va lues  of 

I have t h e  same d e f i n i t i o n s  as INT given f o r  o ther  i n t e r p o l a t i o n  

m-1 - 

schemes (see Appendix E ) .  

Since t h e  data w i l l  always be given i n  a LIST or TAB1 record, consider  a 

TABl record f o r  a func t ion  y (x )  . I n  this case t h e  func t ions  must be y (x,T) . . 
The func t ion  a t  t h e  f i r s t  temperature  y(x,T ) is given i n  a TABl record. The 

func t ions  for the  remaining temperatures are given i n  LIST records. The number 

1 

of LIST records w i l l  be LT. An example might be 
0 

(MAT, MF, MT/ T ~ ,  c2; LT, ~ 2 ;  NX, N P ~ /  X ~ , , / Y ( X , T ~ ) ) T A B I  

(MAT, MF, MT/ T ~ ,  c2; I ~ 2 ;  N P ~ ,  o / Y ~ ( T ~ ) ) L I S T  
2' 

(MAT, MF, MT/ T~~ c2; I ~ ,  ~ 2 ;  N P ~ ,  o / Y ~ ( T ~ ) ) L I S T  

[MAT, MF, MT/ T ~ ~ + ~ ,  c2; I LT+i' L2, NPLT+l, Y,(TLT+i 1 )LIST 
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The LIST records mus t  be given i n  order of increasing value of the  tem- 

pe ra tu re  T 

pos i t i on  i n  the  LIST record a s  LT i n  the  TAB1 record. 

TABl record (for the  f i r s t  temperature) p a i r s  of values are given, X ( N )  and 

Y(X,T l )  , while  i n  the  LIST record only values  of Y ( X , T Z )  are given. 

implied t h a t  Y ( X , T 2 )  given a t  t he  Nth po in t  is f o r  the  same value of X ( N )  as is 

given fo r  Y ( X , T  ) .  

per a t  ur  e. 

N o t e  t h a t  t he  in t e rpo la t ion  scheme I is given i n  the  same record m' m 

Also note t h a t  i n  the  

I t  is 

This means t h a t  the  X mesh is  given only once, f o r  f i r s t  t e m -  1 

I f  a cross sec t ion  e x h i b i t s  a temperature dependence, it w i l l  genera l ly  . 

occur only a t  low neutron energies ,  and the  high energy da ta  w i l l  be independent 

of temperature. Therefore, the  LIST records fo r  the  second and higher tempera- 

t u r e s  may contain N P ' s  t h a t  a r e  less than the  N P  given on the  TABl record. 

the  subsc r ip t  n denotes the  temperature, t he  following condi t ion i s  defined: 

I f  

NP1 - > N P  2 -  > ......... - > N P ~ ~ + l *  

For example, consider the  f i s s i o n  cross sec t ion  fo r  a p a r t i c u l a r  material where 

resonance parameters are not given. cr (E) may be described by 1000 energy 

po in t s  (NP = 1000)  t h a t  cover the  energy range from 

a temperature of 293.0'K. 

f i s s i o n  cross sec t ion  is given a t  600.0'K and temperature e f f e c t s  a r e  not 

f 

e V  t o  15.0 x lo6 e V  for 

These da ta  would be given i n  a TAB1 record. I f  the  

important f o r  neutron energies  above 1.0 x LO3 eV (descr ibed i n  the  TABl record 

by the  f i r s t  500 p o i n t s ) ,  then a LIST record is given for 600'K and N P  would be 

equal to  500. It is implied t h a t  the  f i r s t  500 energy po in t s  f o r  both sets of 

da ta  a r e  exac t ly  the  same. 

If t h e  temperature dependence r e f e r s  to da ta  a l ready i n  a LIST record,  a l l  

records a r e  of t he  LIST type. The f i r s t  LIST record conta ins  the  da ta  fo r  the  

f i r s t  (lowest) temperature. 

[MAT, MF, MT/ T~ , c2; LT , N P ~  O/ B ~ ( T ~ )  )LIST 



[MAT, MF, MT/ T~ , c2; I , ~ 2 ;  N P ~  , o/ B , ( T ~ )  )LIST 

(MAT, MF, MT/ T~ , c2; , ~ 2 ;  N P ~  , o/ B , ( T ~ )  )LIST 

(MAT, MF, MT/ T ~ ~ + ~ ,  c2; I LT+l' L2' NPLT+l' '1 Bn ( T ~ ~ + i  )LIST 

The same rules apply a8 f o r  NP, i.e., 

NP > NP2 2 . . . NPLT+l. 

2 

......................................................... 

1-  

The above mechanism is used i n  F i l e  1 to desc r ibe  the  v a r i a t i o n  of f i s s i o n  

product  y i e l d s  with i n c i d e n t  neutron energy. -_- 

energy r ep laces  the temperature i n  the  above i l l u s t r a t i o n ,  and the  i n t e r p o l a t i o n  

code I 

I n  t h i s  s p e c i a l  case, t h e  neutron 
---------I 

refers to  neutron energy. m 
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APPENDIX G 

Al te rna t ive  S t r u c t u r e  for ENDF Data Tapes 

The standard s t r u c t u r e  of an ENDF tape was described i n  Sect ion 0.4.2 of 

t h i s  report. The standard structure is w e l l  s u i t e d  f o r  BCD (card image) and 

binary tapes.  An a l t e r n a t i v e  s t ructure  of the  ENDF da ta  tapes  has been develop- 

ed €or use i n  c e r t a i n  cross sec t ion  processing codes. This al ternate 

arrangement, i l l u s t r a t ed  i n  Figure G.1 ,  is simply an interchange of materials 

and f i l e s .  The hierarchy is now M F ,  MAT, and MT. 

Processing programs have been wr i t t en  t h a t  w i l l  convert  an ENDF da ta  tape 

( e i t h e r  BCD card image or binary)  from the  standard structure to the  a l t e r n a t e  

structure (see Appendix I ) .  



F.i 1 e 
Tape MJ? 

I dent.  
(TPID) 

F i r s t  
F i l e  

F i r s t  
Material 

Second 
Mater i a1 

G. 2 

Material Sec t ion  
MAT MT - I 

Sect ion  F i r s t  I ~~~~~ Record 

Second Second 
Sec t ion  Record 

Figure G . l .  Alternate Arrangement of an ENDF Tape 
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APPENDIX H 

Data Formats for the ENDF/A Library 

The data formats and procedures to be used for the  ENDF/A library are 

- 

essent ia l ly  the  same as those used for t h e  ENDF/B. A l l  processing codes, such 

as CHECKER, RIGEL, and ET/E, w i l l  be able to read the  data tape, whether the  

tape is an ENDF/A or ENDF/B data type. The only difference between the two 

tapes is a flag i n  the HEAD record of the  f i r s t  section, MT = 451, i n  F i l e  1. 

A l s o ,  the f i r s t  part of the Hollerith information ( f i r s t  t w o  BCD card-image 

records) w i l l 1  have an a r t i f i c i a l  structure. The modified structure for an 

ENDF/A tape is 

(MAT, 1, 451/ZA, Am; LRP, LFI; NLIB, NMoDhEAD 

(MAT, 1, 451/ELIS,STA,LIS,LIS@,O,O kONT 

(MAT, 1, 451/0.0, 0.0, 0 ,  0; NWD, NXC/ 

AID,  ALAB, DATE1, AUTH / 

REF, DATE2, DATE3, EMIN, W / H  (N) )LIST 

(MAT, 1, 451/0.0, 0.0; MF1, MT1, NC1, M O D l k I N T  

(MAT, 1, O/O.O, 0.0, 0, 0, 0, 0)SEND 

where 

- NLIB is flag to indicate the type of data tape. 

If NLIB = 0 7 ENDF/B tape, 

= 1 - ENDF/A tape, 
~ 

= 2 - ENDF/A tape (translated from UKAEA l ibrary),  
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1.2 

Gus tod i a n  

H. Henryson 

Code  

2 ETOE-2fiC -2 

Org. 

ANL 

-- 

ETOG3 

ETOG-5 

ETOP-15 

ETOMX 

ETOT-5 

mox 

ETOX 

BNL 

WNES 

EG&G 

BAPL 

WNES 

HEDL 

LASL 

P. R o s e  

W. Henderson 

R. Grimesy 

J. Hardy 

W. Henderson 

R. Schenter  

R. Ridman 

Prepares broad group neut ron  

cross s e c t i o n s  for f a s t  reactor 

c a l c u l a t i o n s .  A l s o  used to 

prepare f i n e  group neut ron  cross 

s e c t i o n  l ibraries for u s e  i n  t h e  

SDX code. 

Special v e r s i o n  of ETOG for use  

i n  Technion v e r s i o n  of HAMMER. 

P r e p a r e s  neut ron  cross s e c t i o n s  

for use i n  t h e  MUFT, GAM, ANISN,  

and LASER codes. WCAP-3845-1. 

Mult igroup processor for t h e  

PHROG f a s t  spectrum code. 

Prepares neut ron  cross s e c t i o n s  

for use  i n  t h e  MUFT and GAM 

codes . 
Prepares p o i n t w i s e  or group 

thermal  neut ron  cross s e c t i o n s  

from F i l e s  2 and 3 of ENDF/B 

format data. WCAP-7363. 

Prepares n e u t r o n  cross s e c t i o n s  

and s h i e l d i n g  factor tables for 

use  i n  t h e  1DX code. 

Same as above. 

! 



H . l  

APPENDIX H 

Data Formats for the ENDF/A Library - 
The data formats and procedures to be used for the  ENDF/A library are 

essentially the  same as those used for the  ENDF/B. A l l  processing codes, such 

as CHECKER, RIGEL, and m/E, w i l l  be able to read the  data tape, whether the 

tape is an m F / A  or ENDF/B data type. 

tapes is a flag i n  the  HEAD record of the  f i r s t  section, MT = 451, i n  F i l e  1. 

A l s o ,  the  f i r s t  part of t h e  Hollerith information ( f i r s t  two BCD card-image 

records) w i l l  have an a r t i f i c i a l  structure. The modified s t r u c t u r e  for an 

ENDF/A tape is 

The only difference between the  two 

(MAT, 1, 451/ZA, Am; LRP, LFI; NLIB, NMoD)HEAD 

(MAT, l,, 451/ELIS,STA,LIS,LIS@,O,O kONT 

(MAT, 1, 451/0.0, 0.0, 0 ,  0; NWD, NXC/ 

AID,  AI;AB, DATE1, AUTH / 

REF, DATE2, DATE3, EMIN, EMAX/H (N) )LIST 

(MAT, 1, 451/0.0, 0.0; MF MT1, NC1, MODlk$3NT 1' 
.................................... 

= 2 - ENDF/A tape (translated from UKAEA l ibrary),  



Code  

2 ETOE-2fiC -2 

ENG3 

ETOG-5 

ETOP-15 

ETOMX 

ETOT-5 

ETOX 

ETOX 

Org. 

ANL 

-I_ 

1.2 

Custodian 

H. Henryson 

BNL 

WNES 

P. R o s e  

W. Henderson 

EG&G R. Grimesy 

BAPL J. Hardy 

W. Henderson WNES 

HEDL 

LASL 

R. Schenter  

R. Kidman 

- Comments 

Prepares broad group neutron 

cross s e c t i o n s  for f a s t  reactor 

c a l c u l a t i o n s .  A l s o  used to  

prepare f i n e  group neutron cross 

s e c t i o n  l i b r a r i e s  f o r  u s e  i n  t h e  

SDX code. 

Special ve r s ion  of ETOG far use 

i n  Technion vers ion  of HAMMER. 

Prepares neutron cross s e c t i o n s  

f o r  use  i n  t h e  MUFT, GAM, ANISN, 

and LASER codes. WCAP-3845-1. 

Multigroup processor f o r  t h e  

PHROG f a s t  spectrum code. 

Prepares  neutron cross s e c t i o n s  

f o r  use i n  t h e  MUFT and GAM 

codes . 
Prepares poin twise  or group 

thermal neutron cross s e c t i o n s  

from F i l e s  2 and 3 of ENDF/B 

format data. WCAl?-7363. 

Prepares neu .ron cross s e c t i o n  

and s h i e l d i n g  f a c t o r  tables for 

use i n  t h e  1DX code. 

Same as above. 



1.3 

e Code Comments Org. Custodian 

FI ZCON BNL NNDC Check ENDF data for physics con- 

FLANGE I1 

GFEB/GAND3 

INTEND 

INTER 

LISTFC 

'7, 

MACK 

M I N X  

MINX 

SRL D. Finch 

BNL NNDC 

s i s t ency  and check t h a t  recom- 

mended procedures are followed. 

Prepares thermal neutron cross 

sec t ions  from ENDF/B data 

including S( , ) data i n  f i l e  7. 

N o  Adler-Adler capab i l i t y .  

GA D. Mathews Prepares neutron cross sec t ions  

for use  i n  t h e  GGC-4, GGC-5 and 

MICROX codes. 

Computes a v a r i e t y  of i n t e g r a l  

q u a n t i t i e s  from a pointwise ENDF 

f i le .  

Same as above. 

Generates i n t e rp re t ed  l i s t i n g s  of 

ENDF files. 

Calculates KERMA factors , 
ac t iva t ion ,  and gamma-ray 

production data. 

LASL R. MacFar lane  Prepares neutron cross sec t ion  

and sh ie ld ing  factor tables for 

t h e  SPHINX code. CDC version. 

Same as above. IBM version. 

BNL NNDC 

BNL NNDC 

ANL Y. Gohar 

ORNL C. Weisbin 



Code 

NJOY 

PLOTEF 

PSYCHE 

PUFF 

RESEND 

RIGEL 

§AMI? 

SAMX 

SIGMA1 

Org . 
LASL 

BNL 

BNL 

ORNL 

BNL 

BNL 

MAGI 

Magi 

LLL 

1 . 4  

Custodian Comments 

R. MacFarlane General  cross s e c t i o n  process ing  

code for f a s t  neutrons,  thermal 

neutrons,  photon product ion,  

photo i n t e r a c t i o n ,  h e a t  prsduc- 

t i o n ,  and covar iances  i n  mul t i -  

group and poin twise  forms and 

s e v e r a l  d i f f e r e n t  l i b r a r y  

formats. 

NNDC P l o t t i n g  code for ENDF. 

NNDC Physics  tests on ENDF f i les .  

C. Weisbin Processes covar iance  d a t a  for u s e  

NNDC 

i n  s e n s i t i v i t y  a n a l y s i s .  

Prepares i n f i n i t e l y  d i l u t e  0 K 

po in twise  cross s e c t i o n s  from 

F i l e  2 f 3 information.  

NNDC ENDF f i l e  Ed i t ing  code. Creates 

ENDP b ina ry  f i l e  formatted tapes. 

H. L i c h t e n s t e i n  A cont inuous energy Monte Carlo 

code f o r  a n a l y s i s  of problems 

involv ing  s h i e l d i n g  and f a s t  

or thermal reactors. 

Prepares cross s e c t i o n s  for the  

§AMF Monte-Carlo code. 

Doppler broadens a l i n e a r i z e d ,  

po in twise  ENDF f i l e .  

M. Beer 

D. Cul len 



e Code 

S'I'NDRD 

sum1 2 

SUPERTON 

UNCER 

VIM 

Org. 

BNL 

BNL 

GE 

uw 
ANL 

1.5 

Custodian 

NNDC 

NNDC 

C. Stuart 

C. Maynard 

H. Henryson 

Comments 

To standardize data formats, 

update dictionary, and resequence 

an ENDF f i l e .  

Summary of ENDF f i l e .  

Prepares neutron cross sections 

for codes of the GAM/MUFT type. 

Processes covariance f i l e  data. 

A continuous energy Monte Carlo 

code for fas t  and thermal. 

reactor analysis. 



J.l 

APPENDIX J 

Materials i n  the  ENDF/B-V Library 

The following is a l ist  of mater ia l s  t h a t  c o n s t i t u t e  the ENDF/B-V Library. 

Those materials found on ENDF Tapes 501-517 are  re fer red  t o  as General Purpose 

Evaluations. 

Spec ia l  Purpose Actinide (521,522), Dosimetry (531), Activation (532), G a s  Pro- 

duction (533) ,  and Fiss ion  Product (541-546) f i l e s .  

A l s o  included i n  the l i b r a r y  are p a r t i a l  evaluations f o r  t h e  

Other ma te r i a l s  e x i s t  and are ava i l ab le  i n  the  ENDF format. For a l i s t  of 

ma te r i a l s  i n  the  ENDF/A Library please contac t  NNDC. Moderating Materials 

(i.e.,  Sca t t e r ing  Law Data) have been ca r r i ed  over from ENDF/B-I11 f o r  H 2 0 ,  D 2 0 ,  

Beryllium, HeO, Graphite, Polyethylene, Benzene, Zr i n  ZrH,  and H i n  ZrH. 



APPENDIX J 

Materials i n  t h e  ENDF/B-V L i b r a r y  

Z E L  A 

1-H - 1 
1-H - 2 
1-H - 3 
1-H - 3 
2-He- 3 

- -  

2-He- 4 
3-Li- 6 

3-Li- 6 
3-Li- 7 
3-Li- 7 
3-Li- 8 
4-Be- 9 

3-Li- 6 

5-B - 10 
5-B - 10  
5-B - 1 0  
5-B - 11 

4 6 - C -  0 
;O 6-C - 1 4  

7-N - 14 
7-N - 14 
7-N - 15 
7-N - 16 
8-0 - 16 
8-0 - 16 
8-0 - 17 
9-F - 18 
9-F - 1 9  
9-F - 1 9  
10-Ne- 23 
11-Na- 22 
11-Na- 23 
11-Na- 23 
11-Na- 23 
11-Na- 24 
12-Mg- 0 
12-Mg- 24 

13-AI.- 27 
13-Al- 27 
13-A1- 27 
13-A1- 28 

1 2 - ~ g -  27 

MAT 
No. 

1301 
1302 
1169 
7013 
1146 
1270 
1303 
6424 
7036 
1272 
7037 
7038 
1304 
1305 
6425 
7050 
1160 
1306 
7064 
1275 
7074 
1307 
7076 
1276 
7086 
1317 
7098 
1309 
7099 
7103 
7112 
1311 
6311 
7113 
7114 
1312 
7124 
7127 
1313 
6313 
7137 
7138 

- 

14-Si- 0 1314 

SPECIFICATION 
Q 

N e u t .  + gamma prod.  + error 
Neutron + gamma p r o d u c t i o n  
Neutron+decay d a t a  
Decay d a t a  o n l y  
Neutron cross s e c t i o n s  o n l y  
Neutron cross sections only 
Neut. + gamma prod.  + e r r o r  
Neutron+err .  f i les  
Neutron cross sections only 
Neu t ron  C gamma p r o d u c t i o n  
Neutron cross sections only 
Decay d a t a  only 
Neutron + gamma p r o d u c t i o n  
Neut .  + gamma prod.  + e r r o r  
N e u t r o n + e r r . f i l e s  
Neutron cross s e c t i o n s  o n l y  
Neutron cross s e c t i o n s  only 
N e u t .  + gamma prod. +error 
Decay d a t a  o n l y  
Neut .  + gamma prod.  +error 
Neutron cross sections o n l y  
Neutron + gamma p r o d u c t i o n  
Decay d a t a  o n l y  
Neut .  + gamma prod.  +error 
Neutron cross sections o n l y  
Neutron cross sections o n l y  
Decay d a t a  o n l y  
N e u t .  + gamma prod.  +error 
N e u t r o n + e r r . f i l e s  
Decay d a t a  o n l y  
Decay d a t a  o n l y  
Neut .  (RP) + gamma prod. + e r r o r  
N e u t .  (RP) +err. f i les 
Neut. (RP) +err .f i les 
Decay d a t a  o n l y  
Neutron + gamma p r o d u c t i o n  
Neutron cross sections o n l y  
Decay d a t a  o n l y  
Neut .  + gamma prod.  +error 
Neutron+err  . f i l es  
Neutromcross sections only 
Decay d a t a  o n l y  
Neut. + gamma prod. +error 

NO. 
CARDS 

521 
9 17 
856 
30 

412 
434 

2664 
200 
157 
700 
1 0 1  
55 

2792 
3635 

18 0 
94 

1035 
2713 

29 
6223 

167 
3910 

127 
6151 

86 
874 

39 
4826 

86 
48 
48 

4447 
181 
258 

48 
4704 

7 1  
37 

6206 
186 
238 

3 1  
12882 

LABORATORY 

LASL 
LASL 
LASL 
INEL 
W L  
LASL 
LASL 
LASL 
LASL 
LASL 
LASL 
INEL 
LLL 
LASL 
LASL 
LASL 
GE-BNL 
ORNL 
INEL 
LASL 
W L  
LASL 
INEL 
LASL 
LASL 
BNL 
INEL 
ORNL 
ORNL 
INEL 
INEL 
ORNL 
ORNL 
ORNL 
INEL 
ORNL 

REFERENCE 

LA-4574 (1971) 
LA-3271 (1968) 
LA-3270 (65) UPDATE67 

NO PUBLICATION 
NO PUBLICATION 

INDC (F/R) -7/L 

LA-4725 (1972) 
LA-4725 (1972) 

LA-4780 (1972) 
LA-4780 (1972) 

HEDL , ORNL 
INEL 
LASL LA-4726 (1973). 
LASL LA-4726 (1973) .  
LASL LA-4726 (1973). 
INEL 
0m-L 

DATE 

JAN 77 
JAN 77 
OCT 74 
APR 78 
JUN 68 
OCT 73 
SEP 77 
DEC 78 
SEP 77 
OCT 72 
OCT 72 
APR 78 
OCT 76 
JAN 77 
JAN 79 
JAN 77 
NOV 74 
JAN 77 
APR 78 
JUN 75 
JUN 75 
MAR 77 
APR 78 
J U N  75 
JUN 75 
JAN 78 
APR 78 
DE€ 76 
NOV 79 
APR 78 
APR 78 
DEC 77 
DEC 77 
NOV 79 
APR 78 
FEB 78 
NOV 79 
APR 78 
AUG 77 
AUG 77 
AUG 77 
APR 78 
DFC 76 

- AUTHOR 

L. STEWART, R.J.  LABAWE, P.G. YOUNG 
L. STEWART (LASL) A. HORSLEY ( A m )  
LEONA STEWART 
REICH 
LEONA STEWART (LASL) 
NISLEX, HALE, YOUNG (LASL) 
G. HALE, L. STEWART, P.G. YOUNG 
L. STEWART, G. HALE, P. YOUNG 
G. HALE, L. STEWART, P.G. YOUNG 
R.J .  LFsBAWE, L. STEWART, M. BATTAT 
R.J. LABAUVE, L. STEWART, M. BATTAT 
REICH 
HOWERTON, PERKINS 
G. HALE, L. STEWART, P. YOUNG 
L. STEWART, G. HALE, P. YOUNG 
G. HALE, L. STEWART, P. YOUNG 
c. COWAN 
C.Y. FU AND F.G. PEREY 
REICH 
P. YOUNG, D. FOSTER, JR., G. HALE 
P. YOUNG, D. FOSTER, JR., G. HALE 
E. ARTHUR, P. YOUNG, G. HALE 
REICH 
P. YOUNG, D. FOSTER, JR., G. HALE 
P. YOUNG, D. FOSTER, JR., G. HALE 
B.A. MAGURNO 
REICH 
C.Y. FU, D.C. LARSON, F.G. PEESY 
C.Y. FU, D.C. LARSON, P.G. FEREY 
REICH 
REICH 
D.C. LARSON 
D.C. LARSON 
D.C. LARSON 
REICH 
D.C. -ON 
MA”, LARSON 
REICH 
P.G. YOUNG, D.G. FOSTER, JR. 
P.G. YOUNG, D.G. FOSTER, JR. 
P.G. YOUNG, D.G. FOSTER, JR. 
REICH 
LARSON, PERBY, DRAKE, YOUNG 

TAPE 
No. 

511 
505 
501 
532 
511 
5 0 1  
511 
531 
532 
505 
532 
532 
505 
511 
531 
532 
501 
511 
532 
505 
532 
505 
532 
505 
532 
505 
532 
503 
532 
532 
532 
506 
531 
532 
532 
506 
532 
532 
506 
531 
532 
532 
507 



a 
Z E L  A - -  

14-Si- 31 
15-P - 3 1  
15-P - 3 1  
15-P - 32 
16-5 - 0 
16-S - 32 
16-S - 32 
17-Cl- 0 
18-Ar- 40 
18-Ar- 4 1  
19-K - 0 
19-K - 41 
20-Ca- 0 
20-Ca- 45 
20-Ca- 47 
21-sc- 44m 
21-sc- 44 
21-sc- 45 
21-sc- 45 
21-SC- 46 
21-sc- 47 
21-SC- 48 
22-Ti- 0 

W 22-Ti- 46 
22-Ti- 46 
22-Ti- 47 
22-Ti- 47 
22-Ti- 48 
22-Ti- 48 
22-Ti- 50 
23-V - 0 
24-Cr- 0 
24-Cr- 49 
24-Cr- 50 
24-Cr- 51 
24-Cr- 52 
25-Mn- 54 
25-Mn- 55 
25-Mn- 55 
25-Mn- 55 
25-Mn- 56 
26-Fe- 0 
26-Fe- 54 
26-Fe- 54 
26-Fe- 55 
26-Fe- 56 
26-Fe- 56 
26-Fe- 58 
26-Fe- 58 
26-Fe- 59 

MAT 
NO. 

7141 
1315 
7151 
7152 
1347 
1316 
7162 
1149 
7180 
7181 
115 0 
7191 
1320 
7205 
7207 
,7213 
7214 
6426 
7215 
7216 
7217 
7218 
1322 
6427 
7226 
6428 
7227 
6429 
7228 
7220 
1323 
1324 
7249 
7240 
7241 
7242 
7254 
1325 
6325 
7255 
7256 
1326 
6430 
7264 
7265 
6431 
7266 
6432 
7268 
7269 

- SPECIFICATION 

Decay d a t a  o n l y  
Neu t ron  + gamma p r o d u c t i o n  
Neutron cross s e c t i o n s  only 
Decay data o n l y  
Neutron (RP) +gamma p r o d u c t i o n  
Neutron + gamma p r o d u c t i o n  
Neutron cross sections only 
Neutron + gamma p r o d u c t i o n  
Neutron cross sections only(RP) 
Decay d a t a  o n l y  
Neutron + gamma p r o d u c t i o n  
Neutron cross s e c t i o n s  o n l y  
Neutron + gamma p r o d u c t i o n  
Decay d a t a  o n l y  
Decay data o n l y  
Decay d a t a  o n l y  
Decay data o n l y  
Neut. ( R P ) + e r r . f i l e s  
Neutron cross s e c t i o n s  only(RP) 
Decay data o n l y  
Decay d a t a  only 
Decay d a t a  only 
Neutron + gamma p r o d u c t i o n  
Neu t ron+er r .  f i les  
Neutron cross sections o n l y  
Neu t r o n + e r r  . f i les 
Neutron cross sections o n l y  
N e U t r O n f e r K .  f i les  
Neutron cross sections o n l y  
Neutron cross s e c t i o n s  o n l y  
Neutron + gamma p r o d u c t i o n  
N e u t .  (RP) + gamma prod.  + e r r o r  
Decay d a t a  only 
Neutron CKOSS s e c t i o n s  o n l y  (RP) 
Decay d a t a  only 
Neutron cross s e c t i o n s  o n l y  
Decay d a t a  only 
Neut .  (RP) + gamma prod. + e r r o r  
N e u t r o n + e r r . f i l e s  
Neu t ron  cross s e c t i o n s  only(RP) 
Decay d a t a  o n l y  
Neut. (RP) + gamma prod.  + e r r o r  
Neutron+err .f i les 
Neu t ron  cross sections only(RP) 
Decay d a t a  o n l y  
Neu t ron+er r .  f i les  
Neutron cross sections o n l y  
Neut. ( R P ) + e r r . f i l e s  
Neutron cross sections only(RP) 
Decay d a t a  o n l y  

NO. 
CARDS 

53 
956 

48 
29 

4738 
979 
51 

3783 
72 
65 

3946 
56 

5999 
29 
70 
75 
74 

280 
347 

63 
57 
75 

5436 
6 1  
64 
90 

100 
89 

127 
44 

2375 
13517 

95 
180 

57 
49 
54 

2887 
64 

306 
93 

8982 
'-8 0 

295 
59 

109 
127 
159 
133 

94 

LAEORATORY 

INEL 
LLL 
LLL 
INEL 
BNL 
LLL 
LLL 
GGA 
HEDL 
INEL 
GGA 
HEDL 
OWL 
INEL 
INEL 
INEL 
INEL 
BNL 
BNL 
INEL 
INEL 
INEL 

BURANLLLL 
ANL 
ANL 
ANL 
ANL 
ANL 

REFERENCE 

UCRL 50400 VOLl5(E) 
UCRL 50400 VOLl5(E) 

UCRL 50400 VoLl5(E) 
UCRL 50400 VOLl5(E) 
GA-7829 VOL-4 (1967) 

GA-7829 VOL-5 (1967) 

ADNDT 1 7  (1976) 127. 

ANL/NDM-28,1977 

ANL , LASLf 
LASL 

BNL . 
INEL 
BNL 
INEL 
BNL 
INEL 
BNL 
BNL 
BNL 
INEL 
ORNL ORNL-4617 (1970) 
HEDL 
HEDL, ORNL 
INEL 
ORNL 
ORNL 
HEDL 
HEDL 
INEL 

ANLLLLHEDL ANL/NDM-24,1977 

DATE 

APR 78 
OCT 77 
OCT 77 
aPR 78 
APR 79 
OCT 77 
OCT 77 
FEE 67 
JAN 79 
APR 78 
FEB 67 
JAN 79 
OCT 76 
APR 78 
APR 78  
APR 78 
APR 78 
JUL 79 
JUL 79 
APR 78 
APR 78 
APR 78 
AUG 77 
JAN 77 
JAN 77 
J A N  77 
JAN 77 
JAN 77 
JAN 77 
m y  79 
JAN 77 
DE€ 77 
APR 78 
AUG 79 
APR 78 
AUG 79 
APR 78 
MAR 77 
MAR 77 
MAR 77 
APR 78 
OCT 77 
JUN 79 
JUN 79 
APR 78 
JUL 78 
JUL 78 
JUN 79 
JUN 79 
APR 78 

AUTHOR 

REICH 
HOWERTON 
HOWERTON 
WICK 
DIVADEENAM 
HOWERTON 
HOWERTON 
M.S. ALLEN AND M.K. DRAKE 
MA" 
REICH 
M.K. DRAKE 
MA" 
C.Y. FU AND F.G. PEREY 
REICH 
REICH 
REICH 
REICH 
MAGURNO AND MUGHABGHAB 
MAGURNO MUGHABGHAB, AND SCHWERER 
REICH 
REICH 
REICH 
C. PHILIS, A. SMITH, R. HOWERTON 
C. PHILIS, 0. BERSILLON, D. SMITH, ETC. 
C. PHILIS, 0. BERSILLON, D. SMITH, ETC. 
C. PHILIS, 0. BERSILLON, D. SMITH, EX. 
C. PHILIS, 0. BERSILLON, D. SMITH, ETC. 
C. PHILIS, 0. BERSILLON, D. SMITH ETC. 
C. PHILIS, ARTHUR, FU+ 
E. ARTHUR 
A. SMITH+, A. HOWERTON, F. MA" 
A. PRINCE AM) T.W. BURROWS 
REICH 
A. PRINCE 
REICH 
A. PRINCE 
REICH 
S.F. MUGHABGHAB 
S.F. MUGHABGHAB 
S.F. MUGHABGHAB 
REICH 
C . Y .  FU AND F.G. P E W  
R. SCHENTER F. SCHMITTROTH F. MA" 
SCHENTER ET AL. AND FU 
REICH 
C.Y. F U  
C.Y. FU 
R. SCHENTER F. SCHMITTROTH F. MA" 
R. SCHENTER F. SCHMITTROTH F. MA" 
REICH 

TAPE 
NO. 

532 
503  
532 
532 
517 
503  
532 
513 
532 
532 
513 
532 
507 
532 
532 
532 
532 
531 
532 
532 
532 
532 
508 
531 
532 
531 
532 
531 
532 
532 
508 
512 
532 
532 
532 
532 
532 
508 
531 
532 
532 
513 
531 
532 
532 
531 
532 
531 
532 
532 

- 



MAT 
Z EL A NO. - - -  

27x0- 57 7277 

27-Co- 59 1327 
27-C~-  59 6327 

27-Co- 60 7270 
28-Ni- 0 1328 
28-Ni- 57 7287 
28-Ni- 58 6433 
28-Ni- 58 7288 
28-Ni- 59 7289 
28-Ni- 60 6434 
28-Ni- 60 7280 
28-Ni- 62 7282 
28-Ni- 63 7283 
2 9 - C ~ -  0 1329 
2 9 - C ~ -  63 6435 
29-CU- 63 7293 
2 9 - C ~ -  64 7294 
2 9 - C ~ -  65 6436 
29-Cu 55 7295 
36-KL 78 1330 

4 36-Kr- 80 1331 
rp 36-Kr- 82 1332 

36-Kr- 83 1333 
36-Kr- 84 1334 
36-Kr- 86 1336 
40-Zr- 0 1340 
40-Zr- 89m 7408 
40-Zr- 89 7409 
40-Zr- 90 1385 
40-Zr- 90 7400 
40-Zr- 9 1  1386 
40-Zr- 92 1387 
40-Zr- 92 7402 
40-Zr- 93 7403 
40-Zr- 94 1388 
40-Zr- 94 7404 
40-Zr- 95 7405 
40-Zr- 96 1389 
41-Nb- 92m 7411 

27420- 58 7278 

2740- 59 7279 

41-Nb- 92 7412 
41-Nb- 93 1189 
41-Nb- 93m 7410 
41-Nb- 93 7413 
41-Nb- 94 7414 
42-Mo- 0 1321 
42-MO- 92 7422 
42-MO- 93 7423 
42-MO- 98 7428 

SPECIFICATION 

Decay d a t a  only 
Decay d a t a  o n l y  
Neutron (RP) +gamma p r o d u c t i o n  
Neut. ( R P ) + e r r . f i l e s  
Neutron cross sections only(RP) 
Decay d a t a  o n l y  
Neut. (RP) + gamma prod.  + e r r o r  
Decay d a t a  o n l y  
N e u t r o n + e r r . f i l e s  
Neutron cross s e c t i o n s  o n l y  
Decay d a t a  o n l y  
Neut ron+err  . f i les 
Neutron cross sections o n l y  
Neutron cross s e c t i o n s  o n l y  
Decay d a t a  o n l y  
Neutron (RP) +gamma p r o d u c t i o n  
Neut. ( R P ) + e r r . f i l e s  
Neutron cross sections only(RP) 
Decay d a t a  o n l y  
Neu t r o n + e r r  . f i les 
Neutron cross s e c t i o n s  o n l y  
Neutron cross sections only(RP) 
Neutron cross sections only(RP) 
Neutron cross sections only(RP) 
Neutron cross s e c t i o n s  only(RP) 
Neutron cross sections only(RP) 
Neutron cross s e c t i o n s  only(RP) 
Neutron cross sections only(RP) 
Decay d a t a  only 
Decay d a t a  o n l y  
Neutron cross sections o n l y  (RP) 
Neukron cross s e c t i o n s  only 
Neutron cross sections only(RP) 
Neutron cross sections only(RP) 
Neutron cross sections only(RP) 
Decay d a t a  only 
Neutron cross s e c t i o n s  only(=)  
Neutron cross s e c t i o n s  only(RP) 
Decay d a t a  only 
Neutron cross s e c t i o n s  only(RP) 
Decay d a t a  o n l y  
Decay d a t a  o n l y  
Neutron (RP) + g a m a  p r o d u c t i o n  
Decay d a t a  o n l y  
Neutron cross sections only(RP) 
Decay d a t a  only 
Neutron (RP) + g a m a  p r o d u c t i o n  
Neutron cross sections only(RP) 
Decay d a t a  o n l y  
Neutron cross s e c t i o n s  only(RP) 

NO. 
CARDS 

79 
67 

3326 
3 68 
382 

69 
9287 
105 
13  0 

1535 
66 
7 1  

116 
1530 

26 
3731 

298 
250 

59 
96 
79 

1085 
1037 
1075 
1097 

910 
914 

1859 
75 
73 

1127 
74 

1349 
1183 

160 
28 

1258 
170 

73 
1068 

65 
59 

2190 
53 

427 
6 1  

1838 
89 
46 
96 

LABORATORY 

INEL 
INEL 
BNL 
BNL 
BNL 
INEL 
BNL (NNDC) 
INEL 
BNL 
BNL 
INEL 
BNL 
BNL 
BNL 
INEL 
ORNL , SA1 
OWL 
ORNL 
INEL 
ORNL 
ORNL 
BNL 
BNL 
BNL 
BNL 
BNL 
BNL 
SA1 
INEL 
INEL 
SA1 
SA1 
SA1 
SA1 
SA1 
INEL 
SA1 
SA1 
INEL 
SA1 
INEL 
INEL 
ANL , LLL 
INEL 
ANL,LLL 
INEL 
LLL , HEDL 
HEDL 
INEL 
HEDL 

REFERENCE DATE 

APR 78 
APR 78 
JUN 77 
JUN 77 
JUN 77 
APR 78 
MAR 77 

DNA-3356F (1974) 

EPRI NP-250 

EPRI NP-250 
EPRI NP-250 
EPRI NP-250 
EPRI NP-250 
EPRI NP-250 

EPRI NP-250 
EPRI NP-250 

EPRI NP-250 

APR 78 
MAR 77 
MAY 78 
APR 78 
MAR 77 
MAY 78 
MAY 78 
APR 78 
MAR 78 
JUL 78 
JUL 78 
APR 78 
JUL 78 
JUL 78 
DEC 78 
DEC 78 
DEC 78 
DEC 78 
APR 78 
JUN 15 
APR 76 
APR 78 
APR 78 
APR 76 
APR 76 
APR 76 
APR 76 
APR 76 
APR 78 
APR 76 
APR 76 
APR 78 
APR 76 
APR 78 
APR 78 
MAY 74 
APR 78 
MAY 74 
APR 78 
FEB 79 
FEB 80 
APR 78 
FE3 80 

AUTHOR 

REICH 
REICH 
S. MUGHABGHAB 
S. MUGHABGHAB 
S. MUGHABGHAB 
REICH 
M. DIVADEENAM 
REICH 
M. DIVADEENAM 
D I  VADEENAM 
REICH 
M. DIVADEENAM 
DIVADEENAM 
DIVADEENAM 
REICH 
FU, DRAKE, FRICKE 
C.Y. FU 
C.Y. F U  
REICH 
C.Y. FU 
C.Y. FU 
A. PRINCE 
A. PRINCE 
A. PRINCE 
A. PRINCE 
A. PRINCE 
A. PRINCE 
M. DRAKE, D. SARGIS, T. MAUNG 
REICH 
REICH 
M. DRAKE, D. SARGIS, T. MAUNG 
M. DRAKE, D. SARGIS, T. MAUNG 
M. DRAKE, D. SARGIS, T. MAUNG 
M. DRAKE, D. SARGIS, T. MAUNG 
M. DRAKE, D. SARGIS, T. MAUNG 
REICH 
M. DRAKE, D. SARGIS, T. MAUNG 
M. DRAKE, D. SARGIS, T. MAUNG 
REICH 
M. DRAXjE, D. SARGIS, T. MAUNG 
REICH 
REICH 
R. HOWERTON (LLL) AND A. SMITH 
REICH 
R. HOWERTON (LLL) AND A. SMITH 
REICH 
HOWERTON, SCHMITTROTH, SCHENTER 
SCHENTER, SCHMITTROTH, ET AL 
REICH 
SCHENTER, SCHMITTROTH, ET AL 

TAPE 
NO. 

532 
53 2 
501  
531  
532 
532 
512 
532 
531 
532 
532 
531 
532 
532 
532 
508 
531 
532 
532 
531 
532 
509 
509 
509 
509 
509 
509 
508 
532 
532 
501 
532 
501 
501 
532 
532 
501 
532 
532 
501 
532 
532 
510 
532 
532 
532 
513 
532 
532 
.532 



MAT 
Z EL A NO. - - -  

42-Mc- 99 7429 
42-M~-100 7420 
42-Mo-101 7421 
43-Tc- 99 1308 
45-Rh-103 1310 
47-Ag-107 1371 
47-Ag-109 1373 
47-Ag-109 7479 
47-Ag-110 7470 

48-Cd- 0 1281 
48-Cd-113 1318 

47-Ag-110m 7471 

49-In-115 6437 
49-In-115m 7494 
49-In-115 7495 
49-In-116 7496 
50-Sn-120 7500 
50-Sn-121 7501 
50-Sn-121m 7506 
50-Sn-122 7502 
50-Sn-123 7503 

4 50-Sn-123m 7507 
50-Sn-124 7504 

cn 50-Sn-125 7505 
50-Sn-125m 7508 
53-1 -126 7536 
53-1 -127 6438 
53-1 -127 7537 
53-1 -128 7538 
54-Xe-124 1335 
54-Xe-126 1339 
54-Xe-128 1348 
54-Xe-129 1349 
54-Xe-130 1350 
54-Xe-131 1351 
54-Xe-132 1352 
54-Xe-134 1354 
54-Xe-135 1294 
54-Xe-136 1356 

56-Ba-138 1353 
57-La-139 7579 
57-La-140 7570 

5 5 4 s - 1 3 3  1355 

62-Sin-149 1319 
63-Eu-151 1357 
63-Eu-152 1292 
63-Eu-153 1359 
63-Eu-154 1293 
64-Gd-152 1362 
64-Gd-154 1364 

NO. 
SPECIFICATION CARDS 

Decay data only 
Neutron cross sections only(RP) 
Decay d a t a  o n l y  
N e u t .  (RP)+decay d a t a  
Neutron cross sections only (RP) 
Neutron cross s e c t i o n s  only(RP) 
Neutron cross sections only(RP) 
Neutron cross s e c t i o n s  only(RP) 
Decay data o n l y  
Decay d a t a  o n l y  
Neutron cross sections only 
Neut .  (RP) +decay d a t a  
Neut .  (Rp) +err .f i les  
Decay d a t a  o n l y  
Neutron cross sections only(RP) 
Decay d a t a  only 
Neutron cross sections only(RP) 
Decay data only  
Decay d a t a  o n l y  
Neutron cross sections only(RP) 
Decay d a t a  o n l y  
Decay d a t a  only  
Neutron cross s e c t i o n s  only(RP) 
Decay d a t a  only 
Decay d a t a  only 
Decay data o n l y  
Neutron+err. f i les 
Neutron cross sections only(RP) 
Decay d a t a  only 
Neutron cross s e c t i o n s  only(RP) 
Neutron cross sections only(RP) 
Neutron cross sections only(RP) 
Neutron cross sections only (RP) 
Neutron cross sections only(RP) 
Neutron cross sections only(Rp) 
Neutron cross sections o n l y  (RP) 
Neutron cross sections only(RP) 
Neutron+decay data 
Neutron cross sections only 
Neutron cross sections only(RP) 
Neutron + gamma p r o d u c t i o n  
Neutron cross sections only(RP) 
Decay d a t a  only 
Neut. (RP) +decay d a t a  
Neutron (RP) +gamma production 
N e u t .  (RP) +decay data 
Neutron (RP) +gamma p r o d u c t i o n  
Neu t .  (RP)+decay d a t a  
Neutron cross sections only (RP) 

1 4 1  
120 
471 
857 
995 
902 
831 
105 
104 
194 

2489 
582 
305 

67 
313 

95 
142 

29 
58 
98 
83 
64 

110 
150 

98 
117 

75 
223 
1 0 1  
742 
746 
710 
876 
815 
849 
721 
681 
864 
679 
885 

1117 
150 
193 

1643 
1917 
3248 
2110 
2465 
1453 

Neutron cross sections only(RP) 1507 

LABORATORY 

INEL 
HEDL 
INEL 
HEDL , BAW 
HEDL , BAU 
HEDL , BNL 
HEDL , BNL 
HEDL , BNL 
INEL 
INEL 
BNL 
BNL , HEDL 
HEDL/ANL 
INEL 

INEL 
HEDL 
INEL 
INEL 
HEDL 
INEL 
INEL 
HEDL 
INEL 
INEL 
INEL 
STANFORD 
HEDL 
INEL 
BNL 
BNL 
BNL 
BNL 
BNL 
BNL 
BNL 
BNL 
BNW 
BNL 
HEDL , BNL 
LLL 
HEDL 
INEL 
HEDL , BNW 
BNL 
BNL 
BNL 
BNL 
BNL 
BNL 

HEDL/ANL 

REFERENCE 

PRI.COM.JUNE,1967 

UCRL-50400 VOL. 15 

DATE 

APR 70 
FEB 80 

NOV 78 
NOV 70 
NOV 78 
NOV 78 
NOV 78 
APR 78 
APR 70 
NOV 74 
NOV 78 
JAN 78 
APR 78 
JAN 78 
APR 78 
OCT 74 
APR 78 
APR 78 
OCT 74 
APR 78 
APR 78 
OCT 74 
APR 78 
APR 78 
APR 78 
AUG 72  
FEB 80 
APR 70 
MAR 78 
MAR 78 
MAR 78 
MAR 78 
MAR 78 
MAR 78 
MAR 78 
MAR 78 
MAY 75 
MAR 78 
NOV 78 
AUG 78 
FEB 80 
APR 70 
NOV 78 
DEC 77 
JUN 75 
FEB 78 
JUN 75 
JAN 77 
JAN 77 

_I-. TAVD 70 

AUTHOR 

REICH 
SCHENTER, SCHMITTROTH, ET AL 
.REICH 
SCHENTER, LIVOLSI, SCHMITTROTH, ET AL 
SCHENTER, LIVOLSI, SCHMITTROTH, ET AL 
SCHENTER, BHAT, PRINCE, JOHNSON, ET AL 
SCHENTER, BHAT, PRINCE, JOHNSON, ET AL 
SCHENTER, BHAT, PRINCE, JOHNSON, ET AL 
REICH 
REICH 
S. PEARLSTEIN (TRANS FROM U.K.) 
PEARLSTEIN, MA", SCHENTER 
F. SCHMI'ITROTH/D.L. SMITH 
REICH 
F. SCHMITTROTH/D.L. SMITH 
REICH 
R.E. SCHENTER AND F. SCHMITTROTH 
REICH 
REICH 
R.E. SCHENTER AND F. SCHMITTROTH 
REICH 
REICH 
R.E. SCHENTER AND F. SCHMITTROTH 
REICH 
REICH 
REICH 
R. SHER 
SCHENTER, SCHMITTROTH, ET AL 
REICH 
M.R. BHAT AND S.F. MUGHABGHAB 
M.R. BHAT AND S.F. MUGHABGHAB 
M.R. BHAT AND S.F. MUGHABGHAB 
M.R. BHAT AND S.F. MUGHABGHAB 
M.R. BHAT AND S.F. MUGHABGHAB 
M.R. BHAT AND S.F. MUGHABGHAB 
M.R. BHAT AND S.F. MUGHABGHAB 
M.R. BHAT AND S.F. MUGHABGHAB 
B.R. LEONARD, JR. AND K.B. STEWART 
M.R. BHAT AND S.F. MUGHABGHAB 
SCHENTER, BHAT, PRINCE, JOHNSON, ET AL 
HOWERTON 
SCHENTER, SCHMITTROTH, ET AL 
REICH 
SCHENTER, LEONARD, STEWART, ET AL 
S.F. MUGHABGHAB 
H. TAXAHASHI 
S. MUGHABGHAB 
H. TAKAHASHI 
B.A. MAGURNO 
B.A. MAGURNO 

TAPE 
NO. - 

532 
532 
532 
510 
510 
510 
510 
532 
532 
532 
501 
510 
531 
532 
532 
532 
532 
532 
532 
532 
532 
532 
532 
532 
532 
532 
531 
532 
532 
509 
509 
509 
509 
509 
509 
509 
509 
509 
509 
510 
508 
532 
532 
510 
509 
509 
509 
509 
503 
503 



Z E L  A - -  
64-Gd-155 
64-Gd-156 
64-Gd-157 
64-Gd-158 
64-Gd-160 
66-Dy-164 
66-Dy-164 
66-Dy-165 

71-Lu-175 
71-Lu-176 
72-HE- 0 
7 2-E E- 174 
72-HE-176 
72-Hf-177 
72-HE- 178 
72-Hf-179 
72-HE-180 

66-Dy-165m 

73-Ta-181 
73-Ta-181 
73-Ta-182 

4 73-Ta-182 
74-W -182 
74-W -183 (3 

74-W -184 
74-w -186 
75-Re-185 
75-Re-187 
79-Au-195 
79-Au-196 
79-Au-197 
79-Au-197 
79-Au-197 
79-Au-198 
81-T1-208 
82-Pb- 0 
02-Pb-212 
83-Bi-212 
84-PO-216 
86-Rn-220 

90-Th-228 
90-Th-230 
90-Th-231 
90-Th-231 
90-Th-232 
90-Th-232 
90-Th-232 

88-Ra-224 

MAT 
NO. 

1365 
1366 
1367 
1368 
1370 
1031 
7664 
7665 
7666 
1032 
1033 
1372 
1374 
1376 
1377 
1378 
1383 
1384 
1285 
7731 
1127 
7732 
1128 
1129 
1130 
1131 
1083 
1084 
7795 
7796 
1379 
6379 
7797 
7798 
8108 
1382 
8212 
8312 
8416 
8620 
8824 
8028 
8030 
7901 
8031 
1390 
6390 
7902 

- SPECIFICATION 

Neutron cross s e c t i o n s  only(RP) 
Neutron cross sections Only(RP) 
Neutron cross sections Only(RP) 
Neutron cross sections only(RP) 
Neutron cross sections Only(RP) 
Neutron cross s e c t i o n s  only(RP) 
Neutron cross sections only(RP) 
Decay d a t a  o n l y  
Decay data only 
Neutron cross sections only(RP) 
Neutron cross s e c t i o n s  Only(RP) 
Neutron cross sections Only(RP) 
Neutron cross s e c t i o n s  Only(RP) 
Neutron cross sections only(RP) 
Neutron cross sections Only(RP) 
Neutron cross sections only(RP) 
Neutron cross s e c t i o n s  only (RP) 
Neutron cross sections only (RP) 
Neutron (RP) +gamma p r o d u c t i o n  
Neutron cross s e c t i o n s  only(RP) 
Neutron cross sections only(RP) 
Decay d a t a  only 
Neutron (RP) +gamma p r o d u c t i o n  
Neutron (RP) +gamma p r o d u c t i o n  
Neutron (RP) iganuna p r o d u c t i o n  
Neutron (RP) +gamma production 
Neutron cross sections only  (RP) 
Neut. (RP) +decay d a t a  
Decay d a t a  o n l y  
Decay d a t a  o n l y  
Neut .  ( R P ) + e r r . f i l e s  
Neut .  ( R P ) + e r r . f i l e s  
Neutron cross sections only(RP) 
Decay d a t a  o n l y  
Decay d a t a  only 
Neut. + gamma prod. +error 
Decay d a t a  only 
Decay d a t a  only 
Decay d a t a  o n l y  
Decay d a t a  only 
Decay d a t a  o n l y  
Decay d a t a  only 
Neut .  (RP) +decay d a t a  
Decay d a t a  only 
Decay d a t a  o n l y  
Neut(RP)+decay+FPY+gam.+err. 
Neut. (RP) +err. E i les 
N e u t .  (RP) +decay data 

NO. 
CARDS 

1602 
1495 
1536 
1524 
1259 
1312 

204 
220 
104 

1102 
1172 
1106 

695 
700 
898 
692 
735 
687 

2852 
183 
794 
227 

3240 
3576 
3132 
3114 
1396 
1473 

88 
139 

197 6 
559 
624 

73 
169 

3992 
84 

169 
37 
33 
74 
80 

802 
203 
201 

7540 
865 
895 

LABORATORY 

BNL 
BNL 
BNL 
BNL 
BNL 
BNW 
BNW 
INEL 
INEL 
BNW 
BNW 
SA1 
SA1 
SA1 
SA1 
S A 1  
SA1 
SA1 
LLL 
LLL 
A I  
INEL 
A I ,  LASL 
A I  ,LASL 
AI,LASL 
A I ,  LASL 
GE ( N W )  
GE (NMPO) 
INEL 
INEL 
BNL 
BNL 
BNL 
INEL 
INEL 
ORNL 
INEL 
INEL 
INEL 
INEL 
INEL 
INEL 
HEDL 
INEL 
INEL 
BNL 
BNL 
BNL 

REFERENCE 

PRI.COMM.JUNE,1967 
PRI.COMM.JUNE,1967 

PRI.COMM.JUNE11967 
PRI.COMM.JUNE,1967 
EPRI NP-250 
EPRI NP-250 
EPRI NP-250 
EPRI NP-250 
EPRI NP-250 
EPRI NP-250 
EPRI NP-250 

AI-AEC-12990 (1971) 

GEMP-587 
GEMP-587 

ADNDT,16(1975)409. 

