BNL 50274 (T-601)
(Reactor Technology - TID-4500)
ENDF 102
Vol. |

DATA FORMATS AND PROCEDURES
FOR THE ENDF NEUTRON CROSS SECTION LIBRARY*

Edited by M.K. DRAKE

National Neutron Cross Section Center
Brookhaven National Laboratory
Upton, New York

October 1970

*Based on previous reports written by Henry C. Honeck:
BNL 8381, ““ENDF - Evaluated Nuclear Data File Description and Specifications,” June 1964.
BNL 50066 (ENDF-102), “ENDF/B - Specifications for an Evaluated Nuclear Data File for Reactor Applications,”
May 1966; Rev. July 1967.

NATIONAL NEUTRON CROSS SECTION CENTER

BROOKHAVEN NATIONAL LABORATORY
ASSOCIATED UNIVERSITIES, INC

under contract with the

UNITED STATES ATOMIC ENERGY COMMISSION



NOTICE

This report was prepared as an account of work sponsored by the United States
Government. Neither the United States nor the United States Atomic Energy Com-
mission, 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 information,
apparatus, product or process disclosed, or represents that its use would not infringe
privately owned rights.

Printed in the United States of America
Available from
National Technical Information Service
U.S. Department of Commerce
5285 Port Royal Road
Springfield, Virginia 22151
Price: Printed Copy $3.00; Microfiche $0.95

March 1971 1240 copies



DATA FORMATS AND PROCEDURES
FOR THE ENDF NEUTRON CROSS SECTION LIBRARY

INTRODUCTION

GENERAL FEATURES OF THE EVALUATED NUCLEAR DATA FILE

RELATIONSHIP OF THE ENDF TO OTHER DATA SYSTEMS

3.1 Experimental Data Libraries

3.2 Processing Codes and Neutronics Calculations

GENERAL DESCRIPTION OF THE ENDF LIBRARY

4.1 Definitions and Conventions
4,2 Structure of an ENDF Data Tape

4.3 Representation of Data

GENERAL DESCRIPTION OF THE DATA FORMATS

5.1 Nomenclature
5.2 Types of Binary Records
5.3 Card Image (BCD) Format

FILE 1, GENERAL INFORMATION

6.1 Descriptive Data and Dictionary (MT = 451)
6.1 Formats
6.1.2 Procedures

6.2 Number of Neutrons per Fission, p (ML = 452)
6.2.1 Formats
6.2.2 Procedures

6.3 Radioactive Decay Data (MT = 453)
6.3.1 Formats
6.3.2 Procedures

6.4 TFission Product Yield Data (MT = 454)
6.3.1 Formats

6.3.2 Procedures






DATA FORMATS AND PROCEDURES

10.

11.

6.5 Delayed Neutron Data (MT = 455)
6.5.1 Formats
6.5.2 Procedures
FILE 2, RESONANCE PARAMETERS
7.1 General Description
7.2 Resolved Resonance Parameters
7.2.1 Formats
7.2.2 Procedures
7.3 TUnresolved Resonance Parameters
7.3.1 Formats
7.3.2 Procedures
FILE 3, NEUTRON CROSS SECTIONS
8.1 General Description
8.2 Formats
8.3 Procedures
FILE 4, ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS
9.1 General Description
9.2 Formats
9.3 Procedures
FILE 5, ENERGY DISTRIBUTIONS OF SECONDARY NEUTRONS
10.1 General Description
10.2 Representation of Energy Distributions
10.3 Formats
10.4 Procedures
FILE 6, ENERGY-ANGULAR DISTRIBUTIONS FOR SECONDARY NEUTRONS
11.1 General Description
11.2 Formats
11.3 Procedures

page 2






DATA FORMATS AND PROCEDURES page 3

12, FILE 7, THERMAL NEUTRON SCATTERING LAW DATA

12.1 General Description
12.2 Formats

12,3 Procedures

13, PHOTON INTERACTION AND PHOTON PRODUCTION DATA

APPENDIX A: Glossary

Definition of Reaction Types

ZA Designation of Materials

Resonance Region Formulae
Interpolation Schemes

Temperature Dependence

Alternate Structure for ENDF Data Tapes
Data Formats for the ENDF/A Library

o

Summary of Processing Codes Used With the ENDF Library
Materials in the ENDF/B Library

Sample Data Set

Sample of Interpreted Data Set

Sample Graphical Display

BCD Card Image Formats

gz =L Dol ER 3R ERE

Format Differences Between Versions I and II
of the ENDF Library






~1.1-

1. INTRODUCTION

1.1. ENDF System

This report describes the philosophy, data formats, and procedures
that have been developed for the Evaluated Nuclear Data File (ENDF).* The
ENDF system was designed for the storage and retrieval of the evaluated
nuclear data that are required for neutronics and photonics calculations.
This system is made up of several parts that include a series of data

processing codes along with neutron and photon cross section libraries.

The ENDF system was developed for the purpose of providing a unified
format that could be used to store and retrieve evaluated sets of neutron
cross sections. This system was designed to allow easy exchange of cross
section information between various laboratories. The initial system
that was established contained format specifications for neutron cross
sections and other related nuclear constants. During the later stages of
development the formats were expanded to include photon interaction
cross sections and photon production data (photons produced by

neutron interactions).

The basic data formats that were developed for the library are ver-
satile enough to allow for accurate description of the cross sections
considered for a wide incident neutron energy range (10-5 eV to 20 MeV).
The ENDF formats are flexible in the sense that almost any type of neutron
interaction mechanism can be accurately described, The formats are re-
strictive in that for any given neutron reaction mechanism, only a limited

number of different representations are allowed.

1.2, ENDF Documentation

The purpose of this report is to describe the data formats and the
procedures to be used for entering data into the ENDF library. Volume I
(this volume) of the report describes the formats and procedures for neu-
tron interaction data. Volume II describes formats and procedures for

photon production (due to neutron interactions) and photon interaction

* This report supersedes the description of the ENDF/B library given in
BNL 8381 and the ENDF/B library given in BNL 50066 (ENDF 102).



-1.2-

data., In addition, this report describes the relationship between the
ENDF evaluated data libraries and the experimental data library CSISRS
(Cross Section Information Storage and Retrieval System). The relation-
ship between the ENDF libraries and the processing codes that are used
to generate secondary data libraries (for example, fine group-averaged
cross section libraries) is also described., The processing codes con-
nected with the ENDF libraries are summarized in this report, but the

codes themselves are described in separate documents.

This report is organized in the following manner. The first
several sections describe the general features of the ENDF libraries, the
relationship between ENDF and CSISRS, and the relationship between ENDF
and its secondary libraries. Section 5 describes the standard formats

used in all record types. Understanding the contents of Section 5 will

facilitate understanding the data formats that are given in Sections 6-12,

The formats described in Sections 6-12 are for the binary mode of repre-
senting the data., BCD card-image formats are given in Appendix N of

this report.

1.3, A and B Libraries

Two different evaluated data libraries are maintained at the
National Neutron Cross Section Center (NNCSC). The ENDF/A library con-
tains either complete or incomplete data sets (incomplete in the sense
that the data set may be, for example, an evaluation of the fission
cross section for U-235 in the energy range 100 keV to 15 MeV). The
ENDF/A library may also contain several different evaluations of the
cross sections for a particular nuclide. The ENDF/B library, on the
other hand, contains only one evaluation of the cross sections for each
material in the library, but each material contains cross sections for
all significant reactions. The data set selected for the ENDF/B library
is the set recommended by the Cross Section Evaluation Working Group
(CSEWG) . The ENDF/B library contains reference data sets to which other
information may be compared, as opposed to data sets that are revised
often on the basis of new information so as to constitute current

standard data sets. After an extensive review period of 1 to 2 years,




-1.3-

CSEWG may from time to time replace an older set with a new data set.
The ENDF/A and ENDF/B libraries are described in more detail in Section 2

of this report.
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2., GENERAL FEATURES OF THE EVALUATED NUCLEAR DATA FILE

2,1, Evaluated Data

The process of analyzing experimentally measured cross section
data, combining it with the predictions from nuclear model calculations,
and attempting to extract the true value of a cross section is referred
to as "evaluation.'" The parameterization and reduction of the data to
tabular form produces an evaluated data set. If the written description
of how a unique data set is prepared from the data sources is available,
it is referred to as a documented evaluation. The ENDF format was developed
to store the results of this process in a form suitable for automated re-

trieval for further processing.

2.2, A and B Libraries

The demands on an evaluated data file vary according to the user's
applications. Regardless of whether the user is interested in performing
a reactor physics calculation or in doing a shielding analysis, he
wants evaluated data for all neutron-induced reactions, covering the full
range of incident neutron energies, for each material in the system that
he is analyzing. Also, the user expects that the data file will contain
information such as the angular and energy distributions for secondary
neutrons. Generally, evaluators do not supply the data in this form.,
Rather, they supply the "bits and pieces" which, when put together, form
a fully evaluated set of data for each material. Thus there is a need
for two storage systems---one to contain the '"bits and pieces" as they
are available, and a second to contain complete sets of data for each
material, These two systems have been designated as ENDF/A and ENDF/B,
respectively, The ENDF/B library will contain only one representation
(or interpretation) of the cross sections for a particular material at any
given time. ENDF/A may contain several alternate sets of evaluated data
for the materials on the ENDF/B library. The data sets that are contained
on the ENDF/A library may or may not be complete (in the sense as is re-
quired for reactor physics or shielding calculations). The ENDF/A library

is, in effect, a system for compiling evaluated data sets.



-2,2-

The formats used for the ENDF/A and ENDF/B libraries are essentially
identical; i.e., the codes that are used to read and process data from the
ENDF/B library may be used for the ENDF/A library. The data formats for
these libraries are given in the following Sections of this report. The
differences in the formats for the ENDF/A and ENDF/B libraries are given
in Appendix H.

2.3. Choices of Data

Tﬂe data sets contained on the ENDF/B library are those chosen by
the Cross Section Evaluation Working Group (CSEWG). The data set that
represents the cross sections for a particular material may change from
time to time upon the recommendation of CSEWG. Such a recommendation
generally is based on (1) availability of new and significant experimental
results, (2) integral data testing showing that the data set gives erro-
neous results, or (3) users' requirements indicate a need for more accurate
and/or a better representation of the cross sections for a particular

material.

2.4, Library Modes

The neutron cross section libraries comprise the central part of
the ENDF system, The libraries are contained on magnetic tapes or disks,
Two different modes of the data tapes are maintained: a binary form and
a BCD card-image form. The formats for these two modes are very similar.
The data formats for a binary tape are defined in Sections 6-12, Basically
there are only four different types of binary records (see Section 5.2).
Each record type has a very specific format. Control numbers and flags
always appear in the same position within a record of a particular type.

Understanding the definitions of all record types will facilitate under-

standing the particular formats described later onmn.

Since binary tapes generated using 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 in Section 5.3 of this
report. The formats used for BCD card images are similar to those used

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

—_— —— — -
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cross section type identifiers), which are given only at the beginning
of each binary record, are given at the end of each BCD card-image record.
BCD card-image formats are described in Appendix N along with example

data sets.

2.5. Systematizing of Data

The ordering of nuclear data for a particular material is described
in Section 4.1 of this report. Integral cross section data (for example,
the total cross section) may be represented by giving tabulated values
of op vs. neutron energy. An interpolation scheme is also specified to
define the cross section at intermediate energy values. Also, resolved
and/or unresolved resonance parameters may be given. It is important to
note that if resonance parameters are given, then contributions to a

particular cross section from the resonance parameters must be added to

the integral cross sections to obtain the complete cross section. In
other words, the integral cross sections and the resonance parameters

are not redundant,

It should be noted that the angular and energy distribution differential data
are expressed as probabilities, Therefore these data must be combined with

integral (integrated) data to obtain absolute differential cross sections.
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3. RELATIONSHIP OF THE ENDF TO OTHER DATA SYSTEMS

3.1. Experimental Data Libraries

The National Neutron Cross Section Center (NNCSC) maintains a
library for experimentally measured neutron cross section data. This
library is known as SCISRS (Sigma Center Information Storage and
Retrieval System). The SCISRS data library system is being replaced by
a new library system, CSISRS (Cross Section Information Storage and Retrieval
System) for experimental data., CSISRS offers considerable advantages

over SCISRS, among which are the following:

(a) The CSISRS library is more flexible
(b) More types of data may be stored
(c) More bibliographic information may be stored
(d) More details about each experiment may be stored
(e) Data may be added to, checked, corrected,
and retrieved by using computer codes that have
been written in standard FORTRAN.
At the beginning of the evaluation process the evaluator generally
requests the available experimental cross sections that are stored in the

CSISRS data library for a particular material. The retrieved information

may be in the following forms:

(a) Listings of all or selected data sets
(b) Magnetic tapes containing the requested data

(c) Graphical displays containing selected data.

The experimental cross section data are supplemented by other nuclear
data, such as spins, energies, and parities of excited states. The
experimental data are then analyzed, and in some cases the results are
combined with predictions from model calciilations to obtain recommended
cross sections. The recommended cross sections are then converted to
the ENDF formats for subsequent incorporation into either the ENDF/A or

ENDF/B libraries.
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(1)

Recently, Dunford, et al., from Atomics International, have
developed a system for automating much of the time-consuming parts of
the evaluation process. This system, known as SCORE (SCISRS Conversion
Routine), utilizes the concept of interactive computer graphics. Thus,
by permitting man/computer interaction through computer graphics, this
system will shorten the length of time required for the evaluation
process. Since SCORE will allow the evaluator to make more detailed
analyses of the cross sections, the quality of the evaluation process

should be improved.

3.2. Processing Codes and Neutronics Calculations

The purpose of the ENDF library is to provide evaluated cross
section data sets in a form that can be used in various neutronics and
photonics calculations. The existing codes that perform these calcula-
tions require data libraries that are quite different from one another
and quite different from the ENDF library. Therefore a series of
processing codes have been written which read the ENDF library as input
and generate a secondary cross section library. The secondary libraries,
in turn, are read as input to a spectrum-generating code, and generally
broad group-averaged cross sections are obtained for use in the neutronics
calculations. The available processing codes are summarized in Appendix I.
Figure 3-A shows an example of the flow of data for a particular set of

codes.

The basic data formats for the ENDF library have been developed
in such a manner that few constraints are placed on using the data as

input to the codes that generate any of the secondary libraries.

(1) C. L. Dunford, et al., "SCORE II An Interactive Neutron Evaluation

System', USAEC Report AI-AEC-12757 (ENDF-126), March 1, 1969.

Y
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4. GENERAL DESCRIPTION OF THE ENDF LIBRARY

The ENDF library is a collection of documented data evaluations stored
in a binary magnetic tape format that can be used as the main input into cross
section processing programs. As such it is designed with the processing
programs in mind and the reader of this report must be somewhat familiar
with the FORTRAN programming language. The ordering of data on the tape

allows the use of segmented as well as ordinary programs,

Punched cards are a nuisance, particularly when vast numbers of them
are required, as in the case here,. Unfortunately, it is not always
possible to exchange data on magnetic tapes, particularly binary tapes.

" Therefore, two formats are provided: one for binary data and the other
for BCD card images. Magnetic tapes containing BCD card-image data
generally can be exchanged between laboratories. Also, it is much
easier to use the BCD card-image formats when translating evaluated

cross sections into the ENDF library.

4.1 Definitions and Conventions

A material is defined as either an isotope or a collection of
isotopes. Therefore, it may be a single nuclide, a natural element
containing several isotopes, a molecule containing several elements, or
a standard mixture of elements (such as 304 type stainless steel). Each
evaluated set of cross sections for a material in the ENDF library
has a unique identification number assigned to it, These numbers are
designated by the symbol MAT and they range from 1 to 9999. Two different
evaluated sets of cross sections for U-235 would have different MAT numbers
even though they describe the cross sections for the same nuclide., A
program that processes data from the ENDF library generally refers to
the materials by their MAT number, but a (Z,A) designation is also given

in each material and this value may be used,

When an evaluated set of cross sections for a material (in the
ENDF format) is sent to the National Neutron Cross Section Center, the
center assignes a material number to this material. This number will be

in the range 1000 to 9999, The assigned MAT number will be unique in that
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it will never be assigned to another set of evaluated cross sections.

The particular set of evaluated cross sections will retain this MAT
number until significant modifications have been made to the data

in the set. At this time, a new MAT number will be assigned. Material
numbers from 1 - 999 are to be assigned by the user for data sets that

he generates. As an example, consider the following sequence of events,
User X evaluates a set of data for U-235 and assigns the material number
278 to this set. Within his installation the data set is always referred
to as material 278, After a period of checking and testing, the user
feels that the data set is satisfactory and transmits it to the NNCSC.
The center adds the data set to its files and assigns it a MAT number

of 4395. The center then issues a newsletter describing data received
and available for distribution. User Y reads the newsletter and requests
material 4395 from the centers files. Upon receipt of the data he adds
it to his ENDF tape as material 4395 and refers to it in later processing
programs by this number, Should user Y subsequently alter the data, he
would assign a new material number between 1 and 999, The entire process

might then start anew.

The evaluated data set for each material is divided into Files.
These files are not physical files in the magnetic tape sense (i.e., there
is no End-of-File mark at the end of each file). Each file contains

data of a certain class. They are:

File Number (MF) Class of Data
1 General information
2 Resonance parameter data
3 Neutron cross sections
4 Angular distributions of secondary neutrons
5 Energy distributions of secondary neutrons
6 Energy-angular distributions of secondary
neutrons
7 Thermal neutron scattering law data
12 Multiplicities for photons (from neutron
reactions)
13 Photon production cross sections (from

neutron reactions)

(Con't on next page)
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File Number (MF) Class of Data

14 Angular distributions of photons (from
neutron reactions)

15 Energy distributions of photons (from
neutron reactions)

16 Energy-angular distributions of photons
(from neutron reactions)

23 Photon interaction cross sections

24 Angular distributiors of photons (from

photon reactions)

25 Energy distributiors of photons (from
photon reactions)

26 Energy-angular distributions of photons
(from photon reactions)

27 Atomic form factor s (for photon interactions)

The data formats and procedures for File 1 through 7 are described in this
report. The formats and procedures for Files 12 through 27 are described

in Volume II of this report.

Each file is divided into sections where each section contains

the data for a particular 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 of this report.

The first record of each section contains a ZA number that identifies
the specific material. ZA is the (Z,A) designation (charge, mass). ZA for
a specific material is constructed by:

ZA = (1000,0*% Z) + A

where Z ig the atomic number and A is the mass number for the material.
For example ZA = 92238.0 for U-238. If the material is an element containing
two or more naturally occurring isotopes, A, in the above equation, is taken
to be 0.0. The ZA designators for materials that are molecules or common
mixtures have been assigned certain values. 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. This quantity, given
the symbol, AWR, is 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).
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The data given in all sections always use the same set of units.

These are summarized below.

Parameter Units
energies electron volts
angles dimensionless cosines of the angle
cross sections barns
temperatures °Kelvin
mass in units of the neutron mass
angular distributions probability per unit cosine
energy distributions probability per electron volt

4,2 Structure of an ENDF Data Tape

The structure of an ENDF binary tape is shown schematically
in Figure 4,2.1. The structure of card deck or a BCD card image tape is

exactly the same.

The tape contains a single record at the beginning which identifies
the tape, and a single record at the end that signals the end of the tape.
The major subdivision between these records is by material. The data for
a material is divided into files, and each file (MF number) contains the
data for a certain class of information. A file is subdivided into sections,
each containing data for a particular reaction type (MT number). Finally,

a section is divided into records. The content of each record is differ-
ent and depends on whether a binary tape format is used or a BCD card
image format is used. Every record on a tape contains three identifica-
tion numbers: a material number (MAT), a file number (MF), and a reaction
type number (MT). For a binary record, these numbers are given at the
beginning of each record. For BCD card image records, these numbers are
given in the last three fields of each record. These numbers are always

in increasing numerical order, and the hierarchy is MAT, MF, and MT.

The end of a section, file, and material are each signaled by special records.
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4.3 Representation of Data

The data in the ENDF  library are given by providing parameters

to known analytic functions (such as resonance formulae or secondary

energy distribution laws),or the data are presented by

data in one, y(x), or two, y(x%,z), dimensional arrays.

tabulating the

Consider how a simple function, y(x), which might be a cross

section, o(E), is represented. y(x) is represented by

a series of tabu-

lated values, pairs of x and y(x), plus a method for interpolating between

input values. The pairs ' are ordered by increasing
will be NP values of X (and Y(X)) given. The complete
x is defined is broken into NR interpolation ranges.

range is defined as a sequential series of x in which
polation scheme can be used, i.e., the same scheme can
interpolated values of y(x) for any value of x that is
To illustrate this, see Fig. 4.3.1 and the definitions
h
h

X(N) is the n? value of x.

Y(N) is the nt? yalue of V.
NP is the number of pairs (X andY ) given.

INT(M) is the interpolation scheme identification
in the m~" range.

values of x. There
region over which
An interpolation

a specified inter-
be used to obtain
within this range.

below:

number used

NBT(M) is the value of N separating the mth and (m+1)th

interpolation ranges.

The allowed interpolation schemes are:

INT Description
1 y is constant in x (constant)
2 y is linear in x (linear-linear)
3 y is linear in fn x (linear-log)
4 dn y is linear in x (log-linear)
5 fn y is linear in {n x (log-log)

Interpolation code, INT = 1 (constant), implies that the

function is constant and equal to the value given at the lower

limit of the interval.
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Note that in the case where a function is discontinuous (for example,
when resonance parameters are used to specify the cross section in one
range), the value of X is repeated and a pair (X,Y) given for each of
the two values at the discontinuity (see Fig. 4.3.1).

Next consider a two dimensional function (x,z). Again, the
function is represented by a series of tabulated values of yv(x) plus
rules for interpolating between values of z. The function is thus
considered to be a sequence of one-dimensional functions, y(x), each
evaluated at a particular value of z. The individual y(x) can be rep-
resented as illustrated above. The only additional information that
need be given is a break point and interpolation table for interpolation

between values of =z.
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5. GENERAL DESCRIPTION OF THE DATA FORMATS

5.1 Nomenclature

An attempt has been made to use an internally consistent nota-

tion. We list here some of the rules used:

a) Symbols starting with letters I, J, K, L. M, or N are
integers. All other symbols refer to floating point

numbers,

b) The letter I or a symbol starting with I refers to an inter-

polation code (see Appendix E).
c) Letters J, K, L, M, or N, when used alone, are indices.

d) A symbol starting with M is a control number. Examples are

MAT, MT, MF.

e) A symbol starting with L is a test number. Examples are

LFI, LCT, LTT.

f) A symbol starting with N is a count of items. Examples are

N1, NR, NP, NFP.

g) Brackets [] denote one record on a binary tape.

h) Brackets () denote a group of records.

Several symbols are frequently used and are defined below:

- Material number

MAT

MF =~ File number

MI - Reaction type number

ZA - The (Z,A) designation for a material (see Appendix C)

AWR - The ratio of the mass of an atom (or molecule) to that
of the neutron

NP - The number of points in a tabulation of y(x) which is
contained in the same record

NR - The number of interpolation break points in a tabulation
of y(x) which are contained in the same record
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T - Temperature
- Energy
(U - Cosine of an angle
LT - Temperature dependence (see Appendix F).

5.2 Types of Binary Records

All records on an ENDF  binary tape are one of four possible

types. These are denoted by C@NT, LIST, TABL, and TAB2. A record

always consists of nine numbers followed (depending on the record type)
by one or two arrays of numbers. A general description of these nine
numbers is given below, but the actual definition of each number will

depend on its usage.

MAT is the material number (integer).

MF is the file number (integer)

MT is the reaction type number (integer)
Cl is a constant (floating point)

C2 is a constant (floating point)

L1 is an integer generally used as a test
L2 is an integer generally used as a test
N1 is a count of items in a list to follow

N2 is generally a count of items in a second list to follow.

5.2.1 C@NT Records

The smallest possible record is a control (C@NT) record
consisting of the nine numbers given above. For convenience, a

CONT record is denoted by:
[MAT, MF, MI/Cl, C2; L1, L2; N1, N2JC@NT

The numbers contained within the brackets are symbolic
of the numbers in a C@PNT record. The semicolon punctuation is merely

to remind the reader of the separation between floating point numbers,



-5.3-

test numbers, and counts. The slash punctuation is a reminder that
the numbers MAT, MF, and MT appear in a different position in BCD
card image records. The BCD card image format is described below

in Section 5.3.

There are five special cases of a CONT record,denoted by
HEAD, SEND, FEND, MEND, and TEND. The HEAD record is the first
record in a section and has the same form as a C@NT record. The
numbers Cl and C2 are interpreted as ZA and AWR, respectively, on

a HEAD record.

The SEND, FEND, MEND, and TEND records only use the first
three numbers in the CPNT record, and they are used to signal the

end of a section, file, material, and tape, respectively:

[MAT, MF, 0/0.0, 0.0; 0, 0; 0O, O]SEND
[MAT, O , 0/0.0, 0.0; 0, O; 0, O]FEND
ro, o, 0/0.0, 0.0; 0, 0; 0, OJMEND
-1, o, 0/0.0, 0.0; 0, 0; 0, OJTEND

A FORTRAN IV statement to read any CPNT record from
Tape LIB would be:
READ (LIB) MAT, MF, MT, Cl, C2, L1, L2, N1, N2

5.2.2 LIST Records

The second type of record is the LIST record, which is
used to list a string of floating point numbers, Bl’ BZ’ B3, etc,
These numbers are given in an array, B(N), and there are N1 of
them. A FORTRAN IV statement to read a LIST record from Tape LIB

would be:
READ (LIB) MAT, MF, MT, Cl, Cc2, L1, L2, N1, N2, (B(N), N=1, NL)
For convenience, this record is denoted by:

[MAT, MF, MT/Cl, C2; L1, L2; N1, N2/ B ]LIST.
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For example, to enumerate the particular items in a list

(A, B, C, D, E), the record would be:
[MAT, MF, MT/Cl, C2; L1, L2, 5, N2/ A, B, C, D, EJLIST

where the 5 indicates that there are five items in the list.

5.2.3 TABl1 Records

The third type of record is the TABl record used for one-
dimensional tabulated functions such as y(x). The data needed to
specify a one-dimensional tabulated function are the interpolation
tables NBT(N) and INT(N) for each of the NR ranges, and the NP
tabulated pairs of X(N) and vY(N). The FORTRAN IV statement to read

a TABl record is:

READ (LIB) MAT, MF, MT, Cl, C2, L1, L2, NR, NP,
(NBT(N), INT(N), N=1, NR), (X(N), Y(N), N=1, NP)

For convenience, the TABl record is denoted by:
[MAT, MF, MI/ Cl, C2; L1, L2; NR, NP/xint/y(x)]TABl
The term “xint” means the interpolation table for interpolating
between successive values of the variable x. y(x) means pairs of

X and Y(X). x is generally used as the incident neutron energy E,

and y(x) is generally a parameter such as the cross section o(E).

5.2.4 TAB2 Records

The last record type is the TAB2 record, which is used to
control the tabulation of a two-dimensional function, y(x,z). It

is used to specify how many values of Z are to be given and how to

interpolate between successive value of Z, Tabulated values of Y(X) at

each value of Z are given in TABl or LIST records following the TAB2

e s, ——— s
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record,with the appropriate value of Z in the field designated as

C2. The FORTRAN IV statement to read a TABZ record is:
READ (LIB) MAT, MF, MT, Cl, C2, Ll, L2, NR, NZ,
(NBT(N), INT(N), N=1, NR)

where NZ in the number of values of Z. TFor convenience, a TAB2

record is denoted by:

[MAT, MF, MT/Cl, C2; L1, L2; NR, NZ/Zint]TABZ.

For example, a TABZ record is used in specifying angular distribu-
tion data. NZ in the TAB2 record specifies the number of incident
neutron energies at which angular distributions are given, Each

distribution is given in a TABl record, and there will be NZ such

records.

5.3 Card Image (BCD) Formats

An alternate format is used when data are contained on punched
cards or BCD card image tapes. Basically the data are stored in the
same order for this format as was used in binary tape format. The major
difference is the position of the three numbers MAT, MF, and MI. Also,
a card sequence number has been added to the card image format. In
general, more than one BCD card image record will be required to contain

the data in a binary record.

A standard 80-column card is divided into the following ten

fields:
Field Columns Description
1 1-11 Datum
2 12-22 "
3 23-33 "
4 34-44 "
5 45-55 £
6 56-66 L
7 67-70 Material number (MAT)
8 71-72 File number (MF)
9 73-75 Reaction type (M)
10 76-80 Sequence number, starting

with 1 for the first
card of a material
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Consider a TABl binary record that was denoted by:

[MAT, MF, MT/Cl, C2; L1, L2; NR, NPﬁmint/YGg)]TABl.

This record would be punched on cards in the following way:

Field

1 2 3 4 5] 6 7 8 9
€1 g2 L1 L2 NR NP MAT MF MT
NBT(1)  INT(l) NBT(2) INT(2) NBT(3) INT(3) MAT MF MT
NBT(94) INT(4) NBT(5) INT(5)  ======  ==co--- MAT MF MT
------------------------ NBT(NR) INT(NR) MAT MF MT
X(1) Y(1) X(2) ¥(2) X(3) Y(3) MAT MF MT
X(4) Y(4) X(5) Y(5)  memme eeee- MAT MF  MT
........................ X(NP) Y(NP) MAT  MF MT

The FORTRAN IV statements to read a TABl record from input tape INP

would be:

READ(INP, 10)Cl, C2, L1, L2, NR, NP, MAT, MF, MT, (NBT(N), INT(N),
N=1, NR)

10 FPRMAT (2E11.4, 4I11, I4, 12, I3/(6I1l))
READ (INP, 20) (X(N), Y(N), N=1, NP)
20 FPRMAT (6E11.4)
It is obvious that a TAB2 record is the same as the TABl record,
except that the list of x and y values is omitted. The HEAD record con-
sists of one card punched in Fields 1-9. The SEND, FEND, MEND, TEND, and

TPID records each consist of one card punched in Fields 7-9 only. Note

that a completely blank card (MEND record) signals the end of a material,
The LIST record denoted by
[MAT, MF, MI/ Cl, C2; L1, L2; N1, N2/ B_JLIST

is punched in the following way:
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Field
1 2 3 4 5 6 7 8 9
Cl c2 Ll L2 N1 N2 MAT MF MT
B(1) B(2) B(3) B(4) B(5) B(6) MAT MF MT
B(7) B(8) B(9) me=m=  ==e= ====  MAT MF MT
~me=  mme= ecee meee ==a=  B(N1) MAT MF MT

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

would be:

READ (INP, 30) Cl, G2, L1, L2, Nl, N2, MAT, MF, MT, (B(N),
N=1, N1)

30 FORMAT (2E11.4, 4111, T4, I2, I3/(6E11.4))

An exception occurs when the LIST record contains Hollerith

information (see File 1):
[MAT, MF, MI/ Cl, C2; L1, L2; NWD, N2/ H JLIST.

In this case the FORTRAN IV "READ" statements depend on the type of com-
puter being used, but the cards should be machine-independent. Define
NWD as the number of cards containing Hollerith information punched in

Cols. 1-66. The READ statements would be:

READ (INP, 40), Cl1, C2, L1, L2, NWD, N2, MAT, MF, MT
40 FPRMAT (2E11.4, 4I11, I4, 12, 13)

NH = 17%*NWD

READ (INP, 50) (H(N), N=1, NH)
50 FORMAT (l6A4, A2)
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BCD card image formats are given in Appendix N. The following

page illustrates how the four basic record types are punched. Fields

1-6 refer to the card Cols. 1-66 with 11 columns per field. Fields 7-10

(MAT, MF, MT, and sequence numbers) must also be punched but are omitted
on these description sheets for convenience.

When arrays of numbers are punched, the first element of the
array is in Field 1 (for example, X(1)). The last element may fall in
any field, depending on how many values are in the array. Thus, the

fact that X(NP) is shown in Field 6 should not be taken literally.

B e R e —
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6. FILE 1, GENERAL INFORMATION

File 1 is the first part of any set of evaluated cross section data
for a material. Each material must have a File 1. File 1 consists
of one or more sections that contain neutron cross section information
and other related nuclear data. File 1 serves the purpose of providing
a brief documentation of how the data were evaluated and a dictionary
that summarizes the data files and cross-section types that are given
in Files 2, 3, 4, 5, etc. File 1 may also contain such basic nuclear
data as the number of neutrons per fission (for fissile materials), the
radioactive decay chains for the material, and the decay chains for the
residual nuclei produced by neutron reactions with the material, fission

product yield data (for fissile materials), and delayed neutron data (for
fissile materials).

File 1 consists of at least one section and may contain as many as
five sections for fissile materials. Each section in File 1 has been
assigned an MT number (see below), and the sections are arranged in in-
creasing MT numbers. Each section always starts with a HEAD record and
ends with a SEND record. The end of File 1 (as well as all other files)

is indicated by a FEND record. These record types are defined in detail in

Section 5.2 of this report. The structure of a typical HEAD record is

[MAT, MF, MI/ ZA, AWR, L1, L2, N1, N2]HEAD

where ZA is the (Z,A) designation for a material (see Appendix C),

AWR is the ratio of the mass of the atom (or molecule) to

that of the neutron (carbon-12 system),
11 is an integer to be used as a flag or a test,
L2 1is an integer to be used as a flag or a test,

N1l 1is an integer to be used as a count of items in a list to

follow, and

N2 1is an integer to be used as a count of items in a second

list to follow.
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The symbolism used above to represent the HEAD record and to be used
in the following format descriptions should be understood to mean that
only data contents of each record are specified in the binary format.

BCD card image formats for Files 1 to 7 are given in Appendix N.

6.1 Descriptive Data and Dictionary (MT = 451)

This section is always the first section of any material, and
it is made up of two main parts: (l) a brief documentation of the cross

section data, and (2) a dictionary.

In the first part, a brief description of the evaluated data
sets is given, This information should include the significant
experimental results that were used to obtain the evaluated data as well
as other important features about the evaluated data set. The descriptive
information is given as a series of Hollerith characters. The information
is contained in 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 in Cols. 1-66 and NWD such cards are prepared.

The first 66 characters (first card) should be a self-contained
title for the material. The first card will be used to provide

titles for listings and plots of the data for this material.
The following quantities are defined:

LRP is a flag that indicates that resolved and/or
unresolved resonance parameters are given in File 2.
LRP = 0, no resonance parameter data given;

LRP = 1, resolved and/or unresolved resonance parameter
data given in File 2,
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is a flag that indicates whether this material is
fissionable:

LFI
LFI

]

0, this is not a fissionable material:

1, this material is fissionable.

is an integer count of all of the sections to be found

in the dictionary. Each section of this material is
represented by a single card image in the dictionary.
This card image contains the MF (file number), MT
(reaction number), %Pd NC (a count of the number of cards
in the section). rﬁé/ is the total number of sections for
the complete material, i.e., equal to the sum of all the

sections in the different files.

is a flag to indicate whether radioactive decay data
are given for this material:

LDD = 0, radioactive decay data not given for this
material;

LDD = 1, radiocactive decay data given.

is a flag that indicates whether fission product yield
data are given for this material:
LFP = 0, fission product yields not given;

LFP = 1, fission product yields are given.

is the count of the number of elements in the Hollerith

section. For BCD card image tapes, NWD is the number

of card images used to describe the data set for this

material (NWD < 100). For binary tapes, NWD is the

number of words containing the Hollerith information,
and it is understood that 17 words are required for
each card image (66 characters) and the format is

(16 A4, A2). (NWD < 1700).

H(N) is the array that contains the Hollerith information that

describes the particular evaluated data set. For a BCD
card image tape, each element of the array is contained on

one card image.



-6.4-

MFn, MTn, and NCn are included in each of the NXC

items contained in the dictionary.

MFn is the File number (MF) of the nth section.

MI is the reaction type number (MT) of the nth section.

NC 1is the number of BCD card images in a given section
th
(the n~ section). This card count does not include

the SEND card. (Note that NC; = NXC + NWD + 2),

6.1.1 Formats

This section always begins with a HEAD record and ends

with a SEND record. The structure of this section is

[MAT, 1, 451/ZA , AWR, LRP, LFI, 0, NXCJHEAD
[MAT, 1, 451/0.0, 0.0, LDD, LFP, NWD, O/H(N)]JLIST
[MAT, 1, 451/0.0, 0.0, MFy, MI;, NCj, 0]c@NT
[MAT, 1, 451/0.0, 0.0, MF,, MIp, NC2, OJCONT

[MAT, 1, 451/0.0, 0.0, MFyxc, MIyxcs NCyxgs OJCONT
[mMAT, 1, 0 /0.0, 0.0, 0 ,0 ,0 , OJSEND

6.1.2 Procedures

The flag LRP indicates whether resolved and/or unresolved
resonance parameter data are to be found in File 2 (Resonance
Parameters). Every material will have a File 2, but not every File 2

will contain resonance parameter data. File 2 for certain materials

i . i . B i,
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will contain a scattering length (see 7.1 and 8.2.2 of this report).
For those cases where File 2 only contains information on the scat-
ering length, LRP will be set to zero.

The flag, LFI = 1, indicates that this material is fissionable.
In this case, a section specifying the total number of neutrons per
fission, ;(E), must be given, i.e., MT = 452, Also sections may be given
that specify fission product yields (MT = 454) and the number of delayed
neutrons per fission (MI = 455).

The flag LLD indicates whether radioactive decay is given in
MI = 453. Certain materials represent natural elements that contain
more than one isotope or they represent molecules. For these cases,
radioactive decay data my be ambiguous, and it is recommended that
these data not be given.

The descriptive data given in the Hollerith section must be
viven for every material. The first card image should be a self-
contained title for the material., (This title should contain a material
identification, name of the person and laboratory preparing the eval-
uvation, and a date) The remaining card images should give a verbal
description of the evaluated data sets for the material., This should
include mention of the important experimental results upon which the
recommended cross sections were based, the evaluation procedures, and
references. Also, any limitations of the use of the particular data
set should be clearly pointed out along with other remarks which will
assist the user in understanding the data, The 2200 m/sec cross sections
that the data set contains should be given. This information is not
always easy to find, since there may be contributioﬁs from resolved
resonance parameters. The infinite dilution resonance integrals should
be given for the radiative capture cross sections and the fission cross
section (if applicable).

If the material is an element containing more than one naturally
occurring isotope, the basis for establishing the reaction Q-values (given

in File 3) should be explained.
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6.2 Number of Neutrons per Fission, p (M = 452)

If the material is fissionable (LFI = 1), then a section that
specifies the average total number of neutrons per fissiom, Y, (MT= 452)
must be given. Yy is given as a function of incident neutron energy.
The energy dependence of p may be given by tabulating 3 as a function of
incident neutron energy or by providing the coefficients for a polynomial

expansion of T(E),
NC

T(E) = Z ¢ E(m1)

n=1

where P(E) is the average total (prompt plus delayed) number of neutrons
" th
per fission produced by neutrons of incident energy E(eV), Cn is the n

coefficient, and NC is the number of terms in the polynomial.

6.2.1 Formats

The structure of this section depends on whether values
of W(E) are tabulated as a function of incident neutron energy or
whether vy is represented by a polynomial. The following quantities

are defined:

LNU is a test that indicates what representation of p(E) has
been used:
INU = 1, polynomial representation has been used;

LNU = 2, Tabulated representatiom.

NC is a count of the number of terms used in the polynomial

expansion. (NC = 4)

C, are the coefficients of the polynomial. There are NC coeffi-

cients given.

NR is the number of interpolation ranges used to tabulate values

of P(E). (See Appendix E.)



-6.7-

NP is the total number of energy points used to tabulate p(E).

E is the interpolation scheme. (See Appendix E for details

int

on interpolation schemes.)

If LNU = 1 (polynomial representation used), the structure

of the section is:

[MAT, 1, 452/ ZA, AWR, O, LNU, 0, OJHEAD LNU = 1
[MAT, 1, 452/0.0, 0.0, 0, O , NC, 0/Cy, €y, +.. CyeJLIST
[MAT, 1, 0 /0.0, 0.0, O, O, O, OJSEND

If LNU = 2 (tabulated values of 7)), the structure of

the section is:

(MAT, 1, 452/ ZA, AWR, 0, LNU, 0, OJHEAD LNU = 2
[MAT, 1, 452/ 0.0, 0.0, 0, 0, NR, 'NP/Eint/v(E)]TABl
[MAT, 1, 0 /0.0, 0.0, 0, O, 0O, OJSEND

6.2.2 Procedures

If a polynomial representation (LNU = 2) has been used
to specify p(E), it is understood that this representation
is valid over any range in which the fission cross
section is specified (as given in Files 2 and 3). When using a
polynomial to fit p(E), the fit shall be limited to a third degree
polynomial (NC = 4). 1If such a fit does not reproduce the recom-

mended values of p(E), a tabulated form (LNU = 2) should be used.

1f tabulated values of p(E) are specified (LNU = 2),
then pairs of energy-y values are given. Values of p(E) should be
given that cover any energy range in which the fission cross section
is given in File 2 and/or File 3.

It is understood that the values of P(E) given in this

section are for the average total number of neutrons produced per

fission event, Even though another section (MT = 455) may be given,
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which specifies the delayed neutron from fission, Ty, the number
of delayed neutrons per fission must be included in the values of

U(E) given in this section (MT = 452).

6.3 Radioactive Decay Data (MT = 453)%*

If the material represents the nuclear data for a single nuclide,
then a section (MT = 453) may be given which specifies the radioactive
decay properties of this nuclide and the various reaction product
nuclides produced by neutron interactions. This section is given if
IDD = 1 in MT = 451 (see Section 6.1.1 of this report).
Data are given for the decay of the ground state(and/or any excited
state) of the original nuclide. For each original state, any number of
decay modes can be described that lead to different residual nuclides
and to different excited states of the residual nuclides. Also data
are given to specify the reaction products that' result from various
neutron reaction mechanisms. These data are given for neutron reactions
on the ground state and/or any excited state of the original nuclides.
One or more excited states of the reaction product nuclide may be given.
The following quantities are defined:
2A is the designation of the original nuclide (A = 1000.0%Z + A)
NS is the integer number of states of the original nuclide for
which radicactive decay and/or reaction product data are
given. (NS =< 5)

LIS designates the state of the original nuclide, 2A. (LIS = 0
means the ground state, LIS = 1 means the first excited
state, etc.)

LFS designates the state of the product nuclide. (LFS =0

means the ground state, LFS = 1 means the first excited

state, etc,)

*Note that this section describes the revised formats for radioactive decay
data. Recipients of ENDF/B-II data will be issued revised data sets that

will conform to these formats.,
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NPR is the number of product nuclides and/or product nuclide states
for which data is given for one state of the original nuclide.
(the sum of all product nuclide/states formed by spontaneous
decay and by neutron interactions)

RTYP is the designation of the reaction type leading to the described
product nuclide/state. (0.0 indicates spontaneous decay. All
other values of RTYP are floating point equivalents of MT numbers)

ZAP is the (Z,A) designation of the product nuclide (AP = 1000.0%Z + A)

DC is the decay constant (sec'l) for the decay of a particular state
of the original nuclide to a particular state of the product
nuclide. (DC is only given when RTIYP = 0.0, otherwise DC = 0,0)

EREL is the energy released (ev) by the decay of the original
nuclide (EREL is the total energy of the gamma ray(s) and/or
the particle(s) released by the decay. EREL = 0.0 when RTYP # 0.0)

Q is the reaction Q value (ev) (the kinetic energy released by (positive)
or required for (negative) a reaction )

ES(N) is the energy of the nth point (ev) at which branching ratios
are given, '

BR(N) is the branching ratio at the NtD energy point giving the fraction
of the original nuclide in a specified state that results in a
specified product nuclide state for a specified reaction. At
any particular energy point the sum of all branching ratios
for a specified RTYP must be 1.0.

NE is the number of energy points at which branching ratios are

given for a specified initial state.

6.3.1 Formats

The structure for this section always starts with a HEAD record

and ends with a SEND record. The section is divided into subsections and

each subsection contains the data for a particular state of the original

nuclide. The subsections are ordered according to LIS, i.e., the data for

the ground state (LIS = 0) of the original nuclide is given first.
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Each subsection contains two or more LIST records, i.e., there
will be (NPR + 1) LIST records. After the first LIST record (which
specified NPR) the LIST records are first ordered by increasing
values of RTYP. If there are more than two LIST records for the
same RTYP, then the LIST records are first ordered by increasing
values of ZAP (2A designation of the product nuclide) and then
by increasing values of IFS (product nuclide state designatiom).

The structure of a section is:

[MAT, 1, 453/2A, AWR; 0, O; NS, O] HEAD
< subsection for LIS = 0 (ground state) >

< subsection for LIS = 1 (first excited state)>

[ L L R

< subsection for LIS NS >

[MAT, 1, 0/0.0, 0.0; O, O; O, O ] SEND
The structure of a subsection is:

[MAT, 1, 453/%A, AWR; LIS, 0; NE, NPR/
ES(1), ES(2),==mm=mmmm=mmm-
------------------- , ES(NE)] LIST

[MAT, 1, 453/EREL, Q; LFS, 0, NE + 3, 0/
RTYP, ZAP; DC, BR(1), BR(2), BR(3)/
BR(4),====mmmmmmmmmecmmm BR(NE)] LIST

T e L

NPR such LIST records (of the second type)

Note that the first LIST record contains the set of enmergy points to
describe the branching ratios of all final states from the particular initial
state. Although this may lead to some superfluous zeros in the branching
ratio lists, it will assure proper normalization. Linear-linear interpolation

for branching ratios between the given energy points.
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6.3.2 Procedures

Data should be given in MT = 453 for all materials that are
single nuclides. Data should not be given for mistures of elements,
molecules, or elements that have more than one naturally occurring
isotope.