DATE 

JAN 77 
JAN 77 
JAN 77 
JAN 77 
JAN 77 
JUN 67 
JUN 67 
APR 78 
APR 78 
JUN 67 
J U N  67 
APR 76 
APR 76 
APR 76 
APR 76 
APR 76 
APR 76 
APR 76 
NOV 74 
NOV 74 
APR 7 1  
APR 78 
J U N  73 
OCT 74 
APR 74 
J U N  73 
JAN 68 
JAN 68 
APR 78 
APR 78 
FEB 77 
FEB 77 
FEB 77 
APR 78 
AUG 78 
AUG 76 
AUG 78 
NOV 78 
AUG 78 
AUG 78 
AUG 78 
AUG 78 
NOV 77 
APR 78 
AUG 78 
DEC 77 
DEC 77 
DEC 77 

- AUTHOR 

B.A. MAGURNO 
B.A. MAGURNO 
B.A. MAGURNO 
B.A. MAGURNO 
B.A. MAGURNO 
B.R. LEONARD, JR.  AND K.B. STEWART 
B.R. LEONARD, J R .  AND K.B. STEWART 
REICH 
REICH 
B.R. LEONARD, JR.  AND K.B. STEWART 
B.R. LEONARD, J R .  AND K.B. STEWART 
M. DRAKE, D. SARGES, T. MAUNG 
M. DRAKE, D. SARGES, T. MAUNG 
M. DRAKE, D. SARGES, T. MAUNG 
M. DRAKE, D. SARGES, T. MAUNG 
M. DRAKE, D. SARGES, T. MAUNG 
M. DRAKE, D. SARGES, T. MAUNG 
M. DRAKE, D. SARGES, T. MAUNG 
HOWERTON, PERKINS, MACGREGOR 
HOWERTON, PERKINS, MACGREGOR 
3. OTTER, C. DUNFORD, AND E. OTTEWITTE 
REICH 
OTTER, OTTEWITTE, ROSE, YOUNG 
OTTER, OTTEWITTE, ROSE, YOUNG 
OTTER, OTTEWITTE, ROSE, YOUNG 
OTTER, OTTEWITTE, ROSE, YOUNG 
W.B. HENDERSON AND J . W .  ZWICK 
W.B. HENDERSON AND J . W .  ZWICK 
REICH 
REICH 
S.F. MUGHABGHAB 
S.F. MUGHABGHAB 
S.F. MUGHABGHAB 
REICH 
REICH 
C.Y. FU AND F.G. PEREY 
REICH 
REICH 
REICH 
REICH 
REICH 
REICH 
MA" 
REICH 
REICH 
BHAT, SMITH, LEONARD, DESAUSSURE ET AL 
BHAT, SMITH, LEONARD, DESAUSSURE ET AL 
BHAT, SMITH, LEONARD, DESAUSSURE ET AL 

TAPE 
NO. 

503 
503 
503 
503 
503 
501' 
532 
532 
532 
502 
502 
5 0 1  
501 
501 
501 
501 
501 
501 
502 
532 
502 
532 
502 
502 
502 
502 
503 
513 
532 
532 
511 
531 
532 
532 
521 
508 
521 
5 2 1  
5 2 1  
5 2 1  
5 2 1  
5 2 1  
521 
532 
5 2 1  
516 
531 
532 

- 



MAT 
Z EL A NO. - - -  
90-Th-233 7903 
90-Th-233 8033 
91-Pa-231 7911 
91-Pa-231 8131 
91-Pa-232 7912 
91-Pa-232 8132 
91-Pa-233 1391 
91-Pa-233 7913 
92-U -232 7922 
9 2 4  -232 8232 
92-U -233 1393 
92-U -233 7923 
92-U -234 1394 
92-U -235 1395 
92-U -235 6395 
92-U -236 1396 
92-U -237 8237 
92-U -238 1398 
92-U -238 6398 
92-U -238 7928 
92-U -239 7929 
92-U -239 8239 f-' 93-Np236 8336 

4 93-Np236m 8346 
93-Np237 1337 
93-Np237 6337 
93-Np238 8338 
93-Np239 8339 
94-Pu-236 8436 
94-Pu-237 8437 
94-Pu-238 1338 
94-PU-239 1399 
94-Pu-239 1399 
94-PU-240 1380 
94-Pu-241 1381 
94-Pu-242 1342 
94-Pu-243 8443 
94-Pu-244 8444 
95-Am-240 8540 
95-Am-241 1361 
95-Am-241 7951 

95-Am-242 7952 

95-Am-242 8542 
95-Am-243 1363 
95-Am-244 8544 

95-Am-242111 1369 

95-Am-242m 7953 

9S-Am-244m 8554 
96-Cm-241 8641 
96-Cm-242 7962 
96-Cm-242 8642 

SPM: IFICATION 

Decay data only 
Decay data only 
Neut. (RP)+decay data 
Neut. (RP) +decay data 
Decay data only 
Decay data only 
Neut. (RP)+decay data 
Neutron+decay data 
Decay data only 
Neut. (RP) +decay data 
Neut(RP)+decay+fiss.prod.yld 
Neutron+decay data 
Neut. (RP)+decay data 
Neut (RP) +decay+FPY+gam.+err. 
Neut. (RP)+err.files 
Neut (RP) +decay+fiss.prod.yld 
Neut. (RP) +decay+gamma prod.data 
Neut (RP) +decay+FPY+garn.+err. 
Neut. (RP) +err. f iles 
Neut. (RP)+decay data 
Decay data only 
Decay data only 
Decay data only 
Decay data only 
Neut (RP) +decay+FPY+err. 
Neut. (RP) +err. f iles 
Neut. (RP)+decay data 
Decay data only 
Neut. (RP) +decay data 
Neutron+decay data 
Neut. (RP) +decay data 
Neut(RP)+decay+FPY+gam.+err. 
Neut. (RP)+err.files 
Neut (RP) +decay+FPY+gam.+err. 
Neut (RP) +decay+FPY+gam.+err. 
Neut (RP) +decay+FPY+gam.+err . 
Neut.(RP)+decay+gama prod.data 
Neut. (RP)+decay data 
Decay data only 
Neut. (RP) +decay+gamma prod.+err 
Neut. (RP)+decay data 
Neut. (RP)+decay+gamma prod.data 
Decay data only 
Decay data only 
Neut. (RP) +debay data 
Neut. (RP) +decay+gamma prod. data 
Decay data only 
Decay data only 
Neutron+decay data 
Decay data only 
Neut. (RP)+decay+gamma prod.data 

No. 
CARDS 

358 
358 
406 
915 
18 3 
181 
1171 
226 
95 
726 
6741 
423 
1171 

10238 
1440 
2859 
1778 
8461 
861 
850 
390 
385 
133 
106 
4196 
1235 
602 
196 
667 
742 

1179 
9418 
917 

4093 
6610 
4322 
2100 
712 
176 
2186 
529 

1294 
88 
104 
481 
2055 
108 
79 

718 
98 

1224 

LABORATORY REFERENCE 

INEL 
INEL 
HEDL 
HEDL 
INEL 
INEL 
HEDL , INEL 
HEDL I INEL 
INEL 
HEDL 
LASL-ORNL TANSAO 28,721,1978 
LASL-ORNL TANSAO 28,721,1978 
BNL,HEDL,+ 
BNL 
BNL 

BNL,HEDL,+ 
BNL,SRL,LLL 
ANL+ ANL/NDM-32 
ANL+ ANL/NDM-32 
ANL+ ANL/NDM-32 
INEL 
INEL 
INEL 
INEL 

HEDL,SRL,+ HEDL TME 77-54 
HEDL,SRL,+ HEDL TME 77-54 
SRL 
INEL 
HXDL,SF& EEDL TME: 77-54 
HEDL HEDL TME 77-54 
HEDL,AI,+ HEDLTME 77-54 
GE-FBRD 
GE-FBRD 
ORNL 
ORNL 
HEDL,SRL,+ 
BNL, SRL I LLL 

INEL 
HEDL , ORNL 
HEDL ,OWL 

HEDLSRLLLL HEDL TME 77-54 
INEL 
INEL HEDL TME 77-54 
SRL 

HEDLSRLLLL HEDL TME 77-54 
INEL 
INEL 
HEDL HEDL TME 77-54 
INEL 

HEDLSRLLLL HEDL TME 77-54 

HEDL,SRL HEDL TME 77-54 

DATE 

APR 78 
AUG 78 
NOV 77 
NOV 77 
APR 78 
AUG 78 
MAY 78 
MAY 78 
APR 78 
NOV 77 
DEC 78 
DEC 78 
JUL 78 
NOV 77 
APR 77 
JUL 78 
JUL 76 
MAR 79 
MAR 79 
MAR 79 
APR 78 
AUG 78 
AUG 78 
AUG 78 
APR 78 
APR 78 
AUG 75 
AUG 78 
APR 78 
APR 78 
APR 78 
OCT 76 
OCT 76 

APR7 7 
OCT77 
OCT78 
JUL7 6 
APR78 
AUG78 
APR78 
APR78 
APR78 
APR7 8 
APR18 
AUG75 
APR78 
AUG78 
AUG78 
APR78 
APR78 

AUTHOR 

REICH 
REICH 
MA" 
MA" 
REICH 
REICH 
MA", SCHENTER, REICH 
MA", SCHENTER, REICH 
REICH 
MA" 
STEWART ET AL, WESTON, MA",HEDL 
STEWART ET AL, WESTON, MA",HEDL 
DIVADEENAM, MA", DRAKE, REICH, ET AL 
M.R. BHAT 
M.R. BHAT 
DIVADEENAM, MA", MCCROSSON, REICH 
KINSEY-ASSEMBLER (SEE COMMENTS) 
E. PENNINGTON, A. SMITH, W. POENITZ 
E. PENNINGTON, A. SMITH, W. POENITZ 
E. PENNINGTON, A. SMITH, W. POENITZ 
REICH 
REICH 
REICH 
REICH 
MA", BENJAMIN, SMITH, STEIN, REICH, 
MA", BENJAMIN, SMITH, STEIN, REICH, 
BENJAMIN AND MCCROSSON 
REICH 
MA", SCHENTER, BENJAMIN, K!CRO§SON 
MA" AND SCHENTER (FAST) 
MA", SCHENTER, ALTER, DUNFORD, 
E. KUJAWSKI, L. STEWART (LASL) 
E. KUJAWSKI, L. STEWART (LASL) 

L.W. WESTON 
L.W. WESTON, R.Q. WRIGHT, HOWERMN 
MA", BENJAMIN, MADLAND, HOWERTON, 
KINSEY-ASSEMBLER (SEE COMMENTS) 
MA", SCHENTER, BENJAMIN, MCCROSSON 
REICH 
MA", SCHENTER, AND WESTON 
MA", SCHENTER, AND WESTON 
MA", BENJAMIN, HOWERTONl ET AL. 
REICH 
REICH 
BENJAMIN AND MCCROSSON 
MA", BENJAMIN, HOWERTON,ET AL. 
REICH 
REICH 
MA" AND SCHENTER 
REICH 

APR78 MA", BENJAMIN, HOWERTON,ET AL. 

TAPE 
NO. 

53 2 
521 
r;a 7 

521 
532 
521 
514 
532 
532 
521 
516 
532 
514- 
511 
531 3 

+514 
521 
516 
531 
532 
532 
521 
521 
521 
+514 
+531 
521 
521 
521 
521 
+514 
515 
531 
515 
515 
+514 
521 
521 
521 
514 
532 
514 
532 
532 
521 
514 
521 
521 
522 
532 
522 

- 

--- 



MAT 
Z E L  A - -  
96-Cm-243 1343 
96-Crn-244 1344 
96-Cm-245 1345 
96-Cm-246 1346 
96-Cm-247 8647 
96-Cm-248 8648 
96-Cm-249 8649 
97-Bk-249 8749 
97-Bk-250 8750 
98-Cf-249 8849 
98-Cf-250 8850 
98-Cf-251 8851 
98-Cf-252 8852 
98-Cf-253 8853 
99-Es-253 8953 

SPECIFICATION 

Neut. (RP)+decay+gamma 
Neut. (RP)+decay+gamma 
Neut. (RP) +decay+gamma 
Neut. (RP) +decay+gamma 
Neut. (RP) +decay+gamma 
Neut. (RP) +decay+gamma 
Decay data only 
Neut. (RP) +decay+gamma 
Decay data only 
Neut. (RP) +decay+gamma 
Neut. (RP) +decay+gamma 
Neut. (RP) +decay+gamma 

No. 
CARDS - 

prod.data 1620 
prod. data 1554 
prod.data 1826 
prod.data 2093 
prod.data 2297 
prod.data 1282 

13 0 
prod. data 2080 

234 
prod.data 2041 
prod. data 1981 
prod.data 2050 

Neut (RP) +decay+FPY+gam. 3315 
Neut. (RP) +decay data 838 
Neut. (RP)+decay data 1004 

LABORATORY REFERENCE 

HEDLSRLLLL HEDL 'IME 77-54 
HEDLSRLLLL HEDL TME 77-54 

BNL,SRL,LLL 
BNL , SRL , LLL 
HEDLSRLLLL HEDL TME 77-54 

BNL,SRL, LLL 

BNL,SRL ,LLL 
BNL , SRL , LLL 
BNL, SRL, LLL 
BNL ,SRL ,LLL 

SRL 
BNL , SRL 

SRL 

INEL 

INEL 

DATE 

APR 78 
APR 78 
SEP 75 
JUL 76 
JLTL 76 
APR 78 
AUG 78 
JUL 76 
AUG 78 
JUL 76 
JUL 76 
JUL 76 
JUL 76 
DEC 75 
JUL 76 

- AUTHOR 

MANN,BENJAMIN,HOWERTON,ET AL. 
MANN,BENJAMIN,HOWERTON,ET AL. 
BENJAMIN AND MCCROSSON 
KINSEY-ASSEMBLER (SEE COMMENTS) 
KINSEY-ASSEMBLER (SEE COMMENTS) 
MA",BENJAMIN,HOWERTON,ET AL. 
REICH 
KINSEY-ASSEMBLER (SEE COMMENTS) 
REICH 
KINSEY-ASSEMBLER (SEE COMMENTS) 
KINSEY-ASSEMBLER(SEE COMMENTS) 
KINSEY-ASSEMBLER (SEE COMMENTS) 
KINSEY-ASSEMBLER(SEE COMMENTS) 
BENJAMIN AND MCCROSSON 
KINSEY,BENJAMIN, AND MCCROSSON 

TAPE 
NO. 

514 
514 
514 
514 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 
522 

- 
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APPENDIX K 

Sample Data Set 

The following is a sample data set  i n  the ENDF format. T h i s  sample was 

taken from an evaluation by Nisley, et. al .  and contains neutron cross section 

data for Hel.ium-4. For other examples of data i n  the ENDF format see Appendix 

N. 



ENDF/B MATERIAL 1270,  HE-4 0 0  0 
2.00400+ 3 4.00150+ 0 0 0 0 01270 1 4 5 1  
o.ooooo+ 0 o.ooooo+ 0 0 0 0 01270 1 4 5 1  
o.ooooo+ 0 o.ooooo+ 0 0 0 70 81270 1 4 5 1  

2-HE- 4 LASL EVAL-ET73 NISLEY, HALE, YOUNG (LASL) 1270 1 4 5 1  
No PUBLICATION D I  ST-MAY 78 771216 1270 1 4 5 1  

1270 1 4 5 1  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2 7 0 1 4 5 1  

LASL-ETf1973 R.A. NISLEY, G.M. HALE, P.G. YOUNG. 1270 1 4 5 1  
1270 1 4 5 1  

MF=3 ------------ SmTH CROSS SECTIONS ........................ 1270 1 4 5 1  
1270 1 4 5 1  

THE 2200 M/S CROSS SECTIONS ARE AS FOLLOWS, 1270 1 4 5 1  
MT=1 SIGMA= 0.75916 BARNS 1270 1 4 5 1  
MT=2 SIGMA= 0.75916 BARNS 1270 1 4 5 1  

1270 1 4 5 1  
MT= 1 TOTAL CROSS SECTION 1270 1 4 5 1  

SEE DISCUSSION UNDER MT=2 BELOW 1270 1 4 5 1  
1270 1 4 5 1  

MT=2 ELASTIC SCATTERING CROSS SECTION 1270 1 4 5 1  
ALTHOUGH THE ONLY REACTION POSSIBLE FOR NEUTRONS INCIDENT 1270 1 4 5 1  

ON HE-4 BELOW 20 MEV IS ELASTIC SCATTERING, THE MAJORITY 1270 1 4 5 1  
OF THE N-4HE DATA I S  RATHER IMPRECISE. 1270 1 4 5 1  
COME THIS PROBLEM, AN R-MATRIX ANALYSIS WAS PERFORMED WITH 1270 1 4 5 1  
A DATA SET WHICH INCLUDED NOT ONLY THE N-4HE DATA BUT ALSO 1270 1 4 5 1  
VERY PRECISE P-4HE DATA. ALL THE AVAILABLE N-4HE AND P-4HE 1270 1 4 5 1  
DATA BELOW 20 MEV WERE CONSIDERED I N  THE ANALYSIS. SINCE 1270 1 4 5 1  
THE PREVIOUS EVALUATION WAS COMPLETED I N  1968,  SEVERAL 1270 1 4 5 1  
N-4HE ELASTIC SCATTERING MEASUREMENTS HAVE BEEN DONE. THE 1270 1 4 5 1  
MOST SIGNIFICANT OF THESE ARE THE LOW ENERGY NEUTRON CROSS 1270 1 4 5 1  
SECTION OF RORER (R069),THE RPI TOTAL CROSS SECTION 1270 1 4 5 1  
MEASUREMENT (G073), WHICH COVER THE RANGE EN=0.7-30 MEV, 1270 1 4 5 1  
AND THE RELATIVE ANGULAR DISTRIBUTIONS OF MORGAN (M068). 1270 1 4 5 1  
A COMPLETE LIST OF REFERENCES FOR THE N-IHE DATA USED IS 1270 1 4 5 1  
GIVEN BELOW. THE P-4HE DATA WAS SELECTED TO SATISFY VERY 1270 1 4 5 1  
STRINGENT STATISTICAL CRITERIA AND WE BELIEVE THE POSSIBLE 1270 1 4 5 1  
ERRORS OF THE PmDICTED VALUES FOR THE P-4HE SCATTERING 1270 1 4 5 1  
TO BE LESS THAN 1 .0  PER CENT. A SIMPLE MODEL FOR THE E270 1 4 5 1  
CHARGE DIFFERENCES BETWEEN THE N-4HE AND P-4HE SYSTEMS 1270 1 4 5 1  
WAS ASSUMED AND THE N-4HE AND P-4HE DATA SETS WERE 1270 1 4 5 1  
SIMULTANEOUSLY ANALYZED. THE VALUES OF THE CROSS SECTIONS 1270 1 4 5 1  
AND ANGULAR DISTRIBUTIONS CONTAINED I N  FILES 3 AND 4 ARE 1270 1 4 5 1  
PROBABLY ACCURATE TO W I T H I N  2.0 PERCENT. 1270 1 4 5 1  

1270 1 4 5 1  
NEUTRON ANGULAR DISTRIBUTIONS --------------- 1270 1 4 5 1  MF=4 ------------- 

1270 1 4 5 1  
MT= 2 ELASTIC SCATTERING ANGULAR DISTRIBUTIONS 1270 1-451 

OBTAINED FROM THE R-MATRIX ANALYSIS DESCRIBED ABOVE 1270 1 4 5 1  
UNDER MF=3,MT=2. LEGmRE POLYNOMIAL REPRESENTATION USED. 1270 11451 

1270 1 4 5 1  

IN ORDER TO OVER- 

0 

2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
12  
13 
14  
15 
1 6  
1 7  
18 
19 
20 
2 1  
22 
23  
24 

28 
29 
30 
3 1  
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
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AU6 2 
BR72 
BU6 6 
CR72 
FA6 3 
GO73 
H066 
JE66 
MA6 3 
M068 
N171 

S.M.AUSTIN ET AL., PHYS.REV. 126(1962) 1532. 
W.B.BROSTE ET AL., PHYS.REV. C5 (1972) 761. 
F.W.,BUSSER ET AL., NUCL.PHYS. 88(1966) 593. 
DaSanCRAMER + L-CRANBERGI NUCLmPHYS. A180 (1972) 273. 
U.FASOLI + G.ZAGOI NUOVO CIMENTO 30 (1963) 1169. 
C.A.,GOULDING ET At. I BULL.AM.PHYS.SOC. 18 (1973) 538. 

R.W.JEWELL ET AL., PHYS.REV. 142(1966) 687. 
B.HCDPIJR. + H.H.BARSCHALLt* NUCL-PHYS. 83 (1966) 65. 
T.H.MAY ET AL., NUCL-PHYS. 45(1963) 17. (REV. MO68 + SA68) 
G.L.MORGAN + R.L.WALTER, PHYS-REV. 168 (1968) 1114. 
A-NIILER ET AL. , PHYS.REV. C4(1971) 36. (REV. 9/72) 

R069 D.C.RORER ET AL., NUCL.PHYS. 133(1969) 410. 
SA68 J.R.SAWERS ET AL., PHYS.REV. 168(1968) 1102. 

SH55 D.F.SHAWI PROC.PHYS.SOC. (LONDON) 68 (1955) 43. 
SE53 J.D.SEAGRAVEr PHYSeREV. 92(1953) 1222. 

B99. SH64 R.E.SHAMU + J.G. JENKIN, PHYS.REV. 135 (1964) 

ST70 T.S?’AMMBACH ET AL., PHYS.REV. C2(1970) 434. 

YO63 P.G.YOUNG ET AL., AUST.J.PHYS. 16(1963) 185 

SM54 J-R-SMITHI PHYSeREV. 95 (1954) 730. 

WH57 R-E-WHITE + F.J.M.FARLEYI NUCL-PHYS. 3(1957 

o.ooooo+ 0 o.ooooo+ 0 
o.ooooo+ 0 o.ooooo+ 0 
2.00400+ 3 4.00150+ 0 
2.00400+ 3 1.00000+ 0 
1.00000- 5 1.00000+ 5 
O.OOOOO+ 0 2.45790- 1 
o.ooooo+ 0 o.ooooo+ 0 
o.ooooo+ 0 o.ooooo+ 0 
2.00400+ 3 4.00150+ 0 
o.ooooo+ 0 o.ooooo+ 0 

257 2 

1 
2 
3 
3 
3 
3 
3 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

451 
151 
1 
2 

251 
252 
25 3 
2 
0 
0 
0 
0 
0 
0 
0 
0 
99 
0 

476. 

81 
4 
89 
89 
19 
19 
19 
96 
0 
0 
1 
1 
0 
0 
0 
0 
0 
1 

1270 1451 50 
1270 1451 51 
1270 1451 52 
1270 1451 53 
1270 1451 54 
1270 1451 55 
1270 1451 56 
1270 1451 57 
1270 1451 58 
1270 1451 59 
1270 1451 60 
1270 1451 61 
1270 1451 62 
1270 1451 63 
1270 1451 64 
1270 1451 65 
1270 1451 66 
1270 1451 67 
1270 1451 68 
1270 1451 69 
1270 1451 70 
1270 1451 71 
1270 1451 72 
1270 1451 73 
01270 1451 74 
01270 1451 75 
01270 1451 76 
01270 1451 77 
01270 1451 78 
01270 1451 79 
01270 1451 80 
01270 1451 81 
01270 1 0 82 
01270 0 0 83 
01270 2151 84 
01270 2151 85 
01270 2151 86 
01270 2151 87 
01270 2 0 88 
01270 0 0 89 
01270 3 1 90 

2571270 3 1 91 
1270 3 1 92 

1.00000- 5 ‘7.59160- 1 2.53000- 2 7.59160- 1 1.00000+ 0 7.59160- 
1.00000+ 1 ‘7.59160- 1 1.00000+ 2 7.59160- 1 1.00000+ 3 7.59110- 
5.00000+ 3 ‘7.58910- 1 1.00000+ 4 7.58720- 1 2.00000+ 4 7.58490- 
4.00000+ 4 ‘7.58750- 1 6.00000+ 4 7.60030- 1 8.00000+ 4 7.62430- 
l.OOOOO+ 5 ‘7.66090- 1 1.50000+ 5 7.81580- 1 2.00000+ 5 8.08170- 
2.50000+ 5 13.48990- 13.00000+ 5 9.08080- 13.50000+ 5 9.90590- 
4.00000+ 5 1.10300+ 0 4.50000+ 5 1.25360+ 0 5.00000+ 5 1.452504 
5.50000+ 5 :L.71140+ 0 6.00000+ 5 2.04380+ 0 6.25000+ 5 2.24180+ 
6.50000+ 5 :1.46300+ 0 6.75000+ 5 2.70870+ 0 7.00000+ 5 2.97950+ 
7.25000+ 5 3.27550+ 0 7.50000+ 5 3.59580+ 0 7.75000+ 5 3.93860+ 

11270 3 1 93 
11270 3 1 94 
11270 3 1 95. 
11270 3 1 96 
11270 3 1 97 
11270 3 1 ,98 
01270 3 1 99 
01270 3 1 100 
01270 3 1 101 
01270 3 1 102 



K. 4 

8.00000+ 5 4.30060+ 0 8.25000+ 5 4.67700+ 0 8.50000+ 5 5.06160+ 
8.75000+ 5 5.44690+ 0 9.00000+ 5 5.82410+ 0 9.25000+ 5 6.18420+ 
9.50000+ 5 6.51800+ 0 9.75000+ 5 6.81730+ 0 1.00000+ 6 7.07520+ 
1.02500+ 6 7.28670+ 0 1.05000+ 6 7.44940+ 0 1.07500+ 6 7.56270+ 
1.10000+ 6 7.62850+ 0 1.12500+ 6 7.65010+ 0 1.15000+ 6 7.63210+ 
1.17500+ 6 7.57980+ 0 1.20000+ 6 7.49870+ 0 1.22500+ 6 7.39450+ 
1.25000+ 6 7.27210+ 0 1.27500+ 6 7.13620+ 0 1.30000+ 6 6.99090+ 
1.32500+ 6 6.83950+ 0 1.35000+ 6 6.68500+ 0 1.37500+ 6 6.52950+ 
1.40000+ 6 6.37480+ 0 1.45000+ 6 6.07350+ 0*1.50000+ 6 5.78820+ 
1.55000+ 6 5.52260+ 0 1.60000+ 6 5.27790+ 0 1.65000+ 6 5.05390+ 
1.70000+ 6 4.84960+ 0 1.75000+ 6 4.66360+ 0 1.80000+ 6 4.49430+ 
1.85000+ 6 4.34010+ 0 1.90000+ 6 4.19960+ 0 1.95000+ 6 4.07130+ 
2.00000+ 6 3.95410+ 0 2.05000+ 6 3.84670+ 0 2.10000+ 6 3.74820+ 
2.15000+ 6 3.65760+ 0 2.20000+ 6 3.57410+ 0 2.25000+ 6 3.49710+ 
2.30000+ 6 3.42590+ 0 2.35000+ 6 3.35980+ 0 2.40000+ 6 3.29860+ 
2.45000+ 6 3.24160+ 0 2.50000+ 6 3.18850+ 0 2.55000+ 6 3.13890+ 
2.60000+ 6 3.09250+ 0 2.65000+ 6 3.04910+ 0 2.70000+ 6 3.00840+ 
2.75000+ 6 2.97010+ 0 2.80000+ 6 2.93400+ 0 2.85000+ 6 2.90000+ 
2.90000+ 6 2.86790+ 0 2.95000+ 6 2.83750+ 0 3.00000+ 6 2.80870+ 
3.10000+ 6 2.75540+ 0 3.20000+ 6 2,70700+ 0 3.30000+ 6 2.66270+ 
3.40000+ 6 2.62210+ 0 3.50000+ 6 2.58440+ 0 3.60000+ 6 2.54940+ 
3.70000+ 6 2.51650+ 0 3.80000+ 6 2.48550+ 0 3.90000+ 6 2.45610+ 
4.00000+.6 2.42800+ 0 4.10000+ 6 2.40110+ 0 4.20000+ 6 2.37530+ 
4.30000+ 6 2.35030+ 0 4.40000+ 6 2.32600+ 0 4.50000+ 6 2.30240+ 
4.60000+ 6 2.27940+ 0 4.70000+ 6 2.25690+ 0 4.80000+ 6 2.23490+ 
4.90000+ 6 2.21320+ 0 5.00000+ 6 2.19190+ 0 5.10000+ 6 2.17100+ 
5.20000+ 6 2.15040+ 0 5.30000+ 6 2.13010+ 0 5.40000+ 6 2.11000+ 
5.50000+ 6 2.09030+ 0 5.60000+ 6 2.07070+ 0 5.70000+ 6 2.05150+ 
5.80000+ 6 2.03240+ 0 5.90000+ 6 2.01360+ 0 6.00000+ 6 1.99500+ 
6.10000+ 6 1.97670+ 0 6.20000+ 6 1.95860+ 0 6.30000+ 6 1 . 9 4 0 7 0 ~  
6.40000+ 6 1.92300+ 0 6.50000+ 6 1.90550+ 0 6.60000+ 6 1.88830+ 

7.00000+ 6 1.82130+ 0 7.10000+ 6 1.80510+ 0 7.20000+ 6 1.78910+ 
7.30000+ 6 1.77330+ 0 7.40000+ 6 1.75770+ 0 7.50000+ 6 1.74230+ 
7.60000+ 6 1.72710+ 0 7.70000+ 6 1.71200+ 0 7.80000+ 6 1.69720+ 
7.90000+ 6 1.68250+ 0 8.00000-k 6 1.66810+ 0 8.10000+ 6 1.65380+ 
8.20000+ 6 1.63970+ 0 8.30000+ 6 1.62580+ 0 8.40000+ 6 1.61200+ 
8.50000+ 6 1.59850+ 0 8.60000+ 6 1.58510+ 0 8.70000+ 6 1.57180+ 
8.80000+ 6 1.55880+ 0 8.90000+ 6 1.54590-1- 0 9.00000+ 6 1.53320+ 
9.10000+ 6 1.52060+ 0 9.20000+ 6 1.50820+ 0 9.30000+ 6 1.49590+ 
9.40000+ 6 1.48380+ 0 9.50000+ 6 1.47180+ 0 9.60000+ 6 1.46000+ 
9.70000+ 6 1.44840+ 0 9.80000+ 6 1.43690+ 0 9.90000+ 6 1.42550+ 
1.00000+ 7 1.41420+ 0 1.01000+ 7 1.40320+ 0 1.02000+ 7 1.39220+ 
1.03000+ 7 1.38140+ 0 1.04000+ 7 1.37070+ 0 ~.05OoO+ 7 1.36010+ 
1.06000+ 7 1.34970+ 0 1.07000+ 7 1.33930+ 0 1.08000+ 7 1.32920+ 
1.09000+ 7 1.31910+ 0 1.10000+ 7 1.30910+ 0 l . l l O O O +  7 1.29930+ 
1.12000+ 7 1.28960+ 0 1.13000+ 7 1.28000+ 0 1.14000+ 7 1.27050-1- 
1.15000+ 7 1.26120-l- 0 1.16000+ 7 1.25190+ 0 1.17oOO+ 7 1.24280+ 
1.18000+ 7 1.23370+ 0 1.19000+ 7 1.22480+ 0 1.20000+ 7 1.21600+ 
1.21000+ 7 1,20720+ 0 1.22000+ 7 1.19860+ 0 l.23OOO+ 7 1.19010+ 
1.24000+ 7 1.18170+ 0 1.25000+ 7 1.17330+ 0 1.26000-1. 7 1.16510+ 
1.27000+ 7 1.15700+ 0 1.28000+ 7 1.14890+ 0 1.29000+ 7 1.14100+ 
1.30000+ 7 1.13310+ 0 1.31000+ 7 1.12540+ 0 1.32000+ 7 1.11770+ 

6.70000+ 6 1.87120+ 0 6.80000+ 6 1.85440+ 0 6.90000+ 6 1.83780+ 

01270 3 1 103 
01270 3 1 104 
01270 3 1 105 
01270 3 1 106 
01270 3 1 107 
01270 3 1 108 
01270 3 1 109 
01270 3 1 110 
01270 3 1 111 
01270 3 1 112 
01270 3 1 113 
01270 3 1 114 
01270 3 1 115 
01270 3 1 116 
01270 3 1 117 
01270 3 1 118 
01270 3 1 119 
01270 3 1 120 
01270 3 1 1 2 1  
01270 3 1 122 
01270 3 1 123 
01270 3 1 124 
01270 3 1 125 
01270 3 1 126 
01270 3 1 127 
01270 3 1 128 
01270 3 1 129 
01270 3 1 1 3 0  
01270 3 1 131 
01270 3 1 132 
01270 3 1 133 
01270 3 1 134 
01270 3 1 135 
01270 3 1 136 
01270 3 1 137 
01270 3 1 138 
01270 3 1 139 
01270 3 1 1 4 0  
01270 3 1 1 4 1  
01270 3 1 142 
01270 3 1 143 
01270 3 1 144 
01270 3 1 145 
01270 3 1 146 
01270 3 1 147 
01270 3 1 148 
01270 3 1 149 
01270 3 1 150 
01270 3 1 151 
01270 3 1 152 
01270 3 1 153 
01270 3 1 154 
01270 3 1 155 



K. 5 

1.33000+ 7 1.11010+ 0 1.34000+ 7 1.10260+ 0 1.35000+ 7 1.09520+ 
1.36000+ 7 1.08780+ 0 1.37000+ 7 1.08060+ 0 1.38000+ 7 1.07340+ 
1.39000+ 7 1.06640+ 0 1.40000+ 7 1.05940+ 0 1.41000+ 7 1.05250+ 
L.42000+ 7 1.04560+ 0 1.43000+ 7 1.03890+ 0 1.44000+ 7 1.03220+ 
1.45000+ 7 1.02560+ 0 1.46000+ 7 1.01900+ 0 1.47000+ 7 1.01260+ 
1.48000+ 7 1.00620+ 0 1.49000+ 7 9.99900- 1 1.50000+ 7 9.93670- 
1.51000+ 7 9.87510- 1 1.52000+ 7 9.81420- 1 1.53000+ 7 9.75400- 
L.54000+ 7 9.69450- 1 1.55000+ 7 9.63570- 1 1.56000+ 7 9.57760- 
1.57000+ 7 9.52010- 1 1.58000+ 7 9.46340- 1 1.59000+ 7 9.40720- 
1.60000+ 7 9.35180- 1 1.61000+ 7 9.29700- 1 1.62000+ 7 9.24280- 
1.63000+ 7 9.18930- 11.64000+ 7 9.13640- 1 1.65000+ 7 9.08410- 
1.66000+ 7 9.03240- 1 1.67000+ 7 8.98140- 1 1.68000+ 7 8.93100- 
1.69000+ 7 8.88110- 1 1.70000+ 7 8.83190- 1 1.71000+ 7 8.78320- 

1.75000+ 7 8.59440- 1 1.76000+ 7 8.54860- 1 1.77000+ 7 8.50340- 
1.78000+ 7 8.45870- 1 1.79000+ 7 8.41460- 1 1.80000+ 7 8.37100- 
1.81000+ 7 8.32800- 1 1.82000+ 7 8.28550- 1 1.83000+ 7 8.24350- 
1.84000+ 7 8.20210- 1 1.85000+ 7 8.16110- 1 1.86000+ 7 8.12070- 
1.87000+ 7 8.08080- 1 1.88000-C 7 8.04140- 1 1.89000+ 7 8.00250- 
1.90000+ 7 7.96410- 1 1.91000+ 7 7.92620- 1 1.92000+ 7 7.88880- 
1.93000+ 7 7.85180- 1 1.94000+ 7 7.81540- 1 1.95000+ 7 7.77940- 
1.96000+ 7 7.74390- 1 1.97000+ 7 7.70880- 1 1.98000+ 7 7.67430- 
1.99000+ 7 7.64010- 1 2.0000d+ 7 7.60650- 1 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 
2.00400+ 3 4.00150+ 0 0 99 0 
o.ooooo+ 0 o.ooooo+ 0 0 0 1 2 

1.00000- 5 7.59160- 1 2.53000- 2 7.59160- 1 1.00000+ 0 7.59160- 
1.00000+ 1 7.59160- 1 1.00000+ 2 7.59160- 1 1.00000+ 3 7.59110- 
5.00000+ 3 7.58910- 1 1.00000+ 4 7.58720- 1 2.00000+ 4 7.58490- 
4.00000+ 4 7.58750- 16.00000+ 4 7.60030- 18.00000+ 4 7.62430- 
1.00000+ 5 7.66090- 1 1.50000+ 5 7.81580- 1 2.00000+ 5 8.08170- 
2.50000+ 5 8.48990- 13.00000+ 5 9.08080- 13.50000+ 5 9.90590- 
4.00000+ 5 1.10300+ 0 4.50000+ 5 1.25360+ 0 5.00000+ 5 1.45250+ 
5.50000+ 5 1.71140+ 0 6.00000+ 5 2.04380+ 0 6.25000+ 5 2.24180+ 
6.50000+ 5 2.46300+ 0 6.75000+ 5 2.70870+ 0 7.00000+ 5 2.97950+ 
7.25000+ 5 3.27550+ 0 7.50000+ 5 3.59580+ 0 7.75000+ 5 3.93860+ 
8.00000+ 5 4.30060+ 0 8.25000+ 5 4.67700+ 0 8.50000+ 5 5.06160+ 
8.75000+ 5 5.44690+ 0 9.00000+ 5 5.82410+ 0 9.25000+ 5 6.18420+ 
9.50000+ 5 6..51800+ 0 9.75000+ 5 6.81730+ 0 l.OOOOO+ 6 7.07520+ 
1.02500+ 6 7.28670+ 0 1.05000+ 6 7.44940+ 0 1.07500+ 6 7.56270+ 
1.10000+ 6 7.62850+ 0 1.12500+ 6 7.65010+ 0 1.15000+ 6 7.63210Q 
1.17500+ 6 7.57980+ 0 1.20000+ 6 7.49870+ 0 1.22500+ 6 7.39450+ 
1.25000+ 6 7.27210+ 0 1.27500+ 6 7.13620+ 0 1.30000+ 6 6.99090+ 
1.32500+ 6 6,,83950+ 0 1.35000+ 6 6.68500+ 0 1.37500+ 6 6.52950+ 
1.40000+ 6 6,,37480+ 0 1.45000+ 6 6.07350+ 0 1.50000+ 6 5.78820+ 
1.55000+ 6 5,,52260+ 0 1.60000+ 6 5.27790+ 0 1.65(800+ 6 5.05390+ 
1.70000+ 6 4,,84960+ 0 1.75000+ 6 4.66360+ 0 1.80000+ 6 4.49430+ 
1.85000+ 6 4,,34010+ 0 1.90000+ 6 4.19960+ 0 1.95000+ 6 4.07130+ 
2.00000+ 6 3.95410+ 0 2.05000+ 6 3.84670+ 0 2.10000+ 6 3.74820+ 
2.15000+ 6 3.,65760+ 0 2.20000+ 6 3.57410+ 0 2.25000+ 6 3.49710+ 
2.30000+ 6 3.,42590+ 0 2.35000+ 6 3.35980+ 0 2.40000+ 6 3.29860+ 
2.45000+ 6 3.24160+ 0 2.50000+ 6 3.18850+ 0 2.55000+ 6 3.13890+ 

1.72000+ 7 8.73520- 1 1.73000+ 7 8.68770- 1 1.74000+ 7 8.64080- 

257 2 

01270 3 1 156 
01270 3 1 157 
01270 3 1 158 
01270 3 1 159 
01270 3 1 160 
11270 3 1 161 
11270 3 1 162 
11270 3 1 163 
11270 3 1 164 
11270 3 1 165 
1127'0 3 1 166 
11270 3 1 167 
11270 3 1 168 
11270 3 1 169 
11270 3 1 170 
11270 3 1 171 
11270 3 1 172 
11270 3 1 173 
11270 3 1 174 
11270 3 1 175 
11270 3 1 176 
11270 3 1 177 
1270 3 1 178 
01270 3 0 179 
01270 3 2 180 

!571270 3 2 181 
1270 3 2 182 
11270 3 2 183 
11270 3 2 184 
11270 3 2 185 
11270 3 2 186 
11270 3 2 187 
11270 3 2 188 
01270 3 2 189 
01270 3 2 190 
01270 3 2 191 
01270 3 2 192 
01270 3 2 193 
01270 3 2 194 
01270 3 2 195 
01270 3 2 196 
01270 3 2 197 
01270 3 2 198 
01270 3 2 199 
01270 3 2 200 
01270 3 2 201 
01270 3 2 202 
01270 3 2 203 
01270 3 2 204 
01270 3 2 205 
01270 3 2 206 
01270 3 2 207 
01270 3 2 208 



2.60000+ 6 3.09250+ 0 2.65000+ 6 3.04910+ 0 2.70000+ 6 3.00840+ 
2.75000+ 6 2.97010+ 0 2.80000+ 6 2,93400+ 0 2.85000+ 6 2.90000+ 
2.90000+ 6 2.86790+ 0 2.95000+ 6 2.83750+ 0 3.00000+ 6 2.80870+ 
3.10000+ 6 2.75540+ 0 3.20000+ 6 2.70700+ 0 3.30000+ 6 2.66270+ 
3.40000+ 6 2.62210+ 0 3.50000+ 6 2.58440+ 0 3.60000+ 6 2.54940+ 
3.70000+ 6 2.51650+ 0 3.80000+ 6 2.48550+ 0 3.90000t 6 2.45610+ 
4.00000+ 6 2.42800+ 0 4.10000+ 6 2.40110+ 0 4.20000+ 6 2.37530+ 
4.30000+ 6 2.35030+ 0 4.40000+ 6 2.32600+ 0 4.50000+ 6 2.30240+ 

4.90000+ 6 2.21320+ 0 5.00000+ 6 2.19190+ 0 5.10000+ 6 2.17100+ 
5.20000+ 6 2.15040+ 0 5.30000+ 6 2.13010+ 0 5.40000+ 6 2.lPOOO+ 
5.50000+ 6 2.09030+ 0 5.60000+ 6 2.07070+ 0 5.70000+ 6 2.05150+ 
5.80000+ 6 2.03240+ 0 5.90000+ 6 2.01360+ 0 6.00000+ 6 1.99500+ 
6.10000+ 6 1.97670+ 0 6.20000+ 6 1.95860+ 0 6.30000+ 6 1.94070~ 
6.40000+ 6 1.92300+ 0 6.50000+ 6 1.90550+ 0 6.60000+ 6 1.88830+ 
6.70000+ 6 1.87120+ 0 6.80000+ 6 1.85440+ 0 6.90000+ 6 1.83780-1- 
7.00000+ 6 1.82130+ 0 7.10000+ 6 1.80510+ 0 7.20000+ 6 1.78910-1- 
7.30000+ 6 1.77330+ 0 7.40000+ 6 1.75770+ 0 7.50000+ 6 1.74230+ 
7.60000+ 6 1.72710+ 0 7.70000+ 6 1.71200+ 0 7.80000+ 6 1.69720+ 
7.90000+ 6 1.68250+ 0 8.00000+ 6 1.66810+ 0 8.10000+ 6 1.65380+ 
8.20000+ 6 1.63970+ 0 8.30000+ 6 1.62580+ 0 8.40000+ 6 1.61200+ 
8.50000+ 6 1.59850+ 0 8.60000+ 6 1.58510+ 0 8.70000+ 6 1.57180+ 
8.80000+ 6 1.55880+ 0 8.90000+ 6 1.54590+ 0 9.00000+ 6 1.53320+ 
9.10000+ 6 1.52060+ 0 9.20000+ 6 1.50820+ 0 9.30000+ 6 1.49590+ 
9.40000+ 6 1.48380+ 0 9.50000+ 6 1.47180+ 0 9.60000+ 6 1.46008+ 

1.00000+ 7 1.41420+ 0 1.01000+ 7 1.40320+ 0 1.02000+ 7 1.39220+ 
1.03000+ 7 1.38140+ 0 1.04000+ 7 1.37070+ 0 1.05000+ 7 1.36010+ 
1.06000+ 7 1.34970+ 0 1.07000+ 7 1.33930+ 0 1.08000+ 7 1.32920+ 
1.09000+ 7 1.31910-1- 0 1.10000+ 7 1.30910+ 0 1.11000+ 7 1.29930+ 
1.12000+ 7 1.28960+ 0 1.13000+ 7 1.28000+ 0 1.14000+ 7 1.27050+ 
1.15000+ 7 1.26120+ 0 1.16000+ 7 1.25190+ 0 1.17000+ 7 1.24280+ 
1.18000+ 7 1.23370+ 0 1.19000+ 7 1.22480+ 0 1.20000+ 7 1.21600+ 
1.21000+ 7 1.20720+ 0 1.22000+ 7 1.19860+ 0 1.23000+ 7 1.19010+ 
1.24000+ 7 1.18170+ 0 1.25000+ 7 1.17330+ 0 1.26000+ 7 1.16510+ 
1.27000+ 7 1.15700+ 0 1.28000+ 7 1.14890+ 0 1.29000+ 7 1.14100+ 
1.30000+ 7 1.13310+ 0 1.31000+ 7 1.12540+ 0 1.32000+ 7 L.11770+ 
1.33000+ 7 1.11010+ 0 1.34000+ 7 1.10260+ 0 1.35000+ 7 1.09520+ 
1.36000+ 7 1.08780+ 0 1.37000+ 7 1.08060+ 0 1.38000+ 7 1.07340+ 
1.39000+ 7 1.06640+ 0 1.40000+ 7 1.05940+ 0 1.41000+ 7 1.05250+ 
1.42000+ 7 1.04560+ 0 1.43000+ 7 1.03890+ 0 1.44000+ 7 1.03220+ 
1.45000+ 7 1.02560+ 0 1.46000+ 7 1.01900+ 0 1.47000+ 7 1.01260+ 
1.48000+ 7 1.00620+ 0 1.49000+ 7 9.99900- 11.50000+ 7 9.93670- 
1.51000+ 7 9.87510- 1 1.52000+ 7 9.81420- 1 1.53000+ 7 9.75400- 
1.54000+ 7 9.69450- 1 1.55000+ 7 9.63570- 1 1.56000+ 7 9.57760- 
1.57000+ 7 9.52010- 1 1.58000+ 7 9.46340- 1 1.59000+ 7 9.40720- 
1.60000+ 7 9.35180- 1 1.61000+ 7 9.29700- 1 1.62000+ 7 9.24280- 
1.63000+ 7 9.18930- 1 1.64000+ 7 9.13640- 1 1.65000+ 7 9.08410- 
1.66000+ 7 9.03240- 1 1.67000+ 7 8.98140- 1 1.68000+ 7 8.93100- 
1.69000+ 7 8.88110- 1 1.70000+ 7 8.83190- 1 1.71000+ 7 8.78320- 
1.72000+ 7 8.73520- 1 1.73000+ 7 8.68770- 1 1.74000+ 7 8.64080- 
1.75000+ 7 8.59440- 1 1.76000+ 7 8.54860- 1 1.77000+ 7 8.50340- 
1.78000+ 7 8.45870- 1 1.79000+ 7 8.41460- 1 1.80000+ 7 8.37100- 

4.60000-k 6 2.27940+ 0 4.70000+ 6 2.25690+ 0 4.80000+ 6 2.23490-k 

9.70000+ 6 1.44840+ 0 9.80000+ 6 1.43690+ 0 9.90800+ 6 1*42550+ 

01270 3 2 209 
01270 3 2 210 
01270 3 2 211 
01270 3 2 212 
01270 3 2 213 
01270 3 2 214 
01270 3 2 215 
01270 3 2 216 
01270 3 2 217 
01270 3 2 218 
01270 3 2 219 
01270 3 2 220 
01270 3 2 221 
01270 3 2 222 
01270 3 2 223 
01270 3 2 224 
01270 3 2 225 
01270 3 2 226 
01270 3 2 227 
01270 3 2 228 
01270 3 2 229 
01270 3 2 230 
01270 3 2 231 
01270 3 2 232 
01270 3 2 233 
01270 3 2 234 
01270 3 2 235 
01270 3 2 236 
01270 3 2 237 
01270 3 2 238 
01270 3 2 239 
01270 3 2 240 
01270 3 2 241 
01270 3 2 242 
01270 3 2 243 
01270 3 2 244 
01270 3 2 245 
01270 3 2 246 
01270 3 2 247 

01270 3 2 249 
01270 3 2 250 
11270 3 2 251 
11270 3 2 252 
11270 3 2 253 
11270 3 2 254 
11270 3 2 255 
11270 3 2 256 
11270 3 2 257 
11270 3 2 258 
11270 3 2 259 
11276 3 2 260 
11270 3 2 261 

01270 3 2 248 



K. 7 

1.81000+ 7 8.32800- 1 1.82000+ 7 8.28550- 1 1.83000+ 7 8.24350- 
1.84000+ 7 8.20210- 1 1.85000+ 7 8.16110- 1 1.86000+ 7 8.12070- 
1.87000+ 7 8.08080- 1 1.88000+ 7 8.04140- 1 1.89000+ 7 8.00250- 
1.90000+ 7 7.96410- 1 1.91000+ 7 7.92620- 1 1.912000+ 7 7.88880- 
1.93000+ 7 7.85180- 1 1.94000+ 7 7.81540- 1 1.950@0+ 7 7.77940- 
1.96000+ 7 7.74390- 1 1.97000+ 7 7.70880- 1 1.98000+ 7 7.67430- 
1.99000+ 7 7.64010- 12.00000+ 7 7.60650- 1 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 
2.00400+ 3 4.00150+ 0 0 0 0 
o.ooooo+ 0 o.ooooo+ 0 0 0 1 

1.00000- 5 1.69807- 1 1.00000+ 0 1.69807- 1 6.00000+ 4 9.66225- 
1.00000+ 5 4.51875- 2 1.50000+ 5-2.04487- 2 2.00000+ 5-8.51365- 
2.50000+ 5-1.45626- 1 3.00000+ 5-1.98263- 1 3.50000+ 5-2.39545- 
4.00000+ 5-2.66678- 1 4.50000+ 5-2.78213- 1 5.00000+ 5-2.74235- 
5.50000+ 5-2.56321- 1 6.00000+ 5-2.27057- 1 6.50000+ 5-1.89524- 

9.25000+ 5 5.17574- 2 1.00000+ 6 1.08145- 1 1.07500+ 6 1.57606- 
1.17500+ 6 2.13288- 1 1.27500+ 6 2.58619- 1 1.40000+ 6 3.03341- 
1.55000+ 6 3.43482- 1 1.70000+ 6 3.72766- 1 1.85000+ 6 3.94254- 
2.05000+ 6 4.14458- 12.25000+ 6 4.28188- 12.50000+ 6 4.39742- 
2.75000+ 6 4.47708- 1 3.00000+ 6 4.53851- 1 3.40000+ 6 4.62328- 
4.10000+ 6 4.77341- 15.30000+ 6 5.04549- 16.10000+ 6 5.20935- 
6.90000+ 6 5.34779- 1 7.70000+ 6 5.46099- 1 8.60000+ 6 5.56253- 
9.60000+ 6 5.64991- 1 1.07000+ 7 5.72283- 1 1.20000+ 7 5.78728- 
1.35000+ 7 5.84310- 1 1.54000+ 7 5.89935- 1 1.81000+ 7 5.97496- 
2.00000+ 7 6.03470- 1 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 
2.00400+ 3 4.00150+ 0 0 0 0 
o.ooooo+ 0 o.ooooo+ 0 0 0 1 

1.00000- 5 4.25185- 1 1.00000+ 0 4.25185- 1 6.00000+ 4 4.62683- 
1.00000+ 5 4.89032- 1 1.50000+ 5 5.22649- 1 2.00000+ 5 5.55770- 
2.50000+ 5 5.86731- 13.00000+ 5 6.13659- 13.50000+ 5 6.34761- 
4.00000+ 5 6.48608- 14.50000+ 5 6.54461- 1 5.00000+ 5 6.52366- 
5.50000+ 5 6.43133- 16.00000+ 5 6.28092- 1 6.50000+ 5 6.08821- 
7.00000+ 5 5.86886- 17.75000+ 5 5.51894- 1 8.50000+ 5 5.17302- 
9.25000+ 5 4.85097- 1 1.00000+ 6 4.56205- 1 1.07500+ 6 4.30867- 
1.17500+ 6 4.02350- 1 1.27500+ 6 3.79139- 1 1.40000+ 6 3.56248- 
1.55000+ 6 3.35708- 1 1.70000+ 6 3.20730- 1 1.85000+ 6 3.09744- 
2.05000+ 6 2.99418- 12.25000+ 6 2.92402- 12.50000+ 6 2.86498- 
2.75000+ 6 2.82423- 1 3.00000+ 6 2.79274- 1 3.40000+ 6 2.74915- 
4.10000+ 6 2.67174- 15.30000+ 6 2.53139- 16.10000+ 6 2.44693- 
6.90000+ 6 2.37562- 1 7.70000+ 6 2.31733- 1 8.60000+ 6 2.26506- 
9.60000+ 6 2.22011- 1 1.07000+ 7 2.18260- 1 1.20000+ 7 2.14946- 
1.35000+ 7 2.12077- 1 1.54000+ 7 2.09189- 1 1.81000+ 7 2.05309- 
2.00000+ 7 2.02246- 1 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 
2.00400+ 3 4.00150+ 0 0 0 0 
o.ooooo+ 0 o.ooooo+ 0 0 0 1 

1.00000- 5 3.09677- 1 l.OOOOO+ 0 3.09677- 1 6.00000+ 4 3.22020- 
1.00000+ 5 3.29881- 11.50000+ 5 3.39153- 1 2.00000+ 5 3.47671- 