411 spontaneous decay modes of the ground state should be
described, Also, decay modes for the first few important excited
states (isomeric states) should be given if they have significant half-
lives (T1/2 > several seconds). When a particular state decays by two
or more modes, the decay constant for each mode must be given (not the
decay constant for all modes together). Therefore it may be necessary
to calculate the decay constants for each mode based on the observed
branching ratio. Also, note that giving the branching ratio as a function
of incident neutron energy for may not be meaningful.

When data are given to specify the residual nuclides formed
by neutron reactions (RTYP > 0.0), they should not be given for reactions
like the total cross sections (RTYP = 1.0) or the fission cross sections
(RTYP = 18.0).Branching ratio data refer to a particular reaction type
(RTYP). Therefore the sum of the branching ratios (at a particular
energy point) is unity only for a specified reaction type (RTYP).

There will be a natural overlap of the same data (decay of a
particular nuclide) being given in two or more different materials. It
is important that consistency be preserved in the data given in various
materials., Therefore, it is recommended that the current Chart of the
Nuclides be used as the basis for obtaining the decay chain data for

this section.

6.4 Fission Product Yield Data (MT = 454)%*

This section (MI=454) is provided to specify the incident
neutron energy-dependent fission product yield data and may be given if

LFP = 1 in the first section (MT = 451). A complete set of fission

#This section specifies the revised formats for fission product yield data.



-6.12-

product yield data is given for a particular incident neutron energy. Data
sets are then given at sufficient incident energies to completely specify

yield data for the enmergy range given for the fission cross section (as
determined from Files 2 and/or 3). The data are given by specifying fission
product identifiers and fission product yields. Fractional yields are given,
and the sum of all fractional yields for any particular incident neutron energy
will be approximately 2.0.

The fission products are specified by giving an excited state
designation (FPS) and a (charge, mass) indentifier (ZAFP). Thus, fission
product nuclides are given, not mass chains. More than one (Z,A) may be
used to represent the yields for a particular mass chain.

The following quantities are defined:

NFP is the number of fission product nuclide states to be specified at each
incident energy point (this is actually the number of sets,
fission product identifiers- fission product yields). (NFP < 150) .
ZAFP is the (2,A) identifier for a particular fission product.
(2AFP = 1000.0%Z + A).
FPS is the state designator (floating point number) for the fission
product nuélide (FPS = 0.0 means the ground state, FPS = 1.0 means
the first excited state, etc.).
YLD is the fractional yield for a particular fission product.
Cn(Ei) is the array of yield data for the ith gpergy point. This array
contains NFP sets of three parameters given in the order: RZAFP, FPS, YLD.
is equal to 3*NFP, the count of the number of items in the Cp(Ej) array.

is the incident neutron energy of the ith point(eV).

& & |=

is a test to determine whether energy-dependent fission product yields are

given:

LE = 0, implies no energy-dependence (only one set of fission product
yield data given);

LE > 0, means that (LE + 1) sets of fission product yield data are given
at (LE + 1) incident neutron energies.

Ij is the interpolation scheme to be used between the Ei.] and E; energy

points (see details on interpolation scheme in Appendix E).
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6.4.1 Formats
The structure of a section always starts with a HEAD record and
ends with a SEND record. Sets of fission product yield data are given for
one or more incident neutron energies. The sets are ordered by increasing
neutron energy. For a particular neutron energy the data are presented by
giving three parameters (FPS, ZAFP, YLD) for each fission product state.
The data are first ordered by increasing values of ZAPF. If more than one
yield is given for the same (Z,A), then the data are ordered by increasing
value of the state designator (FPS).
The structure for a section is:
[MAT, 1, 454/A, AWR, LE + 1, 0, 0, OJHEAD
[(MAT, 1, 454/E1, 0.0, IE, 0, N1, NFP/Cn(E1)]LIST
(MAT, 1, 454/Ep, 0.0, I, 0, N1, NFP/Cp(E2)]LIST
(MAT, 1, 454/E3, 0.0, 13, 0, N1, NFP/Cp(E3)]LIST

(mMAT, 1, 0/0.0, 0.0, O, 0, 0, OJSEND
There are (LE + 1) LIST records.

6.4.2 Procedures

The data sets for fission product yields should be given over the
same energy range as that given in Files 2 and/or File 3 for the fission cross
section. The yields are given as fractional values at each energy, and normally
they will sum to approximately 2.0.

This format provides for the yields (YLD) to each excited state (FPS)
of the nuclide designated by ZAFP, and hence accommodates the many metastable
fission products which have direct fission yields. Data may be given for ome
or more fission product nuclide states to represent the yield for a particular
mass chain. If yield data are given for more than one nuclide for a particular
mass chain, then it is understood that the yield for the lowest 2 (charge) nuclide
state for this mass chain should be a cumulative fractional yield, and all other
yields for this same chain should be direct fractional yields,

Yields for the same fission product nuclides should be given at each
energy point. This will facilitate interpolation of yield data between incident

energy points. Also, a linear-linear interpolation scheme should be used.
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6.5 Delayed Neutron Data (MT = 455)

This section is provided to contain a description of the
delayed neutrons that result from fission events. 1In this section the
average total number of delayed neutron precursors emitted per fission,
ﬁd, are given along with the decay constants, A; for each of the precursor
families. The fraction of ;d that is generated for each precursor's family
is given in File 5 (Section 10 of this report). Also, the energy distri-
butions of the secondary neutrons that are associated with each precursor

family are given in File 5,

The total number of delayed neutron precursors are given as a
function of incident neutron energy. Two representations are provided
to specify the energy-dependence. These representations are the same as
are used in this File, (MT = 452)Jto describe the average total number of
neutrons produced per fission event (see Section 6.2). The incident
energy-dependence may be specified by tabulating EE(E) at a series of
incident neutron energies or by providing the coefficients of a poly-

nomial expansion in energy.

The total number of delayed neutron precursors emitted per
fission event, at incident energy E, is given in this File and is defined
as the sum of the number of precursors emitted for each of the pre-
cursor's families,

NNF

v (E) = E v; ()

i=1

where NNF is the number of precursor families. The fraction of the
total, p;(E), emitted for each family, is given in File 5 (see

Section 10), and is defined as
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6.5.1 Formats

The structure of a section depends on whether ZE(E) is
tabulated as a function of incident energy or is given as coeffi-
cients of a polynomial expansion in energy. In the case that a
polynomial is used, ;d(E) is defined as

NCD

vy(E) = Z CDmém-l) .

m=1

The following quantities are defined:

LND is a test that indicates which representation is used:
LND = 1, means that a polynomial expansion is used;

LND = 2, means that a tabulated representation is used.
NCD is the number of terms in the polynomial expansion. (NCD < 4),.
are the coefficients for the polynomial.
NR is the number of interpolation ranges used.

NP is the total number of incident energy points used to represent

Ed(E) when a tabulation is used.

E is the interpolation scheme (see Appendix E for details

int

about interpolation schemes).

;d(E) is the total average number of delayed neutron precursors

formed per fission event.

i e number recursor milie nsidered.
NNF is th mb of sor's families considered

Am is the decay constant(sec~1) for the mth precursor,
The structure of a section when a polynomial representa-

tion has been used (LND = 1) is:

[MAT, 1, 455/ ZA, AWR, O, LND, O, OJHEAD

[MAT, 1, 455/0.0, 0.0, 0, O, NNF, 0/x1, Az,...ANNF]LIST
[mT, 1, 455/0.0, 0.0, 0, 0, NCD, 0/CDy, €Dy, ...CDycpILIST
[MAT, 1, 0 /0.0, 0.0, O, O, 0, OJSEND
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The structure of a section when values of 3d are

tabulated (LND = 2) is:

[MAT, 1, 455/ ZA, AWR, 0, LND, O, O]HEAD LND = 2
[MAT, 1, 455/ 0.0, 0.0, 0O, 0, NNF, 0/x15 Ag,...ANNF]LIST
[MAT, 1, 455/ 0.0, 0.0, 0, 0, MR, NP/Eint/Ed(E)]TABl
[MAT, 1, 0 /0.0, 0.0, 0, 0, O, 0]SEND

6.5.2 Procedures

When the polynomial representation is used (LND = 1),
it is understood that the calculated values of Ud(E) may be used
over any range in which the fission cross section has been given
in Files 2 and/or 3. When tabulated values of Ud(E) are specified,
they should be given for the same energy range as is used to specify

the fission cross sections.

The probability of producing the precursors for each
family and the energy distributions of neutrons produced by each
precursor family are given in File 5 (Section 10 of this report).
It is extremely important that the same precursor families he
given in File 5 as are given in File 1 (MT = 455), and the families

should be ordered the same in both files. It is recommended that

the families be ordered by decreasing half-lives (Al <Ay < een < )NNF)'

A B N R -

. — i i astn, . S

—



-7.1~

7. FILE 2, RESONANCE PARAMETERS

7.1 General Description

File 2 contains data for both resolved and unresolved resonance
parameters. There is only one section in this File, and this section has

been assigned the reaction type number MT = 151. The total (MT = 1),

elastic scattering (MT = 2), fission (MT = 18), and radiative capture

(MT = 102) cross sections given in File 3 must be added to contributions

that are calculated from the resolved and/or unresolved parameters given

in File 2 in order to obtain the correct reaction cross sections,

Every material will contain a File 2 even though no resolved
and/or unresolved parameters are given. The purpose of a File 2, for
those materials where no resonance parameter data are given, is to specify
the effective scattering radius for the material. This scattering radius
(to be used to obtain the potential scattering cross section) is required

when resonance calculations are made for other materials and the presence

of this material, i.e., the potential scattering cross sections, must be

taken into consideration during analyses of the other materials.

The resonance parameter data for a material
fying the parameters for each isotope in the material. The data for the
various isotopes are ordered by increasing ZAI values (charge-isotopic
mass number). The data for each isotope may be divided into several in-
cident neutron energy ranges, and the data for the energy ranges are
ordered by increasing energy. The energy ranges should not
overlap one another. Each energy range will contain a different repre-
sentation of the resonance parameters. Normally two energy ranges will
be specified for each isotope., The first energy range will contain

resolved parameters and the second, unresolved resonance parameters,

Several representations are allowed for specifying the re-
solved resonance parameters, The particular representation that has been

used for a particular energy r:nge is indicated by a flag, LRF.
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The allowed representations for the resolved resonance parameters are:

LRF = 1, means single-level Breit-Wigner parameters

given;

LRF = 2, means multilevel Breit-Wigner parameters are
given (level-level interference effects are
considered for the elastic scattering cross

section and the total cross section);

LRF = 3, R-matrix (Reich-Moore) multilevel resonance
parameters are given;
LRF = 4, Adler-Adler multilevel resonance parameters are

given.

The data formats for each of the above representations are es-
sentially the same, except for the format for the Adler-Adler multilevel

parameters,

Each energy range contains a flag, LRU, that indicates whether
the parameters in this energy range are resolved or unresolved resonance
parameters., The flag LRU = 1 means that the data are for resolved reso-
nance parameters. The flag LRU = 2 means that the data are for unresolved

resonance parameters.

There is only one representation allowed for the unresolved
resonance parameters, e.g., average single-level Breit-Wigner resonance
parameters. However, several options exist for specifying the unresolved
parameters. Using the first option LRF = 1, only the average fission
width is allowed to be specified as a function of incident neutron energy.
The second option LRF = 2 allows the following average parameters to be

given as a function of incident neutron energy: level spacing, fission width,
reduced neutron width, radiation width, and a width for an unspecified

competitive reaction.
The data formats for the various resonance parameter representa-

tions are given below in Sections 7.2.1 (resolved) and 7.3.1 (unresolved).
The formulae for calculating cross sections for the various resonance

region theories are given in Appendix D.

Several quantities used in File 2 have definitions that are
the same for all resonance parameter representations. These are given

below:

P A ——
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NIS is the number of isotopes in this material. (NIS < 10).
ZAI is the (Z,A) designation for an isotope.

ABN is the abundance (weight fraction) of an isotope in this

material.

LFW is a flag that indicates whether average fission widths

are given in the unresolved resonance region for this
isotope:
LFW = 0, means average fission widths are not given;
LFW = 1, means average fission widths are given.

NER is the number of energy ranges given for this isotope.
(NER =< 2)

EL is the lower limit for an energy range.*

EH 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 = 1, means resolved resonance parameters
are given;

LRU

2, means unresolved resonance parameters
are given.

LRF is a flag indicating which representation has been used
for this energy range. The definition of LRF depends
on the value of LRU for this energy range:
if LRU = 1 (resolved parameters), then

LRF = 1, Single-level B-W parameters
LRF = 2, Multilevel B-W parameters
LRF = 3, Reich-Moore parameters

LRF = 4, Adler-Adler parameters

if LRU = 2 (unresolved parameters), then

LRF = 1, only average fission widths are
energy-dependent

, average level spacing, competitive
reaction widths, reduced neutron
widths, radiation widths, and
fission widths are energy-dependent.

LRF 2

*These energies are the limits to be used in calculating cross sections from
the parameters., Resolved resonance levels may (of necessity) be outside of

the limits,for example, bound levels).



.

The general structure of a section is as follows:

[MAT, 2, 151/ ZA, AWR, O, 0, NIS, OIHEAD
[MAT, 2, 151/ zZAI, ABN, 0, LFW, NER, O]C@NT (isotope)
[MAT, 2, 151/EL, EH, LRU, LRF, 0, O]CONT (range)
<Subsection for the first energy range for the
first isotope (depends on LRU and LRF)>
[MAT, 2, 151/ EL, EH, LRU, LRF, 0, 0JCONT (range)

<Subsection for the second energy range for
the first isotope (depends on LRU and LRF)>

[MAT, 2, 151/EL, EH, LRU, LRF, 0, 0 ]C@NT (range)

<Subsection for the last energy range for
the last isotope for this material>

[MAT, 2, 0 /0.0, 0.0, O, 0, 0, 0]SEND
The data are given for all ranges for a given isotope, and then for all
isotopes. The data for each range start with a C@NT (range) record.
The data for each isotope start with a C@NT (isotope) record. The speci-

fications for the subsections are given in Sections 7.2.1 and 7.3.1, below.

The structure of File 2 for the special case, in which just
the effective scattering radius is specified, is given below (no resolved

or unresolved parameters given for this material):

[MAT, 2, 151/ ZA, AWR, O, 0, NIS, OJHEAD NIS = 1

[MAT, 2, 151/ ZAI, ABN, O, LFW, NER, O]JCANT  LFW = 0, NER = 1
(MAT, 2, 151/EL, EH, LRU, LRF, 0, O]C@NT LRU = 0, IRF = 0
[MaT, 2, 151/ SPI, AP, 0, 0, NLS, 0]JCANT NLS = O

[mMaT, 2, 0 /0.0, 0.0, 0, 0, 0, O0]SEND

[MAT, 0, 0 /0.0, 0.0, 0, 0, o0, O]FEND
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7.2 Resolved Resonance Parameters (LRU = 1)

7.2.1 Formats

Four different resonance formulations are allowed to
represent the resolved resonance parameters. The pertinent formulae
associated with these representations are given, in detail, in
Appendix D. The flag LRU = 1, given in the CPNT (range) record,
indicates that resolved resonance parameters are given for a parti-
cular energy range. Another flag, LRF, in the same record specifies

which resonance formulation has been used.

The structure of a subsection is the same for LRF = 1
(single-level Breit-Wigner parameters) as it is for LRF = 2 (multi-
level Breit-Wigner parameters). The following quantities are defined

for use when ILRF = 1 and 2:

Resolved Resonance Parameters If LRF = 1 (SLBW) and LRF = 2 (MLBW)

SPI is the nuclear spin of the target nucleus, I.

AP is the spin-dependent effeigive scattering radius Ay (for
spin-up) in units of 10""“cm. AP is also given for
the case of spin independence.

AM is the spin-dependent effective scattering radius, A_
(for spin-down). AM = 0.0 for spin independence.

NLS is the number of sets of resonance parameters given in
this energy region. A set of parameters is given for
each f-state (neutron angular momentum quantum number).
(NLS < 3).

L is the value of the f-state (neutron angular momentum quantum number).

AWRI is the ratio of the mass of a particular isotope to
that of a neutron.

NRS is the number of resolved resonances for a given
f~-state. (NRS < 500).

ER is the resonance energy (in the laboratory system).

AJ is the floating point value of J (the spin of the
resonance).

GT is the resonance total width T evaluated at the
resonance energy ER.
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GN is the neutron width T}, evaluated at the resonance
energy ER.

GG is the radiation width I& evaluated at the resonance
energy ER.

GF is the fission width I% evaluated at the resonance
energy ER.

The structure of a subsection. containing data for (LRU = 1-and
LRF = 1) or (LRU = 1 and LRF = 2) isf
[MAT, 2, 151/8PI, AP, 0, 0, NLS, 0] C@NT
[MAT, 2, 151/AWRI, AM, L, 0, 6*NRS, NRS/
ER[, AJy, GT}, GNy, GGy, GFq,
ERp, AJp, GTy, GNp, GG,, GFy,

o e e e e e e

ERyrs» AJygs: GTyrss GNypss GGyrgs GFyrgILIST

The LIST record is repeated until each of the NLS {-states has
been specified(in order of increasing value of 7). The values
of ER for each {-state shall be ordered by increasing neutron

energy.

The structure for a subsection, when R-Matrix (Reich=-Moore)
multilevel parameters are given (LRF = 3), is similar to that
given above. The major difference is that the total resonance
widths are not given and two fission widths are allowed for each
resolved resonance. The quantities that are defined for use when

LRF = 3 are given below:

Resolved Resonance Parameters
If LRF = 3 (Reich-Moore multilevel parameters)

SPI is the spin of the target nucleus I.

AP = Ay is the spin-up effective scattering radius in
units of 107 *“cm.

AM = A_ is the spin-down effective scattering radius in

units of 10712¢m, AM = 0.0 for spin independence.
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NLS is the number of /-states considered. A set of
resolved resonance parameters is given for each
2-state. (NLS < 3).

L is the value of the /-state (neutron angular momentum quantum number).

AWRI is the ratio of the mass of a particular isotope to
that of a neutron.

NRS is the number of resolved resonances for a given
f-state. (NRS < 500).

ER is the resonance energy (in the laboratory system).

AJ is the compound nucleus spin, J (the spin of the
resonance) .

GN is the neutron width Ih evaluated at the
resonance energy.

GG is the radiation width I; evaluated at the
resonance energy.

GFA is the first partial fission width for Reich-Moore parameters.

GFB is the second partial fission width for Reich-Moore parameters.
GFA and GFB are signed quantities; their signs being determined
by the relative phases of the width amplitudes in the two
fission channels.

The structure of a subsection when LRU = 1 (resolved parameters) and

LRF = 3 (Reich-Moore multilevel parameters) is:

[MAT, 2, 151/ SPI, AP, O, 0, NLS,  0]C@NT

[MAT, 2, 151/ AWRI, AM, L 0, 6*NRS, NRS/
ER;, AJ], GNj, GGy, GFAj, GFB,,
ER2, AJp, GNp, GGy, GFAy, GFBy,

ERyrs> AJnRg» ONyrgs GGNRs> GFAngs, GFBypgLIST

The LIST record is repeated until each of the NLS 4-states has been
specified in order of increasing value of f. The values of ER for

each /-state are ordered by increasing value of ER.
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Resolved Resonance Parameters
If LRF = 4 (Adler-Adler multilevel parameters)

LI is a flag to indicate the kind of parameters given:
if LI total widths only*

fission widths only*

total and fission widths*
radiative capture widths only*
total and capture widths

fission and capture widths

total, fission, and capture widths,

Il
~Noun P wn e
A I T . I I

]

NX is the count of the number of sets of background constants
to be given, There are six constants per set, Each set refers
to a particular cross section type. The background correction
for the total cross section is calculated using the six
constants in the following manner:

2 3
(background) = C(ATI + ATZ/E + AT3/E + AT4/E
2
*
+ BTl*E + BT,*E )/\}E
where C = n X2 = 5/k2 and k = 2.19677 x 10-3 (AWRI )JE(eV)

O

AWRT + 1.0
The background terms for the fission and radiative capture
cross sections are calculated in a similar manner.

if NX

2, background constants are given for the total and
capture cross sections :

3, background constants are given for the total, capture,
and fission cross sections,

AJ is the floating point value of J (the spin of the resonance).

is the value of the f - state (neutron angular momentum
quantum number),

NLS is the count of the number of {- states for which parameters
will be given (NLS < 3).

NJS is the number of sets of resolved resonance parameters (each
having the same J state) for a specified £ - state.

NLJ is the count of the number of levels for which parameters will
be given (each level having a specified AJ and L),

*Reserved for use in ENDF/A only.



AT,

=759

is the spin of the target nucleus,

is the ratio of the mass of a particular isotope to that of
the neutron,

is the spin-dependent effective scattering radius, A+ (for
spin-up) in units of 10 cm,
AP is also given for the case of spin independence.

is the spin-dependent effective scattering radius, A_ (for
spin-down)., AM = 0,0 for spin independence,.

AT,, AT3, AT,, BT,, BTy are the background constants for the

AF

total cross section,

AFZ’ AF4, AF,, BFy, BF, are the background constants for the

2

ACq,

fission cross section,.

ACZ’ AC4, AC4’ BCl, BC, are the background constants for the

2

DET,,

DEF.

DEC

DWT

DWF

DWC

radiative capture cross sectionm,

is the resonance energy (the nth level) for the total cross
section,

is the resonance energy (the nth level) for the fission
cross section,

is the resonance energy (the nth level) for the radiative
capture cross section,

is the value ofT'/2, (v), used for the total cross section
(for the nth level).

is the value ofI'/2, (), used for the fission cross section
(for the nth level),

is the value ofT'/2, (v); used for the radiative capture
cross section (for the nth level),
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GRT,, is the symmetrical total cross section parameter (for the nth level).

GIT  is the asymmetrical total cross section parameter (for the nth level).

GRF_ is the symmetrical fission parameter (for the nth level),

GIF, is the asymmetrical fission parameter (for the nth level).

GRC, is the symmetrical capture parameter (for the nth level),

GIC, is the asymmetrical capture parameter (for the nth level),

The structure of a subsection containing data for (LRU = 1 and
LRF = 4, Adler-Adler multilevel parameters) 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, 0 CoNT]
[vaT, 2, 151/AWRI, 0.0, LE; 0, 6% NX, NX/

AT1, . AT2, ATy,  AT,, BT, BT,

AFl e R e e » BF2

AC , =mmmmmmmmeeeeeeeeeeos ,  BC, LIST]
[vaT, 2, 151/0.0,7 0.0, L, 0, NJS,  O]c@NT{4)
[MaT, 2, 151/AJ, AM, 0, 0, 12%NLJ, NLJ/

DETy, DWIy, GRTj, GIT , DEFj, DWFy,
GRFy, GIFy, DEC;, DWGj, GRCj, GICq,

The last LIST record is repeated for each J-state (there will be
NJS such LIST records). A new CONT £ record will be given which will
be followed by NJS LIST records. Note that if NX = 2 then the quantities
AFy,----, BF, will not be given in the first LIST record. Also, if
LI # 7 then certain of the parameters for each level may be set to zere,
i.e., the fields for parameters not given (depending on LI) will be set
to zero,

Since the format has no provision for giving the Adler-Adler parameters for
the scattering cross-section, it is to be obtained by subtracting the sum of
capture and fission cross-sections from the total cross section.



-7.11-

7.2.2 Procedures
For certain resonances the value of £ is known but the
resonance spin state J is not. In this case an average value of J
and the corresponding average value of the statistical weight
factor g5 should be used. gj =(24 + 1)/N, where N is the number

of possible combinations of £ and S (the channel spin).

The upper (EH) and lower (EL) energy limits of an energy
range indicate the energy range of validity for the given para-
meters for calculating cross sections. OQOutside of this energy
range the cross sections must be obtained from the parameters given
in another energy range and/or from data given in File 3. Therefore,

it is sometimes necessary to give parameters whose energies lie

outside of a specified energy range in order to accurately give the
cross section for neutron energies that are within the energy range.
(For example, the inclusion of bound levels may be required to

predict the correct cross sectiom.)

For materials that contain more than one isotope, it is
recommended that the lower energy limit of the resolved resonance
region be the same for all isotopes. Also, for these materials
it is recommended that the upper energy limit for the unresolved
resonance range be the same for all isotopes. If resolved and/or
unresolved resonance parameters are not given for all of the
naturally occurring isotopes, some data should be given for the
other isotopes. 1In particular, AP should be given for each of

these isotopes.

If more than one energy range is used to describe the
resonance parameters for any given isotope, it is recommended that
the energy ranges be contiguous and that the energy ranges not
overlap. Tt is further recommended that the data for each isotope
be divided into two energy ranges: one for resolved resonance para-

meters and the other for unresolved resonance parameters.
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7.3 Unresolved Resonance Parameters (LRU = 2)

7.3.1 Formats

There is only one representation of the unresolved reso-
nance parameters allowed (see Appendix D for pertinent formulae),
There are, however, several options available for specifying the

average properties of the resonances.

The parameters given are for the single-level Breit-Wigner
formula with interference, and they depend on both 4 (neutron
angular momentum) and J (compound nucleus spin) states. The widths
are distributed according to a chi-squared distribution with a
specified number of degrees of freedom. The number of degrees of
freedom may be different for neutron and fission widths and for

different (£,J) states.

The following quantities are defined for use in specifying
unresolved resonance parameters (LRU = 2):
SPI is the nuclear spin I of the target nucleus.
A is the effective scattering radius in units of 10" 12¢m,

NE is the number of energy points at which energy-dependent
widths are tabulated. (NE < 250).

NLS is the number of {-states given. (NLS < 3).

ES(N) is the energy of the Nth
dependent widths.

point used to tabulate energy-

L is the value of £ (neutron angular momentum quantum number).

AWRI is the ratio of the mass of the particular isotope
to that of the neutron.

NJS is the number of J-states for a particular {-state, (NJS < 6).
AJ is the floating point value of the J-state.

D is the mean level spacing for a particular J-state.
(This value is energy-dependent if LRF = 2.)

AMUX is the number of degrees of freedom used in the competitive
width distribution. (If an actual value is not known
or is extremely large, set AMIK = 0.0.)

AMUN is the number of degrees of freedom used in the neutron
width distribution. (AMUN < 2.,0).
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AMUG is the number of degrees of freedom used in the radia-
tion width distribution. (If this value is not known
or is extremely large, set AMUG = 0.0.)

AMUF is the number of degrees of freedom used in the fission
width distribution. (AMUF < 4.0).

MUF is the integer value of the number of degrees of freedom
for fission widths. (MUF < &4).

INT is the interpolation scheme to be used for interpolating
the resonance parameters (normally, INT = 1).

GNO is the average reduced neutron width. This value is
energy-dependent if LRU = 2,

GG is the average radiation width. This value is energy-
dependent if LRU = 2,

GF is the average fission width. This value may be energy-
dependent.

GX is the average competitive reaction width.
The structure of a subsection depends on whether LRF = 1
or LRF = 2, If LRF = 1, only the fission widths can be given as a
function of neutron energy. If LRF = 1 and the average fission
widths are not given (as indicated by LFW = 0), then a simple form
of the unresolved resonance parameters is given. If LRF = 2, the
energy-dependent average values may be given for the level density, a com-

petitive reaction width, reduced neutron width, radiation width, and fission

widths. Therefore, there are three different formats that are

considered,

If LFW = 0 (fission widths not given).

—_—

LRU = 2 (unresolved parameters).

IRF = 1 (all parameters are energy-independent).

I

The structure of a subsection is:

[MAT, 2, 151/ SPI, A, 0, 0, NLS, O]C@NT

[MAT, 2, 151/AWRI, 0.0, L, 0, 6*NJS, NJS/
D1, AJy, AMUN 1> GGy, 0.0
Dy, AJy, AMUN,, GNOj, GGy, 0.0

Dyys® Alyygs AMUNyjo, GNOyje, GGpjgs 0.0]LIST
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The LIST record is repeated until data for all f=-states have been

specified.

If LFW

I

LRU

LRF

1 (fission widths given) .

2 (unresolved parameters).

are energy-independent).
The structure of a subsection is:

[MAT, 2, 151/ SPI, A,
ES;, ESy,
ey LY

[MaT, 2, 151/ AWRI, 0.0,

[MAT, 2, 151/0.0, 0.0,
D, AJ,
GFy, GFyp,

® 3 .y

0, O,
BSys s
ay vy
L, O,
L, MUF,

NE, NLS/
. =
ESyp  JLIST
NJS, O7]C@NT
NE+6, 0/

AMUN, GNO, GG, 0.0,

GF3: *

o G

*> *>

JLIST

1 (only fission widths are energy-dependent; the rest

(1)

The LIST record is repeated until the data for all J-states have been

specified for a given {-state. A new C@NT ({) record is then given,

and NJS LIST records are given to specify data for all J-states.

The structure is repeated until all [-states have been specified.

IF LFW = 0 or 1 (does not depend on LFW),
LRU = 2 (unresolved parameter@ .
LRF = 2 (all energy-dependent parameters) .

The structure of a subsection is:

[MAT, 2, 151/ SPI, A,
[MAT, 2, 151/ AWRI, 0.0,
[MAT, 2, 151/AJ, 0.0,

0, 0,
T 0,
INT, O,

NLS,
NJS,
(6%NE)+6,

AMUX, AMUN, AMUG,

GGy,

GGy,

07]C@NT
0]C@NT (1)
NE /

AMUF,

GF,,

GF9,

P i S e T ]

0.0, 0.0,
E;, Di,
Ey, Dy,
By Dy

GFyp 1LIST
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The LIST record is repeated until all of the NJS J-states have been
specified for a given [-state. A new CPNT () record is then given,
and all data for each J-state for that Z-state are given. The

structure is repeated until all {-states have been specified.

7.3.2 Procedures

The number of degrees of freedom for the distribution of
the competitive reaction width (AMUX)'and radiation widths (AMUG)
may be meaningless or they may be extremely large. If AMUX
and/or AMUG are zero, this is a flag that indicates the number of
degrees of freedom is extremely large. The average competitive
reaction width is given (LRF = 2) to account for all unspecified
competitive reactions, i.e., other than scattering, capture, and

fission.

Up to 250 energy points are allowed for giving energy-
dependent average parameters. These data should allow for average
cross sections to be computed that show any gross structure in the
reaction cross sections. The unresolved resonance parameters
should be provided for neutron energy regions where temperature or
resonance self-shielding effects are important. Therefore, it is
recommended that the unresolved resonance region extend up to at

least 20 keV.

When preparing data for the unresolved resonance region,
it is important that a consistent set of definitions be used in
obtaining unresolved resonance parameters. These definitions are
given in the Glossary (Appendix A) and the resonance region
formulae (Appendix D). In particular, it should be noted that

the neutron penetrability, V,(p), is defined as

Il

Vo(p) =1 for 7
V(o) = p%/(1 + 0% for £
Vo (p) p4/(9 + 392 + p4) for 2

0 neutrons (s-wave)

1 neutrons (p-wave)

2 neutrons (d-wave)
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and p = ka.

The wave number of the neutron in the center-of-mass

system is:

_ AWRI ' -3
k = 2.,19685 (%Kﬁiff;—fjia’VE(ev) x 10

"a'" is the radius that is used in calculating the penetration,

and

shift, and hard-sphere phase factors,

1/3

a = [l.23awRD)3 + 0.8] x 1071

v ies 58 10” e,

— - R .
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8. FILE 3, NEUTRON CROSS SECTIONS

8.1 General Description

Neutron cross sections, such as the total cross section, elastic
scattering cross section, radiative capture cross section, are given in
File 3. Also, certain derived quantities are given in File 3. These data
are given as a function of energy, E, where E is the incident neutron
energy (in eV) in the Laboratory system. The data are given as energy-
cross section (or derived quantity) pairs. An interpolation scheme is
given that specifies the energy variation of the data for neutron energies
between a given energy point to the next higher energy point.

File 3 is divided into sections, with each section containing the data
for a particular reaction type (MT number). The sections are ordered by
increasing reaction type numbers. A complete list of reaction type numbers
(MT's) and their definitions are given in Appendix B.

The neutron cross sections (or derived quantities) are given in one or
more energy ranges, Within any one energy range the interpolation scheme
is unchanged. The interpolation scheme may change from one energy range

to another energy range.

8.2 TFormats
File 3 is made up of sections where each section gives the neutron
cross sections (or derived quantities) for a particular reaction type (MT
number). Each section always starts with a HEAD record and ends with a
SEND record.

The common variables that are used in this File and other Files have
been defined in Section 5.1 of this Report and in the Glossary (Appendix A).
For File 3 the following quantities are defined:

LIS is an indicator that specifies the initial state of the target
nucleus (for materials that represent nuclides).
LIS = 0: The initial state is the ground state.
= 1: The initial state is the first excited state (generally
the first metastable state).
= 2: The initial state is the second excited state.
etc.
LFS is an indicator that specifies the final excited state of
the residual nucleus produced by a particular reaction,
LFS has the following values:
LFS = 0: The final state is the ground state
= 1: The final state is the first excited state

(con't on next page)
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LFS = 2: The final state is the second excited state

LFS= 98: An unspecified range of final states

99: All final states

Q is the reaction Q-value (eV).

T is the temperature (°K).

LT

E.

int
(For details, see Section 4.3 of this Report.)

is a flag to specify whether temperature-dependent data are
given. T and LT are normally zero. Details on temperature-
dependent data are given in Appendix F.

is the number of energy ranges that have been given. A
different interpolation scheme may be given for each

range. (NR < 10).

is the total number of energy points used to specify the
data. (NP < 5000).

is the interpolation scheme for each energy range.

g(E) is the cross section (barns)for a particular reaction type

at incident energy point, E, in (eV). Data are given in

energy-cross section pairs.

The structure of a section is:

[MAT, 3, MT/ZA , AWR, LIS, LFS, 0 , O]HEAD

[MAT, 3; MT/T ; @ , LTy 0 4 NR, NP/Eint/o(E)]TABl
[mAT, 3, 0 /0.0, 0.0, O, O, O, O]SEND

Procedures

8.2.1 Reaction Types to Be Included

A complete list of possible reaction types and their definitions

is given in Appendix B. Cross sections for all reaction types that are not

zero or negligibly small should be given in File 3. Data for the reactions

listed below should be given, if applicable.

MT

-D-Mr—ﬂl

16
17

Reaction

Total cross section
Elastic scattering cross section

Inelastic scattering cross section (total)

(n,2n) cross section

(n,3n) cross section

(con't on next page)
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MT Reaction

18 Fission cross section

51 Inelastic excitation cross section for the lst level
52 " " " mn " " 2nd 1eve1
90 11 1 1 11 n " aoth 1eve1
91 1 n " " n " conti_nuum
102 (n,y) radiative capture cross section

103 (n,p) cross section

104 (n,d) " "

105 (n,t) " n

106 (n,He®) " "

107 (n,CY) " "

108 (H,Z(y) " "

251 ‘uLab

252 £

253 v

An initial state designator is defined in the HEAD record for each
section. This flag has been added to facilitate the specification of
certain cross sections for important metastable states (for example, the

148m). Therefore, two or more sections may

(n,”) cross section for Pm
be given for the same reaction type (MT number). In this case the sections
will be ordered by increasing state number (ground state data will be given

first).
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8.2,2 Relationship Between File 3 and Other Files

If File 2 (Resonance Data) contains resolved and/or
unresolved resonance parameters, then in order to obtain the radia-
tive capture cross section (MT = 102), fission cross section (MT = 18),
and elastic scattering cross section (MT = 2), the cross sections
calculated from the resolved or unresolved resonance parameters must
be added to the appropriate data given in File 3. ‘The contributions
from File 2 and File 3 must be added together to obtain the correct
cross sections for neutron energies within the energy ranges specified
for the resolved and/or unresolved resonance parameters. For this
case, the cross sections given'‘in File 3 may contain, for example,
corrections (background cross sections) to take into account multi-
level interference effects that were apparent in the experimental
data where it was not possible to comstruct a set of resonance

parameters that adequately fit the measured data.

There will be some materials that do not have resonance
parameters. However, these materials will have a scattering length
given in File 2. This scattering length is intended to be used to
calculate the potential elastic scattering cross section that is
then used in the calculation of resonance self-shielding effects in
other materials. For these materials the elastic scattering cross
section given in File 3 must not be added to this potential scat-
tering cross section, since the File-3 data for these materials

comprise the entire scattering cross section.

Double-valued points (discontinuities in the cross
sections) are allowed anywhere in File 3. It is recommended that
double-valued points always be given at the lower and upper energy

limits of the resolved and unresolved resonance region.

To obtain absolute values for differential (in angle)
scattering cross sections, the data in File 4 have to be combined
with the cross sections for the corresponding MI number given in

File 3. The File 4 data (see Section 9) may be given as either

EEET—— -
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tabulated normalized probability distributions, p(u,E), or Legendre

polynomial expansion coefficients, fﬂ(E).

Note that the derived quantities 7y ., £, and y may be calcu-
lated entirely from File 4 angular distribution data for elastic

scattering. These data are included in File 3 for convenience.

Secondary energy distributions are expressed as normalized
probability distributions and are given in File 5. The differen-
tial (in secondary energy) cross sections for a reaction of a
particular type are obtained by multiplying the normalized proba-
bility distribution by the corresponding (same MI number) cross
section, o(E), given in File 3. An exception is the data for in-
elastic scattering to various levels and the continuum. In this
case only the secondary energy distribution for the continuum is
to be found in File 5. The excitation cross sections for discrete
levels are given in File 3, and the angular distributiors for these
secondary neutrons are given in File 4; therefore, the secondary

neutron energies are uniquely defined.

Absolute values for the double differential (in secondary
energy-angle) scattering cross sections may be obtained by com-
bining the data given in File 6 and the cross sections given in

File 3.

8.2.3 Suggestions for Preparing Data for File 3

The limit on the number of energy points (NP) to be
used to represent a particular cross section is 5000 It is rec-
ommended that the evaluator not use more points than are necessary
to represent the cross section accurately. Also, a limit of 10

must be adhered to for the number of interpolation regions (NR).

Cross section data for non-threshold reaction types
should cover «t least the energy range from 1072 eV to 15 MeV.

For shielding materials an upper energy limit of 20 MeV should be

*Note that at the present time some processing codes,such as the
CHECKER, will only handle 3000 points,
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used for data in File 3. For other reactions the cross section
data should start at the reaction threshold energy (and have a
value of 0.0 at this energy) and continue up to either 15 or 20 MeV.
For non-threshold reactions a cross-section value should be given
at an energy point of 0.0253 eV.

The reaction Q-value is defined as the kinetic energy
(eV) released by (positive) or required for (negative) a reaction.
For a reaction having a threshold, the threshold energy Eth is

given by

AWR + 1
Eih =( AWR )]Q}

where AWR is the atomic mass ratio given on the HEAD card of each

section,

For a material which is a mixture of several isotopes,
the Q-value is not uniquely defined. The threshold energy would
pertain to the particular isotope that contributes to the cross
section at the lowest energy.

The total cross section should, as a minimum, be given at
every energy point at which at least one partial cross section is given.
This will allow the partial cross sections to be added together and
checked against the total cross section for any possible errors. In cer-
tain cases more points may be necessary in the total cross section
over a given energy range than are required to specify the cor-
responding partial cross sections. For example, a constant elastic
scattering cross section and a 1/v (n,y) cross section could be
exactly specified over a given emergy range by linear interpolation
on a log-log scale (INT = 5), but the sum of the two cross sections

would not be exactly linear on a log-log scale.

The inelastic scattering cross section (MT = 4) should
be given, and it should be exactly equal to the sum of the cross
sections for inelastic scattering to the various discrete levels

(MT = 51, 52, 53,..., 90) and the continuum (MT = 91),
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The total inelastic scattering cross section and the contributing
partial cross sections should be specified on the same energy
mesh above the respective thresholds. Linear-linear interpola-

tion (INT = 2)or linear-log(INT=3) should be used for these cross sections.

In general, care must be used in specifying cross
sections and the interpolation scheme to be used to determine the
cross sections between input energy points. For example, if a
cross section has a value of zero at the threshold energy and it
has a non-zero value at the next higher energy point, a problem
will be created by giving a log-linear or a log-log interpolation

scheme.



-_—— -
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9. FILE 4, ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS

9.1 General Description

File 4 contains representations of angular distributions of
secondary neutrons. Normally, these distributions will be given for
elastically scattered neutrons and for the neutrons resulting from dis-
crete level excitation due to inelastic scattering. However, angular
distributions may be given for neutrons resulting from (n,n' continuum)
and (n,2n) reactions. 1In these cases the angular distributions will be

integrated over all final neutron energies.

Angular distributions for a specific reaction type (MT number)
are given for a series of incident neutron energies, in order of in-
creasing energy. The energy range covered should be the same as that
for the same reaction type given in File 3. Angular distributions for
several different reaction types (ML's) may be given in File 4 for each
material, The data for each reaction type are given in ascending order

of MT number.

The angular distributions are expressed as normalized probability

distributions, i.e.,
1

fp(.u,E) dy =1
-1

where p(y,E) du is the probability that a neutron of incident energy, E,
will be scattered into the interval dy about an angle whose cosine is Y.
The units of p(u,E) are(unit cosine)~l, Since the angular distribution
of scattered neutrons is generally assumed to have azimuthal symmetry, the

distribution may be represented as a Legendre polynomial series,

NL
= 21 do 24 + 1
1l E = — ——— = f
PE) = S 5@, ) 2 AL @, w
=0
where |4 = cosine of the scattered angle in either the laboratory

or the center-of-mass system;
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E = energy of the incident neutron in the laboratory system;

o(E) = the scattering cross section, e.g., elastic scatterings at
energy E as given in File 3 for the particular reaction
type (MI);

£ = order of the Legendre polynomial;

d ; ; ; ; . ,
EE%((LE) = differential scattering cross section in units of barns
’a

per steradian;

£ = the zth Legendre polynomial coefficient and it is under-

stood that f, = 1.0.

The angular distributions may be given in one of two representa-
tions, and they may be given in either the CM or LAB systems. In the
first method the distributions are given by tabulating the normalized
probability distribution, p(y,E), as a function of incident neutron
energy. Using the second method, the Legendre polynomial expansion
coefficients, fz(E), are tabulated as a function of incident neutron

energy.

Absolute diffential cross sections are obtained by combining
data from Files 3 and 4. 1If tabulated distributions are given, the
absolute differential cross section (in barns per steradian) is

obtained by

do - Os(E
B (§LE) Sﬂ P(K,E)

where og(E) is given in File 3 (for the same MT number) and p(M,E)
is given in File 4. 1If the angular distributions are represented
as Legendre polynomial coefficients, the absolute differential cross

sections are obtained by
NL

do - E
@B =@ ;:__M;l £, (E)P ()
=0




=93~

where og(E) is given in File (for the same MT number) and the
coefficients, fy(E) are given in File 4.

Also, a transformation matrix may be given in File 4 that can be
used to transform a set of Legendre expansion coefficiants, which are
given to described elastic scattering angular distributions, from one
frame of reference to the other. The Legendre expansion coefficients,
f£4(E), in the two systems are related through an energy-independent

transformation matrix, Uy . and its inverse, Ui;’

NM
Lab CM
£, (E) =E Utm fm (E)

m=0
and NM
CM - Lab
£, (E) =§ Ui £ (E)
m=0
Expressions for the matrix elements of U and U-l may be found in
the papers by Zweifel and Hurwitz(l) and Amstercz)- Transformation matrices

for nonelastic reactions are not incident energy-independent and are not
given in File 4,

The transformation matrices should be square with the number of rows
equal to NM + 1 where MN is the maximum order of the Legendre polynomial
series that is used to describe any elastic angular distribution in this
File. The transformation matrix is given as an array of numbers, Vi where
K=k, .y,.,., NK, and NK = (NM + 1)2, and where K =1 + £ + m (NM + 1).
The values of K indicates how the (E,m)th element of the matrix may be
found in array Vg. This means that the elements of the matrix Ug,m or U-i,m
are given column-wise in the array %

Yo,0 Yo,1 .. ......TUpnm

U,o U,1 . .. .....U,NM

UNM,O UNM,l R R UNM,UNM

1. P. F. Zweifel and H. Hurwitz, Jr., J. Appl. Phys. 25, 1241 (1954).
2. H. Amster, J. Appl. Phys. 29, 623 (1958).
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9.2 Formats

File 4 is divided into sections, with each section containing

data for a particular reaction type (MT number).

The sections are ordered

by increasing MT number. Each section always starts with a HEAD record

and ends with a SEND record. If the section contains a description of

the angular distributions for elastic scattering, the transformation

matrix is given first (if present) and this is followed by the representa-

tion of the angular distributionms.

The following quantities are defined:

LIT is a flag to specify the representation used

and it may have the following values:

LTT = 1, the data are given as Legendre
expansion coefficients, fﬁ(E);

]
N

LTT

the data are given as normalized

probability distributions, p(u,E).

LCT is a flag to specify the frame of reference

used:

ILCT = 1, the data are given in the laboratory

(LAB) system;

LCT = 2, the data are given in the center-of-

mass (CM) system.

LVT is a flag to specify whether a transformation

matrix is given for elastic scattering:

LVT = 0, a transformation matrix is not given
(always use this value for all non-
elastic scattering reactions);

IVT = 1, a transformation matrix is given.

NE is the number of incident energy points at

which angular distributions are given (NE < 500).
NL is the highest order Legendre polynomial that

is given at each energy (NL = 20).
NK is the number of elements in the transformation

matrix (NK < 441). NK = (NM + 1)2

— S e,

R - "
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|2

is the maximum order Legendre polynomial that
will be required (NM < 20) to describe the
angular distributions of elastic scattering in
either the center-of-mass or the laboratory

system.

are the matrix elements of the transformation

=

matrices

Vg = UL}m » 1f LCT = 1 (data given in LAB system),

and

Vg = Up m» if LCT = 2 (data given in CM system).
]

NP is the number of angular points (cosines) used to
give the tabulated probability distributions for
each energy (NP < 101).