46 2 

7.00000+ 5-1.46778- 1 7.75000+ 5-7.85520- 2 8.50000+ 5-1.10802- 

46 2 

46 2 

11270 3 2 262 
11270 3 2 263 
11270 3 2 264 
11270 3 2 265 
11270 3 2 266 
11270 3 2 267 
1270 3 2 268 
01270 3 0 269 
01270 3251 270 
461270 3251 271 

1270 3251 272 
21270 3251 273 
21270 3251 274 
11270 3251 275 
11270 3251 276 
11270 3251 277 
21270 3251 278 
11270 3251 279 
11270 3251 280 
11270 3251 281 
11270 3251 282 
11270 3251 283 
11270 3251 284 
11270 3251 285 
11270 3251 286 
11270 3251 287 
1270 3251 288 
01270 3 0 289 
01270 3252 290 
461270 3252 291 
1270 3252 292 

11270 3252 293 
11270 3252 294 
11270 3252 295 
11270 3252 296 
11270 3252 297 
11270 3252 298 
11270 3252 299 
11270 3252 300 
11270 3252 301 
11270 3252 302 
11270 3252 303 
11270 3252 304 
11270 3252 305 
11270 3252 306 
11270 3252 307 
1270 3252 308 
01270 3 0 309 
01270 3253 310 
461270 3253 311 
1270 3253 312 

11270 3253 313 
11270 3253 314 



K. 8 

2.50000+ 5 3.55304- 13.00000+ 5 3.61944- 13.50000+ 5 3.67515- 11270 3253 315 
4.00000+ 5 3.71966- 14.50000+ 5 3.75288- 15.00000+ 5 3.77494- 11270 3253 316 
5.50000+ 5 3.78636- 16.00000+ 5 3.78779- 16.50000+ 5 3.78013- 11270 3253 317 
7.00000+ 5 3.76438- 1 7.75000+ 5 3.72793- 1 8.50000+ 5 3.67934- 11270 3253 318 
9.25000+ 5 3.62204- 11.00000+ 6 3.55913- 1 1.07500+ 6 3.49320- 11270 3253 319 
1.17500+ 6 3.40416- 1 1.27500+ 6 3.31713- 1 1.40000+ 6 3.21487- 11270 3253 320 
1.55000+ 6 3.10505- 11.70000+ 6 3.01092- 11.85000+ 6 2.93223- 11270 3253 321 
2.05000+ 6 2.84922- 1 2.25000+ 6 2.78760- 1 2.50000+ 6 2.73422- 11270 3253 322 
2.75000+ 6 2.70045- 13.00000+ 6 2.68026- 13.40000+ 6 2.66528- 11270 3253 323 
4.10000+ 6 2.66068- 1 5.30000+ 6 2.65721- 1 6.10000+ 6 2.64767- 11270 3253 324 
6.90000+ 6 2.63436- 1 7.70000+ 6 2.61960- 1 8.60000+ 6 2.60321- 11270 3253 325 
9.60000+ 6 2.58651- 1 1.07000+ 7 2.57070- 1 1.20000+ 7 2.55526- 11270 3253 326 
1.35000+ 7 2.54112- 11.54000+ 7 2.52690- 11.81000+ 7 2.50961- 11270 3253 327 
2.00000+ 7 2.49761- 1 1270 3253 328 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 01270 3 0 329 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 01270 0 0 330 
2.00400+ 3 4.00150+ 0 0 1 0 01270 4 2 331 
O.OOOOO+ 0 4.00150+ 0 0 2 0 01270 4 2 332 
o.ooooo+ 0 o.ooooo+ 0 0 0 1 461270 4 2 333 

46 2 1270 4 2 334 
o.ooooo+ 0 1.00000- 5 0 0 2 01270 4 2 335 
o.ooooo+ 0 o.ooooo+ 0 1270 4 2 336 
o.ooooo+ 0 1.00000+ 0 0 0 2 01270 4 2 337 
o.ooooo+ 0 o.ooooo+ 0 1270 4 2 338 
O.OOOOO+ 0 6.00000+ 4 0 0 6 01270 4 2 339 

-7.57300- 2 1.53160- 3-3.35670- 8 6.31490-11 4.93690-12-3.18450- 121270 4 2 340 
o.ooooo+ 0 1.00000+ 5 0 0 6 01270 4 2 341 

-1.28630- 1 4.49460- 3-1.58070- 7 5.36690-10 9.00010-12-5.80170- 121270 4 2 342 
O.OOOOO+ 0 1.50000+ 5 0 0 6 01270 4 2 343 

-1.95710- 1 1.07550- 2-5.40090- 7 2.81240- 9 1.49430-11-9.62900- 121270 4 2 344 
o.ooooo+ 0 2.00000+ 5 0 0 6 01270 4 2 345 

-2.61270- 1 2.01330- 2-1.28070- 6 8.99480- 9 2.16810-11-1.40450- 111270 4 2 346 
O.OOOOO+ 0 2.50000+ 5 0 0 6 01270 4 2 347 

-3.21920- 1 3.27200- 2-2.46670- 6 2.18560- 8 2.89110-11-1.89290- 111270 4 2 348 
O.OOOOO+ 0 3.00000+ 5 0 0 6 01270 4 2 349 

-3.73900- 1 4.83080- 2-4.13370- 6 4.43290- 8 3.61390-11-2.41000- 111270 4 2 350 
O.OOOOO+ 0 3.50000+ 5 0 0 6 01270 4 2 351 

-4.13670- 1 6.63400- 2-6.24850- 6 7.88260- 8 4.27970-11-2.93020- 111270 4 2 352 
O.OOOOO+ 0 4.00000+ 5 0 0 6 01270 4 2 353 

-4.38480- 18.59370- 2-8.70340- 6 1.26510- 7 4.82860-11-3.42510- 111270 4 2 354 
. O.OOOOO+ 0 4.50000+ 5 0 0 6 01270 4 2 355 

-4.47010- 1 1.06020- 1-1.13290- 5 1.86780- 7 5.21520-11-3.86660- 111270 4 2 356 
O.OOOOO+ 0 5.00000+ 5 0 0 6 01270 4 2 357 

-4.39540- 1 1.25470- 1-1.39230- 5 2.57150- 7 5.41240-11-4.23310- 111270 4 2 358 
O.OOOOO+ 0 5.50000+ 5 0 0 6 01270 4 2 359 

-4.17870- 1 1.43340- 1-1.62860- 5 3.33610- 7 5.41840-11-4.51140- 111270 4 2 360 
O.OOOOO+ 0 6.00000+ 5 0 0 6 01270 4 2 361 

-3.84810- 1 1.58910- 1-1.82530- 5 4.11270- 7 5.24920-11-4.69790- 111270 4 2 362 
O.OOOOO+ 0 6.50000+ 5 0 0 6 01270 4 2 363 

-3.43620- 1 1.71820- 1-1.97090- 5 4.85150- 7 4.93270-11-4.79730- 111270 4 2 364 
O.OOOOO+ 0 7.00000+ 5 0 0 6 01270 4 2 365 

-2.97490- 1 1.81980- 1-2.05980- 5 5.50710- 7 4.49510-11-4.81990- 111270 4 2 366 
O.OOOOO+ 0 7.75000+ 5 0 0 6 01270 4 2 367 
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-2.24860- 1 1.92380- 1-2.08570- 5 6.25550- 7 3.64860-11-4.73900- 111270 4 2 368 
0. OOOOO+ 0 8.50000+ 5 0 0 6 01270 4 2 369 

0.OOOOO-k 0 9.25000+ 5 0 0 6 01270 4 2 371 

O.OOOOO+ 0 1.00000+ 6 0 0 ' 6  01270 4 2 373 
-2.99470- 2 1.98510- 1-1.53100- 5 6.19850- 7-8.25380-12-4.01820- 111270 4 2 374 

O.OOOOO+ 0 1.07500+ 6 0 0 6 01270 4 2 375 
2.09180- 2 1.95630- 1-1.20140- 5 5.33560- 7-3.61300-11-3.68810- 111270 4 2 376 
O.OOOOO+ 0 1.17500+ 6 0 0 6 01270 4 2 377 
7.77710- 2 1.90010- 1-6.97450- 6 3.53730- 7-9.26110-11-3.17990- 111270 4 2 378 
O.OOOOO+ 0 1.27500+ 6 0 0 6 01270 4 2 379 
1.23690- 1 IL.83300- 1-1.47360- 6 1.03160- 7-1.81190-10-2.55590- 111270 4 2 380 
O.OOOOO+ 0 :L.40000+ 6 0 0 6 01270 4 2 381 
1.68600- 1 1.74400- 1 5.71070- 6-3.02630- 7-3.56860-10-1.49900- 111270 4 2 382 
0.000'00+ 0 11.55000+ 6 0 0 6 01270 4 2 383 
2.08480- 1 11.63910- 1 1.43750- 5-9.11740- 7-7.02210-10 4.64710- 121270 4 2 384 
O.OQOOO+ 0 L.70000+ 6 0 0 6 01270 4 2 385 
2.37230- 1 1.54260- 1 2.27360- 5-1.63530- 6-1.24960- 9 3.69750- 111270 4 2 386 
O.OOOOO+ 0 1.85000+ 6 0 0 6 01270 4 2 387 
2.58080- 1 l.45740- 1 3.05400- 5-2.45140- 6-2.06350- 9 8.94170- 111270 4 2 388 
O.OOOOO+ 0 2!.05000+ 6 0 0 6 01270 4 2 389 
2.77450- 1 l.36370- 1 3.98020- 5-3.64430- 6-3.68300- 9 2.08110- 101270 4 2 390 
O.OOOOO+ 0 1!.25000+ 6 0 0 6 01270 4 2 391 
2.90500- 1 1.29340- 1 4.75620- 5-4.90800-' 6-6.06630- 9 4.12060- 101270 4 2 392 
O.OOOOO+ 0 2.50000+ 6 0 0 6 01270 4 2 393 
3.01530- 1 1.23710- 1 5.50410- 5-6.51550- 6-1.03640- 8 8.52760- 101270 4 2 394 
O.OOOOO+ 0 2.75000-t 6 0 0 6 01270 4 2 395 
3.09390- 1 1.21310- 1 6.01260- 5-8.09070- 6-1.63810- 8 1.60570- 91270 4 2 396 
O.OOOOO+ 0 3.00000+ 6 0 0 6 01270 4 2 397 
3.15830- 11.21670- 1 6.30280- 5-9.59840- 6-2.43140- 8 2.82060- 91270 4 2 398 
0. OOOOO+ 0 3.40000+ 6 0 0 6 01270 4 2 399 
3,25500- 1 1.26720- 1 6.37650- 5-1.18810- 5-4.11360- 8 6.23450- 91270 4 2 400 
O.OOOOO+ 0 4.10000+ 6 0 0 6 01270 4 2 401 
3.43910- 1 1.43150- 1 5.55130- 5-1.59260- 5-8.01090- 8 1.99230- 81270 4 2 402 
0. OOOOO+ 0 5.30000+ 6 0 0 6 01270 4 2 403 
3.77570- 1 1.74640- 1 1.46810- 5-2.51760- 5-1.13170- 7 9.60590- 81270 4 2 404 
0. OOOOO+ 0 6.10000+ 6 0 0 6 01270 4 2 405 
3.97470- 11.91440- 1-3.19390- 5-3.27210- 5 2.41650- 8 2.26910- 71270 4 2 406 
O.OOOOO+ 0 6.90000+ 6 0 0 6 01270 4 2 407 
4.14050- 1 2.04270- 1-9.02570- 5-3.90330- 5 5.31490- 7 4.81960- 71270 4 2 408 
O.OOOOO+ 0 7,.70000+ 6 0 0 6 01270 4 2 409 
4.27450- 1 2.13840- 1-1.51180- 4-4.06770- 5 1.79080- 6 9.41650- 71270 4 2 410 
O.OOOOO+ 0 8.60000+ 6 0 0 6 01270 4 2 411 
4.39350- 1 2.21730- 1-2.05320- 4-3.14520- 5 4.86400- 6 1.84610- 61270 4 2 412 
O.OOOOO+ 0 9.60000+ 6 0 0 6 01270 4 2 413 
4.49500- 12.28000- 1-2.16740- 4 1.41920- 6 1.18800- 5 3.59730- 61270 4 2 414 
O.OOOOO+ 0 1.07000+ 7 0 0 6 01270 4 2 415 
4.57910- 12.32900- 1-1.19590- 4 7.92120- 5 2.70530- 5 6.91760- 61270 4 2 416 
o.ooooo+ 0 1.20000+ 7 0 0 6 01270 4 2 417 

O.OOOOO+ 0 1.35000+ 7 0 0 6 01270 4 2 419 
4.71690- 1 2.40680- 11.10990- 3 6.10440- 4 1.39900- 4 2.74990- 51270 4 2 420 

-1.53860- 1 1.97850- 1-1.99320- 5 6.64760- 7 2.56280-11-4.55770- 111270 4 2 370 

-8.83210- 2 1.99540- 1-1.80140- 5 6.63510- 7 1~13750-11-4~31050- 111270 4 2 372 

4.65300- 1 2.37040- 1 2.32500- 4 2.52940- 4 6.18900- 5 1.37250- 51270 4 2 418 
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O.OOOOO+ 0 1.54000+ 7 0 0 6 01270 4 2 421 
4.78160- 1 2.44790- 1 3.23900- 3 1.40920- 3 3.35860- 4 5.89060- 51270 4 2 422 
O.OOOOO+ 0 1.81000+ 7 0 0 6 01270 4 2 423 
4.86990- 1 2.516707 18.89090- 3 3.51790- 3 9.31780- 4 1.45070- 41270 4 424 
o.ooooo+ 0 2.00000+ 7 " 0  0 6 01270 4 2 425 
4.94070- 1 2.58070- 1 1.50490- 2 5.92900- 3 1.68770- 3 2.46350- 41270 4 2 426 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 01270 4 0 427 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 01270 0 0 428 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 0 0 0 0 429 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 0 -1 0 0 430 

2 
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APPENDIX L 

Sample of I n t e r p r e t e d  Data S e t  

The fol lowing is an i n t e r p r e t e d  l i s t i n g  of t he  ENDF d a t a  set for 

Helium-4. This  l i s t i n g  was obta ined  using t h e  LISTFC code (See Appendix I ) .  

Since t h i s  is an example, no t  a l l  of the  angular  d i s t r i b u t i o n s  have been l i s t e d .  

i I 
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SA68 
SE53 
SH55 
SH64 
sM54 
ST70 
wH57 
YO63 

DATA TYPE 

J.R.SAWERS ET AL., PHYS.REV. 168(1968) 1102. 
J.D.SEAGRAVE, PHYS.REV. 92(1953) 1222. 
D.F.SHAW, PRoc.PHYS.SoC. (LONDON) 68 (1955) 43. 
R.E.SHAt4U + J.G.JENKIN, PHYS.REV. 135(1964) B99. 

T.STAMMBACH ET AL., PHYS.REV. CZ(1970) 434. 
R.E.WHITE + F.J.M.FARLEY, NUCL.PHYS. 3(1957) 476. 
P.G.YOUNG ET AL., AUST.J.PHYS. 16(1963) 185. 

J.R.SMITH, PHYS.REV. 95(1954) 730. 

TABLE OF CONTENTS 
GENERAC INMlRMATION 

REACTION 

COMMENTS 
TABLE OF CONTENTS 

GENEFU& INFORMATION 

RESONANCE PARAMETERS RESONANCE DATA 
NEUTRON CROSS SECTION TOTAL 

ELASTIC 
MU BAR 
XI 

GAMMA 
SECONDARY NEUTRON ANGULAR DISTRIBUTIONS ELASTIC 

RESONANCE DATA 
RESONANCE P M T E R S  

ENDF/B MATERIAL NO. 1270 

CARDS MOD NUMBER 

73 0 
8 0 
4 0 
89 0 
89 0 
19 0 
19 0 
19 0 
96 0 

ENDF/B MATERIAL NO. 1270 

NO RESONANCE PARAMETERS ARE GIVEN FOR THIS MATERIAL 



TOTAL 
NEUTRON CROSS SECTION 

ENDF/B MATERIAL NO. 1270 

INTERPOLATION LAW BETWEEN ENERGIES 
RANGE DESCRIPTION 

1 TO 257 Y LINEAR IN X 

NEUTRON CROSS SECTIONS 
INDEX, 

1 
6 
11 
16 
21 
26 
31 
36 
41 
46 
51 
56 
61 
66 
71 
76 
81 
86 
91 
96 
101 
106 
111 
116 
121 
126 
131 
136 
141 
146 
151 
156 
161 
166 
171 
176 
181 
186 
191 
196 
201 
206 
211 
216 

ENERGY CROSS SECTION 
Ev 

1.00003-05 
1.00003+03 
6.00003+04 
2.50003+05 
5.00003+05 
6.75003+05 
8.00003+05 
9.25003+05 
1.05003+06 
1.17503+06 
1.3000E+06 
1.45003+06 
1.70003+06 
1.95003+06 
2.20003+06 
2.45003+06 
2.70003+06 
2.95003+06 
3.40003+06 
3.90003+06 
4.40003+06 
4.90003+06 
5.4000E+06 
5.90003+06 
6.40003+06 
6.90003+06 
7.40003+06 
7.90003+06 
8.40003+06 
8.90003+06 
9.40003+06 
9.90003+06 
1.04003+07 
1.09003+07 
1.1400E+07 
1.19003+07 
1.24003+07 
1.29003+07 
1.34003+07 
1.39003+07 
1.44003+07 
1.49003+07 
1.5400Et-07 
1.59003+07 

BARNS 
7.59163-01 
7.59113-01 
7.60033-01 
8.48993-01 
1.45253+00 
2.7087E+OO 
4.30063+00 
6.18423+00 
7.44943+00 
7.57983+00 
6.99093+00 
6.07353+00 
4.84963+00 
4.07133+00 
3.5741E+OO 
3.24163+00 
3.00843+00 
2.83753+00 
2.62213+00 
2.45613+00 
2.32603+00 
2.21323+00 
2.11003+00 
2.01363+00 
1.9230E+00 
1.83783+00 
1.757 7E+00 
1.68253+00 
1.612OE+OO 
1.54593+00 
1.48383+00 
1.42553+00 
1.3707E+W 
1.31913+00 
1.27053+00 
1.22483+00 
1.18173+00 
1.14103+00 
1.10263+00 
1.0664Ef00 
1.03223+00 
9.99903-01 
9.69453-01 
9.40723-01 

ENERGY 
Ev 

2.53003-02 
5.00003+03 
8.00003+04 
3.00003+05 
5.50003+05 
7.00003+05 
8.25003+05 
9.50003+05 
1.07503+06 
1.20003+06 
1.32503+06 
1.5000Ef06 
1.75003+06 
2.00003+06 
2.25003+06 
2.50003+06 
2.75003+06 
3.00003+06 
3.50003+06 
4.00003+06 
4.50003+06 
5.00003+06 
5.50003+06 
6.00003+06 
6.50003+06 
7.00003+06 
7.50003+06 
8.0000E+06 
8.50003+06 
9.00003+06 
9.50003+06 
1.00003+07 
1.05003+07 
1.10003+07 
1.15003+07 
1.20003+07 
1.25003+07 
1.30003+07 
1.35 00E+07 
1.4000E+07 
1.45003+07 
1.5000E+07 
1.55003+07 
1.60003+07 

CROSS SECTION 
BARNS 

7.59163-01 
7.58913-01 
7.62433-01 
9.08081-01 
1.71143+00 
2.97953+00 
4.67703+00 
6.51803+00 
7.56273+00 
7.49873+00 
6.83953+00 
5.78823+00 
4.66363+00 
3.9541Ef00 
3.49713+00 
3.18853+00 
2.97013+00 
2.80873+00 
2.58443+00 
2.42803+00 
2.30243+00 
2.19193+00 
2.09033+00 
1.99503+00 
1.90553+00 
1.82133+00 
1.74233+00 
1.66813+00 
1.59853+00 
1.53323+00 
1.47183+00 
1.41423+00 
1.36013+00 
1.30913+00 
1.26123+00 
1.216OE+OO 
1.17333+00 
1.13313+00 
1.09523+00 
1.0594E+OO 
1.02563+00 
9.93673-01 
9.63573-01 
9.35183-01 

ENERGY 
EV 

l.OOOOE+OO 
1.00003+04 
1.0000E+05 
3.50003+05 
6.00003+05 
7.25003+05 
8.50003+05 
9.75003+05 
1.1000E+O6 
1.22503+06 
1.35003+06 
1.55003+06 
1.80003+06 
2.05003+06 
2.30003+06 
2.55003+06 
2.80003+06 
3.10003+06 
3.60003+06 
4.10003+06 
4.60003+06 
5.1000E+Q6 
5.60003+06 
6.10003+06 
6.60003+06 
7.10003+06 
7.60003+06 
8.10003+06 
8.60003+06 
9.1000E+06 
9.60003+06 
1.01003+07 
1.06003+07 
1.11003+07 
1.16003+07 
1.21003+07 
1.26003+07 
1.31003+07 
1.36003+07 
1.41003+07 
1.46003+07 
1.51003+07 
1.56003+07 
1.61003+07 

CROSS SECTION 
BARNS 

7.59163-01 
7.58723-01 
7.66093-01 
9.90593-01 
2.04383+00 
3.27553+00 
5.06163+00 
6.81733+00 
7.62853+00 
7.39453+00 
6.68503+00 
5.52263+00 
4.49433+00 
3.84673+00 
3.42593+00 
3.13893+00 
2.93403+00 
2.75543+00 
2.54943+0 0 
2.40113+00 
2.27943+00 
2.17103+00 
2.07073+00 
1.97673+00 
1.88833+00 
1.80513+00 
1.72713+00 
1.65383+00 
1.58513+00 
1.52063+00 
1.46003+00 
1.4032E+OO 
1.34973+00 
1.29933+00 
1.25193+00 
1.20723+00 
1.16513+00 
1.12543+00 
1.08783+00 
1.05253+00 
1.01903+00 
9.87513-01 
9.57763-01 
9.29703-01 

ENERGY 
Ev 

1.0000E+01 
2.00003+04 
1.50003+05 
4.00003+05 
6.25003+05. 
7.50003+05 
8.75003+05 
1.00003+06 
1.12503+06 
1.25003+06 
1.37503+06 
1.60003+06 
1.85003+06 
2.10003+06 
2.35003+06 
2.60003+06 
2.85003+06 
3.20003+06 
3.70093+06 
4.20003+06 
4.70003+06 
5.20003+06 
5.70003+06 
6.20003+06 
6.70003+06 
7.20003+06 
7.70003+06 
8.20003+06 
8.70003+06 
9.20003+06 
9.70OOE+O 6 
1.02003+07 
1.07003+07 
1.1200E+07 
1.17003+07 
1.22003+07 
1.27003+07 
1.32003+07 
1.37003+07 
1.42003+07 
1.4700E+07 
1.52003+07 
1.57003+07 
1.62003+07 

CROSS SECTION 
BARNS 

7.59163-01 
7.58493-01 
7.81583-01 
1.10303+00 
2.24183+00 
3.59583+00 
5.44693+00 
7.07523+00 
7.65013+00 
7.27213+00 
6.52953+00 
5.27793+00 
4.34013+00 
3.74823+00 
3.35983+00 
3.09253+00 
2.90003+00 
2.70703+00 
2.51653+00 
2.37533+00 
2.25693+00 
2.15043+00 
2.05153+00 
1.95863+00 
1.8712E+OO 
1.78913+00 
1.71203+00 
1.63973+00 
1.57183+00 
1.50823+00 
1.44843+00 
1.39223+00 
1.33933+00 
1.28963+00 
1.24283+00 
1.19863+00 
1.15703+00 
1.11773+00 
1.08063+00 
1.04563+00 
1.01263+00 
9.81423-01 
9.52013-01 
9.24283-01 

ENERGY 
Ev 

1.00003+02 
4.00003+04 
2.00003+05 
4.50003+05 
6.50003+05 
7.75003+05 
9.00003+05 
1.02503+06 
1.15003+06 
1.27503+06 
1.40003+06 
1.65003+06 
1.90003+06 
2.15003+06 
2.40 00E+06 
2.65003+06 
2.90003+06 
3.30003+06 
3.80003+06 
4.30003+06 
4.80003+06 
5.30003+06 
5.80003+06 
6.30003+06 
6.80003+06 
7.30003+06 
7.80003+06 
8.30003+06 
8.80003+06 
9.30003+06 
9.8 000E+06 
1.03003+07 
1.08003+07 
1.13003+07 
1.18003+07 
1.23003+07 
1.28003+07 
1.33003+07 
1.38003+07 
1.43003+07 
1.48003+07 
1.53003+07 
1.58003+07 
1.63003+07 

CROSS SECTION 
BARNS 

7.59163-01 
7.58753-01 
8.08173-01 
1.25363+00 
2.46303+00 
3.93863+00 
5.82413+00 
7.28673+00 
7.63213+00 
7.13623+00 
6.37483+00 
5.05393+00 
4.19963+00 
3.65763+00 
3.29863+00 
3.04913+00 
2.86793+00 
2.66273+00 
2.48553+00 
2.35033+00 
2.23493+00 
2.13013+00 
2.03243+00 
1.94073+00 
1.85443+00 
1.77333+00 
1.69723+00 
I. 6258E+OO 
1.55883+00 
1.49593+00 . 
1.43693+00 
1.3814E+00 
1.32923+00 
1.28003+00 
1.23373+00 
1.19013+00 
1.14893+00 
1.1101E+00 
1.07343+00 
1.03893+00 
1.00623+00 
9.75403-01 
9.46343-01 
9.18933-01 



NEUTRON CROSS SECTIONS 
INDEX, ENERGY CROSS SECTION 

221 1.64003+07 9.13643-01 
226 1.69003+07 8.88113-01 
231 1.74003+07 8.64083-01 
236 1.79003+07 8.41461-01 
241 1.84003+07 8.20213-01 
245 1.8S30W07 8.00253-91 
251 1.94003+07 7.81543-01 
256 1.99003+07 7.64013-01 

Ev BARNS 

INTERPOLATION L A W  BETWEEN ENERGIES 
RANGE DESCRIPTION 
1 TO 257 Y LINEAR I N  X 

F NEUTRON CROSS SECTIONS 
INDEX, 

Ul 

1 
- ..-- 6 - - 

11 
16 
21 
26 
31 
36 
41 
46 
51 
56 
61 
66 
71 
76 
81 
86 
91 
96 
101 
106 
111 
116 
121 
126 

ENERGY CROSS SECTION 
Ev 

1.00003-05 
1.00003+03 
6.00003+04 
2.50003+05 
5.00003+05 
6.75003+05 
8.00003+05 
9.25003+05 
1.05003+06 
1.17503+06 
1.30003+06 
1.45003+06 
1.70003+06 
1.95003+06 
2.20003+06 
2;45003+06 
2.70003+06 
2.95003+06 
3.40003+06 
3.90003+06 
4.40003+06 
4.90003+06 
5.40003+06 
5.90003+06 
6.40003+06 
6.90003+06 

BARNS 
7.59163-01 
7;5913.3-011-- 
7.60033-01 
8.48993-01 
1.45253+00 
2.70873+00 
4.3006E+OO 
6.18423+00 
7.44943+00 
7.57983+00 
6.99093+00 
6.07353+00 
4.84963+00 
4.07133+00 
3.57413+00 
3.24163+00 
3.00843+00 
2.83753+00 
2.62213+00 
2.45613+00 
2.32603+00 
2.21323+00 
2.11003+00 
2.01363+00 
1.92303+00 
1.83783+00 

ENERGY 
Ev 

1.65003+07 
1.70003+07 
1.75003+07 
1.80003+07 
1.85003+07 
1.90002+07 
1.95003+07 
2.00003+07 

CROSS SECTION 
BARNS 

9.08413-01 
8.83193-01 
8.59443-01 
8.37103-01 
8.16113-01 
7.95412-01 
7.77943-01 
7.606 53-01 

ENERGY CROSS SECTION 
Ev 

2.53003-02 
5;00003+03 
8.00003+04 
3.00003+05 
5.50003+05 
7.00003+05 
8.25003+05 
9.5Q 00E+05 
1.07503+06 
1.20003+06 
1.32503+06 
1.50003+06 
1.75003+06 
2.00003+06 
2.25003+06 
2.50003+06 
2.75003+06 
3.00003+06 
3.50003+06 
4.00003+06 
4.50003+06 
5.00003+06 
5.50003+06 
6.00003+06 
6.50003+06 
7.00003+06 

BARNS 
7.59163-01 
7.58913-01 
7.62433-01 
9.08083-01 
1.71143+00 
2.97953+00 
4.67703+00 
6.51803+00 
7.56273+00 
7.49873+00 
6.83953+00 
5.78823+00 
4.66363+00 
3.95413+00 
3.49713+00 
3.18853+00 
2.97013+00 
2.80873+00 
2.58443+00 
2.42803+00 
2.30243+00 
2.19193+00 
2.09033+00 
1.99503+00 
1.90553+00 
1.82133+00 

ENERGY CROSS SECTION 
Ev BARNS 

1.66003+07 9.03243-01 
1.71003+07 8.78323-01 
1.76003+07 8.54863-01 
1.81003+07 8.32803-01 
1.86003+07 8.12073-01 
1.9100E+07 7.9262E-01 
1.96003+07 7.74393-01 

ELASTIC 
NEUTRON CROSS SECTION 

ENERGY CROSS SECTION 
N BARNS 

1.0000E+00 7.59163-01 
1.. OOOOE+O4-7;5872E~Ol- 
1.00003+05 
3.50003+05 
6.00003+05 
7.25003+05 
8.50003+05 
9.75003+05 
1.1000E+06 
1.22503+06 
1.35003+06 
1.55003+06 
1.80003+06 
2.05003+06 
2.30003+06 
2.55003+06 
2.80003+06 
3.10003+06 
3.60003+06 
4.10003+06 
4.60003+06 
5.10003+06 
5.60003+06 
6.10003+06 
6.60003+06 
7.10003+06 

7.66093-01 
9.90593-01 
2.04383+00 
3.27553+00 
5.06163+00 
6.81733+00 
7.62853+00 
7.39453+00 
6.68503+00 
5.5226Ef00 
4.49433+00 
3.84673+00 
3.42593+00 
3.13893+00 
2.93403+00 
2.75543+00 
2.54943+00 
2.40113+00 
2.27943+00 
2.17103+00 
2.07073+00 
1.97673+00 
1.88833+00 
1.80513+00 

ENERGY 
Ev 

1.67003+07 
1.72003+07 
1.77003+07 
1.82003+07 
1.87003+07 
1.4200z+07 
1.97003+07 

CROSS SECTION 
BARNS 

8.98143-01 
8.73523-01 
8.50343-01 
8.28553-01 
8.08083-01 
7.88BBE-Di 
7.70883-01 

ENDF/B MATERIAL NO. 1270 

ENERGY CROSS SECTION 
Ev 

1.0000E+01 
2;00003+04 
1.50003+05 
4.00003+05 
6.25003+05 
7.50003+05 
8.7500Et.05 
1.00003+06 
1.12503+06 
1.25003+06 
1.37503+06 
1.60003+06 
1.85003+06 
2.10003+06 
2.35003+06 
2.60003+06 
2.85003+06 
3.20003+06 
3.70003+06 
4.20003+06 
4.70003+06 
5.20003+06 
5.70003+06 
6.20003+06 
6.70003+06 
7.20003+06 

BARNS 
7.59163-01 
7.5849EL01- 
7.81583-01 
1.10303+00 
2.24183+00 
3.59583+00 
5.44693+00 
7.07523+00 
7.65013+00 
7.27213+00 
6.52953+00 
5.27793+00 
4.34013+00 
3.74823+00 
3.35983+00 
3.09253+00 
2.90003+00 
2.70703+00 
2.51653+00 
2.37533+00 
2.25693+00 
2.15043+00 
2.05153+00 
1.9586E+OO 
1.87123+00 
1.78913+00 

ENERGY CROSS SECTION 
Ev BARNS 

1.68003+07 8.93103-01 
1.73003+07 8.68773-01 
1.78003+07 8.45873-01 
1.83003+07 8.24353-01 
1.88003+07 8.04143-01 

1.98003+07 7.67433-01 
i.4300E+Oi 7.85i8E-Oi 

ENERGY CROSS SECTION 
N 

1.00003+02 
4;00003+04- 
2.00003+05 
4.50003+05 
6.50003+05 
7.75003+05 
9.00003+05 
1.02503+06 
1.15003+06 
1.27503+06 
1.40003+06 
1.65003+06 
1.90003+06 
2.15003+06 
2.40003+06 
2.65003+06 
2.90003+06 
3.30003+06 
3.80003+06 
4.30003+06 
4.80003+06 
5.30003+06 
5.80003+06 
6.30003+06 
6.80003+06 
7.30003+06 

BARNS 
7.59163-01 
7.58753-01 ~ - , 
8.08173-01 
1.25363+00 
2.46303+00 
3.93863+00 
5.82413+00 
7.28673+00 
7.63213+00 
7.13623+00 
6.37483+00 
5.05393+00 
4.19963+00 
3.65761+00 
3.29863+00 
3.04913+00 
2.86793+00 
2.66273+00 
2.48553+00 
2.35033+00 
2.23493+00 
2.13013+00 
2.03243+00 
1.94073+00 
1.85443+00 
1.77333+00 



NEUTRON CROSS SECTIONS 
INDEX, ENERGY CROSS SECTION 

Ev 
7.40003+06 
7.90003+06 
8.40003+06 
7.40003+06 
7.90003+06 
8.40003+06 
8.90003+06 
9.40003+06 
9.90003+06 
1.04003+07 
1.0900E+07 
1.14003+07 
1.19003+07 
1.24003+07 
1.29003+07 
1.34003+07 
1.39003+07 
1.44003+07 
1.49003+07 
1.54003+07 
1.59003+07 
1.64003+07 
1.69003+07 
1.74003+07 
1.79003+07 
1.84003+07 
1.89003+07 
1.94003+07 
1.99003+07 

BARNS 
1.75773+00 
1.68253+00 
1.61203+00 
1.75773i-00 
1.68253+00 
1.61203+00 
1.54593+00 
1.48383+00 
1.42553+00 
1.37073+00 
1.31913+00 
1.27053+00 
1.22483+00 
1.18173+00 
1.14103+00 
1.10263+00 
1.06643+00 
1.03223+00 
9.99903-01 
9.69453-01 
9.40723-01 
9.13643-01 
8.88113-01 
8.64083-01 
8.41463-01 
8.20213-01 
8.00253-01 
7.81543-01 
7.64013-01 

131 
136 
141 
131 
136 
141 
146 
151 
156 
161 
166 
171 
176 
181 
186 
191 
196 
201 
206 
211 
216 
221 
226 

Ol 231 
236 
241 
246 
251 
256 

Mu BAR 
NEUTRON CROSS SECTION 

INTERPOLATION LAW BE!l" ENERGIES 
RANGE DESCRIPTION 
1 To 46 Y LINEAR IN X 

ENERGY CROSS SECTION 
Ev 

7.50003+06 
8.0000E+06 
8.50003+06 
7.50003+06 
8.0000Ei-06 
8.50003+06 
9.00003+06 
9.50003+06 
1.00003+07 
1.05003+07 
1.10003+07 
1.15003+07 
1.20003+07 
1.25003+07 
1.3000Et07 
1.35003+07 
1.40003+07 
1.45003+07 
1.50003+07 
1.55003+07 
1.60003+07 
1.6500E+07 
1.70003+07 
1.75003+07 
1.80003+07 
1.85003+07 
1.90003+07 
1.95003+07 
2.00003+07 

BARNS 
1.74233+00 
1.66813+00 
1.59853+00 
1.74233+00 
1.66813+00 
1.59853+00 
1.53323+00 
1.47183+00 
1.41423+00 
1.3601E+00 
1.30913+00 
1.26123+00 
1.21603+00 
1.17333+00 
1.13313+00 
1.09523+00 
1.05943+00 
1.02563+00 
9.93673-01 
9.63573-01 
9.35183-01 
9.08413-01 
8.83193-01 
8.59443-01 
8.37103-01 
8.16113-01 
7.96413-01 
7.77943-01 
7.60653-01 

ENERGY CROSS SECTION 
Ev 

7.60003+06 
8.10003+06 
8.60003+06 
7.6000W06 
8.10003+06 
8.6000E+06 

9.6000E+06 
1.01003+07 
1.06003+07 
1.11003+07 
1.16003+07 
1.21003+07 
1.26003+07 
1.3100E+07 
1.36003+07 
1.41003+07 
1.46003+07 
1.51003+07 
1.56003+07 
1.61003+07 
1.66003+07 
1.71003+07 
1.76003+07 
1.8100E+07 
1.86003+07 
1.91003+07 
1.96003+07 

g.ion0~+06 

BARNS 
1.72713+00 
1.65383+00 
1.58513+00 
1.7271E+OO 
1.65383+00 
1.58513+00 
1.52063+00 
1.46003+00 
1.40323+00 
1.34 97E+00 
1.29933+00 
1.25193+00 
1.20723+00 
1.16513+00 
1.12543+00 
1.08783+00 
1.05253+00 
1.01903+00 
9.87513-01 
9.57763-01 
9.29703-01 
9.03243-01 
8.78323-01 
8.54861-01 
8.32803-01 
8.12073-01 
7.92623-01 
7.74393-01 

ENERGY CROSS SECTION 
Ev 

7.70003+06 
8.20003+06 
8.70003+06 
7.70003+06 
8.20003+06 
8.7000E+06 
9.20003+06 
9.7000E+06 
1.02003+07 
1.0700E+07 
1.12003+07 
1.17003+07 
1.22003+07 
1.27003+07 
1.32003+07 
1.370OEi07 
1.42003+07 
1.47003+07 
1.52003+07 
1.57003+07 
1.62003+07 
1.67003+07 
1.72003+07 
1.77003+07 
1.82003+07 
1.87003+07 
1.92003+07 
1.97003+07 

BARNS 
1.71203+00 
1.63973+00 
1.57 18E+00 
1.71203+00 
1.63973+00 
1.57183+00 
1.50823+00 
1.44843+00 
1.39223+00 
1.33933+00 
1.28963+00 
1.24283+00 
1.19863+00 
1.15703+00 
1.11773+00 
1.08063+00 
1.04563+00 
1.012631-00 
9.81423-01 
9.52013-01 
9.24283-01 
8.98143-01 
8.73523-01 
8.50343-01 
8.28553-01 
8.08083-01 
7.88883-01 
7.70883-01 

ENERGY CROSS SECTION 
N 

7.80003+06 
8.30003+06 
8.80003+06 
7.80003+06 
8.30003+06 
8.80003+06 
9.30003+06 
9.80003+06 
1.03003+07 
1.08003+07 
1.13003+07 
1.18003+07 
1.23003+07 
1.28003+07 
1.33003+07 
1.38003+07 
1.43003+07 
1.48003+07 
1.53003+07 
1.58003+07 
1.6300Et-07 
1.68003+07 
1.73003+07 
1.78 0 OE+O 7 
1.8 3 00E+07 
1.88003+07 
1.93003+07 
1.98003+07 

BARNS 
1.69723+00 
1.62583+00 
1.55883+00 
1.69723+00 
1.62583+00 
1.55883+00 
1.49593+00 
1.43693+00 
1.38143+00 
1.32923+00 
1.28003+00 
1.23373+00 
1.19013+00 
1.14893+00 
1.1101E+00 
1.07343+00 
1.03893+00 
1.00623+00 
9.75403-01 
9.46343-01 
9.18933-01 
8.93103-01 
8.68773-01 
8.45873-01 
8.24353-01 
8.04143-01 
7.85183-01 
7.67433-01 

ENDF/B MATERIAL NO. 1270 

NEUTRON 
INDEX, 

1 
6 
11 
36 
16 
21 ' 
26 

CFtOSS SECTIONS 
ENERGY DATA 

1.00003-05 1.69813-01 
2.00003+05- 8.51373-02 
4.50003+05- 2.78213-01 
6.10003+06 5.20931-01 
7.00003+05- 1.46783-01 
1.07503+06 1.57613-01 
1.70003+06 3.72773-01 

Ev 
ENERGY 
Ev 

1.0000E+00 
2.50003+05- 
5.00003+05- 
6.90003+06 
7.75003+05- 
1.17503+06 
1.85003+06 

DATA 

1.69813-01 
1.45633-01 
2.74233-01 
5.3478E-01 
7.85523-02 
2.13293-01 
3.94253-01 

ENERGY 
Ev 

6.00003+04 
3.00003+05- 
5.50003+05- 
7.70003+06 
8.50003+05- 
1.27503+06 
2.05003+06 

DATA 

9.66223-02 
1.98263-01 
2.56323-01 
5.46103-01 
1.10803-02 
2.58623-01 
4.14463-01 

ENERGY 
Ev 

1.00003+05 
3.50003+05- 
6.00003+05- 
8.6000E+06 
9.25003+05 
1.4000Ei06 
2.25003+06 

DATA 

4.51871-02 
2.39553-01 
2.27063-01 
5.56253-01 
5.17573-02 
3.03343-01 
4.28193-01 

ENERGY 
EV 

1.50003+05- 
4.00003+05- 
6.50003+05- 
9.60003+06 
1.00003+06 
1.55003+06 

2.50003+06 

DATA 

2.04493-02 
2.66683-01 
1.89523-01 
5.64993-01 
1.08153-01 
3.43483-01 

4.39743-01 



INDEX, ENERGY DATA ENERGY DATA ENERGY DATA ENERGY DATA ENERGY DATA 
Ex Ev Ev Ev EV 

3 1  2.75003+06 4.47713-01 3.00003+06 4.53853-01 3.40003+06 4.62333-01 4.10003+06 4.77343-01 5.30003+06 5.04553-01 
36 6.10003+06 5.20933-01 6.90003+06 5-34783-01 7.70003+06 5.46103-01 8.60003+06 5.56253-01 9.60003+06 5.64993-01 
4 1  1.07003+07 5.72283-01 1.20003+07 5.78733-01 1.35003+07 5.84313-01 1.54003+07 5.89933-01 1.81003+07 5.97503-01 
46 2.00003+07 6.03473-01 

X I  
NEUTRON CROSS SECTION 

ENDF/B MATERIAL NO. 1270 

INTERPOLATION LAW BETWEEN ENERGIES 
RANGE DESCRIPTION 

1 TO 46 Y LINEAR IN X 

NEUTRON CROSS SECTIONS 
INDEX, ENERGY 

Ev 
1 1.00003-05 
6 2.00003+05 

11 4.50003+05 
16 7.00003+05 
2 1  1.07503+06 
26 1.70003+06 
3 1  2.75003+06 
36 6~,100OE+06. 
4 1  1.07003+07 
46 2.00003+07 

DATA 

4.25183-01 
5.55773-01 
6.54463-01 
5.86893-01 
4.30873-01 
3.20733-01 
2.82423-01 
2.44693:01_ 
2.18263-01 
2.02253-01 

INTERPOLATION LAW BETWEEN ENERGIES 
RANGE DESCRIPTION 

1 TO 46 Y LINEAR IN X 

NEUTRON 
INDEX, 

1 
6 

11 
16 
2 1  
26 
3 1  
36 

CROSS SECTIONS 
ENERGY DATA . 
Ev 

1.00003-05 3.09683-01 
2.00003+05 3.47673-01 
4.50003+05 3.75293-01 
7.00003+05 3.76443-01 
1.07503+06 3.49323-01 
1.70003+06 3.01093-01 
2.75003+06 2.70053-01 
6.10003+06 2.64773-01 

ENERGY 
Ev 

1.0000E+00 
2.50003+05 
5.00003+05 
7.75003+05 
1.17503+06 
1.8500Ef06 
3.00003+06 

-6.90003+06 
1.20003+07 

ENERGY 
Ev 

1.0000E+00 
2.50003+05 
5.00003+05 
7.75003+05 
1.17503+06 
1.85003+06 
3.00003+06 
6.90003+06 

DATA 

4.25183-01 
5.86733-01 
6.52373-01 
5.51893-01 
4.02353-01 
3.09743-01 
2.79273-01 

-. 2.37563-01 
2.14953-01 

DATA 

3.09683-01 
3.55303-01 
3.77493-01 
3.72793-01 
3.40423-01 
2.93223-01 
2.68033-01 
2.634.43-01 

ENERGY 
Ev 

6.00003+04 
3.00003+05 
5.50003+05 
8.50003+05 
1.27503+06 
2.05003+06 
3.40003+06 

1.35003+07 
7.-70003+06 -- 

DATA 

4.62683-01 
6.13663-01 
6.43133-01 
5.17303-01 
3.79143-01 
2.99423-01 
2.74913-01 

-2.31-733-01- -- 
2.12083-01 

GAMMA 
NEUTRON CR9SS SECTION 

ENERGY 

6.00003+04 
3.00003+05 
5.50003+05 
8.5000Ef05 
1.27503+06 
2.050,03+06 
3.40003+06 
7.70003+06 

kv 
DATA 

3.22023-01 
3.61943-01 
3.78643-01 
3.67933-01 
'3.31713-01 
2.84923-01 
2.66533-01 
2.61963-01 

ENERGY 
Ev 

1.00003+05 
3.50003+05 
6.00003+05 
9.25003+05 
1.40003+06 
2.25003+06 
4.10003+06 
8.60003+06 
1.54 00E+07 

DATA 

4.89033-01 
6.34763-01 
6.28093-01 
4.85103-01 
3.56253-01 
2.92403-01 
2.67173-01 
2;26513-01 
2.09193-01 

E2?DF/B MATERIAL NO. 1270 

ENERGY 
Ev 

1.00003+05 
3.50003+05 
6.00003+05 
9.25003+05 
1.40003+06 
2.25003+06 
4.10003+06 
8.60003+06 

DATA 

3.29883-01 
3.67523-01 
3.78783-01 
3.62203-01 
3.21493-01 
2.78763-01 
2.66073-01 
2.60323-01 

ENERGY 
EV 

1.50003+05 
4.00003+05 
6.50003+05 
l.OOOOE+06 
1.55003+06 
2.50003+06 
5.30003+06 
9;60003+06 
1.81003+07 

ENERGY 
EV 

1.50003+05 
4.00003+05 
6.50003+05 
1.00003+06 
1.55003+06 
2.50003+06 
5.30003+06 
9.60003+06 

DATA 

5.22653-01 
6.48613-01 
6.08823-01 
4.56203-01 
3.35713-01 
2.86503-01 

2.22013-01 - 
2.05313-01 

2.53143-01 . _  

DATA 

3.39153-01 
3.71973-01 
3.78013-01 
3.55913-01 
3.10503-01 
2.73423-01 
2;65723-01 
2.58653-01 



INDEX, ENERGY DATA ENERGY DATA ENERGY DATA ENERGY DATA ENERGY DATA 
.Ev Ev Ev Ev Ev 

41 1.0700E+07 2.57073-01 1.2000E+07 2.55533-01 1.35003+07 2.54113-01 1.54003+07 2.5269E-01 1.8100E+07 2.50963-01 
46 2.0000E+07 2.4976E-01 

ELASTIC 
SECONDARY NEUTRON ANGULAR DISTRIBUTIONS 

ENDF/B MATERIAL NO. 1270 

INTERPOLATION LAW BETWEEN ENERGIES 
RANGE DESCRIPTION 
1 TO 46 Y LINEAR IN X 

ELASTIC 
SECONDARY NEUTRON ANGULAR DISTRIBUTIONS 

RECONSTRUCTED ANGULAR DISTRIBUTION IN THE CENTER OF MASS SYSTEM AT 1.OOOOE-11 MEV IS ISOTROPIC 
3 LEGENDRE COEFFICIENTS WERE USED IN THE RECONSTRUCTION 

1 O.OOOOE+OO 2 O.OOOOE+OO 

F(MU)=(SUM OVER L) (0.5*(2L+l) *F(L,E)*P(L,Mu)) 

ENDF/B MATERIAL NO. 1270 

INDEX Mu 
1 1;0000E+00 
6 8.75003-01 
11 7.5OOOE-01 
16 6.2500E-01 
21 5.0000E-01 
26 3.7500E-01 
31 2.5000E-01 
36 1.2500E-01 
41 4.42383-08 
46 '-1.2500E-01 
51 -2.5000E-01 
56 -3.75OOE-01 
61 -5.OOOOE-01 
66 -6.25OOE-01 
71 -7.5000E-01 
76 -8.75003-01 
81 -l.OOOOE+OO 

F (Mu) 
5.0000E-01 
5.OOOOE-01 
5.0000E-01 
5.OOOOE-01 
5.0000E-01 
5.OOOOE-01 
5.0000E-01 
5.OOOOE-01 
5.OOOOE-01 
5.0000E-01 
5.OOOOE-01 
5.0000E-01 
5.0000E-01 
5.0000E-01 
5.0000E-01 
5.0000E-01 
5.0000E-01 

Mu 
9.75003-01 
8.5000E-01 
7.25003-01 
6.OOOOE-01 
4.75003-01 
3.5000E-01 
2.25003-01 
1.0000E-01 

-2.50003-02 
-1.5000E-01 
-2.75OOE-01 
-4.0000E-01 
-5.25003-01 
-6.5000E-01 
-7.7500E-01 
-9.0000E-01 

F (Mu) 
5.0000E-01 
5.0000E-01 
5.0000E-01 
5.OOOOE-01 
5.0000E-01 
5.0000E-01 
5.0000E-01 
5.OOOOE-01 
5.0000E-01 
5.OOOOE-01 
5.OOOOE-01 
5.OOOOE-01 
5.0000E-01 
5.0000E-01 
5.0000E-01 
5.0000E-01 

Mu 
9.5000E-01 
8.25OOE-01 
7.0000E-01 
5.75001-01 
4.5OOOE-01 
3.2500E-01 
2.0000E-01 
7.5000E-02 
-5.0000E-02 
-1.75OOE-01 
-3.0000E-01 
-4.25003-01 
-5.5OOOE-01 
-6.75003-01 
-8 .OOOOE-Ol 
-9.25OOE-01 

F (Mu) 
5.0000E-01 
5.OOOOE-01 
5.OOOOE-01 
5.OOOOE-01 
5.OOOOE-01 
5.OOOOE-01 
5.OOOOE-01 
5.0000E-01 
5.OOOOE-01 
5.0000E-01 
5.OOOOE-01 
5.OOOOE-01 
5.0000E-01 
5.OOOOE-01 
5.0000E-01 
5.OOOOE-01 

Mu 
9.25003-01 
8.OOOOE-01 
6.75003-01 
5.5000E-01 
4.25OOE-01 
3.OOOOE-01 
1.'7500E-01 
5.0000E-02 

-7.50003-02 
-2.0900E-01 
-3.25003-01 
-4.5000E-01 
-5.75003-01 
-7.0000E-01 
-8.25003-01 
-9.5OOOE-01 

F (MU) 
5.OOOOE-01 
5.OOOOE-01 
5.0000E-01 
5.OOOOE-01 
5.OOOOE-01 
5.0000E-01 
5.OOOOE-01 
5.OOOOE-01 
5.OOOOE-01 
5.OOOOE-01 
5.OOOOE-01 
5.0000E-01 
5.OOOOE-01 
5.0000E-01 
5.0000E-01 
5.OOOOE-01 

Mu 
9.0000E-01 
7.7500E-01 
6.5000E-01 
5.2500E-01 
4.OOOOE-01 
2.75OOE-01 
1.5OOOE-01 
2.50003-02 
-1.0000E-01 
-2.25OOE-01 
-3.5000E-01 
-4.75OOE-01 
-6.0000E-01 
-7.25003-01 
-8.5OOOE-01 
-9.7500E-01 

F (m) 
5.0000E-01 
5.OOOOE-01 
5.OOOOE-01 
5.0000E-01 
5.OOOOE-01 
5.OOOOE-01 
5.OOOOE-01 
5.OOOOE-01 
5.0000E-01 
5.OOOOE-01 
5.OOOOE-01 
5.0000E-01 
5.0000E-01 
5.OOOOE-01 
5.OOOOE-01 
5.0000E-01 



ELASTIC 
SECONDARY NEUTRON ANGULAR DISTRIBUTIONS 

RECONSTRUCTED ANGULAR DISTRIBUTION IN THE CENTER OF MASS SYSTEM AT 1.0000E-06 MEV IS ISOTROPIC 
3 LEGENDRE COEFFICIENTS WERE USED IN THE RECONSTRUCTION 

1 O . O O O O E t O O  2 O.OOOOE+OO 

F (MU) = (SUM OVER L) (0.5" (2Ltl) *F (L,E) *P (L,MU) ) 

1 l.OOOOE+OO 5.0000E-01 9.75003-01 
6 8.75003-01 5.0000E-01 8.5000E-01 
11 7.5000E-01 5.0000E-01 7.25003-01 
16 6.25003-01 5.0000E-01 6.0000E-01 
21 5.OOOOE-01 5.OOOOE-01 4.75003-01 
26 3.75003-01 5.0000E-01 3.5OOOE-01 
31 2.5000E-01 5.OOOOE-01 2.2500E-01 
36 1.2500E-01 5.OOOOE-01 1.0000E-01 
41 4.42383-08 5.0000E-01 -2.5000E-02 
46 -1.2500E-01 5.0000E-01 -1.5OOOE-01 
51 -2.5000E-01 5.0000E-01 -2.75003-01 
56 -3.75003-01 5.0000E-01 -4.OOOOE-01 
61 -5.0000E-01 5.0000E-01 -5.25003-01 
66 -6.2500E-01 5.0000E-01 -6.5000E-01 
71 -7.5000E-01 5.0000E-01 -7.7500E-01 
76 -8.75003-01 5.OOOOE-01 -9.0000E-01 
81 -1.OOOOE+OO 5.OOOOE-01 

INDEX Mu F (mu) Mu 

7 
a 

- -__ - - - - - - - - - _- . -- 

F (Mu) 
5.OOOOE-01 
5.0000E-01 
5.0000E-01 
5.OOOOE-01 
5.OOOOE-01 
5.0000E-01 
5.0000E-01 
5.0000E-01 
5.0000E-01 
5.0000E-01 
5.0000E-01 
5.OOOOE-01 
5.OOOOE-01 
5.0000E-01 
5.0000E-01 
5.0000E-01 

Mu 
9.5000E-01 
8.2500E-01 
7.0000E-01 
5.75003-01 
4.5000E-01 
3.25OOE-01 
2.0000E-01 
7.50003-02 

-5.OOOOE-02 
-1.75OOE-01 
-3.0000E-01 
-4.25OOE-01 
-5.5OOOE-01 
-6.75003-01 
-8.0000E-01 
-9.25003-01 

F (Mu) 
5.OOOOE-01 
5.OOOOE-01 
5.0000E-01 
5.0000E-01 
5.OOOOE-01 
5.OOOOE-01 
5.0000E-01 
5.OOOOE-01 
5.0000E-01 
5.0000E-01 
5.0000E-01 
5.OOOOE-01 
5.OOOOE-01 
5.OOOOE-01 
5.0000E-01 
5.0000E-01 

Mu 
9.25003-01 
8.0000E-01 
6.75OOE-01 
5.5OOOE-01 
4.25OOE-01 
3.OOOOE-01 
1.7500E-01 
5.0000E-02 

-7.50003-02 
-2.OOOOE-01 
-3.2500E-01 
-4.5000E-01 
-5.75OOE-01 
-7.00003-01 
-8.25OOE-01 
-9.5OOOE-01 

ENDF/B MATERIAL NO. 1270 

F (Mu) 
5.0000E-01 
5.OOOOE-01 
5.0000E-01 
5.0000E-01 
5.OOOOE-01 
5.0000E-01 
5.0000E-01 
5.00003-01 
5.0000E-01 
5.0000E-01 
5.0000E-01 
5.OOOOE-01 
5.OOOOE-01 
5.0000E-01 
5.0000E-01 
5.OOOOE-01 

Mu 
9.0000E-01 
7.75003-01 
6.5OOOE-01 
5.25003-01 
4.OOOOE-01 
2.7500E-01 
1.5000E-01 
2.50003-02 

-1.0000E-01 
-2.25003-01 
-3.5OOOE-01 
-4.75003-01 
-6.OOOOE-01 
-7.25OOE-01 
-8.5000E-01 
-9.75003-01 

F (Mu) 
5.00003-01 
5.OOOOE-01 
5.0000E-01 
5.0000E-01 
5.0000E-01 
5.0000E-01 
5.0000E-01 
5.0000E-01 
5.0000E-01 
5.OOOOE-01 
5.0000E-01 
5.0000E-01 
5.OOOOE-01 
5.0000E-01 
5.0000E-01 
5.OOOOE-01 

. . 



M. 1 

A P P k I X  M 

Sample Graphical Display 

1 
The following is a sample graphic+ display of the cross  sect ions  for He- 

lium-4. A number of codes (see Appendii I )  prepare graphical displays of mate- 
1 

r i a l s  in  the ENDF format. The examples ishown here are similar to those obtain- 

able from the ENDF plot t ing  code PLOTEF< 
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Appendix N 

Examples of Card-'Image Formats 

This  appendix descr ibes  examples of/ formats containing BCD card-image 

records.  I 
I 
I 
I 

The following appendix begins with a review as to  how ENDF record types 
I 

are organized i n  card-image format. The remaining pages contain the  card-image 

examples and formats. ~ 

I 

The tap of each page ind ica t e s  the  p a r t i c u l a r  f i l e  and data format de- 

Four pages (A, B, C,  D) are used to descr ibe  each data type. scr ibed;  When the  

I appendix is opened t o  a p a r t i c u l a r  da ta  type, the  left-hand pager A ( the  l a s t  , 
i page of the previous fo ldou t  s h e e t ) ,  conta ins  a review of the  va r i ab le  names and 
I t h e i r  de f in i t i ons .  The right-hand page, D (before unfolding) conta ins  the  

important formulae assoc ia ted  with t h e  particular da t a  type. 

hand page is unfolded, pages B and C are exposed. Page B gives  the  format. For 

explanat ion of t h e  nota t ion  descr ibing the  EM>F record types refer to e i t h e r  the 

beginning of t h i s  appendix or Sect ion 0.5~3. 

card-images described by the  formats. 

would have contained too many cards to have been displayed on one page; 

When the r igh t -  

1 

Page C gives  an example of ENDF 
I 
I 

Note t h a t  i n  some cases, the  example 
I 

t he refore ,  c.ards have been omitted. 

, 



N. L 
A Examples of Record Format and Notat ion used i n  Appendix 

A l l  r ecords  on an  ENDF binary  tape are one of fou r  p o s s i b l e  types ,  denoted 

by CONT, LIST, TABl, and - TAJ32. 

lowed (depending on the  record type) by one or two a r r a y s  of numbers. A gene ra l  

d e s c r i p t i o n  of these  n ine  numbers is given below, b u t  t h e  a c t u a l  d e f i n i t i o n  of 

A record always c o n s i s t s  of n ine  numbers fo l -  

each number w i l l  depend on its usage. 

MAT is the  material number ( i n t e g e r ) .  

MF is t h e  f i l e  number ( i n t e g e r ) .  

MT is  t h e  r e a c t i o n  type number ( i n t e g e r ) .  

C 1  is a cons t an t  ( f l o a t i n g  p o i n t ) .  

62 is a cons t an t  ( f l o a t i n g  p o i n t ) .  

L1 is an i n t e g e r  gene ra l ly  used as a test. 

L2 is an i n t e g e r  gene ra l ly  used as a test. 

N l  is a count of items i n  a list to follow. 

N2 is g e n e r a l l y  a count  of items i n  a second l ist  to follow. 

Card-Image (BCD) Formats 

A s tandard  80-column card is d iv ided  i n t o  t h e  fol lowing t e n  fields: 

F i e l d  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Columns 

1- 11 
12-22 
23-33 
34-44 
45-55 
56-66 
67-70 
71-72 
73-75 
76-80 

Descr ip t ion  

D a t u m  
It 

I1 

I1 

I1 

I1 

MAT 
MF 
MT 
Sequence number, s t a r t i n g  

with 1 f o r  t h e  f i rs t  
card  of a material 



LY . I *. . * 
Examples of Record Format and Notat ion used i n  Appendix B Examples of Record Format and Notation used i n  Appendix C 

The smal les t  poss ib l e  record is  a con t ro l  (CONT) record cons i s t ing  of the  The second type of record is the  LIST record,  used to l ist  a s t r i n g  of 

n ine  numbers given above. For convenience, a CONT record is denoted by f l o a t i n g  po in t  numbers, B, ,  B,, B,, etc. These numbers are given i n  an ar ray ,  

(MAT, MF, MT/Cl, C2; L1, L2; N 1 ,  N2)CONT 

B(N)  , and the re  are N 1  of them. 

The LIST record denoted by 

There are f i v e  special cases of a CONT record,  denoted by HEAD, SEND, (MAT, MF, MT/ C1,  C2; L1, L2; N 1  

FEND, MEND, and TJBD. The HEAD record is the  f i r s t  i n  a section and has the  

same form as a CONT record. The numbers C 1  and C 2  are i n t e r p r e t e d  as ZA and is punched i n  the  following way: 

AWR, respec t ive ly ,  on a HEAD record.  

N2/ Bn)LIST 

The SEND, FESID,-MEND, and TEND records use  only the  f i r s t  t h r e e  numbers i n  F i e l d  

t h e  CONT record,  and they are used to  s i g n a l  the  end of a section, f i l e ,  mate- 

t i a l ,  and tape, respec t ive ly :  

(MAT, MF, O/O.O,  0.0; 0, 0; 0, 0)SEND 

(MAT, 0 , O/O.O, 0.0: 0, 0; 0, 0)FEND 

( 0 , 0 , O/O.O,  0.0; 0,  0; 0, 0)MEND 

(-1 , 0 , o / o . O ,  0.0; 0, 0; 0, 0)TEND 

The €EAD record consists of one card punched i n  F i e l d s  1-9. The SEND, 

FEND, MEND, T E ,  and TPID records each consist of one card punched i n  F ie lds  

7-9 only.  Note t h a t  a completely blank card  (MEND record)  s i g n a l s  the  end of a 

material. 



Examples of Record Format and Notation used i n  Appendix 

TABl Records 

The t h i r d  type of record is the  TABl record used for one-dimensional 

tabulated func t ions  such as y (x) . 
t abula ted  funct ion are the  in t e rpo la t ion  tables NBT(N) and I N T ( N )  f o r  each of 

the  NR ranges, and the  NP tabulated p a i r s  of X ( N )  and Y (N)  . 

The data needed to spec i fy  a one-dimensional 

Consider a TABl binary record t h a t  was denoted by 

(MAT, MF, MT/Cl, C2,  L1, L2; NR, NP/xint/y(x))TAB1 

This  record would be punched on cards i n  the  following way: 

, 

N. 1 
D 

F ie ld  I 

The term x means the  in te rpola t ion  

values  of the  va r i ab le  x. y(x) means 

as the  inc ident  neutron energy E, and 

cross sec t ion  (7 (E) .  

i n t  

5 6 7 

NR N P  MAT 

NBT(3) INT(3) MAT 

------ ------ MAT 

NBT(NR) INT(NR)  MAT 

x (3) y (3) MAT 

------ ------ MAT 

X ( N P )  Y (NP) MAT 

8 9 

MF MT 

MF MT 

MF MT 

MF MT 

MF MT 

MF MT 

MF MT 

I 

t a b l e  for in t e rpo la t ing  between successive 

p a i r s  of x and y ( x ) .  x is genera l ly  used : 

y(x)  is  genera l ly  a parameter such as the  

A TAB2 record is  the same as the  TABl record, except t h a t  the  l i s t  of x 

N. 2 
A F i l e  1 Descript ive Information and Index (MT=451) 

LRP is a f l a g  t h a t  i nd ica t e s  t h a t  resolved and/or unresolved resonance pa- 
rameters are given i n  F i l e  2. 

LRP = 0, no resonance parameter da t a  given; 

LRP = 1, resolved and/or unresolved resonance parameter da ta  given i n  

- 

F i l e  2. 

- LFI is a f l a g  t h a t  i nd ica t e s  whether t h i s  material is f i s s ionab le :  

LFI = 0, t h i s  is not a f i s s i o n a b l e  material; 

LFI = 1, t h i s  material is f i s s ionab le .  

NLIB is the  l i b r a r y  i d e n t i f i e r :  

NLIB = 0, ENDF/B. 

NLIB = 1, ENDF/A. 

NLIB = 2, ENDF/A ( t r a n s l a t e d  from UK l i b r a r y ) .  

NLIB = 3, ENDF/A ( t r a n s l a t e d  from KEDAK) . 
. .  

NMOD is  the  modification number: 

NMOD = 0, evaluat ion c a r r i e d  over from previous l i b r a r y  version. 

NMOD = 1, new or revised eva lua t ion  for the cu r ren t  l i b r a r y  version. 

NMOD = 2 etc., successive modif icat ion ind ica to r s .  

- ELIS is the  e x c i t a t i o n  energy of the  t a r g e t  nucleus r e l a t i v e  to 0.0 f o r  
the  ground state. 

- STA is the  t a r g e t  s t a b i l i t y  f l a g .  
decay da ta  should be given i n  MF=8, MT 457: 

If t he  t a r g e t  is uns tab le  rad ioac t ive  

STA = 0.0, stable nucleus, 

STA = 1.0, unstable nucleus. 

- L I S  is t h e  state number of t h e  t a r g e t  nucleus. 
ind ica ted  by LIS=O. 

The ground state is 

- LISfl is  the  isomeric state number. The ground state is indica ted  by , 

LISfl=O, etc. L I S  need not  be the  same as LISfl. 

and y values is omitted. 



N. 2 
File 1 Descriptive Information and Index (MT=451) . B 

N. 2 
File 1 Descriptive Information and Index (MT = 451) C 

This section always begins with a HEAD record and ends with a SEND record. 

Its structure is 

[MAT, 1, 45i/z~ , AWR, LRP, LFI, NLIB, NMOD)HEAD 

(MAT, 1, 451/ELIS, STA, LIS, LIS@, 0, 0)CgNT 

(MAT, 1, 451/0.0, 0.0, 0, 0, NWD, NXC/ 

ZSYMA, ALAB, EDATE, AvTH(33 characters)/ 

REF(22 characters), DDATE, RDATE, b, ENDATE/ 

H (N) )LIST* 

(MAT, 1, 451/0.0, 0.0, MF1, MT1, NC1, MoD1)CmT 

(MAT, 1, 451/0.0, 0.0, MF2, MT2, NC2, MOD2)CgNT 

(MAT, 1, 451/0.0, 0.0, MFNXC, MTNXCr NcNXC' MODNXC C m T  

I 

9.22350+ 4 2.33025+ 2 1 1 0 11395 1451 1 
o.ooooo+ 0 1.00000+ 0 0 0 0 01395 1451 2 
o.ooooo+ 0 o.ooooo+ 0 0 0 237 881395 1451 3 
92-U -235 BNL EVAL-APR77 M.R.BHAT 1395 1451 4 

790518 1395 1451 5 
1395 1451 6 PRINCIPAL EVALUATOR - M . R . BHAT (BNL) 
1395 1451 44 
1395 1451 45 
1395 1451 46 MT=452(NU-BAR TOTAL) CONSISTENT WITH MT=455 AND 456 
1395 1451 47 

MT=455DELAYED NEUTRON YIELDS.KAISER AND CARPENTER(ANL) (REF 19) 1395 1451 48 
1395 1451 49 

DIST-MAY79 REV1-NOV77 

(cards deleted) 
M F = 1  

MT=456(PROMPT NEUTR0NS)BASED ON CF-252NU-BAR(PROMPT)=3.757+-0.0151395 1451 50 
AND U-235 THERMALNU-BAR(PROMFT)=2.420+0.012EVALUATION BASED1395 1451 51 
ON A LEWT-SQUARES FIT OVER A NUMBER OF ENERGY RANGES.DATA 1395 1451 52 
LISTED IN REF3 USED. 1395 1451 53 

M F = 3  1395 1451 74 
1395 1451 75 

THERMAL REGION(1.OE-05 TO 1.OEV) EVALUATION BY B.R.LEONARD JR ET.1395 1451 76 
AL DESCRIBED IN REF 2. THIS FIT MODIFIED BETWEES 0.85 TO 1395 1451 77 
1.OEV TO JOIN SMOOTHLY WITH THE RESONANCE REGION. 

1395 1451 79 2.53E-02EV CROSS-SECTIONS FISSION 583.54t1.7B (REF 2) 
CAPTURE 98.38+-0.76B(REF 2) 1395 1451 80 

RESONANCE INTEGRALS FISSION 281.7B 1395 1451 81 
(0.5EV-2.OE+07EV) CAPTURE 139.2B 1395 1451 82 

MF = 33 1395 1451 201 
1395 1451 202 

COVARIANCE FILE BY R.W.PEELLE FROM REF18 1395 1451 203 
1395 1451 204 

PRINCIPAL REFERENCES 1395 1451 205 
1395 1451 206 

1 L.STEWART,H.ALTER AND R-HUNTER, ENDF-201 (1976) 1395 1451 207 
2 B.R.LEONARD JR,D.A.KOTTWITZ AND J.K.THOMPSON EPRI NP-167(1976) 1395 1451 208 
3 M.R.BHAT U-235 EVALUATION FOR ENDF/B-V(ENDF-248)TO BE PUBLISHED1395 1451 209 

1395 1451 239 31W.P.POENITZ,ANL/NDM-45 (1978) TO BE PUBLISHED 
1395 1451 240 

1 451 328 11395 1451 241 
1 452 7 11395 1451 242 
1 455 8 11395 1451 243 
1 456 6 11395 1451 244 

11395 1451 245 1 458 5 
2 15 1 973 11395 1451 246 

1 470 11395 1451 247 3 
3 2 470 11395 1451 248 
(cards deleted) 

33 10 2 42 11395 1451 328 
01395 1 0 329 0 0 0 

(cards deleted) 

1395 1451 78 

(cards deleted) 

(cards deleted) 

*Note: ZSYMA to AUTH are part of H(N) 
o.ooooo+ 0 o.ooooo+ 0 



N. 2 
F i l e  1 Descr ip t ive  Information and Index (MT=451) D 

- NWD is t h e  count of t h e  number of elements i n  t h e  H o l l e r i t h  sec t ion .  
BCD card  image tapes, NWD is the  number of card images used to 
desc r ibe  the  da t a  set  f o r  t h i s  material (NWD 1. 294). 

- For 

E is an in t ege r  count  of a l l  t h e  s e c t i o n s  t o  be found i n  t h e  dictdon- 
ary.  

H ( N )  is t h e  a r r ay  conta in ing  t h e  H o l l e r i t h  information t h a t  desc r ibes  t h e  
p a r t i c u l a r  evaluated data set. 

( F i r s t  BCD Card Image Record of H ( N ) )  

ZSYMA 

ALAE - 

EDATE 

is a H o l l e r i t h  r e p r e s e n t a t i o n  of t h e  material Z-chemical 
symbol-A i n  cols. 1-11 (ZZZ-EL-AAAM, see Sec. 1.1). 

Mnemonic of o r i g i n a t i n g  l a b o r a t o r y  (s) ( l e f t  ad jus t ed )  i n  cols. 
12- 22. 

da t e  of eva lua t ion ,  EVAL- i n  cols. 23-27, t h r e e  cha rac t e r  
month i n  28-30, followed by t w o  cha rac t e r  year 31-32 (i.e. 
EVAL-DEC74) 

- AUTH au tho r ( s )  of eva lua t ion  ( le f t  ad jus t ed )  cols. 34-66 

(Second BCD-Card Image Record of H ( N ) )  

REF re ference  2-22 

DDATE o r i g i n a l  d i s t r i b u t i o n  da te  ( l e f t  ad jus t ed  DIST- followed by 

- 

month-year as i n  EDATE) i n  cols. 23-33. 

RDATE date and number of  l a s t  r e v i s i o n  (REV1- followed by month-year 
as i n  EDATE) i n  cols. 34-44. 

ENDATE Master f i l e  e n t r y  date ( r i g h t  ad jus t ed  YYMMDD) cols. 56-61. 

MF,, MT,, Nc, and EQ-, are included i n  each of t h e  NXC items i n  the  
d i c t i o n a r y  . 

MF, 

MTi, 

NC, 

is t h e  MF of the  nth sec t ion .  

is t h e  MT of t h e  ath sec t ion .  

is t h e  number of BCD ca rd  images i n  a given s e c t i o n  ( t h e  n 
s e c t i o n ) .  Count -- does not  inc lude  t h e  SEND card.  

t h  

MOD, is t h e  modi f ica t ion  i n d i c a t o r  f o r  s e c t i o n  MI? and MTn. n 

F i l e  1 Number of Neutrons Per F i s s i o n  (MT=452) 
N. 3 

A 

is a test t h a t  i n d i c a t e s  what r e p r e s e n t a t i o n , o f  c ( E )  has  been used: 

LNU = 1, polynomial r e p r e s e n t a t i o n  has been used; 

LNU = 2, t abu la t ed  r ep resen ta t ion .  

is a count  of t h e  number of terms used i n  t h e  polynomial expansion. 

(NC 5 4 )  

are the  c o e f f i c i e n t s  of t h e  polynomial. There are NC c o e f f i c i e n t s  

given. 

is  t h e  number of i n t e r p o l a t i o n  ranges used to t a b u l a t e  va lues  of 

v ( E ) .  (See Appendix E.)  

is the  total  number of energy p o i n t s  used to  t a b u l a t e  9 (E) .  

is the  i n t e r p o l a t i o n  scheme (see Appendix E f o r  d e t a i l s .  ) 

- 

t E -in 

- :(E)-' i.s- the  average number of  neutrons per f i s s i o n .  



File  1 Number of N e u t r o n s  P e r  Fission (MT=452) 
N. 3 

B 

The s t r u c t u r e  of t h i s  s e c t i o n  depends  o n  whether  values of ;(E) are 

t a b u l a t e d  as a f u n c t i o n  of incident  n e u t r o n  e n e r g y  or whether  3 is represented 

by a po lynomia l .  

If LNU = 1, t h e  s t r u c t u r e  of t h e  section is  

(MAT, 1, 452/ ZA, AWR, 0, LNU, 0, 0)HEAD mu = 1 

(MAT, 1, 4521’ 0.0, 0.0, 0, 

(MAT, 1, 0 / 0.0, 0.0, 0, 0 , 0, 0)SEND 

0 I NC, O/C1, C2, ... CNC)LIST 

I f  LNU = 2, t h e  s t r u c t u r e  of t h e  s e c t i o n  is 

(MAT, 1, 452/ ZA, AWR, 0, LNU, 0, 0)HEAD L N U = 2  

(MAT, 1, 452/ 0.0, 0.0, 0, 0, NR, N P / E ~ ~ ~ / ~ ~ ( E ) ) T A B L  

(MAT, 1, o/ 0.0, 0.0, 0, 0, 0, o)sm 

F i l e  1 Number of Neu t rons  P e r  F i s s i o n  (MT=452) 

9.22340+ 4 2.32030+ 2 
o.ooooo+ 0 o.ooooo+ 0 
2.35200+ 0 1.35000- 7 
o.ooooo+ 0 o.ooooo+ 0 

0 
0 

0 

1 
0 

0 

0 
2 

0 

N. 3 
C 

01394 1452 1 
01394 1452 2 

1394 1452 3 
01394 1 0 4 

9.22350+ 4 2.33025+ 2 0 2 0 01395 1452 1 
o.ooooo+ 0 o.ooooo+ 0 0 0 1 121395 1452 2 

1395  1452 3 
1.00000- 5 2.43670+ 0 2.53000- 2 2.43670+ 0 2.50000+ 4 2.43670+ 01395 1452 4 
1.20000+ 6 2.55070+ 0 1.50000+ 6 2.57970+ 0 2.00000+ 6 2.62770+ 01395 1452 5 

7.00000+ 6 3.40400+ 0 7.85000+ 6 3.52500+ 0 2.00000+ 7 5.25100+ 01395 1452 7 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 01395 1 0 8 

1 2  2 

4.00000+ 6 2.91170+ 0 5.50000+ 6 3.12085+ 0 6.00000+ 6 3.26460+ 01395 1452 6 



LNU - 

NC 

C 
-n 

NR 

NP 

P 

- 
- 

E -int 

:& 

NNF 

x -i 
- 

File 1 Delayed Neutrons Per Fission (MT=455) 

is a test that indicates which representation is used: 

LNU = 1 means that a polynomial expansion is used; 

LNU = 2 means that a tabulated representation is used. 

is the number of terms in the polynomial expansion. 

are the coefficients for the polynomial. 

is the number of interpolation ranges used. 

is the total number of incident energy points used to represent 

3 (E) when a tabulation is used. 
is the interpolation scheme (see Appendix E). 

is the total ayerage number of delayed neutron precursors formed 

per fission event. 

is the number of precursor families considered. 

is the decay constant (sec 

(NC 4)  

(NR 5 20) 

d 

-1 
) for the ith precursor. 



F i l e  1 Delayed Neutrons P e r  F iss ion  (MT=455) 
N. 4 

B 

The s t r u c t u r e  of a section when a polynomial representation has been used 

(mu = 1) is 

(MAT, 1, 455/ ZA, AWR, 0, LNU, 0, 0)HEAD 

(MAT, 1, 455/ 0.0, 0.0, 0, 0, NNF, o/x,, x2 ,... X ~ ~ ) L I S T  

(MAT, 1, 455/ 0.0, 0.0, 0, 0, NC, o/cl, c2 ,... C ~ ~ ) L I S T  

L N u = 1  

(MAT, 1, 0 / 0.0, 0.0, 0, 0, 0, 0)SEND 

The structure values of jd are tabulated (LNU = 2 )  is 

(MAT, 1, 455/ ZA, A M ,  0, LNU, '0, 0)HEAD m = 2  

(MAT, 1, 4551 0.0, 0.0, 0, 0, 

(MAT, 1, 4551 0.0, 0.0, 0, 0, NR, N P / E ~ ~ ~ , G ~ ( E ) ) T A B ~  

"F, o/x,, x 2  ,... A ~ ) L I S T  

(MAT, 1, 0 / 0.0, 0.0, 0, 0, 0 0)SEND 

F i l e  1 Delayed Neutrons P e r  Fission (MT.=455) 
N. 4 

C 

NO EXAMPLE IN ENDF/B-V 

2 0 01395 1455 1 9.22350+ 4 2.33025+ 2 0 
o.ooooo+ 0 o.ooooo+ 0 0 0 6 01395 1455 2 
1.27200- 2 3.17400- 2 1.16000- 1 3.11000- 11.40000+ 0 3.87000+ 01395 1455 3 
o.ooooo+ 0 o.ooooo+ 0 0 0 1 71395 1455 4 

1395 1455 5 
1.00000- 5 1.67000- 2 1.20000+ 6 1.67000- 2 2.00000+ 6 1.67000- 21395 1455 6 
4.00000+ 6 1.67000- 2 7-OOOOO+ 6 9.00000- 3 7.85000+ 6 9.00000- 31395 1455 7 
2.00000+ 7 9.00000- 3 1395 1455 8 

01395 1 0 9 o.ooooo+ 0 o.ooooo+ 0 0 0 0 

7 2 



F i l e  1 Delayed Neutrons Per F iss ion  (MT=455) 
N. 4 
D 

The total  number of delayed neutron precursors emitted per f i s s i o n  event, 

a t  i nc iden t  energy E, is given i n  t h i s  f i l e  and is defined as the  sum of the  num- 

ber of precursors emitted for each of the  precursor families, 

where NNF is the  number of precursor families. The f r a c t i o n  of the  total ,  

P i (E) ,  emitted f o r  each family is given i n  F i l e  5 (see sec t ion  5) and is  defined 

as 

The s t ructure  of a sec t ion  depends on whether Gd(E) is tabula ted  as a 

func t ion  of inc ident  energy or given as c o e f f i c i e n t s  of a polynomial expansion 

i n  energy. I f  a polynomial is  used, 3 (E) is defined as d 

where :(E) is the  average number of delayed neutrons per f i s s i o n  produced by 

neutrons of inc ident  energy E ( e V ) ,  C 

ber of terms i n  the  polynomial. 

is the  nth coe f f i c i en t ,  and NC is the  num- n 

NC - 

C -n 

NR - 

N P  

E - in t  

- 

N.5 
F i l e  1 Prompt Neutrons Per F iss ion  (MT=456) A 

a 

is a test  t h a t  i nd ica t e s  what representa t ion  of  ?(E) has been 

used; 

LNU = 1, polynomial representa t ion  has been used; 

LNU = 2, tabulated representa t ion .  

is a count of the  number of terms used i n  the  polynomial expansion. 

(NC 5 4 )  

a r e  the  c o e f f i c i e n t s  of t he  polynomial. There are NC c o e f f i c i e n t s  

given. 

is the  number of i n t e r p o l a t i o n  ranges used to t a b u l a t e  values  of 

Gp(E) .  (See Appendix E.) 

is the  t o t a l  number of energy po in t s  used to t a b u l a t e  < ( E ) .  

is the i n t e rpo la t ion  scheme (see Appendix E.) 

is the  average number of 'prompt neutrons per f i s s i o n .  



LV . J 

F i l e  1 Prompt Neutrons P e r  F i s s i o n  (MT=456) B F i l e  1 Prompt Neutrons P e r  F i s s i o n  (MT=456) C 

The s t r u c t u r e  of t h i s  section depends on whether  v a l u e s  of ? (E)  are represented 

as a polynomial or t a b u l a t e d  as a f u n c t i o n  of inc iden t  n e u t r o n  energy. 

If LNU = 1, t h e  s t r u c t u r e  of t h e  section is 

(MAT, 1, 456/ZA, AWR, 0, LNU, 0, OIHEAD mu = 1 

(MAT, 1, 456/0.0, 0.0, 0, 0, NC, O/C1, C2, ... C N C ) ~ l s ~  

(MAT, 1 O/ 0.0, 0.0, 0, 0, 0, 0)SENI) 

NO EXAMPLE I N  ENDF/B-V 

If LNU = 2, the s t r u c t u r e  of t h e  section is 

(MAT, 1, 456/ZA, AWR, 0, LNU, 0, 0)- 

(MAT, 1, 456/0.0, 0.8, 0, 0, NR, NP/Eint/:p(E))TABl 

(MAT, 1, O/O.O, 0.0, 0, 0, 0, 0)SEND 

mu = 2 

01395 1456 1 9.22350+ 4 2.33025+ 2 0 2 0 
O.OOOOO+ 0 O . O Q O O O +  0 0 0 1 81395 1456 2 

1395 1456 3 
1.00000- 5 2.42000+ 0 2.53000- 2 2.42000+ 0 2.50000+ 4 2.42000+ 01395 1456 4 
1.50000+ 6 2.56300+ 0 2.00000+ 6 2.61100+ 0 5.50000+ 6 3.10800+ 01395 1456 5 
6.00000+ 6 3.25300+ 0 2.00000+ 7 5.24200+ 0 1395 1456 6 
o.ooooo+ 0 o.ooooo+ 0 0 0 ' 0  01395 1 0 7 

8 2 



F i l e  1 Prompt Neutrons Per F i s s ion  (MT=456) 
N. 5 

D F i l e  1 Energy Release Due to F i s s ion  (MT=458) 
N. 6 
A 

The energy dependence of 3 may be given by tabula t ing  9 
P P 

as a func t ion  

of inc ident  neutron energy or by providing the  c o e f f i c i e n t s  for a polynomial 

expansion of 3 (E) .  
P 

where 3 (E) is the  average number of prompt neutrons per f i s s i o n  produced by . 
P 

neutrons of i nc iden t  energy E ( e V ) ,  C 

ber of terms i n  the  polynomial. 

is the  nth c o e f f i c i e n t ,  and NC is t h e  num- n 

- ET is the  sum of a l l  the  partial energ ies  which follow: t h a t  is, t h e  

total  energy release per f i s s i o n  and equals the  Q value 

- EFR is the  k i n e t i c  energy of the  fragments 

- ENP is the  k i n e t i c  energy of the  "prompt" f i s s i o n  neutrons 

- END is the  k i n e t i c  energy of the  delayed f i s s i o n  neutrons 

- EGP is the  to ta l  energy re leased  by the  emission of "prompt" y r ays  

- EGD is the  total  energy re leased  by the  emission of delayed y rays  

- EB is  the  t o t a l  energy re leased  by delayed B u s  

- ENU is the  energy c a r r i e d  away by t h e  neut r inos  

- ER is ET - ENU ( the  t o t a l  energy less the  energy f the  neut r inos) .  This  

ER is equal to the  pseudo-Q i n  F i l e  3 for MT = 18. 



F i l e  1 Energy Release Due to F i s s i o n  (MT=458) 

The structure of a s e c t i o n  is: 

F i l e  1 Energy Release Due to F i s s i o n  (MT=458) 

(MATf 11 458/ ZA, AWR, 0, O f  0, 0) HEAD 

(MAT, 1, 458,' 0.0, 0.0, 0 1  0 1  18, 9/ 

EFR, AEFR, ENP, AENPf END, AEND 

EGP, AEGP, EGDf AEGD, EB, AEB 

9.22350+ 4 2.33025+ 2 0 0 Q 01395 1458 1 
o.ooooo+ 0 o.ooooo+ 0 0 0 18 91395 1458 2 
1.69580+ 8 6.80000+ 5 4.79000+ 6 7.00000+ 4 7.10000+ 3 7.1-0000+ 21395 1458 3 
6.96000+ 6 7.00000+ 5 6.26000+ 6 5.00000+ 4 6.43000+ 6 5.00000+ 41395 1458 4 
8.68000+ 6 6.00000+ 4 1.94020+ 8 1.20000+ 5 2.02700+ 8 l . O O O O O +  51395 1458 5 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 01395 1 0 6 

E N u t  AnuUt ERt AERt ETI AET) LIST 

(MAT, 1, O/  0.0, . O . O f  0, 0, 01 0) s=, 

where t h e  A ' s  allow t h e  error estimates on t h e  q u a n t i t i e s  l i s t e d  above. 



File 1 Energy Release Due to Fission (MT=458) 
N. 6 
D 

N. 7 
File 2 Resonance Parameter Data (General Structure) A 

Several quantities used in File 2 have definitions that are the same for 
all resonance parameter representations: 

- NIS is the number of isotopes in this material (NIS 5 10). 
zAI is the (Z,A) designation for an isotope.. 

- ABN 

- 
is the abundance of an isotope in the material. 

- LFW is a flag indicating whether average fission widths are given in the 
unresolved resonance region for this isotope: 

LFW = 0, average fission widths are not given; 

LFW = 1, average fission widths are given. 
is the number of energy ranges for this isotope (NER - < 2).  

is the lower limit for an energy range. 

is the upper limit for an energy range. 

is a flag indicating whether this energy range contains data for 
resolved or unresolved resonance parameters: 

LRU = 0, only the scattering radius is given; 

LRU = 1, resolved resonance parameters are given; 

LRU = 2, unresolved resonance parameters are given. 

is a flag indicating which representation has been used for the 
energy range. 

If LRU = 1 (resolved parameters), then 

- NER 

- EL 

- EH 

- LRU 

- LRF 
The definition of LRF depends on the value of LRU: 

LRF = 1, single-level Breit-Wigner (SLBW) parameters; 

LRF = 2, multilevel Breit-Wigner (MLBW) parameters; 

LRF = 4, Adler-Adler parameters; 

If LRU = 2 (unresolved parameters), then 

LRF = 1, only average fission widths are energy-dependent; 

LRF = 2, average level spacing, competitive reaction widths, 
reduced neutron widths, radiation widths, and fission 
widths are energy-dependent. 



F i l e  2 Resonance Parameter Data (General S t r u c t u r e )  F i l e  2 Resonance Parameter Data (General S t r u c t u r e )  

The g e n e r a l  s t r u c t u r e  of a section is as follows: 

(MAT, 2, 151/ ZA, AWR, 0, 0, N I S ,  0)HEAD 

(MAT, 2, 1511’ ZAI,  ABN, 0,  

(MAT, 2, 151,’ EL, M, LRU, LRF, 0, 0)CONT ( range)  

LEV?, NEX, 0)CONT (isotope) 

<Subsec t ion  for t h e  f i r s t  energy  range for t h e  f i r s t  isotope (depends 

on LRU and LRF)> 

(MAT, 2, 151,’ EL, EX, LRU, LRF, 0, OICONT (range) 

<Subsec t ion  for t h e  second energy range  for t h e  f i r s t  isotope (depends 

on LRU and LRF)> 

(MAT, 2, 151/ EL, EH, LRU, LRF, 0 O)CONT ( range)  

<Subsec t ion  for t h e  l a s t  energy range  for t h e  l a s t  isotope for t h i s  

material> 

(MAT, 2, 0 / 0.0, 0.0, 0, 0, 0, 0)SEND 

The d a t a  are g i v e n  for a l l  r a n g e s  for a g i v e n  isotope, and t h e n  for a l l  

isotopes. The data for each range s t a r t  w i t h  a CONT ( range)  record: t h o s e  f o r  

e a c h  isotope, w i t h  a CONT (isotope) record. 

9.22350+ 4 2.33025+ 2 0 0 1 01395 2151 1 
9.22350+ 4 1.00000+ 0 0 1 2 01395 2151 2 
1.08000+ 0 8.20000+ 1 1 1 0 01395 2151 3 

( s u b s e c t i o n  for t h e  f i rs t  energy  range)  

01395 2151 136 8.20000+ 1 2 . 5 0 0 0 0 +  4 2 2 0 

(subsection for t h e  second energy  range)  

o.ooooo+ 0 o.ooooo+ 0 0 0 0 013.95 2 0 974 



File 2 Resonance Parameter Data (General Structure) 

FILE 2 

Resonance Parameter Data 

Gener a1 Structure 

NIS 
1 ABNi = 1.000 

i=l 



N. 8 
File 2 Resonance Parameter Data (Special Case, LRP=O) B 

The structure of File 2 for the special case, in which just the scattering 

radius is specified, is given below (no resolved or unresolved parameters are 

given for this material): 

(MAT, 2, 151,’ ZA, AWR, 0, 0, NIS, 0)HEAD (NIS = 1) 

(MAT, 2, 151/ ZAI, ABN, 0, (LFW = 0, NER = 1) 

(MAT, 2, 151/ E L f  M I  LRU, LRF, O f  0)CPINT (LRU = O f  LRF = 0) 

(MAT, 2, 151,’ SPI, AP, 0, 0, NLS, O)C@NT (NLS = 0) 

LFW, NER, 0)CPNT 

(MAT, 2 ,  0 / 0.0, 0.0, 0, 0, 0, 0)sEND 

(MAT, 0, 0 / 0.0, 0.0, 0, 0, 0, 0)FEND 

File 2 Resonance Parameter Data (Special Case, LRP=O) 
N. 8 
C 

8.01600+ 3 1.58580+ 1 
8.01600+ 3 1.00000+ 0 
1.00000- 5 2.00000+ 7 
O.OOOOO+ 0 5.463.40- 1 
0.000004- 0 o.ooooo+ 0 

0 0 
0 0 
0 0 
0 0 
0 0 

1 ’  
1 
0 
0 
0 

01276 2151 1 
01276 2151 2 
01276 2153. 3 
01276 2151 4 
01276 2 0 5 



Th 

F i l e  2 Resonance Parameter Data (Special Case ,  LRP=O) 

FILE 2 

Resonance Parameter Data 

Spec ia l  Case 
LRP = 0 ( I n  F i l e  1, MT = 451) 

only d ta given is the  e f f e c t i v e  s c a t t e r i n g  r 

s c a t t e r i n g  cross sec t ion  is 

(J = -  '' s in2  e 
k2 

where 

/-E- AWRI 
AwRI ~ l.o k = 2.196771 

E i n  e l ec t ron  vo l t s .  

and 

Sius .  The - - w  

N . 8  

t i a l  

N. 9 
A 

e F i l e  2 Resolved Resonance Parameter Data (Single or Mul t i leve l  Breit-Wigner) 

The following q u a n t i t i e s  are defined for u s e  when LRF = 1 and 2 (see Appen- 
d i x  D f o r  formulae) : 

Resolved Resonance Parameters i f  LRF = 1 (SLBW) and LRF = 2 (MLBW) 

- SPI is the  nuclear s p i n  of the  t a r g e t  nucleus,  I (pos i t i ve  number). 

- AP 
-12 is the  s c a t t e r i n g  rad ius  i n  u n i t s  of 10 cm. 

- NLS is the  number of sets of resonance parameters given i n  t h i s  energy re- 
gion. 
angular momentum). 

A set of parameters is given f o r  each R-value (neutron o r b i t a l  
(NLS - < 3 . )  

8 = k*AP 

- AWRI is the  ratio of the  mass of a p a r t i c u l a r  isotope to  t h a t  of a 
neutron. 

is an e f f e c t i v e  Q-value to be added to the  inc ident  p a r t i c l e ' s  
center-of-mass energy to determine the  channel energy f o r  use i n  t h  
p e n e t r a b i l i t y  f a c t o r  of the  competit ive width. QX = 0.0 i f  WL: = 0. 

is the  value of R .  

e is a f l a g  ind ica t ing  whether t h i s  energy range conta ins  a competit ive 
width: 

LRX = 0, no competi t ive width is given; 

LRX = 1, a competit ive width is given; 

is the  number of resolved resonances f o r  a given R-value. 
500. ) 

(NRS 5 

is the  resonance energy ( i n  the  l abora to ry  system). 

is the  f l o a t i n g  po in t  value of J ( the  sp in ,  or total  angular momentum 
of the  resonance).  

is the  resonance total  width r evaluated a t  the  resonance energy ER. 

is the  neutron width r 
is the  r ad ia t ion  width r evaluated a t  t he  resonance energy ER. 

evaluated a t  the  resonance energy ER. 

Y 

n 

is  the  f i s s i o n  width r 
is the  competit ive width r 
i s  not  given e x p l i c i t l y ,  b& is to be obtained by subt rac t ion ,  GX = 
GT - (GN + GG + GF), i f  LRX # 0; 

evaluated a t  the  resonance energy ER. f 

evaluated a t  the  resonance energy ER. I t  



F i l e  2 Resolved Resonance Parameter Data 

The s t r u c t u r e  of a subsec t ion  conta  

(LRU = 1 and LRF = 2) is 

(MAT, 2, 151,' SPI ,  AP, 0, 0, NLS, 0)CONT 

(MAT, 2, 151/ AWRI, QX, L, LRX, 6*NRS, NRS/ 

=NRst A J ~ ~ ,  G T ~ ~ ,  G N ~ ~ f  G G ~ ~ ~ r  G F ~ s  ) LIST 

The LIST record is repeated u n t i l  each NLS R-values has  been s p e c i f i e d  ( i n  

The va lues  of ER f o r  each k - s t a t e  s h a l l  be or- order of inc reas ing  va lue  of R). 

dered by inc reas ing  neut ron  energy. 

N. 9 N.9 
B C 

F i l e  2 Resolved Resonance Parameter Data (S ingle  or Mul t i leve l  Breit-Wigner) (S ing le  or M u l t i l e v e l  Breit-Wigner) 

ning data for (LRU = 1 and LRF = 1) or 

01395 2151 4 3.50000+ 0 9.56630- 1 0 0 1 
2.33025+ 2 O.OOOOO+ 0 0 0 780 1301395 2151 5 

-1.49000+ 0 3.50000+ 0 2.37680- 1 3.68200- 3 2.70000- 2 2.07000- 11395 2151 6 
2.90000- 1 3.50000+ 0 1.35000- 13.01570-  6 3.60000- 2 9.90000- 21395 2151 7 
1.14000+ 0 3.50000+ 0 1.50820- 11.51610- 5 3.46000- 2 1.16200- 11395 2151 8 
2.03500+ 0 3.50000+ 0 4.46960- 2 7.66050- 6 3.48740- 2 9.81400- 31395 2151 9 
2.92000+ 0 3.50000+ 0 2.20000- 14.85300- 6 2.00000- 2 2.00000- 11395 2151 10 
3.14700+ 0 3.50000+ 0 1.39610- 1 2.24050- 5 3.32100- 2 1.06370- 11395 2151 11 
3.60900+ 0 3.50000+ 0 8.43790- 2 4.55940- 5 3.36960- 2 5.06370- 21395 2151 12  

5.44800-b 0 3.50000+ 0 9.01200- 2 3.36110- 6 6.00000- 2 3.01170- 21395 2151 1 4  
5.60000+ 0 3.50000+ 0 6.41920- 1 3.33190- 5 2.00060- 2 6.21890- 11395 2151 15 
6.21000+ 0 3850000+ 0 2.30900- 16.37950- 5 4.34690- 2 1.87360- 11395 2151 16 

7.07700+ 0 3.50000+ 0 6.39340- 2 1.26600- 4 3.55740- 2 2.82330- 21395 2151 18  
8.78100+ 0 3.50000+ 0 1.23290- 1 1.12340- 3 3.11700- 2 9.10000- 21395 2151 19 
9.28600+ 0 3.50000+ 0 1.10760- 11.63640-  4 3.56000- 2 7.50000- 21395 2151 20 

7.04040+ 13 .50000+ 0 1.72720- 12.71560- 3 5.00000- 2 1.20000- 11395 2151 120 

7.16100+ 13 .50000+ 0 1.60290- 12.91360-  4 4.00000- 2 1.20000- 11395 2151 122 
7-23900+ 1 3.50000+ 0 1,38610- 1 2.61150- 3 3.10000- 2 1.05000- 11395 2151 123 
7.29100+ 1 3.50000+ 0 3.60370- 1 3.67170- 4 4.00000- 2 3.20000- 11395 2151 124 

4*848OO+ O 3s50000+ 0 3.95920- 2 6.03520- 5 3.59450- 2 3.58700- 31395 2151 1 3  

6.38200+ 0 3s50000+ 0 4.47880- 2 2.68340- 4 3.49720- 2 9.54800- 31395 2151 17  

(cards  d e l e t e d )  

7.07500+ 1 3.50000+ 0 2,37410- 1 2.40910- 3 3.50000- 2 2.00000- 11395 2151 121 

7*45440+ 1 3.50000+ 0 1.01670- 1 2.72870- 3 3.80000- 2 6.09370- 21395 2151 125 
7.51700+ 1 3.50000+ 0 2.90890- 1 8.88330- 4 5.00000- 2 2.40000- 11395 2151 126 
7*55410+ 1 3.50000+ 0 2.33360- 1 1.36210- 3 3.20000- 2 2.00000- 11395 2151 127 
7.67500+ 1 3.50000+ 0 1.16110- 1 1.07320- 4 3.60000- 2 8.00000- 21395 2151 128 
7.74920+ 1 3.50000+ 0 1.12990- 1 9.86810- 4 4.00000- 2 7.20000- 21395 2151 129 
7.81170+ 1 3.50000+ 0 1.48220- 1 1.22450- 3 4.70000- 2 1.00000- 11395 2151 130 
7.96720+ 1 3.50000+ 0 1.29790- 1 7.85570- 4 4.40000- 2 8.50000- 21395 2151 131 
8.03570+ 1 3.50000+ 0 1.74840- 1 8.38510- 4 4.00000- 2 1.34000- 11395 2151 132 
8.14340+ 1 3.50000+ 0 1.32040- 1 1.04330- 3 4.10000- 2 9.00000- 21395 2151 133 
8.35900+ 1 3.50000+ 0 1.18270- 1 1.17030- 3 4.80000- 2 6.91000- 21395 2151 134 
8.68800+ 1 3.50000+ 0 8.01200- 2 7.19580- 4 5.20000- 2 2.74000- 21395 2151 135 
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File 2 Resolved Resonance Parameter Data (Single or Multilevel Breit-Wigner) 

F I L E  2 

Resonance Parameter Data 

LRU = 1, resolved parameters 

LRF = 1 or 2, single or multilevel Breit-Wigner parameters 

2*AJ, + 1.0 
I 

2(2*SPI + 1.0) g; = 

GTi = GNi + GGi + GFi , if LRX=O 

N .  10 
A 

File 2 Resolved Resonance Parameter Data (Adler-Adler Parameters) 

Resolved Resonance Parameters if LRF = 4 (Adler-Adler multilevel parameters) 

- 12 - SPI is the spin of the target nucleus, I .  
- AP - NLS 

AWRI is the ratio of the mass of a particular isotope to that of the neu- 

- L I  

is the scattering radius in units of 10 
is the number of R-values for which parameters will be given (NLS 5 
3) 

cm. 

tron. 
is a flag to indicate the kind of parameters given: 
L I  = 5, total and capture widths 

is the count of the number of sets of background constants to be 
given. 
If NX = 2, background constants are given for the total and capture 

= 7, total, fission, and capture widths. 
- NX 

cross sections. 

fission cross sections. 
= 3,  background constants are given for the total, capture, and 

-l_r__2~3-&1-2 AT AT AT AT BT BT are the background constants for the total 
cross section. 

- 1 L  AF2, AF;, AF:, BF:, BF2 are the background constants for the fission AF 
cross section. 

-1L2-3-L-4L1-2 AC AC AC AC BC BC are the background constants for the 

- AJ 
- L 
- NJS 

- NLJ 

DET is the resonance energy, (p), for thFhtotal cross section. 

- DEF r is the resonance energy, (V), for the fission cross section. 
DEC is the resonance energy, (p), for the radiative capture cross 

- DWT, is the value of r/2, ( V ) ,  used for the total cross section. 
- DWF, is the value of r/2, ( V ) ,  used for the fission cross section. 
- D K r  is the value of r/2, ( V ) ,  used for the radiative capture cross 

- GRT, is the symmetrical total cross section parameter, GT. 
- GIT r is the asymmetrical total cross section parameter, HT. 

GRE' 

- GIF r is the asymmetrical fission parameter, ~ f .  
- G X r  is the symmetrical capture parameter, Gr. 

Y - GIC r is the asymmetrical capture parameter, Hr. 

radiative capture cross section. 
is the floating-point value of J (the spin of the resonance). 
is the value of R. 
is the number of sets of resolved resonance parameters (each set hav- 
ing its own J-value) for a specified R. 
is the number of resonances for which parameters are given, for a 
specified AJ and L.  

below, the subscript r denotes the r resonance. 
Here and r - 

r - see t ion. 

sect ion. 

is the symmetrical fission parameter, Gf. r - 

Y 
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F i l e  2 Resolved Resonance Parameter Data (Adler-Adler Parameters )  

N. 1 0  
C 

The s t r u c t u r e  of a s u b s e c t i o n  c o n t a i n i n g  data for (LRU = 1 and LRF = 4)  

depends on t h e  value of NX ( t h e  number of sets of background c o n s t a n t s ) .  

t h e  most g e n e r a l  case (NX = 3) t h e  s t r u c t u r e  is 

For ~, 

2, 151/SPI, =I 0, 0, NLS I o ICONT) 
21 151/AWR11 0.0, L I I  0, 6*NX, NX/ 

DETII DWTlr GRTlr GITII DEFl', DWFlr 

G I ~ ~ ~  J)  LIST ................................. 
The l as t  LIST record is repeated'for each  J-state ( t h e r e  w i l l  be NJS s u c h  LIST 

records). A new CONT (8) record w i l l  be  g i v e n  which w i l l  be followed by N J S  

, BF w i l l  n o t  be 1,---- 2 LIST records. Note t h a t  i f  NX = 2 t h e n  t h e  q u a n t i t i e s  AF 

g i v e n  i n  t h e  f i r s t  LIST record. Also, if LI  # 7 t h e n  c e r t a i n  of t h e  parameters 

for each  leve l  may be set  a t  zero, i.e., t h e  f i e l d s  for parameters n o t  g iven  

(depending on L I )  w i l l  be set to zero. 