Other commonly used variables are given in the Glossary
(Appendix A).
The structure of a section depends on the values of LTT

(representation used, fy(E) or pP(4,E), and LVT (transformation

matrix given?), but it always starts with a HEAD record of the form

[ZA, AWR, LVT, LTT, 0, OJHEAD.

9.2,1 Legendre Polynomial Coefficients and Transformation
Matrix Given: LTT =1 and LVT = 1

For the case where 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, LVT, LTT, 0,0 JHEAD LIT = 1, LVT
[MAT, 4, MI/0.0, AWR, 0, LCT, NK, NM/Vy]JLIST
]TAB2
int

, Mr/T, , E; , LT, 0, NL, o/fz(El)]LIST

4
4
[MAT, &4, Mr/0.0, 0.0, O, O, NR, NE/E,
4
4, MT/T , Ep , LT, 0 , NL, 0/f,(E,)]LIST

[MAT, g MT/T |, ENE’ LT, 0 , NL, O/fE(ENE)LIST
[MAT, 4, 0 /0.0, 0.0, 0, O, O, OJSEND
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Note that T and LT refer to temperature (in “K) and a test for

temperature dependence, respectively. These values are normally

Zero;

however, see Appendix F for an explanation of cases where

temperature dependence is specified.

9.2.2

Legendre Polynomial Coefficients Given and the Transformation
Matrix not Given: LIT =1 and LVT = 0

If LTT = 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:

(0.0,

AWR, 0, LCT, 0, O]C@NT.

This form is always used for angular distributions of nonelastically

scattered neutrons when Legendre polynomial expansion coefficients

are used.

9.2.3

Tabulated Probability Distributions and Transformation Matrix
Given: LTT = 2 and LVT = 1

The angular distributions are given as tabulated probability

distributions, LTT = 2, and a transformation matrix is given for elastic

scattering, the structure of a section is:

[MAT,
[MAT,
[MAT,
[MAT,

T and

4, MT/ZA, AWR, LVT, LTT, 0, OJHEAD LVT = 1, LTT = 2
4, MI/0.0, AWR, 0, LCT, NK, NM/Vg]LIST

4, MT/0.0, 0.0, 0 , 0, NR, NE/Ejp¢]TAB2

4, MT/T , E1 , LT, O, NR, NP/uin¢/P(4,E1)]TABL

4, ML/T , Ey , LT, O, NR, NP/ujnt/P(i,E2)ITABL

4, MI/T , Eyg, LT, O , NR, NP/ujnc/p(l,Eyg) JTABL

4, 0 /0.0, 0.0, 0, O, O]SEND

LT are normally zero. See Appendix F for details about

temperature dependence.

9.2.4

Tabulated Probability Distributions Given and Transformation
Matrix not Given: LTT = 2 and LVT = 0

The structure of a section is the same as above, except that the

second record (a LIST record) is replaced by:

[0.0, AWR, 0, LCT, 0, O]CONT.

| e==Dm s —

— N
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This form is always used for angular distribution of non-elastically

scattered neutrons when tabulated angular distributions are given.

9.3 Procedures

The angular distributions for elastic scattering should be given as
Legendre polynomial coefficients, £4(E)'s (LTT = 1), and they should be
given in the center-of-mass system (LCT = 2). It is recommended that the
angular distributions of neutrons from non-elastic reactions (such as inelastic
discrete level data, continuum inelastic, fission, etc.) be given as tabulated
distributions, p(i4,E)'s, and that they be in the Laboratory system. All
angular distribution data should be given at the minimum number of 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
coefficients should be used to accurately represent the recommended angular
distribution at a particular energy point and insure that the interpolated
distribution is everywhere positive. The number of coefficients (NL), may
vary from energy point to energy point and in general, NL will increase
with increasing incident energies. A linear-linear interpolation scheme
(INT = 2) must be used to obtain coefficients at intermediate energies.
This is required to insure that the interpolated distribution is positive
over the cosine interval from -1.0 to 1.0 and is also required because

some coefficients may be negative. 1In no case should NL exceed a value

of 20, and NL always should be an even value. If more than 20 coefficients
should appear to be required to obtain a non-negative distribution, a con-
strained Legendre polynomial fit to the data should be used or a tabulated
distribution should be given. NL = 1 is allowed at low energies to specify
an isotopic angular distribution,

When angular distributions are represented as tabulated data, certain

procedures should be followed. Sufficient angular points (cosine values)
should be given to accurately represent the recommended distribution. The
number of angular points may vary from distribution to distribution. The
cosine interval must be from -1.0 to +1.0. The interpolation scheme for

P(4,E) vs. U should be log-linear (INT = 4) and the interpolation scheme

for p(4,E) vs. E should be linear-linear (INT =2),



-9.8-

Representation of angular distribution of neutrons for the
thermal energy range presents a problem. Either free-atom or bound-atom
scattering data may be given in File 4 for a material, but not both.

For example, free-atom data for carbon appear in MAT = 1010 and bound-

atom data appear in MAT = 1065.

The formats given above do not allow an energy-dependent trans-
formation matrix 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 Laboratory to the center-of-mass system,
or CM to LAB, a distribution should be generated and transformed point-
wise to the desired frame of reference. The pointwise angular distribu-
tions can then be converted to Legendre polynomial coefficients in the

new frame of reference,

e — —

-
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10. FILE 5, ENERGY DISTRIBUTION OF SECONDARY NEUTRONS

10.1 General Description

File 5 contains data for the energy distributions of secondary
neutrons. The energy distributions are expressed as normalized probability
distributions. The File is divided into sections, each section giving
the data for a particular reaction type (MT number). The sections are then

ordered by increasing reaction type number (MT).

Data will be given in File 5 for all reaction types that produce
secondary neutrons, unless the secondary neutron energy distributions can
be implicitly determined from data given in Files 3 and/or 4, No data
will be given, in File 5, for elastic scattering (MT = 2), since the
secondary energy distributions can be obtained from the angular distribu-
tions given in File 4. Also, no data will be given for neutrons that
result from excitation of discrete inelastic levels when data are given
for these reactions in both File 3 and File 4 (MT = 51, 52, ..., 90).
Data should be given in File 5 for MT = 91 (inelastic scattering to a
continuum of levels), MT = 18 (fission), MI = 16 (n,2n), MT = 17 (n,3n),
MT = 455 (delayed neutrons from fission), and certain other nonelastic

reactions that produce secondary neutrons.

The energy distributions, p(E < E'), are normalized such that

1
E max

p(E »E') dE' =1 ,
0
where E'max is the maximum possible secondary neutron energy and its
value depends on the incoming neutron energy E and the analytic repre-

sentation of p(E - E'). The secondary neutron energy E' is always ex-

pressed in the laboratory system.
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The differential cross section is obtained from

CEIE) - no® pE-E,

where ¢(E) is the cross section as given in File 3 for the same reaction

type number (MI) and m is the neutron multiplicity for this reaction type(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, £, (E = E'), where each of the partial distributionms
can be described by different analytic representations

NK
PE=E') = Zpk(E) fk(E")E')
k=1

and at a particular incident neutron energy, E,

NK

Z Pk(E) =1,

k=1

where pk(E) is the fractional probability that the distribution fk(E-+ E")

can be used at incident energy, E.

The partial energy distributions fk(E ~ E') are represented by
various analytical formulations. Each of these formulations is called
an energy distribution law and has an identification number associated

with it (LF number). The allowed energy distribution laws are given below.

Secondary Energy Distribution Laws

LF = 1, Arbitrary tabulated function.
f(E5E') = g(E=E'")

A set of incident energy points is given, Ey,
g(E; 2 E') is tabulated as a function of E'.

and

LF = 3, Excitation of Discrete Levels

2
1 - ' AT+1 A

A = AWR (the ratio of the mass of the target nucleus to
that of the neutron);

B = excitation energy of the energy level in the
residual nucleus.
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LF

I

5, General evaporation spectrum.
f(E— E') = g[E'/6(E)]

B(E) tabulated as a function of incident neutron
energy, E;
g(x) is tabulated as a function of x, x = E'/Q(E).

7, Simple fission spectrumfMaxwellian)

5

,1,' T RN
(et =B o E/EE)
I is the normalization constant,

I-= 93/2 [‘V_—Z_T? erf AJ(E_U)/Q) ~ NE-U) /8 e-(E-U)/El];

6 is tabulated as a function of energy, E;

U is a constant and is introduced to define the
proper upper limit for the final neutron
energy such that 0 < E' <E - U.

LF = 9, Evaporation spectrum.

f (E->E") =EI—'e"E'/8

I is the normalization constant,
o T )

B8 is tabulated as a function of incident neutron
energy, E;

U is given as a constant and is introduced to define
the proper upper limit for the final neutron
energy such that 0 < E' < E - U.

LF = 10, Watt spectrum.

f(E»E') = “\'4/7{&3b e-ab/4 e-E'/a sinh( 4bE")

a and b are given as constants.

NOTE: Distribution laws are not presented for LF = 2, 4, 6, or 8.
These laws are no longer used.

The data are given in each section by specifying the number of
partial energy distributions that will be used. The same energy mesh
should be used for each partial energy distribution. The partial energy
distributions may all use the same energy distribution law (LF number)

or they may use different laws.
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10.2 Formats

The File is made up of sections, and each section contains
the data for a particular reaction type (MI number). Every section starts
with a HEAD record and ends with a SEND record. The section is made up
of subsections, and 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 such that 0 < E' < E - U, (given in the Laboratory system)

f is a parameter used to describe the secondary energy distribution.
The definition of § depends on the energy distribution law (LF)

given; however, the units are always eV.

If LF = 3, @ is the excitation energy, |Q| , of a
level in the residual nucleus,
5, 7, and 9, g is an effective nuclear temperature.

LF

LF 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 above in Section 10,1).

pk(EN) is the fractiomal part of the particular cross section
that can be described by the kth partial enmergy distribution

at the Nth incident energy point.

NK
NOTE: 2 ; pk(EN) =1.0
k=1

B partial emergy distribution. The definition

£ (E3E') is the k
depends on the value of LF (see Section 10.1l, above).

NR is the number of interpolation ranges.

NS S ——
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NP is the count of the number of incident energy points at

which pk(E) is given.
a,b are constants used in the Watt spectrum. (LF = 10).

NE is the count of the number of incident energy points at which tabulated

distributions are given. Also the number of points at which O(E) is given.

NF is the count of the number of secondary energy points in a

tabulation.

The structure of a section has the following form:

[MAT, 5, MI/ZA, AWR, 0, 0, NK, OJHEAD
{subsection for k = 1)
(subsection for k = 2)
{subsection for k = NK)

[MAT, 5, 0 /0.0, 0.0, 0, 0, O, OJSEND

The structure of a subsection depends on the value of LF (energy
distribution law). Subsections should be ordered by increasing values
of LF number. For cases where more than one subsection contains data
using the same LF, then these subsections should be ordered by increasing

values of A. The formats for the various values of LF are given below.
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LF = 1, Arbitrary tabulated function

[MAT, 5, MT/T , 0.0 , LT , IF=1 s, NR , NP/Eint/p(E)]TABl ,
[MAT, 5, MT/0.0 , 0.0 , 0 , 0 » NR , NE/E; . ]TAB2
[MAT, 5, MT/T , E; , LT, 0 » MR, NF/E[ /

E{ , g(E1E]) , E; , g(E1-E3) , E; , g(E;-E3),

.................................. > Egp » 8(E1-Eyp) JTABL
[MAT, 5, MI/ T s Ep » LT > 0 » NR ’ NF/E{Dt /

E{ , g(E>~E]) , Ej , g(Ex-E;) , E3 , g(Ex-EJ),

---------------------------------- » Egr > 8(Ep-Eyp) ]TABI
[MaT, 5, MI/T , Eyg . B, 0 . » NF/E{ . /

e e e e e e S R e e B e e e e e e e e

, Egp » 8(EygEyp) TABL

Note that the incident energy mesh for pk(E) does not have to be the same

as the E mesh used to specify the energy distributions, The interpolation
scheme that is 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.

LF = 3, Discrete level excitation

[(MaT, 5, MO/ T , 6 , LT,LF =3, NR, NP/Eint/p(E)]TABl

Only one record is given for each subsection.

—

iyt

— e —r e . S i, A ee—

a
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LF = 5, General evaporation spectrum

[mar, 5, mr/ U, 0.0 , 0, LF=5, NR, NP/E, . /p(E)]TABL

[MAT, 5, MT£/0.0 , 0.0 , 0, O , NR, NE/Eint /

H(El), G(Ez)’ -----------------------
-------------------------- , §(Eyp) 1TABL
[T, 5, MT/0.0 , 0.0 , 0, O , NR, NF/x,  /
E s
x5 8(x1) 5 X9, 8(x)s %3, 8(x3) * = 8@®)

LF = 7, Simple fission spectrum (Maxwellian)

[MAT, 5, MT/U , 0.0 , 0 ,LF=7 , NR, NP/Eint/p(E)]TABl

v

[MAT, 5, MT/0.0 , 0.0 , 0, O , NR, NE/E,_, /6(E)]TABL

int

LF = 9, Evaporation spectrum

[MaT, 5, Mt/ U , 0.0, 0, LF =9, NR, NP/Eint/p(E)]TABl

[MAT, 5, MI/0.0 , 0.0 , 0, 0, MR, NE /g,  /6(E)]TAB1
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LF = 10, Watt spectrum

[MAT, 5, Mr/0.0 , 0.0, 0, LF=10 MR, NP/E, /p(E)]TABL

[MaT, 5, MT/0.0 , 0.0 ,0,0,2, 0 /
a , b, eemeemmmm—eno- === JLIST

Note that no formats have been described for LF = 2, 4, 6, or 8, These

laws are no longer defined.

10.3 Procedures

Up to three different energy meshes may be required to describe
the data in a subsection (one partial distribution). These are the in-
cident energy mesh for pk(E), the incident energy mesh at which secondary
distributions are given fk(EﬂE'), and the secondary energy mesh for
fk(EaE’). It is recommended that a linear-linear or a linear-log interpolation
scheme be used for the first two energy meshes, It is recommended that a

linear-linear interpolation be used for the last energy mesh,

Double energy points must be given in the incident energy mesh whenever
there is a discontinuity in any of the pk(E) s (this situation occurs falrly
frequently). Also, this energy mesh must include threshold energy values
for all reactions which are being described by the pk(E) 8. Zero values

for p, must be given for energies below the threshold (if applicable).

Two nuclear temperatures may be given for the (n,2n) reaction.
Each temperature, @, may be given as a function of incident neutron
energy. In this case pl(E) = pz(E) = 0.5. A similar procedure may be

followed for the (n,3n) and other reactions.

A constant, U, is given for certain distribution laws (LF = 5, 7
or 9). This constant is provided to define the proper upper limit for
the secondary energy distribution such that 0 < E' < E - U. The value
of U depends on how the data are represented for a particular reaction

type. Consider the constant U for inelastic scattering:
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Case A: The total inelastic scattering cross section
is described as a continuum. In this case,
U would be the threshold energy for exciting
the lowest level in the residual nucleus.

Case B: For the energy range being considered, the
first three levels are described explicitly
(either in File 3, MT = 51, 52, and 53, or in
File 5, LF = 3), and the rest of the in-
elastic cross section is being treated as a
continuum. In this case, U is the threshold
energy (known or estimated) for the fourth

level in the residual nucleus.

If the reaction being described is fission, then U should be a
large negative value (U ~ - 20.0 x 10° eV). 1In this case neutrons can
be born with energies much larger than the incident neutron energy. It
is common practice to describe the inelastic cross section as the sum of
excitation cross sections (for discrete levels) for neutron energies up
to the point where level positions are no longer known. At this point,
in energy, the total inelastic cross section is treated as a continuum.
This practice can lead to erroneous secondary energy distributions for
incident neutron energies just above the cutoff energy. It is recommended
that the level excitation cross sections for the first several levels
(e.g., &4 or 5 levels) be estimated for several MeV above the cutoff
energy. The continuum portion of the inelastic cross section will be
zero at the cutoff energy, and it will not be the total inelastic cross

section until several MeV above the cutoff energy.

It is recommended that the cross sections for excitation of
discrete inelastic levels be described in File 3 (MT = 51y 52, yuey BEC),
Also, the angular distributions for the neutrons that result from these
levels should be given in File 4 (same MT numbers). The secondary energy
distributions for these neutrons can be obtained analytically from the
data given in Files 3 and 4. This procedure is the only way in which
the angular distributions can be given for these neutrons. For inelastic
scatter, the only data that are required in File 5 are for MT = 91

(continuum part).
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11, FILE 6, ENERGY-ANGULAR DISTRIBUTIONS FOR SECONDARY NEUTRONS

11.1 General Description

This file is provided to represent energy-angular distributions
of secondary neutrons. Data are given in this file when it is not possible
to provide accurate representation by using Files 4 and/or 5. This situa-
tion frequently arises when trying to provide a description of the secondary
neutrons that result from certain neutron reactions with fairly light

nuclei,

The file is divided into sections, each section contains the
data for a particular reaction type (MT number). The sections are ordered
by increasing reaction type numbers. If data are given in File 6 for a
particular reaction, then no data will be given in Files 4 or File 5 for"
the same reaction. The secondary neutron energy-angle distribution are

expressed as normalized probability distributions, p(E —» E’, K.

!

Emax 1
f dEf P(E~E', p) du=1
-1

The differential cross section (in barns per steradian per eV) is obtained

from

d20'_ B s B = g (E) E-E’
m?. ( ,,J«) 5 m  p( ’ !J)

where O(E) is the cross section for particular reaction as given in File 3

and/or File 2 for the same reaction type (MT number) and m is the implied neutron
multiplicity,

The angular part of the distribution may be specified in one
of two ways. First, secondary energy distributions may be tabulated at
a set of secondary angles. Second, the probability distributions may be

expressed as a Legendre polynomial expansion.

NL

p(EﬁE’”u)=E ﬁ_%‘_l pﬂ(E_’EI)P,@ (W)
£=0
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In this case, the zeroth coefficient, pg(E = E’), is not unity (as was

used in File 4), but for a particular incident neutron energy, E,

fpo ®-E") &’ =1

The secondary angles and energies may be given in either the
laboratory or center-of-mass system. Incident neutron energies are always

in the laboratory system.,

If distributions, p(E - EI, p) are tabulated at a series of
angles, then a set of secondary angles (cosines of the scattered angles)
are selected., This set of angles is the same for all incident energy
points and the data are ordered by increasing values of the cosine
(-1.0 to +1,0). At each angular point, the probability distributions,
p(E - EI, i) are given for a set of incident neutron energies, i.e., a
subsection of data is given for each angle and the format of a subsection
resembles the format of a section in File 5. The same secondary energy
distribution laws (LF numbers) are used in this file as were defined in

Section 10,2 for File 5 data.

When the distributions are represented by Legendre polynomial
expansion coefficients, then a subsection is given for each coefficient,
pz(E ~ E’). The format for a subsection is similar to the format for a
section in File 5 (section 10.2). The first subsection contains data for
the zeroth coefficient, pg(E - E’'). The subsections are then ordered by

increasing £-value of the coefficients,

The following quantities are defined:

LCT is a flag that indicates which reference frame is used
for both secondary angles and energies.
LCT = 1: The data are given in the Laboratory system.
LCT = 2: (CM) Do not use.

LTT is a flag that indicates which representation is used.

11

LTT
LTT

1: The data are given as Legendre expansion coefficients.

2: The data are given as a tabulation.

(con't on next page)
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NL is the order of the expansion (when Legendre polynomial

coefficients are given, LTIT = 1),

LA is the value of £, (for the fth coefficient).

NA is the number of angles (cosines) at which the secondary

distributions are given. (NA =< 101)
K is the cosine of the scattered angle.

NK is the number of partial probability distributions used
for this reaction type (used in the same manner as in File

5, Section 10.2 of this report).

LF is a flag that indicates which secondary energy distribution
law is used for a particular partial probability distribution.

(See Section 10.2),

11.2 Formats

The file is made up of sections where each section 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, MI/ZA , AWR, 0, LTT, O, OJHEAD LTT = 1

[MAT, 6, MT/0.0, 0.0, 0, LCT, NL, O]C@NT

{Subsection for pO(EﬁE’))

(Subsection for pNL(EHE'))

[MAT, 6, O /0.0, 0.0, O, O, 0O, OJSEND
The structure of a subséction isridentical to the structure of a section
for secondary energy distributions given in File 5 (Section 10.2 of this
report) with the following exceptions. First, the SEND record is deleted
(since the section in File 5 is used here as a subsection, and second,
the HEAD record is changed to read:

(MAT, 6, MT/0.0, 0.0, L, O, NK, O] CONT

The following is the structure for a typical section, e.g., LTT = 1 (Legendre
expansion coefficients given), NK = 1 (one partial probability distribution,

LF =1 (an arbitrary tabulated distribution).
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[MAT, 6, MT/ZA, AWR, O, LTT, O, O] HEAD LIT = 1]
[MAT, 6, MT/0.0, 0.0, O, LCT, NL, O] CONT !
[MAT, 6, MT/0.0, 0.0,1A, O, NK, O] CONT TA =0 ,NK = 1
tion f
(MAT, 6, MI/T, 0.0, LT, LF, NR, NP/Ejn+/po(E)JTABL  LF = 1 | Subsec 1c;n or
(E=E")
[MAT, 6, MI/0.0, 0.0, O, O, NR, NE/E, ]TAB2 | o
! '
[MAT, 6, MT/T, E,, LT, O, NR, NF/E{,¢/po(E ~ E') JTABL i
[MAT, 6, MI/T, E,, LT, O, NR, NF E{nt/po(Egt - E’)]TABL |
"""""'""""""'"""""", i . [
[MAT, 6, MI/T, Eyg, LT, O, NR, NF/Ej, /po(Eyg~ E')JTABL J

] =1, NK =1

6, M/ 0.0, 0.0,1A, O, NK, OJCONT LA > ifeansbuon B
[MAT, 6, MT/T, 0.0, LT, LF, NR, NP/Ejn¢/p1 (E) ]TABL LF =1 pl(E = E')
6, MI/0.0, 0.0, 0. O. NR, NE/Eint]TAB2
6, MT/T, E,, LT, O, NR, 1\!3-/15:i’nt/p1(131 - E’)]TABL

!
[MAT, 6, MI/T, ENE, LT, O, NR, NF/E;  /p1(Eyg~ E')JTAB2

{Subsection for p (E = E'))
(Subsection for Py, (E - EN)Y
[MAT, 6, 0 /0.0, 0.0, O, O, O, OJSEND

T and LT refer to possible temperature dependence (see Appendix F for
details on format for temperature dependence). The structure of a section

for LTT = 2 (tabulated distributions at a series of scattering angles) is:

[MAT, 6, MT/ZA, AWR, O, LTT, O, O]HEAD LTT=2
[MAT, 6, MT/0.0, 0.0, O, LCT, NR, NA/uint]TABZ
(Subsection for p(E - E’, H )Y
(Subsection for p(E - E’, Lz ) )
(Subsection for p(E -E’, tnad
[MAT, 6, MT/0.0, 0.0, 0. 0. 0. O]SEND
Again the structure of a subsection is identical to the structure of a
section for secondary energy distributions as given in File 5(Section 10.2)

with the following exceptions., First, the SEND record is deleted (since
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the section in File 5 is used here as a subsection), and second, the HEAD
record is changed to read:

(0.0, u, O, O, NK, OJCONT
The structure of a typical section with LTT = 2 (tabulated distributions
at a series of y's), NK = 1 (one partial probability distribution, and

LF = 1 (an arbitrary tabulated distributions) is:

[MAT, 6, MT/ZA, AWR, O, LTT, O, OJHEAD LTT = 2

[MAT, 6, MI/0.0, 0.0, O, LCT, NR, NA/uint] TAB2

[MAT: 63 I"II‘/OO, fey 3 03 O, NK, OJ C@NT NK =':l
Fy

[MAT, 6, MT/T, 0.0, LT, LF, NR, NB/E,  /p(E, u)]TABL LF =1

(MAT, 6, MT0.0, 0.0, O, O, NR, NE/E;, JTAB2

[MAT, 6, ML/T, E, LT, O, NR, N¥/E; /p(Ei~ E', ;) ITABL

[MAT, 6, MT/T, E;, LT, O, NR, NF/Ei’nt/p(Ee- E’, i) ]TABL

[MaT, 6, MI/T, E ., LT, O, MR, I\[’E‘/E;nt/p(ENE - E’, ) ]TABL
[MAT, 6, MTO.0, 4, O, O, NK, OJCONT NK = 1
[MAT, 6, MT/T 0.0, LT, LF, NR, NP/E; . /P(E, p)]TABL LF

[MAT, 6, MT/0.0, 0.0, O, O, NR, NE/Eint]TABZ

! /
[MAT, 6, MT/T, E,, LT, O, NR, NF/E;  /p(Ey~ E', yp)]TABL

I
=

[MAT, 6, MT/T, Eyp, LT, O, NR, NF/E/  /p(E ~E', 1ip)]TABL
(Subsection for p(E - E', yz))
(Subsection for p(E = E’, “NA>

[MAT, 6, MI'/0.0, 0.0, O, O, O, OJSEND

Again T and LT refer to possible temperature dependence.

11,3 Procedures
All interpolation schemes used in this section should be linear-
linear to insure that the probability distributions will have the proper
normalization everywhere. It is strongly recommended that an arbitary
tabulated distribution law (LF = 1) be used for secondary energy distribu-

tion for both LTT = 1 and 2.



(1|
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12, FILE 7, THERMAL NEUTRON SCATTERING LAW DATA

12,1 General Description

File 7 contains inelastic neutron scattering (MT = 4) data
for the thermal neutron energy range for moderating materials (E < 5 eV).
The data given in this file must be combined with data given in Files 2
and 4 (MT = 2) to obtain the total scattering cross sections for a certain

materials.

Inelastic scattering is represented by the thermal neutron

scattering law, S(o,B, T), and is defined (for a moderating molecule) by

the equation NS
29 (E-E’,uT) = E My Obn of B/ eB/2 g (@, B, T
a6 dr | o E B o
n=

where there are (NS + 1) types of atoms in the molecule (i.e., for H,0,
NS = 1) and,

is the number of atoms of the nth type in the molecule,
My

T 1is the moderator temperature (°K),

E is the incident neutron energy (eV).

E' is the secondary neutron energy (eV),

B is the energy transfer, B = (E'- E)/kT,

@ 1is the momentum transfer, o = G Zp.JEE’)/AokT,
A, is mass of the nth type atom, Ag is the mass of the principle

scattering atom in the molecule,

th

is the bound atom scattering cross section of the n type atom,

bn

= 2 2
Opn = Ofn (A + 1) / A "
Ten is the free atom scattering cross section of the n type atom,
k is Boltzmann's constant,
"u 1is the cosine of the scattering angle (in the laboratory system).
The data given in File 7 for any particular material only

contains the scattering law for the principle scatterer, Sg(o,B,T),

i.e., the Oth atom in the molecule. These data are given as an arbitrary
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tabulated function., The scattering properties for the other atom types

(n =1, 2, ... NS) are represented by analytic functions. It should be

noted that the scattering properties of all atoms in the molecule may be
represented by analytic functions. 1In this case there is no principle

scattering atom.

The constants required for the scattering law data and the
analytic representations for the non-principle scattering atoms are given
in an array, B(N), N =1, 2,,.Nl, where NL = 6%(NS + 1), Six constants
are required for each atom type (one BCD card image record). The first
six elements pertain to the principle scattering atom, n = 0. The

elements of the array, B(N) are defined as:

B(1)

MpOgy» is the total free atom cross section for the principle
scattering atom. If B(1) = 0.0, there is no principle scattering
atom and the scattering properties for this material is complet-
ly described by analytic functions for each atom type in this

material.

B(2) = £, the value of E/kT above which the static model of elastic

scattering is adequate (total scattering properties may be
obtained from MT = 2 as given in Files 2 and 4 of the

appropriate materials).

B(3) - Ag, the ratio of the mass of the atom to that of the neutron that
(E" + E -2y 4/EE")/AokT )

was used to compute ¢ (¢

B(4) E

max’
energy limit in which Sg(@, B, T) may be used).

the upper energy limit for the constant, Ogg (Upper

B(5), not used.
B(6), not used.

The next six constants are used to specify the analytic functions
that are to be used to describe the scattering properties of the first non-
principle scattering atom, (n = 1), i,e,, for H;0, this atom would be

oxygen if the principle atom was hydrogen.

B(7) = a,, is 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.

(con't on next page)
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B(8) = Mlofl’ is the total free atom cross section for this atom
type.

B(9)

Ay, effective mass for this atom type.
B(10)= 0.0, i.e., B(10) is not used,
B(1l1)= 0.0, i.,e., B(ll) is not used.
B(12)= 0.0, i.e., B(12) is not used.

The next six constants, B(13) through B( 8) are used to describe the second
non-principle scattering atom (n=2), if required. The constants are defined

in the same way as for n=1, e.g., B(13) is the same type of constant as B(7).

The scattering law is given by tabulating S(@, B) at a specific
temperature (°K) or at a series of temperatures, Since scattering law
data are generally given at more than one temperature, it is extremely
important to understand the data formats for specifying temperature depen-
dent data (see Appendix F for details). The data are presented at given
values of B, The B's are ordered by increasing values. For each value
of B, pairs of o and S(x, B) are given. (The data are given in this form
only for the first temperature, see Appendix F for the formats for
temperature dependent data). Three interpolation schemes are given to

interpolate between values of B, @, and T.

In certain cases a more accurate temperature interpolation may
be obtained by replacing the value of the actual temperature, T, that is
used in the definition of @ and B with a constant, Tp (Tg = 0.0253 eV,
or equivalent 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(&, B) data.
12,2 Formats

There is only one section in File 7, but the format is slightly
different depending on whether temperature dependent data is given. The

following quantities are defined:

LAT 1is a flag indicating which temperature has been used to compute
o and B.
LAT
LAT

0, the actual temperature was used.

1

1, the constant Ty = 0.0253 eV has been used.

(con't on next page)
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NS is the number of non-principle scattering atom types. For most
moderating materials there will be (NS+l1) types of atoms in

the molecule, (NS < 3)
NL is the total number of items in the B(N) list, NL = 6%(NS+l)

B(N) is the list of constants. Definitions are given above in

Section 12.2.

NR  is the number of interpolation ranges for a particular

parameter, either B or o,
NB is the total number of B values given.

NP is the number of ¢ values given for each value of B (for the
first temperature described, NP is the number of pairs, @ and

S(a, B) given,

B. and o,
1

int are the interpolation schemes used (see Appendix E

nt

for interpolation formats).
The structure of a section is:

7, MT/ ZA, AWR; O, LAT, O, OJHEAD

7, Mr/ 0.0, 0,03 0, O, NL, NS/B(1), B(2), ...B(NL)JLIST
[MAT, 7, MT/O0.0, 0.0; 0, O, NR, NB/Bint]TABZ

7, M/ T, B3 LT, O, NR, NP/O,  /S(c, B, ) JTABL

7, M/ T, Bp3 LT, O, NR, NP/a, . /S(a, Bz ) JTAB1

- S e e e e e e m e m e e e e e e e e m e e m e m——————————

[MAT, 7, MI/ T, Byps LT, O, NR, N?/aint/S(a, ﬁNB)]TABl
[MAT, 7, 0 /0.0, 0.03 O, O, O, OJSEND

T and LT refer to possible temperature dependence, If the scattering law
data is completely specified by analytic functions (no principle scattering
atom type as indicated by B(l) = 0), tabulated values of Sy(x, B) are

omitted, In this case the TAB2 and TABl records are not given,

— —— I, | A, . . o .
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12.3 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 minimum, the radiative capture cross section (MT=102)
should be given (as well as any other type of absorptive cross sections).
If there are elastic scattering (i.e., coherent scattering) contributions
to the total scattering cross section, then MI = 2 must be given in
File 3. The data given in File 3 shall at least cover the same energy
range (constant, B(4)) as the scattering law data, SO(G,B). The scattering
law data should cover the energy range in which thermal inelastic effects
are important. The recommended energy range is 10 eV to 3.0 eV, however,
it may not be possible to obtain scattering law data for every moderating
material for this energy range. The P mesh for S(o, PB) should be selected
in such a manner as to accurately represent the scattering properties of
the material with a minimum of B‘points. The ¢ mesh at which S(o, B) is

given should be the same for each value of B and for each temperature.

It should be noted that the differential scattering cross
section, as given in the equation in Section 12,1, represents the cross
section for the complete molecule, The differential scattering cross
section for a single atom of any component can be obtained by replacing
NnO

by ©

bn bn*
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13. PHOTON INTERACTION AND PHOTON PRODUCTION DATA

Formats have been established for storage of photon production (due

to neutron interactions) and photon interaction data. The formats and
procedures for entering these data into the ENDF/B library are described
in Volume II of this report (Volume II has been written by D. Dudziak(l)

and will be issued separately by Los Alamos Scientific Laboratory).

(1) D. Dudziak, LA-4549 (ENDF 102 Vol. II).
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APPENDIX A

Glossary

The following is a list of symbols and variable names that are
used to represent specific types of data in the ENDF format. These
quantities are alphabetically ordered and the section numbers in

which they are defined are given below.*

Name Section Name Section
a 10.2 AJ Tl
o ¢ 12,2 AM Feild
A 7.3 AMUF 7.3
ABN o ) AMUG 7.3
ACp 7.2 AMUN 7.3
AF, 7.2 AMUX 7.3

*This appendix will be replaced at a later date.



Name
AP
AT
AWR

AWRI

Bint
B(N)
BC
BFp
BT,

Cn(Ei)
CDp
CONT

DC1
DC2
DEC
DEF
DET
DWC
DWF

Section

7.2
7+3
4.1
7.2
10.2
12,2
12.2
Yy
7.2
35
6.2
6.4
6.5
5.2
7.3
6.3
6.3
6.3
7.2
7.2
7.2
Tul
7.2

Name

DWT

ES(N)

£ (E-E 5
£1(8 )
£2(E - E)
FEND

g(x;)
g(Ei=Eq)
GF

GFA

GFB

el

GIC

GIF

GIT

Section

7.2
5.1
9.2
10.2
6.2
10.2
7.1
o )
7.2
7.3
10.1
9.2
11.2
5.2
10.2
10.2
7.2, 7.3
7.2
7.2
7.2, 7.3
7.2
ol
7.2

——
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Name Section Name Section
GN 12 LIST 5.2
GNO 7.3 LND 6.5
GRC 7.2 LNU 6.2
GRF 7.2 LRF 7.1
GRT 7.2 LRP 6.1
GT 7.2 LRU 7.1
GX L LT 5.1, App.-F
H(N) 6yl LTT 9.2
HEAD ST LvT 9.2
14 6.4 m 5
INT 4.3 Hint 9.2
T 7.2 MAT 4,1
i}‘i 191 FERD .
LAT 12,2 MF 4.1
LCT 9.2 MF, 6.l
1LDD 6.1 MT App.-B
IE 6.4 M‘I‘n 6.1
LF 10.2 MUF 7.3
IFI 6.1 . T(E) 6.2
LFP 6.1 D4(E) 6.5
LFS 8.2 NB 12.2
LFW 7.1 NBT (1) 4.3

LI 7.2 NC 6.2



Name

Section

6.1
6.5

7.3, 9.2
e

10.2

6.4

7.1

7e2, 1.3
9.2, 10.2
9.2, 12.2
Pl

7.2

9.2

6.5

5.1

5.1

7.2

6.3
(8.2

6.1

7.2

6.1

A-4

Name
p(E)
P(M,E+)
P(E, 1y)
p(Ei ~E' 4 )
Pi(En)

p 4 (E)
Pt(E; »E")

RTYP
(@, B )
SEND
SPI

6 (E)

Section

10.2
9.2
11.2
11.2
10.2
11,2
11.2
8.2
6.3
12,2
5.2
7.2, 7.3
5.1, App.-F
10.2
Dal
Sl
5.2
9.2
10.2
9.2
10.2
6.4

- ——

— e ——0 T —— i, bl



Name
2A
2Al
BA2
BA3
ZAFP

[ ]
<>

Section

4.1, App.-C

b,
6.
6.
6.
7.
5.

5

3
3
3
4
1
1

1



o ———— e — ———

—
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APPENDIX B

Definition of Reaction Types

Reaction types are identified by an integer, MT. A list of the

allowed reaction types are given below. The reaction type number (MT)

generally refers to a specific neutron-nucleus interaction mechanism, but

occasionally it designates that a particular type of information is

given. The general rules for assignment of MT numbers are:
MT (range) Description of Class of Reactions
1-100 Reaction types in which secondary particles of the same
type as the incident particles are emitted
101-150 Reaction types in which no secondary particles of the
same type as the incident particles are emitted
151-200 Resonance region information
201-450 Quantities derived from the basic data
451-699 Miscellaneous quantities
700-799 Excitation cross sections for reactions that emit charged
particles
600-999 (not assigned)

The specific MI assignments are given in the table below. For the

most part, they are consistent with those used in the UKAEA Nuclear Data

File.

Description

Total cross section (redundant, equal to the sum of all
partial cross sections)

Elastic scattering cross section

Nonelastic cross section (redundant, equal to the sum of
all partial cross sections except elastic scattering)

Total inelastic cross section (redundant, equal to the
sum of MT = 51, 52; 53, .ss, 90, 91).



16
17
18

19
20
21
22
23
24
25
26
27

28
29

30-50
51

90
91

B-2

Description

(n,2n) cross section
(n,3n) cross section

Total fission cross section (sum of MT = 19, 20, 21,
plus any undefined part)

(n,f) cross section
(n,n"f) cross section
(n,2nf) cross section
(n,n")o cross section
(n,n") 3¢ cross section
(n,2n)xy cross section
(n,3n)y cross section

(to be assigned)

Absorption cross section (sum of MT = 18 and 102)
NOTE: MT = 27 no longer used

(n,n")p cross section

Scattering (sum of MT = 2 and 4)
NOTE: MT = 29 no longer used

(to be assigned)
(n,n”) to the lst excited state

(n,n’) LU L M n n

(n’n’) n n aoth " "

(n,n’) to the continuum

SPSERR - — S —— S ———— S— — —

—



MT

92-100
101

102
103
104
105
106
107
108
109
110-150
151
152-200
201-250
251

252

253

254-300
301-450

451
452

453
454

455
456-699

it

& f‘?

B-3

Description

(to be assigned)

Parasitic absorption (redundant, sum of MT = 102, 103, 104,
105, 106, 107, 108, 109)

(n,y) radiative capture cross section
(n,p) cross section

(n,d) cross section

(n,t) cross section

(n,HeB) cross section

(n,) cross section

(n,2y) cross section

(n,3¢) cross section

(to be assigned)
General designation for resonance information
(to be assigned for specific resonance information)

(to be assigned)

EL , the average cosine of the scattering angle (labora-
tory system) for elastic scattering

£, the average logarithmic energy decrement for
elastic scattering

v, 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*g, 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 (only given in File 1)

;, average total (prompt plus delayed) number of neutrons
released per fission event

W@m{ /w.c’;u—c(' n:‘-c:é":"‘- /L’“’“C[\'ﬁa ”“’C”':’
Fission product yield data

Delayed neutrons from fissien

(to be assigned)
2
z P»’rg‘s-\/‘; e

{lzﬂQd:gr.{fH‘ pL-t‘(‘a_a c(c«.év:
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_Mr Description
700 (n,pg) cross section (cross section for leaving the
residual nucleus in the ground state)
701 (n,pl) cross section for 1°° excited state
702 (n’PZ) " " 1" 21‘1(1 T "
703 (n,PB) n " n 3rd 1 "
704 (n’pé) n n " Ath 11 n
7.-;.8 (n’P]_S) n n n 18th n 1
719 (n,p.) n " " continuum
720 (n,do) cross section for ground state
721 (n,dy) cross section for 15t excited state
722 (n’d?_) n " n znd " on
738 (n’dlg) " n mn ].Sth 1" n
739 (n,dc) " " " continuum
740 (n,t,) cross section for ground state
741 (n,t,) cross section for 1% excited state
742 (n,tz) n n n znd 1" "
7_:38 (n,t 8) n n n 18th " "
1
759 (n,tc) i L " continuum
760 (n,Heg) cross section for ground state
761 (n,He%) cross section for ISt excited state
- 3 n mn n ]
779 (n,Hey) continuum
780 (n,uo) cross section for ground state
781 (n,al) cross section for 15% excited state
799 (n,ac) " n " continuum

800-999 (to be assigned)



APPENDIX C

ZA Designation 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 = 1000.0%Z + A

For example, ZA for U-238 is 92238.0, and ZA for beryllium is 4009.0.

For materials other thau isotopes, the following rules apply:

(1) If the material is an element that has more than
one naturally occurring isotope, then A is set
to 0.0. For example, ZA for the element tungsten
is 74000.0.

(2) For all other types of materials, Z is set to
zero, and the appropriate ZA is given in the
following table. For example, ZA for HZO is

given as 100.0. The following classifications

apply:

ZA (range) 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

Table of Appropriate ZA Designations

ZA Material
1 Pure 1/v absorber. - (2200 m/sec) = 1.0
2 Pure scatterer., US(E) = 1.0

3-99 (to be assigned)



ZA Material
100 Water, H20
101 Heavy water, D,0
102 Biphenyl, 012H10
103 Sodium Hydroxide, NaOH
104 Santowax R, C18H14
105 Dowtherm A
106 Benzene
107-199 (to be assigned)
200 Beryllea, BeO
201 Beryllium Carbide, BeZC
202 Beryllium Fluoride, BeF2
203 Zirconium Hydride, Zer
204 Polystyrene, (CH)n
205 Polyethylene (CH2)n
206-300 (to be assigned)
301 Zircalloy 1
302 Zircalloy 2
303 (to be assigned)
304 304-type stainless steel
305-309 (to be assigned)
310 Uranium-dioxide, UO2
311-314 (to be assigned)
315 Uranium-carbide, UC
316-399 (to be assigned)
400 U-233 Fission Products (rapidly saturating) for thermal reactors
401 U-235 " I L " " " u
402 Pu-239 " n i " " i "
403 Pu-241 " " " L " Iy "
404 Th-232 " " . L " " "
405 U-238 " " 1 1 " " 1

406 Pu-240 n n ] n n n i
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ZA Material
407-409 (to be assigned)
410 U-233 Fission Products (slowly saturating) for thermal reactors
411 U-235 " gl n n " n "
412 Pu-239 ¢ L " " " " "
413 Pu-241 ¢ n " " " n "
414 Th-232 v " " " " n "
415 U-238 it " " n " " "
416 Pu-240 " " " " n " "
417-419 (to be assigned)
420 U-233 Fission Products (non-saturating) for thermal reactors
421 U-235 L " n " n "
422 Pu-239 " L " " " n
423 Pu-241 " " " " " "
424 Th-232 " " " " n "
425 U-238 " " " " " n
426 Pu-240 ¢ n " " " "
427-429 (to be assigned)
430 U-233 Fission Products (rapidly saturating) for fast reactors
431 U-235 " " " " noon "
432 Pu-239 " " " " noon "
433 Pu-241 " L " " noon "
434 Th-232 " " " " noon "
435 U-238 i " 1" " noon n
436 Pu-240 " i 1 " non n
437-439 (to be assigned)
440 U-233 Fission Products (slowly saturating) for fast reactors
441 U-235 n " " " nooon "
442 Pu-239 " " u " noon "
443 Pu-241 " L " n noon "
444 Th-232 " T L " noon "
445 U-238 " L " " noon n
446 Pu-240 " It L " nmooon "



C-4

ZA Material
447-449 (to be assigned)

450 U-233 Fission Products (non-saturating) for fast reactors
451 U-235 i " " nooon "

452 Pu-239 " " n TR "
453 Pu-241 " L n "noom "
454 Th-232 " " " moon "
455 U-238 e Z " nooon il

456 Pu-240 " L " noon n

457-499 (to be assigned)
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APPENDIX D

; *
Resonance Region Formulae

D.l1. THE RESOLVED RESONANCE REGION

D.1.1. Single-Level Breit-Wigner Formula: LRU=1, LRF=1

1 gy
The formulae appearing in Gregsom, et al.,( ) omitting the resonance-
resonance interference terms are adopted. These formulae, written in the

laboratory system for all f-values and without Doppler broadening, are

(for a particular isotope):

1. Elastic Scattering Cross Section

NLS
= 2 L
U'n’n(E) U'n’n(E)s
£=0
where
ot ® = (2,(’;+1)—&E sin®
n,n & Py

NR
2 _ . ) .
2. i g 2 LTor COSZ(Pg Zl”nr(l"yr+,1"fr) 51112@{+ 2(E-E )T}y sin2gp,
K& e e
J r=1 (E-Er) + A rr

2, Radiative Capture Cross Section
NLS

_ £
GD:Y(E) R E Uns')’ (E)

=0

where
NRJ

4 ogy = X .T
Un,y() K2 Z . Z r:rwl 2
J r=1 (E-Er)e + 4 T

*Several processing codes have been developed to calculate cross sections

using the formulae given in this appendix. These codes are given in
Appendix T.
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3. Fission Cross Section

NLS P
Ot ® = ) o @,
=0
where
NR
4 1S nr fr
Un,f(E) - FZEJ (_E'j?+ 1"9
J r=1
where
Y |
&1 T 202+1)
I is the spin of the target nucleus and J is the spin of the

compound nucleus for the resonance state.

I = SPI, as given in File 2 data for each isotope

The summation on { extends over all fg-states described. There

will be NLS terms in the summation.

NLS is given in File 2 for each isotope

The summation on J extends over all possible J-states for a

particular f-state.

L and J values.

NR. is the number of resonances for a given pair of

J
NRS = E NRJ

J

NRS is given in File 2 for each f-value

o mma —
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Ihr(lErl) = GNr is the neutron width, for the rth resonance
for a particular value of f, evaluated at the resonance energy Er' For

bound levels, the absolute value lEr‘ is used.