F i l e  2 Resolved Resonance Parameter Data ( A d l e r - A d l e r  Parameters )  

2.50000+ 0 9.89300- 1 0 0 1 01393 2151 4 
2.31043+ 2 O.OOOOO+ 0 7 0 18 31393 2151 5 
o.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 01393 2151 6 
O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 01393 2151 7 
O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 01393 2151 8 

0 0 1 01393 2151 9 o.ooooo+ 0 o.ooooo+ 0 
2.50000+ 0 O.OOOOO+ 0 0 0 996 831393 2151 1 0  

-1.34000+ 0 2.69400+ 0 2.11380- 4 2.94070- 5-1.34000+ 0 2.69400+ 01393 2151 11 
2.09850- 4 2.91180- 5-1.34000+ 0 2.69400+ 0 1.51940- 6 8.58300- 81393 2151 1 2  

-1.16000+ 0 5.12000- 2 9.19060- 6-9.27590- 6-1.16000+ 0 5.12000- 21393 2151 13 
4.06920- 6-9.16170- 6-1.16000+ 0 5.12000- 2 5.11230- 6-1.24010- 71393 2151 1 4  

-4.76100- 16 .30000-  1 2 . 7 4 4 2 0 -  5 1.05920- 6-4.76100- 16 .30000-  11393 2151 1 5  
1.96450- 5 2.05130- 6-4.76100- 16 .30000-  17 .79570-  6-1.03310- 61393 2151 16 

-4.01800- 2 1.27600- 1-1.07010- 6-4.24730- 9-4.01800- 2 1,27600- 11393 2151 1 7  
-7.11490- 7-5.66820- 7-4.01800- 2 1.27600- 1-3.58640- 7 5.64080- 71393 2151 18 

1.65900- 1 5.67600- 2-2.57060- 7-6.36420- 7 1.65900- 1 5.67600- 21393 2151 19 
-4.63260- 7-6.34890- 7 1.65900- 1 5.67600- 2 2.05440- 7-1.11190- 91393 2151 20 

1.76200- 4-4.68140- 5 5.02900+ 1 6.97600- 1 4.58080- 6-4.46360- 71393 2151 150 
5.13000+ 1 1.23500- 1 7.09670- 6 8.30890- 6 5.13000+ 1. 1.23500- 11393 2151 151 
5.24180- 6 8.17330- 6 5.13000+ 11 .23500-  1 1 . 8 4 5 7 0 -  6 1.26830- 71393 2151 152 
5.20200+ 1 3.83500- 1 4.89300- 5 2.51580- 6 5.20200+ 13 .83500-  11393 2151 153 
4.63410- 5 2.51580- 6 5.20200+ 13 .83500-  1 2.55240- 6 1.60510- 91393 2151 154 
5.28100+ 1 1.22600- 1-1.45180- 5-4.59150- 5 5.28100+ 1 1.22600- 11393 2151 155 

-2.14730- 5-3.95190- 5 5.28100+ 11 .22600-  1 6.81950- 6-6.19210- 61393 2151 156 
5.28100+ 1 4.42500- 1 1.77570- 4-1.20810- 4 5.28100+ 14.42500-  11393 2151 157 
1.66910- 4-1.26140- 4 5.28100+ 14 .42500-  19 .97190-  6 5.27830- 61393 2151 158 
5.39800+ 1 1.30300- 1 1.12190- 4-3.24380- 5 5.39800+ 1 1.30300- 11393 2151 159 
9.35050- 5-3.22400- 5 5.39800+ 1 1.30300- 1 1.83200- 5-2.01480- 71393 2151 160 
5.47500+ 1 9.44700- 2 1.33980- 4 1.27710- 6 5.47500+ 1 9.44700- 21393 2151 1 6 1  
1.02630- 4 1.34620- 6 5.47500+ 1 9.44700- 2 3.01680- 5-1.92190- 71393 2151 162 
5.60100+ 1 2.28800- 1 1.40000- 4 1.20770- 4 5.60100+ 1 2.28800- 11393 2151 163 
1.23700- 4 1.19120- 4 5.60100+ 1 2.28800- 1 1.53660- 5 1.24790- 61393 2151 164 
5.63900+ 1 2.39900- 1 2.95440- 4 8.40940- 6 5.63900+ 1 2.39900- 11393 2151 165 
2.67270- 4 8.66520- 6 5.63900+ 1 2.39900- 1 2 . 6 9 2 5 0 -  5-1.34330- 71393 2151 166 
5.74100+ 1 5.66900- 1 5.73678- 4-2.29500- 5 5.74100+ 1 5.66900- 11393 2151 167 
5.50070- 4-2.10160- 5 5.74100+ 15 .66900-  12 .06200-  5-5.91490- 71393 2151 168 
5.85000+ 1 2.12800- 1 1.37180- 4 2.12290- 5 5.85000+ 1 2.12800- 11393 2151 169 
1.22380- 4 2.12750- 5 5.85000+ 1 2.12800- 1 1.44350- 5 1.33340- 71393 2151 170 
5.99000+ 1 3.29700- 1-2.63920- 7-1.07550- 5 5.99000+ 1 3.29700- 11393 2151 1 7 1  

-7.15000- 7-1.07930- 5 5.99000+ 13 .29700-  1 4.64630- 7 4.07980- 81393 2151 172 
6.13700+ 1 2.85300- 1 2.89810- 4 5.86310- 5 6.13700+ 1 2.85300- 11393 2151 173 

6.26900+ 1 7.99500- 2 2.22650- 4 1.22590- 5 6.26900+ 1 7.99500- 21393 2151 175 
1.64320- 4 1.25060- 5 6.26900+ 1 7.99500- 2 5.62400- 5 8.33020- 91393 2151 176 

(cards d e l e t e d )  

2.66660- 4 5.93620- 5 6.13700+ 1 2.85300- 1 2.14120- 5 8.51290- 81393 2151 174 
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F i l e  2 Resolved Resonance Parameter Data (Adler-Adler Parameters) 

The background c o r r e c t i o n  f o r  t h e  to ta l  cross s e c t i o n  is c a l c u l a t e d  by 

us ing  the  s i x  cons t an t s  i n  t h e  fo l lowing  manner: 
2 3 2 

( A W R E 1 . 0 )  

(background) = C (AT + AT2/E + AT3/E + ATq/E + BT1*E + BT2*E ) 

where C = nA2 = n/k 

is the  center-of-mass wave number i n  terms of t h e  l a b o r a t o r y  energy. 

1 

and k = 2.196771 x 
/E OT 

The background terms for t h e  f i s s i o n  and r a d i a t i v e  cap tu re  cross 

s e c t i o n s  are c a l c u l a t e d  i n  a similar manner. 

Since t h e  format has no p rov i s ion  for g iv ing  the  Adler-Adler parameters 

for t h e  s c a t t e r i n g  c ross -sec t ion ,  t h i s  is obtained by s u b t r a c t i n g  t h e  sum of c a p  

t u r e  and f i s s i o n  cross s e c t i o n s  from the  total cross sec t ion .  

N. 11 
A 

F i l e  2 Unresolved Resonance Parameter Data 

(Parameters are Energy Independent) 

(F i s s ion  Widths no t  given) 

The fol lowing q u a n t i t i e s  are def ined  for use i n  spec i fy ing  unresolved reso- 
nance parameters  (LRU = 2, LRF = 1, LFW = 0 ) :  

- SPI is t h e  s p i n  of t h e  t a r g e t  nucleus,  I. 

-12 - AP is the  s c a t t e r i n g  r a d i u s  i n  u n i t s  of 1 0  cm. N o  channel  quantum 
number dependence is c u r r e n t l y  permi t ted  by t h e  format. 

NLS is the  number of R-values (NLS 5 3 . )  - 

- L is t h e  va lue  of R. 

AWRI is the  ratio of the  mass of a p a r t i c u l a r  isotope to t h a t  of t h e  
neutron. 

- N J S  

- A J  

is t h e  number of J-states for a p a r t i c u l a r  k - s t a t e .  

is t h e  f loa t ing -po in t  va lue  of the  J ( t h e  s p i n ,  or to ta l  angular  
momentum of the  set of parameters) .  

( N J S  2 6.) 

- D is t h e  average l e v e l  spacing for resonances wi th  s p i n  J. 

- AMUN is t h e  number of degrees  of freedom i n  t h e  neutron width d i s t r i b u -  
t i o n .  (1.0 5 AE" 2.0) 

- GNO 

GG is t h e  average r a d i a t i o n  width. 

is t h e  average reduced neutron width. 

- 



F i l e  2 Unresolved Resonance Parameter Data 

(Parameters are Energy Independent) 

(F iss ion  Widths not given) 

F i l e  2 Unresolved Resonance Parameter Data 

(Parameters are Energy Independent) 

(F iss ion  Widths not given) 

I f  LFW = 0 ( f i s s i o n  widths not  g iven ) ,  

LRU = 2 (unresolved parameters) , 
LRF = 1 ( a l l  parameters are energy-independent). 

The s t r u c t u r e  of a subsect ion is: 

(MAT, 2, 151/SPIf AP, 0, 0, NLS , 0 CONT 

(MAT, 2, 151/AWRIf 0.0, L, 0, 6*NJS, NJS/ 

D1’ A J 1 r  -1, mol’ GG1f 0.0 

D2 A J 2 f  GN02,  GG2, 0.0 

--------------------____________^_______--- 

D ~ ~ ~ r  A J ~ ~ ~ r  AMU”JS, G N o ~ ~ ~ f  =NJS~ 0. o 1 LIST 

The LIST record is repeated u n t i l  da t a  f o r  a l l k - v a l u e s  have been spec i f ied .  



Fi l e  2 Unresolved Resonance Parameter Data 

(Parameters are Energy Independent) 

(F iss ion  Widths not  given) 

N. 11 
D F i l e  2 Unresolved Resonance Parameter Data 

(Fiss ion Widths given)  

(Only F i s s ion  Widths are Energy Dependent) 

N. 1 2  
A 

The following q u a n t i t i e s  are defined for use i n  spec i fy ing  unresolved reso- 
nance parameters (LRU = 2, LRF = I, LEW = 1): 

- SPI is the  s p i n  of t h e  t a r g e t  nucleus, I. 

- AP is the  s c a t t e r i n g  rad ius  i n  u n i t s  of 1 0  cm. N o  channel quantum -12 

number dependence is cu r ren t ly  permit ted by the  format. 

NE is t h e  number of energy po in t s  a t  which energy-dependent widths  are 
tabulated.  (NE - c 150.) 

- 

- NLS 

ES 
-i 

is the  number of R-values (NLS < - 3. 

is the  energy of the ith po in t  used 
widths .  

to tabulate ener gy-dependent 

- L is the  value of R. 

- A m 1  is  the  ratio of the  mass of a particular isotope to  t h a t  of the 
neutron . 

- N J S  is the  number of J - s t a t e s  for a particular R-state. ( N J S  5 6 . )  

- AJ is t h e  f loa t ing-poin t  value of the J ( t h e  spin,  or total  angular 
momentum of the  set  of parameters). 

D is the  average l e v e l  spacing for resonances w i t h  s p i n  J. - 
AMUN is the  number of degrees of freedom i n  the  neutron width d i s t r ibu -  

t ion.  (1.0 - C AMUN 5 2.0) 

- MUF is t h e  in teger  value of the  number of degrees of freedom for f i s s i o n  
widths. (1 5 MUF 5 4 )  

GNO is the  average reduced neutron width. - 
- GG is the  average r ad ia t ion  width. 

- GF is t h e  average f i s s i o n  width.  



F i l e  2 Unresolved Resonance Parameter Data 

(Fission Width are g iven)  

(Only F iss ion  Widths are Energy Dependent) 

If LFW = 1 ( f i s s i o n  widths  g iven)  , 
LRU = 2 ( u n r e s o l v e d  parameters) , 

LRF = 1 (only f i s s i o n  wid ths  are energy-dependent; t h e  rest are 

energy-independent) . 
The structure of a s u b s e c t i o n  is: 

(MAT, 2, 151/SPI, AP, 0, 

(MAT, 2, 151/AWRI, 0.0, L, 

( m T ,  2, 151/0.0, 0.0, L, 

0, NE I 

* I  * f  

= I  %E 

0, N J S  , 
MUF , NE+6 , 
GNo, a, 

* f  - I  

G F ~ ~  

NLS/ 

* I  

)LIST 

0) CONT (8) 

o/ 

0.0, 

* I  

)LIST 

O.OOOOO+ 0 9.30900- 1 0 0 3 21338 2151 23 
2.00000+ 2 5.00000+ 2 1.00000+ 4 1338 2151 24 

01338 2151 25 2.36167+ 2 O.OOOOO+ 0 0 . o  1 
o.ooooo+ 0 o.ooooo+ 0 0 3 9 01338 2151 26 
1.37000+ 1 5.00000- 1 1.00000+ 0 2.55600- 3 3.48000- 2 O.OOOOO+ 01338 2151 27 
7.81000- 3 1.49800- 2 9.02500- 2 1338 2151 28 
2.36167+ 2 O.OOOOO+ 0 1 0 2 01338 2151 29 
o.ooooo+ 0 o.ooooo+ 0 1 3 9 01338 2151 30 

'7.81000- 3 1.49800- 2 9.02500- 2 1338 2151 32 
o.ooooo+ 0 o.ooooo+ 0 1 3 9 01338 2151 33 
6.85000+ 0 1.50000+ 0 1.00000+ 0 8.39000- 4 3.48000- 2 O.OOOOO+ 01338 2151 34 
3.91000- 3 7.49000- 3 4.51800- 2 1338 2151 35 

1.37000+ 1 5.00000- 1 1.00000+ 0 1.61000- 3 3.48000- 2 O.OOOOO+ 01338 2151 31 

The l as t  LIST record is r e p e a t e d  for each J-state ( t h e r e  w i l l  b e  N J S  s u c h .  

LIST records). A new C m T ( 8 )  r e c o r d  w i l l  t h e n  be g i v e n  which w i l l  be fo l lowed 

by its N J S  LIST r e c o r d s  u n t i l  data for a l l  R-values have been specified ( t h e r e  

w i l l  be  NLS sets of data). 

I n  t h e  above s e c t i o n ,  no p r o v i s i o n  was made for INTI and i n t e r p o l a t i o n  is 

assumed to be l i n - l i n .  



N. 12 N. 1 3  
F i l e  2 Unresolved Resonance Parameter Data D F i l e  2 Unresolved Resonance Parameter Data A 

( A l l  Parameters are Energy Dependent) 
(F i s s ion  Widths are given)  

(Only F i s s i o n  Widths are Energy Dependent) 
The fol lowing q u a n t i t i e s  are de f ined  f o r  use i n  spec i fy ing  unresolved reso- 

nance parameters (LRU = 2, LRF = 2):  

- SPI is t h e  s p i n  of t h e  t a r g e t  nucleus,  I. 

- AP is t h e  s c a t t e r i n g  r ad ius  i n  u n i t s  of cm. N o  channel  quantum 
number dependence is c u r r e n t l y  permi t ted  by t h e  format. 

is t h e  number of energy p o i n t s  a t  which energy-dependent widths  are 
t abu la t ed .  (NE 5 150.) 

- NE 

- NLS is t h e  number of R-values (NLS 5 3.) 

ES. is  t h e  energy of t h e  ith p o i n t  used to  t a b u l a t e  energy-dependent 
widths.  

is t h e  va lue  of R .  

-1 

- L 

AWRI is t h e  ratio of t h e  mass of a p a r t i c u l a r  isotope to  t h a t  of t h e  
neutron.  

- NJS is t h e  number of J-states for a p a r t i c u l a r  R-state. (NJS 6 . )  

- A J  is t h e  f loa t ing -po in t  va lue  of t h e  J ( t h e  s p i n ,  or to ta l  angular  mo- 
mentum of t h e  set of parameters). 

is t h e  average l e v e l  spacing for resonances with s p i n  J. - D 

AMUX is t h e  number of degrees  of freedom used i n  t h e  compet i t ive  width dis-  
t r i b u t i o n .  (1.0 - < 2.0) 

AMUN is t h e  number of degrees  of freedom i n  t h e  neutron width d i s t r i b u -  
t i o n .  (1.0 5 AMUN 5 2.0) 

AMUG is the  number of degrees  of freedom i n  t h e  r a d i a t i o n  width d i s t r i b u -  
t i o n .  ( A t  p r e sen t  AMUG = 0.0. This  impl ies  a c o n s t a n t  va lue  of r .) Y 

AMUF is t h e  number of degrees  of freedom i n  t h e  f i s s i o n  width d i s t r i b u -  
t i o n .  (1.0 - < NF 4.0)  

d e f i n e s  t h e  i n t e r p o l a t i o n  scheme to be used for i n t e r p o l a t i n g  between 
t h e  c ros s - sec t ions  obta ined  from average resonance parameters.  

is t h e  average reduced neutron width. 

is t h e  average r a d i a t i o n  width. 

is t h e  average f i s s i o n  width.  

is t h e  average compet i t ive  r e a c t i o n  width. 

- INT 

E 
- GG 

- GF 

- GX 

ti 



F i l e  2 Unreso lved  Resonance Pa rame te r  Data 

( A l l  P a r a m e t e r s  are Energy  Dependent) 

I f  LFW = 0 or 1 (does n o t  depend on  LFW). 

LRU = 2 ( u n r e s o l v e d  parameters) , 
LRF = 2 ( a l l  energy-dependent  parameters). 

The s t r u c t u r e  of a s u b s e c t i o n  is: 

(MAT, 2, I ~ ~ / S P I ,  AP, 0, 0, NLS o )CONT 

(MAT, 2, 151/AWRII 0.0, LI 0, N J S I  O)CONT 

(MAT, 2, 151/AJ, 0.01 INTI 0, (6*NE)+6, NE / 

N. 13 
B 

ESNEI DNEr GXNEr GNONEt a N E r  3 G F ~ )  LIST 

The LIST record is repeated u n t i l  a l l  t h e  N J S  J-states have been specified for 

a g i v e n  R-value. A new CONT (R)  r e c o r d  is  t h e n  g i v e n ,  and  a l l  data for e a c h  

J-state for tha t  R-value are given. The s t r u c t u r e  is repeated u n t i l  a l l  R- 

states have  been specified. 

N 
F i l e  2 Unreso lved  Resonance Parameter  Data 

( A l l  P a r a m e t e r s  are Energy Dependent) 
3.50000+ 0 9.56630- 1 0 0 2 01395 2151 
2.33025+ 2 O.OOOOO+ 0 0 0 2 01395 2151 
3.00000+ 0 O.OOOOO+ 0 2 0 828 1371395 2151 
O . O O O O O +  0 O.OOOOO+ 0 O.OOOOO+ 0 1.00000+ 0 O.OOOOO+ 0 3.00000+ 01395 2151 
8.20000+ 1 9 . 5 2 6 0 0 -  1 O.OOOOO+ 0 1.03289- 4 3.50000- 2 4.43612- 21395 2151 
8.65000+ 1 9 . 5 2 6 0 0 -  1 O.OOOOO+ 0 8.85426- 5 3.50000- 2 9.71759- 21395 2151 
9.10000+ 1 9.52600- 1 O.OOOOO+ 0 1.15571- 4 3.50000- 2 7.29406- 21395 2151 

2.46000+ 4 9.52600- 1 O.OOOOO+ 0 9.19730- 5 3.50000- 2 1.61215- 11395 2151 
2.50000+ 4 9.52600- 1 O . O O O O O +  0 8.93863- 5 3.50000- 2 1.24342- 11395 2151 
4.00000+ 0 O.OOOOO+ 0 2 0 8 28 1371395 2151 
O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 1.00000+ 0 O.OOOOO+ 0 2.00000+ 01395 2151 
8.20000+ 1 8 . 0 9 3 0 0 -  1 O.OOOOO+ 0 1.05873- 4 3.50000- 2 1.97216- 11395 2151 
8.65000+ 1 8 . 0 9 3 0 0 -  1 O . O O O O O +  0 9.07582- 5 3.50000- 2 9.37354- 21395 2151 
9.10000+ 1 8 . 0 9 3 0 0 -  1 O . O O O O O +  0 1.18463- 4 3.50000- 2 1.13654- 11395 2151 

2.46000+ 4 8.09300- 1 O.OOOOO+ 0 9.42745- 5 3.50000- 2 1.25252- 11395 2151 
2.50000+ 4 8.09300- 1 O.OOOOO+ 0 9.16230- 5 3.50000- 2 1.40220- 11395 2151 
2.33025+ 2 O.OOOOO+ 0 1 0 4 01395 2151 
2.00000+ 0 o.ooooo+ 0 2 0 828 1371395 2151 
O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 1.00000+ 0 O.OOOOO+ 0 4.00000+ 01395 2151 
8.20000+ 1 1.23830+ 0 O.OOOOO+ 0 1.79430- 4 3.50000- 2.3.94000- 11395 2151 
8.65000+ 1 1.23830+ 0 O . O O O O O +  0 1.79430- 4 3.50000- 2 3.94000- 11395 2151 
9.10000+ 1 1.238309 0 O.OOOOO+ 0 1.79430- 4 3.50000- 2 3.94000- 11395 2151 

2.46000+ 4 1.23830+ 0 O . O O O O O +  0 1.79430- 4 3.50000- 2 3.94000- 11395 2151 
2.50000+ 4 1.23830+ 0 O.OOOOO+ 0 1.79430- 4 3.50000- 2 3.94000- 11395 2151 
3.00000+ 0 O . O O O O O +  0 2 0 8 28 1371395 2151 
O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 2.00000+ 0 O.OOOOO+ 0 3.00000+ 01395 2151 
8.20000+ 1 9 . 5 2 6 0 0 -  1 6.00000+ 0 1.19170- 4 3.50000- 2 2.77000- 11395 2151 
8.65000+ 1 9.52600- 1 O.OOOOO+ 0 1.19170- 4 3.50000- 2 2.77000- 11395 2151 
9.10000+ 1 9.52600- 1 O.OOOOO+ 0 1.19170- 4 3.50000- 2 2.77000- 11395 2151 

2.46000+ 4 9.52600- 1 O . O O O O O +  0 1.19170- 4 3.50000- 2 2.77000- 11395 2151 
2.50000+ 4 9.52600- 1 O.OOOOO+ 0 1.19170- 4 3.50000- 2 2.77000- 11395 2151 
4.00000+ 0 O . O O O O O +  0 2 0 828 1371395 2151 
O.OOOOO+ 0 O . O O O O O +  0 O.OOOOO+ 0 2.00000+ 0 O.OOOOO+ 0 4.00000+ 01395 2151 
8.20000+ 1 8 . 0 9 3 0 0 -  1 O.OOOOO+ 0 1.01240- 4 3.50000- 2 2.58000- 11395 2151 
8.65000+ 1 8 . 0 9 3 0 0 -  1 O.OOOOO+ 0 1.01240- 4 3.50000- 2 2.58000- 11395 2151 
9.10000+ 1 8 . 0 9 3 0 0 -  1 O.OOOOO+ 0 1.01240- 4 3.50000- 2 2.58000- 11395 2151 

2.46000+ 4 8.09300- 1 O.OOOOO+ 0 1.01240- 4 3.50000- 2 2.58000- 11395 2151 
2.50000+ 4 8.09300- 1 O.OOOOO+ 0 1.01240- 4 3.50000- 2 2.58000- 11395 2151 
5.00000+ 0 O . O O O O O +  0 2 0 828 1371395 2151 

8.20000+ 1 7.47700- 1 O.OOOOO+ 0 1.08340- 4 3.50000- 2 1.79000- 11395 2151 
8.65000+ 1 7.47700- 10.00006+ 0 1.08340- 4 3.50000- 2 1.79000- 11395 2151 
9.10000+ 1 7 . 4 7 7 0 0 -  1 O.OOOOO+ 0 1.08340- 4 3.50000- 2 1.79000- 11395 2151 

2.46000+ 4 7.47700- 1 O.OOOOO+ 0 1.08340- 4 3.50000- 2 1.79000- 11395 2151 
2*50000+ 4 7.47700- 1 O.OOOOO+ 0 1.08340- 4 3.50000- 2 1.79000- 11395 2151 

(cards deleted) 

(cards d e l e t e d )  

(cards d e l e t e d )  

(cards deleted) 

(cards deleted) 

O * O O O O O +  0 O.OOOOO+ 0 O . O O O O O +  0 1.00000+ 0 O.OOOOO+ 0 3.00000+ 01395 2151 

( c a r d s  deleted) 

I. 13 
C 

137 
138 
139 
140 
1 4 1  
142  __ 
143  

276 
277 
278 
279 
280 
281 
282 

415 
416 
417 
418 
419 
420 
421 
422 

555 
556 
557 
558 
559 
560 
561  

694 
695 
696 
697 
698 
699 
700 

833 
834 
835 
836 
837 
838 
839 

972 
973 



N. 13 
File 2 Unresolved Resonance Parameter Data D File 3 Neutron Cross Sections 

( A l l  Parameters are Energy Dependent) 

N. 1 
A 

For File 3 the following quantities are defined: 

LIS - 

- Q 

S - 

LT - 

LR - 

NR 

E -int 1s the interplat ion scheme for each energy range. 

(3 is the cross section (barns) for a particular reaction type at 
--(E) incident energy point, E, in (ev). Data are given in energy-cross 

section pairs. 

is an indicator that specifies the initial state of the target nucle- 
us (for materials that represent nuclides). 

LIS = 0, the initial state is the ground state. 

= 1, the initial state is the first excited state. 

is an indicator that specifies the final excited state of the residu- 
al nucleus produced by a particular reaction. 

LFS = 0, the final state is the ground state. 

= 1, the final state is the first excited state. 

= 90, an unspecified range of final states. I 

= 99, all final states. 

is defined for the reaction a + A *  b + B as: 

Q(eV) = ( (m a + mA) - (m b B  + m i EB(eV)/(9.315016+08))) (9.315016+08), 

is the temperature (OK). NOTE: If the LR flag is used, S becomes 
the breakup energy for the final reaction products corresponding to 
that particular LR value. (Exceptions are LR = 39 and LR = 40, which 
are set equal to 0.0). 

is a flag to specify whether temperature-dependent data are given. 
and LT are normally zero. 

is a flag to be used in the reactions MT = 51, 52, 53,...., 90, and 
91, to define x in (n,n'x). 

is the number of energy ranges that have been given. A different 
interpolation scheme may be given for each range. 

is the total number of energy points used to specify the data. 
- C 5000). 

S 

(NR - < 20). 

(NP 



File 3 Neutron Cross Sec t ions  

a 

a 

a 

The s t r u c t u r e  of a s e c t i o n  is  

(MAT, 3, MT/ZA , AM, LIS, ms, o , O~HEAD 

(MAT, 3, MT/S I Q r LT, LR t NR, NP/Eint/C(J(E))TABl 

(MAT, 3, 0 / O . O ,  0.0, 0, 0, 0 0)SEND 

N. 1 4  
B F i l e  3 Neutron Cross Sec t ions  

N. 1 4  
C 

3.00600+ 3 5.96340+ 0 0 99 0 01303 3103 1 
O.OOOOO+ 0-2.72730+ 6 0 0 1 771303 3103 2 

77 2 1303 3103 3 
3.18460+ 6 O.OOOOO+ 0 3.20000+ 6 2.00000- 4 3.30000+ 6 1.80000- 31303 3103 4 
3.40000+ 6 6.00000- 3 3.50000+ 6 1.22000- 2 3.60000+ 6 1.90000- 21303 3103 5 
3.70000+ 6 2.44000- 2 3.80000+ 6 2.85000- 2 3.90000+ 6 3.16000- 21303 3103 6 
4.00000+ 6 3.40000- 2 4.05000+ 6 3.50000- 2 4.10000+ 6 3.53000- 21303 3103 7 
4.15000+ 6 3.59000- 2 4.20000+ 6 3.58000- 2 4.25000+ 6 3.54000- 21303 3103 8 
4.30000+ 6 3.46000- 2 4.35000+ 6 3.47000- 2 4.40000+ 6 3.22000- 21303 3103 9 
4.45000+ 6 3.10000- 2 4.50000+ 6 3.00000- 2 4.55000+ 6 2.92000- 21303 3103 10 
4.60000+ 6 2.87000- 2 4.65000+ 6 2.84000- 2 4.70000+ 6 2.85000- 21303 3103 11 
4.75000+ 6 2.89000- 2 4.80000+ 6 2.90000- 2 4.85000+ 6 2.91000- 21303 3103 12 
4.90000+ 6 2.90000- 2 5.00000+ 6 2.87000- 2 5.05000+ 6 2.85000- 21303 3103 1 3  
5.10000+ 6 2.82000- 2 5.20000+ 6 2.75000- 2 5.30000+ 6 2.66000- 21303 3103 1 4  
5.40000+ 6 2.57000- 2 5.50000+ 6 2.49000- 2 5.60000+ 6 2.40000- 21303 3103 15 
5.80000+ 6 2.25000- 2 6.00000+ 6 2.11000- 2 6.20000+ 6 2.01000- 21303 3103 16 

7.00000+ 6 1.71000- 2 7.20000+ 6 1.65000- 2 7.40000+ 6 1.60000- 21303 3103 18 
7.60000+ 6 1.55000- 2 8.00000+ 6 1.45000- 2 8.20000+ 6 1.41000- 21303 3103 19 
8.40000+ 6 1.36000- 2 8.50000+ 6 1.35000- 2 8.60000+ 6 1.32000- 21303 3103 20 
8.80000+ 6 1.29000- 2 9.00000+ 6 1.25000- 2 9.50000+ 6 1.15000- 21303 3103 21 
1.00000+ 7 L07000- 2 1.04000+ 7 1.00000- 2 1.05000+ 7 9.80000- 31303 3103 22 
1.08000+ 7 9.40000- 3 1.10000+ 7 9.10000- 3 1.15000+ 7 8.40000- 31303 3103 23 

1.35000+ 7 6.40000- 3 1.40000+ 7 6.10000- 3 1.45000+ 7 5.80000- 31303 3103 25 

6.40000+ 6 1.92000- 2 6.60000+ 6 1.84000- 2 6*80000+ 6 1.77000- 21303 3103 17 

1.20000+ 7 7.80000- 3 1.25000+ 7 7.30000- 3 1.30000+ 7 6.80000- 31303 3103 24 

1.50000+ 7 5.65000- 3 1.55000+ 7 5.50000- 3 1.60000+ 7 5.30000- 31303 3103 26 
1.65000+ 7 5.20000- 3 1.70000+ 7 5.10000- 3 1.75000+ 7 5.00000- 31303 3103 27 
1.80000+ 7 5.00000- 3 1.85000+ 7 5.00000- 3 1.90000+ 7 4.90000- 31303 3103 28 
1.95000+ 7 4.90000- 3 2.00000+ 7 4*90000- 3 1303 3103 29 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 01303 3 0 30 



F i l e  3 Neutron Cross Sect ions 
N. 1 4  

D 

The reac t ion  Q-value is defined as the  k i n e t i c  energy (eV) re leased  by a 

reac t ion  (pos i t i ve )  or required fo r  a r eac t ion  (negat ive) .  Except f o r  f i s s i o n ,  

f o r  a reaction having a threshold,  t he  threshold energy E is given by t h  

l Q l  AWR + 1 
Eth= AWR 

where AWR is the  atomic mass ratio given on the  HEAD card of each sec t ion .  

For a material t h a t  is a mixture of several isotopes,  t he  Q-value is not 

uniquely defined. 

l a r  isotope t h a t  con t r ibu te s  to the  cross sec t ion  a t  t he  lowest energy, but  see 

discussion i n  Sec t ion  3.2.2.2. 

The threshold energy genera l ly  should p e r t a i n  to the  particu- 

LVT - 

LTT - 

L I  - 

LCT - 

N K  - 

NM - 

E K  

NE - 

NL - 

N.15 
F i l e  4 Angular D i s t r ibu t ions  of Secondary Neutrons A 

(Legendre Coef f i c i en t s  and Transformation) 

I The following q u a n t i t i e s  are defined. 

Other commonly used va r i ab le s  are given i n  the  Glossary (Appendix A ) .  

is a f l a g  to spec i fy  whether a transformation matr ix  is given f o r  
elas t ic  s c a t t e r i n g  : 

LVT = 1, a transformation matr ix  is given. 

is a f l a g  to spec i fy  the  r ep resen ta t ion  used. 

LTT = 1, the  da ta  are given as Legendre expansion c o e f f i c i e n t s ,  
a& (E) ; 

is a f l a g  to  spec i fy  whether a l l  the  angular d i s t r i b u t i o n s  are 
is0 trop ic : 

L I  = 0, not  a l l  i so t rop ic ,  

is a f l a g  to spec i fy  the  frame of reference used: 

LCT = 1, the  data are given i n  the  LAB system; 

LCT = 2,  the  da t a  are given in ,  t he  CM system. 

is the  number20f elements i n  the  transformation matr ix  (NK 5 4 4 1 ) .  
NK = (NM f 1) . 
is the  maximum order Legendre polynomial t h a t  w i l l  be required (NM 2 
20) t o  descr ibe  the  angular d i s t r i b u t i o n s  of elastic s c a t t e r i n g  i n  
e i t h e r  the  center-of-mass or the  labora tory  system. NM should be an 
even number. 

are the  matr ix  elements of the  t ransformation matrices: 

- i f  LCT = 1 (data  given i n  LAB system); and 'K - 'R,m 
- i f  LCT = 2 (da t a  given i n  CM system). 

'K - 'R,m 
is the  number of i nc iden t  energy po in t s  a t  which angular d i s t r ibu -  
t i o n s  are given (NE - 500). 

is t he  h ighes t  order  Legendre polynomial t h a t  is given a t  each energy 

-1 

(NL 5 20). 



N. 15 
File 4 Angular Distributions of Secondary Neutrons B 

(Legendre Coefficients and Transformation) 

Leqendre Polynomial Coefficients and Transformation Matrix Given: 

LTT = 1, LVT = 1, and LI = 0 

When LTT = 1 (angular distributions given in terms of Legendre polynomial 

coefficients) and LVT = 1, the structure of a section is 

(MAT, 4, MT/ZA, AWR, LW, LTT, O,O)HEAD LTT = 1, LVT =.l 

(MAT, 4, MT/O.O, m, LI, UT, NK, NM/V~)LIST LI = 0 

(MAT, 4, MT/O.O, 0.0, 0, 0, NR, NE/Eint)TAB2 

(MAT, 4, MT/T , 
(MAT, 4, MT/T , 

, LT, o , NL, O/aR(E1))LI~~ 

, LT, o , NL, 0/aR(E2))LI~~ 
.............................................. 

(MAT, 4, MT/T , E ~ ~ ,  LT, o , NL, o/a (E )LIST NE 
(MAT, 4, 0 /O.O, 0.0, 0 , 0 , 0 , 0)SEND 

Note that T and LT refer to temperature (in OK) and a test for temperature de- 

pendence, respectively. These values are normally zero; however, see Appendix 

F for an explanation of cases in which temperature dependence is specified. 

N. 15 
File 4 Angular Distributions of Secondary Neutrons C 

(Legendre Coefficients and Transformation) 

6.00000+ 3 1.18969+ 1 1 1 
0. OOOOO+ 0 1.18969+ 1 0 2 
1.00000+ 0 5.60370- 2 1.41449- 3-1.06648- 9 0 
o.ooooo+ 0 o.ooooo+ 0 o.ooooo+ 0 o.ooooo+ 0 0 
o.ooooo+ 0 o.ooooo+ 0 o.ooooo+ 0 o.ooooo+ 0 0 
o.ooooo+ 0 o.ooooo+ 0 o.ooooo+ 0 o.ooooo+ 0 9 
4.84477- 3 1.13334- 4 1.41574- 6-3.09538- 8 0 

(cards deleted 
1.84395-13-4.23666-12 8.52332-11-1.50800- 
3.83673- 6-3.97165- 5 3.51714- 4-2.61541- 
2.59530- 1-5.51607- 14.33796- 1 
o.ooooo+ 0 o.ooooo+ 0 0 

o.ooooo+ 0 1.00000- 5 0 
o.ooooo+ 0 
o.ooooo+ 0 1.00000+ 3 0 
1.40110- 4 
O.OOOOO+ 0 5.00000+ 3 0 
6.98200- 4 
o.ooooo+ 0 1.00000+ 4 0 
1.39060- 3 
O.OOOOO+ 0 5.00000+ 4 t 0 
6.72820- 3 7.49880- 5 
o.ooooo+ 0 1.00000+ 5 0 
1.29230- 2 2.79310- 4 
o.ooooo+ 0 2.00000+ 5 0 
2.38830- 2 9.73570- 4 
0. OOOOO+ 0 3.00000+ 5 0 
3.31650- 2 1.91720- 3 6.33800- 5 
O.OOOOO+ 0 4.00000+ 5 0 
4.09900- 2 2.99520- 3 1.28480- 4 
O.OOOOO+ 0 5.00000+ 5 0 
4.75290- 2 4.12980- 3 2.24150- 4 
O.OOOOO+ 0 6.00000+ 5 0 
5.29160- 2 5.27140- 3 3.49240- 4 

( 
O.OOOOO+ 0 1.50000+ 7 0 

217 2 

rd del 

6.30000- 1 4.60000- 1 3.10000- 1 2.00000- 
O.OOOOO+ 0 1.60000+ 7 0 
6.60000- 1 4.80000- 1 3.20000- 1 2.10000- 
O.OOOOO+ 0 1.70000+ 7 0 
6.80000- 14.90000- 13.30000- 1 2.00000- 
O.OOOOO+ 0 1.80000+ 7 0 
7.00000-.1 4.90000- 1 3.30000- 1 2.00000- 
o.ooooo+ 0 1.90000+ 7 0 
7.20000- 1 5.10000- 1 3.50000- 1 2.00000- 
o.ooooo+ 0 2.00000+ 7 0 
7.30000- 1 5.20000- 1 3.50000- 1 2.00000- 
o.ooooo+ 0 o.ooooo+ 0 0 

0 01306 4 2 
441 201306 4 2 

OOOOO+ 0 O.OOOOO+ 01306 4 2 
OOOOO+ 0 O.OOOOO+ 01306 4 2 
OOOOO+ 0 O.OOOOO+ 01306 4 2 
95761- 1 1.00663- 11306 4 2 
OOOOO+ 0 O.OOOOO+ 01306 4 2 

9 2.34819- 8-3.21115- 71306 4 2 
3 1.58843- 2-7.54255- 21306 4 2 

1306 4 2 
0 1 2171306 1306 4 4 2 2 

0 1 01306 4 2 
1306 4 2 

0 1 01306 4 2 
1306 4 2 

0 1 01306 4 2 
1306 4 2 
01306 4 2 0 1 
1306 4 2 

0 2 01306 4 2 
1306 4 2 
01306 4 2 0 2 
1306 4 2 

0 2 01306 4 2 
1306 4 2 
01306 4 2 0 3 
1306 4 2 

0 3 01306 4 2 
1306 4 2 

o a  3 01306 4 2 
1306 4 2 

0 3 01306 4 2 
1306 4 2 

ted) 
0 6 01306 4 2 
1 9.00000- 2 4.70000- 21306 4 2 
0 6 01306 4 2 
1 1.00000- 1 2.00000- 21306 4 2 
0 6 01306 4 2 
1 1.07000- 1 5.00000- 21306 4 2 
0 6 01306 4 2 
11.11000- 1 5.00000- 21306 4 2 
0 6 01306 4 2 
1 1.12000- 1 4.30000- 21306 4 2 

01306 4 2 0 6 
1 1.13000- 1 4.00000~ 21306 4 2 
0 0 01306 4 0 

1 
2 
3 
4 
5 
6 
7 

74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
10 0 

50h 
502 
503 
504 
505 
506 
507 
508 
509 
510 
511 
512 
513 



N.15 
F i l e  4 Angular D i s t r ibu t ions  of Secondary Neutrons D 

The absolu te  d i f f e r e n t i a l  cross sec t ions  are obtained by 

Th 

NL 

R=O 

where p = cosine of t h e  sca t t e red  angle  i n  e i t h e r  the  labora tory  or the  center- 
of-mass system; 

E = energy of t h e  inc ident  neutron i n  the  labora tory  system; 

os(E) 

R = order of t h e  Legendre polynomial; 

du = d i f f e r e n t i a l  s ca t t e r ing  cross sec t ion  i n  u n i t s  of barns per 
5 (’ E) s t e rad ian  ; 

= the  s c a t t e r i n g  cross sec t ion ,  e.g., elastic s c a t t e r i n g  a t  energy E as  
given i n  F i l e  3 f o r  the  p a r t i c u l a r  r eac t ion  type (m); 

= the  Rth Legendre polynomial c o e f f i c i e n t  and it is understood t h a t  
a = 1.0. 
0 

The Legendre expansion c o e f f i c i e n t s  a (E) i n  the  t w o  systems are related 
and its inverse ,  through an energy-independent transformation matrix,  URm, R 

5;: 

NM 

m= 0 

and 

NM 

N. 16 
F i l e  4 Angular D i s t r ibu t ions  of Secondary Neutrons A 

(Only Legendre Coef f i c i en t s  given) 

following q u a n t i t i e s  are defined. 

- LVT is a f l a g  to spec i fy  whether a transformation mat r ix  is given f o r  
elas t i c  s c a t t e r i n g  : 

LVT = 0, a transformation matr ix  is not given. 

is  a f l a g  to spec i fy  the  r ep resen ta t ion  used. 

LTT = 1, the  data are given as Legendre expansion c o e f f i c i e n t s ,  

- LTT 

aR(E)  ; d 

- L I  is a f l a g  to spec i fy  whether a l l  the  angular d i s t r i b u t i o n s  are 
i sot r op ic : 

La: = 0, not  a l l  isotropic, 

is a f l a g  to spec i fy  the  frame of reference used: 

LCT = 1, the  data a r e  given i n  t h e  LAB system; 

LCT = 2, the  data are given i n  the  CM system. 

- LCT 

- NE is the  number of inc ident  energy po in t s  a t  which angular d i s t r ibu -  
t i o n s  are given (NE - < 500). 

- NL is the  h ighes t  order Legendre polynomial t h a t  is given a t  each energy 
(NL 5 20) .  

Other commonly used va r i ab le s  are given i n  the  Glossary (Appendix A ) .  



N.16 
File 4 Angular Distributions of Secondary Neutrons B 

(Only Legendre Coefficients Given) 

Legendre Polynomial Coefficients Given and the Transformation Matrix 

Not Given: LTT = 1, LVT = O f  and LI = 0 

If LTT = 1 and LVT = 0, the structure of a section is 

(MAT, 4, MT/ZA, AWR, LVT, LTT, o f  O)HEAD 

(MAT, 4 MT/O.O, AWR, LI, LCT, 0, 0) CONT. 

(MAT, 4, MT/O.O, 0.0, 0, 0, NR, NE/Eint)TAB2 

(MAT, 4, MT/T El , LT, 0 , NL, O/aR(El))LIST 
(MAT, 4, M”/T , E2 I LT, 0 NL, O/aR(E2))LIST 

.............................................. 

.............................................. 
(MAT, 4, MT/T , %Ef LT# o , NL, O/aR(%)LIST 
(MAT, 4, 0 /O.O,  0.0, 0 , 0 0 , 0)SEND 

0 Note that T and LT refer to temperature (in K) and a test 

LTT = 1, LVT = 0 

LI = 0 

for temperature de- 

pendence, respectively. These values are normally zero; however, see Appendix 

F for an explanation of cases in which temperature dependence is specified. 

This form is always used for angular distributions of nonelastically scattered 

neutrons when Legendre polynomial expansion coefficients are used. 

. 

N. 16 
C File 4 Angular Distributions of Secondary Neutrons 

(Only Legendre Coefficients given) 
01306 4 51 1 

2 3 
1306 4 51 4 
01306 4 51 5 
1306 4 51 6 
01306 4 51 7 
1306 4 51 8 
01306 4 51 9 
1306 4 51 10 

821306 01306 4 4 51 51 

6.00000+ 3 1.18969+ 1 0 1 0 
O.OOOOO+ 0 1.18969+ 1 0 2 0 
o.ooooo+ 0 o.ooooo+ 0 0 0 .  1 

O.OOOOO+ 0 4.81200+ 6 0 0 1 
0. ooooo+ 0 

82 2 

O.OOOOO+ 0 5.25000+ 6 0 0 2 
1.50000- 2 2.00000- 3 
O.OOOOO+ 0 5.37000+ 6 0 0 2 
3.35000- 2 1.20000- 2 

O.OOOOO+ 0 8.72810+ 6 0 0 5 
1.03360- 1 1.82410- 1 2.97400- 2 2.83900- 2 2.06100- 2 
O.OOOOO+ 0 8.80000+ 6 0 0 5 
5.49300- 2 1.78750- 1 2.39700- 2 2.31300- 2 1.90000- 2 
O.OOOOO+ 0 8.85000+ 6 0 0 4 
2.12600- 2 1.76200- 1 1.99600- 2 1.94700- 2 
0. OOOOO+‘ 0 9.00000+ 6 0 0 4 

-1.00000- 2 1.90000- 1 2.00000- 2 2.00000- 2 
O.OOOOO+ 0 9.50000+ 6 0 0 4 
9.00000- 2 2.40000- 1 2.00000- 2 3.00000- 2 
o.ooooo+ 0 1.00000+ 7 0 0 4 
3.50000- 1 1.60000- 1 3.00000- 2 2.00000- 2 
O.OOOOO+ 0 1.05000+ 7 0 0 4 
9.00000- 2 1.90000- 14.00000- 2 4.00000- 2 
o.ooooo+ 0 1.10000+ 7 0 0 4 
1.90000- 1 2.20000- 1 5.00000- 2 2.00000- 2 
o.ooooo+ 0 1.20000+ 7 0 0 4 
2.90000- 1 2.40000- 15.00000- 2-5.00000- 3 
O.OOOOO+ 0 1.25000+ 7 0 0 4 

(cards deleted) 

1.80000- 1 2.60000- 1 4.00000- 2 2.50000- 2 
O.OOOOO+ 0 1.30000+ 7 0 0 4 
1.50000- 1 3.10000- 1 4.00000- 2 2.50000- 2 
O.OOOOO+ 0 1.35000+ 7 0 0 5 
1.30000- 1 2.60000- 12.00000- 2 1.60000- 2-3.00000- 2 
O.OOOOO+ 0 1.40000+ 7 0 0 5 
1.60000- 2 1.70000- 1-3.00000- 3-3.00000- 2 1.00000- 2 
O.OOOOO+ 0 1.45000+ 7 0 0 5 
2.10000- 1 2.20000- 1-4.00000- 2-2.00000- 2-3.00000- 2 
O.OOOOO+ 0 1.50000+ 7 0 0 5 
2.50000- 1 2.30000- 1-3.00000- 2-1.00000- 2-4.00000- 2 
O.OOOOO+ 0 1.60000+ 7 0 0 5 
3.10000- 1 2.50000- 1 1.00000- 2-5.00000- 3-2.00000- 2 
O.OOOOO+ 0 1.70000+ 7 0 0 4 
3.70000- 1 2.60000- 1 6.00000- 2 5.00000- 3 
O.OOOOO+ 0 1.80000+ 7 0 0 4 
4.30000- 1 2.70000- 1 1.10000- 1 1.00000- 2 
o.ooooo+ 0 1.90000+ 7 0 0 5 
4.60000- 1 2.85000- 1 1.60000- 1 4.00000- 2 2.00000- 2 
o.ooooo+ 0 2.00000+ 7 0 0 5 
4.90000- 1 3.00000- 1 2.10000- 1 1.00000- 1 3.00000- 2 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 

01306 4 51 129 
1306 4 51 130 
01306 4 51 131 
1306 4 51 132 
01306 4 51 133 
1306 4 51 134 
01306 4 51 135 
1306 4 51 136 
01306 4 51 137 
1306 4 51 138 
01306 4 51 139 
1306 4 51140 
01306 4 51 141 
1306 4 51142 
01306 4 51 143 
1306 4 51 144 
01306 4 51 145 
1306 4 51 146 
01306 4 51 147 
1306 4 51 148 
01306 4 51 149 
1306 4 51 150 
01306 4 51 151 
1306 4 51 152 
01306 4 51153 
1306 4 51 154 
01306 4 51 155 
1306 4 51 156 

01306 4 51157 
1306 4 51158 
01306 4 51 159 
1306 4 51 160 
01306 4 51 161 
1306 4 51162 
01306 4 51 163 
1306 4 51 164 
01306 4 51 165 
1306 4 51166 
01306 4 51 167 
1306 4 51168 
01306 4 0 169 



N. 16  
F i l e  4 Angular D i s t r i b u t i o n s  of Secondary Neutrons D 

(Only Legendre C o e f f i c i e n t s  Given) 

N. 17 
F i l e  4 Angular D i s t r i b u t i o n s  of Secondary Neutrons A 

(Tabdlated D i s t r i b u t i o n  and Transformation)  

The a b s o l u t e  d i f f e r e n t i a l  cross s e c t i o n s  are ob ta ined  by The fol lowing q u a n t i t i e s  are def ined.  

LVT - 
NL 

R=O 

where 1.I = cos ine  of  t h e  scattered angle  i n  e i t h e r  t h e  l a b o r a t o r y  or t h e  center -  
of-mass system; 

E = energy of t h e  i n c i d e n t  neutron i n  t h e  l a b o r a t o r y  system; 

a s ( E )  = t h e  s c a t t e r i n g  cross s e c t i o n ,  e.g., e las t ic  s c a t t e r i n g  a t  energy E as 
g iven  i n  F i l e  3 f o r  t h e  p a r t i c u l a r  r e a c t i o n  type (MT); 

R = order of t h e  Legendre polynomial; 

do = d i f f e r e n t i a l  s c a t t e r i n g  cross s e c t i o n  i n  u n i t s  of  barns  per  
; i 3 i ( Q f E )  s t e r a d i a n ;  

= t h e  Rth Legendre polynomial c o e f f i c i e n t  and it is understood t h a t  
a = 1.0. aR 
0 

LTT - 

L I  - 

LCT - 

NK - 

NM - 

NE - 

NP - 

is a f lag to s p e c i f y  whether a t ransformat ion  mat r ix  is g iven  for 
e las  t i c  s c a t t e r i n g  : 

LVT = 1, a t ransformat ion  mat r ix  is given.  

i s  a f l a g  to s p e c i f y  t h e  r e p r e s e n t a t i o n  used and it may have t h e  f o l -  
lowing values:  

LTT = 2, t h e  data are g iven  as normalized p r o b a b i l i t y  d i s t r i b u t i o n s ,  
P(VfE) 9 

is  a f l a g  to s p e c i f y  whether a l l  t h e  angular  d i s t r i b u t i o n s  are 
isotropic: 

L I  = 0,  n o t  a l l  isotropic, 

is a f l a g  to s p e c i f y  t h e  frame of r e fe rence  used: 

LCT = 1, t h e  data are g iven  i n  t h e  LAB system; 

LCT = 2, t h e  d a t a  are g iven  i n  t h e  CM system. 

i s  t h e  number20f e lements  i n  t h e  t r ans fo rma t ion  mat r ix  (NK 
NK = (NM + 1) . 
is t h e  maximum orde r  Legendre polynomial t h a t  w i l l  be r equ i r ed  (NM 5 
20) to d e s c r i b e  t h e  'angular d i s t r i b u t i o n s  of  e las t ic  s c a t t e r i n g  i n  
e i t h e r  t h e  center-of-mass or t h e  l a b o r a t o r y  system. NM should be an  
even number. 

are t h e  mat r ix  e lements  of t h e  t r ans fo rma t ion  matrices: 

- i f  LCT = 1 (data g iven  i n  LAB system);  and vK - '.&,TI 
V K = U R , m  i f  LCT = 2 (data g iven  i n  CM system).  

is t h e  number of i n c i d e n t  energy p o i n t s  a t  which angular  d i s t r i b u -  
t i o n s  are g iven  (NE 1. 500) .  

is t h e  number of  angular  p o i n t s  ( cos ines )  used to g ive  t h e  t a b u l a t e d  
p r o b a b i l i t y  d i s t r i b u t i o n s  for each energy (NP 5 101) .  

4 4 1 ) .  

-1 

Other commonly used v a r i a b l e s  are g iven  i n  t h e  Glossary (Appendix A ) .  



N. 17 
File 4 Angular Distributions of Secondary Neutrons B 

(Tabulated Distribution and Transformation) 

Tabulated Probability Distributions and Transformation Matrix Given: 

LTT = 2, LVT = 1, and LI = 0 

If the angular distributions are given as tabulated probability distri- 

butions, LTT = 2, and a transformation matrix is given for elastic scattering, 

the structure of a section is 

File 4 Angular Distributions of Secondary Neutrons 
(Tabulated Distribution and Transformation) 

01321 4 4.20000+ 4 9.51160+ 1 1 2 .  0 
O.OOOOO+ 0 9.51160+ 1 0 2 361 181321 4 
1.00000+ 0 7.00899- 3 2.21008- 5-1.38100-10 O.OOOOO+ 0 O.OOOOO+ 01321 4 
O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O . O O O O O +  0 O.OOOOO+ 0 O.OOOOO+ 01321 4 
O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 01321 4 

O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 01321 4 
O.OOOOO+ 0-1.05340-20 2.77279-18-7.61059-16 9.80913-14-9.36964-121321 4 
7.60542-10-5.18463- 8 2.89816- 6-1.28018- 4 4.20371- 3-9.14838- 21321 4 
9.90565- 1 1321 4 
o.ooooo+ 0 o.ooooo+ 0 0 0 1 131321 4 

13 2 1321 4 
o.ooooo+ 0 1.00000- 5 0 0 1 21321 4 

2 2 1321 4 
-1.00000+ 0 5.00000- 1 1.00000+ 0 5.00000- 1 1321 4 

21321 4 
2 2 1321 4 

-1.00000+ 0 5.00000- 1 1.00000+ 0 5.00000- 1 1321 4 
O.OOOOO+ 0 6.00000+ 4 0 0 1 21321 4 

2 2 1321 4 
-1.00000+ 0 4.37000- 1 1.00000+ 0 5.63000- 1 1321 4 
O.OOOOO+ 0 1.50000+ 5 0 0 1 41321 4 

4 2 1321 4 
-1.00000+ 0 4.71950- 1-6.00000- 1 4.26960- 1 O.OOOOO+ 0 4.58950- 11321 4 
1.00000+ 0 6.49940- 1 1321 4 
O.OOOOO+ 0 2.50000+ 5 0 0 1 61321 4 

6 2 1321 4 
-l.OOOOO+ 0 3.77080- 1-8.00000- 13.64070- 1-6.00000- 13.77080- 11321 4 
-2.00000- 1 4.22080- 1 4.00000- 1 5.52110- 1 1.00000+ 0 7.80160- 11321 4 
O.OOOOO+ 0 5.00000-k 5 0 0 1 81321 4 

8 2 1321 4 
-1.00000+ 0 3.30070- 1-8.00000- 1 2.81060- 1-5.00000- 1 2.81060- 11321 4 

8.00000- 1 8.43170- 1 1.00000+ 0 1.05020+ 0 1321 4 
O.OOOOO+ 0 1.00000+ 6 0 0 1 91321 4 

9 2 1321 4 
-1.00000+ 0 3.88200- 1-9.00000- 13.00170- 1-7.00000- 12.00110- 11321 4 

4.00000- 1 5.55300- 1 8.00000- 1 1.02060-k 0 1.00000+ 0 1.44080+ 01321 4 

o.ooooo+ 0 2.00000+ 7 0 0 1 511321 4 
51 2 1321 4 

(cards deleted) 

O.OOOOO+ 0 5.00000+ 4 0 0 1 

-2.00000- 13.51070- 12.00000- 15.13100- 16.00000- 17.02140- 11321 4 

-6.00000- 12.00110- 1-3.00000- 12.55140- 1 O.OOOOO+ 0 3.33180- 11321 4 

(cards deleted) 

-1.00000+ 0 5.64300- 3-9.90000- 11.93490- 2-9.80000- 12.71650- 21321 4 
-9.70000- 1 3.07910- 2-9.60000- 1 3.15580- 2-9.40000- 1 2.83630- 21321 4 
-9.00000- 1 1.83600- 2-8.80000- 1 1.54340- 2-8.60000- 1 1.44040- 21321 4 
-8.30000- 11.56140- 2-7.30000- 12.48910- 2-6.60000- 12.66540- 21321 4 

(cards deleted) 
8.70000- 1 4.65100- 1 8.80000- 16.76400- 18.90000- 1 9.71100- 11321 4 
9.00000- 1 1.37550+ 0 9.10000- 1 1.92270+ 0 9.20000- 1 2.65370+ 01321 4 
9.30000- 1 3.61960+ 0 9.40000- 1 4.88240+ 0 9.50000- 1 6.51960+ 01321 4 

0. ooooo+ 0 0. ooooo+ 0 0 0 0 01321 4 
9.70000- 1 1.13090+ 1 9.90000- 1 1.89960+ 1 1.00000+ 0 2.43600+ 11321 4 

N. 17 
C 

2 1  
2 2  
2 3  
2 4  
2 5  

2 60 
2 61 
2 62 
2 63 
2 64 
2 65 
2 66 
2 67 
2 68 
2 69 
2 70 
2 71 
2 72 
2 73 
2 74 
2 75 
2 76 
2 77 
2 78 
2 79 
2 80 
2 81 
2 82 
2 83 
2 84 
2 85 
2 86 
2 87 
2 88 
2 89 
2 90 
2 91 
2 -92 

2 156 
2 157 
2 158 
2 159 
2 160 
2 161 

2 171 
2 172 
2 173 
2 174 
0 175 



N. 17 
File 4 Angular Distributions of Secondary Neutrons D 

(Tabulated Distribution and Transformation) 

The angular distributions are expressed as normalized probability 
distributions, i.e. , 

where p(U,E)dP is the probability that a neutron of incident energy E will be 
scattered into the interval dp about an angle whose cosine is 1.I. ThB units of 
p(p,~) are (unit cosine)-l. 

Absolute diffential cross sections are obtained by combining data from 
Files 3 and 4. The absolute differential cross section (in barns per steradian) 
is obtained by 

where a (E) is given in File 3 (for the same MT number) and p(p,E) is given in 
File 4. S 

The transformation matrix can be used to transform a set of Legendre'expan- 
sion coefficients, which describe elastic scattering angular distributions, from 
one frame of reference to the other. 

The Legendre expansion coefficients aR(E) in the two systems are related 
through an energy- independent transformation mat r i x, URm , and its inverse, 
VQh: 

NM 

m=O 

and 

NM 

m=O 

N.18 
A File 4 Angular Distributions of Secondary Neutrons 

(Only Tabulated Distributions given) 

The following quantities are defined. 

- LVT 
0 

is a flag to specify whether a transformation matrix is given for 

elas tic scattering : 

LVT = 0, a transformation matrix is not given. 

is a flag to specify the representation used. 

LTT = 2, the data are given as normalized probability distributions, 

- LTT 

P(VfE) 

- LI is a flag to specify whether all the angular distributions are 

i sot zop ic : 

LI = 0, not all isotropic, 

is a flag to specify the frame of reference used: 

LCT = 1, the data are given in the LAB system; 

E T  = 2, the data are given in the CM system. 

is the number of incident energy points at which angular distribu- 

tions are given (NE - < 500). 

is the number of angular points (cosines) used to give the tabulated 

probability distributions for each energy (NP 5 101). 

- ECT 

_. NE 

- NP 

Other commonly used variables are given in the Glossary (Appendix A). 



File 4 Angular Distributions of Secondary Neutrons 

(Only Tabulated Distributions given) 

N. 18 
B File 4 Angular Distributions of Secondary Neutrons 

(Only Tabulated Distributions given) 

Tabulated Probability Distributions Given and Transformation Matrix 

Not Given: L'IT = 2, LVT = 0, and LI = 0 

If the angular distributions are given as tabulated probability distri- 

butions, LTT = 2, and a transformation matrix is given for elastic scattering, 

.................................................... 
(MAT, 4, MT/T I %E, LT, 0 , NR, NP/II~~,/P(Y,%~))TAB~ 
(MAT, 4, 0 /O .O,  0.0, 0 , 0 , 0, 0)SEND 

T and LT are normally zero. 

dependence. 

This form is always used for angular distribution of nonelastically scattered 

See Appendix F for details on temperature 

~ - 

neutrons when tabulated angular distributions are given. 

N. 18 
C 

2.20000+ 4 4.74676+ 1 0 2 0 01322 4 53 
O.OOOOO+ 0 4.74676+ 1 0 2 . o  01322 4 53 
o.ooooo+ 0 o.ooooo+ 0 0 0 1 71322 4 53 

7 2 1322 4 53 
311322 4 53 O.OOOOO+ 0 1.00400+ 6 0 0 1 

31 2 1322 4 53 
-1.00000+ 0 5.00000- 1-9.94520- 15.00000- 1-9.78150- 15.00000- 11322 4 53 
-9.51060- 1 5.00000- 1-9.13540- 1 5.00000- 1-8.66020- 1 5.00000- 11322 4 53 
-8.09020- 15.00000- 1-7.43140- 15.00000- 1-6.69130- 15.00000- 11322 4 53 
-5.87780- 15.00000- 1-5.00000- 15.00000- 1-4.06740- 15.00000- 11322 4 53 
-3.09020- 15.00000- 1-2.07910- 15.00000- 1-1.04530- 15.00000- 11322 4 53 
1.32690- 6 5.00000- 1 1.04530- 1 5.00000- 1 2.07910- 1 5.00000- 11322 4 53 
3.09020- 15.00000- 14.06740- 15.00000- 15.00000- 15.00000- 11322 4 53 
5.87790- 1 5.00000- 1 6.69130- 1 5.00000- 1 7.43150- 1 5.00000- 11322 4 53 
8.09020- 1 5.00000- 18.66030- 15.00000- 19.13550- 15.00000- 11322 4 53 
9.51060- 1 5.00000- 1 9.78150- 1 5.00000- 1 9.94520- 1 5.00000- 11322 4 53 
1.00000+ 0 5.00000- 1 1322 4 53 
O.OOOOO+ 0 2.00000+ 6 0 0 1 311322 4 53 

31 2 1322 4 53 
-1.00000+ 0 4.67697- 1-9.94520- 1 4.69007- 1-9.78150- 1 4.72758- 11322 4 53 
-9.51060- 14.78448- 1-9.13540- 14.85359- 1-8.66020- 14.92610- 11322 4 53 
-8.09020- 1 4.99341- 1-7.43140- 1 5.04831- 1-6.69130- 1 5.08582- 11322 4 53 
-5.87780- 15.10412- 1-5.00000- 15.10422- 1-4.06740- 15.09012- 11322 4 53 
-3.09020- 15.06732- 1-2.07910- 15.04231- 1-1.04530- 15.02091- 11322 4 53 
1.32690- 6 5.00741- 1 1.04530- 1 5.00371- 1 2.07910- 1 5.00901- 11322 4 53 
3.09020- 1 5.02031- 1 4.06740- 1 5.03241- 1 5.00000- 1 5.03971- 11322 4 53 
5.87790- 15.03661- 1 6.69130- 15.01921- 1 7.43150- 14.98601- 11322 4 53 
8.09020- 14.93790- 18.66030- 14.87899- 1 9.13550- 14.81549- 11322 4 53 
9.51060- 14.75488- 19.78150- 14.70467- 19.94520- 14.67167- 11322 4 53 
1.00000+ 0 4.66017- 1 1322 4 53 

(cards deleted) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

311322 4 53 83 
31 2 1322 4 53 84 

-1.00000+ 0 3.37504- 1-9.94520- 13.13714- 1-9.78150- 12.72366- 11322 4 53 85 
-9.51060- 1 2.70526- 1-9.13540- 13.27320- 1-8.66020- 13.95279- 11322 4 53 86 
-8.09020- 1 4.00971- 1-7.43140- 13.18016- 1-6.69130- 12.00816- 11322 4 53 87 
-5.87780- 1 1.42511- 1-5.00000- 11.93853- 1-4.06740- 13.17916- 11322 4 53 88 
-3.09020- 14.22881- 1-2.07910- 14.41889- 1-1.04530- 13.86235- 11322 4 53 89 
1.32690- 6 3.25929- 1 1.04530- 1 3.21467- 1 2.07910- 13.74810- 11322 4 53 90 
3.09020- 14.44060- 1 4.06740- 1 5.00844- 1 5.00000- 1 5.67903- 11322 4 53 91 
5.87790- 1 6.95887- 1 6.69130- 1 9.01505- 1 7.43150- 1 1.12918+ 01322 4 53 92 
8.09020- 1 1.27705+ 0 8.66030- 11.26814+ 0 9.13550- 11.10417+ 01322 4 53 93 
9.51060- 1 8.60107- 19.78150- 1 6.30329- 1 9.94520- 1 4.78334- 11322 4 53 94 
1.00000+ 0 4.26722- 1 1322 4 53 95 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 01322 4 0 96 

o.ooooo+ 0 2.00000+ 7 0 0 1 



The angular 

(Only TabulatedtDistributions given), , 

stributions are expressed as normalized pro 

File 4 Angular Distributcions of Secondary Neutrons 

ability 

distributions, i.e. , 
1 

s p(P,E)dP = 1, 

-1 

where p (y,E) du is the prc lability t 

N.18 
D 

N.19 
A File 4 -  Angular Distributions of Secondary Neutrons 

(All Distributions Isotropic) 

at a neutron of incident energy E wi be 

scattered into the interval dl-l about an angle whose cosine is P.  The units of 

p(p,E) are (unit cosine) . -1 

Absolute diffential cross sections are obtained by combining data from 

Files 3 and 4. 1f.tabulated distributions are given, the absolute differential 

cross section (in barns per steradian) is obtained by 

where Os(E) is given in File 3 (for the same MT number) and p(P,E) is given in 

File 4. 

b 

The  wing quantities are defined. 

- LVT is a flag to specify whether a transformation matrix is given for 
elas tic scattering : 

LW = 0, a transformation matrix is not given 

- LTT. is a flag to specify the representation used and it may have the fol- 
. lowing values: 

.LTT = 0, all angular distributions are isotropic, 

- LI is a flag to specify whether all the angular distributions are isotropic: 

LI =fall all isotropic. 

is a flag to specify the frame of reference used: - LCT 

LCT = 1, the data are given in the w3 system; 

LCT = 2, the data are given in the CM system. 



File 4 Angular Distributions of Secondary Neutrons 

(All Distributions Isotropic) 

N. 19 
B 

All Angular Distributions Isotropic: 

LTT=O, LvT=O, LI=1 

When - all angular distributions for a given MT are assumed to be isotropic 

then the section structure is: 

(MAT, 4 ,  MT/ZA, AWR, LVT, LTT, 0,O)HEAI) LVT=O, LTT=O 

LI =1 (MAT, 4, MT/O. 0, m, LI, LCT, 0, O ) C ~ N T  

(MAT, 4, 0 / O . O ,  0.0, 0, 0, 0, 0)SEND 

N. 19 
C File 4 Angular Distributions of Secondary Neutrons 

(All D is t r i bu t ions I so tropi c ) 

01322 4 51 1 
01322 4 51 2 
01322 4 0 3 

0 0 0 
1 2 0 
0 8 0 

2.20000+ 4 4.74676+ 1 
O . O O O O O +  0 4.74676+ 1 
o.ooooo+ 0 o.ooooo+ 0 



N.19 
File 4 Angular Distributions of Secondary Neutrons D 

(All Distributions Isotropic) 

N. 20 
F i l e  S Xneryy Distributions of Secondary Neutrons A 

(General Str.ucture) 

The following quantities are defined 

- NK is the number of partial energy distributions. There will be 

one subsection for each partial distribution. 

LF is a flag that specifies the energy distribution law that is 

used for a particular subsection (partial energy 

distribution). 

is the fractional part of the particular cross section that 

can be described by the kth partial energy distribution at the 

Nth incident energy point. 

- 

- fk(E + E') is the kth partial energy distribution. 

depends on the value of LF. 

The definition 



N. 20 
F i l e  5 Energy D i s t r i b u t i o n s  of Secondary Neutrons B 

N. 20 
C F i l e  5 Energy D i s t r i b u t i o n s  of Secondary Neutrons 

(General  S t r u c t u r e )  
(General S t r u c t u r e )  

The s t r u c t u r e  of a s e c t i o n  h a s  t h e  f o l l o w i n g  form: 

(MAT, 5, MT/ZA, AWR, 0, 0, NK, 0)HEAD 

< s u b s e c t i o n  for k = 1> 

< s u b s e c t i o n  for k = 2> 

.................... 
< s u b s e c t i o n  for k = NK> 

(MAT, 5, 0 /o.o, 0.0, 0, 0, 0, 0)SEND 

The structure of a subsection depends on t h e  value of LF. S u b s e c t i o n s  

s h o u l d  be ordered by i n c r e a s i n g  values of LF. For cases i n  which more t h a n  one 

s u b s e c t i o n  c o n t a i n s  data u s i n g  t h e  same LF, t h e s e  s u b s e c t i o n s  s h o u l d  be o r d e r e d  

by i n c r e a s i n g  values of 8. 

4.80000+ 4 1.11460+ 2 01281 5 1 6  0 0 2 

< s u b s e c t i o n  for k = l >  

7.43300+ 6 O.OOOOO+ 0 0 9 1 41281 5 16 
4 2 1281 5 16 

7.50000+ 6 O.OOOOO+ 0 7.50000+ 6 5.00000- 1 2.00000+ 7 5.00000- 11281 5 16 
1281 5 1 6  2.00000+ 7 o.ooooo+ 0 

31281 5 1 6  o.ooooo+ 0 o.ooooo+ 0 0 0 1 
1281 5 1 6  3 5 

7.50000+ 6 6.89960+ 5 1.50000+ 7 9.75750+ 5 2.00000+ 7 9.75750+ 51281 5 1 6  

< s u b s e c t i o n  for k=2> 

o.ooooo+ 0 o.ooooo+ 0 0 1 1 41281 5 16 
1281 5 1 6  4 2 

7.50000+ 6 O.OOOOO+ 0 7.50000+ 6 5.00000- 1 2.00000+ 7 5.00000- 11281 5 16 
1281 5 1 6  2.00000+ 7 o.ooooo+ 0 

21281 5 16 o.ooooo+ 0 o.ooooo+ 0 0 0 1 
2 2 1281 5 1 6  

71281 5 16 O.OOOOO+ 0 7.50000+ 6 0 0 1 
1281 5 16 7 2 

1.00000- 5 3.68607-16 1.00000+ 4 1.23620- 5 2.00000+ 4 1.52729- 51281 5 16 
4.00000+ 4 1.74174- 5 6.00000+ 4 1.76308- 5 6.70000+ 4 1.74065- 51281 5 16 

1281 5 16 
o.ooooo+ 0 2.00000+ 7 0 0 1 171281 5 1 6  

1281 5 16 
1.00000- 5 1.00000-16 1.00000+ 4 3.35370- 6 2.00000+ 4 4.14340- 61281 5 1 6  
4.00000+ 4 4.72520- 6 6.00000+ 4 4.78310- 6 8.00000+ 4 4.60920- 61281 5 16 
1.00000+ 5 4.31890- 6 1.20000+ 5 3.97090- 6 1.40000+ 5 3.59830- 61281 5 16 
1.60000+ 5 3.22120- 6 1.80000+ 5 2.85190- 6 2.00000+ 5 2.49810- 61281 5 1 6  

1281 5 16 4.00000+ 5 1.89300- 7 4.40000+ 5 1.00000-26 
01281 5 0 

: 

6.70000+ 4 O.OOOOO+ 0 

1 7  2 

2.50000+ 5 1.70680- 6 3.00000+ 5 1.06400- 6 3.50000+ 5 5.65100- 71281 5 1 6  

o.ooooo+ 0 o.ooooo+ 0 0 0 0 

1 

2 
3 
4 
5 
6 
7 
8 

9 
1 0  
11 
1 2  
13 
1 4  
15 
1 6  
17  
18 
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 



N. 20 
File 5 Energy Distributions of Secondary Neutrons D 

(General Structure) 

The energy distr.ibutions, p(E + E'), are normalized so that 

E ' max 
s P(E + E') dE' = 1 , 
0 

where Elmax is the maximum possible secondary neutron energy and its value 
depends on the incoming neutron energy E and the analytic representation of p(E 
+ E'). 
system. 

The secondary neutron energy E' is always expressed in the laboratory 

The differential cross section is obtained from 

where o(E) is the cross section as given in File 3 for the same reaction type 
number (MT) and m is the neutron multiplicity for this reaction (m is implicit; 
e.g., m = 2 for nf2n reactions). 

The energy distributions p(E + E') can be broken down into partial energy 
distributions, fk(E + E')f where each of the partial distributions can be de- 
scribed by different analytic representations; 

NK 

??(E" E') = Pk(E) fk(E+ E'), 
k=l 

and at a particular incident neutron energy E, 

where p (E) is the fractional probability that the distribution fk(E + E') can 
be used at E. k I 

N. 21 
File 5 Energy Distributions of Secondary Neutrons A 

(Tabulated Distributions) 

The following quantities are defined 

IJ? - is a flag that specifies the energy distribution law that is 

NR 

NP 

- 
- 

used for a particular subsection (partial energy 

distribution). IJ? = 1 for tabulated distributions 

is the number of interpolation ranges. 

is the number of incident energy points at which p 

given. 

E) is 

E -in t 

E' -in t 

NE - 

E. 

NF 
-1 

- 

is ,the interpolation scheme for the incident neutron energy, 

E. 

is the interpolation scheme for the secondary neutron 

energies , E' . 
is the tabulated secondary energy distribution as a function 

of E' for a given E. 

is the fractional part of the particular cross section that 

can be described by the tabulated partial energy distribution 

at incident neutron energy, E. 

is the number of incident energy points at which tabulated dis- 

tributions are given. (NE - C 200.) 

is the ith incident energy of the NE energy points given. 

is the number of secondary energy points in a tabulation. 

(NF - 1000.) 

The partial energyodistributions f (E+ E') are represented by various 
analytical formulations. 
and has an identification number associated with it (LF number). 

Each formulatibn is called an energy distribution law 



N. 2 1  
F i l e  5 Energy D i s t r i b u t i o n s  of Secondary  Neu t rons  B 

( T a b u l a t e d  D i s t r i b u t i o n s )  

LF = 1, A r b i t r a r y  t a b u l a t e d  f u n c t i o n  

(MAT, 51 MT/T , 0.0 I LT I LF=l  , NR I NP/Eint/p(E) )TAB1 

(MAT, 51 MT/O.O , 0.0  I O r  0 I N.R I NEVEint TAB2 

(MATI 51 MT/T El I LT 0 I NR I NF/Eint/ 

E; I g(%E+Ei) I E; 1 g ( k + E ; )  E; I g ($E"E;) 

........................................................... 

I E& I g(%E"E&) )TAB1 ...................................... 

Note t h a t  t h e  i n c i d e n t  e n e r g y  mesh for p ( E )  does n o t  have  to be t h e  same 

as t h e  E mesh u s e d  to specify t h e  e n e r g y  d i s t r i b u t i o n s .  

scheme used  between i n c i d e n t  e n e r g y  p o i n t s ,  E, and between s e c o n d a r y  e n e r g y  

p o i n t s ,  E ' ,  s h o u l d  be l i n e a r - l i n e a r .  T and  LT refer to  p o s s i b l e  t e m p e r a t u r e  

( p h y s i c a l )  dependence. 

The i n t e r p o l a t i o n  

F i l e  5 Energy D i s t r i b u t i o n s  of Secondary  Neu t rons  

( T a b u l a t e d  ' D is t r  i bu t i o n s  ) 

N. 2 1  
C 

o.ooooo+ 0 o.ooooo+ 0 0 1 1 21315 5 1 6  2 
2 2 ' 1315 5 1 6  3 

1.27110+ 7 1.00000+ 0 2.00000+ 7 1.00000+ 0 1315 5 16  4 
O.OOOOO+ 0 O.OOQOO+ 0 0 0 1 41315 5 1 6  5 

4 2 1315 5 16  6 
31315 5 1 6  7 O.OOOOO+ 0 1.27110+ 7 0 0 1 

3 2 1315 5 1 6  8 
1.00000+ 3 O.OOOOO+ 0 2.00000+ 3 1.00000- 3 3.00000+ 3 O.OOOOO+ 01315 5 1 6  9 
O.OOOOO+ 0 1.30000+ 7 0 0 1 391315 5 16  10  

39 2 1315 5 16  11 
1.00000+ 4 O.OOOOO+ 0 2.00000+ 4 1.66690- 6 3.00000+ 4 2.26239- 61315 5 1 6  1 2  

(cards deleted) 
6.70000+ 5 8.39554- 8 6.90000+ 5 7.07867- 8 6.90000+ 5 O.OOOOO+ 01315 5 1 6  24 
O.OOOOO+ 0 1.50000+ 7 0 0 1 361315 5 1 6  25 

36 2 1315 5 1 6  26 
1.00000+ 4 0.00000+ 0 2.00000+ 4 7.92549- 8 3.00000+ 4 1.16539- 71315 5 1 6  27 
5.00000+ 4 1.86594- 7 7.00000+ 4 2.50996- 7 9.00000+ 4 3.10056- 71315 5 1 6  28 
1.20000+ 5 3.89336- 7 1.50000+ 5 4.58321- 7 1.80000+ 5 5.17961- 71315 5 1 6  29 
2.10000+ 5 5.69087- 7 2.40000+ 5 6.12509- 7 2.70000+ 5 6.48927- 71315 5 1 6  30 
3.00000+ 5 6.79042- 7 3.40000+ 5 7.10458- 7 3.80000+ 5 7.32969- 71315 5 1 6  31 
4.20000+ 5 7.47827- 7 5.00000+ 5 7.58632- 7 6.10000+ 5 7.42774- 71315 5 1 6  32 
7.30000+ 5 6.99252- 7 8.50000+ 5 6.40423- 7 1.16000+ 6 4.70177- 71315 5 1 6  33 
1.32000+ 6 3.88516- 7 1.50000+ 6 3.08015- 7 1.58000+ 6 2.76469- 71315 5 16  34 
1.67000+ 6 2.44093- 7 1.78000+ 6 2.08785- 7 1.89000+ 6 1.77920- 71315 5 1 6  35 
2.01000+ 6 1.48835- 7 2.13000+ 6 1.24063- 7 2.26000+ 6 1.01501- 71315 5 1 6  36 
2.39000+ 6 8.27617- 8 2.46000+ 6 7.40573- 8 2.53000+ 6 6.62134- 81315 5 1 6  37 
2.61000+ 6 5.82093- 8 2.69000+ 6 5.11208- 8 2.69000+ 6 O . O O O O O +  01315 5 1 6  38 

411315 5 1 6  39 o.ooooo+ 0 2.00000+ 7 0 0 1 
4 1  2 1315 5 1 6  40 

1.00000+ 4 O.OOOOO+ 0 2.00000+ 4 1.27970- 8 3.00000+ 4 1.90430- 81315 5 1 6  4 1  
5.00000+ 4 3.12330- 8 9.00000+ 4 5.44500- 8 1.20000+ 5 7.08750- 81315 5 1 6  42 
1.60000+ 5 9.15250- 8 2.00000+ 5 1.10810- 7 2.40000+ 5 1.28780- 71315 5 1 6  43 
3.10000+ 5 1.57280- 7 3.90000+ 5 1.85600- 7 4.60000+ 5 2.06990- 71315 5 1 6  44 
5.40000+ 5 2.27920- 7 6.20000+ 5 2.45470- 7 7.00000t- 5 2.59960- 71315 5 1 6  45 
7.80000+ 5 2.71720- 7 8.70000+ 5 2.82010- 7 1.05000+ 6 2.94710- 71315 5 1 6  46 
1.25000+ 6 2.98970- 7 1.50000+ 6 2.93740- 7 1.79000+ 6 2.77950- 71315 5 1 6  47 

3.69000+ 6 1.25310- 7 3.95000+ 6 1.08960- 7 4.22000+ 6 9.37900- 81315 5 1 6  49 
4.50000+ 6 7.99400- 8 4.77000+ 6 6.82750- 8 5.05000+ 6 5.77750- 81315 5 16  50 
5.34000+ 6 4.84450- 8 5.65000+ 6 3.99990- 8 5.87000+ 6 3.48500- 81315 5 1 6  51 

6.84000+ 6 1.86900- 8 7.11000+ 6 1.56540- 8 7.39000+ 6 1.30060- 81315 5 16  53  
7.69000+ 6 1.06460- 8 7.69000+ 6 O.OOOOO+ 0 1315 5 16  54 

2.09000+ 6 2.55290- 7 2.95000+ 6 1.81090- 7 3.42000+ 6 1.44150- 71315 5 1 6  48 

6e10000+ 6 3.01290- 8 6.33000+ 6 2.60110- 8 6.58000+ 6 2.21370- 81315 5 16  52 



*.. L . 0  

F i l e  5 Energy Dis t r ibu t ions  of Secondary Neutrons D Fi le .  5 Energy Di s t r ibu t ions  of Secondary Neutrons A 

(Tabulated Di s t r ibu t ions )  (General Evaporation, S imple Fiss ion ,  Evaporation) 

LF = 1, Arbi t ra ry  tabulated function: 

f ( E  + E')  = g(E -t E ' ) .  

A set of inc ident  energy po in t s  is given, Ei, and g(Ei -t E ' )  is 

tabulated as a func t ion  of E ' .  

-- 
The following q u a n t i t i e s  are def ined 

U is a constant  t h a t  de f ines  the  upper energy l i m i t  for t he  - 
secondary neutron so that 0 2 E' - < E - U (given i n  the Lab 

system). 

is a f lag that specifies the  energy d i s t r i b u t i o n  law that is LF - 

E -in t 

po 

NE - 

X -in t 

g ( X I  

used for a particular subsec t ion  (partial  energy 

d i s t r i b u t i o n ) .  

is. t h e  in t e rpo la t ion  scheme f o r  the  inc iden t  neutron energy, 

E. 

is the  f r a c t i o n a l  part of t h e  particular cross s e c t i o n  t h a t  

can be described by the par t ia l  energy d i s t r i b u t i o n  a t  the 

inc iden t  neutron energy, E. 

is the number of i n t e r p o l a t i o n  ranges. 

is t h e  number of inc iden t  energy p o i n t s  a t  which p(E)  is 

given. 

is the number of inc iden t  energy p o i n t s  a t  which e ( E )  is 

given. (NE 5 200.) 

is the  e f f e c t i v e  nuclear temperature i n  eV as a func t ion  of E. 

is the  number of secondary energy p o i n t s  i n  a tabulat ion.  

(NF 5 1000.) ' 

is the in t e rpo la t ion  scheme for x 

is t h e  tabula t ion  secondary energy d i s t r i b u t i o n  as a func t ion  

of x i f  LF = 5. 



File 5 Energy Distributions of Secondary Neutrons 

(General Evaporation, Simple Fission, Evaporation) 

LF = 5, General evaporation spectrum 

(MAT, 5, MT/ U , 0.0 , 0 , LE'=5, NR, NP/Eint/p(E) )TAB1 

(MAT, 5, MT/O.O 0.0 0 I 0 I NR, NE/Eint/e(E))TAB1 

LF = 7, Simple fission spectrum (Maxwellian) 

(MAT, 5, MT/U , 0.0 , o , w = 7 ,  NR, NP/E~~~/P(E) I T A B ~  
(MAT, 5, MT/O.O , 0.0 , o , o , NR I N E / E ~ ~ ~ / W ~ T A B ~  

LF = 9,  Evaporation spectrum 

(MAT, 5, MT/ U , 0.0, 0, LF=g,NR, NP/Eint/P(E))TAB1 

(MAT, 5, MT/O.O , 0.0 , 0, o , NR, NE/E~&~(E))TAB~ 

N. 22 
73 

N. 22 
File 5 Energy Distributions of Secondary Neutrons C 

(General Evaporation, Simple Fission, Evaporation) 

-3.00000+ 7 O.OOOOO+ 0 0 5 1 21395 5455 2 
2 2 1395 5455 3 

1.00000- 5 3.80000- 2 2.00000+ 7 3.80000- 2 1395 5455 4 
0. 00000+ 0 0. ooooo+ 0 0 0 * 1  21395 5455 5 

1395 5455 6 
1.00000- 5 1.00000+ 0 2.00000+ 7 1.00000+ 0 1395 5455 7 
o.ooooo+ 0 o.ooooo+ 0 0 0 2 281395 5455 8 

2 2 28 1 1395 5455 9 
O.OOOOO+ 0 O.OOOOO+ 0 7.97300+ 4 2.70039- 6 8.85900+ 4 2.77519- 61395 5455 1 0  
9.84300+ 4 3.09089- 6 1.09370+ 5 3.25289- 6 1.21520+ 5 3.38999- 61395 5455 11 
1.35020+ 5 3.40659- 6 1.50020+ 5 3.37339- 6 1.66690+ 5 2.69209- 61395 5455 12  
1.85220+ 5 2.94959- 6 2.05800+ 5 3.07839- 6 2.28660+ 5 2.49269- 61395 5455 13 
2.54070+ 5 2.04399- 6 2.82300+ 5 1.28370- 6 3.13670+ 5 7.93498- 71395 5455 14 
3.48520+ 5 7.60258- 7 3.87240+ 5 1.04280- 6 4.30270+ 5 5.69159- 71395 5455 15 
4.78080+ 5 2.74189- 7 5.31200+ 5 2.16029- 7 5.90220+ 5 2.36799- 71395 5455 16  

2 2 

6.55800+ 5 2.49269- 7 7.28660+ 5 3.28199- 7 8.09630+ 5 2.61729- 71395 5455 1 7  
8.99590+ 5 1.41250- 7 9.99540+ 5 7.89338- 8 1.11060+ 6 7.47788- 81395 5455 18 

1395 5455 19  1.23400+ 6 O.OOOOO+ 0 

-2.00000+ 7 o.ooooo+ 0 0 7 1 21396 5 18 2 
2 2 1396 1396 5 5 18 18 4 3 

1.00000- 5 1.00000+ 0 2.00000+ 7 1.00000+ 0 
o.ooooo+ 0 o.ooooo+ 0 0 0 1 31396 5 18 5 

3 5 1396 5 1 8  6 
1.00000- 5 1*29550+ 6 1.50000+ 7 1.49230+ 6 2.00000+ 7 1.49447+ 61396 5 18 7 

5.30600+ 6 O.OOOOO+ 0 0 9 1 21395 5 16 2 
2 2 1395 5 16 3 

1395 5 16 4 5.32858+ 6 1.00000+ 0 2.00000+ 7 1.00000+ 0 
o.ooooo+ 0 o.ooooo+ 0 0 0 1 261395 5 16  5 

26 2 1395 5 16  6 
5.32858+ 6 1.00000+ 4 5.50000+ 6 5.20000+ 4 6.00000+ 6 1.82200+ 51395 5 16  7 
6.50000+ 6 2.35360+ 5 7.00000+ 6 2.78560+ 5 7.50000+ 6 3.15900+ 51395 5 16 8 
8.00000+ 6 3.49270+ 5 8.50000+ 6 3.79720+ 5 9.00000+ 6 4.07900+ 51395 5 16 9 
9.50000+ 6 4*34260+ 5 l.OOOOO+ 7 4.59110+ 5 1.05000+ 7 4.82680+ 51395 5 16 10  
1.10000+ 7 5.05150+ 5 1.15000+ 7 5.26660+ 5 1.20000+ 7 5.47330+ 51395 5 16  11 

1.40000+ 7 6.23190+ 5 1.45000+ 7 6.40750+ 5 1.50000+ 7 6.57850+ 51395 5 16  13 

1.90000+ 7 7.51000+ 5 2.00000+ 7 7.57000+ 5 1395 5 16  15 

1*25000+ 7 5.67250+ 5 1.30000+ 7 5.86490+ 5 1.35000+ 7 6.05120+ 51395 5 16 1 2  

1*60000+ 7 6*86000+ 5 1.70000+ 7 7.14000+ 5 1.80000+ 7 7.36000+ 51395 5 16  14  



N. 23 
A Fi l e  5 Energy D i s t r i b u t i o n s  of Secondary Neutrons 

(Energy Dependent Watt Spectrum) 

The fol lowing q u a n t i t i e s  are def ined  

- U is a cons t an t  t h a t  d e f i n e s  t h e  upper energy l i m i t  for t h e  

secondary neutron so t h a t  0 5 E' - < E - U (given i n  t h e  Lab 

system) . 
is a f l a g  t h a t  specifies t h e  energy d i s t r i b u t i o n  l a w  t h a t  is 

used for a p a r t i c u l a r  subsec t ion  (pa r t i a l  energy 

d i s t r i b u t i o n )  . 
is t h e  number of i n t e r p o l a t i o n  ranges.  

is t h e  number of i n c i d e n t  energy p o i n t s  a t  which pk(E)  is 

given. 

- LF 

- NFt 

- N P  

E is t h e  i n t e r p o l a t i o n  scheme for t h e  i n c i d e n t  neutron energy, - i n t  

E. 

is t h e  f r a c t i o n a l  pa r t  of  t h e  p a r t i c u l a r  cross s e c t i o n  t h a t  

can be descr ibed  by the  p a r t i a l  energy d i s t r i b u t i o n  a t  t h e  

p (E) 

i n c i d e n t  energy, E 

is the  number of i n c i d e n t  energy p o i n t s  a t  which the  parame- - NE 

ters are given. 

are parameters used i n  t he  energy dependent Watt spectrum. 

(LF = 11.) 

(NE 2 200.) 

- a r b  

d 



File 5 Energy Distributions of secondary Neutrons 

(Energy Dependent Watt Spectrum) 

LF = 11, Energy dependent Watt spectrum 

(MAT, 5, MT/ U , 0.0, 0, LF=ll,NR, NP/Eint/p(E))TAB1 

(MAT, 5, MT/O.O , 0.0 , 0, 0 , NR, NE/Eint/a(E))TAB1 

[MAT, 5, MT/O.O , 0.0 , 0, 0 , NR, NE/Eint/b(E))TAB1 

N. 23 
B File 5 Energy Distributions of Secondary Neutrons 

(Energy Dependent Watt Spectrum) 

N. 23 
c 

-3.00000+ 7 O.OOOOO+ 0 0 11 1 21395 5 18 2 
2 2 1395 5 18 3 

1.00000- 5 1.00000+ 0 2.00000+ 7 1.00000+ 0 1395 5 18 4 
o.ooooo+ 0 o.ooooo+ 0 0 0 1 241395 5 18 5 

24 2 1395 5 18 6 
1.00000- 5 9.88000+ 5 1.00000+ 6 9.88000+ 5 1.50000+ 6 9.88000+ 51395 5 18 7 
2.00000+ 6 9.91000+ 5 3.00000+ 6 9.96000+ 5 4.00000+ 6 1.00100+ 61395 5 18 8 
5.00000+ 6 1.02500+ 6 5.50000+ 6 1.03600+ 6 6.00000+ 6 1.02600+ 61395 5 18 9 
7.00000+ 6 9.63000+ 5 8.00000+ 6 9.66000+ 5 9.00000+ 6 9.92000+ 51395 5 18 10 
1.00000+ 7 1.01600+ 6 1.10000+ 7 1.03800+ 6 1.20000+ 7 1.05600+ 61395 5 18 11 
1.21991+ 7 1.05800+ 6 1.30000+ 7 1.03400+ 6 1.40000+ 7 1.02800+ 61395 5 18 12 
1.50000+ 7 1.04700+ 6 1.60000+ 7 1.07500+ 6 1.70000+ 7 1.10700+ 61395 5 18 13 
1.80000+ 7 1.13200+ 6 1.90000+ 7 1.14700+ 6 2.00000+ 7 1.15800+ 61395 5 18 14 
o.ooooo+ 0 o.ooooo+ 0 0 0 1 241395 5 18 15 

24 2 1395 5 18 16 
1.00000- 5 2.24900- 6 1.00000+ 6 2.24900- 6 1.50000+ 6 2.24900- 61395 5 18 17 
2.00000+ 6 2.23200- 6 3.00000+ 6 2.21000- 6 4.00000+ 6 2.18800- 61395 5 18 18 
5.00000+ 6 2.08800- 6 5.50000+ 6 2.04600- 6 6.00000+ 6 2.08600- 61395 5 18 19 
7.00000+ 6 2.36700- 6 8.00000+ 6 2.35500- 6 9.00000+ 6 2.23400- 61395 5 18 20 
1.00000+ 7 2.13200- 6 1.10000+ 7 2.04300- 6 1.20000+ 7 1.97600- 61395 5 18 21 
1.21991+ 7 1.97000- 6 1.30000+ 7 2.06200- 6 1.40000+ 7 2.08400- 61395 5 18 22 
1.50000+ 7 2.01000- 6 1.60000+ 7 1.90600- 6 1.70000+ 7 1.79900- 61395 5 18 23 
1.80000+ 7 1.72200- 6 1.90000+ 7 1.67600- 6 2.00000+ 7 1.64400- 61395 5 18 24 



pi l e  5 Enerav Distributions of Secondary Neutrons D 

LF = 11, Energy dependent Watt spectrum: 

-E'/a 
sinh(m). e 

I f(E -t E') = 

I is the normalization constant, 

- a exp (- (7) sinh (-)))I 
a and b are energy dependent; 

U is a constant introduced to define the proper upper limit 

for the final neutron energy such that 0 - < E' 5 E - U. 

File 7 Scattering Law Data 

- 
N.24 
A 

There is only one section in File 7, but the format varies slightly, de- 

pending on whether temperature-dependent data are given. The following quanti- 

ties are defined: 

- LAT is a flag indicating which temperature has been used to compute a and 

6. 

LAT = 0 ,  the actual temperature was used. 

LAT = 1, the constant To = 0.0253 eV has been used. 

is the number of non-principal scattering atom types. NS For most 

moderating materials there will be (NS + 1) types of atoms in the 
molecule (NS < 3). 

- NI is the total number of items in the B(N) list. NL = 6*(NS + 1). 
B(N) is the list of constants. Definitions are given above (Section 7.1). 

- NR is the number of interpolation ranges for a particular parameter, 

either B or a. 

- NB 

- NP 

is the total number of 6 values given. 

is the number of a values given for each value of B for the first tem- 

perature described, NP is the number of pairs, a and S ( a , B ) ,  given. 

'int and aint are the interpolation schemes used (see Appendix E for 

interpolation formats). 

Revised 11/83 



File 7 Scattering Law Data 

The structure of a section is 

(MAT, 7, MT/ZA, AWR, 0, LAT, 0, O)HEAD 

(MAT, 7, MT/O.O, 0.0, 0, 0, NI, NS/B(N))LIST 

(MAT, 7, MT/O.O, 0.0, 0, 0, NR, NB/Bint)TAB2 

(MAT, 7, MT/T, Blr LT, 0, NR, NP/ain,/S(a,Bl))TAB1 

N. 24 
B 

T and LT refer to possible temperature dependence. 

are completely specified by analytic functions (no principal scattering atom 

type, as indicated by B(1) = 0) , tabulated values of S o ( a , B )  are omitted and the 

TAB2 and TAB1 records are not given. 

If the scattering law data 

File 7 Scattering Law Data 
N. 24 

C 

8.01600+ 3 1.58580+ 1 0 0 0 01276 7 4 1 
o.ooooo+ 0 o.ooooo+ 0 0 0 12 11276 7 4 2 
O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 01276 7 4 3 
1.00000+ 0 3.74810+ 0 1.58580+ 1 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 01276 7 4 4 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 01276 7 0 5 



File 7 Scattering Law Data 
N. 24 
D File 8 Radioactive Nuclide Production 

N. 25 
A 

Inelastic scattering is represented by the thermal neutron scattering law, 

S(a,BIT), and is defined (for a moderating molecule) by 

NS 

where there are (NS + 1) types of atoms in the molecule (i.e. , for H 2 0 ,  NS = 1) 

and 

- Mn 

T 

E 

E' 

- 

- 

- 
- B 

- An 

c1 - 

- 'bn 

is the number of atoms of the 

is the moderator temperature 

nth type in the molecule, 

OK) I 

is the incident neutron energy (eV) 

is the secondary neutron energy (eV 

is the energy transfer, = (E' - E 

1 

/kT, 

is the momentum ;transfer, c1 = (E' + E - 2p e)/AOkT, 

is the mass of the nth type atom, A 

scattering atom in the molecule, 

is the bound atom scattering cross section of the nth type atom, 

is the mass of the principal 
0 

A n + l  2 
- 

'bn - 'fn An 

'fn - is the free atom scattering cross section of the nth type atom, 

The following quantities are defined: 

- ZAP is the designation of the nuclide produced in the reaction (ZAP = 
1000.0 * Z + A). 

MATP is the material number for the reaction product (ZAP). 

NS is the total number of states of the reaction product given. - 
LMF is the file number in which the multiplicity or cross section for 

this MT number will be found. 
- 

LIS is the state number of the target. - 
LIS@ is the isomeric state number of the target. 

LFS is the level number of the state of ZAP. - 
ELFS is the excitation energy of the state of ZAP produced in the 

interaction (in eV above ground state). 

N@ is the flag to allow the identification of a reaction product which 
is radioactive in its ground state and for which the cross section 
will not be found in File 9 or 10 (Ng=l). 

- 

ND is the number of branches into which the nuclide ZAP decays. - 
HL is the half-life of the nuclide ZAP in seconds. - 
Z A N  is the Z and mass of the next nuclide produced along the chain. - 
BR is the branching ratio for the production of that particular ZAN and 

level. 
- 

ER is the end-point energy of the particle or quantum emitted. - 
CT is the chain terminator which gives minimal information about the for- 

mation and decay of ZAN. 
- 

RTYP is the mode of decay using the same definitions specified in MT=457. - 
1 

- k is Boltzmann's constant, and 

- P is the cosine of the scattering angle (in the lab system). 



F i l e  8 Radioac t ive  Nuclide Product ion 
N -  25 

B 

The s t r u c t u r e  of each s e c t i o n  always s tar ts  wi th  a HEAD record and ends 
with a SEND record. I f  N@=O, t h e  s e c t i o n  is div ided  i n t o  subsec t ions ,  which 
contain da t a  for a p a r t i c u l a r  f i n a l  s tate of t h e  r e a c t i o n  product  (LFS), 

The number of subsec t ions  NS is given on t h e  HEAD record for t h e  sec t ion .  
Each subsec t ion  c o n s i s t s  of a s i n g l e  LIST record. 
by increas ing  va lue  of LFS. 

The subsec t ions  are ordered 

The s t r u c t u r e  of a s e c t i o n  is: 

(MAT, 8, MT/ZA, AWR, LIS, LIS@, NS, N@)HEAD 
<subsec t ion  for LFS1> 
<subsec t ion  for LFS2> 
-Jsubsection for LFSNs> 

The s t r u c t u r e  of a subsec t ion  is: 

If N@=1, then t h e  reaction g i v e s  rise to  a s i g n i f i c a n t  product  which is 
r a d i o a c t i v e  i n  i t s  ground state, and t h e  eva lua to r  wishes on ly  to  i d e n t i f y  t h e  
r ad ioac t ive  product. The eva lua tor  must supply  MF=8, MT=457 data elsewhere to 
describe t h e  decay of the product. I t  is understood t h a t  t h e  cross s e c t i o n  for 
producing t h e  r a d i o a c t i v e  product  is to be found i n  MF=3 f o r  t h e  g iven  MT. 

For W=1, t h e  s t r u c t u r e  of a s e c t i o n  is: 

MAT, 8, MT /ZA, AWR, LIS, LISO, NS,  N@=l)HEAD 
MAT, 8, MT /ZAP, ELFS=O., LMF=3, LFS=O, 6*ND=O, MATP CONT I MAT, 8, 0 /O.O, 0.0, 0, 0, 0, 0 ISEND 

F i l e  8 Radioact ive Nuclide Product ion 
N.25 

C 

01311 8103 1 
71031311 8103 2 

4 
5 

01311 8 0 6 

0 0 1 
9 0 18 

1.10230+ 4 2.27920+ 1 
1.00230+ 4 O.OOOOO+ 0 _. 

3.76000+ 1 1.00000+ 0 1.10230+ 4 3.20000- 1 3.93500+ 6 1.01000+ 01311 8103 
3.76000+ 1 1.00000+ 0 1.10230+ 4 1.00000- 2 2.29900+ 6 1.02000+ 01311 8103 
o.ooooo+ 0 o.ooooo+ 0 

3.76000+ 1 1.00000+ 0 1.10230+ 4 6.70000- 1 4.37500+ 6 1.00000+ 01311 8103 3 

0 0 0 

9.22350+ 4 2.33025+ 2 
9.12340+ 4 O.OOOOO+ 0 
o.ooooo+ 0 o.ooooo+ 0 

0 
3 
0 

0 
0 
0 

1 11395 8 16 1 
0 13941395 8 16 2 
0 01395 8 0 3 

0 



Fil-e  8 Radioact ive Nuclide Product ion 
N. 25 
14 

I 

F i s s i o n  Product Yield Data (MT=454 and MT=459) 
N. 26 

A 

For example, cons ider  t h e  nuc l ide  (ZAP) formed v i a  a neutron r e a c t i o n  (MT 
number) i n  a f i n a l  state (LFS number); ZAP then decays to a l e v e l  i n  ZAN; t h e  
l e v e l  number is p a r t  of t h e  CT i n d i c a t o r  and inc ludes  nonisomeric states i n  t h e  
count.  The fol lowing examples may he lp  exp la in  t h e  use of CT: 

CT = 1.00 zAN was formed i n  t he  ground state which is s t a b l e .  

CT = 1.06 ZAN was formed i n  the  s i x t h  e x c i t e d  state; t h e  s i x t h  
state decayed to the  ground state which is s t a b l e .  

CT = 2.00 ZAN was formed i n  the  ground state which is unstable .  
(No delayed gammas are a s s o c i a t e d  wi th  t h e  formation and 
decay of t h i s  p a r t i c u l a r  ZAN.) The next  decay i n  the  
cha in  is s p e c i f i e d  under t h e  RTYP. 

CT = 2.11 ZAN was formed i n  the  11th  e x c i t e d  state but  t h e  cha in  
does no t  terminate  with t h a t  ZAN. The next  decay i n  t h e  
cha in  is s p e c i f i e d  under t h e  RTYP. 

It is r e a d i l y  apparent  from the  above t h a t  CT = "1." i n d i c a t e s  t h a t  t h e  
cha in  te rmina tes  with t h a t  p a r t i c u l a r  ZAN and CT = "2." means t h a t  one or more 
decays are involved before  s t a b i l i t y  is reached. Note, however, t h a t  s t a b i l i t y  
can be reached in s t an taneous ly  upon occasion with t h e  emission of one or more 
l i g h t  p a r t i c l e s .  The hundreths d i g i t s  of the  CT (06) i n d i c a t e  the  state ( s i x t h )  
i n  which ZAN is formed. 

A s  an example, consider  MT = 102. Then RTYP = 1 .44  would be i n t e r p r e t e d  
as  fol lows:  

The f i r s t  two columns of t he  RTYP (I.) i n d i c a t e s  f3- decay of ZAP; t h e  
t h i r d  and f o u r t h  columns (44)  i n d i c a t e  t h a t  t h e  nucleus ZAN (formed 
i n  t h e  B- decay) then  immediately emits t w o  c1 particles. 

For t h i s  example: n + 7 L i  -t y + 8Li  (ground state) 

ZA 

Z A P  

ZAN 

L i )  

8 L i  

8Be 

7 LIS@( L i )  = 0 7 = 3.007E + 03 L I S (  L i )  = 0 

8 = 3.008E + 03 LFS( L i )  = 0 

= 4.008E + 03 C T (  Be)  = 2.01 8 

Since 8Be. has a h a l f - l i f e  of the  order  of compund-nucleus formation 
times, decay dpta  for MT = 457 are not  requi red ,  and t h e  complete cha in  
can e a s i l y  be represented  and read from the  information given here.  

The fo l lowing  q u a n t i t i e s  are def ined  

NFP - 

ZAFP 

FPS - 

Y I  - 

D Y I  - 
YC 

DYC 

- 

- 

is t h e  number of f i s s i o n  product  nuc 

(MT=454) is t h e  ICs unce r t a in ty  i n  Y I .  

(MT=459) is t h e  cumulative y i e l d .  

(MT=459) is t h e  la unce r t a in ty  i n  YC. 

z states to be speci ied a- 
each i n c i d e n t  energy p o i n t  ( t h i s  is a c t u a l l y  t h e  number of sets of 
f i s s i o n  product  i d e n t i f i e r s  - f i s s i o n  product  y i e l d s ) .  
1250. ) 

(NFP - < 

is  the. ( Z , A )  i d e n t i f i e r  f o r  a p a r t i c u l a r  f i s s i o n  product .  (ZAFP = 
( l O O Q . O *  2 )  + A ) .  

is  t h e  s t a t e  des igna tor  ( f loa t ing-pQint  number) f o r  t h e  f i s s i o n  
product  nuc l ide  (FPS = 0.0 means t h e  ground s ta te ,  FPS = 1.0 means 
t h e  f i r s t  e x c i t e d  state,  etc.) 

(MT=454) is t h e  f r a c t i o n a l  ( independent) y i e l d  f o r  a p a r t i c u l a r  f i s -  
s i o n  product  prior to particle decay. 

I -i 

C ( E . )  is  t h e  a r r a y  of y i e l d  data f o r  t h e  ith energy poin t .  
-n-1- This  a r r a y  

NN 

E -i 

LE 

- 

- 

LE = - 

L E >  - 

con ta ins  NFP sets of four  parameters  i n  t h e  order ZAFP,'FPS, Y I ,  
and DYI i n  MT=454 and ZAFP, FPSl YC, and DYC i n  MT=459. 

is equal  to 4*NFP, t h e  number of items i n  t h e  C ( E . )  a r r ay .  
' n  1 

is the  i n c i d e n t  neutron energy of t h e  ith p o i n t  (eV). 

is  a test t o  determine whether energy-dependent f i s s i o n  product  
y i e l d s  are given: 

' 

0 implies no energy-dependence (only  one se t  of f i s s i o n  product  
y i e l d  d a t a  g iven ) ;  

0 means t h a t  (LE + 1) sets  of f i s s i o n  product y i e l d  d a t a  are g iven  ' 
a t  (LE + 1) i n c i d e n t  neutron energ ies .  

is t h e  i n t e r p o l a t i o n  scheme (see Appendix E) to be used between t h e  
and E .  energy po in t s .  Ei-l 1 



N. 26 
F i l e  8 F i s s i o n  P r o d u c t  Yield Data (MT=454 and  MT=459) B 

The s t r u c t u r e  for a s e c t i o n  i s  

(MAT, 8, MT/ZA, AWR, LE + 1, 0, 0, 0)HEAD 

(MAT, 8, MT/El, 0.0, LE, 0, NN, NFP/Cn(E1))LIST 

(MAT, 8, MT/E2, 0.0, I , 0, NN, NFP/Cn(E2))LIST 

(MAT, 8, MT/E3, 0.0, I , 0, NN, NFP/Cn(E3))LIST 

............................................... 

(MAT, 8, o/o.o, 0.0; 0, 0, 0, o)sEND, 

where MT = 454 for i n d e p e n d e n t  y ie ld  data and  MT = 459 for c u m u l a t i v e  y ie  d 

d a t a .  T h e r e  are (LE + 1) LIST records. 