_ P,® T (ED
Thr P E(]Er B}

L = ILT(E) + I;r + I%r is the total width.

The following quantities are given in File 2 for each resonance:
Er = ER, the resonance energy
J = AJ, the spin of the resonance state

Ihr(iEr|) = GN, the neutron width

I;m = GG, the radiation width
I}r = GF, the fission width

S, C[ELD - 5,@)

’_
Ep B¢ ZPﬂ(lEr‘) 1-‘nr(lErl)
fo o G TO77 —=tRE . » 49" B

AWRI + 1.0
where k is the neutron wave number and AWRI is the ratio of the mass of the

particular isotope to that of the neutron.

AWRI given in File 2 data for each isotope

E is the incident neutron energy (Laboratory system);
S, is the shift factor,

2 -
S0 = 0
S e
1 1+ p
2
s 18 + 3p
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P, is the penetration factor,

2
P0= p
3
5. o b
1 ]_-*}-p2

Py T ¥ 3P T

where p = ka and "a" is the channel radius (in units of 107t

defined as

1
a = [1.23(AWRI) @ + 0.8] x 107! ;

0, is the phase shift,

Yy = p
o, = b - tailp
= p - tan ! 20
©y p 332 ,

where p =ka and & is the effective scattering radius.

A

a = AP, as given in File 2 data

D.1.2, Multilevel Breit-Wigner Formula: LRU=1, LRF=2

The equations are exactly the same as above, except that a level-

level interference term is included in the equation for elastic scattering:

ka _Er)a

1
* 3

x ZgJ%i : v T I(E-E )(E-E)+-r_1
J r= s=

cm) and is

-

—— -

e s, i sl —



D.1.3. Reich-Moore Formulae

A detailed derivation of these formulae is to be found in a paper

2 . . "
by Reich and Moore.( ) Neutron cross sections with an exit channel c are

*
given by

" §: J®
e = T k% ngGnc : Unc % 1
o J
where kn is calculated in the center-of-mass system; and

_ = = 771 —2WEL 3 "
k 2,196 ( WRL 1.0) X 10 E(eV) , (2)

where AWRI is the mass of the target nucleus in units of neutron mass.

The statistical factor

__(2341)
&1 T 2(2m+1) ° (3)

where J is the spin of the compound nucleus resonance and I is the target

nucleus spin.

In terms of the Reich~Moore approximation one may write

J =] -+ -
Unc B E1(¢h wt) {ZE(I-K) 1]nc - 6nc 4 (%)
. r or, %
where (I-K)cc' = ﬁcc' - %Z Ac ACi s (5)
x BBzl

where the summation in Eq. (5) is over the resonance levels ); E. is

A

the resonance energy; I}_ , the corresponding radiation widths; and

I&c and I&c' are the widths for the )\-th level and channels c and c’,

respectively,

If we define

= 6, - [(X-K)] =8

pnc

m
_ _nc
nc A

*These formulae are to be used for the 0°K case (no Doppler broadening
terms given).
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where A= |I-Kl the determinant of the matrix I-K and

m,. is the co-factor of the element (I-K) . of the matrix I-K, we

obtain

Opr = Z gy = 27 n ?gJRe(l-Ujm)

J
= 27 %2 E ;
=2 K ] 8J(1-cos2¢n) + ZgJRe(-Zi»,Dn ) (6)
J

&  Pnn

2
cInn =I k“;g:‘_ |1'U\r]1n| 2 (7)

2
- _ 2
nabs ch il I 0 Z EJ[ Re(pun) - | Prml ] (8)
o 2 2
OnFiss = 4T kn E & (ZC: | . | ) : (9
J &

ny = OpAbs - OpFiss (10)

For s-wave neutrons ¢, = +k_a where k has been defined by Eq. 2 and a is

the channel radius. For p and d-wave resonances qcn is defined in section

D.1l.L.

l. K. Gregson, M. F. James, and D, S. Norton, "MLBW - A Multilevel Breit-
Wigner Computer Programme', UKAEA Report AEEW-M-517, March 1965.

2. C. W. Reich and M. S. Moore, Phys., Rev. 111, 929, 1958,
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D.1.4. Adler-Adler Multilevel Resonance Parameters: LRU=1, LRF=2
The formulae for obtaining cross sections have been taken

from Adler and Adler(3:%) | fpese are given for the total, radiative

captive and fission cross sections (without Doppler broadening).

1, Total Cross Section

O (E) = —-ZEC—- ( l-cos w)

NRS
Z ek | AL T T

+§E VR[GR cos w+ Hg sin w] +(].LR & E)[H‘II{ cos w - GR sin w]
R=1

(4 -9 + ()

C s EZ)

JE

' 2 3
* E +
$ (AT1+ ATZ/E + ATB/E + ATA/E + BT, * E + BT

2

2, Captive Cross Section

On,y (E) =

NRS _
L. lj','é Gy cos w+ HY sin w| + l|_,;'y-E Hy cos W - Gy sin w
JE R R R R R R

=

(-9« (2)° |

' 2 3
\ * *
+ ACZ/E + AC3/E + ACl/E + BC, E + BC, * E )

C

JE

+ (AC

1

3. Fission Cross Section .

On,f (E) =
NRS

c f £ £ £ £ £
L vV G, cos W+ H sinw| + u = EJIH, cos w- G, sinw
ﬁ R R R R R R

(- %) ()’

' 2 3 2
+ (AF1+ AFZ/E + AF3/E + AF4/E + BFl * E + BF, * E7)

_C
VE

W= 2 k&
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where k is the neutron wave number

= 2,196771 [ AWRL -3y
k (AWR’ 5] x10 VE(eV)

and

©s

=] [

AP

effective scattering radius (in units of 10-12 cm) and

ax2 = T

k2

P -

— e e il -

o o



D.2 THE UNRESOLVED RESONANCE REGION: 1LRU=2, LRF=1 or 2

Average resonance parameters are provided in File 2 for the

unresolved region. Parameters are given for possible {- and J-

states (up to d-wave, 4 = 2) and the following parameters may be

energy dependent: -BL,J , iﬁ%{ v I&{ g EE{ p The parameters
2 ] &l

are for a single-level Breit-Wigner formula with interference. The

widths are distributed according to a chiesquared distribuytion

with a designated number of degrees of freedom. The number

of degrees of freedom may be different for neutron and fission

widths and for different (4, J) states. These formulae do not

consider Doppler broadening.
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D.2,1 Resonance Parameters for the Unresolved Region
The following gives a few definitions and formulae of use

in the unresolved resonance region.,

a. Level Spacing

The experimental value of mean spacing between resonances

is determined as

. (1)

observed No. of resonances of given £

where AEn is the neutron energy interval and £ is the angular
momentum of the incident neutron. In using the above equation
it is assumed that (a) corrections have been made for missed
levels or (b) only that part of the energy range where a plot of
the level position versus level number is linear. For most of the
nuclei this quantity is determined by looking at the s -wave resonances.
If we assume that
Py ~ (27 + 1)
where Py is the density of compound nucleus levels of spin J, then

1 & W - 2
P = ZTp (2)
Dobs obs J

If in addition I is the spin of the target nucleus, one can
show that

Do

DJ= x2x (2L + 1) x (24 + 1) (3)
(27 + 1)

where D0 = Dobs

In the above we have neglected the exponential facters in the level
density formula to get a simple expression. From these expressions

we can calculate the level-spacing for the two sets of s-wave resonances.

P _—

Y

e, . e | S,

S — SE_——

— el
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Further, we assume that the level-spacing is independent of the neutron
angular momentum { and derive the spacings for the p and d-wave neutrons.

b. Neutron Widths

Since most of the resolved resonance data give the 8 - wave
neutron widths for resonances of two spin states we can determine a
mean neutron width. Suitable corrections have to be applied for
missing levels. Or, the experimentor might give an S-wave strength-
function. If we assume that the s-wave strength-function is independent

of J we can write

<ro> ' jf__}_ s (%)
ONEEON

for the two possible spin states Jy and Jy for s-wave resonances,

Similarly if the p - wave strength-function is known we can write

<1"° £=1
""" = /s = 51 (5
)
JS

are the possible spin values for the p-wave

where J; Jp ------ J
resonances. Here we would like to point out that some of the spin-states
could be formed via two possible values of channel spin I+l and 1-%

and hence the corresponding neutron width could be thought of as following
a Porter-Thomas distribution of p = 2 degrees of freedom. If we
calculate Dy in equation(5)from equation(3)we can calculate the

corresponding reduced neutron width from the above equation. Here
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we would like to point out another procedure which defines the

ENDF/B convention. We define the neutron width I'ﬁ] for f-wave

neutrons and spin J - states as

ol

/I..Jz, _
\ nJ nJ JE x V& % 0 (6)
where E is the neutron energy in eV and vy is defined below and

is the number of degrees of freedom for the neutron width distribution

V,[,(p) = P&(p) where p = kr (k is the neutron wave-number and

Y

r the nuclear radius).

For 4 =0 Vo(p) = 1
1 p?
t=1t i@ =
t=2 va(p = _#
94+ 3p°+ p

Sometimes it might happen that there are no experimental values
of p-wave strength-functions available. In such a case one has to have
recourse to the results of some model calculations and their predictioms,
A list of such calculations are

1. B.Buck and F. Perey. Phys. Rev. Letters 8, 444, 1962.

e e

I N . P
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c. Gamma Widths
In the limited energy range of a few keV usually covered by
the unresolved resonance region, the gamma widths may be assumed to
be constant and equal to that obtained from an analyses of the resolved

resonances, Lf however, this energy range is rather wide, an energy

1
dependence as given by some of the well-known theoretical models( ) has

to be built in. Since, the observed gamma width is a sum of a large
number of primary gamma transitions each of which is assumed to have a
chi-squared distribution of 0 = 1, it is found to have a U ~ 20 or
larger. 1In effect this implies that the gamma width is a constant, as
a chi-squared distribution with a large number of degrees of freedom

approximates a §-function.

1. J. E., Lynn, The Theory of Neutron Resonance Reactions, Chapter VII,
Clarendon Press, Oxford (1968).
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D.2.2 (Cross Sections in the Unresolved Region

as Elastic Scattering Cross Section

NLS
On,n (E) = E Unjﬁ (E)
£=0
NJS
i e
= T 5
ot , (B) = = g, (2441) sin2gy
NJS J
)
* 2—:2' By nldy - 2Ta ; sing
I Dy T/ as

b. Radiative Captive Cross Section

© NLS
g £
ny B = ), o) (®)
4=0
NJS&

¢, Fission Cross Section

NLS 2
Gn,f (E) = E Un’f (E)
£=0
NJSL
d;’f (E) = 211'2
k
J

4,J

- ——— e e c— — .

——— e — — ———
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The summation over 4, in. the above equations, extends up
to & = 2 or to NLS (where NLS is the number of A{-states for which
data are given). For each value of {, the summation over J-states
extends to NJS% (the number of J-states for a particular {-state).

NLS and NJS are given in File 2.

g T T ‘
<11:‘§ | Ll Ld) Rarg
{£,J T
2,3
I.T = =
1 L,J = n,f,,,]’ r“y{,,J R
— vi,,J
Tyg
ke % I, T
= ,J f
<I‘ > 4,3 > m— LY
Ty,g

where Ry&,J » Reg 3o and Rn{,J are fluctuation integrals for captivre,
fission, and elastic scattering, respectively. Associated with each of
these integrals is the number of degrees of freedom for each of the

average widths.
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Data given in File 2 for each ( {,J ) state

“ﬂ{,J = AMUN, the number of degrees of freedom for neutron widths
qu’J = AMUF, " L n u " n " fission widths
EJX{’J = AMUX, " " " " " g " competitive
ﬁi)%’J = AMUG, " L L L n L " radiation widths
f;%’J = GX, the average competitive reaction width

fﬁ{,J = GNO, the average reduced neutron width

f&%,J = GG, the average radiation width

TE@,J = GF, the average fission width

B&,J = D, the average level spacing

The average neutron widths are

o 8]

Tngs = T aVE VE g,

where the penetrabilities, Vy are

Vo =1 for s-wave neutrons, 4 = 0
Vi = p? for p-wave neutrons, { = 1
L+p2
Vo = &* for d=wave neutrons, { = 2
—
9+3p +5+

The statistical weight factor, gy » 1is

2J+1

gy = 2041
d 2(2T+1)

The average total width, at energy E, is

x4 ,J

where all widths are evaluated at energy, E.
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J = AJ as given in File 2
I = G8PI as given in File 2
{4 = L as given in File 2

p = ka

Where k is the neutron wave number,

AWRT
b = 2.196771( )x 10-3VE (ev)

AWRI + 1.0

and

"a" is the channel radius (in units of 10'12Cm),

1/3
g = [ 1.23  (AWRI)

+ 0.8] x 107
AWRI is the ratio of the mass of the particular isotope to that

of the neutron.

AWRI is given in File 2.

¢; is the phase shift and

b0 = D £ =0
41 = P - tan~1 ) L=
g5 = 5 - pagl /_1’%) L =2
\3-p
where
0 = ka

and a is the effective scattering radius (in units of 10'12cn0.

~

a = A as given in File 2,







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, MF, MT/Cl, C2; L1, L2, NR, NP/Eint/Y(E)]TABl
where Eint 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:

[MAT, MF, MT, Cl, €2, L1, L2, NR, NP, NBT(1l), INT(l), NBT(2), INT(2),

NBT(3), INT(3), ..., NBT(NR), INT(NR), E(1), ¥Y(1), E(2), Y(2), E(3),

YE8)h wwewm BONE), YINP)]
NP is the number of pairs, E and Y, that are given. NR is the number of
interpolation ranges that are given., WNBT(l) is defined to mean that a
particular interpolation scheme is to be used between point number one and
the point number given by NBT(l). The interpolation scheme that is to
be used in this range is specified by the value of INT(l). Likewise in the
second interpolation region, between the point number given by NBT(1)
and the point number 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.1l.

Interpolation schemes for a two-dimension 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 another for E'. This is specified by a TAB2 record followed by several

TABL or LIST records. An example might be:
[MAT, MF, MT/Cl, C2; LL, L2; NR, NE/EintJTABZ

[MAT, MF, MT/Cl, E(1); L1, L2; NR, NF/E’int/g(E’,El)]TAﬁl
[MAT, MF, MT/Cl, E(2); L1, L2; NR, NF/Eint/g(E’, E,) ]JTAB1

[MAT, MF, MT/Cl, E(NE); L1, L2; NR, NF/E;nt/g(E',ENE)]TABl

In this case NR, in the TAB2 record, indicates the number of interpolation
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ranges for (E). There will be NE TABl records and each of these records
will contain a value of E, Eint is the interpolation scheme used for the

E mesh, NF in each TABl record indicates the number of pairs, E’ and

g(E',E) that will be given in the particular record. E’ is the inter-

polation scheme to be used,

given below,

int

The allowed interpolation schemes are

INT Description
1 y is constant in x (constant) %
2 y is linear in X (linear-linear)
3 y is linear in 4n x (linear-log)
4 dn y is linear in X (log-linear)
5 In y is linear in 4n x (log-log)

*Note, INT =

1 (constant) implies that the function is constant

and equal to the value given at the lower limit of

the interval.

s e N, Y

_— F .
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(o1)X

01 = Amvamz

L = (Z)IIN

(6)X (")x o
(6)X (8)X (L)X (9)x (€)x ()X (1I%
"z
(1)
(2)&
(e)x
(g)INI P (Z)INI | L (1) INI o
< € FDNVY > - 7 EONVE - - T FONVY -
€ = (T)19N

Tabulated one dimensional function illustrated for

the case NP-10, NR-3

Figure E.1.
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Temperature Dependence

Any of the data given in Files 3, 4, 5, 6, or 7 may have a tempera-
ture dependence (where it is physically realistic). The temperature de-
pendence is specified by repeating the data for each temperature given
and indicating how to interpolate the data between temperatures. LT is

a flag that indicates whether or not temperature-dependent data are given.
The following quantities are defined:

T, is the mth temperature (°K).

LT is a test for temperature dependence:

LT = 0 means no temperature dependence
LT > 0 means that the function y(x,T) is given
at (LT+1) temperatures.
I, is the interpolation scheme used between T _; and
Tp+ (The values of I have the same definitions
as INT given for other interpolation schemes

(see Appendix E).

Since the data will always be given in a LIST or TABLl record, con=-
sider a TABl record for a function, y(x). In this case the functions
must be y(x,T). The function at the first temperature y(x,Tl) is given
in a TABl record. The functions for the remaining temperatures are
given in LIST records. The number of LIST records will be LT.

An example might be:
[(MAT, MF, MT/ Ty, C2; LT, L2; NR, NPll Xint/Y(X,Tl)]TABl
[MAT, MF, MT/ Tp, C2; Ip, L2; NPy, 0 / Y_ (Tp)]LIST
[MAT, MF, MT/ T3, C2; I3, L2; NP3, O / Y,(T3)]LIST

[MAT, MF, MT/ Typyq> €25 Ippyps L2, NP g 0/ Yn(TLT+1)]LIST.



The LIST records must be given in order of increasing value of the tem-
perature Tm. Note that the interpolation scheme Im is given in the same record
position in the LIST record as LT is given in the TABl record. Also note
that in the TABl record (for the first temperature) pairs of values are
given, X(N) and Y(X,Tl), while in the LIST record only values of YCX,TZ)

th point is for

are given. It is implied that Y(X,Tz) given at the N
the same value of X(N) as is given for Y(X,Tl). This means that the X

mesh is given only once, i.e., for first temperature.

If a cross section exhibits a temperature dependence, it will
generally occur only at low neutron energies, and the high energy data

will be independent of temperature. Therefore, the LIST records for the

second and higher temperatures may contain NP's that are less than the

NP given on the TABl record. If the subscript 'm" denotes the temperature,

the following condition is defined:

NP1 = NP, = NP, =

2 3 o e 8 o8 = NPLT+1 .

For example, consider the fission cross section for a particular material
(where resonance parameters are not given). Uf(E) may be described by
1000 energy points (NP = 1000) that cover the energy range from 10-5 eV
to 15.0 x 10°

given in a TABl record. If the fission cross section is given at 600.0 °K

eV for a temperature of 293.0 °K. These data would be

and temperature effects are not important for neutron energies above

1.0 % 103 eV (described in the TABl record by the first 500 points),
then a LIST record is given for 600 °K and NP would be equal to 500. It
is implied that the first 500 energy points for both sets of data are

exactly the same.

If the temperature dependence refers to data already in a LIST
record, all records are of the LIST type. The first LIST record contains

the data for the first (lowest) temperature.
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;5 NP
5 NP

The same rules

NP1 > NP2

The above mechanism

product yields with

MT/ T1 s 023 BT 4 L2
Mr/ T, o, €2; I, , L2;
MT/ Ty s C2; 13 L%
ME/ Typigs €25 Ippygs 12,

apply about NP, i.e.,

= NP3 B o ww w = NPLI+1

is used in File 1 to describe the

incident neutron energy.

In this

1 s 0/ Bn(Tl) JLIST
5 0/ B (T,) JLIST
. 0/ B (T,) JLIST
LT+1° 0/ Bn(TLT+1)]LIST

variation of fission

special case, the

neutron energy replaces the temperature in the above illustration, and

the interpolation code Im

refers to neutron energy.






APPENDIX G
Alternate Structure for ENDF Data Tapes

The standard structure of an ENDF tape was described in Section 4.2
of this report. The standard structure is well suited for BCD (card

image) and binary tapes.

An alternate structure of the ENDF data tapes has been developed
for use in certain cross section processing codes. This alternate ar-
rangement is illustrated in Fig. G.l and is simply an interchange of

materials and files., The hierarchy is now MF, MAT, and MT.

Processing programs have been written that will convert an ENDF
data tape (either BCD card image or binary) from the standard structure

to the alternate structure (see Appendix I).



Tape

Tape
Ident.

(TPID)

File

File Material Sectlion
MF MAT MS
First Section Record

Material 1 1

(HEAD)
Second Section Record
Material

\\ ,,
\\

\\ M

\\ N

File

\NE

Material

MAT

Section

Record

Y

Last

File

" Tape

ind
(TEND)

Last

Material

File

£nd
(FEND)

\\ %

N

Figure G.l.

Last Last
Section Recnrd
Material Section

End ~ End

(MEND) (SEND)

Alternate Arrangement\Pf 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 essentially the same as those used for the ENDF/B. All processing
codes, such as CHECKER, RIGEL, ET@E will be able to read the data tape
regardless of whether the tape is an ENDF/A or ENDF/B data type. The
only difference between the two tapes is a flag in the HEAD record of
the first section, MT = 451, in File 1. Also the first part of the
Hollerith information(first two BCD card image records) will have an
artificial structure., The modified structure for an ENDF/A tape ié:
[MAT, 1, 451/2A, AWR; LRP, LFI, NTY, NXC] HEAD
[MaT, 1, 451/0.0, 0.0, LDD, LFP, NWD, 0/

AID, ALAB, DATEl, AUTH /

REF, DATE2, DATE3, EMIN, EMAX/H (N)]LIST

[MaT, 1, 451/0.0, 0.0, MFy, MIy, NCp, 0] C@NT

el e kT e ————
it e e e Lk F T e ———

el Ll Ly —

[ar, 1, 451/0.0, 0.0, MFyyc, 0] cent

MIyxc» NCyxc»
[taT, 1, 0/0.0, 0.0, 0, O, O, O ]SEND



where

NTY

is flag to

If NTY

]

indicate the type of data tape.
0 or bank - ENDF/B tape,
1 - ENDF/A tape,

2 - ENDF/A tape (translated from

UK-AEA library),

3 - ENDF/A tape (translated from

KEDAK library).

The first pat of the Hollerith information (first two BCD card records)

has the structure:

Field

4

5

Cols.

2-11
12-22
23-33

34-66

2-22
23-33
34-44
45-55

56-66

Name
(First Card)

AID
ALAB
DATE1
AUTH

(Second Card)
REF

DATE 2
DATE 3
EMIN#*

EMAX*

Description

Material name (left adjusted)
Originating laboratory (left adjusted)
Date of evaluation (left adjusted)

Author of evaluation (left adjusted)

Reference (left adjusted)

Original distribution date (left adjusted)
Date of last revision (left adjusted)

Lower limit of energy range (format is E11.4)

Upper limit of energy range (format is E1ll.4)

NWD has the same meaning as an ENDF/B tape, i.e., NWD is the count of the

number of elements in the Hollerith section( for BCD card image tapes).

NWD is the number of card images used to describe the data set of this material,

NWD includes the count of the first two BCD card images. An example is given

on the next page.

*Only given for materials that contain cross section data for one reaction

type.

e

R
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9,0232€+04 2,3004E+02 | 1 1 374117 1453 1
4} g 51 1117 1453 2

TH=232 B AND W EVAL=NOV66 WITTCOPF, ROY, AND LOVOLS! 1117 1451 3
BAW=317 (41978) DIST=MAY6? REV=APR7D 1117 1454 4
» » L ® # ® 1117 1451 5
THORIUMs232 (B AND W) WITTCORF, ROY)» AND LIVOLS! 1117 1451 6
s ® o @ “ 1147 1453 7

DATA COMPILED NOV,, 1966 AND MODIFIED MAY, 1969 1117 14581 8
EVALUATION DESCRIBED IN BABCOCK AND WILEOX REPORT, 1117 14534 9

BAWe317 1147 1451 10

a o ® 4 ® 1117 1451 11

ENERGY RANGE (@,0027% TO 10 EV, 1117 14534 12
TOTAL X/S ACCORDING TO MEMO FROM B,R, LEONARD TO CSEWG ON AUG,1117 1431 13

8, 1969, A VALUF OF 10,15 B FOR THE POTENTIAL X/S WAS PROVID 1117 1453 14
THE (N,2N) X/S WAS OBTAINED AS AN UNWEIGHTED AVERAGE THROUGH 1117 1451 50
SEVERAL EXPERIMEMTAL DATA SETS PUBLISHED BETWEEN 4964 AND 19561117 1453 b1
THE (N,3N) X/S WAS OBTINED FROM THE WORK OF M,W,TAGGART AND 1117 1451 52

M, GOODFELLOW, JNE 17,437(1963), 1117 1451 53

1 451 90 1117 1451 54

1 452 3 1117 1451 55

2 181 241 1117 1454  S6

3 4 131 1117 1454 57

3 2 114 1417 1451 58

3 4 23 1117 1451 59

3 16 8 1117 14514 60

3 13 5 1117 1451 61

3 18 14 1117 1454 62

3 54 18 1117 1454 63

3 B2 16 1147 1453} 64

3 53 13 1117 1454 65

3 54 i1 1117 1454 66

3 55 10 1117 1454 &7

3 56 9 1147 1454 68

3 57 8 1117 1454 69

3 58 8 1117 1458 70

3 91 13 1117 1451 73

3 192 144 1147 1451 72

3 251 13 1117 1454 73

3 282 13 1117 1451 74

5 16 8 1117 1451 86

5 17 7 1117 1451 87

5 18 7 1117 1451 88

5 91 12 1117 1451 B9

7 4 4 1117 1451  9p

1117 1+ @ 91
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APPENDIX I

Summary of Processing Codes Used with the

ENDF Library

The following is a table listing computer codes which are
directly related to the ENDF library and cognizant individual at originating

laboratory. This list is not complete and includes only the more general codes.

Code Name Description, Name (Laboratory)
ADIER Calculates unshielded resonance cross sections

using Adler-Adler multilevel formula, M.R. Bhat (BNL).

AVERAGE-II Calculdtes infinitely-dilute cross sections using
unresolved resonance parameters, M.R. Bhat (BNL).

BMCLIB Generates BMC (Battelle Monte Carlo) library, D.H.
Thompson (BNW).

CHECKER Detects errors in ENDF formated data, D.E. Cullen (BNL),
Available from ANL Code Center.

CRECT Corrects ENDF data tapes, D.E. Cullen (BNL). Available
from ANL Code Center.

DAMMET Delete, alter mode, and merge data for ENDF library,
D.E. Cullen (BNL). Available from ANL Code Center.
This code will be replaced by RIGEL.

EDIT Read, write, and plot data from ENDF library, R. Hubner (AI)
ENDF-GAND Generates GAF-GAR library, D. Mathews (GGA)
Available from ANL Code Center.
ENDRUN Generate T DOWN library, B. Hutchins (GE-BRDO).
ENDT Generate UNSAM-3 library, S. Kellman (WNES). Available
from RSIC,
ETOE Generate MC? library. E. Pennington (ANL). Available

from ANL Code Center.



Code Name

1-2

Description, Name (Laboratory)

ET@G-1 .Generate MUFT, GAM, ANISN libraries, S. Kellman (WNES).
‘ Available from ANL Code Center.
ET@J Prepare library for JPSHUA system. D. Finch (SRL).
ETQL Generate photon production library for LAPH.
D.J. Dudziak (LASL).
ETPM-1 Generate MUFT library. R.A. Dannels (WNES). Available
from ANL Code Center.
ET@X Generate IDX and FCC-IV libraries, R.B. Kidman (BNW).
FLANGE-II Generates scattering kernel data from S(w,B), D. Finch
(SRL), J. Neill (GGA). Available from ANL Code Center.
GENSIG Prepare photon library data for @GRE program, D. K. Trubey,
S.K. Penny (ORNL). Available from RSIC.
NUSECT Generate @6R library, E. Straker, S.K. Penny (ORNL).
PHOX Physics checking code for photon production data,
D. Dudziak (LASL). Available from RSIC.
PL@TFB List and plot ENDF data, D.E. Cullen (BNL). Available
from ANL Code Center.
RIGEL Delete, alter mode, and merge ENDF data tapes, D.E.
Cullen (BNL). Available from ANL Code Center.
SIGPL@T Calculate Doppler-broadened cross sections from single
level and multi-level Breit-Wigner formulas, M.R. Bhat (BNL).
SUPERT@G Generate GAM, ANISN, D@T, and M@PRSE libraries, D. Jenkins (ORNL).
Available from RSIC.
UKE Translates from UK-AWR data to ENDF formate data, D.K. Trubey

(ORNL). Available from RSIC.

LISTFC Generates an interpreted listing of an ENDF tape.
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APPENDIX J
Materials in the ENDF/B-II Library

The following is a list of materials that are available in the

ENDF/B-II library. This list of materials will be expanded as more

evaluated data sets become available. The current contents of

the ENDF/B-II library will be published from time to time in the

NNCSC Newsletter.



Material
H20

D,0
Beryllium
BeO

Graphite

Polyethylene
Benzene
H in ZrH

Zr in ZrH

J=2

Moderating Materials

MAT Number
1002

1004
1064
1099

1065

1111
1095
1097

1096

(Scattering Law Data)

Temperatures

296, 350, 400, 450,

296, 350, 400, 450,

296, 400, 500, 600,
296, 400, 500, 600,
296, 400, 500, 600,
1600, 2000
296, 350

296, 350, 400, 450,
296, 400, 500, 600,

296, 400, 500, 600,

(og)

500,
500,
700,
700,

700,

500,
700,

700,

600,
600,
800,
800,

800,

600,
800,

800,

800, 1000
800, 1000
1000, 1200
1000, 1200

1000, 1200,

800, 1000
1000, 1200

1000, 1200
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Material MAT Number ENDF/B-II Tape Number
H 1001 202
D 1120 204
He 1088 204
Be 1007 204
B-10 1009 202
C 1140 202
0 1013 202
Na 1059 202
Mg 1014 202
Al 1015 202
Ti | 1016 202
v 1017 202
Cr 1121 203
Mn 1019 202
Fe 1122 203
Ni 1123 203
Cu 1087 202
Cu=-63 1085 202
Cu-65 1086 202
Nb 1112 203
Mo 1111 203
Xe-135 1026 204
Sm-149 1026 204
Eu-151 1028 204
Eu-153 1029 204

Gd 1030 204



Material

Dy-164
Lu-175
Lu-176
Ta-181
W-182
W-183
W-184
W-186
Re-185
Re-187
Au-197
Th-232
U-233
U-234
U-235
U-236
U-238
Np-237
Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
AM-241

AM-243

MAT Number

1031

1032

1033

1035

1060

1061

1062

1063

1083

1084

1037

1117

1041

1043

1102

1046

1103

1048

1050

1104

1105

1106

1055

1056

1057

¥af

ENDF/B-11 Tape Number

204

204

204

204

204

204

204

204

204

204

204

201

201

201

201

201

201

204

201

201

201

203

201

204

204
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Material MAT Number ENDF/B-II Tape Number
Cm-244 1058 204
U-233 RSFP* 1042 204
U-235 RSFP 1045 204
Pu-239 RSFP 1052 204
U-233 SSFP** 1066 204
U-235 SSFP 1068 204
Pu-239 SSFP 1070 204
U-233 NSFP#¥% 1067 204
U-235 NSFP 1069 204
Pu-239 1071 204

*Rapidly Saturating Fission Product aggregate (for thermal reactors).
**%3lowly Saturating Fission Product aggregate (for thermal reactors).

*%*Non-Saturating Fission Product aggregate (for thermal reactors).



—— - -

—_— — — o —



APPENDIX K

Sample Data Set

The following is a sample data set in the ENDF format. This
sample was taken from an evaluation by E. Pennington (Argonne
National Laboratory) and the data set contains neutron cross
section data for the natural element, helium.
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APPENDIX L

Sample of Interpreted Data Set

The following is an interpreted listing of an ENDF data set for
the element helium. This listing was obtained using the LISTFC code
(See Appendix I). Since this is an example, not all of the angular
distributions have been listed.



HEL lu* At EYAL-JUNAE E M PENNINGTON INATURAL ELEMENT)
ANL»7852 (CCT,1Y0E) D21STeJUNTE REVaUNTE

° » L] a . ] L]
CATA UCOIFLEDL JUNE, 1§70 "0 CONFCSM T9 ENCF/3-11 FORMATS

° ° o . ° . .
HE{1L¥ CROSS SECYIONS wMATER[AL 1288

COMPILED BY ED PENNINGTON, ARGOANE NATIONAL LAB,s IN JUNE 1948,
NATURAL WELIUM CONSISTS OF 2,28843 PER CENT WEeS AND 99,99987 PER
CENT HEm4,

BECAUSE OF THE LOUW #BUNDANCE OF HE-3, ONLY ITS (N,P) CROSS
SECTION, WHICH 1S VERY LARGE AT L0W ENERGIES, NEED BE CONSIDERED,
ELASTIC SCATTERING IS TWE ONLY POSSIBLE REACTION FOR NEUTRONS
INCICENT QN wE=é AT ENERGIES BELOW 15 MEV, THUS THE EL&STIC
SCATTERING CPOSS SECTION AND VALUES OF MU BAR(LAB), X[, AND GAMMA
ARE GIVEN IN FILE 3, AND ELASTIC SCATTER|NG LEGENDRE COEFFICIENTS
ARE GIVEN [N FILE 4, PARAMETERS FOR & FREE GAS THERHMAL SCATTERING
LAWK ARE 1IN FILE 7,

THE FLASTIC SCATTERING CROSS SECTION AND THE LEGENDRE EXPANSION
COEFFICIENTS WERE CALCULAYED FROM SayPey, AND OwWAVE PHASE SHMIFTS
USING A FORTRAN PROGRAM WRITTEN FOR THE PURPOSE, THE PHASE SHIFTS
HERE READ FROM SMOOTH CURVES BASED ON TABLE ] OF REF,1, AT
ENFRGIES BELOW THE 382 KEV, LOWER LIMIT OF TABLE I, EACH OF THE
THO PeWAVE PHASE SHIFTS WAS OBTAINED BY ASSUMING A FUNCTIONAL
FORM BASED ON THE LOW ENERGY LIMIT FOR A SINGLE P=WAVE RESONANCE,
WITH PARAMETERS CETERMINED FROM FITTING THE LOW ENERGY PHASE
SHIFTS OF TABLE |, THE SeWAVE PHASE SHIFT BELOW 322 KEV, HAS
CALCULATED USING HARD SPHERE SCATTER|NG AND A NUCLEAR RADIUS, A®
2,4 FERMI, THIS YIELDS THE TWERMAL SCATTERING CROSS SECTION ®
4,0Plakes2e £,7238 BARNS [N AGREEMENT W]TH THE EXPERIMENTAL VALVE
OF 2,73+= 2,25 BARNS (REF.2), THE LOW ENERGY S=WAVE PHASE SHIFTS
OF TABLE | ARE CONSISTENT W[TH A NUCLEAR RADIUS OF ABQUT 2,48
FERML, AND 50 WOULD YIELD A SOMEWHAT HIGK THERMAL CROSS SECTION.
VALUES OF MU BAR(LAB)}, XI, AND GAMMA WERE CALCULATED FROM THE
LEGENDRE COEFFICIENTS USING A FORTRAN PROGRAM, MUXIGA, THIS
PROGRAM USES THE EQUATIONS OF REF,3e=5,

AN ELASTIC SCATTERING TRANSFORMATION MATRIX FROM TWE CENTER=OF-
MASS TO THE LABORATORY SYSTEM WAS COMPUTED USING CHAD (REF,6),
THE {NsP) CROSS SECTION FOR WE=3 [S THAT RECOMMENDED IN THE
EVALUATION OF HE=3 BY j, ALS=NIELSEN GIVEN IN REF,7, EXTENSION
FROM 12 Y0 15 MEV, WAS MADE USING LINEAR EXTRAPOLATION ON A

LOG SIGMA= LOG E SCALE,

THE TOTAL CROSS SECT|ON 1S THE SUM OF THE ELASTIC SCATTERING AND
(N,;P) CROSS SECTIONS,

COMMENTS®

THE PHASE SHIFTS OF REF,t{ ARE OPTICAL MODEL PHASE SHIFTS CHOSEN
TO FIT BOTH ANGULAR DISTRIBUTION AND POLAR]ZAT[ON DATA AT MANY
ENERGIES, THE TOTAL SCATYERING CROSS SECTION IS ALSO FIT WITHIN
THE SCATTER OF THE EXPERIMENTAL POINTS, ANOTHER RECENT SET OF
PHASE SHIFTS (REF,8) 1S NOT VERY DIFFERENT FROM THOSE USED HERE,
AND COULD ALEQ HAVE BEEN USED IN THE PRESENT WORK, THERE SHOULD

BE NO SERIOUS ERRORS [N THE HE=4 DATA CALCULATED FROM THE PHASE
SHIFTS,

AS DISCUSSED IN REF,?; THE KE=3 (4,P) CROSS SECTION 15 RATHER
WELL KNOWN, PRCBABLY MORE ERRQR 1S INTROOUCED [NTO THE (N,P)
CRCSS SECTION FOR NATURAL HELIUM BY THE UNCERTAINTY IN THE HE=3
1SOTOPIC ABUNDANCE THAN BY THE UNCERTAINTY IN THE WEs3 (N,P)
CROSS SECTION ITSELF,

PREVIOUS EVALUATIONS OF HELIUM FOR REACTOR CALCULATIONS INCLUDE
THNSE OF J,J,SCHMIDT (REF,9) ANO B8,R,5,BUCKINGHAM ET AL (REF,18},
SCHMIDT=S EVALUATION INCLUDES THE (N,P) CROSS SECTION FOR HE=3,
AND SIGMA ELASTIC, MU BAR{LAB)a« AND A SET OF PHASE SHIFTS FOR
HEwd, BUCKINGHAM ET AL GIVE SEPARATE EVALUATIONS FOR HME=3 AND
HE=4, FQR HE=3 ELASTIC, (N.P), (N,D); AND (N,2N) CROSS SECTIONS
ARE GIVEN, AS WELL A8 ELASTIC ANGULAR DISTRIBUT]ONS, THE HE=4
EVALUATION GIVES THE ELASTIC CROSS SECTION AND ANGULAR
DISTRIBUTIONS,

REFERENCES=

1+ GiR.SATCHLER ET AL, NUCLEAR PHYS|CS A112,1=31,(1968),

2, R,GENIN ET AL, JOURMAL DE PHYSIGUE EY LE RADIUM 24,24-26,1963,
3, HAMSTER JOURNAL OF APPLIED PHYSICS 27,3,387,(19%6),

4, H,AMSTER JOURNAL OF APPL]ED PHYSICS 27,6,663,(19596),

5, HyAMSTER JOURNAL OF APPLIED PHYS[CS 29,4,623=827,(1958),

6, R F,BERLAND NAASR=1123%,(1965),

7y E4N E A, NEUTRON DATA COMPJLATION CENTRE NEWSLEYTER NO,6,1967,
B, B,HOOP,JR, AND H,M,BARSCHALL NUCLEAR PHYS]CS 83,6579, (1566},
9, JiJiSCHHIDT KFK«12@,PARTS 11,111,(1962) ,PART [,(1966},
12,8,R,5,BUCKINGHAM ET AL AWRE 0=26/62,(1961),



NATURAL HELIUM TAGLE NF CONTENTS ENDF/B MATERIAL NO, 1288
GENEREAL [NFORMATION
UATA TYPE REACTION CARDS
GENERZL [NFORMATION COMMENTS 79
TABLE OF CONTENTS 12
RESONANCE PARAMETERS RESONANCE OATA 4
SMAOTH NEUTRON CROSS SECTIONS TOTAL 51
ELASTIC 51
thsP) 5%
MU BAR 39
X1 39
GAMMA 39
SECONDARY NEUTRON ANGULAR DISTRIBUTIONS ELASTIC 237
THFRRAL NEUTRON SCATTERING LAHS INELASTIC 4

NATURAL HELIUM ENDF/B MATERIAL KO, 1088

TOTAL
SHDOTH NEUTRON CROSS SECT]ONS

INTERPOLATION LAWK BETWEEN ENERGIES
RANGE DESCRIPTION
1 T0 142 ¥ LINEAR IN LN X

NEUTRON CROSS SECTIONS
INDEX,  ENERGY CROSS SECTION  ENERGY GROSS SECTION  ENERGY CROSS SECTION  ENERGY CROSS SECYION  ENERGY CROSS SECTION
EV ARN v BARNS EV BARNS EV BARNS EV BARNS
1 1,8CC0E«B5 §,0721E400 2,0CEBE~R5 9,70L0E=@1  3,P00BEe5 9,2400E-P1  5,0000EnB5 B,7968Eefi  7,B0PBE~@5 B,5550E«01
& 1,8002E=24 B,3398E=04 2,P2EOE=84 B,P17PE=PL  3,000PL=pP4 7,B874CE-81  5,0000Ee04 7,7340[=01 7,BEERE=@4 7,6540E-01
11 1,2208E-B3 7,8B86BE=01 2,BEPBE=B3 7,4840E=01 3,080BE=p3 7,439BE=B1 5,0000E=23 7 ,3940E=01 7.0BERE=R3 7 ,3700E=01
16 1,B2EBE~E2 7,34B2E=f1 2,P8PPE-22 7,318QE-01 2,53PCE=P2 7,3070E-B1 3,000¢E~02 7,3020F=31 5,0BPRE-P2 7,2870E-01
21 7,208@E~B2 7,2800E-@1  1,00@PE-@L 7,2730E=81 2,00@PL=@i 7,2632E-0L  3,BP00E-E1 7,258PEwedi  5,00BBE-D1 7,2540E«01
26  7,20@@E~B1 7,2512Ee01 1,2EPPEP0 7,2490c=01 2,0PQPE«0P 7,2468f-21 3 ,0000L4ED 7,2440E=31  5,00PBE4QP 7,2430(-01
31 7,88Q@E+20 7,2428E=E1 1,PBEPEeQL 7,2410f=01 2,000PEe@y 7,24P2E-01  3,0000fe8y 7,2400E=@1  5,00DBE¢EL 7,2420Ew01
36  7,280E+@1 7,239BE=p1 1,BPECE+P2 7,239@E=dl 2,0080Ee@2 7,239QE-@1  3,000@E+62 7,239BEe2y  5,0080E+22 7,238BEnP1
41 7,0P22Ee@2 7,2382E=01 1,BPPCEePI 7,2380E-01 2,0000Cep3 7,2372E-¢1  3,00@PEeP3 7,2370E-2) 5,0080E423 7,236BEef1
46  7,08@8CEe@3 7,234PE=Pi 1,P0PBFep4 7,23%0F-f1 2,0000Ee@4 7,2358E-01 3 ,PBQQCePA 7,234BEePl 5,0000E«p4 7,2410E-B1
51 7,0B20E«@4 7,256BEwB1 1,BRORE«RS 7,2972E=-21 1,5082E+25 7,4258E=01  2,PPBQE+05 7,6440E=21  2,50B80E¢85 7,9770E=21
56 3,0280E+25 8,978BE=RL 3,52P0E«2% 9,6042E=01 4,BEPPEQ5 L,2B6PE+R0 4,5200E+98 1.,1978E+@Q 5,0000E«25 1,3732E+EE
61 5,5@BZE+25 L,5B{BE*EE  6,0C0PE+R% 1,B28QF+@2 6,52Q0E+(5 2,46BQE+02  7,P2Q0Ee03 2.576BEER 7,3000E+p5 3,276BEER
66 8,008REe@5 3,7952BE+P0 B,5CQCE+05 4,388gE+p2  9,8080EP5 5,1148E+P8  9,5080F«@5 5,044BE408  1,0000E+Ps 6,5252E480
71 1,08520Ee@6 7,P380E402 1,1C00EeD6 7,321CFeA8 1, 132PEe@4 7,4240p+P2  1,1500F%06 7,456PE¢BP  1,1700E«D6 7,4610E400
76 1,2080E+@6 7,432PE4PE  1,2500[«06 7,27BPE+22 1,3PE0E@s 7,0402E4¥P  1,39008E«P6 6,757PE%EE  1,4000EeBs 6,453PE+DR
B1  1,452RE+@6 6,157PE4B2  1,5CBCE+P6 5,B75QE+22  1,6P2BE+@4 5,33IILE+EE  1,7PPPEeRs 4,B82BLeER 1,08000E%26 4,5p9BE+08
86 1.9282E+26 4,2110E+08 2,000CE«B6 3,9442E432 2,1200E+28 3,7348E+R2 2.,2088E406 3,551BEeE0 2,3008E+D8 I ,3I9FBE20
91 2,4280E+@6 3,273BE%R2 2.500PE«26 3,1602E%22 2,62BCE+E6 3,07L0E400 2.,722BE*R4 2.9BBPE+RE 2,8200E«0s 2,9110E400
96  2,9880E.26 2,RAGQE«2C  3,C0BCE«06 2,789QE+B8  3,2800E«P6 2,6B40E«PC 3, 4COAEe04 2,5930EePP 3 ,6000E408 2,524BE400
181 3,BR22E+26 2,469PE+BE 4, ,Q0Q0Ee06 2,4248E+82  4,2000E4P6 2,373I2p+P0  4,4P00[e06 2,325BE+P2 4, 6000E¢06 2,278BE4RE
126  4,8Q22E+26 2,2328E%22 5,20QCCe06 2,192PE+P2 5,2P@RE426 2,1492E+02 5,4P22Ee@s 2,4P7BE+PE  5,6002EeDs 2,072DE+RR
111 5,8222Ee@6 2,M312E+28 6,20QPE«@6 1,9Y4EE+E2  6,22BBE+@6 1,9372E+B0  6,4208Le@6 L1.924BE4PP  6,6000E«06 1,8870E4RE
116  6,80CZE+26 4,8530E+02 7,000CFe06 1,8210E+@2 7 ,2P80E406 1,7870£ePD  7,4000Fe06 L,7560Ee088 7 ,600CE04 L,7260Ce0R
121 7,8082E+P26 L,496CE+E2 0,0000Ce26 1,687PE+22  B,2PQBEeR6 1,6420[+P0 8,42PPEe26 1,6120PE*PE  B,6P@0E¢dp 1,5830E¢CE
126 8,82DBE*06 1,8590E%00 9,0202E+Q6 1,5342E+20 9,2PPRE+R6 1,5290E+08 9.,4C02E#06 L.,4850E+00 9,60BBE+B6 1,482DECR
131 9,822CEe26 1,4390E+22 1,PPAPEe@7 1.4182F¢22  1,B58BE«27 1,3650E+P@  1,1PPEE¢@7 1,3150E+0@ 1,15P2E+@7 1,2680E«0D
136  1,20C0E+@7 1,224QE+P2 1,25@PC+@7 L,18E2E+22 1,32BEE«7 1,14P0E+00 1,352pEe@7 1,1020E¢0¢ 1,42BBE+27 1,0660E¢PR
141 1,450PE«27 4,n320E+22 1,5CQ0E+87 9,9V2PE=21



NA

TURAL HEL UM

INTERPCLATION &% BETWEEMN ENERGIES

RAN
1 70

NEUTRON
INDEX,

REACTIO

INTERPC
RAN
1 7C

NEUTRON
THDEX,

136
141

GE DESCRIPTION

142 ¥ LINEAR [N (N
CRCSS SECTIOYS

ENERGY

EV RARNS

PE2E-25 7,7388E-21
EPE=B4 7,73B2E-QY
2rE-g3 7,2382f=01
7,2382E=01
7.2380E=21
7,?388E=21
7,2380Ee21
7.2020E+01 7,7382E=01
7.,2@2CE+p2 7,2382E~21
7,802PE+23 7,7360E=01
7.0027E+04 7 ,2580E=p1
3,22E0E+E5 B,9782E=R1
5,5002E+85 1,%8410E%p0
B,2@82E«25 3,7522E«0Q
1,0522E«26 7,P3BRE*EE
1,220PC+06 7,4322E420
1,4528E+86 &6,1872EP0
1,9000E«06 4,2112E480
2,4C20E+26 3,2730E%2C
2,9282E+R6 2,R49BESCE
3,8700E+p6 2,4090E%C0
4,828nEep6 2,2328E408
5,8202E+86 2,7340E*02
6,8028L+25 1 ,A532ERE
7.8C2¢E«06 1,4962E+02
8,8zeeEeps 1,559QE480
9.82282E+26 1,4390E+08
1,2020E487 1 ,224QE000
1.4520E27 1,0322E420

2
222E-02
gerE-g2
222E=21
2gogeE+en

e e e n

e

URAL HELIUM

X

CROSS SECTION

ENERGY
EV
2,8780Ew25
2,B28PE=C4
2,BP22E=23
2,002BE=D2
1,8282E~21
1,BE82E+2¢2
1,0080E«8L
1,8RQ0E«@2
1,2280E403
1,8282E604
1,8C20E425%
3,58Q2c«E5
6,2080£005
8,5088E+05
1,1C22E+E6
1,258BE86
1,5222E426
2,020BEsR6
2,52BBE%86
3,020CEE8
4,CERRESRS
5,BEQBE+26
6,22BRER6
7.ReREEeR6
8,EEBCE2E
9,B2B2EB6
1,BB22ER7
1,25@8E27
1,5020E427

ELASTIC

§¥0CTK NEUTAON CROSE SECTIONS

CROSS SECTION
BARNS
7,2862E-21
7,238ZE-21
7,2382E-21
7,2882E21
7,2382E=21
7,2380E21
7,2382Em218
7,2360E=01
7,2382Em21
7,235En21
7,2972E=01
9,6348E=21
1,8262E480
4,3802E402
7,3212€0¢
7,2782E+00
5.8750r+88
3,944gEe0e
3,1892E40¢
2,789gEepe
2,4248E4 80
2,1902E+a¢
$,9942E408
1,82igE+ne
$,687BE+22
1.534gEe00
1,41BEep2
1,1888E402
9. 9v22E~01

ENERGY CROSS SECTION

EV
3, 220CE=ES
3,8020E=g4
3,2000E-23
2,5300E.22
2,080e20E=p1
2,200PE«28
2,2280PE+2L
2.200PEsQ2
2.02eBLe2]
2,0CBPESE4
1,5008CE+25
4,0PRRERS
4,3P82ER5
9.0BPEESRS
1,1308E+2¢
1.,388CE«26
1,6200E08
2,12pBEep8
2,622CE%88
3,20@0E+068
4,202CE826
53,2808Ee6
6,2080E408
7,280Eep6
8,2008E¢06
9,2808E426
1.,8582E207
1,3280E407

BARNS
7,23B2E=d1
7,23B2E-11
7.,238RE-21
7.23B2E=21
7,2382E=01
7,238E=01
7,23B2E=41
7,2382€=04
7,2372£-21
7,2350E=04
7,4252E=01
1,256pge080
2,1682E408
S5,1iégge08
7,424QE400
7.8428E420
5,3332p+02
3,7342E428
3. g74CE%R2
2,6842F400
2,3732E+82
2,1492E902
1.9972E+08
L.,7872E08
1.,642CE%08
L.5002Ee02
L1.3659CER2
L,1420E+28

(NP
SMOOTH NEUTRON CROSS SECT[ONS

N G VALVE 7,6442E425 EV
LATION LAW BETWEEN ENERGIES
GE DESCRIPTION

142 LN Y LINEAR IN LN X

CROSS SECTIONS

ENERGY CROSS SECYION ENERGY CROSS SECTION

EvV AARNS EV BARNS

1,2E82E~B5 3,483BE=01 2 ,BCRPE=RS 2,463C0E=01
1,2822E-B4 1,1240E=01 2,BBPBE=D4 7,70892E=22
1,2202E=23 3,4B30E=p2 2,P0QCE=03 2,4030E-22
1,0008E-22 {,1C84PE=D2 2,0P0CE=Q2 7,7872E=23
7,8008E=22 4,164PE=03  1,P20CCw01 J,481QF=23
7,0228E-81 1,316BE=B3 1,0282€+28 1{,1PERE=23
7,2082E+22 4 ,1472Ewp4 1,C00CEeR1 3,467CE=24
7,2822E+81 1.384BE=B4 1,8022E+02 1,2B0RE=24
7,00Q0E422 4,0D42E=p5 1,PP0PE+23 3,328EE=25
7,8280E+23 L, 1BI2E=25 1,2200Cep4 9,0B22E~R6
7,0002E%284 3,1852E=p6 1,220CE+08 2,5742E~26
3,2C23E+25 L,4322E-06 3,5828E425 4,3132E-26
5,5020C25 L,1720E=B6 6,000CEeR5 1,1572E-04
B,2B00E+05 L,1578E=BS B,52PBE+R5 1,1978E=26
1,0580E+28 4,157QE=@6  1,1000E«P6 1,197CEep8
1,2020E«26 1,1572E=06 1,2500E+86 1,1378E=D6
1,4502E+86 4,1578E=R6 1, 5200E«06 1,1570E-06
1,922C0E+26 L,1182E=06 2,022PE+B8 1 ,292BE=D6
2,4002E+26 9,8p2E=07 2,58@0E+p6 9,6202E=37
2,9087Ce26 8,%80CE=27  3,000CLeD6 B,3I2PELe27
3,8020E«26 &,4382E=07 4,802CCep6 6,1108E=27
4,B222E«26 B5,PBSCES0T7  5,0QCC2E+24 4,B1E2E-Q7
5,8282E26 4,7952E=07 6 ,8200C«26 3,5650E-27
6,8782E436 3,4B42E=07  7,200CEeR4 3,315C(-27
7,823CE+86 2,977CEw027 8,202BE+26 2,5122E-07
8,822CE426 2,4658E=27 9,20PBE«26 2,6028E-07
9.,822PE«25 2,3792E727  1,B2QCE+Q7 2,34¢2E-07
1,202PE+27 1,9762E+27  1,2520F+R7 1,89B2£-07
1,458PE«27 4,4510E~R7 1,5882E+27 1,5990E=27

ENERGY CROSS SECTION
EV BARNS

3,000PE=25 2,811PE=01
J,00gBEng4 §,3990(=02
3,000PK=pY 2,0118E-02
2,5300Cep? 6,9242E-33
2,0008C=81 2,4412E83
2,208CE+ED 7,7738E=24
2,B0BBEePL 2,44B2E=04
2,00PPE*22 7,6310E~05
2,02@BE+E3 2,344PE-05
2,0808E024 &,8250E=D6
1,%208K«p3 2,P672E=06
4,08CBER5 1,24B80E=28
6,90BEE«25 1,1878(-06
9.20CBE+@8 1,1572E=06
1,4308Eap6 1,49720=236
1.,328BEe26 1,1872E~D8
1,0808E+26 4,1910Ea86
2,40BCE«26 1,BLLDE=DS
2,80BCE«26 9,34P0E=-07
3.20CBE+26 7,BB82E=07
4,200BEeg6 5,7852E«07
5,208CE+26 4,6150E£-27
6,200BE+26 3,7722E-27
7.2¢8CE26 3,2410E-87
8,200CE+@8 2,8470E=B7
9.20CCER6 2,54B2E-07
1,B5BBE+27 2,236Q€=07
1,3088Le27 1,8332€-07

ENERGY

EV
5,008RE=25
5,0022En04
5,2eggE-23
3,0e@eE=22
3,0080Ee21
J,02peEe20
3,80B0E81
J,P2ppEeR2
3,0202E403
3,B220E4R4
2,08p8E405
4,3280Ee08
7.B2RpEDS
9,5200E05
1,1928E08
1,3580Ee06
1,7208E+026
2,2000Ee06
2,7022E%06
3,4200Ee26
4,4000E+86
5,4000Le06
8,4820E488
7,4808E4B6
8,40808E486
9,4208E+26
1,i808€07
1,33z0E.07

ENERGY

£V

5,8800EnE5
5,800aL=04
5,3000E=23
3,8008E=02
3,8000E=81
3,8000E428
3,8800E421
3,8008E082
3,200aE483
3,8008E484
2,08000485
4,5000E05
7,08082E429
9.5082E485
1,15@2E426
1,3%88E426
1,7800E4088
2,2008E06
2,7008E436
3,40000488
4,4000E406
5,4200E426
6,4002E488
7,4303E484
8,4882Ee26
9.,4888E+26
1,188aE427
1,3828E427

ENDF/B MATERIAL NO,

CROSS SECTION

BARNS
7,2382E-24
7,2380E=01
7,2380EnD1
7,2388Ew2)1
7,2388E=21
7,2388E.01
7,238BE=01
712380021
7,2370E~BL
7, 234BE=DY
7 844BE=D1
1,1970ge20
2,9760E¢B0
3.8440E080
7.4560E%E0
6,757CE«28
4,8820E%02
3. B5ieEegp
2,9888E«02
2,9952E+2¢8
2,329BEB2
2,1B78E%20
1.9248E¢20
1.7562E982
Li6L28Fe20
1.,4830E20
1,3182€402
1,12z22E+B0

ENDF/B MATERIAL NO,

CROSS SECTION
BARNS
1.,5580E-21
4,9268E=22
4,5588E=22
6,3582E-23
2,8108E=23
6,3442E=24
1,9960E=84
6,2P4BE=25
1,8908E.85
8,33080E=26
1,758@E=28
1.11968E=28
1,1578E=26
1./1578E=E8
1,1578E=26
1,1970E=26
48

9,1808E=27
7,2B8RE=E7
5,4622EnE7
4,4200E=27
3,640BE=07
3,1338E27
2,7698E=07
2,4838E=27
2,1452E07
1,76B8E=27

igsa

ENERGY

EY
7,088BE-25
7,088BE=24
7,008BE=23
5,8080E-22
5,088En0]
5,02BRE20
5,BBBPE+21
5.8e@2ER2
3,82BRER]
5,BEBEED4
2,5882E+05
5, BEEAESRS
7.30BEEES
1,0B2PE«06
1,1782E*2s
1,4808E26
1,80B2E406
2,3200L+26
2,8200E+88
3,6080E06
4,6022E908
5,6000E«R6
6,6000E+86
7,6080E¢06
8,6808E488
9,6000E406
1,1522E+87
1,4800E+27

1288

ENERGY
E

i
7,2000E-05
7,88080E=04
7,0000E=03
5,0800E=02
5,0800E=01
5,0088E40¢
5,008BE+01
5,0000E482
5,0080E423
5, 2020E404
2,5280E405
5, 000EE5
7,50CBE+25
1,0008E«28
1,1780E+26
1,4000E¢Bs
1,8000E486
2,3200E+86
2,B880L+B6
3,6008E42¢
4,6008E006
5,8200E406
6,6880E606
7,6802E0B8
8,608BE«06
9,4800E408
1,1500E487
1,4222E607

cROSS SECTION
BARNS
7,2380E-01
7,2369E=01
7,2388E-0L
7,2388E=01
7,2382E01
7,2382E81
7,23B3E=D1
7,2388E=81
7,2360E=B1
7,244BE~B1
7,9778E=01
1,3730g¢02
3,278BE4BE
6,5250E422
7,4618E002
6,483BE+08
4,5890E400
3,3952E488
2,911BE82
2,8242E+88
2,2782E482
2,0702E488
1,8878E482
4.7260E482
1,8852E48¢
1,4620E408
1.2682E4082
L, E663E22

CROSS SECTION
BARNS
4,3178E-21
4,1630E=22
1,316BE-82
4,9240E083
1,5568E83
4,9188E24
1,5428E-24
4,771BE85
1,4178Ea0)
3,98EPEREE
1,5620E=06
1,1832E=06
1,18728E86
1,1878E26
4,1878E~QH
1,1872E=06
1,13828E-26
1,C143EwE06
8,8422E=87
6,8258E=E7
5,2658E=87
4,2252EmE7
3,51B2E87
3,2558EnE87
2,7172E=87
2,4312E=27
2,2542E27
4,7832EE7



NATURAL HELIUM

NEUTRGH CROSS SECTICHS

ENERGY
EV
1,8220E422
1,2282E423
1,B82UE«R4 1,5720E01
1,B2QREE5 5,2282E-02
3,52pCE425-2,1852E-C1
6, BPBRESR5=2,4570E=E1
8,500CEs25=4,441PEE2
1,1208E%26 1,5292E~21
1.2%20E406 2,3702E=04
4,5000E«26 3,2880E=21
2,80Q0E«26 4,1040E=K1
2,5080E426 4,4028E-81
3,B200Ee08 4,5320E-01
4,BPECE28 4,7490E=01
5,8080E428 4,9870E=B1
6,8288E26 5,195CE=81
7.882QE«25 5,3650E-01
8,2000E%26 5,4928E"01
9,B2@BEs24 5,5842E=01
1,B228E427 %,6660E~01
1,2508E27 5,8240E=081
1,50BBE+27 5,9172E=81

DAT2

1,6792Ew21
1.66920-21

X[
SMOOTH NEUTRON CROSS SECTIONS

cupnTe
INTERPGLATION LAA BETRFEN ENERGIES
RANGE DESCRIFTIO
1 TO 188 ¥ LINEZR IN LN X
NEUTRON CROSS SECTIOVS
INDEX,  ENERGY DaTA ENERGY DATA
EV EV
1 1,280PE=25 1,48@2E-21  2,5320E-22 4,680CE-21
6 5,202RE+22 1,A75CE-~01  7,BRORE#22 1,6720E-21
11 5,0P22E+23 1,4258E=21  7,2P@PE+@3 1,6030E-21
16 5,000PEe@4 1,116EE-2L  7,B2QCEeP4 B,798RE-02
21 2,508PE+25-1, 124801 1,B00RE+251,73F2E=21
26 5,0C0QEeR5-2,7460E=81  5,50QLEe25=2,6380E-21
31 7,5000E@5-1,7572E=21  B,C0QREeR5=8,7242EnE2
36 {,0002Ee26 B,3F2REnE2  1,25QCE86 1,2130E-P4
41 1,170CEe26 1,9482E~E1  1,2282E¢B6 2,1152E~31
46  1,42@@EeQ6 2,967PEw21l  1,43p8Eept 3,1222E-p1
51 1,8@@@E+@6 3,ATBRE=EL  1,90QCE«P6 4 ,PBLCE-CY
56  2,3202E+06 4,1150En21  2,4000E«06 4,3632E-01
81 2,BOERE+26 4,489BE=21  2,9CQCE«26 A4, 51¢PE=21
66 3,628CC+@56 4,A75PE=@L 3 ,BC2CEe06 4,71ECE=DL
71 4,6p32Ees 4,A92PE=p1 4 ,0EQCEeR6 4,94ECE-21
76 5,6882E¢286 5,117CEm@1  5,B2P2EeR6 5,1532E-21
B1  6,622CE26 5,324PE-@L  6,BPpCEe08 5,333pE-21
B6 7,68@RE+26 5,4432E01  7,BC22E«R6 5,47¢2E"DY
91 8,62B2E+26 5,5490E=01 8,BC02E+36 5,5652E~01
96  9,428CE+E6 5,8330e=BL  9,BRCCE#D6 B5,64FPE=D1
181 1,152QE+27 5,756QE=@1  1,2@QCEe«07 5,7830E-~81
126  1,482E+27 5,A720E=81  1,4502(«37 5,8¥42E-31
NATURAL HELIUM
INTERPOLATION LAW BETHEEN ENERGIES
RANGE DESCRIPTION
170 108 ¥ LINEAR IN LN X
NEUTRON CROSS SECTIONS
INDEX,  ENERGY DATA ENERGY DATA
EV £V
1 1,0082E-05 4,2828E=21 2,5300E=02 4,2B2pE-21
& 5,2022E@32 4,285BE~B1  7,BP@RCeQ2 ¢,2860E=01
11 5,0808E«23 4,310PE~g1  7,22QCLe03 4,3220E-B1
16  5,208PE+C4 4,374QE-@1 7 ,PEEREe04 4,6960E-01
21 2,52PeEe@5 5,R26BE=0L  3,BEEEEe25 4,0510E-31
26  5,2888E+25 6,5720€%01  5,50QCEeR5 6,5270E-21
34  7,5822E+25 5,855QEe=@1  B8,0CQREeR5 5,6030ED1
36 1,0282E+36 4,7198ErEL 1,258CE+26 4,5252E-21
41 1,170CE+Q6 4,1458E=B1  1,28PBE«@6 4,239CE-21
48 1,4002E+26 J.£182E=21 1,45p08E486 3,536QE=01
51 1,8080Ee26 3,144PEmELl  1,9000E«p6 3I,B02PE=31
56 2,302°E+@6 2,922BEmEL  2,4200Ee06 2,8¥52E-01
61 2,6g22E+26 2,232PEw2L 2,9280E406 2,81BpE=01
46 3,8282E+86 2,734CE=21 3, B28CEeQ6 2,7162E-B1
71 &,6000E«26 2,6220E=B1  4,B2B0FeQ6 2,5970E-21
76 5,6202E+E8 2.506BE=21  5,BCPCED6 2,4872E-D1
BL  6,622PE+P6 2,411QE=@1  6,BCQRE+26 2,3942E-01
B6  7,628RE+f6 2,3372E~21  7,82QCEel6 2,3230E-01
91 B,5PBNE«@6 2,283QE=21 8,BEpPESDS 2,2742E=21
96  9,580CEe26 2,23BQE"21  9,80QLE26 2,2312E-01
184  1,1524E+27 2,1762E=@1  1,202CE+Q7 2,1622E-31
126  1,40D2E+27 2,1182E=21  1,45QCE+27 2,1842E=21

ENERGY DATA
EY
1,8R@0EeE2
1,2288Ee23
1,0888EeR4
1,BBBEE+RS
3,52pBEe25
6,BBBREES
8,5802E25
1,100BE26
4,2502E406
1,5800E4268
2.,000BEe26
2,5080E426
3,280LCEeR6
4,BPRCEB6
5,2BERE«26
6,BEBEESR6
7.BEBCER6
8,2082E26
9.BRRCES26
1,080RE«R7
1.25gek+27
1,5080€027

4,2820E=21
4,2870E-31
4,3300E=04
4,8840E=01
6,281CE=01
6,4232E=01
5,3822E21
4,3622En01
3,9272E=21
3,4672E=R1
3,0298E=01
2,8758E=81
2,8090E=21
2,8960E=01
2,5732E=21
2,4650E=01
2,3782E=01
2,3122E-21
2,265CE%01
2,2222E0%01
2,1510E01
2,0932E=21

ENDF/8 MATER]AL NO.

ENERGY DATA
EV

2,0822E482 1,678BE-21
2,8220E403 1.658PE-EY
2,0882E%34 1,4980E-21
1,5002Ee2549,7420EwB3
4,0200E+@52,5182E=01
6,500CE885°2,1430E=0L
9.B802E«R5 5,2800E=85
1,1382E«86 1,7220€=04
1,3202E%26 2,5858E=04
1,6@0pEe26 J,528CE=21
2,1800E«04 4,1850E=01
2,6200Ee26 A4,434BE=21
3,22@2E«06 4,580BE=21
4,2202E486 4,7990EeD1
5,282pE36 5,2382E~04
6,28@0Ee06 3,234BEm21
7,2280E26 5,392EEnEY
8,2082E426 5,513PE"E]
9,2200E406 5,6B3BE-CY
1,8820E487 5,696BE=21
1,3200Ee87 5,828BEwEY

ENDF/B MATERIAL NO,

ENERGY DATA
v
2,0B08EeE2
2,82ppE003
2,0EPEE#D4
1,5088E+03
4,0028Ee25
6,5228E985
9,0882E%25
1,1302E486
1,320pE426
1,6888E4E6
2,4808E428
2,6228E%86
3,2B00E86
4,2800E06
5,280BE«06
6,20RE*06
7.2288E488
8,2828E+86
9,2802E#36
1,058pE487
1,3208E4R7

4,2832E=01
4,2930E021
4,3978E=81
5,204BE=21
6,4540E=01
6,261PE=C1
5,1928E =21
4,2630E001
3,816BEnE1
3,33 BE=21
2,9B8RE=01
2,89B2EmEY
2,784BEwB1
2,6720En01
2.,548BEnB1
2,4470E=21
2.3650EmRY
2, 3010E=RY
2,2550E =01
2,2870E=21
2,1398En01

L-5

1288

ENERGY DATA
¥

3,20@2E422 L,677RERRL
3,8B2RE4B3 4,6472E=C1
3,8802E¢24 §,3442E021
2,BBBRESR5=7,1610ER22
4,80BBE+85-2,7020E=21
7,BBBEESES=1,778BE=2Y
9,5808E+85 &,267BEwE2
1,152@E+86 L1,B360E~P1
1,3500E406 2,7040E~B1
1,7800E«R6 3,71B0F=01
2,2020E484 4,2550En21
2,7000E+B6 4,4680EnDL
3,4030E406 4,6342E-24
4,4000Ee@6 A4, B45BE=2L
5,4382Ep6 3,2772Ee21
6,4082ER6 B,2642E21
7,4B80E08 9,4182E-21
B,40Q8E+CGs 5,5328E-01
9,42@0Ee26 5,61BBE=EY
1,1280E¢27 5,728BE"P1
1,3522E27 5,8522E21

1288

ENERGY DATA
EV
3,0080E402
3,0000E403
3,0000€04
2,0008E25
4,5888E+5
7,888RE+E5
9,5288E+05
1,1882E426
1,3508E4086
1,7800E4D6
2,2000E+06
2,7908E+06
3,4800L 06
4,4200E406
5,4282E 86
6,4028E26
7,4300E4086
8,42BBE+D86
9,4BB2E+EH
1,12BRESET
1,3582E427

4,2842E=01
4,2992E=21
4,4552E=B1
5,5210E=21
6,5582E=01
8,271BEwg]
4,9328E=21
4,2830E-01
3,7420€=01
3,2292E=C1
2,9510E~E1
2,8458E%01
2,7558E-21
2,6462E~21
2,5268E-21
2.43B2E=B1
2,3580E~PL
2,293BE=E1
2,2470EmB1
2,19@0E~01
2,1272€=01



NATURAL HELIUM

INTERPOLATION LA BETWEEN ENERGIES

RANGE DESCALIPTION
1 70 128 ¥ LINEAR M LN X
NEUTRON CA0SS SECTIONS
INDEX ENERGY OATA
EV
1 1,0P@72E=25 3,1212E~01
(] 5,220eE+22 3,1222Em21
i1 5,2@geE+g3 3,134gE=21
16 5,8020E+24 3,2192E=01
21 2,520RE+25 3,9640E=01
26 5,0200E«E5 3,7980E=021
31 7,5¢28E+85 3,7912E-21
36 1,2@0PE+26 3,418QEw01
A1 1.,1782E+26 3,48642E%01
46 1,40PCE+26 3,2560E=01
51 1,8088E%26 2,9752E=21
56 2,3802E«R6 2,779BE=p1
61 2,80BRE+06 2,8992E=21
66 J,62Q2E+06 2,658R2E=01
71 4,5P20E+26 2,A712E=DL
78 5,60028E+86 2,A848FwE]
81 6,5800E+28 2,8820E=0C1
8s 7.622CEe26 2,6342E=21
91 8,6802E+06 2,6160E-01
96 9,62C2E¢06 2,8972E=01
121 1,1882Ee087 2,%680p=21
126 1,4882E27 2,9290E=C1

NATURAL HELIUM

ENERGY
EV
2,53p2E=02
7.2082E+22
7,8e@2E23
7,B2ZCEe 24
3,2e20E+85
5,5282E+23
8,e282E425
1,B50CE06
1,2280E«06
1,4508E¢06
1,928CE«B6
2,42Q8E06
2,9220Ee86
3,0820Ee86
4,8208EeB6
5,8280g+86
6,8280E«28
7,8200E¢L6
B,B29PE«R6
9,8200E4B6
1,2282p27
1,45@88E+07

ELASTIC
SECONDARY NEUTRON AMNGULAR DJSTRIBUTIONS

DATA

3.1212€-21
3,1222e=21
3,1352Em21
3,2572E=21
3.,6172E=01
3,8EHZE=2Y
3,7652E=21
3,5720€=21
1,4352Ew21
3,2108E=81
2,9258E=21
2,7560E=21
2,6918E=21
2,66420=01
2,6722E~01
2,66425-01
2,64B7E=01
2,6288E=21
2,6140E=21
2,594@Em01
2,5592¢=01
2,52280=01

GAMMA

ENERGY
£V
1,8080E22
1,2022Ee23
L.BR2BEeRY
1.8882E+D5
3,5802E805
6,28Q0E#25
8,500CE+25
1,12Q0E«Q6
1.25g2E+26
1,508CE«26
2,BBEEE+CS
2,5pE0E+28
3,8e20E*08
4,28p0Ee4
5,808RE«06
6,0288E406
7,8888E4D6
8,2E20E*06
9,8200E408
1,8200€087
1,250@ge@7
1,9080€07

TRANSFORMATION MATRIX FRCM CENTER OF MASS TO LAB SYSTEM

FCE L LAB)=(SUM OVER M)

UL MIBF(E M, C M)
2

L/M 2 1
2 1,0080€+02 P,020¢EeQ0 @,00QCE«00
i 1,6828E=01 9,8492Eed1 wi,5884E=E1
2 1,2819E-22 2,96B8Ee] 9,B195E=21
3 2,000CE«DR 4,3548Fe02 4,1047E«01
4  =6,8316E=85 3,1827E-23 8,8718[a32
5 2.020PE«E2 ©,080RE+C2 1,1CB5E=E2
(] 6,3704EnB7 =1 ,4971E0B88 7,1925[=24
7 2,0000E«22 0,008QE¢@0 ©@,0002Ce00
8 =7,4839E=B9 1,3935E=B7 o3, 1239E=06
9 2.00CCE+@2 B,028RE+22 2,0200L+00
INTERPOLATION LAW BETWEEN ENERGIES
RANGE DESCRIPT]ON
1 T0O 188 ¥ LINEAR IN LN X

3
2,2222E20
3,5663En02

»2,7384Enpy
8,1319En2Y
5,B658Ead1
1,4568E=01
2,5474E-02
2,8B77E-03
1,8752Ea24
2,EB2AE+20

4
g.,008p8Ee22
»8,39p5E=03
7.8689ke22
=3, 6481E=01
7,8433E=21
5,8118E=R1
2,1189E=2]1
4,7327E=22
7,1261E=23
7.8975E=24

“EUTRCH CRUSS SECT10%S

DaTa

3,1212€-01
3.12320-81
3,1412E=01
3,3420€-81
3,6752E.01
3,8482E"21
3,7380E=01
3,5322E=01
3,3882E01
3,4790E =01
2,879BE~BL
2,7382E021
2,6872E=01
2,6748E-01
2,6698E81
2,6612E-01
2.6442E=B1
2,6240E21
2,6400E-71
2,5922£-01
2,5820¢01
2,5152E=21

5
¢,022CE*20
2,4026E923

«2,2843E=02
1,2028E08%

=4, 337324
5,7479Ee84
6,3L17E=0¢
2,8487E-04
7,7431E=82
1,4602E002

ENERGY
£y
2,B2@pEeB2
2,0000E+23
2,2320Ee24
1,5200E008
4,20@88E+D5
6,52g0E25
9,8002E25
1,1322E+86
1,3200Ee86
1,6200Ee06
2,1088E«B6
2,600pE006
3,200BE486
4,2008E+28
5,200@E486
6,202pEE6
7,2888E%88
8,2082E+B6
9.,22Q0E«R8
1,258pE=27
i.,32gage@?

]
2.02p0Ee20
=5,1992E=24
6,B621Ea83
=4,1723E=82
1.,0454Enpy
®4,7799EnBY
4,3872E=84
6,8479EaBy
3,9139E=081
1.,1474E=021

ENDF/8 MATERIAL NO, 1288

DATA

3,1222E-21
3,1250E=21
J, 161BE-21
J,AB2EE=CY
3, 7248E=21
3,017BE~2Y
3,7828E=21
3,5818E=21
3,344B8Em2y
3,1820E~01
2,8420E001
2,722BE=21
2,674BE=21
2,6728EB]
2,606BE=01
2,6598p=01
2,6410E21
2,6220En01
2,6D40ERDY
2,5083PE=01
2,8432En21

ENERGY DATA
£V

J,pe0pEep2 3,1220E01
3,820BER3 3,1270E=D01
J,0BpPpE+24 I, 18PCE=01
2,0B2@8E+05 3,d4B890E=21
4,5888E425 3,7628E=01
7,000QE%28 3,BBYRE=D)
9,52peE«R5 3,6028E001
1,1500E06 J,4820E=01
1,358@E+26 3,32EBE~DL
1,70DBE«26 3,234RE-01
2,2BPBE<Es 2,B2BRE-DL
2,7082EeB6 2,7118E-21
3,40P0BEeR8 2,6812E=01

4,4000E606
5, 42B8EE426
6,4822E426
7,40B88E486
8,4802E826
9,4EBEESES
1,1828E87
1,382pEe27

ENDF/8 MATERIAL WO, 1E88

7
2,2200E000
1,2929E=04

=1,6456E=03
1,27848ER02
“6,7791E=02
2,4855E01
w4, 06426081
2,BA84EaDy
6,5122En01
4,1767En01

8
8,0208E+2R
«3,2264E=05
4,4243E04
«3,7981E«83
2,2986E=082
«9,9735E.B2
2,9344Ea21
=4,8924EnDy
1,4B18EE1
8,2111E=81

2,6718E=01
2,6452E-01
2,6982E=01
2,6368E=01
2.,6202E=01
2,6840E-01
2,9762E21
2,5369=01

9
2,2200E080
8,28495En26

-1,1807E=04
1,8976E=03

o7, 4843E03
3,7198E=02

=1, 3644E=01
3,392BE=01

=4,8769E=01
3,8218E-03

— —



NATURAL HEL]UM ELASTIC
SECCNCANY NEUTRON ANGULAR
RECONSTRUCTED ANGULAP DISTRIBUTION It TWE (ESLTER OF wasS SYSTEw AT 1,22¢
2 LEGENDRE COEFFISIENTS WERE USED [N THE RECONSTRUCTION
1 2.222pE22
FOMU)E{SUM OVER L) (7,52 +1)0F (L E)eP({L,MU})
INDEX HU FiMy) HU F{4u) 4y
1 1,2¢82E+22 5,8720E-24 §,7502E=21 5,2220E-04 G 52UQERDY
6 8,7522Eefl 5,0720E-81  8,50CpEegl 5,207CE-2y B,2520Eep1
11 7,5222Eze1 5,2P20E-21 7,25€2EmP1 5 ,0€RRE-DY 7,2822Ew2]
16 6,25p2Ezel 5,208QE-2L  6,222QE-01 5,Q@P¢E.2L  5,752pEe21
21 5,2220Ez@1 5,B7ERE-21  4,750PEe01 5,0C02E-2%  4,508QEe0%
26 3,75¢PEs21 5,2P@0E-21  3,522QEep1 5,0020E-21  3,2520E=01
31 2,588@€s21 5,UNG0E-~CY  2,252QEe~P1 5,20RCE-2y 2,000QEe01
36 1,2522F=P1 5,8022E~21 1,2e22E=21 5,02P2E«RY 7,580QEwp2
41 4,4238E=28 5,2M2¢E=81 s2,5800E«02 5,0@PUE=2L =5,20@02E=02
46 -1,2588E301 5,87R3E~24 =1,5000EwE1 5,80BBE-PY wi,7502E=z1
51 =2,58@0Es21 5,872CE~-2y =2,75C@E=01 3,000EE=C1 =3,280QE=p1
56 =3,7528E:21 5,0RC2E=01 «4,00CBE~QL 5,P0PEE-B4 =4 ,250QE=C1
&1 -5,008BE~21 5,8M2PE=C1 =5,25022E-C1 5,BLBCE-21 «=5,582QEe21
66 -6,25203E-01 5,27BRBE~21 «6,500PEng1 5,2220E-8Y =6,75p2Emg1
71 -7,5800EsC1 5,0002E=21 =7,75P@Eegy 5,00820Ea@y =8,08CQEsp1
76 =B,7500E281 5,870CE=01 «9,20CQE«01 5,8CCRE=BY =9.750pEw=g1
Bl -1,@2¢2c¢32 5,2P22E-01%
NATURAL HELIUM ELASTIC

ENDF/8 MATERLAL NO.

DISTRIBUTIONS

FLMud
5,8c22E-2%
5,8080Ea22
5,8820E=21
5,2e@82E=24
5,0222E-81
5,0200E-3L
5.2egee-24
5.2002E-21
5.2022Ea21
5,2200E02)
5.,222PEw2Y
5,222BE-24
5,0822E~2)
8,2002E=21
5,2220E=02%
5,8220E.21

#Z=11 MEV 15 [SQTRCPIC

HUY FeMy)
9,2528En21 5,8002Ex24
8,pBP2EmEL 5,220RE24
£,7500E=01 5,0822E-21
5,522PE=01 5,0820E=01
4,2502Ew21 5,88B2ER2Y
3,2828c=21 5,20E2E-01
1,7522Eed) 5,00B2EnEY
5,2802c=22 5,22E8E-01

ig8s

MU
9.,8820E"21
7.75R8EmBY
6,5000E=01
5,2500F-21
4,2000E~01
2,73¢0E-21
1,5000E=£1
2.,5080E=22

F(MU)
5,028CE=21
S.000BE=BY
3.8RBRE=RY
5.2e8BEn2L
3.020PE=21
3.e880E~E4
5.02@RE=B1
3.20EBE=-0L

=7,5882c=22
=2,2820Em81
=3,2502E=21
wd, 5020EwEY
=5,7508Faf1
a7, 2B2¢E=2L
=0,252¢Enp]
=9 ,5008Eu01

SECONDARY NEUTRON ANGULAR DISTR]BUTIONS

5,2082Endy
5,02E2E=2Y
5,000CE=21
5,0228E-01
5,2202En0Y
5,2022E=01
5,2098E=01
5,0222E-01

ENOF/8 MATERIAL NGO,

RECCNSTRUCTED ANGULAR DISTRIBUTION IN THE CENTER OF MASS SYSTEM AT 2,5322E«88 MEV IS |SOTROPIC

2 LEGENDRE COEFFIZIENTS WERE USED

12,

F(HU)={SUM OVER )

INDEX

BlggE«2n

MU
1.0200€+02
8,75¢0Ec@L
7.5800E:01
6,2580E:01
5,0800E501
3,75eeEc21
2,5220€501
1,2502E501
4,4238En38

-1,2580€521
-2,5g82Ec84
-3,75@8E501
~5.8000E521
~6,2588E:81
-7.5283E501
-8,7582Ec01
-1,2822E+88

Fthy)
5,8708E~24
5,BA22E=C1
5,8728E=21
5,8PBRE=-81
5,BABEE=2Y
5,2A20E-81
3,2020E=24
5,0P22E=21
5,2P22E=21
5,8722E~2Y
5,0P2BEm2Y
5,BR22E-21
5,8R2BE-21
5,8RC2E=21
5,8028E-21
5,208CE-81
5,0AR3Ew01

(P Sa(2Lel)oF (L, E)aP{LIKUY]

HU F(MU)
9,752¢Ea21 5,0B2PE=0Y
B,5@02E=21 5,0BPEEwlY
7,2500E=04 5,PBEEERY
6,0p00E=01 5,820RE-01
4,752¢Ew2y 5,00BBEuBy
3,52C0E=21 5,0000EmBY
2,2500E=21 5,8C00CEaly
1,0800Ew2) 5,8BBPE-R1

«2,52C0E=22 5,028CE=21
=1,5080E~21 3,00P2Ea@y
=2,7500E=p1 5,PBEREeEY
<4,00C0E=01 5,208BEnCY
=5,25C0E=¢1 5,0PBEEaDY
=6,5000Evg1 5,C0ECE=RY
=7,7520E=81 5,8080EcBY
=9,P222E=21 5,280RE=2Y

IN THE RECONSTRUCTION

MU
9,5300E=01
B,2508E=24
7,20U0E=01
5,792pE=p1
4,5008E=21
3,2500Eep1
2,28¢2E=01
7,5880E=02

»5,8000E=02
=1,7580E=01
«3,2000E=01
wé,2500E=21
5,5000E=¢1
=8, 7550E=R]
=8,2020E=21
=9,2500E=01

F(HU)

5,2680E-04
5,2080E=01
5,0888E<01
5,0888Ew0l
5,0280E-24
8 ,BCBEEEY
5,22BEE-01
5,2088E.24
5,2088E-84
5, 2080E.01
5,00C8E=C1
5,2088Ea84
5,0E82E-E4
5,22288E024
5,2082E.21
5,0822E21

MU
9,2580E=0¢
0,8202Ew01
6,7528E=01
5,5200E=21
4,2502E=01
3,02R0E~01
1,7520Ew01
5,2808E=02

=7,5022E=02
=2,P882F=21
=3,2520¢g=01
=4, 5030En01
=8,7528E01
w7,2822E=01
»8,2520E=01
=9,5822E01

FrMy}
5,8088Eudy
5,0082E=01
5,82EE=EY
5,8882E=01
5,B8E2E=01
5,82BBE=21
5,2EBEEnB)
5,B2BEE=EY
5,2EBCE=CY
5,B222E=21
5,2202E=01
5,2288E=01
5,2¢B3E=2)
5,B2E2E=21
5,0282E=21
5,22B2E-01

=4.008CE=21 5,22@BE~21
=2,2528E-21 9.222PEe21
=3,582BE=21 5,8082E~2L
=4,752PE=21 5,0000E=01
=5,BBE2E~21 9,0008E=21
=7.2322E=21 3,2000€-01
=8,5022E=21 5.,0200€=01
=9.7382E~21 5,3000E=21

ig8s

F (MU}
5.0888E-081
3,008BE=E1
5,02B2E-21
5,2022E~E1
5,202BE21
3,2202E=21
3,0282Ea01
5,0822En01
5,2282E=01
5,0EB2EnEL
5,288RE=21
5,2282En81
5, 202BE21
3,2208Ew01
3,8288Ex21
5,228CE=21

MY
9.0220E=01
7.7520E"21
6,5802E=01
3,25002e=04
4,2008E=21
2,7508E=01
1,5800E=21
2,5802E~02

=1,2002E=0y
=2,2900E~21
=3,5080E=21
=4,7500E=81
=4.0000E=81
=7,2500E=81
=8,5002E=21
=9.7580E~21



NATURAL HEL[IUM

ELASTIC

SECONDARY NEUTRAN ANGULAR DISTRIBULTIONS

RECONSTRUCTED ANGULAR DISTRIBUTION [N THE CEMTER OF “ASS SYSTEM AT §,2222Ee24 MEV
3 LEGENGRE COEFFICIENTS WERE USED K THE RECONSTAUCTION
1=1,1388EcB4 2 2,8P¢QE+2p
FLHUI=ESUM OVER L) (2,58 (2 +1)8F (L E)eP(L HU})
INDEX My Femy) MU FLuU) My FiMU) MU
1 1,2P2E+AC 4,9983E-21  §,7502E=P1 4,9583E-CL  9,5E22EwQL 4,9984Eal) 9,2520£001
6 8,7588Eg01 4,9985E=21  B,5QCEE=gL 4,99B6EeCL  §,2522E=01 4,9986E-2%  B,P030FwB1
11 7,5828E-31 4,9087E-21  7,25CPFE=Cy 4,9988Fc2y  7,02C2E~G1 4,998BE-21 4,750808fe01
16 6,25CBE»P1 4,99B89E-21  6,20CQEwp1 4,9990E-84 5,752QE=C1 4,9992E«2% 5,5220EwB1
21 5,22Q0F-81 4,9992E=21  4,75C0E=@1 4,9992E«@1 4, ,58CPC=31 4,9992E-2%  4,25080fe81
26 3,75@BE-@1 4,9994E-21 3 ,5QCCE=01 4,9994E«2L  3,2520E=01 4,9994E.Q% 3,0000£-01
31 2,5P2QE=81 4,9996E-21  2,2508E=21 4,9998Ee24 2,82P2Ew81 4,9997E=2)  1,7580£w01
36 1,2580E~81 4,9998E-81  1,002PE«g1 4,999BE-BL  7,5Q20E=22 4,9999E-2%  5,p000Fep2
41 4,423BEGMB 5,2MPRE-RY 52,5028E-22 5,2800Ee8Y 5,2802E=02 5,8021E-8% =7,5880f-22
46 -1,2520Ez@1 3,8722E-81 =1,50@PE=gl 5,2003Eedl o1,7502E=21 5,2083E~-2% «=2,0800FwB1
51 =2,5080E=21 3,0%24E=8{ «2,7528E~f1 5,82235E«f{ =3,200Q0Ee21 5,228%Ee2% =3,2520fef1
56 =3,750QCw@81 3,E028E=P1 «4,02C0E=p1 5,28P7E=81 «4,2500E=01 5,2227E-2% =4,5208f-21
61 -5,00@0C-01 5,2APBE-01 =5,2308pEufl 5,2009E«BL «5,5022E=21 5,EB@9E-21 =b,7520Fw=01
86 ~6,2500Fwd1 5,BPL14E=B1 =8,50BPEnP1 5,0P11E«BL «6,7580E=21 5,024L1E-0L =7,0000r«01
74 -7,5208FcB1 5,BC13E=24 =7,75BPFeP1 5,8813E=P1 =8,0@202E=P1 5,0844E-0L =8,2%P3Fe21
76 =8,7500€581 5,80156=81 «9,Q@CREPL 5,02L3E<P1 =9,2520EnEi 5,8Q16Ee2L% =9,5C0PFEeB1
81 =1,3202€+P2 3,8R17E=-04

NATURAL HELIUM

ELASTIC
SECONDAKY NEUTRON ANGULAR DISTRIBUTIONS

RECONSTRUCTED ANGULAR DISTRIBUTION IN THE CENTER OF MASS SYSTEM AT 2,2222EmB4 MEy
3 LEGENDRE COEFFICIENTS WERE USED [N THE RECONSTRUCTION

i-2,

FA{HU)B(SUM OVER L)

INDEX

279BEege 2

MU
1.,2208E028
8,7528E=21
7,50088En01
6,2320EGR1
S.¢eepEsR1
3.7588EcE1
2,500EE=B1
1,2588E601
4,4238Eg88

-1,25p0E081
-2,5088EeR1
=3,7582¢E-01
=5,2008Ec01
=6,2520E:01
-7,50e0€g01
=8,7500E.01
~1,0023E¢00

2,8RB2E«00

FiMy)
4,9966E=01
4,9973E=21
4,9974E=DY
4,9979E=01
4,9983E=01
4,9987E=01
4,9994E=B1
4,9998E=81
%,000CE=24
5,28PB4E=PY
5,8P00E-B1
5,0r13E=21
5,8817E=24
5,2021E=01
5,0P26E-B1
5,0P3PE-B1
5,0R34E=21

MU
9,75C0EnEY
2,58EQE=21
7,258PEn@1
6,BPEOENDY
4,7588E=p1
3,582EEnEY
2,25C8Eep]
1,2808Eng]

=2,5p8PEap?
=4 ,50E0E=21
v2,75B0E=21
w4, 2oegEegl
=5,2520E=l]
«6,5082E=01
=7,750@Eap1
=9,002¢E=21

(2,58 (2 e84 }aF (L EJOP(LMU))

F{MU)
4,9987E-81
4,9971E=04
4,9975EeRY
4,9980EeBY
4,9984E0py
4,9988E0BY
4,9972E-21
4,0997EaBy
5,0001E=E1
5,8005Ee24
5,8B09EeRY
5,8004E-01
5,0018Eely
5,8822Ew84
5,0026Ee24
5,0P31E-01

MY
9,5880E01
8,2980EwB1
7,8088E=B1
5, 7582E=B1
4,5298Ee81
3,2520E=81
2,2820E=01
7,5000E=02

=5,0900E=p2

=1,7580E=g1
=3,0000E=01
wd,2500Ewp1
w3,5000E=81
=8,7502E=01
=8,3800E=¢1
»9,2500E=81

F MWL)
4,9968E-21
4,9972E=24
4,9976Ee21
4,9082E-21
4,9985E02)
4,9989E=21
4,9993Ew24
4,9997Ea021
3,828RE-21
3.2@26E=21
5,2012E.21
5,8014E021
3,8219E-21
5,2223E-C1
5,8027E-21
3,E031E=24