N. 26 
F i le  8 Fission P r o d u c t  Yield Data (MT=454 and  MT=459) C 

01395 8454 1 9.22350+ 4 2.33025+ 2 3 0 0 
2.53000- 2 O.OOOOO+ 0 2 0 4612 11531395 8454 2 
2.30660+ 4 O.OOOOO+ 0 1.93964-18 1.24137-18 2.30670+ 4 O.OOOOO+ 01395 8454 3 
1.07809-19 6.89974-20 2.40660+ 4 O.OOOOO+ 0 2.10951-13 1.35010-131395 8454 4 
2.40670+ 4 O.OOOOO+ 0 6.14862-14 3.93512-14 2.40680+ 4 O.OOOOO+ 01395 8454 5 
3.69d36-16 2.36183-16 2.40690+ 4 O.OOOOO+ 0 7.88967-18 5.04939-181395 8454 6 
2.40700+ 4 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 2.50660+ 4 O.OOOOO+ 01395 8454 7 
2.28949-11 1.46527-11 2.50670+ 4 O.OOOOO+ 0 2.54943-11 1.63164-111395 8454 8 

(cards deleted) 
7.01710+ 4 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 7.01720+ 4 O.OOOOO+ 01395 8454 765 
o.ooooo+ 0 O.OOOOO+ 0 7.11690+ 4 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 01395 8454 766 
7.11690+ 4 1.00000+ 0 O.OOOOO+ 0 O.OOOOO+ 0 7.11710+ 4 O.OOOOO+ 01395 8454 767 
O.OOOOO+ 0 O.OOOOO+ 0 7.11710+ 4 1.00000+ 0 O.OOOOO+ 0 O.OOOOO+ 01395 8454 768 
7.11720+ 4 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 7.11720+ 4 1.00000+ 01395 8454 769 
O.OOOOo+ 0 O.OOOOO+ 0 7.21710+ 4 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 01395 8454 770 
7.21720+ 4 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 1395 8454 771  

11611395 8454 772 5.00000+ 5 O.OOOOO+ 0 2 0 4644 
2.30660+ 4 O.OOOOO+ 0 9.72948-17 6.22687-17 2.30670+ 4 O.OOOOO+ 01395 8454 773 
3.58361-18 2.29351-18 2.40660+ 4 O.OOOOO+ 0 4.88771-12 3.12820-121395 8454 774 
2.40670+ 4 O.OOOOO+ 0 1.03953-12 6.65302-13 2.40680+ 4 O.OOOOO+ 01395 8454 775 
8.07638-14 5.16888-14 2.40690+ 4 O.OOOOO+ 0 2.32879-16 1.49043-161395 8454 776 
2.40700+ 4 O.OOOOO+ 0 4.44285-18 2.84342-18 2.50660+ 4 O.OOOOO+ 01395 8454 777 
4.54796-10 2.91070-10 2.50670+ 4 O.OOOOO+ 0 3.41847-10 2.18782-101395 8454 778 

(cards deleted) 
7.01720+ 4 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 7.11690+ 4 O.OOOOO+ 01395 8454 1 5 4 1  
o.ooooo+ 0 O.OooOO+ 0 7.11690+ 4 1.00000+ 0 O.OOOOO+ 0 O.OOOOO+ 01395 8454 1542 
7.11710+ 4 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 7.11710+ 4 1.00000+ 01395 8454 1543 
O.OOOOO+ 0 O.OOOOO+ 0 7.11720+ 4 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 01395 8454 1544 
7.11720+ 4 1.00000+ 0 O.OOOOO+ 0 O.OOOOO+ 0 7.21710+ 4 O.OOOOO+ 01395 8454 1545 
O.OOOOO+ 0 O.OOOOO+ 0 7.21720+ 4 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 01395 8454 1546 
1.40000+ 7 O.OOOOO+ 0 2 0 4548 11371395 8454 1547 
2.30660+ 4 O.OOOOO+ 0 1.26557-15 8.09965-16 2.40660+ 4 O.OOOOO+ 01395 8454 1548 
1.93009-10 1.23527-10 2.40670+ 4 O.OOOOO+ 0 2.00011-11 1.28007-111395 8454 1549 
2.40680+ 4 O.OOOOO+ 0 7.89042-13 5.04987-13 2.40690+ 4 O.OOOOO+ 01395 8454 1550 
7.63964-16 4.88937-16 2.40700+ 4 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 01395 8454 1551 
2.50660+ 4 O.OOOOO+ 0 5.98032- 8 3.82740- 8 2.50670+ 4 O.OOOOO+ 01395 8454 1552 
2.02011- 8 1.29287- 8 2.50680+ 4 O.OOOOO+ 0 2.57014- 9 1.64489- 91395 8454 1553 

7.01690+ 4 1.00000+ 0 O.OOOOO+ 0 O.OOOOO+ 0 7.01700+ 4 O.OOOOO+ 01395 8454 2298 
3.94021-14 2.52173-14 7.01710+ 4 O.OOOOO+ 0 6.99037-13 4.47384-131395 8454 2299 
7.01720+ 4 O.OOOOO+ 0 1.21006-11 7.74441-12 7.11690+ 4 O.OOOOO+ 01395 8454 2300 
O.OOOOO+ 0 O.OOOOO+ 0 7.11690+ 4 1.00000+ 0 O.OOOOO+ 0 O.OOOOO+ 01395 8454 2301 
7.11710+ 4 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 7.11710+ 4 1.00000+ 01395 8454 2302 
o.ooooo+ 0 o.oooOO+ 0 7.11720+ 4 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 01395 8454 2303 
7.11720+ 4 1.00000+ 0 O.OOOOO+ 0 O.OOOOO+ 0 7.21710+ 4 O.OOOOO+ 01395 8454 2304 
o.ooooo+ 0 o.ooooO+ 0 7.21720+ 4 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 01395 8454 2305 

01395 8 0 2306 o.ooooo+ 0 o.ooooo+ 0 0 0 0 

(cards deleted) 



N. 26, 
File 8 Fission Product Yield Data (MT=454 and MT=459) D -  

The yields areagiven as fractional values at each energy, and normally the 

independent yields will sum to S 2.0. 

File 8 Radioactive Decay Data (MT=457) 
N. 27 
A 

- NSP is the total number of radiation types (STYP) for which spectral in- 
formation is given (NSP may be zero). 

is the half-life of the original nuclide (seconds). 

is the average decay energy (ev) of "x" radiation. 

is the spin of the nuclide in its LIS state. 

is the parity of the nuclide in its LIS state (kl.0). 

is the total number of decay modes given (cannot be zero). 

r, 

- SPI 

- PAR 

- NDK 

RTYP is the mode of decay of the nuclide in its LIS state. 

- RFS is the isomeric state flag for daughter nuclide. 

- Q is the total decay energy (eV) available in the corresponding decay 
process. 

- BR is the fraction of the decay of the nuclide in its LIS state which 
proceeds by the corresponding decay mode. 

STYP is the decay radiation type 

- ER is the energy (eV) of radiation produced (E y, E~-, Ee.c.' etc. ) 

- RI is the intensity of radiation produced (relative units) 
- RP is the spectrum of the continuum component of the radiation. - TYPE is the type of transition for beta and electron capture 
- RICC is the total internal conversion coefficient (STYP=O.O only) 
RICK is the K-shell internal conversion coefficient (STYP=O.O only) 
RICL is the L-shell internal conversion coefficient (STYP=O. 0 only) 
- RIS is the internal pair formation coefficient or positron intensity. 

- LCON is the continuum spectrum flag 

- NT is the number of entries given for each discrete energy (ER) 

- FC is the continuum spectrum normalization factor. 

- FD is the discrete spectrum normalization factor. 

- NER is the total number of tabulated discrete energies. 

- ER 
- 

is the average decay energy of radiation produced 



C I Fi l e  8 Radioactive Decay Data (MT=457) B F i l e  8 R a d i o a c t i v e  Decay Data (MT=457) 

1 0 0 0 9.22350+ 4 2.33025+ 2 
2 2.22097+16 1.57784+13 0 0 6 

2.41000+ 4 6.00000+ 2 1.70000+ 5 4.00000+ 3 4.47100+ 6 1.68000+ 51395 8457 3 
4 0 0 6 3.50000+ 0-1.00000+ 0 

4.00000+ 0 O . O O O O O +  0 4.67900+ 6 2.50000+ 3 1.00000+ 0 O.OOOOO+ 01395 8457 5 
421395 8457 6 o.ooooo+ 0 o.ooooo+ 0 0 0 6 

1.00000- 2 O . O O O O O +  0 1.41000+ 5 4.00000+ 3 O . O O O O O +  0 O.OOOOO+ 01395 8457 7 

6 01395 8457 111 
OOOOO+ 0 O.OOOOO+ 01395 8457 112 

121395 8457 113 6 
OOOOO+ 0 O.OOOOO+ 01395 8457 114 

01395 8457 115 6 
O O O O O +  0 O.OOOOO+ 01395 8457 116 

41395 8457 
01395 8457 

11395 8457 

(cards d e l e t e d )  

6*NDK NDK / 

BR1 ABRl 

0 0 5.17900+ 5 2.00000+ 2 
4.00000+ 0 O.OOOOO+ 0 4.00000- 4 O.OOOOO+ 0 0 

0 0 O.OOOOO+ 0 4.00000+ 0 
1.00000- 2 O.OOOOO+ 0 4.47100+ 6 1.68000+ 5 0 

0 0 4.15400+ 6 3.00000+ 3 
4.00000+ 0 O.OOOOO+ 0 9.00000- 1 2 . 0 0 0 0 0 -  1 0  

(cards d e l e t e d  
4.59800+ 6 3.00000+ 3 0 0’ 

(MAT,8, 457,” SPI PAR b b 

Ql AQl RTYPl RFsl 

ABR ) LIST B%DK % D K  ‘%K 6 01395 8457 137 
4.00000+ 0 O.OOOOO+ 0 5.40000+ 0 5.00000- 1 O.OOOOO+ 0 O . O O O O O +  01395 8457 138  

261395 8457 139 0 0 6 O . O O O O O +  0 8.00000+ 0 
1.00000- 2 O.OOOOO+ 0 2.41000+ 4 6.00000+ 2 O.OOOOO+ 0 O . O O O O O +  01395 8457 140  

01395 8457 1 4 1  9.47750+ 3 1.00000+ 0 0 0 6 
4.00000+ 0 O.OOOOO+ 0 1.98000+ 1 1 . 4 0 0 0 0 +  0 O.OOOOO+ 0 O . O O O O O +  01395 8457 142  
1.11200+ 4 1.40000+ 2 0 0 6 01395 8457 143  
4.00000+ 0 O.OOOOO+ 0 2.80000+ 0 4.00000- 1 O.OOOOO+ 0 O.OOOOO+ 01395 8457 144 

(cards d e l e t e d )  
1.80850+ 5 2.00000+ 1 0 0 6 01395 8457 189  

1.81650+ 5 2.00000+ 1 0 0 6 01395 8457 1 9 1  
4.00000+ 0 O.OOOOO+ 0 3.60000- 1 4.00000- 2 O.OOOOO+ 0 O.OOOOO+ 01395 8457 192  

111395 8457 1 9 3  0 0 6 o.ooooo+ 0 9.00000+ 0 
1.00000- 2 O.OOOOO+ 0 2.95000+ 4 1.30000+ 3 O.OOOOO+ 0 O.OOOOO+ 01395 8457 194 

0 0 6 01395 8457 1 9 5  1.11180+ 4 1.00000+ 1 

(cards d e l e t e d )  
0 0 6 01395 8457 213 1.05212+ 5 O.OOOOO+ 0 

1.09650+ 5 O.OOOOO+ 0 0 0 6 01395 8457 215 

o.ooooo+ 0 o.ooooo+ 0 0 0 0 01395 8 0 217 

4.00000+ 0 O.OOOOO+ 0 2.36000- 1 9.00000- 3 O.OOOOO+ 0 O.OOOOO+ 01395 8457 190 

4.00000+ 0 o.oooOO+ 0 1.70000+ 0 5.00000- 1 O.OOOOO+ 0 O.OOOOO+ 01395 8457 196 

4.00000+ 0 O.OOOOO+ 0 1.59000+ 0 6.00000- 2 O.OOOOO+ 0 O.OOOOO+ 01395 8457 214 

4.00000+ 0 O.OOOOO+ 0 5.40000- 1 2.00000- 2 O.OOOOO+ 0 O . O O O O O +  01395 8457 216 

Repeat NSP times 

(MAT, 8 I 457,” b STY P E O N  b 6 NER / (omit i f  

NSP=O) 
- - 
ER AER 

b b 

ARI R1 1 

RICKl ARICK 

b b 

FD AFD FC AFC ) LIST 

m1 (MAT, 8 I 457,’ ER1 

RTYPl TYPEl 

RICCl A R I C C ~  

ERNER ‘%ER 

NT b / (omit i f  
LCON=l) 

RIS l  A R I S ~  

R I C L ~  A R I C L ~ )  LIST 

NT b /  

) LIST ---- 
RTYpNER  TYPE^^^ R 1 ~ ~ ~  ARINER 

NR NP / ( o m i t  i f  
LCON=O) 

(MAT, 8 457/ RTYP 0.0 b b 

* i n t  / RP (ER) 1 TAB1 

(MATf 8 I O/  b b b b b b ) SEND. 



Fi l e  8 Radioact ive Decay Data (MT=457) 

Decay modes defined: 

RWP Mode of decay 

y-ray (not  used i n  457) 0. Y 
1. f3- Beta decay 

2. e.c., (8') Elec t ron  cap tu re  and/or pos i t ron  
emission 

3. IT Isomeric t r a n s i t i o n  ( w i l l  i n  gene ra l  be 
p resen t  on ly  when the  s ta te  being consid- 
e red  is an isomeric s ta te)  

4. ci Alpha decay 

5. n Neutron emission (e "delayed neutron 
. decay" considered below) 

L I  s 

EFS 

- 

- 
is an i n d i c a t o r  to s p e c i f y  the l e v e l  number of t h e  t a r g e t .  

is an i n d i c a t o r  to  spec i fy  t h e  l e v e l  number of the  nuc l ide  (ZAP) 

def ined  i n  MF=8) produced i n  t h e  neutron r e a c t i o n  (MT number). 

- Q 

N S  - 

LFS = 0 t h e  f i n a l  state is t h e  ground state. 

LFS = 1 t h e  f i n a l  state is the  f i r s t  e x c i t e d  state. 

LFS = 2 t h e  f i n a l  state is  the  second exc i t ed  state. 

LFS = 98 an  unspec i f ied  range of f i n a l  states. 

is t h e  r e a c t i o n  Q-value (ev). 

is the  number of f i n a l  states for each MT for which m u l t i p l i  
6. SF Spontaneous f i s s i o n  

are to  be given. 
7. P Proton emission. 

10. - Unknown o r i g i n  

Decay r a d i a t i o n s  defined: 

STYP Radia t ion  type 

0. Y Gamma r ays  

1. B- Beta r ays  

2. Elec t ron  cap tu re  and/or p o s i t r o n  
emission 

4. ci Alpha p a r t i c l e s  

5 .  

6. 

7. 

8. 

n 

SF 

Neutrons 

Spontaneous f i s s i o n  fragments 

P 

e 
- 

Protons 

"Discrete e l e c t r o n s "  

NR - 

NP - 

i ti S 

is t h e  number of energy ranges.  

be given f o r  each range. (NR 2 0 ) .  

is the  t o t a l  number of energy p o i n t s  used to  spec i fy  the  d a t a  (NP 

5000). 

A d i f f e r e n t  i n t e r p o l a t i o n  scheme may 

It is t h e  i n t e r p o l a t i o n  scheme for each energy range. (For d e t a i l s ,  see E. 
-in 

Sect ion  0.4.3.) 

Y(E) is t h e  m u l t i p l i c i t y  f o r  a p a r t i c u l a r  r e a c t i o n  type a t  i n c i d e n t  energy 

E (  e V ) .  Data are given. f o r  energy-mul t ip l ic i ty  p a i r s .  

9. X X-rays and a n n i h i l a t i o n  r a d i a t i o n  
(photons no t  a r i s i n g  as t r a n s i t i o n s  be- 
tween nuclear  states) 



N. 28 
File 9 Multiplicities for Production of Radioactive Nuclides B 

The structure of a section is: 

(MAT, 9, MT/ZA, AWR, LIS, 0, NS, 0) HEAD 

CNS subsections, one €or each value of LFS> 

(MT, 9, O/O.O, O,O,  0, 0, 0, 0) SEXD 

The structure of a subsection is: 

(MAT, 9, MT/O.O, Q, 0, US, NR, NP/Eint/Y(E))TAB1 

N. 28 
C File 9 Multiplicities for Production of Radioactive Nuclides 

2.80600+ 4 5.94159+ 1 0 0 2 07280 9103 1 
0 0 1 227280 9103 2 O.OOOOO+ 0-2.04110+ 6 

22 2 7280 9103 3 
2.07545+ 6 1.00000+ 0 2.50000+ 6 1.00000+ 0 3.00000+ 6 2.00000- 17280 9103 4 
3.50000+ 6 2.25000- 1 4.00000+ 6 2.80000- 1 4.50000+ 6 3.20000- 17280 9103 5 
5.00000+ 6 3.49000- 1 6.00000+ 6 3.50000- 1 7.00000+ 6 3.57000- 17280 9103 6 
8.00000+ 6 3.82000- 1 9.00000+ 6 4.08000- 1 1.00000+ 7 4.40000- 17280 9103 7 
1.10000+ 7 4.65000- 1 1.20000+ 7 4.90000- 1 1.30000+ 7 5.22000- 17280 9103 8 
1.40000+ 7 5.40000- 1 1-50000+ 7 5.62000- 1 1.60000+ 7 5.86000- 17280 9103 9 
1.70000+ 7 6.10000- 1 1.80000+ 7 6.22000- 1 1.90000+ 7 6.30000- 17280 9103 10 

7280 9103 11 2.00000+ 7 6.25000- 1 
O.OOOOO+ 0-2.09971+ 6 0 1 1 227280 9103 12 

22 2 7280 9103 13 

3.50000+ 6 7.75000- 1 4.00000+ 6 7.20000- 1 4.50000+ 6 6.80000- 17280 9103 15 
5.00000+ 6 6.51000- 1 6.00000+ 6 6.50000- 1 7.00000+ 6 6.43000- 17280 9103 16 
8.00000+ 6 6.18000- 1 9.00000+ 6 5.92000- 1 1.00000+ 7 5.60000- 17280 9103 17 
1.10000+ 7 5.35000- 1 1.20000+ 7 5.10000- 1 1.30000+ 7 4.78000- 17280 9103 18 
1.40000+ 7 4.60000- 1 1.50000+ 7 4.38000- 1 1.60000+ 7 4.14000- 17280 9103 19 

2.00000+ 7 3.75000- 1 7280 9103 21 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 07280 9 0 22 

2.07545+ 6 O.OOOOO+ 0 2.50000+ 6 O.OOOOO+ 0 3.00000+ 6 8.00000- 17280 9103 14 

1.70000+ 7 3.90000- 1 1.80000+ 7 3.78000- I. 1.90000+ 7 3.70000- 17280 9103 20 



- 
I 

L.. LL" N. 29 
F i l e  9 Multiplicit ies for Production of Radioact ive Nucl ides  D F i l e  1 0  Cross Sec t ions  for Production of Radioact ive Nucl ides  A 

I L I S  

LFS - 
is an i n d i c a t o r  to s p e c i f y  the  l e v e l  number of t h e  t a r g e t .  

is an i n d i c a t o r  to s p e c i f y  the l e v e l  number of t he  nuc l ide  (ZAP) 0- 

duced i n  t h e  .neutron r e a c t i o n  (MT) number. 

LFS = 0 t h e  f i n a l  s tate is t h e  ground state. 

t h e  f i n a l  state is t h e  f i r s t  e x c i t e d  state. LFS = 1 

LFS = 2 t h e  f i n a l  state is the  second exc i t ed  state. 

LFS = 98 an unspec i f ied  range of f i n a l  states. 

is t h e  r e a c t i o n  Q-value (ev). 

is the  number of f i n a l  states for each MT for which cross s e c t i o n s  

are to be given. 

is t h e  number of energy ranges.  

be given for each range. (NR 5 2 0 ) .  

is t h e  total  number of energy p o i n t s  used to s p e c i f y  t h e  da t a  ( N P  - C 

5000). 

A d i f f e r e n t  i n t e r p o l a t i o n  scheme may 

- Q 
NS - 

NR - 

NP - 

E is t h e  i n t e r p o l a t i o n  scheme for each energy range. For d e t a i l s ,  see -in t 

Sec t ion  0.4.3.). 

- o(E) is the  cross s e c t i o n  i n  barns  f o r  a p a r t i c u l a r  r e a c t i o n  type  a t  

i n c i d e n t  energy E (ev). Data are given for energy, c ross -sec t ion  

p a i r s  . 



N. 29 
F i l e  10 Cross Sections for P r o d u c t i o n  of Radioactive Nucl ides  B 

The s t r u c t u r e  of a section is: 

(MAT, 10, MT/ZA, A m ,  LIS,  0, NS, 0 )  HEAD 

<NS subsections one for e a c h  LFS> 

(MAT, 10, O/O.O, 0.0,  0, 0, 0, 0) SEND 

The s t r u c t u r e  of a subsect ion is: 

(MAT, 10, MT/O.O, Q, 0, LFS, NR, NP/Eint/O(E)) TAB1 

F i l e  10 Cross Sections for P r o d u c t i o n  of R a d i o a c t i v e  Nucl ides  
N. 29 
C 

0137910 16 1 0. 0 1 
15137910 16 2 0 6 1 

15 2 137910 16 3 

7.91970+ 4 1.95274+ 2 
O.OOOOO+ 0-8.67300+ 6 

8.71741+ 6 O.OOOOO+ 0 8.80000+ 6 3.88000- 3 9.00000+ 6 5.00000- 3137910 16 4 
9.50000+ 6 1.00000- 2 1.00000+ 7 2.20000- 2 1.10000+ 7 5.50000- 2137910 16 5 
1.20000+ 7 9.20000- 2 1.30000+ 7 1.30000- 11.40000+ 7 1.52000- 1137910 16 6 
1.50000+ 7 1.65000- 11.60000+ 7 1.70000- 1 1.70000+ 7 1.67000- 1137910 16 7 
1.80000+ 7 1.60000- 1 1.9OOOO+ 7 1.47000- 1 2.00000+ 7 1.30000- 1137910 16 8 

0137910 0 9 o.ooooo+ 0 o.ooooo+ 0 0 0 0 



N. 29 
F i l e  1 0  Cross Sec t ions  f o r  Product ion of Radioact ive Nucl ides  D 

NK - 
ES -k 

EG -k 

LP - 

LF - 

N. 30 
F i l e  12  M u l t i p l i c i t i e s  and T r a n s i t i o n  P r o b a b i l i t i e s  A 

(Photon Mul t ip l ic i t ies )  

t h e  number of d i s c r e t e  photons inc luding  the  cont-nuum. 

t h e  energy of t he  l e v e l  from which t h e  photon o r i g i n a t e s .  I f  t h e  

l e v e l  is unknown or i f  a cont inuous  photon spectrum is produced, then 

ES E 0.0 should be used. 

t he  photon energy f o r  LP = 0 or 1 or Binding Energy f o r  LP = 2. 

a cont inuous photon energy d i s t r i b u t i o n ,  EGk = 0.0 should be used. 

i n d i c a t o r  of whether or not  t he  p a r t i c u l a r  photon is a primary: 

LP = 0, o r i g i n  of photons is not  designated or not  known, and t h e  

k 
For 

- 

photon energy is EG k' 
LP = 1, for nonprimary photons where t h e  photon energy 

simply EGk; and 

LP = 2, for primary photons where t h e  photon energy EG 

E G ; = E G  +- E e k' AwR+1 n 

is aga in  

is given -y 

t h e  photon energy d i s t r i b u t i o n  l a w  number, which p r e s e n t l y  has  only 

two values defined: 

LE' = 1, a normalized t a b u l a t e d  func t ion  ( i n  F i l e  1 5 ) ,  and 

= 2, a d i s c r e t e  photon energy. 



File 12 Multiplicities and Transition Probabilities 

(Photon' Multiplicities) 

The structure of a section for L@ = 1 is 

, 12, MT/ZA, AWR; L@=l, b; NK, b)HEAD 

(MAT, 12, MT/ b, b; b, b; NR, NP/Eint/Y (E) )TAB1* 

<subsection for k = 1> 

<subsection for k = 2> 

<subsection for k = NK> 

[MAT, 12, O/ b, b; b, b; b, b)SEND I 

and the structure of each subsection is 

(MAT, 12, MT/EG~, ES~; LP, LF; NR, NP/E~~~/Y~(E))TAB~ , 

. . ,  . .  

*If the total number of discrete photons and photon continua is one (NK = l), 
this TAB1 record is omitted. 

N. 30 N.30 
B File 12 Multiplicities and Transition Probabilities C 

(Photon Mu1 tiplic ities) 

9.22350+ 4 2.33025+ 2 1 0 30 0139512 
o.ooooo+ 0 o.ooooo+ 0 0 0 1 29139512 

1.30550+ 4 O.OOOOO+ 0 1.30560+ 4 1.00000+ 0 4.00000+ 4 l.OOOOO+ 0139512 
5.22180+ 4 1.00000+ 0 8.23440+ 4 1.19210+ 0 1.03433+ 5 1.28190+ 0139512 
1.50630+ 5 1.42470+ 0 1.71718+ 5 1.43780+ 0 1.97827+ 5 1.46350+'0139512 
2.25945+ 5 1.49120+ 0 2.96239+ 5 1.57010+ 0 3.34400+ 5 1.64930+ 0139512 
3.68541+ 5 1.73610+ 0 3.95655+ 5 1.79790+ 0 4.15739+ 5 1.79140+ 0139512 
4.28793+ 5 1.87680+ 0 4.75991+ 5 1.87530+ 0 5.00000+ 5 1.95490+ 0139512 
5.35239+ 5 1.93480+ 0 6.00000+ 5 2.13210+ 0 6.54738+ 5 2.233304- 0139512 
7.00000+ 5 2.23460+ 0 7.74238+ 5 2.24560+ 0 8.00000+ 5 2.25100+ 0139512 
9.00000+ 5-2.16840+ 0 1.00000+ 6 2.14b20+ 0' 1.09600+ 6 2;12850+ 0139512 

139512 1.09000+ 6 O.OOOOO+ 0 2.00000+ 7 O.OOOOO+ 0 
7.71000+ 5 7.71000+ 5 0 2 1 .  7139512 

139512 
7.74238+ 5 O.OOOOO+ 0 8.00000+ 5 1.00000- 2 9.00000+ 5 7.11000- 2139512 
1.00000+ 6 1.19000- 1 1.09000+ 6 1.23300- 1 1.09000+ 6 O.OOOOO+ 0139512 
2.00000+ 7 o.ooooo+ 0 139512 

7139512 7.58000+ 5 7.71000+ 5 0 2 1 
7 2 139512 

7.74238+ 5 O.OOOOO+ 0 8!00000+ 5 3.00000- 3 9.00000+ 5 2.31000- 2139512 
1.00000+ 6 3.82000- 2 1.09000+ 6 3.97000- 2 1.09000+ 6 O.OOOOO+ 0139512 

139512 2.00000+ 7 o.ooooo+ 0 

26139512 3.90000+ 4 5.20000+ 4 0 2 1 
26 2 139512 

5.22180+ 4 O.OOOOO+ 0 8.23440+ 4 1.91700- 1 1.03433+ 5 2.03900- 1139512 
1.50630+ 5 2.13200- 1 1.71718+ 5 1.97600- 1 1.97827+ 5 1.94000- 1139512 
2.25945+ 5 1.86000- 12.96239+ 5 1.94400- 13.34400+ 5 1.83600- 1139512 
3.68541+ 5 1.98400- 1 3.95655+ 5 1.75600- 1 4.15739+ 5 1.75100- 1139512 
4.28793+ 5 1.77800- 1 4.75991+ 5 1.69100- 1 5.00000+ 5 1.84800- 1139512 
5.35239+ 5 1.69600- 1 6.00000+ 5 1.82100- 1 6.54738+ 5 1.69800- 1139512 
7.00000+ 5 1.55500- 1 7.74238+ 5 1.43500- 1 8.00000+ 5 1.36500- 1139512 
9.00000+ 5 1.23700- 1 1.00000+ 6 1.08000- 1 1.09000+ 6 1.13400- 1139512 

139512 
1.30000+ 4 1.30000+ 4 0 2 1 29139512 

1.30550+ 4 O.OOOOO+ 0 1.30560+ 4 1.00000+ 0 4.00000+ 4 1.00000+ 0139512 
5.22180+ 4 1.00000+ 0 8.23440+ 4 4.77800- 1 1.03433+ 5 4.44600- 1139512 
1.50630+ 5 4.67000- 1 1.71718+ 5 4.57900- 1 1.97827+ 5 4.63300- 1139512 
2.25945+ 5 4.66600- 1 2.96239+ 5 4.16700- 1 3.34400+ 5 4.34900- 1139512 
3.68541+ 5 4.37300- 13.95655+ 5 4.08000- 14.15739+ 5 3.99900- 1139512 
4.28793+ 5 4.09000- 1 4.75991+ 5 3.99100- 1 5.00000+ 5 3.89600- 1139512 

7.00000+ 5 4.13600- 1 7.74238+ 5 4.30600- 18.00000+ 5 4.36700- 1139512 
9.00000+ 5 4.20000- 1 1.00000+ 6 3.83400- 1 1.09000+ 6 4.10600- 1139512 

139512 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 0139512 

139512 ' 29 2 

7 2 

(cards deleted) 

1.09000+ 6 O.OOOOO+ 0 2.00000+ 7 O.OOOOO+ 0 

i395i2 29 2 

5-35239+ 5 3.93700- 1 6.00000+ 5 4.04400- 1 6.54738+ 5 3.98000- 1139512 

1.09000+ 6 O.OOOOO+ 0 2.00000+ 7 O.OOOOO+ 0 

4 1  
4 2  
4 3  
4 4  
4 5  
4 6  
4 7  
4 8  
4 9  
4 10 
4 11 
4 12 
4 13 
4 14 
4 15 
4 16 
4 17 
4 18 
4 19 
4 20 
4 21 
4 22 
4 23 

4 231 
4 232 
4 233 
4 234 
4 235 
4 236 
4 237 
4 238 
4 239 
4 240 
4 241 
4 242 
4 243 
4 244 
4 245 
4 246 
4 247 
4 248 
4 249 
4 250 
4 251 
4 252 
4 253 
0 254 



File 12 Multiplicities and Transition Probabilities D 

- 
N. 31 

File 12 Multiplicities and Transition Probabilities A 

(Photon Mu1 t i plic i ti es ) 

The multiplicity or yield y (E) is defined by k 

where E designates neutron energy and G(E) is the neutron cross section in File 
2 and/or File 3 to which the multiplicity is referred (by the MT number). 

which results in the requirement that 

Emax Y 
.f fk(Ey fE)dE Y = 1. 

0 

As a check quantity, the total yield 

NK 

is also tabulated for each MT number if NK > 1. 

NS - 

NT - 

ES -i 

TP . 
-1 

GP -i 

B. 
-1 

(Photon Transition Probability Arrays) 

1, simple case (all transitions are emission). 

2, complex case (internal conversion or other competing processes 

occur). 

number of levels below the present one, including the ground state. 

(The present level is also uniquely defined by the MT number and by 

its energy level.) 

number of transitions for which data are given in a list to follow’ 

(i.e., number of nonzero transition probabilities), NT - < NS. 

energy of the ith level, i = 0,1,2.. . NS. 
state. ) 

TPNS, i 

i, i = 0,1,2... (NS-1). 

GP 

level i, the transition is a photon transition (i.e., the conditional 

probability of photon emission). 

an array of NT doublets or triplets depending on LG value. 

(ESo 5 0.0, the ground 

the probability of a direct transition from level NS to level 

the probability that, given a transition from level NS to NS,i‘ 

Note that each level can be identified by its NS number. Then the energy of a 

photon from a transition to level i is given by E 

plicity is given by y(E f E) = (TPi) (GPi). 

transition probability array is independent of incident neutron energy. 

and its multi- 

It is implicitly assumed that the 

= ESNS - ESir 
Y 

Y 



N. 31 
File 12 Multiplicities and Transition Probabilities B 

(Photon Transition Probability Arrays) 

File 12 Multiplicities and Transition Probabilities 

(Photon Transition Probability Arrays) 

N. 31 
C 

The structure of a section for L@ = 2 is 

(MAT, 12, MT/ ZA, AWR; L@=2, LG; NS, b)HEAD. 

(MAT, 12, MT/ESNs, b; LP, b; (LG+l) *NT, NT/Bi)LIST. 

(MAT, 12 O/ b, b; b, b; b, b)SEND. 

If LG = 1, the array Bi consists of NT doublets (ESi,TPi); if LG = 2, it con- 

sists of NT triplets (ESi,TPi,GPi). 

over the levels below the level for which the transition probability array is 

being given (i.e., below level NS). 

creasing magnitude of energy ES . 

Here the subscript i is a running index 

The doublets or triplets are given in de- 

i 

1.70000+ 4 3.51480+ 1 2 1 7 0114912 57 1 
4.05800+ 6 O.OOOOO+ 0 0 0 6 3114912 57 2 
1.76200+ 6 1.80000- 1 1.22000+ 6 6.40000- 1 O.OOOOO+ 0 1.80000- 1114912 57 3 

0 0 0114912 0 4 o.ooooo+ 0 o.ooooo+ 0 0 



N.'31 
File 12 Multiplicities and Transition Probabilities D 

(Photon Transition Probability Arrays) 

The differential cross section for producing a y-ray of energy E result- Y 
ing from the excitation of the m th level of the residual nucleus and the subsequent 

transition between two definite levels (j + i), including the effects of cascading 

0 

from the m - j levels higher than j, is 
0 

m -j 
0 

where 

CYm (E) = neutron cross sections for exciting 

tron energy E, 
0 

mR= j 

the m th level with 
0 

ne u- 

NK 

ES -k 

- 

File 13 Photon Production Cross Sections 

the number of discrete photons including the continuum. 

the energy of the level from which the photon originates. I 

N. 32 
A 

the 

EG -k 

LP - 

LF - 
delta function with 8 €. being energy levels of the resid- 

ual nucleus, 

j' 1 &(E - E. + Ei) = 
Y l  

= probability of the residual nucleus having a transition to 

the Rth level given that it was initially in the excited 

state corresponding to the kth level, and 

kr R TP 

level is unknown or if a continuous photon spectrum is produced, then 

ESk = 0.0 should be used. 

the photon energy for LP = 0 or 1 or Binding Energy for LP = 2. 

a continuous photon energy distribution, EGk = 0.0 should be used. 

Indicator of whether or not the particular photon is a primary: 

LP = 0, origin of photons is not designated or not known, and the 

photon energy is EGk; 

LP = 1, for nonprimary photons where the photon energy is again 

simply EG and k; 
LP = 2, for primary photons$, where the photon energy is given by 

- 

For 

AWR 
=k + AWR + 1 En 

the photon energy distribution low number, which presently has only 

two values defined: 

LF = 1, a normalized tabulated function (in File 15), and 

LF = 2, a discrete photon energy. 

= probability of emission of a y ray of energy E 

a result of the residual nucleus having a transition from the 

kth to the Rth level. 

= € - €R as 
k, R Y k  A 

a 

, 



File 13 Photon Production Cross Sec t ions  

The s t r u c t u r e  of a section i n  File 13 i s  

(MAT, 13, MT/ZA, AWR; b, b; NK, b)HEAD 

(MAT, 13, MT/ b, b: b, b; NR, NP/Eint/OmT Y ( E ) ) T A B ~ *  

<subsection f o r  k = 1> 

<subsect ion for k = 2> 

<subsect ion f o r  k = NK> 

(MAT, 13, O/ b, b; b, b; b, b)SEND 

and t h e  s t ructure  of each subsec t ion  is 

G 

N. 32 
B 

0 

*If t h e  total  number of d i s c r e t e  photons and photon cont inua  is one (NK = l),  
t h i s  TAB1 record is omit ted.  

F i l e  13 Photon Production Cross Sec t ions  
N. 32 

C 

6.00000+ 3 1.18969+ 1 0 0 1 0130613 51 1 
0 2 1 119130613 51 2 4.43900+ 6 4.43900+ 6 . 

130613 5 1  3 
4.81200+ 6 O.OOOOO+ 0 4.85000+ 6 8.00000- 3 4.90000+ 6 2.20000- 2130613 51 4 
4.92000+ 6 2.80000- 2 4.93000+ 6 3.20000- 2 4.94000+ 6 3.50000- 2130613 51 5 
4.95000+ 6 3.70000- 2 4.98000+ 6 4.70000- 2 5.00000+ 6 4.80000- 2130613 51 6 
5.03000+ 6 4.70000- 2 5.10000+ 6 3.80000- 2 5.12000+ 6 3.60000- 2130613 51 7 
5.15000+ 6 4.00000- 2 5.18000+ 6 4.50000- 2 5.20000+ 6 5.20000- 2130613 51 8 
5.23000+ 6 6.60000- 2 5.28000+ 6 9.20000- 2 5.36000+ 6 1.48000- 1130613 5 1  9 
5.37000+ 6 1.50000- 1 5.38000+ 6 1.49000- 1 5.43000+ 6 1.33000- 1130613 5 1  1 0  
5.50000+ 6 1.24000- 1 5 . 5 5 0 0 0 +  6 1.24000- 1 5 . 6 0 0 0 0 +  6 1.28000- 1130613 51 11 
5.65000+ 6 1.37000- 1 5.90000+ 6 1.97000- 1 6.05000+ 6 2.36000- 1130613 5 1  1 2  
6.20000+ 6 2.52000- 1 6.25000+ 6 2.77000- 1 6.32000+ 6 3.40000- 1130613 5 1  13 
6.34000+ 6 3.51000- 1 6 . 3 5 0 0 0 +  6 3.49000- 1 6 . 3 6 0 0 0 +  6 3.40000- 1130613 51 1 4  
6.39000+ 6 2.88000- 1 6 . 4 1 0 0 0 +  6 2.65000- 1 6 . 4 3 0 0 0 +  6 2.55000- 1130613 5 1  15 
6.45000+ 6 2.52000- 1 6.54000+ 6 2.72000- 1 6 . 5 6 0 0 0 +  6 2.64000- 1130613 5 1  1 6  
6.62000+ 6 2.00000- 1 6.64000+ 6 1.87000- 1 6.670001- 6 1.75000- 1130613 51 1 7  
6.75000+ 6 1.62000- 1 6.81000+ 6 1.56000- 1 6.92000+ 6 1.56000- 1130613 5 1  18 
7.14000+ 6 1.67000- 1 7.18000+ 6 1.75000- 1 7.22000+ 6 1.92000- 1130613 51 1 9  
7.25000+ 6 2.12000- 1 7.36000+ 6 3.10000- 1 7.42000+ 6 3.51000- 1130613 5 1  20 
7.47000+ 6 3.48000- 1 7.54170+ 6 3.21560- 1 7.59370+ 6 3.09430- 1130613 5 1  2 1  
7.66740+ 6 3.13760- 1 7.78870+ 6 3.85700- 1 7.81910+ 6 3.89170- 1130613 5 1  22 
7.88840+ 6 3.58830- 1 7.93610+ 6 3.59700- 1 8 . 0 0 0 0 0 +  6 3.77000- 1130613 5 1  23  
8.01400+ 6 4.00000- 1 8 . 0 4 4 0 0 +  6 4.50000- 1 8 . 1 0 0 0 0 +  6 4.90000- 1130613 5 1  24 
8.13800+ 6 4.60000- 1 8.16600-t 6 4.30000- 1 8.20000+ 6 4.00000- 1130613 5 1  25 
8.24000+ 6 3.90000- 1 8.32000+ 6 3.45000- 1 8.42600+ 6 2.66000- 1130613 51 26 
8.50000+ 6 2.45000- 1 8 . 6 1 1 0 0 +  6 2.53000- 1 8 . 7 5 0 0 0 +  6 2.60000- 1130613 5 1  27 
8.83300+ 6 2.65000- 1 9.00000+ 6 2.80000- 1 9.04500+ 6 3.10000- 1130613 5 1  28 
9.14900+ 6 3.14000- 1 9.25000+ 6 2.90000- 1 9.50000+ 6 2.80000- 1130613 51 29 
9.52200+ 6 2.83000- 1 9.69200+ 6 3.22000- 1 9.75000+ 6 3.50000- 1130613 51 30 
9.86800-t 6 3.40000- 1 l.OOOOO+ 7 3.25000- 1 1.02500+ 7 3.15000- 1130613 5 1  31 

1.08300+ 7 3.65000- 1 1.10000+ 7 3.60000- 1 1.12500+ 7 3.35000- 1130613 51 33 
1-15000+ 7 2.70000- 1 1.17500+ 7 2.60000- 1 1.19090+ 7 2.50000- 1130613 51 34 
1.20000+ 7 2.39000- 1 1.22240+ 7 2.27000- 1 1.25990+ 7 2.14000- 1130613 51 35 
1.30000+ 7 2.10000- 1 1.32500+ 7 2.05000- 1 1.35000+ 7 2.03000- 1130613 5 1  36 
1.37480+ 7 1.95000- 1 1.40000+ 7 1.90000- 1 1.42500+ 7 1.80000- 1130613 51 37 
1.45000+ 7 1.70000- 1 1.4750O+ 7 1.65000- 1 1.48070+ 7 1.90000- 1130613 51 38 
1.48630+ 7 2.15000- 1 1.49090+ 7 1.98300- 1 1.49540+ 7 1.81700- 1130613 5 1  39 
1.50000+ 7 1.65000- 1 1.54770+ 7 1.45000- 1 1.59660+ 7 1.35000- 1130613 51 40 
1.64430+ 7 1.25000- 1 1.69740+ 7 1.10000- 1 1.74670+ 7 1.00000- 1130613 51 4 1  
1.80870+ 7 1.00000- 1 1.86320+ 7 9.90000- 2 1.90340+ 7 8.60000- 2130613 51 42 
1.95110+ 7 7.00000- 2 2.00000+ 7 6.00000- 2 130613 5 1  43 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 0130613 0 44 

119 2 

1.05000+ 7 3.10000- 1 1.06900+ 7 3.30000- 1 1.07500+ 7 3.45000- 1130613 5 1  32 



F i l e . 1 3  Photon Production Cross Sec t ions  
N. 32 

D 

The r ep resen ta t ion  of t h e  energy dependence of t h e  cross s e c t i o n s  is accom- 
p l i shed  by t a b u l a t i n g  a set  of neutron energy-cross s e c t i o n  p a i r s  ( E , u ~ ( E ) )  for 
each d i s c r e t e  photon and f o r  t h e  photon energy continuum. 
UY(E) is the  photon product ion cross s e c t i o n  (b) f o r  t h e  photon designated by 
kl! For the  photon continuum, U Y ( E )  is t h e  i n t e g r a t e d  (over photon energy) 
cross sec t ion  for t h e  photon continuum des igna ted  by k. 

For d i s c r e t e  photons, 

k I n  t h e  continuum case, 

F i l e  1 4  Photon Angular D i s t r i b u t i o n s  

(Isotropic D i s t r i b u t i o n  f o r  a l l  Photons 

dol 
dE 

Y 
- 

which obviously r e q u i r e s  t h a t  

E 4 E) = cSk(E) Y f k  (EY + E) I Y 

f k ( E y  -+ E) dE Y = 1 . 
0 

Any t i m e  a continuum r e p r e s e n t a t i o n  is used for a given MT number i n  F i - e  131 
t h e  normalized energy d i s t r i b u t i o n ,  f (E f E ) ,  must be g iven  i n  F i l e  15  under 
t h e  same MT number. k Y  

N. 33 
A 

L I  = 1: Isotropic D i s t r i b u t i o n  

If L I  = 1, then a l l  photons for the  r eac t ion  type (MT) i n  ques t ion  are 

assumed to be isotropic. This  is  a f l a g  t h a t  t he  process ing  code can sense ,  and 

t h u s  needless  i s o t r o p i c  d i s t r i b u t i o n  data are not  en te red  i n  the f i l e .  

NK should be c o n s i s t e n t  w i t h  t h e  NK value  given i n  F i l e  12 or 13  for t h e  

r eac t ion  type  (MT). 
a 

As a check quan t i ty ,  t he  total  photon product ion cross s e c t i o n ,  

NK 

(barns)  , 

k = l  

is also t abu la t ed  f o r  each MT number, un le s s  only  one subsec t ion  is p resen t  
(i.e., E9K = i). 
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N. 33 
F i l e  1 4  Photon Angular D i s t r i b u t i o n s  D 

(Isotropic D i s t r i b u t i o n  f o r  a l l  Photons) 

F i l e  1 4  Photon Angu 

(Legendre Coeff icien 

lar  D i s t r  

I t  Represe 

i b u  

!nta  

t i o n s  

. t ion)  

N. 34 
A 

- L I  = 0,  d i s t r i b u t i o n  is n o t  isotropic for a l l  photons from t h i s  r e a c t i o n  

type, but  may be f o r  some photons. 

- LTT = 1, d a t a  are given as Legendre c o e f f i c i e n t s ,  where a_ (E) = 1 .0  is k -  
U 

NK - 

N I  

EG -k 

- 

ES 
--k 

m 

NE 

E - in t  

NL -i 

a (E) t h e  Rth Legendre c o e f f i c i e n t  a t  neutron energy E. -R-- 

- 

- 

understood. 

t h e  number of d i s c r e t e  photons inc lud ing  t h e  continuum (must equa l  

t h e  va lue  given i n  F i l e  12  or 1 3 ) .  

number of isotropic photon angular  d i s t r i b u t i o n s  given i n  a s e c t i o n .  

t h e  photon energy as given  i n  F i l e  12 or 13. 

photon energy d i s t r i b u t i o n ,  EGk, = 0.0 should be used. 

t h e  energy of t h e  l eve l  from which t h e  photon o r i g i n a t e s .  

l e v e l  is unknown or i f  a cont inuous  photon spectrum is produced, 

t hen  ES = 0.0 should be used. 

t h e  number of i n t e r p o l a t i o n  r eg ions  for t h e  i n c i d e n t  neutron energy. 

number of  neutron energy p o i n t s  given. 

t h e  i n t e r p o l a t i o n  scheme of  t h e  i n c i d e n t  neut ron  energy. 

h i g h e s t  va lue  of R r equ i r ed  a t  each neutron energy E i' 

For a cont inuous 

I f  t h e  

k -  



File 14 Photon Angular Distributions 

(Legendre Coefficient Representation) 

N. 34 
B 

The structure of each record in the first block of NI subsections, which 
is for the NI isotropic photons,sis 

(MAT, 14, MT/EGk, ESk; b, b; b, b)CONT 

There is just one CONT record for each isotropic photon. (The set of CONT 
records is empty if NI = 0.) 
tude of Sk (photon energy), and the continuum, if present and isotropic, a p  
pears last, with EG = 0.0. 

The subsections are ordered in decreasing magni- 

k -  
This block of NI subsections is then followed by a block of NK-NI 

subsections for the anisotropic photons in decreasing magnitude of EG . The 
continuum, if present and anisotropic, appears last, with EGk E 0.0. kThe struc- 
ture for the last NK-NI subsections is ’ 

[MAT, 14, MT/EGk, ESk; b, b; NR, NE/Einth”l’2 
k (MAT, 14, MT/ b, El; b, b; NL1, b/aR(E1))LIST 

(MAT, 14, MT/ 
k k Note that lists of the aR(E) start at R = 1 because a (E) E 1.0 is 0 always‘ understood. 

TT = 1: Legendre Coefficient Representation 

The structure of a section with LI = 0 and LTT = 1 is 

[MAT, 14, MT/ZA, AWR; LI=O, LTT=l; NK, N1)HEAD 

<subsection for k = 1> 

<subsection for k = 2> 

<subsection for k = NK> 

(MAT, 14, O/ b, b; b, b; b, b)SEND . 

N. 34 
C File 14 Photon Angular Distributions 

(Legendre Coefficient Representation) 

8.01600+ 3 1.58580+ 1 0 1 13 11127614 4 1 
8.87200+ 6 8.87200+ 6 0 0 0 0127614 4 2 

0 0 0127614 4 3 7.11900+ 6 7.11900+ 6 0 
0127614 4 4 4.94900.t 6 1.10800+ 7 0 0 0 

(cards deleted for 5 isotropic photon distributions) 

0 0 0127614 4 10 1.75300+ 6 8.87200+ 6 0 
0 0 0127614 4 11 9.88000+ 5 7.11900+ 6 0 

5.10000+ 5 6.05200+ 6 0 0 0 0127614 4 12 
0 1 10127614 4 13 6.91700+ 6 6.91700+ 6 0 

10 2 127614 4 14 
O.OOOOO+ 0 6.43400+ 6 0 0 2 0127614 4 15 
o.ooooo+ 0 o.ooooo+ 0 127614 4 16 
O.OOOOO+ 0 7.35300+ 6 0 0 2 0127614 4 17 
o.ooooo+ 0 o.ooooo+ 0 127614 4 18 
O.OOOOO+ 0 7.93000+ 6 0 0 2 0127614 4 19 
o.ooooo+ 0 2.00000- 1 127614 4 20 

(cards deleted for 5 neutron energies) 

0 2 0127614 4 31 O.OOOOO+ 0 1.48000+ 7 0 
O.OOOOO+ 0 3.30000- 2 127614 4 32 
o.ooooo+ 0 2.00000+ 7 0 0 2 0127614 4 33 
O.OOOOO+ 0 3.30000- 2 127614 4 34 
6.13100+ 6 6.13100+ 6 0 0 1 12127614 4 35 

12 2 127614 4 36 
O.OOOOO+ 0 6.43400+ 6 0 0 6 0127614 4 37 
o.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 o . O O O o O +  0 O.OOOOO+ 0 O.OOOOO+ 0127614 4 38 
O.OOOOO+ 0 6.51800+ 6 0 0 6 0127614 4 39 
O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0127614 4 40 
O.OOOOO+ 0 6.87000+ 6 0 0 6 0127614 4 41 
O.OOOOO+ 0 1.42000- 1 O.OOOOO+ 0 2.50000- 2 O.OOOOO+ 0-3.07000- 2127614 4 42 
O . O O O O O +  0 7.50000+ 6 0 0 6 0127614 4 43 

. .  

(cards deleted for 6 neutron energies) 

0127614 4 57 
O.OOOOO+ 0 6.92000- 2 127614 4 58 
o.ooooo+ 0 2.00000+ 7 0 0 2 0127614 4 59 
O.OOOOO+ 0 6.92000- 2 127614 4 60 

0 0127614 0 61 

O.OOOOO+ 0 1.48000+ 7 0 0 2 

o.ooooo+ 0 o.ooooo+ 0 0 0 



F i l e  14 Photon Angular D i s t r i b u t i o n s  

The angular d i s t r i b u t i o n s  are expressed as normalized p r o b a b i l i t y  
d i s t r i b u t i o n s ,  t h a t  is, 

N. 34 
D 

where pk(p,E) is  t h e  p r o b a b i l i t y  t h a t  an inc iden t  neutron of energy E w i l l  re- 
s u l t  i n  a particular d i s c r e t e  photon or photon energy continuum ( s p e c i f i e d  by k 
and MT number) being emi t ted  i n t o  u n i t  cos ine  about  an ang le  whose cos ine  is p. 
Because the  photon angular d i s t r i b u t i o n  is assumed to have azimuthal symmetry, 
t h e  d i s t r i b u t i o n  may be represented  as a Legendre series expansion, 

NL 

Q= 0 

where 
,, 

E = energy of the  i n c i d e n t  neutron i n  t h e  l a b o r a t o r y  system, and 

ok(E) Y = photon product ion cross s e c t i o n  for t h e  discrete photon or photon 
continuum s p e c i f i e d  by k,  as given i n  either F i l e  1 3  or i n  Files 2, 3, 
and 12 combined. 

R = order  of t h e  Legendre polynomial. 

- "i = d i f f e r e n t i a l  photon product ion cross s e c t i o n  i n  barns /s te rad ian .  
a!? 

k a R ( E )  = t he  8 t h  Legendre c o e f f i c i e n t  associated wi th  t h e  d i s c r e t e  Rhoton or 
photon continuum s p e c i f i e d  by k. 
1.0.) 

(It is understood t h a t  a (E) 
0 

F i l e  14 Photon Angular D i s t r i b u t i o n s  
-N. -?EL. 

A 

(Tabulated Angular D i s t r i b u t i o n s )  

e 
- L I  = 0,  d i s t r i b u t i o n  is no t  isotropic f o r  a l l  photons from t h i s  r e a c t i o n  

type, but  may be f o r  some photons. 

- LTT = 2, data are g iven  as a t abu la t ion .  

- NK the  number of discrete photons inc luding  t h e  continuum (mus t  

equa l  t h e  va lue  given i n  F i l e  12 or 13). 

number of isotropic photon angular d i s t r i b u t i o n s  given i n  a - N I  

s ec t ion .  

t h e  photon energy as given i n  F i l e  12  or 13. 

photon energy d i s t r i b u t i o n ,  EGk, = 0.0 should be used. 

t he  energy of t h e  l e v e l  from which t h e  photon o r i g i n a t e s .  

l e v e l  is unknown or i f  a cont inuous photon s p e c t r u m  is produced, 

-k EG For a cont inuous 

Es -k I f  t h e  

then  ESk Z 0.0 should be used. 

t h e  number of i n t e r p o l a t i o n  regions.  

number of neutron energy p o l n t s  given i n  a TAB2 record. 

- NR 

- NE 

E i n t  t h e  i n t e r p o l a t i o n  scheme of t h e  i n c i d e n t  neutron energy. 

NP t h e  number of angular p o i n t s  (cos ines)  used to g ive  t h e  t abu la t ed  

p r o b a b i l i t y  d i s t r i b u t i o n s  f o r  each energy (NP 2 1 0 1 ) .  

- i n t  F-l 

p(p,E)  

the  i n t e r p o l a t i o n  scheme of p. 

t h e  t a b u l a t e d  p r o b a b i l i t y  as a func t ion  of p f o r  a given E. 

1 

I 
-1 



F i l e  1 4  Photon Angular D i s t r i b u t i o n s  B ' F i l e  1 4  Photon Angular D i s t r i b u t i o n s  C I 
(Tabulated Angular D i s t r i b u t i o n s )  (Tabulated Angular D i s t r i b u t i o n s )  

The s t ructure  of a section for L I  = 0 and LTT = 2 is 

(MAT, 14,  MT/ZA, AWR; LI=O, L T T = ~ ;  NK, NI)HEAD 

<subsec t ion  for k = 1> 

<subsection f o r  k = 2> 

<subsection f o r  k = NK> 

(MAT, 1 4 ,  O/ b, b; b, b; b, b)SEND . 
The structure of t h e  f i r s t  block of N I  subsec t ions  (where N I  may be zero) 

is t h e  same as f o r  the  case of a Legendre representation; i.e., it c o n s i s t s  of 
one CONT record  for each of t h e  N I  isotropic photons i n  decreasing magnitude of 

EGk. The continuum, i f  present and isotropic, appears l a s t ,  with EGk E 0.0. 

The s t ructure  of t h e  f i r s t  N I  subsec t ions  is 

(MAT, 1 4 ,  MT/EGk, ESk; b, b; b, b)CONT . 
This  block of N I  subsec t ions  is then  followed by a block of NK-NI sub- 

sections for t h e  a n i s o t r o p i c  photons,  aga in  i n  decreas ing  magnitude of EG , with  
t h e  continuum, i f  present and an i so t rop ic ,  appearing las t ,  with EG 
s t r u c t u r e  o f  t h e  last  NK-NI subsec t ions  is 

3 0.0: The k 

(MAT, 14,  MT/EGk, ESk; b, b; NR, NE/Eint)TAB2 

.. . .  . . .  . . .  . . . . . . . . . . . . . . . . .. 