MU
9,2580Ea01
8.2BREEwEY
6,7%00E=01
5,85282Fe01
4,2580E=P1
3.,2880Eap1
1,7528Ew01
5,8C020E=02

=7,85888E=02
2,2008E=01
®3,2500Fa081
wd ,5300F=pl
=5,7528F=01
=7,2822En01
=8,2000F=01
°9,5800Fe0y

ENDF/B MATERIAL NGO,

FiMy)
4,9984E=2¢
4,9986E-01
4,9989E-01
4,9991Ea24
4,9993E=04
4,9995E=04
4,9997E-04
4,9999E=21
5,8821En0Y
5,0803E=01
5,0p26E=01
5,0p08E=014
5,2018E-04
5,8812E=01
5,8214E-21
5,0016E=E4

ENDF/B MATERIAL NO,

FMy}
4,9969EaB1
4,9973E=84
4,9977Ea01
4,9984E=21
4,9984Eap1
4,9990EmB1
4,9994EnBY
4,9998E=23
5,0823E=04
3,08B7E=2Y
5,8814E=01
5,8819E04
5,8220E-21
5,8824E=24
3,8828E-1
5,0032E=21

MU
9.2822E=01
7.7582E-01
6,5808E 81
5.2%928E=21
4,0802E=R1
2,7588E-E1
1,8888E=01
2,38pgE~R2

=1,B0BR2E=P1
#2,2582E~01
=3,58B8E=E1
«4,7380E=01
=4,8082E=01
=7,258RE=01
=8,58P2E=81
=9,7582E"21

MU
9.,0808E=01
7.7528E=01
6,5890E=01
5,23080E=01
4,0000E-21
2,7500E=01
4,5000E=01
2,5000Ew02

=1,8082E=01
=2,2580E=01
=3,5000E=01
=4, 7500E=01
w4,0080E=01
=7 ,2508E=21
»B,5080E=01
=9,7520F=01

1288

1288

F{MU)
4,9985E=01
4,9987E-21
4,998PE=01
4,9991E=21
4,9993E"01
4,9995E=01
4,9997E=04
5,8028E=21
9,8202E=34
5.22Q4E~04
5,0006E=01
5,0008E-01
5,00410€E~01
3,2212E04
5,8214E=21
5,0e47E=01

F(MU)
4,9969E=D1
4,9974E=01
4,9978E=84
4,9982E=01
4,9988E=01
4,9991E~81
4,9995E=8)
4,9999E=01
5,B2B3E=21
5,0008E=01
9,8212E=21
5,0216E=D1
3,8e820E-21
5,8825E=01
5.,0229E=01
5,0833E=01



NATURAL HELIUM

SECONLARY NEUTRAY

v

ELASTIC

ANGULER DISTRIBULTIONS

RECONSTRUCTED ANGULAR GISTRIBUTION It THE CENTER CF “A55 SYSTEM AT 3,28228-24 MEV

3 LEGENDRE COEFFIFIENTS WERE USED

1=3,4292€-2¢ 2
FEMUIZ(SUM OVER L}
INDEX My
1 1.,G3c2cece
6 B,7522Ez81
11 7,5@82e:z21
16 6,25g8E=21
21 5,2e@2E-~21
26 3,752CEs01
31 2,59@2E:01
36 1,25¢gpEwel
41 4,4238E-08
46 -1,25¢2€=01
51 -2,5282E-01
56 =3,7522Ez01
61 -5,0g00Es21
66 -6,258CE501
71 -7,5223E-021
76 =8,75¢REz04
81 -1,20208E¢22

2,2022Ee22

F UMY
4,9949€-24
4,9055En04
4,9962E-81
4,996BE-21
4,9975£-21
4,9981E-01
4,9987E+24
4,9994E=01
5,8000E+21
5,2886E=01
5,8813E=21
5,8719E=81
5,0726E=21
5,2032E=24
5,8238En21
5,2745E=1
5,8P51E=2%

NATURAL HELIUM

HU
9,752¢En21
8,5202E=C1
7.250@Ee@1
6,r2CBEeR1
4,7508E=R1
3,52@2EnC1
2,2522Ee01
1.2P2REmEY

=2,52PBE=@2

=1,5020Eep1
©2,7500Ex21
=4 ,2ECRERL
=5,252¢E=p1

b, 5000Ep]

=7,75E2E=21

=9,B22RERRL

(r,5e(2 +L)aF (L E)eP(L MU))

FEMU)
4,9958E=2Y
4,9957E=21
4,9963Ew24
4,9959EcEY
4,9978E-01
4,998ZEe24
4,9989E<0Y
4,9995E=81
5,B281Ee2Y
5,2R08E-C1
5, B2Li4E=DY
9,2022E2y
5,8¢27€-04
5,0833E=2
5,0042E=04
5,2246E=R1

IN THE RECONSYRUCTICON

MU
9,5282Ee81
8,2502E=Q1
7,020BE=21
5,7502E=21
4,5202E=21
3,250Ew21
2,0028k=0y
7.5828E=02

=5, GBREE=E2
#1,7520E=01
»3,2082E=081
=4, 2520E=01
=5,5p02E=21
=6,752QE=p]
=8 ,3B02E=RY
=9,2522E=81

F(MU)
4,9932E21
4,9958E=22
4,9964E-24
4,9974Ew21
4,9977E=24
4,9983E=21
4,9990E-21
4,9996E«21
5,0083E-C3
5,0029€-21
5,8045E084
5,0222E-23
5,002B8E=2}
5,8834E=2)
5,0044Em0L
5,0047E-21

MU
9.2522Fe21
B,222BE=01
6,7588E-081
5,5288C=01
4,2588021
3,0082Ea01
1,7588E%01
5,0028E=082

=7 ,3082Ew02
“2,082RE=01
=3,2508E001
=4 ,50208EnB1
=5,7%02En01
=7 ,0008E=81
=B,2538Fall
=9,35002E0081

ELASTIC
SECONDARY NEUTRON ANGULAR DISTRIBUT[ONS

RECONSTRUCTED ANGULAR DISTRIBUTION [N THE CENTER OF MASS SYSTEM AT 5,0808E=24 MEV
3 LEGENDRE COEFFICIENTS WERE USED IN THE RECONSTRUCTION

1=5,

F(MU)I={SUM OVER L)}

INDEX
1

6
11
16
21
26
3
36
41
46
51
56
61
66
71
76
81

67gPEc24 2

My
1,0@002E%02
B,75@PEcEl
7,5082E:01
6,25p0EcP1
5,CRPBECRL
3,75e2EsRL
2,528BE5P1
1.2502E6081
4,423BEgR8

s1,2522E5081
-2,52pBEcEL
=3,752BE:BL
-5,2202E601
~6,252Ec21
=7.5222E001
~8,7582Ec01
-1,peegEER

2,2RBRE+20

F MU
4,9915E=24
4,9926E-01
4,9938E=21
4,9947E-21
4,9957E=B1
4,996BE=BY
4,9979E=B4
4,9989E=31
5,8P2CE=231
5,8214E=21
5,8221E=04
5, 2A32E=01
5,8043E-21
5,8A53E«01
5,8R64E=01
5,20T4E=2L
5,2785E-24

MU
9,7588E=81
8,5028Eag1
7,2508En81
6,0000E=81
4,7588Ea01
3,5088Ea01
2,2508Emg1
1,8EEEERE]

=2,5280Enp2
©1,52BBE=01
»2,750@E=01
54 ,BEPEE=DY
«5,2502EaB1
=6,5p22Eap1
w7,75B2EuB1
«9,e8PpEepl

(5o (2Ls1)0F (L E)OP(LINDD

F(MU)
4,9917E=04
4,9928E <04
4,9938EaBY
4,994YEDY
4,9980EaB4,
4,9978EaDy,
4,9981E=04
4,9995E=21
5,0222E.04
5,8213Ee8}
5,0823Ea81
5,834Eudl
5,8845E04
5,805%Ee2L
5,8066E02
5,8877E08Y

MU
9,5288E=01
8,2928E=01
7,2088E001
8,758@E=01
4,5008E=21
3,2982Ea8
2,02B2E=01
7,5808E082

=5,2808E=02

=1,7582E=01

«3,0000E=01

w4 ,2508Ee21

»5,5008E=21

=6,752@E01

=8,222QE=01
=9,258QE=21

F(MY)
4,9949ExD1
4,9932E=04
4,9942E=03
4,9954E=04
4,9962E=01
§,9972E=81
4,9983E=21
4,9994E-21
5,8084E-21
5,0815E-21
5,8026Es21
5,8236E-21
5,0847E=2)
5,8p57E=21
5,0248E=2)
5,0879E=21

HU
?.2528E=04
8,2008F=04
6,7528Fed)
9.5080Fwd)
4,2508Fef)
3,0088Fe]
1,7508F=01
5,2028F=B2

=7 ,5080Eu@?
=2,0008E-a1
=3,2508E=01
=4 ,5008F=p1
=5,7580Fe 01
=7,2080E=01
=8,2500F=01
=9,5002Fual

ENDF/B MATERIAL NO,

FMy)
4,9953EnEY
4,9959EaB1
4,9968E8)
4,9972E-21
4,9978En21
4,9988E-24
4,9994E=2q
4,9997E-24
5,0084EmDY
5,0p4pE=21
5,B847E=21
5,0023E=24
5,0029E=21
5,8p34E=CY
5,0042Em2Y
5,0048E-81

ENDF/B MATERIAL NO, 1288

F(HU)

4,992¢E=01
4,9932E84
4,9943E=81
4,9953E=01
4,9964Ex01
4,997 4E=BY
4,9985Ea21
4,9996Ea04
5,0886E04
5,0817E=21
5,2082BE=04
5,0238E21
5,8249E=31
5,006@Eagd
5,8278E=0¢
5,0284E04

My
9.28080E=21
7.758PE=E1
6,38BBE=21
5.2382E-B1
4,0008BEREY
2,730BE=04
1,5088E=81
2.,5e0BE=82

=1,300BE=21
=2,25C0E=01
=3,5000E=01
nd, 7500001
n6,@000E=R1
=7,2500E=01
=8,5000E~1
«9,7582E"21

HU
9.08B2E=BL
7,7508E=04
6.,5020E=01
5,2320E=01
4,8080E=01
2.7500E=01
1,9008E°81
2,5028Em02

=1,0B22E=01
»2,2380E"21
=3,5080E=81
=4,7582E=81
nb,B080E=01
=7.258@E"21
=8,5PBRE=R1
=9, 7582E~E1

188

FLHY)
4,9994E=01
4,996BE=E1
4,9967E=21
4,9973E081
4,9988E=01
4,9986Ee1
4,9992F=01
4,9999E=81
5,82@5E01
5,0211E=21
9,6218E=01
3,0024E=021
3,2031E-81
5,2837E~01
5, 0243E-21
3,0058E=21

F(MU)
4,9923E-04
4,9934Ea8]
4,9948E21
4,9955Em21
4,9966E~B1
4,9977E=21
4,9987Ew21
4,9998E=81
5,0229E=01
5,8019E=81
5,9830E=01
5,8248E=B1
5,8051E=81
5,8062E<81
5,02872E=01
5,2083E-21



NATURAL HEL!UM

SECENTARY NEUTRAN

RECONSTRUCTED ANGULA® DISTRIEBUTION [N THE

TER
5 LEGENDRE COEFFIFIENTS WERE USEDQ Ih THE RECC
1.6

CE

NSY
1 4,7250E521 2 2,3742E~21 3 6,1397E~23 4 282
F(MU)m{SUM OVER L) (2,58(2 «1)8F(_ E)8P(L,4U))
INDEX My FEHU) My FLMUI
1 1,002CE+22 1,BI2GE+E@  9,75C2E=21 1,7644Ee02
6 B8,75p2F=p1 1,5133E+28 B,5022Ee21 1,454iEe20
11 7,%82PEoR1 1,2%15E+32  7,25P2E.P1 1,1793Ee22
16 8,252BE~01 9,8190E~R1  6,p2@2Pfe2i 9,3832LeB4
21 5,pgp@Egel ?,677iE.21 4,7320F=01 7,2943E0L
26 3,758BEz@1 5,845P2E=P1  3,500QE=g) 5,5126Ce0%
31 2,580@E=p1 4,3700E-24  2,2502Eeg1 4,P2236f-04
36 1,258@E=f1 3,Q412E-84  1,000QF=P1 2,8229E.24
41 4,4238EcB8 2,2%9%E=24 =2,5200F=p2 1,B899BE<24
46 =1,250PEcB1 1,3478E=21 1,5020E=51 1,2373Ea0¢
51 «2,%200Eg81 9,0787E-22 «2,75@pEeg1 8,4253(-g2
56 =3,758BF581 7,14408E~02 «4,P020FEe01 7,8830E=22
41 «5,208PE=81 7,87%57Er~B2 «5,2850pf«p1 B8,333BF.22
66 <6,258BFcP1 1,1702E=84 o6 ,5020F=f1 1,2181FeBy
71 «7,5€@2EcBl 1,7144E~21 «o7,7508E=f1 1,8690E-2)
76 <8,752@E581 2,5740ERBL  S9,P000Eep1 2,7782E.04
81 =!,2002EeE2 I, 7046ERDY

HATURAL WELIUM

ELASTIC

MU
9.58006=01
8,252cEw01
7,02226=01
5,7520Ew21
4,52226001
3,2502E=01
2,0822E=04
7,5882E=82

«8,2222E02
w,7580E=01
«3,2200€01
«4,2500E=81
«5,50020=01
w6, 758BE=E1
=8,228gE021
=9,2528Fe81

Fiuy)
1,699¢E+20
1,3064E+22
1,12856+28
8,9422E-2%
6,9438E-21
5,192CE-21
3,7626Ee8L
2,6157E-01
1,7428E=23
1,1374E=81
7,9494E-82
7:1238E=02
8,8942E-22
1,3264E=24
2,8281E2%
2,9933E-24

ANGULAR DISTRIZUTIONS

AT 1,3522£+31 MEY

My
9,2300E081
8,¢2@BEud1
&,7522E21
5, BE22EEY
4,250eF=01
3,eegeEs21
$.7520E21
5,2000E82

=7 ,5282Ec82
=2,0000E=21
=3,2300r-81
=4,5000r001
=5,7580Fe21
=7 ,2000g"21
=8,2580FvR]
=9,3000F=21

ELASTIC
SECONDARY NEUTRON ANGULAR OISTRIBUT[ONS

RECONSTRUCTED ANGULAR DISTRIBUTION IN THE CENTER OF MASS SYSTEM AT 1,402PEe2{ MEV
5 LEGENDRE COEFF[ZIENTS WERE USED IN THE RECONSTRUCTION

14,

F(MU)m{SUM QVER )

INDEX

752¢E:01 2

My
1,2000E020
8,7500E=01
7,5800E681
6,2580Ec81
5,2008Eea1
3,7508€s31
2,5202Fed!
1,2580€5081
4,4238Ec28

=1,2508E:@1

=2,5000E:01
=3,7520Ec01
=5,2000E=01
=6,2500E501
=7 ,52A0EcA4
=8,7530E81
={,2200re02

2,3RBBE=BY

F(MY)
1,8438E20
1,5283E+28
1,2350E22
9,8489E=2y
7,68419E=21
5,8314Ew2
4,2829EmB1
3,B244F=01
2,0454E-2Y
1,3383Ee81
8,9172E=22
7,8894E=22
7,7962E-02
1,1795E=E1
1,6983E=01
2,5499Ea2y
3,6722E=21

3 7,2842E03

MU
9.7580E=B1
8,5080Eupy
7,2508E=p1
6,2080E=24
4,7520E=01
3,5800Ee84
2,2500Ee01
1,0002E=01

=2,5002E=22
ul 5220Eep1
©2,7523Ew24
=4, 2022Ee2Y
=5,2508E01
w6, 5008E=01
«7,752@E=01
69, 0080Ee0y

4 11,7842

(7, Be(2Ls1)eF (L E)OP(L MU

F(MU)
1,77594E20
1,4626E480
1,1822E.22
9,3893Eady
7,2800E084
5,4977Ealy
4,0804E024
2,8285Ee04
1,881VEuly
1,2264E.24
8,3489E82
7.,8892E-22
B,2499E82
1,2064E024
1,8474Eeg]
2,7523Ee24

E=23

MU
9,5208E021
8,2802E=01
7.8082E=p]
5,750PE=01
4,5900E=p1
3,2582EaE1
2,0080E=p1
7,3080E=02

=8 ,0000E=E2

=y ,7582E=01

«3,0080E=01

=4,2500E=01

=5,5880E01
at,7580EE]
=8 ,0802E=01
w9, 2582E=E1

F (M)
1.7893E00
1,4048E408
1,1398E000
B,0429E-04
6,90426-04
5,1783E-04
3,7454E.21
2,5997¢-24
1,7295€-214
14274624
7,8681E083
7,2518E22
8,8B4%E.22
1,3138E801
2,8874E01
2:9654E0)

MU
9.2580EvR1
LY 1] L1538
6,7328EB1
5,5000EwB1
4,2500ce21
J,o020peey
1,75320F=p1
5,0020Fe22

=7,5080E=02
=2,00008Fe@1
=3,2908c01
=4,5000Ful1
=5,7500Fe04
=7,2220E=04
=8,2520F=f1
=9 ,5020F-01

ENOF/B MATERIAL NO, 188

F{My)
1,6359E«20
1.34BsEepR
1,879¢E«08
8,5299E=24
6,5455E=04
4,B832EnDY
3,5118E=24
2,A1V4E=BY
1,6283E=01
1,2480E=2¢
7,5769Ea82
7.2724E=02
9,5594E=02
1,4452E-34
2.19B83E=2¢
3,2194E=04

MU
9,0880E=01
7.7980E01
6,5000E=01
5,2520F=04
4,0820E021
2,7500081
1,98E2E=R1
2,3088E-82

«1,288B0E=21

=2,2988E"81

=3,9008E"81
=4,7988E=21
=6 ,3BEBE=R1
=7,2988E=01
-8.5880E"31
«9,7988E=61

Fi{MU)
L.3739E+E8
1.2884E+82
1.,23p8E+R2
8,0922E=24
4,1802E-21
4,3887E=24
3,270%E-04
2,234PE=R1
1,4488E=BY
9,4924E-82
7,3286E=02
7,5220£=82
1,0329E-81
41,9745 =2
2,3806E=D1
3,4565E=01

ENDF/B MATERIAL NO, 1288

F{MUY)
1, 64486000
1,344B8E400
1,0880E82
8,5896Ea0y
6,5342E004
4,BA6BE-2Y
3,4938En0Y
2,4230Fe04
1,5878Ew0Y
1,2382E=01
7,4987EB2
7,1972Ee02
9,4664E=02
1,4315E=24
2,1774E-01
3,1894Ee0]

MU
9.,0008E=01
7.738BE-E1
6,980RE~E1
9,29BPE°RY
4,0BBRE=21
2.79BRE=EL
i.,3eRRE=RL
2,500BE=02

={,0BBRE=E1
=2,2582E21
»3,5000E=081
=4,7900E=R1
=b,80BRE-21
=7,25RBE=E1
=8,52@BE=21
=9, 75CEE~EL

F{MU)
1,5848E+00
1,2892E+02
1.,2322€+02
8,0892E=21
6,1766E=81
4,9690E=81
3,2535E=214
2,2192g=01
1,4867E-24
9,9974E=22
7.2328E=22
7,4433E=22
1,8229E=21
1.3397E=24
2,3583E=21
3,4243E-2)



NATURAL HELIUM

FLASTIC

SECONDANY NEUTRZN ANGULAR DISTRIBUT[ONS

RECONSTRUCTED ANGULAP DISTRIRUTIAN b TWE CENTER OF “ASS SYSTEM AT 1,4522E«21 MEY
5 LEGENDRE COEFFI=[ENTS WERE USED [* THE SECONSTALCTION
1 4,7752E581 2 2,472Q0E~21 3 B,5150E23 4 1,9712E-23
F{MU)={SUM OVER L) (",5e(2L«1)8F ([ ,E)eP({LaNU)]
INDEX My FeMu)y HU F MUY MU FLMU) ]
1 1,@BBRERE 1,B%54E£422  9,75P@Ee01 1,7B888Ce22  §,5002E=21 1{,7194E«B22  9,25Q2Ee01
6 B,75p2Eed1 1,5273E+22 B,5000E=21 1,46687E420 8,2500E=p1 1,4273E+22 8,282QE=C1
11 7.%B2BEs21 1,23B84E+22  7,250QEm21 1,18%CE«22  7,2002E=p1 1,1331E+22  6,7520£-01
16 4,252PE;81 9,6%77E-21  6,220CEe21 9,3942Ee@) 5.7520E=f1 B,9443E=24  5,522@FeP21
21 5,CP2BE=s21 7,6748E-2% A4,7508E=21 7,2773Ea24 4,5000E=21 6,8932E:24 4,2522F=21
26 3,75@QE=21 5,81%9E-81  3,522@Ee=21 5,4818El.71  3,2532E=p1 5,1595E.2% 3, ge@aFe21
31 2,5028p:z@1 4,285pg-01 2,2508Ee01 3,9984Ee2y 2,2080E=01 3, 7274221 1,75e2g=24
36 L,252BEz21 3,2773E.2Y 1,0808C=0y 2,7898Es04 7,522@E=22 2,5835E=24 5,882QE=22
41 4,423BE<08 2,2388E-2) «2,5200Fe@2 1,8683Ea2y «5,2220E=02 1,7166E-21 =7,5828Fe.22
46 ={,2520E581 1,37?55E-24 =1,5@P0Ffe01 1,2163Eel) =y,7300E=21 4,1176EcE)l =2,Q828Fe21
51 «2,5800E:81 B ,B3956.22 a2,7500Fe0)1 8,2677Eal2 «3,00@PE=21 7,7985E-82 =3,2502£e21
86 «3,7502F581 7,8075E=22 <4 ,P02QEa21 6,9481E82 ad,250QE=031 6,9906E=22 =4,8P22F021
61 »5,28@2Ec@1 7,7?B7E~22 «5,2580F«21 B8,1783Ea22 «5,52@QE=21 8,7296E.22 «B,75@pFe01
66 =4,2500E=E1 1,2995E=84 6,5000Em@1 1,1995%Ewly w6,7500E=01 1,3247Ea21 «=7,2828Fed1
71 «7.5808Ez21 1,6822E~84 =7,7503C=@1 1,8298EelBy =8,008@Ee@1 {,9B878E-21 =0,29Q8Fe«01
76 «8,7508Es81 2,5248E-24 <9,222E-21 2,7290E<P1 =9,253PE=01 2,9358E-21 =9,5222Fef1
By =1,P220F+d0 3,6332E-81

NATURAL HELIUM

ELASTIC

SECONDARY NEUTRON ANGULAR DISTR]BUTIONS

RECONSTRUCTED ANGULAR DISTRIBUTION [N THE CENTER OF MASS SYSTEM AT 1,3522CEe21 MEV
5 LEGENORE COEFFICIENTS HERE USED IN THE RECONSTRUCTION
4 2,1712E-23

1 4,821¢Es0L 2
F(MU)=ISUM OVER L}
INDEX HU

1 4,20CBED2

6 8,7538E-01
i1 7,5208Ec81
16 6,2500Ec01
21 5,p08BEcHl
26 3,7500Fc8y
31 2,5080Ee81
36 1,25@0Ec21
41 4,423BER8
46 =1,25g0E521
51 =2,500@8Ec81
56 «3,7508Ec21

=5,2000€=91
=6,2300Es21
=7,50@8REm21
=8,7522E801
=1 ,20B2E«R0

2,4182E-01

FUMU)

1,B4B8E+28
1,5352E+28
1,2421E+88
9,B469E=2Y
7, 6667E=BY
5,7089Ew2Y
4,2447EmBY
2,9877E-01
2,8444E-24
1,3127E-21
8,7458E082
8,9348E082
7,6859E=22
4,B896E=EY
1,6668E-C1
2,5788E-01
3,5979E=24

3 9,809CE=23

HU
9,75CpE=01
8,5000E=p1
7,2508E01
6,0000E=g1
4,75088E =01
3,5208Eely
2,2500E001
1,0008E01

»2,5220E=02

=1,5020Eu21

n2,7500E=a1
w4, @000E=R1
55,2580E=01

“6,5070E=21

n?,7508Ee01

<9,0802E=01

(A Ba(20+L)aF (L EISP(LHUND

F{MU)
1,7987Es20
L,4734E420
1,1881F.82
¥,3992E.24
7.,2672Ee24
5,4635CuB]
3,9788Ealy
2,7707E.84
1,8524E01
1,2043C081
B,1796E~B2
6,8772E-02
8,1823E=2
1,1847E=2¢
1,8129E=24
2,6989¢.04

HY
9,52@0E=01
8,2520Ew21
7,0008E=21
5,7588E=21
4,508BE=p1
3,2508E=01
2,2220E=01
7,52282En22

=5 ,2222E=02
=1,7520Eap1
=3,208BE=21
w4, 258801
=5,5882E21
=4,7522Ea01
=8,2822E=01
=9,2582E=01

F(MU)
1,7383E+00
1,4133€+20
1.,1355E.28
8,9494E=01
6,8888E0@d
9,1408E=24
3,787CEaRd
2,5649E21
L17243E=24
1,4063E=21
7,7437E-22
6,9286E=82
B,6495E=82
1,2902E=01
1.9693E=21
2.9876E=RL

My
9,2500E01
8,2B28F=01
6,7580Fndd
5,5000Fepy
4,29280Fe81
3,0000F=01
i1,738@re01
3,2002EeB2

=7 ,85202E=02
=2,8082Fe@1
=3, 252@En01
=4 ,9P2BF=01
=5,7580Fe01
=7,80EBFuB1
=8,2522FeB1
=9 ,5228Fedy

ENDF/B MATERIAL NO, 1288

F(My)
1,6539E28
1,3498E+2¢
L.2826E+22
8,5079E=04
§,5216E=01
4,B4P4E=21
3,4768E=21
2,38B83E=2Y
1.9756E=Y
1,2293E-01
7,4327E.82
Ty1349E=22
9,38P8E=02
1,4182E=84
2,1562E=21
3,1574E=BY

ENDF/B MATERIAL NO,

F{MU)
1,6636E+28
1,3847E2D
1,Bp4BE«R2
8,5857E=04
6,5874E=021
4,B298Eady
3, 4558En2Y
2,3723Ea24
1.9612Em2Y
L.B1B7E-RY
7.3538E=22
7.04%9BE=R2
9,2978E=B2
1, 4854E=21
2,1362EmEY
3,127eE=24

MU
9.208BE=01
7,7582E=21
4.5882E=g1
8,2%82E-21
¢,0802E=21
2,75g8Ewc1
{.5802E=21
2,%088E=02

-4 ,2028E=21

«2,2588E=81

=3,5008E021

«d,752BEn21

=8,2000E=01

«7,2528E01

«8,5000E =21

=9,7528E01

MU
9.220CE=21
7.75BBE=RL
6,502BEn21
5,290BE=81
4,0080E=21
2,750BE=0Y
1,50208E=21
2,5002¢€-22

=1,8002E=21
=2,2808E=24
=3,5088E=04
=4, 7580E=01
=4,p2BQE=21
=7,2582E=21
=8 ,5080E=21
=9,752QE-01

1g88

L-11

F (M)

1,5899€+00
1,2032£408
1,8335€402
8,2B47E=01
6,1625E=81
4,8513F-04
3,2380E04
2,2041E24
1,4453g-0¢
9,51 48E=022
7,1690E.02
7,3889E02
1,0138Ea04
1,9451E=21
2,3392£-04
3,3899E=21

F(MU)
1,59B8E+20
1,2976E+82
1,8349E«02
8,8795E=81
6,1448Eap]
4,53126=281
3,2168E=21
2,1868En21
1,4347E=21
9,4148E-22
7.8936EeB2
7.3408E=82
1.,0246E=DY
1,8312E-81
2,3132E=81
3,3578E-21
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APPENDIX M

Sample Graphical Display

The following is a sample graphical display of the cross
sections for the element helium. These plots were obtained by
using the PLOTFB code., Note that most of the angular distributions
of secondary neutrons have been omitted.



REL [UM ANL EVAL-JUNGB E.M.PENNINGTON (NATURAL ELEMENT)
ANL-7462 (0OCT,1968) DIST-JUNT70 REV-JUNTQ

i 4 o ] " * L
JRTA MODIFIED JUNE,1970 TO CONFORM TO ENDF/B-11 FORMATS
at | " w " % Bt

HEL IUM CROSS SECTIONS MATERIAL 1088
COMPILED BY ED PENNINGTON, ARGONNE NATIONAL LAB., IN JUNE 1968.
NATURAL HELIUM CONSISTS OF 0.00013 PER CENT HE-3 AND 99.99987 PER
CENT HE-4.
BECAUSE OF THE LOW ABUNDANCE OF HE-3, ONLY ITS (N.P) CROSS
SECTION, WHICH IS VERY LARGE AT LOW ENERGIES., NEED BE CONSIDERED.
ELASTIC SCATTERING IS THE ONLY POSSIBLE REACTION FOR NEUTRONS
INCIDENT ON HE-4 AT ENERGIES BELOW 15 MEV. THUS THE ELASTIC
SCATTERING CROSS SECTION AND VALUES OF MU BAR(LAB), XI. AND GAMMA
ARE GIVEN IN FILE 3, AND ELASTIC SCATTERING LEGENDRE COEFFICIENTS
ARE GIVEN IN FILE 4. PRRRHETERS FOR A FREE GAS THERMAL SCATTERING
LAW ARE IN FILE 7.
THE ELASTIC SCATTERING CROSS SECTION AND THE LEGENDRE EXPANSION
COEFFICIENTS WERE CALCULATED FROM S-,P-, AND D-WAVE PHASE SHIFTS
USING A FORTRAN PROGRAM WRITTEN FOR THE PURPOSE. THE PHRSE SHIFTS
WERE RERD FROM SMOOTH CURVES BASED ON TABLE I OF REF.1. AT
ENERGIES BELOW THE 300 KEV. LOWER LIMIT OF TABLE I. EACH OF THE
THO P-WAVE PHASE SHIFTS WAS OBTAINED BY ASSUMING A FUNCTIONAL
FORM BASED ON THE LOW ENERGY LIMIT FOR A SINGLE P-WAVE RESONANCE .
WITH PARAMETERS OETERMINED FROM FITTING THE LOW ENERGY PHASE
SHIFTS OF TABLE I. THE S-WAVE PHASE SHIFT BELOW 300 KEV. WAS
CALCULATED USING HARD SPHERE SCATTERING AND A NUCLERR RADIUS, A<
2 4 FERMI. THIS YIELDS THE THERMAL SCATTERING CROSS SECTION <
4.wP[wRwn2< 0.7238 BARNS IN AGREEMENT WITH THE EXPERIMENTAL VALUE
OF 0.73+- 0.05 BARNS (REF.2). THE LOW ENERGY S-WAVE PHASE SHIFTS
OF TRBLE I ARE CONSISTENT WITH A NUCLEAR RADIUS OF ABOUT 2.48
FERMI. AND SO WOULD YIELD A SOMEWHAT HIGH THERMAL CROSS SECTION.
VALUES OF MU BRAR(LABI. X1, AND GAMMA WERE CALCULATED FROM THE
LEGENDRE COEFFICIENTS USING A FORTRAN PROGRAM. MUXIGA. THIS
PROGRAM USES THE EQUATIONS OF REF.3-5.
AN ELASTIC SCATTERING TRANSFORMATION MATRIX FROM THE CENTER-OF-
MASS TO THE LABORATORY SYSTEM WAS COMPUTED USING CHAD (REF.6).
THE [N.P) CROSS SECTION FOR HE-3 IS THAT RECOMMENDED IN THE
EVALUATION OF HE-3 BY J. ALS-NIELSEN GIVEN IN REF.7. EXTENSION
FROM 10 TO 1S MEV. WAS MADE USING LiNEAR EXTRAPOLATION ON A
LOG SIGMA- LOG E SCALE.
THE TOTAL CROSS SECTION IS THE SUM OF THE ELASTIC SCHTTERING AND
iN.P; CROSS SECTIONS.
COMMENTS-
it PHAGE SHIFTS OF REF .1 ARE OPTICAL MODEL PHASE SHIFTS CHOSEN
PUF DT BUTH ANGULAR DISTRIBUTION AND POLARIZATION DATA AT MANY
ERERGIES. THE TOTAL SCATTERING CRCSS SECTION IS ALSO FIT WITHIN
T SLHTTER GF THL EXPERIMENTAL POINTS. ANDTHER RECENT SET OF
Prett LlETS OREF .81 1S NOT VERY DIFFERENT FROM THOSE USED HERE .
AN CO0U) ALSO HAVE BEEN USED IN THE PRESENT WORK. THERE SHOULD



BE NO SERIOUS ERRORS IN THE HE-4 DATA CALCULATED FROM THE PHARSE
SHIFTS:

AS DISCUSSED IN REF.7, THE HE-3 (N.P) CROSS SECTION IS RATHER
WELL KNOWN. PROBABLY MORE ERROR IS INTRODUCED INTO THE (N.P)
CROSS SECTION FOR NATURAL HELIUM BY THE UNCERTARINTY IN THE HE-3
[SOTOPIC ABUNDANCE THAN BY THE UNCERTAINTY IN THE HE-3 (N,P)
CROSS SECTION ITSELF.

PREVIOUS EVALURTIONS OF HELIUM FOR RERCTOR CALCULATIONS INCLUDE
THOSE OF J.J.SCHMIDT (REF.9) AND B.R.S.BUCKINGHRAM ET AL (REF.10).
SCHMIDT-S EVALUATION INCLUDES THE (N,.P) CROSS SECTION FOR HE-3,
AND SIGMA ELASTIC. MU BAR(LAB), AND A SET OF PHASE SHIFTS FOR
HE-4. BUCKINGHAM ET AL GIVE SEPARATE EVALUATIONS FOR HE-3 AND
HE-4. FOR HE-3 ELASTIC., (N,P), (N,0J), AND (N,2N) CROSS SECTIONS
ARE GIVEN, AS WELL AS ELASTIC ANGULAR DISTRIBUTIONS. THE HE-4
EVALUATION GIVES THE ELASTIC CROSS SECTION AND ANGULAR
DISTRIBUTIONS.

REFERENCES-

1. G.R.SATCHLER ET AL. NUCLERR PHYSICS A112,1-31,(1968).

2. R.GENIN ET AL. JOURNAL DE PHYSIQUE ET LE RADIUM 24,21-26,1963.
3. H.AMSTER JOURNAL OF APPLIED PHYSICS 27,3.307.,(1956).

4. H.AMSTER JOURNAL OF APPLIED PHYSICS 27.6.663.(1956).

S« H.AMSTER JOURNAL OF APPLIED PHYSICS 29.4.623-627.(1958).

6. R.F.BERLAND NAR-SR-11231,(1865).

7. E.N.E.A. NEUTRON DATA COMPILATION CENTRE NEWSLETTER NO.5.,1967.
8. B.HOOP,JR. AND H.H.BARSCHALL NUCLEAR PHYSICS 83,65-79,(1966).
9. J.J.SCHMIDT KFK-120,PARTS 11,111.(1962).PART [.(1966).
10.B.R.5.BUCKINGHAM ET AL AWRE 0-28/60,(1961).
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Appendix N

BCD Card Image Formats

This appendix describes the data formats to be used when preparing
magnetic tapes containing BCD card image records. The symbols and defini-
tions used in describing BCD card image formats are the same as was used
earlier in this report to describe binary record formats. The basic
concepts of BCD card image formats was described in Section 5.3 of this
report.

The following pages of this appendix contain the BCD card image
formats for Files 1 through 7. The top of each page indicates the
particular File and data format to be described. Four pages (A, B,

C, and D) are used to describe each data type. When the appendix is
opened to a particular data type, the user will see two pages. The
left hand, Page A (the last page of the previous fold out sheet) will
contain a review of the variable names and their definitions. The
right hand, Page D(before unfolding) will contain the important formulae
associated with the particular data type. When the right hand page is
unfolded, this will expose pages B and C., Page B will give the BCD
card image format. Page C will give an example of the particular BCD
cards described by the formats. Note that in some cases, the example
would have contained too many cards to have been displayed on one
page; therefore in these cases, the cards of lesser importance have
been omitted.



N-1
FILE 1

Mr = 451 (Descriptive Information and Index)

LRP 1is a flag for resonance parameter data, If LRP=0 (no parameters),
LRP=1 (parameters given in File 2),

LFI 1is a fissile material flag. If LFI=0 (no), LFI=l (material is
fissionable).

NXC 1is a count of cards in dictionary. Each section of this material
is represented by a single card, This card contains the MF (File

number) , MI' (reaction number), and NC (a count of the cards in
the section),

LDD is a radiocactive decay data flag., If LDD=0 (none), LDD=1 (decay
data given in MI'=453),

LFP is a fission product yield data flag, If LFP=0 (none), LFP=1
(data given in MI=454),

is the number of cards used to describe the data set,
is the File number (MF) of the nth section,

. ; th ;

is the reaction type number (MT) of the n~section,

is the number of cards in nth section, This card count does
not include SEND, FEND, or MEND cards,

|5 15 58



BCD Card Image Format for

File 1

MT = 451 (Descriptive Information and Index)

Field Field Field field Field Field Record
1 2 3 4 5 6 Type
ZA AWR LRP LFI b#* NXC HEAD
b b ~ LDD LFP . NWD b
Hollerith Informatfion lst Card. B
L. 2nd Carxd . .
-- . - -- |wo™  cgra LIST
b MF1 MT] NC1 b C@NT
. - . |
b b ME2 MLy NCo b CONT
b b MFNXC MINXC NCyxC b CONT
| b b b b b b SEND
|
Field 7 (Cols 67-70) = MAT
Field 8 (Cols 71-72) = MF= 1
Field 9 (Cols 73-75) = MI = 451 (except SEND card)
Field 10 (Cols 76-80) = Card sequence number

*b = blank

2,00000+ 3 3,96822+ 0

HEL IUM
ANL=-7462
#

DATA MODIFIED JUNE,1

L]

HELIUM CROSS SECTIONS
COMPILED BY ED PENNINGTON,
NATURAL HELIUM CONS18TS OF 2,00p813 PER CENT HE=3 AND 99.,99987 PERL10S&8

CENT HE-4,

BECAUSE OF THE LOW ABUNDANCE OF HE-3,
WHICH IS VERY LLARGE AT LOW ENERGIES.

SECTION,

ANL
#

)

(0CT,1968)

2
@

) g
] 77

leipss8

EVAL=JUN68 E,M,PENNINGTON (NATURAL ELEMENT)

DIST=JUN7@
&

MATERTAL

REV=JUN7@
o

1086

ARGONNE NATIONAL LAB,)

L) &

%}G TO CONFORM TQ ENDF/Be]I FORMATS
@ o

#* L

ONLY ITS (N,P) CROSS
NEED BE CONSIODERED,1p@88

IN JUNE 1968,

ELASTIC SCATTERING 1S THE ONLY POSSIBLE REACTION FOR NEUTRONS
INCIDENT ON HE=-4 AT ENERGIES BELOW 15 MEY, THUS THE E[ASTIC

SCATTERING CROSS SENTION AND VALUES OF MU BAR(LAB),
AND ELASTIC SCATTERING LEGENDRE COEFFICJENTS1i@8S

ARE GIVEN IN FILE 3, .
ARE GIVEN IN FILE 4, PARAMETERS FOR A FREE GAS THERMAL SCATTERINGL(88

LAW ARE IN FILE 7,

THE ELASTIC SCATTERING CROSS SECTION AND THE LEGENDRE EXPANS]ON

COEFFICIENTS WERE CALCULATED FROM Se,P=,

X1

AND D~WAYE PHASE SHIFTS 1#88
USING A FORTRAN PROGRAM WRITTEN FOR THE PURPOSE, THE PHASE SHIFTS1088

AND GAMMALlOS8S8

WERE READ FROM SMOOTH CURVES BASED ON TABLE I OF REF,4., AT

ENERGIES BELOW THE 30@ KEV, LOWER LIMIT OF TABLE ], EACH OF THE

THO P=-WAVE PHASE SHIFTS WAS OBTAINED BY ASSUMING A FUNCTIONAL

FORM BASED ON THE LNW ENERGY | IMJT FOR A SINGLE P=WAVE RESONANCE, 1088

WITH PARAMETERS DETFRMINED FROM FITTING THE LOW ENERGY PHASE

SHIFTS OF TABLE

—_— e

—

REFERENCES=-

1, G.R,SATCHLER ET AL,

F—

THE S=WAVE PHASF SHIFT BELOW 322 KEVY,

—

WAS

NUCLEAR PHYSICS A112,1-31,(1968),
2. RyGENIN ET AL, JAURNAL DE PHYSIQUE ET LE RADIUM 24,21=26,1963,1088
5y HiAMSTER JOURNAL OF APPLIED PHYSICS 27,3,387,(1956),
4, H,AMSTER JOURNAL OF APPLIED PHYSICS 27,6,663,(1956)},

5, H AMSTER JOURNAL OF APPLIED PHYSICS 29,4,623-627,(1958),
6, R.F,BERLAND NAA=SR=11231,(1965),

7+ E.N,EyA, NEUTRON DATA COMPILATION CENTRE NEWSLETTER NO,6,1967,1088
8, ByHOOP,JR, AND H,H,BARSCHALL NUCLEAR PHYSICS 83,65«79,(1966), 1088

9¢ JiJ.SCHMIDT KFK=122,PARTS 11,I111,(1962),PART 1,(1966),
12,B,R,5,BUCKINGHAM ET AL AWRE 0=28/6@,(19641),

SNEAE W WWWW WO

451 8¢9
151 4

1 51
2 51

1p3 51
251 39
252 39
253 39

2 237
4 4

i

*

*

N-1

1451
145}
1453
1451
1451
1451
1451
1453
1451
1451
1451
1451
1451
1451
1451
1451
1451
1451
1454
1451
1451
1451
1451
1451
1453
1451
1988 1451
1988 1451

1088
1088

ips8
iess
ie88
ilees
1088
los8
1088
lpss

1p88
1088

ipes
1088

1088
@88

1088
1088
1088

1451
1451
1451
1451
1454
1451
1451
1451
1451
1451
1451
1451
145}
1453
1451
1451
1451
1451
1451

l1o88
lo88
1068
1288

1pss
1088
lass
1088
1288
lp88
1o88
1988
1088
less
1088 1451
1288 145}
lo68 1 0

BV ONOUE GNES



FILE 1

ML = 451
Descriptive Information and Index

N-1
D
FILE 1
ML = 452
INU = 1
LNU
NC
O

(Number of Neutrons per Fission, v (E)

(Polynomial Representation Used)

is a test that indicates what representation of 7 (E) has
been used:
LNU
LNU

]

1, polynomial representation
2, vV (E) is tabulated

is the number of terms used in the polynomial expansion,

Cy, C3, C4 are the coefficients of the polynomial.

N-2



BCD Card Image Format for N-2
Filel B
MT = 452, Total number of neutrons per fission, V(E)
LNU = 1, Polynomial representation used,
Field Field Field Field Field Field Record
1 2 3 4 5 6 Type
ZA AWR b#* LNU=1 b b HEAD
b b b b NC b
Y Cy - -- Cxe I A
s e e W o " i s
E—— = .
|
Field 7 (Cols 67-70) = MAT
Field 8 (Cols 71-72) = MF= 1
Field 9 (Cols 73-75) = MT = 452 (except SEND card)
Field 10 (Cols 76-80) = Card sequence number

*b = blank

9,22340+ 4 2,32p29+ 2

2.3700@+ 0 1,25000< 7

N-2

10643 1452
1243 1452
1043 1452
1043 1 @

59
60
61
62



FILE 1
MT = 452
Number of Neutrons per Fission

LNU = 1, polynomial representation ofy (E)

V 1is the total (prompt plus delay) number
of neutrons per fission.

NC

vE) = )

C_E (n-1)
n=1

FILE 1

MT

LNU

]

2

E

N

&

NP

N-3

452 Number of Neutrons per Fission, v (E)

Tabulated Values of v (E)

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

LNU = 1, polynomial representation

INU = 2, U (E) is tabulated

is the number of interpolation ranges used,

is the total number of energy points used in the tabulation,

NBT(I), INT(I) is the interpolation scheme for p (E).

v (Ei) is the average total (prompt plus delayed) number of neutrons

|

per fission,

is the energy (ith point) of the neutrons causing fission,



BCD Card Image Format for

(RN NPT N

S

File 1
MT = 452, Total number of neutrons per fission, VU(E)
INU = 2,Tabulated values of T(E)
Field Field Field Field Field Field Record
1 2 3 4 5 6 Type
ZA AWR * LNU=2 b b HEAD
b b b b NR NP
wry | ey | wre | weey |- | e
= T A - NBT(NR)J INT(NBZ
E1 V(E1) E2 V(E2) - -
' — - o Exp V(Eyp) TAB1
b b b b b b SEND
Field 7 (Cols 67-70) = MAT
Field 8 (Cols 71-72) = MF= 1
Field 9 (Cols 73-75) = MT = 452 (except SEND card)
Field 10 (Cols 76-80) = Card sequence number

*b = blank

w04

12
@5
+06
+36
+«@7

236,999

2,882
3,808
3.:442
4,388

o N
- = = =
FAVEDS RS R )|

P G-AR
vySsmas

N-3

1452
1452
1452
1452
1452
1452
1452
19

163
164
165
166
167
168
169
170



FILE 1

ML = 452
Number of Neutrons per Fission
LNU = 2, p(E) is tabulated,

V(E) is the average total (prompt plus

delayed) number of neutrons per fission.