NO EXAMPLE IN ENDF/B-v 



F i l e  1 4  Photon Angular D i s t r i b u t i o n s  
N. 35 

D F i l e  15 Continuous Photon Energy S p e c t r a  
N. 36 
A 

The angular d i s t r i b u t i o n s  are expressed as normalized p r o b a b i l i t y  

d i s t r i b u t i o n s ,  t h a t  is, 

where p (U,E) is t h e  p r o b a b i l i t y  t h a t  an i n c i d e n t  neutron of energy E w i l l  re- 

s u l t  i n  a particular d i s c r e t e  photon or photon energy continuum ( s p e c i f i e d  by k 

and MT number) being emitted i n t o  u n i t  cos ine  about an ang le  whose cos ine  is p. 

Because t h e  photon angular  d i s t r i b u t i o n  is  assumed to  have az imutha l  symmetry, 

t h e  d i s t r i b u t i o n  may be represented as 

k 

21 

- NC t h e  number of  pa r t i a l  d i s t r i b u t i o n s  used to r e p r e s e n t  f (E Y + E) 

LF t h e  f l ag  f o r  t h e  energy d i s t r i b u t i o n  l a w ;  - 
LF = 1, tabu la t ed  energy d i s t r i b u t i o n .  

t h e  number of i n t e r p o l a t i o n  r eg ions  - NR 

- NP 

- i n t  E 

the  number of  energy p o i n t s  used to g i v e  p(E)  . 
t h e  in t e ' rpo la t ion  scheme of  t h e  i n c i d e n t  neut ron  energy. 

p . ( E )  3- t h e  p r o b a b i l i t y  or weight given to  t h e  jth par t ia l  d i s t r i b u t i o n ,  

g j  (Ey + E) 

- NE t h e  number of  i n c i d e n t  neutron ene rg ie s  a t  which g ( E  Y f E) is given.  

NP t h e  number of photon e n e r g i e s  a t  which y(E f E) is given 
Y - 

t h e  i n t e r p o l a t i o n  scheme f o r  g (E  f E) 
% i n t  Y 

c~~ (Ey 4 E) t h e  jth normalized 'bartial d i s t r i b u t i o n  i n  t h e  u n i t s  eV-l  

-- - ____. . _. 

where 

1.1 = cos ine  of t h e  reaction ang le  i n  t h e  l a b  system. 

E = energy of t h e  i n c i d e n t  neutron i n  t h e  l a b o r a t o r y  system, and 

a k ( E )  Y = photon product ion cross s e c t i o n  f o r  t h e  d i s c r e t e  photon or photon 

continuum s p e c i f i e d  by k, as given i n  e i t h e r  F i l e  13  or i n  F i l e s  2, 3, 

and 1 2  combined. 

* N o t e  t h a t  t h e  s u b s c r i p t  k used i n  desc r ib ing  F i l e s  1 2  and 1 3  has  been dropped 
from f(9 f E ) .  This  is done because on ly  one energy continuum is allowed f o r  
each MT number, and t h e  s u b s c r i p t  k has no meaning i n  F i l e  15. 
t h e  NKth subsec t ion  i n  F i l e  1 2  or 1 3  t h a t  c o n t a i n s  t h e  product ion  data f o r  t h e  
continuum. 

I t  is, i n  fact ,  



F i l e  15 Con t inuous  Photon Energy S p e c t r a  
N. 36 

B F i l e  15 Con t inuous  Photon  Energy S p e c t r a  
N. 36 

C 

The s t r u c t u r e  of a s e c t i o n  is 

(MAT, 15, MT/ZA, AWR; b, b; NC, b)HEAD 

< s u b s e c t i o n  for j = 1> 

< s u b s e c t i o n  for j = 2> 

< s u b s e c t i o n  for j = NC> 

(MAT, 15, O/ b, b; b, b; b, b)SEND . 
For LF = 1, t h e  s t r u c t u r e  of a s u b s e c t i o n  is 

(MAT, 1 5 ,  MT/b, 

(MAT, 15, MT/b, 

(MAT, 15, MT/b, 

(MAT, 15, MT/b, 

(MAT, 15, 'MT/b, 

0139515 3 9.22350+ 4 2.33025+ 2 
2139515 3 o.ooooo+ 0 o.ooooo+ 0 

3 2 139515 3 
139515 3 1.00000- 5 1.00000+ 0 2.00000+ 7 1.00000+ 0 

o.ooooo+ 0 o.ooooo+ 0 0 0 1 12139515 3 
1 2  2 139515 3 

o.ooooo+ 0 1.00000- 5 0 0 1 32139515 3 
32  2 139515 3 

O.OOOOO+ 0 7.03591- 7 1.00000+ 5 1.09837- 6 2.00000+ 5 1.11995- 6139515 3 
3.00000+ 5 1.02663- 6 4.00000+ 5 9.11723- 7 5.00000+ 5 7.96912- 7139515 3 

9.00000) 5 3.84030- 7 1.00000+ 6 3.15880- 7 1.25000+ 6 2.06739- 7139515 3 

0 0 1 
0 1 1 

6.00000+ 5 6.74838- 7 7.00000+ 5 5.59928- 7 8.00000+ 5 4.65213- 7139515 3 

1.50000+ 6 1.42171- 7 1.75000+ 6 1.01977- 7 2.00000+ 6 7.81988- 8139515 3 
2.25000+ 6 5.95943- 8 2.50000+ 6 4.73571- 8 2.75000+ 6 3.66122- 8139515 3 
3.00000+ 6 2.84540- 8 3.25000+ 6 2.20867- 8 3.50000+ 6 1.71122- 8139515 3 
3.75000+ 6 1.32321- 8 4.00000+ 6 1.03469- 8 4.25000+ 6 8.18800- 9139515 3 
4.50000+ 6 6.53647- 9 4.75000+ 6 5.17346- 9 5.00000+ 6 4.16862- 9139515 3 
5.50000+ 6 2.64642- 9 6.00000+ 6 2.07933- 9 6.50000+ 6 1.07449- 9139515 3 

139515 3 7.00000+ 6 7.16325- 9 8.00000+ 6 O.OOOOO+ 0 
(cards deleted) 
0 0 1 47139515 O.OOOOO+ 0 1.42000+ 7 

47 1 139515 
O.OOOOO+ 0 8.12870- 7 3.00000+ 5 9.45530- 7 4.00000+ 5 1.02080- 6139515 
5.00000+ 5 7.57360- 7 6.00000+ 5 6.11530- 7 7.00000+ 5 5.22160- 7139515 
8.00000+ 5 4.37480- 7 9.00000+ 5 3.66920- 7 1.00000+ 6 2.96360- 7139515 

4.50000+ 6 1.69350- 9 5.00000+ 6 1.12900- 9 5.50000+ 6 6.58580-10139515 
6.00000+ 6 8.46740-10 6.50000+ 6 6.58580-10 7.00000+ 6 5.64490-10139515 

139515 7.50000+ 6 2.82250-10 8.00000+ 6 O.OOOOO+ 0 
47139515 o.ooooo+ 0 2.00000+ 7 

47 1 139515 
O.OOOOO+ 0 8.12870- 7 3.00000+ 5 9.45530- 7 4.00000+ 5 1.02080- 6139515 
5.00000+ 5 7.57360- 7 6.00000+ 5 6.11530- 7 7.00000+ 5 5.22160- 7139515 
8.00000+ 5 4.37480- 7 9.00000+ 5 3.66920- 7 1.00000+ 6 2.96360- 7139515 
1.10000+ 6 2.82250- 7 1.20000+ 6 2.58730- 7 1.30000+ 6 2.25800- 7139515 
1.40000+ 6 1.88160- 7 1.50000+ 6 1.74050- 7 1.60000+ 6 1.59940- 7139515 
1.70000+ 6 1.50530- 7 1.80000+ 6 1.31720- 7 1.90000+ 6 1.17600- 7139515 
2.00000+ 6 9.87860- 8 2.10000+ 6 8.93780- 8 2.20000+ 6 8.46740- 8139515 
2.30000+ 6 7.05620- 8 2.40000+ 6 6.58580- 8 2.50000+ 6 6.11530- 8139515 
2.60000+ 6 5.64490- 8 2.70000+ 6 4.65710- 8 2.80000+ 6 4.32780- 8139515 
2.90000+ 6 4.04550- 8 3.00000+ 6 2.91650- 8 3.10000+ 6 2.72840- 8139515 
3.20000+ 6 2.68130- 8 3.30000+ 6 2.49320- 8 3.40000+ 6 2.21090- 8139515 
3.50000+ 6 1.74050- 8 3.60000+ 6 1.69350- 8 3.70000+ 6 1.88160- 8139515 
3.80000+ 6 1.88160- 8 3.90000+ 6 1.36420- 8 4.00000+ 6 2.44610- 9139515 
4.50000+ 6 1.69350- 9 5.00000+ 6 1.12900- 9 5.50000+ 6 6.58580-10139515 

139515 7.50000+ 6 2.82250-10 8.00000+ 6 O.OOOOO+ 0 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 0139515 

( c a r d s  deleted) 

0 0 1 

6.00000+ 6 8.46740-10 6.50000+ 6 6.58580-10 7.00000+ 6 5.64490-10139515 

3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
0 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
13  
1 4  
15 
1 6  
1 7  
18 
1 9  

92 
93 
94 
95 
96 

107  
108 
109 
110 
111 
112 
113 
114 
115 
116 
117  
118 
119  
120 
1 2 1  
1 2 2  
1 2  3 
124 
1 2 5  
126 
1 2  7 
128  



File 15 Continuous Photon Energy Spectra 
N. 36 
D 

. Only one distribution law is presently available (tabulated secondary 
photon energy distribution). 

The energy distributions, f (EY 4 E) , are in units of eV" and are 
normalized so that 

Emax Iy f(E +E) dE = 1 , 
Y Y 0 

where is the maximum possible secondary photon energy and its value 
depends on the incoming neutron energy as well as the particular nuclei in- 
volved. 
sum of several different normalized distributions in the following manner: 

The energy distributions f (9 + E) can be broken down into the weighted 

The following normalization condition is imposed. 

I '  gj(Ey +E) dl3 Y = 1 . 
0 

Thus I 

NC 

1 pj (E) = 1 . 
j =1 

The absolute energy distribution cross section, ay (E f- E) I can be constructed from the expression Y 

aT(Ey 4 E) = GY(E) f(E 4 E) (b/eV) Y 

Y where (3 (E) is the integrated cross section Eor the continuum given either 
directly in File 13 or through the combination of Files 2, 3,  and 12. 

File 32 Covariance of Resonance Parameters 
N. 37 
A 

- NIS 
- ZAI is the (2,A) designation for an isotope. 
- ABN 
- EL 
- EH 
- LRF 

is the number of isotopes in this material (NIS < 10). 

is the abundance (weight fraction) of an isotope in this material. 
is the lower energy limit of the energy range. 
is the upper energy limit of the energy range. 
is a flag indicating which representation is used: 
LRE'=l, single-level B-W parameters. 
LRF=2, multi-level B-W parameters. 
is the nuclear spin of the target nucleus, I (positive number). 

is an effective Q-value. 
is the number of sets of resonance parameters given. 
A set of parameters is given for each R-value (neutron orbital angular 
momentum (NLS 5 3 ) .  
is the value of R. 

is the number of resonances for a given R-value (NRS 

- SPI 
I AP is the scattering radius in units of cm. 
- QX - NLS 

- L 
AWRI is the ratio of the mass of a particular isotope to that of a neutron. 
- NRS 500). 

The symbols for the resonance parameters and the covariances of the reso- 
nance parameters are: 

- ER the resonance energy (in the laboratory system); 
- AJ 

- GT 
- GN 
- GG 
- GF 

- DE2 

- DJ2 - DJDN the covariance of AJ and of GN in units of eV; 

- DN2 
- DJDG the covariance of AJ and of GG in units of eV; 
- DNDG the covariance of GN and of GG in units of eV squared; 

- X2 - DJDF the covariance of AJ and of GF in uits of eV; 
- DNDF the covariance of GN and of GF in units of eV squared; 
- DGDF the covariance of GG and of GF in units of eV squared; 

- DF2 

the floating-point value of J (the spin, or total angular momentum 
of the resonance); 
the resonance total width, r ,  evaluated at the resonance energy ER; 
the neutron width, rn, evaluated at the resonance energy ER; 
the radiation width, ry, evaluated at the resonance energy ER; 
the fission width, rf, evaluated at the resonance energy ER; 
the variance of ER in units of eV squared; 

the variance of AJ; 

the variance of GN in units of eV squared; 

the variance of GG in units of eV squared; 

the variance of GF in units of eV sqwred. 



The g e n e r a l  s t r u c t u r e  of F i l e  32 is as follows: 

(MAT, 32, 151,' ZA, AWR; 0, 0; NISI 0 )  HEAD 

(MATI 32, 151/ Z A I I  ABN; 0, 0; 1, 0 )  CONT (isotope) 

(MAT, 32, 151/ EL, EH; 1, MU?; 0 ,  0 )  CONT ( range)  

(MAT, 321 151,' SPI t  AP; 0, 0; NLSI 0) CONT 

(MATI 321 151/ AWRI, QX; LI 0; 18*NRS, NRS/ 

ERII AJII 

DF1 I DJDN1, 

ER2 I AJ2 

2 DF2 I DJDN2 I 

ER 
NRS' " R s ,  

GN1 I 

X: I 

DG;, 

DJDFl I 

(=2, 

DJDF2 I 

 DE^ D N ~  
NRS' NRS' 
n 

9.42400+ 4 2.37992+ 2 0 0 1 0138032151 
9.42400+ 4 1.00000+ 0 0 0 1 0138032151 

0138032151 5.00000- 1 1.10000+ 2 1 1 0 
O.OOOOO+ 0 9.18400- 1 0 0 1 0138032151 

9138032151 2.37990+ 2 O . O O O O O +  0 0 0 162 
1.05800+ 0 5.00000- 13 .55860-  2 2.28000- 3 3.33000- 2 6.00000- 6138032151 
4.00000- 6 2.25000- 8 O.OOOOO+ 0 4.00000- 6 O.OOOOO+ 0 O.OOOOO+ 0138032151 
3.00000-11 O . O O O O O +  0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0138032151 
2.04600+ 1 5.00000- 1 3.50800- 2 2.64500- 3 3.22000- 2 2.30000- 4138032151 
1.00000- 4 8.10000- 9 O.OOOOO+ 0 1.23000- 5 O.OOOOO+ 0 O.OOOOO+ 0138032151 
4.00000-11 O . O O O O O +  0 O . O O O O O +  0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0138032151 
3.83200+ 1 5.00000- 1 4.39700- 2 1.73600- 2 2.65000- 2 1.10000- 4138032151 
4.00000- 4 2.50000- 7 O.OOOOO+ 0 4.00000- 6 O.OOOOO+ 0 O.OOOOO+ 0138032151 
4.00000-11 O . O O O O O +  0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0138032151 
4.16200+ 1 5.00000- 1 4.69100- 2 1.66900- 2 3.02000- 2 2.00000- 5138032151 
4.00000- 4 1.00000- 6 O.OOOOO+ 0 1.00000- 6 O.OOOOO+ 0 O.OOOOO+ 0138032151 
4.00000-11 O . O O O O O +  0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0138032151 
6.66200+ 15 .00000-  1 8 . 3 3 9 0 0 -  2 5.41700- 2 2.92000- 2 2.00000- 5138032151 
2.50000- 3 1.00000- 6 O.OOOOO+ 0 4.00000- 6 O.OOOOO+ 0 O.OOOOO+ 0138032151 
4.00000-11 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0138032151 
7.27800+ 1 5.00000- 1 4.89700- 2 2.14500- 2 2.75000- 2 2.00000- 5138032151 
2.50000- 3 2.50000- 7 O.OOOOO+ 0 2.25000- 6 O.OOOOO+ 0 O.OOOOO+ 0138032151 
4.00000-11 O.OOOOO+ 0 O . O O O O O +  0 O.OOOOO+ 0 O.OOOOO+ 0 O . O O O O O +  0138032151 
9.07700+ 1 5.00000- 1 5.11770- 2 1.28500- 2 3.83000- 2 2.00000- 5138032151 
3.60000- 3 9.00000- 8 O.OOOOO+ 0 3.60000- 5 O.OOOOO+ 0 O.OOOOO+ 0138032151 
4.00000-11 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O . O O O O O +  0138032151 
9.25100+ 1 5.00000- 1 3.26400- 2 3.12000- 3 2.95000- 2 2.00000- 5138032151 
3.60000- 3 2.25000- 8 O.OOOOO+ 0 4.00000- 6 O.OOOOO+ 0 O.OOOOO+ 0138032151 
-4.00000-11 O.OOOOO+ 0 O . O O O O O +  0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0138032151 
1.05000+ 2 5.00000- 18 .16800-  2 4.48600- 2 3.68000- 2 2.00000- 5138032151 
4.90000- 3 2.25000- 6 O.OOOOO+ 0 1.70000- 6 O.OOOOO+ 0 O.OOOOO+ 0138032151 
4.00000-11 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0 O.OOOOO+ 0138032151 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 0138032 0 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
13 
1 4  
15 
1 6  
1 7  
18 
1 9  
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1  
32 
33 



N. 38 
F i l e  32 Covariance of Resonance Parameters D F i l e  33 Covariance of Neutron Cross Sect ions A . '1 NL - the  number of subsec t ions  within a sec t ion .  

CONT record. 

N I  - the  number of "NI-type" sub-subsections which follow the  - "NC-type" sub-subsections. 

E l  and E2 - energy range where the  cross sec t ions  given i n  the  sec t ion  
(MAT, 3,MT) were "derived" i n  terms of o ther  "evaluated" cross 
sec t ions  given i n  the  sec t ions  (MAT,3,MTI)s f o r  bTY=O and of 
ra t io  measuremrnts to "evaluated" cross sec t ions  given i n  
sec t ion  (MATS,3,MTS) f o r  LTYY1,2, and 3. 

- NCI - the  number of pairs of values  i n  the  a r r a y  {CI,  XMTI). 

( C I ,  XMTI.} - p a i r s  of numbers. The c o e f f i c i e n t  C I  is assoc ia ted  i n  the  
pair with a value of MTI, given as a f l o a t i n g  po in t  number 
and indicqted as XMTI. 

NE1 - the  number of pairs of values  i n  the  a r r a y  (E1,WEI). 

( E1 ,WE1 } - p a i r s  of numbers. E1 is the  energy and WE1 is  the  weight 
( m u s t  be (El,l.;E2,0.3) for ENDF/B-V). 

LB - - a f l a g  whose numerical value determines the  meaning of the  
numbers given i n  the  a r r ays  {Ek , Fk){ER , F a } .  

N P  - 

LT - 

NT - 

NE - 

LS - 

k '  - the  t o t a l  number of p a i r s  of numbers i n  the  a r r ays  {E 

R '  - the  number of pairs of numbers i n  the  second ar ray ,  {E 
Fa} 

- the  total  number of e n t r i e s  i n  the  two a r r a y s  {E } and k I F k ,  k I 

- the  number of e n t r i e s  i n  the  a r r ay  {E } def in ing  (NE-1) k energy i n t e r v a l s .  

mat r ix  is  symmetric or 
k, k '  - a f l a g  ind ica t ing  whether the F 

not: 

LS=O Asymmetric mat r ix  



File 33 Covariance of Neutron Cross Sections 
N.38 
B 

Each section of File 33 starts with a HEAD record, ends with a SEND re- 

cord, and has the following structure: 

(MAT, 33, MT/ZA, AWR; 0, 0; 0, NL) HEAD 

<subsection for L = 1> 

The structure of a subsection is: 

(MAT, 33, MT/ 0.0, 0.0; MATl, MT1; NC, NI) CONT 

<sub-subsection for nc = 1> 

The structure of an "NC-type" sub-subsection with LTY=1,2 and 3 is: 

(MAT, 33, MT/ 0.0, 0.0; 0, LTY; 0, 0) 

(MAT, 33, MT/ El, E2; MATS, MTS; 2*NEI, NEI/ (EI, WEI)) 

<sub-subsection for nc = NC> 

<sub-subsection for ni = 1> 

For values of the LB flag from 0 to 4, the "NI-type" sub-subsection 

has the following structure: 

(MAT,33,MT/O.O,O.O; LT, LIB; 2*NP, "/{E, , Fk)(Ea , Fa)) 

<sub-subsection for ni = NI> 

CONT 

LIST 

LIST 

<subsection for L = NL> 

(MAT, 33, O/O.O,  0.0; 0, 0, 0, 0) SEND 

The structure of an "NC-type" sub-subsection with LTY=O is: 

(MAT, 33, MT/ 0, 0; 0, LTY=O; 0, 0) CONT 

(MAT, 33, MT/ El, E2: 0, 0; 2*NCI, NCI/ {CI, XMTT.)) LIST 

The structure of an LB=5 sub-subsection is: 

(MAT, 33, MT/ 0.0, 0.0; LS, LB=5; NT, NE/ {Ek}{Fk,k,)) LIST. 
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2139833102 9.22380+ 4 2.36006+ 2 0 0 0 
0 .ooooo+ 0 0 .ooooo+ 0 0 102 1 2139833102 
o.ooooo+ 0 o.ooooo+ 0 0 1 0 0139833102 
4.00000+ 3 2.00000+ 4 1305 107 4 2139833102 
4.00000+ 3 1.00000+ 0 2.00000+ 4 O.OoooO+ 0 139833102 
o.ooooo+ 0 o.ooooo+ 0 0 1 32 16139833102 
1.00000- 5 5.49000- 5 1.00000+ 0 O.OOOOO+ 0 4.00000+ 3 O.OOOOO+ 0139833102 
2.00000+ 4 2.03000- 3 3.00000+ 4 9.00000- 4 4.00000+ 4 1.37000- 3139833102 
6.00000+ 4 2.03000- 3 8.00000+ 4 2.50000- 3 1.00000+ 5 1.44000- 3139833102 
2.00000+ 5 7.29000- 4 4.00000+ 5 8.12000- 4 6.00000+ 5 1.16000- 3139833102 
8.00000+ 5 2.20000- 3 1.00000+ 6 1.00000- 2 2.00000+ 6 9.00000- 2139833102 

139833102 2.00000+ 7 o.ooooo+ 0 
o.ooooo+ 0 o.ooooo+ 0 0 1 12 6139833102 
1.00000- 5 O.OOOOO+ 0 4.00000+ 3 2.92000- 3 7.00000+ 3 1.68000- 3139833102 
1.00000+ 4 2.21000- 3 2.00000+ 4 O.OOOOO+ 0 2.00000+ 7 O.OOOOO+ 0139833102 
o.ooooo+ 0 o.ooooo+ 0 1305 107 1 0139833102 
o.ooooo+ 0 o.ooooo+ 0 0 2 0 0 1398 33 10 2 
4.00000+ 3 2.00000+ 4 1305 107 4 2139833102 
4.00000+ 3 1.00000+ 0 2.00000+ 4 O.OOOOO+ 0 139833102 

0139833 0 o.ooooo+ 0 o.ooooo+ 0 0 0 0 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

o.ooooo+ 0 o.ooooo+ 0 0 0 0 0139833 2 3 
4.00000+ 3 1.00000+ 6 0 0 20 10139833 2 4 
1.00000+ 0 1.00000+ 0-1.00000+ 0 1.80000+ 1-1.00000+ 0 5.10000+ 1139833 2 5 
-1.00000+ 0 5.20000+ 1-1.00000+ 0 5.30000+ 1-1.00000+ 0 5.40000+ 1139833 2 6 
-1.00000+ 0 5.50000+ 1-1.00000+ 0 5.60000+ 1-1.00000+ 0 5.70000+ 1139833 2 7 
-1.00000+ 0 1.02000+ 2 139833 2 8 

o.ooooo+oo o.ooooo+oo 1 5 231 21139533102 3 
0.10000-04 0.62500+00 0.10000+01 0.18000+01 0.50000+01 0.10000+02139533102 4 
0.20000+02 0.40000+02 0.80000+02 0.20000+03 0.40000+03 0.10000+04139533102 5 

(cards deleted) 
0.22500-01 0.19000-01 O.l.8000-01 0.18000-01 0.11999-01 0.62500-01139533102 40 
0.50000-01 0.45000-01 0.40002-01 0.16000+00 0.12000+00 0.96022-01139533102 41 
0.36000+00 0.23999+00 0.47997+00 139533102 42 
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E 

In the energy range El to E2, the cross sections in file (MAT,3,MT), 
written as m T O ~ ~  (E), are obtained in terms of the cross sections in files 
(MAT,3,MTI), written as m T O ~ ~ i  (E), as follows: 

NCI 
mTO (E) = 1 Ci* MATO (E). 

MT i=l m i  

Let Xi refer to the cross section in (MAT,3,MT) at energy Ei and Y. refer 
to the cross section in (MAT1,3,MT1) at energy Ej. The contribution of $he 
sub-subsection to the covariance matrix COV(Xi,Y.), having the units of "barns 
squared," described in the subsection, is define4 as follows for the different 
values of IB: 

LB=O Absolute components only correlated within each Ek interval 
COV(Xi,Y.) = 1 Pi;k F 

Fractional components only correlated within each Ek interval 
1 k 1;k xyrk 

LB=1 
COV(Xi,Y.) = 1 Pi;k F 

COV(Xi,Y.) = 1 Pi;k F F X.Y 

x .Y 
3 k j;k X Y , ~  1 j 

LB=2 Fractional components correlated over all Ek intervals 

I k,ki l;kl xY,k xY,kl 1 j 
LB=3 Fractional components correlated over E,, and E intervals R cov (Xi , Y j ) 
LB=4 Fractional components correlated over all E intervals within R each E. interval 

For L B = O ,  1 and 2 we have LT=O, i.e., only one E table. For LB=3 and 

The dimensionless operators P in the agave definitions are defined in LB=4 we have LWO, i.e., two E tables, the E 

terms of the operator S as follows: 

and the k tables. 

where 

k Si 3 1 when the energy Ei is in the interval E 

Si f 0 when the energy Ei is outside the range of E 

to Ek+l of an Ek table, k 

k to Ek+l of an E k table. 

LB=5 Relative covariance matrix components 

X.Y i;k 
COV(XirY.) 3 = k,kl E 'j;kl xy;k,kl 1 j 

A single list of energies {Ek) is required to specify the energy intervals 
The numbers Fxy;k,k I represent fractional com- labeled by the indices k and kl. 

ponents correlated over the energy intervals E and Ekl. k 

MT52-MT59 are lumped into MT851 and MT60-MT64 are lumped into MT852. 
important level MT51 is treated individually. MT51, MT851, and MT852 are 
"evaluated," while MT4 is "derived" as the sum of these 3 reactions. 

The 

6.00000+ 3 1.18969+ 1 0 0 0 1130633 4 
o.ooooo+ 0 o.ooooo+ 0 0 4 1 0130633 4 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 0130633 4 
4.81200+ 6 2.00000+ 7 0 0 6 3130633 4 
1.00000+ 0 5.10000+ 1 1.00000+ 0 8.51000+ 2 1.00000+ 0 8.52000+ 2130633 4 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 0130633 0 
6.00000+ 3 1.18969+ 1 0 0 0 1130633 51 

2130633 51 o.ooooo+ 0 o.ooooo+ 0 0 51 0 
10130633 51 o.ooooo+ 0 o.ooooo+ 0 0 1 20 

1.00000- 5 O.OOOOO+ 0 4.81200+ 6 1.00000- 2 8.45000+ 6 2.50000- 3130633 51 
8.95000+ 6 1.00000- 2 1.10000+ 7 4.00000- 2 1.20000+ 7 4.00000- 2130633 51 
1.30000+ 7 2.25000- 2 1.40000+ 7 1.00000- 2 1.50000+ 7 4.00000- 2130633 51 

130633 51 2.00000+ 7 o.ooooo+ 0 
o.ooooo+ 0 o.ooooo+ 0 0 1 6 3130633 51 
1.00000- 5 O.OOOOO+ 0 4.81200+ 6 2.50000- 3 2.00000+ 7 O.OOOOO+ 0130633 51 

0130633 0 o.ooooo+ 0 o.ooooo+ 0 0 0 0 
6.00000+ 3 1.18969+ 1 0 851 0 0130633 52 

0130633 0 o.ooooo+ 0 o.ooooo+ 0 0 0 0 
6.00000+ 3 1.18969+ 1 0 851 0 0130633 53 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 0130633 0 

0130633 54 6.00000+ 3 1.18969+ 1 0 851 0 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 0130633 0 
6.00000+ 3 1.18969+ 1 0 851 0 0130633 55 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 0130633 0 
6.00000+ 3 1.18969+ 1 0 851 0 0130633 56 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 0130633 0 
6.00000+ 3 1.18969+ 1 0 851 0 0130633 57 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 0130633 0 
6.00000+ 3 1.18969+ 1 0 851 0 0138633 58 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 0130633 0 

0130633 59 6.00000+ 3 1.18969+ 1 0 851 0 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 0130633 0 
6.00000+ 3 1.18969+ 1 0 852 0 0130633 60 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 0130633 0 
6.00000+ 3 1.18969+ 1 0 852 0 0130633 61 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 0130633 0 
6.00000+ 3 1.18969+ 1 0 852 0 0130633 62 

0130633 0 o.ooooo+ 0 o.ooooo+ 0 0 0 0 
0130633 63 6.00000+ 3 1.18969+ 1 0 852 0 

o.ooooo+ 0 o.ooooo+ 0 0 0 0 0130633 0 
0130633 64 6.00000+ 3 1.18363C 1 0 E52 0 

o.ooooo+ 0 o.ooooo+ 0 0 0 0 0130633 0 
6.00000+ 3 1.18969+ 1 0 0 0 1130633851 
o.ooooo+ 0 o.ooooo+ 0 0 851 0 1130633851 
o.ooooo+ 0 o.ooooo+ 0 0 1 6 3130633851 
1.00000- 5 O.OOOOO+ 0 8.29600+ 6 4.00000- 2 2.00000+ 7 O.OOOOO+ 0130633851 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 0130633 0 
6.00000+ 3 1.18969+ 1 0 0 0 1130633852 
o.ooooo+ 0 o.ooooo+ 0 0 852 0 1130633852 
o.ooooo+ 0 o.ooooo+ 0 0 1 6 3130633852 
1.00000- 5 O.OOOOO+ 0 1.43640+ 7 4.00000- 2 2.00000+ 7 O.OOOOO+ 0130633852 
o.ooooo+ 0 o.ooooo+ 0 0 0 0 0130633 0 

101 
102 
103 
104 
105 
106 
107 
108 
10 9 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
13 1 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
14 5 
146 
14 7 
148 
14 9 
150 
151 
152 
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APPENDIX 0 

Format Dif fe rences  Between Successive Versions of ENDF/B 

Versions I and I1 

The fol lowing is a summary of  t h e  format d i f f e r e n c e s  between Version I anu 

Version I1 ENDF/B data tapes. ENDF/B Version I w a s  r e l eased  i n  J u l y  1968, and 

Version I1 was released i n  August 1970. 

F i l e  1 Changes 

1. An index has been added to  MT = 451. Each record i n  t h i s  index con ta ins  a 

f i l e  number (MF) , r eac t ion  type number (MT) , and the  number of BCD. card  images 

requi red  to s p e c i f y  the  data for each s e c t i o n  to be given f o r  t he  material. The 

number of e n t r i e s  i n  the index is given by NXC, which is the  l a s t  b inary  record 

( s i x t h  f i e l d  f o r  BCD card-image format) of t h e  HEAD record. Each index e n t r y  is 

given i n  a CONT record. 

t i on .  

These records immediately follow the  H o l l e r i t h  informa- 

2. The format f o r  spec i fy ing  induced r eac t ion  branching (MT = 453) has been ex- 

t ens ive ly  modified. 

3. The format for spec i fy ing  f i s s i o n  product y i e l d  data (MT = 454) has been 

modified to  allow t h e  s p e c i f i c a t i o n  of y i e l d  da t a  f o r  metastable states. 

4. A new s e c t i o n  has been def ined  to con ta in  data fo r  delayed neutrons from 

f i s s i o n  (MT = 455). See Sec t ion  5.1 of  t h i s  r epor t  for d e t a i l s .  

F i l e  2 Changes 

1. LFU?, t h e  test  i n d i c a t i n g  t h e  type of reso lved  resonance formula used, has  

been expanded to include 

LRF = 1, s ing le - l eve l  Breit-Wigner parameters are given; 

= 2, m u l t i l e v e l  Breit-Wigner parameters are given; 

= 3, R-Matrix (Reich-Moore) m u l t i l e v e l  parameters are given (added);  

= 4, Adler-Adler m u l t i l e v e l  resonance parameters are given (added). 



0.2 

2. A l l  materials w i l l  contain a F i l e  2. For those materials fo r  which resolved 

and/or unresolved are not  given, F i l e  2 w i l l  contain the  e f f e c t i v e  s c a t t e r i n g  ra- 

d i u s ,  AI?. See Section 2.1 for detai ls .  

3.  The LIS test has been removed. This means t h a t  t he  elastic s c a t t e r i n g  cross 

sec t ion  always must  be ca lcu la ted ,  using the resolved or unresolved resonance pa- 

rameters. 

4. The constant  C (used i n  ca l cu la t ing  the pene t ra t ion  factor) has been 

replaced by a quan t i ty  AWRI. 

t icular  isotope to t h a t  of a neutron. 

5. 

It  is indicated by the test LFU? = 2. 

rameters ( l e v e l  spacing, the  width of an unspecified competit ive reac t ion ,  and 

t h e  reduced neutron, r ad ia t ion ,  and f i s s i o n  widths) may be given as a funct ion 

of inc ident  neutron energy. Energy-dependent parameters may be given for each 

R - J state. See Section 7.3 for details .  

- 

AWRI is defined as the  ratio of t h e  mass of a par- 

A new opt ion for spec i fy ing  unresolved resonance parameters has been added. 

T h i s  means t h a t  a l l  average resonance pa- 

F i l e  3 Changes 

1. The reac t ion  Q-value has been defined as the k i n e t i c  energy ( i n  eV) released 

by a reac t ion  (pos i t i ve  Q-values) or required f o r  a r eac t ion  (negative Q- 

values) .  The threshold energy (negative Q only) is given by 

AWR + 1.0 
191 , - 

Eth - AWR 

where AWR is the  atomic weight ratio given on the  HEAD record. 

2. The maximum number of allowed energy po in t s  per sec t ion  has been increased 

from 2000 to 5000. 
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3.  An i n i t i a l - s t a t e  i nd ica to r  has  been added to the  HEAD record. This  w i l l  

allow t h e  inc lus ion  of cross s e c t i o n  data for metastable states and thus  more 

than one sec t ion  may be given for the  same reac t ion  type (MT number 

F i l e  4 ( N o  Changes) 

F i l e  5 Changes 

1. The d e f i n i t i o n  of LF = 3 (discrete energy loss l a w )  was changed to read 

r 1 

. where A = AWR and 8 is the  l e v e l  e x c i t a t i o n  energy ( p o s i t i v e  va lue ) .  

2. T and LT have been removed from t h e  TAB1 records  t h a t  con ta in  p(E) for cases 

i n  which LF = 5, 7, or 9. A value,  U, r ep laces  T. U was introduced to  de f ine  

the  proper upper l i m i t  for t h e  secondary neutron energy d i s t r i b u t i o n s  so t h a t  

where E ' ,  E, and U are given i n  t h e  l abora to ry  system. Fur ther ,  the  normaliza- 

t i o n  cons t an t s  for LF = 7 and LF = 9 have been redefined to account for the  use 

of u. 

3. LF = 2, 4,  6, and 8 have been deleted. 

A l l  F i les  

1: Cer t a in  r eac t ion  type (MT) numbers have been changed (see Appendix B for 

d e f i n i t i o n s )  : 

O l d  MT Number 

5 

6 

New MT Number 

51  

52 



Old MT Number 

7 

8 

9 

10 

11 

12 

13 

14 

15 

27 

29 

51 

New MT Number 

53 

54 

55 

56 

57 

58 

59 

60 

91 

No longer used 

No longer used 

,Y 
52 

53 

62 

63 

- 
80 90 

109 (Not assigned) 109 (n,3a) cross section 

455 (Not assigned) 455 Delayed neutrons from fission 

700-799 (Not assigned) 700-799 Assigned (see Appendix B) 

2. The format for specifying temperature-dependent data has been modified so 

that the data for the second (and higher) temperatures may be given at a lesser 

number of points than was given for the first temperature. See Appendix F for 

de ta ils . 
- a 



0.' Versions I1 and I V  

The following is a summary of the format d i f f e rences  between Versions I1 

and I V  ENpF/B data tapes. ENDF/B Version I V  was released about February 1975. 

1. 

1. 

2. 

1. 

2. 

3. 

4. 

General 

-5 The energy range for a l l  general-purpose materials is 1 0  e V  to 20 

MeV. 

F i l e  1 

The formats for specifying rad ioac t ive  decay were changed. Sect ion MT 

= 453 was changed to include only production of rad ioac t ive  nucl ides ,  

and Section MT = 457 was added to include rad ioac t ive  decay data. 

Provision was made for supplying data for the number of prompt neu- 

t rons  per f i s s i o n  ({p) i n  added Sect ion MT = 456. 

Fi l e  3 

The energy mesh for the  total  cross sec t ion  mus t  include the  energy 

meshes for p a r t i a l  cross sect ions.  

Time sequent ia l  (n,2n) reac t ions  are described by using Sect ions MT = 

6-9 and MT = 46-49. 

An LR f l a g  w a s  added to  designate  x i n  the  (n,n'x) reac t ions  when x is  

not  a photon. In  this case, the temperature f i e ld  S (formerly T) is 

used to designate  the  Q-value or energy d i f f e rence  of the combined 

reactions. 

Sect ions MT = 718, 738, 758, 778, 798, and MT = 719, 739, 759, 779, 

799 are redefined to describe continuum l e v e l s  for (n,x ' )  reac t ions .  

MT = 718 describes t h e  (n,p ')  continuum cross sec t ions  as p a r t  of t h e  

(n,p) cross sec t ion  and should be included i n  the  total  cross sect ion.  

MT = 719 is used to describe a continuum cross sec t ion  for e x i t  

C 





* Versions I V  and V 

The foi lowing is a summary of t h e  format d i f f e rences  between Versions I V  

ana V ENDF/B data tapes. ENDF/B Version V was released about June 1979. 

F i l e  1 -. 

1. Tne HEAD cara of MT=451 has been changed. NXC, the  number of a i c t i o n -  

a ry  e n t r i e s ,  has been moved to  the  s i x t h  f i e l d  of t h e  H o l l e r i t h  LIST 

recora of MT=451. F i e l d  5 now conta ins  NLIB, the  i i b r a r y  i d e n t i f i e r ,  

and F i e l d  6 now con ta ins  NMOD, t h e  material moai f ica t ion  number. 

2. Following the  HEAD card of MT=451 is a new CgNT card which con ta ins  

information about t h e  e x c i t a t i o n  energy, s t a b i l i t y ,  s t a t e  number, ana 

isomeric s t a t e  number of the  t a r g e t  nucleus.  

3 .  In  the  LIST record of MT=451, t he  LDD and LFP f l a g s  have been 

abol ished.  The number of u i c t iona ry  e n t r i e s ,  NXC, is  now i n  the  s i x t h  

f i e i a  of t he  f i r s t  card i n  t h i s  LIST recora. 

4. The fou r th  f i e l d  on each d i c t iona ry  caru i n  MT=451 is now used to  

i n d i c a t e  the  modi f ica t ion  s t a t u s  (MOD) f o r  t he  s e c t i o n  described by 

the  cara. 

5. Radioact ive decay aata (MT=453 ana 457) has been removea from F i l e  1. 

E n t i r e l y  new formats have been devised and the r ad ioac t ive  decay aata 

is given i n  lvIF=8, MT=457. 

6. The f i s s i o n  product  y i e l a s  s e c t i o n  (MT=454) has been removea from F i l e  

1. F i s s ion  product  y i e l d  information is now given i n  F i i e  8 using new 

formats.  

7. A new sec t ion  to  desc r ibe  energy release i n  f i s s i o n  (MF = 1, MT = 458) 

has been implemented. 
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F i l e  2 

1. The Reich-Moore resonance parameter representa t ion  is no longer 

permitted i n  ENDF/B, a i y  i n  ENDF/A. 

Fi l e  3 

1. Total  "gas production" MT's have been def inea f o r  H(203), D(204), 

T(205), He-3 (206), and He-4 (207). 

2. The non-elastic cross sec t ion  (MT = 3) is now opt iona l  and no longer 

required s ince  t o t a l  gamma ray production m u s t  be entered i n  F i l e  13 

and never a s  mul t ip l ic i t ies  i n  F i l e  12. 

F i l e  4 

1. A s impl i f i ea  format using a new f l a g ,  L I ,  has been introauced to  

ind ica t e  t h a t  a i l  angular d i s t r i b u t i o n s  f o r  an MT are a l l  i so t rop ic .  

F i l e  5 

1. Only t h e  d i s t r i b u t i o n  laws given f o r  LF=1, 5, 7 ,  9, and il a r e  now 

allowed. LF=U is a new format for an energy depenaent Watt spectrum. 

F i l e  8 

1. Information may be given f o r  any MT specifying a reac t ion  i n  which the  

end product is radioact ive.  The MT sec t ion  conta ins  information about 

the  end product and how it decays. F i l e s  9 ana 10  may be used to give 

the  cross sec t ion  for the  production of the end product. 

2. Fiss ion product y i e l d  information is given under MT=454 and 459. The 

format has been modified to incluue the  la uncertainty of the  y i e lds .  

MT=454 is for the independent y i e l d s  anu MT=459 is  for the cumuiative 

y i e lds .  

3. The spontaneous rad ioac t ive  aecay data is given i n  MT=457. T h i s  is an 

e n t i r e l y  new format. 
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o. 9 

Files  9 ana 1 0  

1. Isomer product ion is uescr ibed  i n  t h e  new F i l e  9 or F i i e  10 .  I n  F i l e  

9 t h e  cross s e c t i o n s  are obta ined  by the  use of m u l t i p l i c i t i e s .  I n  

F i l e  1 0 ,  t h e  abso lu te  cross s e c t i o n  is given. 

Fi les  17  and 18 

1. Formats f o r  t i m e  dependent photon product ion data f i l e s  have been de- 

f ined .  They may be used i n  ENDF/A only.  

Fi les  1 9 ,  20, 21, ana 22 

i. The e l e c t r o n  product ion aata f i l e s  have been implemented. 

F i l e s  31, 32, and 33 

1. The formats  f o r  data covariance f i l e s  f i r s t  introduced i n  Version I V  

have been ex tens ive ly  modified and expanded. They are now included i n  

t h i s  document f o r  t he  f i r s t  time. 
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APPENDIX P 

Summary of Important ENDF Rules  

Gener a1 

1. Cross s e c t i o n s  f o r  a l l  s i g n i f i c a n t  r e a c t i o n s  should be included. 

2. The d a t a  i n  mDF are s p e c i f i e d  over t h e  e n t i r e  energy range e V  to  

20 MeV. It  should be p o s s i b l e  to  determine values  between t abu la t ed  p o i n t s  with 

use  of t h e  i n t e r p o l a t i o n  schemes provided. 

3. A l l  cross s e c t i o n s  are i n  barns ,  a l l  energ ies  i n  eV, a l l  temperatures 

i n  degrees Kelvin,  and a l l  times i n  seconds. 6 

4. Summary documentation and unusual f e a t u r e s  of the  eva lua t ion  should 

appear i n  t h e  F i l e  1 comments. 

5. Threshold energ ies  and Q-values m u s t  be c o n s i s t e n t  f o r  a l l  data pre- 

sented i n  d i f f e r e n t  f i l e s  f o r  a p a r t i c u l a r  r eac t ion .  

F i l e  2 - Resonance Parameters a- . 

1. Only one energy reg ion  conta in ing  reso lved  resonance parameters can be 

used, i f  needed. 

2. The cross s e c t i o n  from resonance parameters is  calculated only  wi th in  

the  energy range EL to M, al though some of t he  resonance parameters may l i e  ou t -  

s ide t h e  range. 

3.  Every ENDF Material has a F i l e  2 even if no resonance parameters are 

given i n  order t o  s p e c i f y  t h e  e f f e c t i v e  s c a t t e r i n g  rad ius .  

4. I n  the  unresolved resonance region i n t e r p o l a t i o n  should be done i n  

cross s e c t i o n  space and not  i n  unresolved resonance parameter space. Any INT is  

a l l  owed. 

5. The Breit-Wigner s ing le - l eve l  or m u l t i l e v e l  formalisms should be used 

i n  the  resolved resonance region unless  experimental  data prove t h a t  u s e  of t h e  

o ther  allowed formalisms is s i g n i f i c a n t l y  b e t t e r .  
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F i l e  3 - Tabula ted  Cross S e c t i o n s  

1. . A l l  F i l e  3 data are g i v e n  i n  t h e  l a b o r a t o r y  system. 

2. The t o t a l  cross section MT = 1 is t h e  sum of a l l  pa r t i a l  cross 

s e c t i o n s  and has an energy mesh t h a t  i nc ludes  a l l  energy meshes for parkial  

cross s e c t i o n s .  

(Except ions  MT = 26, 46-49, 719, 739, 759, 779, and 799 are n o t  i n c l u d e d  

i n  t h e  MT = 1. ) 

3. The f o l l o w i n g  r e l a t i o n s h i p s  among MT numbers are expec ted  to  IDe 

s a t i s f i e d  i f  d a t a  are presented :  

1 = 2 + 3  

3 (or 1 - 2) = 4 (or 51+...91) + (6+...9+16) + 1 7  + 18 

(or 19+.. .21+38) + (22+. . .25) + (28+. . 37) 

+ (102+. . .114) 

4 = sum (51+...91) 

1 8  = sum (19+. . .21)- + 38 

1 0 1  = sum (102+ ... 114)  

103 = sum (700+. . .718) 

104 = sum (720+. . .738) 

105 = sum (740+. . .758) 

106 = sum (760+. ..778) 

107 = sum (780+...798) 

4. Threshold  reactions begin  a t  zero cross sections a t  t h e  t h r e s h o l d  

energy. 

F i l e s  2 and 3 

1. I f  t h e r e  are resonance parameters  i n  F i l e  2, t h e r e  are c o n t r i b u t i o n s  

to  t h e  t o t a l  (MT = 1) and s c a t t e r i n g  (MT = 2) cross sections and to  t h e  f i s s i o n  

(MT = 1 8 )  and c a p t u r e  (MT = 102) cross sections i f  f i s s i o n  and capture w i d t h s  
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; are also given. These must be added t o  t h e  F i l e  3 Sec t ions  MT = 1, 2,  18,  and 

1 0 2  over t h e  resonance reg ion  i n  order  to  o b t a i n  summation va lues  f o r  t h e s e  

cross s e c t i o n s .  

2. The cross s e c t i o n s  i n  F i l e  3 f o r  MT = 1, 2,  18 ,  and 102 i n  t h e  reso- 

nance reg ion  are used to  modify t h e  cross s e c t i o n  c a l c u l a t e d  from t h e  resonance 

formalisms, if necessary.  The F i l e  3 "background" may be p o s i t i v e  or negat ive  

or even ze ro  i f  no modi f ica t ions  are requi red .  

( F i l e  2 + F i l e  3) should - be everywhere p o s i t i v e .  

- The summation cross s e c t i o n  

3.  Double-value p o i n t s  ( d i s c o n t i n u i t i e s )  are allowed anywhere bu t  are 

required a t  resonance region boundaries.  A t y p i c a l  s i t u a t i o n  for MT = 1, 2,  18,  

and 1 0 2  i n  F i l e  3 is  a t abu la t ed  cross s e c t i o n  from to  1 eV, t abu la t ed  

"background" t o  t h e  cross s e c t i o n s  c a l c u l a t e d  i n  t h e  reso lved  resonance reg ion  

between EL1 and M1, t abu la t ed  "background" to  t h e  cross s e c t i o n s  calculated i n  

t h e  unresolved region between EL2 = M1 and EH2, and t abu la t ed  cross s e c t i o n s  

from M 2  to  20 MeV. Double-value p o i n t s  OGCUI: a t  EL1, EL2, and M 2 .  

4. The tabulated "background" used i n  F i l e  3 to modify t h e  cross s e c t i o n s  

calculated from F i l e  2 should no t  be h igh ly  s t ructured or r ep resen t  a l a r g e  

f r a c t i o n  of t h e  cross s e c t i o n s  c a l c u l a t e d  from F i l e  2. I t  is assumed t h a t  t h e  

"background" cross s e c t i o n  i s  assumed to  be a t  0 Kelvin.  

cross s e c t i o n  is usua l ly  obta ined  from room temperature  comparisions,  bu t  t h i s  

should be unimportant if t h e  "background" cross s e c t i o n  is e i t h e r  s m a l l  or 

slowly vary ing) .  

(The "background" 

5. The gene ra l i zed  procedure f o r  Doppler-broadening cross s e c t i o n s  from 

F i l e s  2 + 3 is to  genera te  a poin twise  cross s e c t i o n  from t h e  reso lved  resonance 

reg ion  on an appropriate energy mesh a t  O°K and add it to F i l e  3.  This  

summation c r o s s  s e c t i o n  can be kernel-broadened to a higher  temperature.  e .  
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F i l e  4 - Neutron Angular D i s t r i b u t i o n s  

1. Only r e l a t i v e  angular d i s t r i b u t i o n s ,  normalized t o  an i n t e g r a t e d  proba- 

b i l i t y  of un i ty ,  are given i n  F i l e  4. The d i f f e r e n t i a l  s c a t t e r i n g  cross s e c t i o n  

i n  barns  per s t e r a d i a n  is determined by mul t ip ly ing  F i l e  4 va lues  by t h e  F i l e  2 

+ F i l e  3 summation s c a t t e r i n g  cross s e c t i o n  0 div ided  by 27~. 
S 

2. Discrete channel angular  d i s t r i b u t i o n s  (e.g. ,  MT = 2,  51-90,701.. .)  

should be given as Legendre c o e f f i c i e n t s  i n  t h e  center-of-mass system, wi th  a 

maximum of 20 h igher  order terms, t h e  l a s t  being even, i n  t h e  expansion. I f  t h e  

angular d i s t r i b u t i o n  is h igh ly  s t r u c t u r e d  and cannot  be r ep resen ted  by a 

Legendre expansion, a t abu la r  angular  d i s t r i b u t i o n  i n  t h e  CM system must be 

given. 

3.  When t h e  e las t ic  s c a t t e r i n g  is represented  by Legendre c o e f f i c i e n t s ,  

an energy-independent t ransformat ion  ma t r ix  m u s t  be g iven  t o  perform a CM t o  lab- 1 

o r a t o r y  conversion. 

4 .  Angular d i s t r i b u t i o n s  f o r  continuum and o ther  r e a c t i o n s  m u s t  be ' g iven  

as tabulated d i s t r i b u t i o n s  i n  t h e  Lab system. 

5 .  The angular d i s t r i b u t i o n ,  whether s p e c i f i e d  as a Legendre expansion or 

a t abu la t ed  d i s t r i b u t i o n ,  m u s t  be everywhere p o s i t i v e .  

6. Angular d i s t r i b u t i o n  data should be given a t  t h e  minimum number of  

i n c i d e n t  energy p o i n t s  t h a t  w i l l  a ccu ra t e ly  desc r ibe  t h e  energy var ia t i 'on of t h e  

d i s t r i b u t i o n s .  

F i l e  5 - Secondary Energy D i s t r i b u t i o n  

1. Only r e l a t i v e  energy spectra, normalized t o  an i n t e g r a t e d  p r o b a b i l i t y  

of uni ty ,  are g iven  i n  F i l e  5.  A l l  spectra m u s t  be z e r o  a t  t h e  end po in t s .  The 

d i f f e r e n t i a l  cross s e c t i o n  i n  barns  per  eV is obta ined  by mul t ip ly ing  t h e  F i l e  

5 values  by t h e  F i l e  2 + F i l e  3 cross s e c t i o n  times i ts  m u l t i p l i c i t y  ( 2  for t h e  

(n ,  2n) r e a c t i o n ) .  
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2. While d i s t r i b u t i o n  laws I, 3 ,  5, 7,  9 ,  and 1 0  a r e  allowed, d i s t r i b u -  

t i o n  laws 3 and 5 a re  discouraged but can be used i f  o thers  do not apply. 

3.  The sum of a l l  p r o b a b i l i t i e s  fo r  a l l  laws used fo r  a p a r t i c u l a r  

reac t ion  m u s t  be uni ty  a t  each inc ident  energy. 

4.  The constant  U m u s t  be spec i f ied ,  where appl icable ,  to l i m i t  the  

energy range of emitted spec t r a  to  physical  l i m i t s .  

F i l e  6 

1. F i l e  6 formats and procedures have been spec i f i ed ,  but  t h i s  F i l e  is  

not cu r ren t ly  used i n  l3TDF. 
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R-states 
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Interpolation ranges 
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Side dimension of transformation 
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Higher order Legendre terms 

Incident energies 
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P 
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I n c i d e n t  energy mesh 

F i n a l  energy mesh 

Nonprincipal  s c a t t e r i n g  atoms 7 
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