N-3

File 1

N-4

ML = 453 (Radioactive Decay Data)

NPR

ES(N)

LFS

RTYP

BR(N)

is the number of excited states for which data will be given
for the original nuclide (target nucleus).

designate the state of the original nuclide (0 = ground state, etc.)

is the number of incident energy points at which branching ratios
will be given.

is the total number of product nuclide states that will be described.

is the incident energy point (Nth point) at which branching ratios
are given.

is the total energy released by a specified decay mode (includes
gamma rays and particles).

is the reaction Q value for a specified reaction.
designates the state of the product nuclide (0 = ground state, etc.).

specifies the reaction types (floating point values of MI number.
RTYP = 0.0 for spontaneous decay of the original nuclide.

is the decay constant (sec'l) for the spontaneous decay of the
original nuclide state to a particular product nuclide state.

is the branching ratio at the Nth energy point for a specified
reaction (fraction).



BCD Card Imaéé Format for N-4 N-&
File B c

MT = 453 (Radioactive Decay Data)

Field Field Field Field Field Field Record
L 2 3 4 5 6 Type
ZA AWR b b NS b HEAD
ZA AWR LIS b - NE NPR (ground state)
ES(1) ES(2) ES(3) - ——- ES(NE) LIST1
“EREL1 Q1 LFS1 b NE + 3 b
ety . o ' | ' 5,010 +83 9,927% 1099 1453 122
RTYPp | ZAPp | DCp | BR(1) | BR(2) | BR(3) _ 5.010 +03 9,9270 2 : 41629 1453 123
BR(4) - i - — . BR(NE) LISTy .53 @2 1,3 4,8 +f4 5,0 vA4 6,0 7.9 +241029 1453 124
. _ . | Lo L ] 8.7 +04 9,1 +04 1,0 +@5 1089 1453 125
EREL) Q2 LFS2 b NE + 3 b 2.0 w4 ,3628+06 2 12 1809 1453 126
RTYP2 | ZzAPp | DC, | BR(L) i BR(NE) LIST, 1.0 1,2 1.0 1.2 i.0 1.0 1069 1453 128
o R . i - o 0.0 2,2957 +05 e 12 1209 1453 129
| 105, ¢ 4,708 +03 0,2 1,0 1.0 1,7 10P9 1453 130
--- --- --- --- --= -—- 1.9 1,0 1,0 1,0 1.0 1.0 1009 1453 131
; : , 0.2 2,7916 +06 ) 12 1009 1453 132
| ERELypr | Quer | LFSypr b {NE+3 | b 127.,¢ 3,707 +03 0,0 2,06308 2,063 2,063 10u9 1453 133
TP ip . 2,064 3,365 2,065 B,768 2,872 2,072 1609 1453 134
| RTYENpr | EAPNPR f DCypg | BR(D) BRCNED. LIST2 0.2 2,3223 +16 . 12 1669 1453 135
197,98 3,607 +03 2,0 2,93692 0,937 ?,937 1279 1453 186
2,936 2,935 2,934 2,932 2,932 2,928 1079 1453 137

(structurd is repeatled for eadh originall 169 1 2 138
nuclide dtate until all NS states have

been givgn. Start jeach statJ with the

first LIYT record)

Field 7 (Cols 67-70)
Field 8 (Cols 71-72)
Field 9 (Cols 73-75)
Field 10 (Cols 76-80)
*b = blank

MAT

MF= 1

MT = 453 (except SEND card)
Card sequence number



__FIIE 1
MT = 453

Radioactive Decay Data

For a specified original nuclide
state (LIS) and reaction type(RTYP)
the branching ratios are

E BR(N) = 1.0

at each incident energy point, N.

N-4

FILE 1

MT = 454

I H
(=N

ZAFP
YLD

FPS

(Fission Product ¥ield Data)

is 3*NFP

is the

number of fission products to be specified at the ith

incident neutron energy point, (Sets of three parameters:
ZAFP, FPS, YLD)

is the

incident neutron energy causing fission,

N-5

is a test to determine whether energy-dependent fission product

yields
LE =0,

LE > O,
is the
energy
is the
is the

is the
state,

are given:

implies no energy-dependence (only one set of fission
product yields given),

means that (LE+1l) sets of fission product yields are
given,

interpolation scheme to be used between E;_; and Ej
points,

(Z,A) identifier for a particular fission product,
fractional yield for a particular fission product,

fission product nuclide state indicator (0.0 = ground
1.0 = 1st excited state, etc.).



MT = 454 (Fission Product Yield Data)

BCD Card Image Format for

Field

Field Field Field Record
1 2 5 6 Type
2A AWR b b HEAD
Ei b N1 NFP (NL = 3 * NFP) |
gt M B Y Wi
N TPorp| Yiwep | LIsT
T E, b N1 NFP
© BAFP; FPS; - --
- - FPSywpp| YLD
. FEoHE NEP LIST
EN b N1 NFP
T i N = IE + 1)
ZAFP] FPS] i o (
. -= YLD
FPSyrp NEFP LIST
Field 7 (Cols 67-70) =
Field 8 (Cols 71-72) =
Field 9 (Cols 73-75) = MI= 454 (except SEND card)
Field 10 (Cols 76-80) = Card sequence number

%b = blank

9.,223%
1.0

3.0R72
3.1074
418276
3,2075
3,2076
3,2077

6,569

+04
=05
+@4
+D4
+04
+04
+D04
+24

+@4

ST B i SR

1,596
3,492
3,490
2,0
2,0
1,09

2,991

3,0073
3,175
3,177
3,2¢75
3,2877
3,2878

6,5161

w24
04
+04
w74
wF4
*04

+04

pov e B SR BN

1,296%
1,1966
4,786¢
@,e
2449
1,994

3,989

llpa
24411p2
-9611p2
=G51102
~2511¢2

liw2
=a51122
~741102
=3811¢2

1122

N-5

1454
1454
1454
1454
1454
1454
1454
1454

1454
i@

152
153
154
155
156
127
158
159
275
276



FILE 1
ML = 454
Fission Product Yield Data

At each incident energy point

NFP

E YLDi ~: 2,000
im=

(Delayed Neutrons from Fission)

(Polynomial representation used)

is a test that indicates which representation used:
IND = 1 (polynomial expansion)

LND = 2 (tabulated values of V4 )

is the number of precursor families given,

is the decay constant of the ith precursor (sec‘l)_

is the number of terms in the polynomial expansion,

CD2, CD3, CD4 are the coefficients for the polynomial,

N-6



BCD Card Image Format for N-6
Filel B
MI' = 455 (Delayed neutrons from fission, ;d(E)
LND = 1,Polynomial expansion used
Field Field Field Field Field Field Record
1 2 3 4 5 6 Type
ZA AWR b* LND=1 b b HEAD
e ;- n * - s Lt
Xeg A2 -- -- -- ANNF LIST
b b b b NCD b
" cpp | cp2 e su A CDNCD |
W T Wiews 0 W ,, ! LIST
S
Field 7 (Cols 67-70) = MAT
Field 8 (Cols 71-72) = MF= 1
Field 9 (Cols 73-75) = MT = 455 (except SEND card)
Field 10 (Cols 76-80) = Card sequence number

*b = blank

92235

1,2717
33,9833

g.0158

+04 233,725

7
~02 2,8406 =72 4,2b21 =32 1,5332 ~@1 $,5363 -01 1,8067

Bl

-1_@

1

2

N-6

lip2
lig2
lip2
ile2
llee
iip2
lig2

1455
1455
1455
1455
1455
145%
1 0

181
1e2
123
Lo4
125
LRé
27



N-7

N-6

FILE 1

MI = 455 (Delayed Neutrons from Fission,'ﬁd )

IND = 2, tabulated values of ;d(E)

LND 1is a test that indicates which representation used:
LND = 1 (polynomial expansion)
IND = 2 (tabulated values of p4)

NNF is the number of precursor families given,

FILE 1
A. is the decay constant of the ith precursor (sec'l).

1

MI = 455 2 3
NBT(I), INT(I) is the interpolation scheme for vy

Delayed Neutron Data o
Vd(Ei) is the average total number of delayed neutrons that

are emitted per fission event (due to neutrons of
energy, E;).

5

= 1, polynomial prepresentation of Ea(E)

B R S
v, (E) —E CD_*E

=1

The yield of the ith precursor family is
v, (B) =y (E)*p, (E)

where p,(E) is the fractional yield given in File 5.
The timeé dependence of Di(E) is

7, (B,0) = 5 (B)e "



BCD Card Image Format for N-7
Filel B
MI = 455, Delayed neutrons from fissions, ;d(E)
LND = 2, Tabulated values of V4(E)
Field Field Field Field Field Field Record
i 2 3 4 5 6 Type
ZA AWR b* LND=2 b b HEAD
b b b b NNF b
| L s LT Mwe | wst
b b b b NR NP
NBT(1) INT(1) NBT(2) INT(2) [y T
- - -- e NBT(NR) INT(NR)
Ep va(E1) Ep Va(E2) -- --
T - - - .- Ep Vd(ENE
il - - _ NP d(Enp) —
! 77b b b b b b SEND
Field 7 (Cols 67-70) = MAT
Field 8 (Cols 71-72) = MF= 1
Field 9  (Cols 73-75) = MT = 455 (except SEND card)
Field 10 (Cols 76-80) = Card sequence number

*b = blank

9.2235 +24 233,425 2 1162
7 1ip2

1.2717 =22 2,8476 =72 4,2521 =02 1,5332 =@1 $.5363 =24 1,5067 1ige
3.,9833 lige
1 3iie2

3 2 1122

1.9 35 #,£158 1.5 w6 T,0165 1.5 «Q7 3,625 1182
llp2

N-7

1455
1455
1455
1455
1455
1455
1455
1 @

191
102
103
104
195
186
107
08



FILE 1

ML = 455

Delayed Neutron Data

LND = 2, ;d(E) is tabulated.

N-7

FILE 2:

Resonance Parameter Data

LRP = 0 (only effective scattering radius given)

ZATI
ABN

EL

EH

SPI

AP

is

is

is

is

is

is
of

the

the

the

the

the

thelspin-independent effective scattering radius (in units
10~

(z,A) designation for an isotope,

abundance (weight fraction) of an isotope,

lower limit for the energy range.
upper limit for the energy range.

nuclear spin of the target nucleus, I,

cm) .

N-8



BCD Card Image Format for N-8 N-8
File 2 B.

Resonance Parameter Data

LRP = 0 (No resolved and/ or unresolved parameters given, only effective
scattering radius given)

Field Field Field Field Field Field Record
1 2 3 4 5 6 Type
ZA AWR b b NIS=1 b HEAD
ZAT ABN b LFW=0 - MNER-1 b CONT
"EL | EH | LRU=0 IRF=0 b ' b CONT
spT | ap 5 | B NLS=0 " CONT
b b b b b b SEND 2,0 «03 3,96822 1 1068 2151 92
i il M e SR — +--— 2,004 03 1,2 ] 1 1088 2151 93
b b b b b b FEND 1,0 -05 1,0 *75 @ 2 1088 2151 94
o C I R i 2.0 B,2414 @ 1688 2151 95
1988 2 @ 96
288 g @ 97
Field (Cols 67-70) = MAT

7
Field 8 (Cols 71-72) = MF= 2 (except FEND card)
Field 9 (Cols 73-75) = MT= 151 (except SEND card)
Field 10 (Cols 76-80) Card sequence number
*b = blank



N-8

FILE 2

Resonance Parameter Data

Special Case
LRP = 0 (In File 1, MT = 451)

Only data given is the effective scattering radius., The s-wave potential
scattering cross section is

4 p O
UP Eg sin” ¢
where
_ AWRT -3
k = 2.196771 WRT + 1.0 x 10 "/ E
E in electron volts.
and

'-;C = k¥*AP

N-9

FILE 2: Resonance Parameter Data
(General Structure)
NIS 1is the number of isotopes,
ZAI is the (Z,A) designation for an isotope.
ABN is the abundance (weight fractions) of an isotope,.
LFW is a flag that indicates whether average fission widths are
given in the unresolved resonance region for this isotope:

LFW = 0, ave, fission widths not given,
LFW = 1, ave, fission widths given,

NER is the number of energy ranges for this isotope,

EL and EH are the lower and upper limits of the energy range,

LRU is a test for resolved or unresolved resonance parameters:
LRU = 1, resolved parameters given for this energy range.

LRU = 2, unresolved parameters given,

LRF is a test for the type of resonance formula used for this energy

range:
if LRU = 1 (resolved parameters),then:
LRF = 1 SLBW parameters
LRF = 2 MLBW parameters
LRF = 3 Reich-Moore parameters
LRF = 4 Adler-Adler parameters
if LRF = 2 (unresolved parameters), then:
LRF = 1, only average fission widths are energy dependent,
LRF = 2, all parameters are energy dependent,



BCD Card Image Format for N-9
File 2 B
Resonance Parameter Data
(General Structure)
Field Field Field Field Field Field Record
1 2 3 4 5 6 Type
ZA AWR b* b NIS b HEAD
ZAL ABN b LFW NER b [ C@NT (isotope)
"BL | E® - LRU ERF b BT [GANT (range)
| <Subsectipn for the|first éﬁérgy rénge for-Ehémf{iét“{gaEbpeb
EL EH LRU LRF b b CONT (range)
<Subsectipn for the|second engrgy range|for the first isotode>
 EL | Em LRU "LRF b b CONT (range)
<Subsectipn for the} last energy réﬁge £br the firﬁt isdtope}
ZAT ABN b LFW NER b CONT (isotope)

EL EH LRU LRF b b CONT (range)

<Subsectipn for the| first éﬁe:gy.fénge For fhersecond"isotoﬁe>

EL EH LRU LRF ” b | ,B,”W, CONT (range)
L;Subsection for the| last energy f;hgé fbr the last iédtoﬁé>
b b | b b | b b | sEm
» b - B b - .B--- ““BJ - Vglh. FEND
4-

Field 7 (Cols 67-70) = MAT
Field 8 (Cols 71-72) MF= 2 (except FEND card)
Field 9 (Cols 73-75) MI'= 151 (except SEND card)
Field 10 (Cols 76-80) Card sequence number
*b = blank

Il

9.,22340+ 4 2,32029+
9,22340+ 4 1,00000+
1.0 -@5 3,78000+

3,78020+« 2 1,00000+

s

==

N-9

143 @ 9
1843 2151
1043 2151
1943 2151

1943 2154

1043 2 B
143 ¢ 0@

69
79
71
72

96

103
104



FILE 2
Resonance Parameter Data

General Structure

NIS

E ABNi = 1.000

i=1

N-9

N-10

FILE 2: Resonance Parameters (Structure of a Subsection)

LRU= 1 (resolved parameters)
LRF=1 or 2(single-level or multilevel Breit-Wigner

SPI

resonance paramet E'L'S)

is the target spin, T,

is the spin-dependent (spin up) effective scattering radius

(in units of 10~ 2 cm), AP is also given for spin-independence,

is the spin-dependent (spin down) effective scattering radius.

is the number of (-states given (a set of parameters are
given for each £4-state).

is the value of the { -state,

is the ratio of the mass of a particular isotope to that of
a neutron.

is the number of resonances for a given J{-state.

ER, AJ, GT, GN, GG, and GF are the resonance energy,spin of the

resonance (J), total width, neutron
width, radiation width, and fission
width respectively, All widths evaluated
at the resonance energy.



BCD Card Image Format for

N-10 N-10
File 2 B C
Resonance Parameters (Structure of a Subsection)
IRU = 1 (resolved parameters)
LRF = 1 or 2 (Single-level or multilevel Breit-Wigner resonance parameters)
Field Field Field Field Field Field Record
1 2 3 4 5 6 Type
SPI AP b b NLS b CONT
O . 2y d s S
< g 2 el ol i) 0,00000+ 0 8,93000= 1 . 1043 2451
| o . i - ot ol (Edrat zieégsg g'mgggm+ ; P2822 ’ ?,003 2 5@5@@123 2,90080 ziig:g gigi
el i - ~ - - . - - o - s e P ——— ——aaes v Py n . 7 ' 5 gg@. 1 ﬂ i 2 2 g 22 N = ' * ’J
- ER2 A2} G2 GN2 GG2 _GF2 d-state) 5,19600+ 0 5,00000= 1 2,91220= 2 4,1G000= 3 2,50000- 2 ©,00000+ 01043 2151
- - ol g e - 3,14000+ 1 5,00000< 1 3,270¢0= 2 7,70000= 3 2,50000~ 2 0,0000p+ 01043 2151
I N A , o 4,64000+ 1 5,00000- 1 2,5070%s 2 7,00030~ 5 2,50000~ 2 ,00080+ 01043 215}
ER AJ GT GN GG GF 4,94000+ 1 5,00000~ 1 3,6000%c 2 1,10800~ 2 2,50000~ 2 ©,00000+ p1043 2151
| MBS NRS NRS | TUNRS ~ UNRS 7 NRS LIST 7,83000+ 1 5,00000- 1 3,14000c 2 6,40000= 3 2,50000= 2 0,00090+ Bl043 2151
AWRT AM L b 6*NRS NRS 8.87000+ 1 5,00000< 1 2,59000= 2 9,0QC00~ 4 2,50000~ 2 ©,00000+ P1043 2151
"UERy ATy 6T} GNy 66y GFq 1 9,53000+ 1 5,00000~ 1 5,30000s 2 2,80000~ 2 2,50000~ 2 §,00000+ 21043 2151
... kil i Leechn 1,06908+ 2 5,00000= 1 2,81000= 2 3,10002¢= 3 2,50000- 2 0,00000+ G1043 215}
e = E - e -— L-state) 1.,12100+ 2 5,00000c 1 3,8¢000s 2 1,3p000= 2 2,5000%- 2 2,00000+ BLl043 2151
—— 1.32900+ 2 5,00000c 1 3,92000s 2 1,40000= 2 2,50000- 2 0,00000+ §L043 2153
ERyrS | AJNRS CTNRS GNNRS GGNRS GFNRS LIST 1,45900+ 2 5,00000- 1 4,20000> 2 1,70000~ 2 2,50000= 2 0,00000+ P1l043 2151
- : : 1,54000+ 2 5,00000» 1 4,40000s 2 1,90000= 2 2,50000- 2 0,00000+ 01043 2151
o o o T o o 1.79000+ 2 5,00000~ 1 9,52000- 2 7,00000~ 2 2,50000~ 2 7,00000+ P1043 2151
T 1,84G00+ 2 5,00000~ 4 4,50000s 2 2,00@00= 2 2,50000~ 2 7,0000%+ 0L043 2151
| - -- -- -- -- -- 1,91000+ 2 5,00000~ 1 1,35000 1 1,10008= 1 2,50000- 2 ,00008+ B1043 2153
-- -- -- - -- -- 2,7400p+ 2 5,00000= 1 5,10020= 2 2,60000~ 2 2,50000~ 2 0,00000+ P1043 2151
B  » - ¥ 2,95000+ 2 5,00000= 1 1,05000= 1 8,00P0%= 2 2,50000= 2 3,00008+ C1843 2151
AWRI AM L b 6*NRS NRS (last 3,190@00+ 2 5,00000- 1 1,35000s 1 1,10000= 1 2,50000~ 2 ¢,00000+ Q1043 2151
T : . ' 4-state) 3,57000+ 2 5,00000- 1 5,50000= 2 3,0000¢» 2 2,50000= 2 0,00000+ 010643 2151
B ATy €Ty By iy it 3,69000+ 2 5,00000= i 2,45000< 1 2.20000« 1 2,50000~ 2 2,00000+ 91043 215}
 ERNps | AJNRS GTNRS GNyRS GGNRS GFNRS LIST
Field 7 (Cols 67-70) = MAT
Field 8 (Cols 71-72) = MF= 2
Field 9 (Cols 73-75) = MI = 151
Field 10 (Cols 76-80) = Card sequence number

*b = blank



N-10 N-11

FILE 2: Resonance Parameters (Structure of a Subsection)

LRU
LRF

1 (resolved parameters)
3 (Reich-Moore multilevel parameters)

SPI is the target spin, I,

FILE 2
AP and AM are the spin-dependent(spin up and spin down, respectively)
Resonance Parameter Data effective scattering radii (10'12cm).

LRU = 1, resolved parameters NLS is the number of /{-states,

LRF =1 or 2, single or multilevel Breit-Wigner parameters
L is the value of the Z{-state,

2%AJ,
i+ 1.0

g; = 3(2%SPT + 1.0) AWRI 1is the ratio of the mass of a particular isotope to that of
) of the neutron,

GEy = GN; + GGy + GFy NRS is the number of resonances for a particular A{-state,

ER, AJ, GN, GG, GFA, and GFB are the resonance energy, resonance
spin (J), neutron width, radiation
width, the first and second fission
widths, respectively,




BCD Card Image Format for N-11 N-11

File 2

Resonance Parameters (Structure of a Subsection)

LRU = 1 (resolved parameters)
LRF = 3 (Reich-Moore multilevel parameters)
Field Field Field Field Field Field Record
1 2 3 4 5 6 Type
SPI AP b#* b NLS b CONT
AWRT AM L | b | 6%RS NRs T
ER, ‘A3, | en, | ee, | eFa, | TerB,
1 1 1 1 1 1 (first
__________ e s g = S T TR ot U VB . ? 4
ER2 AJZ GN2 GGZ GFA2 GFBZ {-state) 126080 22 L2RE0S4PA 4 12 1%28% ; 4
oo P - - o e 4,272 +83 7,90514+01 1,00 2,00 1022 7 4
S B R R I . o 1.0 2,76 1,60 01 leg2 7 4
ERNRS _AJNRS GNNRS GGNRS GFANRS GFBNRS LIST 4 Eplaee 7 ¢
: : L Azl - bl - RO 4 igg2 7 4
= R == =T =T i 2.9¢6 +J2 £, @ 1 B@Alep2 7 4
o - i ey s o 82 4 izp2 7 4
T 5.66406 =02 5,2823 1,22812~-01 3,6B41 1.51218=@1 2,96852 lgee 7 4
__ . _ . o 2.21624~04 2,5371 2,52230=01 2,2398 $.02436»04 2,01820 legz 7 A
| AWRI AM L b 6%NRS NRS 2,93141482 1,0 =33 3,21288402 1,0 =33 1802 7 4
£ = 7 R4 -ff 4 Q‘ 4
ER, AT, cN, 66, GFA, GFB, (last il DeGARR-Eg . ' s o 4
| ER, AT, en, £Ey GFA, GFB,, {-state) 5,0406 =22 2,9688¢ 1,97812=01 2,7628 1,51218=01 2,4505¢  1g22 7 4
ERgs | Awms CNyrs | CCngs CFAyrs | CFBygs LIST
Field 7 (Cols 67-70) = MAT
Field 8 (Cols 71-72) = MF= 2
Field 9 (Cols 73-75) = Mr= 151
Field 10 (Cols 76-80) = Card sequence number

*b = blank

el
a2
es
24
25
26
27
28
29
39

55
56
57
58



FILE 2

Resonance Parameter Data

LRU
LRF

1, resolved parameters
3, Reich-Moore multilevel parameters

2‘-"&5&.1i + 1.0

2(2%SPI + 1.0)

T =GN, + GG, + |GFA.] + lGFB.|
1 1 1 i B 1

N-11

N-12

FILE 2: Resonance Parameters (Structure of a Subsection)

LRU = 1 (resolved parameters)
LRF = 4 (Adler-Adler multilevel parameters).

SPI is the target spin, I.

AP and AM are the spin dependent (spin-up_and spin-down, respectively)
effective scattering radii (10™*4cm).

NLS is the number of fg-states given.

AWRI is the ratio of the mass of a particular isotope to that of
the neutron,

LI is a flag to indicate the kind of parameters given:
LI = total widths only%

fission widths only%*

total and fission widths¥*

radiative capture widths only*

total and capture widths

fission and capture widths

total, fission, and capture widths.

Il

]
~Noun LN -
L P v

NX is the number of sets of background constants given:
NX = 2, constants for total and radiative capture cross sections
= 3, constants for total, capture and fission cross sections

L is the value of the [ -state,

AT71, AT2, AT3, AT4, BT1, BT2 are the background constants for the total
cross section, There is a similar set,
AFi, BF{ for fission and ACi, BCi for
radiative capture cross sections.

NJS is the number o f sets of parameters (each resonance in a set has
the same JA4- and J-state).

AJ is the value of the resonance spin, (J).

NLJ is the number of resonances for each set.

DETp,, DEFn, DEC, are the resonance energies (for the nth level) for
the total, fission, and capture cross sections, respectively,

GRTp and GITp are che symmetrical and asymmetrical cross section parameters,
respectively (for the nth level),

GRFp and GIFp are the symmetrical and asymmetrical fission parameters,
respectively (for the nth level),

GRCp and GICp are the symmetrical and asymmetrical capture parameters,
respectively (for the nth level).

* Reserved for use in the ENDF/A Library only,



BCD Card Image Format for N-12 N-12
File 2 B C

Resonance Parameters (Structure of a Subsection)

LRU = 1 (resolved parameters)
LRF = 4 (Adler-Adler multilevel parameters)

Field Field Field Field Field Field Record
1 2 3 & 5 6 Type
SPI AP b b NLS b C@NT
| AWRI b LI b 6%NX CNX |
DT T T O .
ek
I T It TN I TN e SO N O I8
ACq AC, AC, AC,, BC; BC, 3 e
B e e S e e 5 s Pt e —— e . s fl e 4 ¢ e e - e T ,J e -
¥ b LI B M L YO
AJ AM b b 12%NLJ NLJ
" DET, DWT; | GRT; GIT; DEF; DWF{ 3,5 ?,8944 1 1102 2151 101
e B Beea. TN W B 232,9842 N g 60 181102 2151 182
GRF{ GIF, DEC; DWGC GRC; GIC, PlEet 11,67 3,0 5,8270E=04  38,PEE3 4,BE~03  1P,CE-031172 2151 103
- : e 12,39 4,0 1,3024E~03  45,PE=@3  23,0E-83  0.ZE~331172 2151 104
DET, DUT, GRT, GIT, | DEF, e -atate 12,90 3.0 3.951CEmP5  43,0Ew03  40,0E-03 w13,6E-231102 2151 105
" GRF GIF DEC DWC GRC cIC i 13,34 4,0 5,8440E-05  40,0E~03  10,0E-03 100,CE-2311p2 2151 106
2 2 p 2z T2 T2 2 First 13,79 39 7.A320E=05 4P,0Em@3  70,E-P3 =10,CE-D311p2 2151 107
= R an = o -- J-state 14,20 4,0 2,993GE~B4  4P,BE=B3  78,0E-P3  10,CE-8311p2 2151 108
L o e : - 14,53 3,0 1,2960E<04  29,0E=#3  23,0E-P3 ~30,0E-931102 2151 1089
DETyry | DWInng | ORTwng | G1Twwg DEFy15 DWE gy 5 15,45 4,8 2,5160E=04  55,8E=F3  45,0E-03 150,0E-231162 2151 110
| GRF GIF DEC__ _ | pwc__ GRC GIC 16,19 3,0 3,691PE-04  49,0E~R3  16,BE-P3 300,2E-931122 2151 111
NLJ NLJ NLJ  NLJ , NLJ ~_NLJ LIST 16,67 4,0 2,7760E=B4  64,BEw@3  76,PE~@3 ~200,0E-231172 2151 112
AJ AM b b 12#NLJ NLJ
DET, DWT, GRT, GIT, DEF, DWF | First
== 5 = " e . o oS i i B {-state,
-- — - B -- e Second
-- -- -- -- -- -- J-state
GRPyrg | 6TFyug | PECug | P | ®ROug B LIST
Al AM b b 12%NLJ NLJ
DET; DHT, GRT; GIT, DEF; DWF{ First
’ ) ) T f=-state,
- - - . -- - Second
-- -- -- -- -- -- J-state
GRFyry | GTFypy | DECyry | DWCyry | GRCypj 6Lz L1sT

If NLS>1, repeat structure starting with CONT-{ card.

Field 7 (Cols 67-70) = MAT

Field 8 (Cols 71-72) = MF= 2

Field 9 (Cols 73-75) ML= 151

Field 10 (Cols 76-80) Card sequence number

*b = blank
#%%This card is not present if NX=2,

imon



N-12 N-13

FILE 2: Resonance Parameter (Structure of a Subsection)

LRU = 2 (unresolved parameters)
LFW = 0 (fission widths not given)
LRF 1 (all parameters are energy-independent)

SPI is the target spin, I,

A is the spin-independent effective scattering radius (10'120m).
NLS is the number of £ -states given,
AWRI 1is the ratio of the mass of an isotope to that of the neutron.
FILE 2 L is the value of the £ -state.
NJS is the number of J-states given for a particular £ -state.
Resonance Parameter Data —
AJ is the floating point value of the J-state.
iig i i’ ijiolvzjlparamiigis 1 " AMUN is the number of degrees of freedom used in the meutron
B BhrRs IS ILLLOENSS. PRIRliakeed width distribution.

Dj, GNOj, and GGj are the mean level spacing, the average reduced
neutron width, and radiation width for the jt

oT(background) = C(ATy + ATo/E + AT3/E® + AI@/E: + BT, *E + BT *E°)/y/ E spin state.

xR - _ -sm;l_____l/
C=x* = x/k? and k = 2.196771 X 10 (AWRI T 1.0) E (eV)

There are similar terms for fission and capture.

Background terms



Resonance Parameters (Structure of a Subsection)

BCD Card Image Format for
File 2

N-13

LRU = 2 (unresolved parameters)
LFW = 0 (fission widths not given)
LRF = 1 (all parameters are energy-independent)
Field Field Field Field Field Field Record
| 2 3 4 5 6 Type
SPI A b* b NLS b CONT
AWRT b L b 6+NJS NJS
D1 AT AMUN; GNO; GG, b (first
b2 ar, |y | enop | e | Th | tstate)
Dygs Adnys | AMONygs | GNOngs | GGngs | 0 P | _LIsT
AWRI b L b 6%*NJS NJS (second
T i O T B
Pngs Alggs | AMygs | NOyys | OOygs L LIST
- (third
- {-state,
if NLS=3)
Field 7 (Cols 67-70) = MAT
Field 8 (Cols 71-72) = MF= 2
Field 9 (Cols 73-75) = MT = 151
Field 10 (Cols 76-80) = Card sequence number

*b = blank

0.,00000+

232,029
1.,60000+
232,029
1,60008+
8,00000+

=2 =

B,gsﬁﬁﬂ'
0,00000+
5,00000=
?,00000+
5,00000~-
1,50000+

1

i
]
@
1
@

S

1,00000+«

1,00000+
1,0¢0000+

L IR B i B

2
6
2,16000- 3 2,500008~ 2 9,00000+

12
1,60008= 3 2,50000~- 2 ¢,00000+
1,20000= 3 2,50000- 2 0,00000+

N-13

1043
11043
21043
21043
P1043
P1043

2151
2151
2151
215}
2151
2151

97
98
99
190
121
122



LRU
LFW
LRF

FILE 2
Resonance Parameter Data
2, unresolved parameters

0, fission widths not given,
1, all parameters are energy-independent

N-13

FILE 2:

N-14

Resonance Parameter (Structure of a Subsection)

2 (unresolved parameters)
1 (fission widths given)
1 (only fission widths are energy-dependent)

LRU =

LFW =

LRF =
SP1 is the
A is the
NE is the
NLS is the
ESi 1is the
AWRI is the
NJS is the
MUF

target spin, I.

spin-independent effective scattering radius (lo-lzcm).

number of energy points for the fission widths.
number of £ -states given,

th point used to tabulate fission widths.

energy of the i
ratio of the mass of an isotope tc that of the neutron,

number of J-states for a particular { -state.

is the number (integer) of degrees of freedom for fission width

distribution.

AMUN 1is the number (floating point) of degrees of freedom for the
neutron width distribution,

|

D, AJ, GNO, and GG are the mean level spacing, value of the spin

GF

is the average fission width for the i

state (J), average reduced neutron width, and
radiation width for a specified J-state.

th energy point,



Resonance Parameters (Structure of a Subsection)

BCD Card Image Format for
File 2

N-14

LRU = 2 (unresolved parameters)
LFW = 1 (fission widths given)
LRF = 1 (only fission widths energy-dependent)
Field Field Field Field Field Field Record
1 2 3 4 5 6 Type
SPI A b* b NE NLS
BSy LB | P T ” -
- s Wi - = T ESr
N . e S D sl LIST
AWRT b L b NJS b C@NT (L)
b b L MUF NE+6 b (first
O - SR cu i i e /-state,
D AJ AMUN GNO GG b first
o ar = ? il e e = J-state)
b_"GFl ) GF2 GF3“ T
TN ST Wi . . e LIST
b b L MUF NE+6 b (first
L : o {-state,
D AJ AMUN GNO GG b second
GFy GFy GF3 - e s J-state)
I - ” ” “w | st
b L MUF NE+6 b (first
AT AMUN GNO e b ST
N S e o ast
oy 1.5 GFy - . o st
- - - - o CFyg | _ LIST

If NLS>l, repeat structure starting with CPNT-{. card,

Field 7
Field 8
Field 9
Field 10
*b = blank

(Cols
(Cols
(Cols
(Cols

67-70) = MAT
71-72) = MF=2
73-75) = Mr= 151
76-80) =

Card sequence number

B.00022+
3,91 *
1,7169 «+
237,992

1.35p00+
1,525 =
82,7209 =
237,992

1.,35p000+
11|811 -
13,296 =

7.97000+
3,203 =
3,607 =

A A = [ e B E e

AU

9,184 =
4,919 +
2,2%46 +

5.@@@%@*
1,541 =
1,080 =

5,00080-
11,919 =
13,887 =

1.5@9@@*
3,233 =
3,768 =

R Gl O G G

HS

6,316 +
2,8306 «

1,008C0%
1|4BB L
1!671 =

1.00000+
12,869 =
14,685 <

1,00000+
3,273 =
3,985 =

8,11683 =+
3,6348 +

1,4175@=
1,699 =
1,992 =

2,3625@2=
12|264 L
15.776 -

1,39475=
3,326 =
4,283 =

[ R R R E ]

[(C NSRRIV R RN g

i1

1,0414 + 4
4,2 +P4
1

17
2,30000= 2
0,5462 = 3
1,929 =03
2

17
2,30000= 2
12,519 = 3
16,297 =23
17

2,30000~ 2
$.396 = 3
4,425 =3

1,3372 +

B,000LE7
B,4988 =

P,000E0+
12|85\? -

2,00%e0+
3,487 =

N-14

21105
41185
1ie5
1105
1185
115
31105
11a5
1125
11ae5
pi1e5
31145
1125
1185
al1a5
311e5
11e5

2151
2151
2151
2151
2151
2153
2151
2153
2151
2151
2151
2151
2151
2151
2151
2151
2151

344
345
J46
347
348
349
350
§51
352
353
354
355
356
357
358
359
360



N-14 N-15

FILE 2: Resonance Parameters (Structure of a Subsection)

LRU = 2 (unresolved resonance parameters)
LRF = 2 (all parameters are energy dependent)
LFW =1 or 2

I

SPI  is the target spin, I.

A is the spin independent effective scattering radius (10"12cm).
NLS is the number of £-states given,

AWRI is the ratio fo the mass of an isotope to that of the neutron,

NJIS is the number of J-states given for a particular f-state,
FILE 2
AJ is the floating point value of the J-state,

Resonance Parameter Data
INT is the interpolation scheme to be used between given values of

the average parameters,

LRU = 2, unresolved parameters
LFW = 1, fission widths given NE is the number of energy points at which parameters are given,
LRF = 1, only fission widths are energy-dependent

AMUX, AMUN, AMUG, and AMUF are the number (floating point) of
degrees of freedom for the competitive
width, neutron width, radiation width,
and fission width distribution, respectively.

E;, Dy, GX;, GNO;, GG;, and GF ; are the incident energy, mean level
spacing, average competitive width,
reduced neutron width, radiation width,
and fission width for the it point,

respectively.

N i’ i’




BCD Card Image Format for
File 2

Resonance Parameters (Structure of a Subsection)

LRU = 2 (unresolved resonance parameters)
LRF = 2 (all parameters are energy dependent)
ILFW = 1 or 2
Field Field Field Field Field Field Record
1 2 3 4 5 6 Type
SPI A b* b NLS b CONT
AWRT b Lo b LA — CONT (L)
AJ b INT b (6%NE)+6 NE
= ?.l:')'"’ = b AT A"MUX AT "].] I Ah{U*GA = _1 s (firSt
S— e B e % ; s senlmeay ’{'-State:
(SRS L S = S = SESS & e J—State)
E2 77D2 ,GXZ - ,GNOZ. ,GGZ,,_ UGFZm
B ] P | e GO Cre CF e LIST
6%
g _%J, INT b (6 NE)+6 NE [ Eipst
b AMUX AMUN AMUG AMUF {-state,
: i second
e ! e g 661 o J-state)
P e | e | Mow | O g LIST
AJ b INT b (6%NE )+6 NE (Eiret
b b AMUX AMUN AMUG AMUF -state,
- P ) S ) L last
_E1 D1 GX1 GNO1 GG1 GF} J-state)
e | " | % | Ow | %Ge | Twe ] usr

If NLS>l, repeat structure starting with CPNT(L) card

Field 7
Field 8
Field 9
Field 10
*b = blank

(Cols 67-70)
(Cols 71-72)
(Cols 73-75)
{Cols 76-80)

MAT

= Mf= 2
MT:
Card sequence number

151

N-15

3,5 B,926 2 1ip2 2151
233,025 2 1ipz 2151
3,0P0DE«00 156 251162 2151

2, 1,2000E+00 B, 2,0000E+0211082 2151
6,4504E+01 1,0000E+22 0,0 7,1807E=05 3,5000E=02 2,9347E~211102 2151
8,2902e+04 1,000PE+%2 0,0 8,1753E=05 3,5000E~02 2,9133E-011102 2151
1,1569E+02 1,0000E+2C 7,0 9,8472E=B5 3,5000E~02 2,4665E=211102 2151
1,4855E+02 1,0000F+30 A,0 1,0486E=04 3,5000PE-02 2,1766E~011102 2151
1,9074E+02 1,0000E+02 2,0 1,P389E=04 3,5000E=C2 2,6593E~011102 2151
2.4491E+02 1,0000E+70 2,0 1,3175E=04 3,5000E=C2 3,8Q029E~-0111@2 2151
3,1447E+02 1,00Q0E+20 0,0 9,6060E-05 3,5000E~02 3,5141E~011102 2151
4,0379E+02 1,0000E+20 #,0 8,8629E=p5 3,5000E=P2 3,7344E-711102 2151
5,1848E+02 1,0000E+720 0,2 1,1455E~=04 3,5000E=P2 5,1390E=-211102 2151
6,6574E+02 1,00Q0E+70 2,0 1,1126E=04 3,5000E~P2 3,4713E=011102 2151
8,5482E«02 1,0000E+72 B,0@ 1,0479E=C4 3,5000E~D2 2,5096E=A111p2 2151
1,8976E+03 1,2000E+72 0,0 1,1267E=C4 3,500PE-02 2,53738E~011102 2151
1,4093€+03 1,0Q00E+28 2,0 9,989QE=05 $,500PE~02 3,4813E=2111p2 2151
1.8096E«@3 1,0000E+02 0,0 1,2160E=04 3,5000E=02 3,708SE~011102 2151
2,3236E+03 1,000Q0E+72 0,0 9,8627E=p5 3,500PE=-02 4,3610E~-211102 2151
2,9836F«03 1,0000E+72 0,0 9.9029E=¢5 3,5020E~02 4,334BE~011102 2151
2.2046E+04 1 ,0000E+2D 2,0 9,5268E=05 3,5000E02 4,7366F-011102 2151
2.4788E+04 1 ,0002E+720 0,0 1,0075E=04 3,5000F=-02 4,6219E=-011102 2154
4,0000E+00 156 251102 2153

2, 1,0000E+00 O, 1,000PE+281102 2151
6.4504E+01 1,0000E+22 2,0 7,1807E=P5 3,500PE=02 1,4673E-~011102 2151
8,2902E+01 1,0002E+20 2,0 8,1753FE=05 3,5PP0E~P2 1,4567E=0111p2 215]
1,1569E+02 1,0003E+7p 0,0 9,.0472E=05 3,500PE~P2 1,2338E~@11102 2151
2.4788E+«04 4 ,0000E+70 §,0 1,0875E=04 §,50BRE-02 2,3110F=011102 2151
2,3302E+D2 4 112 2151
2.0000E+00 156 251102 215}

0, 1,0000E+82 2, 2.00C0E«93L102 2151
6.4504E+01 1,1600E+70 B,0 2,3200E=%4 $.500PE=g2 3,3200E~-811102 2151
B,2902E+01 1,1600E+70 0,0 2,3200E=04 $,5000E~22 3,32P0E=-011102 2151
1,1569E+02 1,1600E+02 2,0 2,3200E~F4 $,5000E=02 3,3200FE=211102 2151
1.4855E+02 1,16P0E+AE £,0 2,3200E=24 S5,5000E=02 3,3200F~-011102 2151
1.9074E+02 1 ,1600E+7C 0,0 2,3200E=D4 3,5000E~02 3,3200E=011102 2151
2,4491E+02 1,1600€+00 2,0 2,3200E=p4 3,5000E~-02 3,32B0E~011102 2151
3,1447E+02 1,1600E+%2 0,7 ?2,3200E=04 &,5000E=02 3,320PE-%11102 2151
2,3236E+33 1,1200E+70 6,2 2,2400E=P4 3,500C0E=-02 1,4300E~011102 2151
2,9836E+03 1,120RE+00 0,0 2,2400EmB4 $,50P0E~02 1,4360E-011102 215}
3,83LPE+03 1,41200E+00 P,0 2,24p0E=064 3,500QE~02 1,4300E~0111€2 21?1
4,9191E+03 1,1200E+20 0,0 2,24PPE=04 3,500BE~-02 1,4300E~011102 2151
6,3163E+23 1,41200E+70 0,0 2,240PE~04 3,5000E~02 1,4300E-D11102 2151
8,1103E+83 1,12@0E«00 0,0 2,24P0E=04 3,5000E-02 1,4300E~011102 2151
1,2414F+04 1,1200E+0¢ 0,0 2,24PPE=04 3,5000E=-P2 1,430PE-P11102 2151
1,3372E+04 1,1200E+A0 0,0 2,2420E=C4 5,5000E-02 1,4300E-211102 2151
1.7169E+04 1,1200E+7C 0,0 2,2400E=B4 3,50P0E-02 1,4300E~011102 215}
2,2046FE+«04 1,1200E+70 2,0 2,24BPE=04 3,500QE=02 1,4300E~0111p2 2151
2.478BE+04 1,1200E+702 0,0 2,2400E=04 3,500PE-P2 1,4300E~-011102 2151

499
508
501
5p2
503
504
5p5
506
507
508
509
510
511
512
213
214
515
516
517
=18

526
527
528
529
530
531
532

554
555
256
557
558
559
560
561
062
563
564

653
624
655
656
657
658
659
660
661
662
663



N-15 N-16

FILE 3: Neutron Cross Sectons, U(E)
(Structure for a Reaction Type)

LFS 1is an indicator that specifies the final excited state of the
residual nucleus produced by a particular reaction, e.g., if
LFS = 3, this means that the final state was the 3T9 state.
Q is the reaction Q-value (eV),

NR is the number of interpolation ranges given.

NP is the total number of energy points used to specify the
data (energy-cross section pairs).

FILE 2 NBT;, INT; is the interpolation scheme,
th
Resonance Parsmeter Data E;, o(E ) is the energy of the i point and the cross section for

that energy point.

LRU = 2, unresolved parameters LIS designates the sate of the target nucleus (0 = ground state,
LFW = 1 or 2 1 = 1st excited state, etc.)
LRF = 2, all parameters are energy-dependent '



BCD Card ImagelFormat for

Neutron Cross Section, o(E)
for a reaction type)

(Structure

File 3

N-16

Field Field Field Field Field Field Record

1 2 3 4 o 6 Type
ZA AWR LIS LFS b b HEAD
T Q LT b NR NP

_ NBT, NGy HETy 1. M MBIl .| ML
o T T NETyr TR
g | oep | B | o@d | By | o

T o T wT Exp 0 (Eyp) TABL
b b b b b SEND

Field 7 (Cols 67-70) = MAT

Field 8 (Cols 71-72) = MF= 3

Field 9 (Cols 73-75) = MT (except for SEND card)

Field 10 (Cols 76-80) = Card sequence number

*b = blank

2.,00000+
B,00000+

3
2

142

1.00200~
5,00000-
2.00000~-
7.00800~
3,00000=
1.60000-
3,00000~
1.@0%@@-
5,00000~-
2.,.00080+
7.,.80003+
3,00000+
1.00008+
5,00008+
2,00300+
7.,00000+
3,00003+
1.,00000+
2,5000p+
4,00000+
5,50000+
7.000800+
8,50000+

1.,.00000+

1,13000+
1.20000+
1.35000+
1.5ng@+
1.80200+
2,.10200+
2.4GG@B+
2,70000+
3,00000+
3,60000+
4,2C0000+
4,80000«
5.40000«
6,00000+
6,60000+
7.20000+
7.,80000+
8,42000+
9. ggﬂg¢
9,60200+
1,85200+
1.,20000+
1,35200%
1,50000+

NNNNMOA RO RO PO UIVIVIVIVUUVBAEWHNNNE IR PEMONGSERENWN

J,96822+
7,644080+

3,483008~
1,558080-
7,78500=
4,16300=
2,01100=
1,12108-
6,35800-
3,48100~
1,55600~-
7,77300=
4,14700Q-
1,99600=
1,08600=
4,77100~=
2,31400~-
1,18320~-
5,33000-
2,57403~
1,56000~
1,24800~
1.17@@@-
1,15700=
1,15700<
1,15720=
1,15720=-
1,15740@~
1,157Q0+=
1,157¢0+

1,138088-

1;3669@=
9,88000«
9,10000=
8,32008~
6,82500
5 ’ 785gg'
5,0050@~
4,42000=
3,96500~
3,51200<
3,21100~-
2,97700=
2,769028=
2,60008~-
2'43106'
2.236@9'
1,97600=
1|768gg“
1.599@@=

NN NN N NNNNNNuUSNNNNNNN~NNrCPOCOrOrOC OO VNMUULELLDbEWWMNNNNDE =T A

2,00000s
7,60000s
3,00000-
1,00069=
5,000805
2,00000=
5,08800=
2.,000008s
7,00000
3,00000+
1,0008060%
5,00000%
2,00000+
7.,00000+
3,00000+
1,00080+
5,00000+
1,50083+
3,00000+
4,50800+
6,00800+
7,50000+
9,00000+
1,05000+
1,150¢0+
1,25000+
1,40000+
1,60000+
1,90000+
2,20000+
2,50000¢
2,80000¢
3,20000+
3,80000+
4,40000%
5,00000+
5,60000%
6,20000+
6,80000%
7.,40000%
8,70080+
8,600¢0¢
9,20000+
9,80000+
1,1p000+
1,25000+
1,40000+

NN NOAO OO PO PO VIVVVUVMEAERWEANNOEPER, P NOMNWACWDSTRWN =

2,46300=
1,31700=
6,3590¢C=
3,48300=
1,55800=
7,78700=
4,9240¢=
2,46100=
1,3163¢=
6,34400=
3,4670C=
1,5420¢=
7|6315ﬁ.
4,00400"
1,8590¢=
9,8800¢=
3,9%008=
2,0670¢=
1,43008=
1,19620=
1,1578¢=
1,1573¢n=
1,157¢¢=
1,1570¢~=
1,157@0=
1,1579¢=
1,15708¢=
1,15106=
1,11800~
1,640C80=
9,62000"
8,84000=
7.80000=
6,4350¢=
5,46000>
4,81000=
4,22500=
3,77008=
3,40600=
3,13302~
2,91200w=
2,7170@=
2,54800=
2,3790¢E=
2,1450¢=
1,89800m
1,723@0=

3,02008-
1,00000-
5,000Q0=
2,00008-
7,00000~
2,53000~
7,00000-
$,00000-
1,00000+
5,02000+
2,00000«
780000
3,00000+
1.,.00000+
5, 00200+
2,00000%
7.20000%+
2,09000+
élSﬁ@ﬁ@#
5.ﬁ@ﬂﬂﬂ+
6,50000
B,.0R000+
2.50000+
1,10200+
1,17000+
1.,3pP00C+
L:45009+«
1.,70008+
2,00000+
2,30007+
2,60008+
2.,90008+
$,40000*
4,00000+
A,60000+
5,20000
5,80000+
6,40000+
7.00000+«
7,:60000%
8,200Q09+
B,80000+
9.4@@9@*
1.00000+
1,15000+
1,30000+
1,45000+

~NNwNNooOOOOOOCOOOOCOOO COOCCCOOOVVVUVUVUEABAGNLENPAPPERPNONGOEEWD -

N-16

1088

1421088

2,01108-
1,1901060m=
4,92600~
2,46300-
1|316wgﬂ
6,92400=-
4,16100m
2,010008=
1|1ﬂgwg'
4,91000=
2,44800-
1,30100~
6,20108-
3,32800=
1,41700«
6,82500-
3,18500=
1,75500~
1,31300~-
1,18300-
1|157ag'
1,15700=
1,15700~
1,1570@w
1,15700
1,15700-
1,1570@=
1,14400«
1,09200
1,01400~
9,36000~
8,58000=
7,2800@=
6,11008~
5,26500«
4,61500~
4,09500~
3,64000-
3,31500=
3,855008
2,84708<
2,66500=
2,48300~
2,34000=
2,05408
1,83360=
1,65100-

188
11088
11088
21088
21088
21088
31088
31088
3iga8
3i0ss8
41088
41088
41088
51088
51088
51088
61088
6ipss
61088
61088
61088
610688
61088
61088
61088
61088
61088
61488
61088
61088
61088
71088
71088
71088
71088
71688
71088
71088
71088
71088
710688
71888
71088
71088
71988
71088
71088
71088

i1¢88

1088

3103
3103
3103
3103
3103
3103
3183
I103
3103
3103
3103
3193
3123
3103
3103
3103
3103
3103
3103
3103
3103
31238
3103
31938
3103
3103
3103
3103
3103
3103
3103
3103
3183
3123
3123
3123
31938
3103
3183
3103
3103
3103
3103
3103
3103
3103
3103
310%
3103
3103
3193
3 0

2pe
203
204
205
206
207
208
2n9
210
211
212
213
214
215
elb
217
218
219
220
221
222
223
224
225
226
227
228
229
235D
2581
232
233
234
235
236
2587
238
259
24P
241
242
243
244
245
246
247
248
249
250
251
252
253



N-16 N-17

FILE 4: Angular Distributions of Secondary Neutrons

LTT
LVT

1 (Legendre expansion coefficients given)
1 (Transformation matrix given)

LVT is a test for the transformation matrix:

LVT = 0 (not given)
FILE 3 IVT = 1 (transformation matrix given)
Neutron Cross Sections LTT is a flag to specify the representation used:
LTIT = 1 (Legendre coefficients)
Neutron cross sections,oh’x(E), in barns, given as a LTT = 2 (tabulated distributions)
function of incident neutron energy, E (in the laboratory system). LCT is a flag to specify the frame of reference:
LCT = 1 (laboratory system)
The threshold energy for a reaction is: LCT = 2 (center-of-mass system)
NK is the number of elements in the transformation matrix,
Eth = lQ l M is the maximum order Legendre polynomial that will be
required for the angular distributions (in either the
(CM) or (LAB) system,
Ug.m are the elements of the transformation matrix.
i
NR is the number of interpolation ranges for the distribution,
NP is the number of energy points at which distribution will be

given,

NBT; and INT4 is the interpolation scheme for the ith range
(to interpolate distributions between given energy points).

is the energy of the jth point,

= |

is the order of the Legendre expansion at a particular
energy point,

fE(Ei) is the value of the 4P coefficient for the ith point,



BCD Card Image Format for N-17 N-17
File 4 B

Angular Distributions of Secondary Neutrons

LIT = 1 (Legendre expansion coefficients given) 2.,00000+ 3 3,96822+ P 1 1 1088 4 2 875
LVT = 1 (transformation matrix given) 3,96822+ 0 2 100 91088 4 2 476
1.00000+ @ 1,68000> 1 1,28190= 2 B,000P0% @=6,63160~ 5 0,00000+ 21088 4 2 377
e.gveig- 7 0,00000+ On7,48390= O @,00000% © 0,00000+ O 9.61;@@~ éigeg : g g;g

- . . . . 2,96860~ 1 4,35460= 2 3,10270s 3 #,0000C+ @=1,49710= 5 0,00000+ 8 3
Fleld | ®eld | Fleld § Fleld § Fleld Record 1,39350~ 7 0,00000+ 0 §,P0000+ pol.58860= i 9.01950~ 1 4,10670- 11068 4 2 388
1 2 3 4 5 Type 8,87180~ 2 1,10850= 2 7,19250c 4 ,00000+ £~3,12350~ 6 2,00000+ 01068 4 2 381
ZA AWR LVT=1 | LTT=1 b HEAD 2,00000+ @ 3,58630< 2w2,73040s 1 B,13190~ 1 5,0658¢= 1 1,45680« 11088 4 2 382
- : e - — 2,54740~ 2 2,8077@= 3 1,67520s 4 @,0000¢+ 0 0,00000« 0=5,59050~ 31088 4 2 383
b AWR b LCT NK 7,86890- 2-3,64810= 1 7,04330= { 5,8110f= 1 2,11090« 3 4,73270~ 21088 4 2 384
RN I i SR A | S D 7,12610- 3 7,089750~ 4 0,00000+ ¢ 2,10260= 3-2,20430= 2 1,29280~ 11088 4 2 385
0,0 1 "L,0 2,0 | -- -- n4,33730~ 1 5,71790c 1 6,31170> 1 2.84070= 1 7,71310« 2 1,46000~ 21088 4 2 $86
% 1 U1 Uz o o 0.,00068+ #~5,19928= 4 6,06210= 3=4,17230= 2 1,84510~ 1=4,77920~ 11088 4 2 $87
oA S . 4,30700~ 1 6,54790= 1 3,51390+ 4 1,14740= 1 2,00000+ 0 1,29290~ 41088 4 2 388
Y9 s o v, , . =1,64560~ 3 1,27868= 2=6,77918s 2 2,40550= 1=4,96420- 1 2,8461PF= 11088 4 2 389
——0:2 1,2 . Sl e 6,51220= 1 4,17670~= 1 2,00000+ 0n3,22640= 5 4,42430~ 4~3,7901E~ 31088 4 2 $90
-- -- -- =5 a 2,29860~ 2-9,97350~ 2 2,93410= 1=4,8921¢~ 1 1,40180~ 1 6,21110~ 11088 4 2 $91
s iy i o i p,00000+ 0 8,06950= 6=1,18070% 4 1,00760= 3=7,40430- 3 3,71980~ 21088 4 2 392
N - »1,36440- 1 3,39280= 1«4,5769%s 1 3,82108= 3 1288 4 g 393
U U U o - . 1 1081068 4 394
Bl e e o Lt 198 3 1088 4 2 95
b b b b NR P.,00000+ @ 1,00000~ 5 e 1 1088 4 g 396
T NB B ¢,00000+ @ 1288 4 597
BTy o o o NETNR TAB2 ,00000+ © 2,53008~ 2 2 1 1088 4 2 $98
i E1 LT b NL (£'s for 8,00080+ o 1088 4 2 399
- T e = ; B.00000+ & 1,00000+ 2 o 2 1088 4 2 4pQ
£f1(E1)] £2(E1) |£3(E1) - -- first -1,13000- 4 0,00000+ 0 1088 4 2 4D1
e R i ; energy poin 0,00000+ 0 2,00000+ 2 @ 2 10688 4 2 402
A =R e -- -- L (E1) LIST r2,27000~- 4 ©,00000+ 0@ 1088 4 2 4p3
T Eg LT NL 0.00000+ ¢ 3,00000+ 2 o 2 1088 4 2 4p4
N— , «3,40000~ 4 C,00000+ @ 1688 4 2 A4PS
f1(E2)f f2(E2) | £3(E2) e — P.00B0C+ O 5,00008% 2 ¢ 2 1088 4 2 406
. — 3 «5,67000- 4 0,00000+ 0 1088 4 2 4B7

_ - o o LIST

I Tt -- -- 2 2,00000+ 0 1,15000+ 7 o 4 iwag 4 g ;g?

' 4,6210¢- 1 2,32600- 1 2,31308= 3 9,2508¢n g86 4 2 56
o e I B e Vs FoE 0,0009¢+ 0 1,20000+ 7 0 4 1088 4 2 598
£1Ewr) | £2Eyg) | £3(Eyg) - e ast energy 4,65100- 1 2,34700- 1 3,16908= 3 1,08300~ 1088 4 2 599
B oo . . point) 0,00080+ B 1,25200+ 7 7 4 1088 4 2 600
i O ) LIST 4,674008- 1 2,35100- 1 4,082¢@s 3 1,23108- 1088 4 3 ggi
b ' Q.,00000+« 0 1,30000+ 7 4 4 1068 4 2 602
- b b ? ¥ SaNR 4,70100- 4 2,36200~ 1 5,001060s 3 1,42900 1088 4 2 683
2,00000+ 0 1,35000+ 7 B 4 1088 4 2 604
: 4,72500~ 1 2,37400- 1 6,13900= 3 1,60800~" 1068 4 2 605
i 2,00000+ ¢ 1,40000+ 7 2 4 1088 4 2 606
- 4,75000- 1 2,38800- 1 7,28400= 3 1,78100 1988 4 2 687
. 0.00000+ @ 1,45000+ 7 2 4 1088 4 2 608
4,7750@- 1 2,40200- 1 8,51500% 3 1,97100« 1688 4 2 609
0,00000+ @ 1,50000+ 7 2 4 1088 4 2 61D
4,80100- 1 2,41800- 1 9,80900s 3 2,1710¢~ 1088 4 2 611
1088 4 P 6312
Field (Cols 67-70) = MAT 1988 8 ¥ 613

7
Field 8 (Cols 71-72) = MF= 4
Field 9 (Cols 73-75) = MI' (except for SEND card)
Field 10 (Cols 76-80) Card sequence number
*b = blank

I



N-17 N-18

FILE 4&: Angular Distributions of Secondary Neutrons

LTT
LVT

1 (Legendre polynomial representation)
0 (no transformation matrix)

LTT is a flag to specify representation use:
FILE &4 LTT = 1 (Legendre polynomial expansion)
Angular Distributions of Secondary Neutrons LTT = 2 (tabulated distribution)

LIT = 1, Legendre coefficients given LVT is a flag to specify whether a transformation matrix has been
given:

LVT = 1, transformation matrix given.
LVT = 0 (none)
NL LVT = 1 (transformation matrix given)
do(§2 , E) _ o0g(E) 212',+1f
do Nr 2 E(E)Pl(#) LCT is a flag to specify frame of reference given:
- LCT = 1 (laboratory system)
4=0 ICT = 2 (center-of-mass system)
NR is the number of interpolation ranges.
f; = 1.0 =
- NE is the number of energy points at which distributions are given,
_ 23 do({ ,E
fﬂfE) = E“fﬁf—vfr ""Ezfl_l PE(#)dﬂ NBTi and INTj is the scheme to interpolate the coefficient, fﬂ’
s -1 between given values,
Us(E) given in File 3 (same MT number) Ej is the energy of point i at which a distribution is given,.
NL is the order of Legendre polynomial expansion,
If ICT = 1 (laboratory system) h
NM fﬂ(Ei) is the 4" coefficient given at point i,
CM _:§ : -1 L
f£ (E) Ug,m fm (E).
m=0
If LCT = 2 (center-of-mass system)

NM

L _ CM
£,(8) = E Up o (B

m=0



BCD Card Image Format for
File 4

Angular Distributions of Secondary Neutrons

Iaaaoenan
e = = = = 2 ® =

uoaeacneam

LTT = 1 (Legendre polynomial coefficients given)
LVT = 0 (No transformation matrix)
Field Field Field Field Field Field Record
1 2 3 4 5 6 Type
2A WR LVT=0 LTT=1 b¥* b HEAD
b AWR b © LCT NK=0 M=0 CONT
b Ty N b " NR NE
i NBT; INT; - - NBTyp INTyR TAB2
i " Eq1 LT b NL b T
HED | BeD |- -- - e | e
e 7Eé' LT b NL b
£ | £28) | -- -- - | fED
B s | NL*=2) |  L18T
_z B | LT L b
£1(Byg) | £2(Eg) -~ - -- . (Eng) LIST
b b b b b b SEND
Field 7 (Cols 67-70) = MAT
Field 8 (Cols 71-72) = MF= &4
Field 9 (Cols 73-75) = MT (except for SEND card)
Field 10 (Cols 76-80) = Card sequence number

*b = blank

9,22332+04

43

5,0
, 3375501
00000
2,0
7041501
00080
0,0
11434000
1883712

2,9
1 10545+07
119372=12
2,2
113324-00
1 61352=-12

6,0
18121000
3390700
6332901
7445704

7,0
, 8429800
 360839-00
,12898-00
8494203

2,31043+02
2,31043+02

2
1,0 <AB

1,2 *02
5,08 *73

1 00208+75
1 38325=23
,2p000

\20000+05
122608=m2
P2200

140200+75
,B3425572
148244-17
.59@@0#%5
4499401,
1425219140
,60002+05
14444201
142395-11

12000+A8
6684700
|28231'ﬂ@
, 29519 =01
\47074n04
.15@0ﬂ+ﬂ6
,69334-0p
3277400
174596=0]
124189~073

112372005
, 10000

,98636=05
20008

17676304
20088

187053204
00282

15341503
A00R2

1 57574:0¢
123159=00
.11@35;01
20200

5747300
129587500
1 37466501
A08Re

n =

,48056=08
o000

,76459m07
,B000n

111678=¢5
00000

1 29361=05
Q0000

152511~05
20000

51680300
2021600
, 3684502
000008

,49608=00
2671000
, 1733701
20000

-

S o S

138884=11
P800

7
112585=09
120000

9
15335408
07000

8
180295=08
0000

8
12004907
0000

20
145993=00
116613=00
111638w02
00080

20
143902-00
123635=00
1 72033=02
20000

N-18

1041

OL24y4

431041

1041

10414

1041

18414

1041

1044

1041

1041

1041

10414
1075201310841
08002 1041
1041

' 711P0=121044
o000 1241
10414
1AB5B6=101041
V20000 1041
1847

1 92793=081041
J200Rg 1o41
1@4%
182242081041
yopoe0 1041
1944
140346-001741
111340001041
1 28698=0341041
00200 lo44
1844

1 39793=001041
118941=001041
123195=0210414
20088 1244
1241

1241

222D DHEDELEDDDEDDEDDEDDEDRDDDDDDDE B

R LA PADEDDDBSD

NN NN RNANRNNITONNNMORN NN NN R

2374
2872
2373
2374
2375
2876
2377
2578
2879
2380
2981
2382
2383
2384
2385
2386
2387
2388
2389
2390
2391
2592
2393
2594
2395
2396
2397

2520
2521
2522
2523
2524
2525
2526
2527
2528
2529
2530
2531



N-18

FILE 4
Angular Distributions of Secondary Neutrons

LTIT = 1, Legendre coefficients given.
LVT = 0, no transformation matrix

NL
- (E)
do (G, E) _ % 2441
36 = 2= > fﬂ(E)pE(u)
£=0

GS(E) given in File 3 (same MT number)

£ =1.00
o

£,(E) = 5

+1
25 do(Q L,E)

N-19

FILE 4: Angular Distributions of Secondary Neutrons

LTT = 2 (tabulated distributions given)
LVT = 1 (transformation matrix given)
LTT is a flag to specify representation used:
LTT = 1 (Legendre polynomial expansion)
LTT = 2 (tabulated distribution given)

LVT is a flag to specify whether transformation matrix given:

LVT = 0 (not given)
LVT = 1 (transformation matrix given)

LCT is a flag to specify frame of reference given:

LCT = 1 (laboratory system)
ICT = 2 (center-of-mass system)

NK is the number of elements in transformation matrix,

NM is the maximum order Legendre polynomial that will be required
to represent angular distribution in either the (LAB) or (CM)
system,

Ug,y are elements of the transformation matrix.

NR is the number of interpolation ranges.

NE is the number of energy points at which distributions are given,

NBT; and INT; 1is the scheme for interpolating between given distributions.

Ej is the energy of point i at which a distribution is given,

NP is the number of cosine values for a particular distribution,

H g is the value of the cosine at point j.

p(uj,Ei) is the normalized angular probability at pj for energy point,

E.
1.



BCD Card Image Format for

File 4

Angular Distributions of Secondary Neutrons

LTT = 2 (tabulated distributions given)
LVT = 1 (transformation matrix given)
Field Field Field Field Field Field Record
1 2 3 4 5 6 Type
BA AWR LVT=1 Lrr=2 b b HEAD
b AWR b - LCT NK N =
Y0 | "no | Y20 f o U, 0
Jo,1 | U1 ) Yan B o g, 1
UO.Z U1,2 UZ’Z - b UNM,Z
A o o o . o
U U U e -- O 10 ,
_____0,NM | 1,% | ... 2,NM NM, NM LIST
b b b b NR NE
| NBTy INT, -- -- NZTNR INTy T A2
k __El o LI _MP NR _ s? (first energy
2y p(ug Eqp) ) P(H2 Eq) Lg p(43 Eq) point)
- il -0 - , T2
T Al ik P i Hyp P(Hyp Eq) TAB1
T E LT b NR NP
= - 2 e ; da i (second energy
NBTl INT1 -- -- NBTNR, INLNR. point)
K1 p(ul E2)| w2 p(uz E2)|  -- i
o - " - e | PUae B g
T Exg LT b NR NP (last energy
= G - Pl P s point)
NeLy § FH ). S eV T
1y Py Eng Lo P(Hy Exp -- --
Tk o - e | Plhwe P man
— b > > > . _SEND
Field 7 (Cols 67-70) = MAT
Field 8 (Cols 71-72) = MF= 4
Field 9 (Cols 73-75) = MT(except for SEND card)
Field 10 (Cols 76-80) = Card sequence number

= blank

9.0232E+04

1.000BE+DR
0,0C0PE~D1
B.UPBOE=D4
0.,0P0PE=DY
1,2957E=05
B.00RRE~BY
.ECOPE=01

2,3004E+0A2
2,3004E+A2

1

2
2

2.898PE=03 3,7793E=R6-8,8564E=17
?,CO000E="1 0,0000E-01 @ ,0P0CE=P1
?,0000E=71 0,B00FE=Q1 £,0000E~F1
0,6200E<0L 0,0000E=01 A,CpP0E~E1
1,5646E=08 1,0165E=11=1,1181E=14
0,0000E=AL 0,0082E<01 #,0Q000E=G1
?,000PE=21 0,000CE-01 A,CARPE~E]
B,0PPE=D1=2,L979E=73 9,9997E=01 7 ,4519E=E3
7.4B815E=11 3,4506E~14 0,0000E=01 ¢ ,C0PDE~C1
P.LPPPE=PY 2,0000E=-71 O0,0000E=01 7,C000E=-F1
€.0E0PE-D1 2,0000E-AL O,0P00E=C01 2,00Q2E=01

Q,0000E=0152,5479E=30 1,9532E=27=1,0147E=24
7,763PEw]7<4,2615E<14 7,4293Ew12=1,0896E~F9

@

2

@

12
@,0000E-01 1,0000E~- GS

2 2
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N-19

FILE 4
Angular Distributions of Secondary Neutrons

LTT = 2, tabulated distribution
LVT = 1, transformation matrix given

do(Q ,E) OS(E) P(u,E)

dag? - 21

+1

f p(u,E)dy
-1

US(E) is given in File 3 (same MT number)

1
=
o

If ICT = 1 (laboratory system)
NM
CM -1 L
= U f
fﬁ (®) : : £,m m(E)
=0
If LCT = 2 (center-of-mass system)

NM
L
f)e(E) = E Uz,mng(E)

m=0

FILE 4:

LTT

LCT

LTT
LVT

N-20

Angular Distributions of Secondary Neutrons

2 (tabulated distributions given)
0 (transformation matrix not given)

Il

is a flag to specify representation used:
LTT = 1 (Legendre polynomial expansion)
LTT = 2 (tabulated distributions given)

is a flag to specify whether transformation matrix is given:
LVT = 0 (not given)
LVT = 1 (transformation matrix given)

is a flag to specify frame of reference given:
ICT = 1 (laboratory system)
ICT = 2 (center-of-mass system)

is the number of interpolation ranges.

is the number of energy points at which distributions are given:

- and INT. is the scheme for interpolating between given distributions,

ER

is the energy of point i at which a distribution is given,
is the number of cosine values for a particular distribution.

is the wvalue of the cosine at point j,

P(Uj;Ei) is the normalized angular probability at iy for energy point,

Ej.



BCD Card Image Format for

File 4

Angular Distributions of Secondary Neutrons

N-20

LTT = 2 (tabulated distributions given)
VT = 0 (no transformation matrix)
Field Field Field Field Field Field Record
1 2 3 4 5 6 Type
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FILE 4

Angular Distribution of Secondary Neutrons

LTT = 2, tabulated distributions

LVT = 0, no transformation matrix
do(@ m) _ %® PGE)
dg; 23

+1
f p(u,E) dy = 1.00
-1

US(E) is given in File 3 (same MT number).

N-20 N-21

FILE 5: Energy Distributions of Secondary Neutrons
(General Structure)

[

is the number of partial energy distributions used for a particular
reaction type (MI). There will be one subsection for each partial
distribution,

The format for a subsection depends on the value of LF (a flag
that specifies the type of distribution used),

Distribution law used
Arbitrary tabulated function
Excitation of descrete level
General evaporation spectrum
Simple fission spectrum (Maxwellian)
Evaporation spectrum
Watt spectrum

!
]

O v~ Ul w

=



BCD Card Image Format for N-21 N-21
File 5 B o

Energy Distribution of Secondary Neutromns
(General Structure)

Field Field Field Field Field Field Record
1 2 3 4 5 6 Type

BA AWR b* b NK b HEAD

<subsec:ion-f6r k]= lS i ' i
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N-21

FIIE 5

Energy Distributions of Secondary Neutrons
(General Structure)

LE=E) - w (B) pE ~E")
dE

m is the neutron multiplicity (e.g., m=2 for n,2n
reactions) OX is given in File 3 (for the same MT

number) NK
PE -ED = ) pE £E ~E)
k=1

pk(E) and fk(E ~ E’) are given in File 5.

/!
max
p(E ~ENAE’ = 1.0

0

and at a particular incident neutron energy, E,

NK

z P (E) = 1.00

=1

N-22
A
FILE 5: Energy Distributions of Secondary Neutron
(Structure of a Subsection)
LF = 1, (tabulated energy distributions)
NR is the number of interpolation ranges.
NP is the number of energy points at which probabilities,
p(EiL are given,
NE is the number of inicident energy points at which distributions

are given,

NF is the number of secondary energy points for a particular
distribution,.

p(E;) is the fractional probability for this distribution law (LF=l)

at incident energy point, E;.

g(Ej 5 E'k) is the normalized probability that an incident neutron
at energy, Ej, will end up at a secondary energy, E'k.

NBT; and INT; is an interpolation scheme for:

(1) fractional probabilities, p(E;)

(2) between distributions given at E , ,
(3) g(Ej*E'k), between given values of E ,




(1)

(2)

(3)

(3)

(3)

BCD Card Image Format for N-22
File 5 B

Energy Distributions of Secondary Neutrons
(Structure of a subsection)

LF = 1 (tabulated energy distribution)

Field Field Field Field Field Field Record
1 2 3 4 5 6 Type
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N-22 N-23

FILE 5: Energy Distributions of Secondary Neutron
(Structure of a Subsection)
LF = 3 (Discrete level excitation)

6 is the excitation energy of the level in the residual
nucleus (positive value),

NR is the number of interpolation angles.
NP is the number of energy points at which, p(Ei) is given,
FILE 5
_ . . NBT. and INT, is the interpolation scheme for p(E.).
Energy Distributions of Secondary Neutrons £ 1 &
E; is the energy of point 1i.
LF = 1, tabulated distributions =
f(E-E’) = g(E -E") pP(E;) is the fractional probability for this law at energy, Ei.




BCD Card Image Format for N-23 N-23
File 5 B ¢
Energy Distributions of Secondary Neutrons
Structure of a subsection for
LF = 3 (Discrete level excitation)
Field Field Field Field Field Field Record
1 2 3 4 5 6 Type
T 6 LT LF=3 NR NP
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N-23

FILE 5

Energy Distributions of Secondary Neutrons

LF = 3, discrete level excitation

no_ ’ A® 4+ 1 A
f(E"E)‘é[E T e Bt an f

A = AWR
6 = -Q, A given in File 5,

N-24

EILE 5: Energy Distributions of Secondary Neutrons

(Structure of a Subsection)

LF = 5 (General evaporation spectrum)

=

g(X;)

is a constant that defines the upper energy limit for the

secondary neutrons such that:
/

0= E = E - U.

is the number of interpolation ranges,

is the number of incident energy points at which fractional
probabilities are given,

is the number of incident energy points at which effective
nuclear temperatures are given.

is the number of points at which X; and g(xi) are given,

is the fractional probability for this law (LF = 5) at incident

energy, E;.

is the effective nuclear temperature at incident energy, Ej.
is defined as X = E’ /9 (E)

is the normalize probability at X;.

NBT; and INT; is the interpolation scheme for:

(1) p(E) between incident energies, E,
(2)6 (E) between incident energies, E,
(3) g(X) between given values of X,



(1)

(2)

—~
o

BCD Card Image Format for

File 5

Energy Distributions of Secondary Neutrons

Structure of a Subsection for

LF = 5 (general evaporation spectrum)

N-24

Field Field Field Field Field Field Record
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N-24 N-25

FILE 5: Energy Distributions of Secondary Neutrons
(Structure of a Subsection)

LF = 7 (Simple fission spectrum, Maxwellian)

u is a constant that defines the upper energy limit for the
secondary meutrons such that:
File 5 0<E'<E -U
Energy Distributions of Secondary Neutrons
NR is the number of interpolation ranges,
LF = 5, general evaporation spectrum
NP is the number of incident energy points at which p(Ei) are given,
/
f(E - E ):= g(x) NE is the number of incident energy points at which @ (Ej) are given,
X = E,/G(E)
OxE =E ~ 1 p(E;) is the fractional probability for this law (LF=7) at
6(E) is tabulated as a function of incident energy. incident; anergy, k.
g(x) is tabulated as a function of x i i inci
U is given in File 5. Q(Ej) is the effective nuclear temperature at incident energy, Ej.

NBT; and INT; 1is the interpolation scheme for:
@5) p(Ei) between values given at incident energies, Ej.
(2) B(Ej) between values given at incident energies, Ej.
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(2)

BCD Card Image Format for
File 5

Energy Distributions of Secondary Neutrons
Structure of a subsection for

LF = 7 (simple fission spectrum  Maxwellian)

N-25

Field Field Field Field Field Field Record
1 2 3 & 5 6 Type
U b* b LF=7 NR NP
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Eq p(E1) Eg p(Ep) Ej p(E3)
AN Bl | Ewe | PGy TAB1
[T N R N TN S N NS S B ‘ "
NBL o Wy ) e ) Ty | Ty 40
. 6(Ey) Eg _ 6B Es O(E) ‘o
- - - - [ ]
== - Bye | 0@ TABL
Field 7 (Cols 67-70) = MAT
Field 8 (Cols 71-72) = MF=5
Field 9 (Cols 73-75) = MT
Field 10 (Cols 76-80) = Card sequence number

*b = blank

N-25

+08 7 1 21043
2 2 1043
w@5 1,0 1,5 87 1,0 1043
1 21043

2 5 1043
=05 1,2955 a6 1,5  «@7 1,4923 +06 1043

U U U an

18
18
18
18

18

1@
811
812
813
814
845



N-25

FILE 5

Energy Distributions of Secondary Neutrons

LF = 7, simple fission spectrum, Maxwellian

f(E -E) = “/_TE“’ o E/0(®)

I=g" [# erf(JEE-U/6 ) - JE-U/E o EV /e:l

I

0 <E" <E-U

U is large and negative for fission reactioms.

N-26

FILE 5: Energy Distributions of Secondary Neutrons

(Strucutre of a Subsection)

LF = 9 (Evaporation spectrum)

[=

E 1B 12

=l
~~
==}

~—

S(Ej)

is a constant that defines the upper limit for secondary neutrons

such that
I/

0O0<E <E -1
is the number of interpolation ranges,
is the number of incident energy points at which p(Ei) is given.
is the number of incident energy points at which S(Ej) is given,

is the fractional probability for this law (LF = 9) at
incident energy, Ej.

is the effective nuclear temperature at incident energy, Ej.

NBT; and INT; is the interpolation scheme for:

(1) p(Ei) between values given at incident energies,
Ei.
(2) e(Ej) between values given at incident energies,

Ej.



BCD Card Image Format for N=-26 N-26

Files B G
Energy Distributions of Secondary Neutrons
Structure of a subsection for
LF = 9 (Evaporation spectrum)
Field Field Field Field Field Field Record
1 2 3 4 5 6 Type
U b* b LF=9 NR NP
e T W s R O I et O B S
r,. ). PEpr { Bz | EEa) ] By | FEy ]
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N-26 N-27

FILE 5: Energy Distributions of Secondary Neutrons
(Structure of a Subsection)

LF = 10 (Watt spectrum)

=]

NR is the number of interpolation ranges,
NP is the number of incident energy points at which p(E;) is given.

p(Ei) is the fractional probability for this law at incident energy,
E

FILE 5 .
—_—— i
Energy Distribution of Secondary Neutrons .
NBTi and INTj is the interpolation scheme for p(E) between values

LF = 9, Evaporation spectrum given at Ej.
) ot e_E’/Q(E) "a'" and "b" are constants for the Watt spectrum.
f(E - =
& -E) ;
I=6 ’:1 . & NPT (1 +E'U)]
6
0= B «8-1



BCD Card Image Format for N-26 N-26
Files

Energy Distributions of Secondary Neutrons
Structure of a subsection for

LF = 9 (Evaporation spectrum)

Field Field Field Field Field Field Record
1 2 3 4 5 6 Type
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Field 9 (Cols 73-75) = MT

Field 10 (Cols 76-80) = Card sequence number
*b = blank



FIIE 5
Energy Distribution of Secondary Neutrons

LF = 9, Evaporation spectrum

g’ e-EI/Q(E)
I

e [1- cevn(y )]
]

0<E’ <E-U

f(E -E’) =

N-26

N-27
A
FILE 5: Energy Distributions of Secondary Neutrons
(Structure of a Subsection)
LF = 10 (Watt spectrum)
NR is the number of interpolation ranges,
NP is the number of incident energy points at which p(E;) is given.

p(Ei) is the fractional probability for this law at incident energy,
E

i-

NBTj and INTj is the interpolation scheme for p(E) between values
given at Ej.

"a" and "b" are constants for the Watt spectrum.



BCD Card Image Format for
File 5

Energy Distributions of Secondary Neutrons

Structure of a subsection for
(Watt spectrum)

LF=10
Field Field Field Field Field Field Record
- 2 3 4 5 6 Type
b* B b LF=10 NR NP
NBTl INTl o= -- NBTNR INTNR
E] p(E1) E2 p(E2) E3 p(E3) TAB1
I o o T Ene | P(Enp) i
b b b b 2] 0
ngt np b b b b LIST
Field 7 (Cols 67-70) = MAT
Field 8 (Cols 71-72) = M¥F= 5
Field 9 (Cols 73-75) = MT
Field 10 (Cols 76-80) = Card sequence number

*b = blank

1.6

1.2

2
=05 1,00

+26 2.0

@b

1,5

37 1,00

1o

2 235
235
235
235
235

LIRS OIS RS ]

N-27

18

18
18
18

101
102
103
104
105



FILE 5

Energy Distribution of Secondary Neutrons

LF = 10, Watt spectrum

£(E ~E’) = /4/2a%b

-ab/4 -E’/a
e e

sinh(/bE ' )

N-27

FILE 6:

LCT

[=

|5

[

|5

Py ()

Py (E~E")

Energy-Angular Distributions
LTT = 1 (Legendre Coefficients given)

is a flag to specify reference system used (use LCT = 1,
Laboratory system).

is a flag to specify representations used.
LTT = 1 (Legendre polynomial expansion)
LTT = 2 (tabulated distributions given)

is the order of the Legendre expansion for a particular data
set (all distributions).

is the value of £, (for the Ath coefficient).

is the number of partial probability distributions used for
this reaction type (used in the same manner as in File 5).
NK = 1 is recommended.

is a flag to specify which distribution law is used (same as
in File 5). LF = 1 is recommended.

is the fractional probability that the kth distribution law can
be used to describe the fth Legendre coefficient. If NK = 1,
then py(E) = 1.0 for all incident neutron energies.

is the £Lth Legendre coefficient used to descri?e the angular
distribution of neutrons scattered from E to E .

NR, NP, NE, NF, Ej,, E ;. same as defined for File 5.

N-28



LTT = 1 (Legendre polynomia representation used)

Energy Angular Distributions of Secondary Neutrons

BCD Card Image Format for
File 6

NK = 1 (one distribution law used to represent Legendre coefficients)
LF = 1 (arbitrary tabulated function used to represent Legendre coefficients)
Field Field Field Field Field Field Record
1 2 3 4 5 6 Type
ZA AWR b* LIT = 1 b b HEAD
b b b LCT = 1 | NL b CONT
b b 1A =0 b NK = b | CONT-Z
T b LT LF = 1 NR NP
NBT; INTq --- -—- NBTNR INTNR
I_._. .- " . i
E] PO(E].) - =" ENP po(ENP)_ TAB1
b b b b NR NE
‘NBT INT --- --- NBT INT
Ceue: SN Bhony - _ NR NR TAB2
T El LT b NR NF
NBT, INT, — e NBTR INTyR
!
E'l po(E1—E 2) ) pO(E14E'2 --- -—-
I B B B I CR ) B
B i Exg LT b .NR NF
NBT1 INT; it it NBTNR INTyNR
, y . :
E"1 Po(ENg-E1) --- --- - ---
, = BIEN 5
- — - - E Exp—E
HE e TAB1
(Reppat structpre startifg with C@NT-4 record for
each £ value,|{4 =1 to KL)
b b b b b b SEND
Field 7 (Cols 67-70) = MAT
Field 8 (Cols 71-72) = MF= 6
Field 9 (Cols 73-75) = MT
Field 10 (Cols 76-80) = Card sequence number

*b = blank

No sample data set.
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N-28 N-29

File 6: Energy-Angular Distributions
LTT = 2 (Tabulated distribution given)

LCT is a flag to specify reference system used (use LCT = 1,
Laboratory system).

FILE 6
LTT is a flag to specify representation used.
Energy-Angular Distributions LIT = 1 (Legendre polynomial expansion)
LTIT = 1, Legendre coefficients given LTT = 2 (tabulated distribution given)
NA is the number of angles (cosine values) at which secondary
neutron distributions are given.
! is th i d "
E i 1 4 1s the cosine of the scattered angle
/

.}{. dE p(E - E', Q) dg = 1.0 NK is the number of partial probability distributions given for

0 -1 a particular cosine value (used in the same manner as in File 5).
LF 1is a flag that specifies which secondary energy distribution

5 law is used for a particmlar partial probability distribution

dé dg (E ~E’,u) = GziEz mpE ~E', 1 (see section 10.2 for definitions)
p (E,u) is the fraction probability that the kth distribution low can
; . . b d at rgy E d i 4 f NK =1, th . (E = = 1.0
o (E) given in File 3; m is the implied ey an SURSEY Dy UG SUeIRE e » then p (E,4) = p(E,p)
e P for all energies.
neutron multiplicity for the reaction.
NL p(E - E',ﬂ! is the energy distribution for neutrons scattered into an angle
ot = 20 + 1 ’ whose cosine is W.
P(E - E", 1) E e P, (E~E") P (1)
2=0 NR, NP, NE, Uint, Eint have same definitions as in File 4&.

!
. ; E - . . . . . 5
if NK = 1 (NK is the number of partial distributions), EIne hes the meow detlalfivi@e In Ftle 5

i
Py (E ~E’) is the {th Legendre coefficient. Otherwise,
NK

/
Py (E-E") = E P,k (E) Pﬂ,k(EHE')
k=1



BCD Card Image Format for
Fileb6

Energy-Angular Distributions of Secondary Neutrons

N-29

LTT = 2 (Tabulated distributions given)
NK = 1 (one distribution law used)
LF = 1 (arbitrary tabulated function to represent secondary neutron distribution)
Field Field Field Field Field Field Record
1 2 3 4 5 6 Type
ZA AWR b LTT = 2 b b HEAD
b b b LCT = 1 NR TNA
Ko o MR B i P S . SO S
b n b b NK = 1 b CONT -
T B LT LF = 1 NR NP
NBT1 INT] --- - NBTNR INTNR
" E1 p(E, »H1) Eq p(EQ,'Jl) -—- " s
fﬁ;:; jf- ,--f -—f Enp P(ENP,QI) TABL
B W,b b b b NR NE
NBT; INTy --- --- NBTyg INTyR —_—
T Eq LT b NR NF
NBT{ INT} --- - NBTyNR INTNR
B e - --f ! -
E-'l P(Ez"'Ez ,UL) EIZ P(E]_"‘E 2, L.l.) -== =S
S . ; 5 »
- - R - E1-E
. E np PELE ypy  TABL
T Eo LT b NR NF
NBT1 INT] - - NBTNR INTyR
" : s
E'2  |p(E2-ELM) --- b = —
5 R 5. _ ) 2 .
’ E'\r rp(EszNF, 4y) ARl
T ENE LT b NR NF
R I e T L.
+ ’ .
E'r | pEnE 1) ---
" " :
sSaa i S R E E ’
, NF p( NE-E wF,4,) TABL
(repeat sfructure f£pr each p palue, stafting
at CPNT~-j L record,|u = 2 to | NA) e
b b b b b b SEND
Field 7 (Cols 67-70) = MAT
Field 8 (Cols 71-72) = MF= 6
Field 9 (Cols 73-75) = MT
Field 10 (Cols 76-80) = Card sequence number

*b = blank

No example data set.
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FILE 6

Energy-Angular Distributions
LTIT = 2 (Tabulated Distribution)

!

EIl'laX 1
de’ f p(E ~E',u) du = 1.0
0 -1
2 ¢ (g’ y = 0 E) mp(E-E’
W( :.) o P( ,,U.)

o (E) given in File 3; m is the implied
neutron multiplicity for the reaction.

p(E - E’ ) is given in File 6.
s K

If NK > 1, then
NK

P(E~E', u) = E PK(E,1) PK(E - E’,u)
k

and pk(E,u) plus pi(E - E',u) are given in File 6.

¥5]

—_——

(aj,Bi) is the value of the scattering law for Bi and Q..

N-30

FILE 7: Scattering Law Data

is a flag indicating which temperature has been used to
calculate o and B.

IAT = 0, the actual temperature was used,

LAT 1, the constant, T, = 0.0253eV, has been used,

is the total number of items in the list, NI = 6%(NS+1),
is the number of non-principle scattering atom types (for H0,NS=l),

is the product of My (the number of principle atoms per
molecule) times (the free atom scattering cross section for
the principle atom),

is the value of E/KT above which the static model of elastic
scattering is adequate,

the ratio of the mass of the principle atom to that of the
neutron, This value should be the same as that used to calculate
o, i,e

b . LIS |

o = (E%E - 2y EE ") /AokT

is a test indicating the type of analytic function to be used
for this atom type:

a = 1,0, use a free gas scattering law.
a = 2,0, use a diffusive motion scattering law,
th

is for the n-" atom type and has the same definition as M,O¢,
for the Principle atom type.

th

is the effective mass for the n-" atom type,

is the upper energy limit for the use of So(a,ﬁi)

is the number of interpolation ranges.

is the number of § values at which sets of S(2,B;) will be given,

is the number of ¢ values at which S(aj,Bi) will be given tabulated.
is the value of B at which sets of ¢ and S(a,Bi) are given,

is the value of ¢ at which S(aj,Bi) is given.

J

NBT; and INT; is the interpolation scheme for:

(1) S(w,B) between values given at B:
(2) S(w,B) between values given at 2P



(1)

(2)

(2)

(2)

BCD Card Image Format for
File 7

Scattering Law Data

Field Field Field Field Field Field Record
1 2 3 4 5 6 Type
ZA AWR b LAT b _ p HEAD
b 5 b ¥ e o
Mo | e | | e | >
Cay _Mlcfl 'Alﬁu o b b
T ay Maofy Ay b b
[ a3 M36f§ A3 b b
- ayg MysO s Ays b b b LIST
b b | b b NR NB
| LREy - - HET\m INT\R TAB2
T Bl LT b NR NP
WL, T o o TR R
! SCsP) | oy |S(B) | oy 8(23,87)
T . - - oNp S (o> P1) TAB1
T By LT b NR NP
| NBT INT - . NBT INT
1 1 o o . TN Wi,
i 8(ag,B) | @p  [S(op,Bp) | o3 8(3,B)
= - - - Op S By) TAB1
e g i . fges e )
. NB N R o I
NBTq INT] e -- NBTNR INTNR
| [SCeuLPw) @ 5Bl -- -
e e e = yp S (o> Pyp) TAB1
b b b b b b SEND
Field 7 (Cols 67-70) = MAT
Field 8 (Cols 71-72) = MF= 7
Field 9 (Cols 73-75) = MT = 4 (except for SEND card)
Field 10 (Cols 76-80) = Card sequence number

*b = blank

6998

L}
L}
L]
L]
18421
L}
L}
L}

4727

@2

-3
=01,
@5

=24

~04

"8 ,2336=02
~1,2945=06

2,
~5,1965=-25
@,
4,4167=07
7y
~3,3582=025

=]

*01q

nﬁa
-ﬁi

mf@]

=01

sws
- - =
==

~2,79
1.6119
1,89
4,2644
1,420
3,5486
1,788
$,9887
6,432
5.,4282

1119

31112

2.0 1119
Z,0 1110
2,0 1119
1119

731147

3,702 2111190
~6,8078-0611172
7.06 -021118
-6,2920-08i1102
3,560 211110
*1,1103~251110
1,29 ~211110
58,8334 ~061119

4,00¢ -011119
w2,4642-051110

N-30

2153
2151
2151
2151
2151
2151
2151
2151
2151
2151
2151
2151
2151
2151
2161
2151
215}

107
108
109
112
111
112
143
114
115
136
117
118
119
120
123

258
259
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FILE 7

Scattering Law Data

S M O
- F N n bn E’_ -B/2
T (E - E,u,T) = E hwT i e s (@,B8,T)
n=0
B = (E'- E)/KT
@ = (E+ E - 2u+ EE" )/AKT
= 2 2
O‘bn ofn(An+1) /An



APPENDIX O

Format Difference Between Version I and II

The following is a summary of the format differences between version
I and version II ENDF/B data tapes. These changes came about from a series
of format modifications that have been made during the past three years.
ENDF/B version I was released July 1968 and version II was released August 1970,

File 1 Changes

1) An index has been added to MT = 451, Each record in this index

contains a file number (MF), reaction type number (MT), and the

number of BCD card images required to specify the data for each section

to be given for the material, The number of entries in the index is

given by NXC which is the last binary record (sixth field for BCD card

image format) of the HEAD record. Each index entry is given in a C@NT
record. These records are given immediately after the Hollirith information.
2) The format for specifying radioactive decay data (MT = 453) has been

extensively modified.

3) The format for specifying fission product yield data (MT = 454) has
been modified. The new formats allow the specification of yield data
for metabtablé states.

4) A new section has been defined to contain data for delayed neutrons

from fission (MT = 455). See Section 6.5 of this report for details.



File 2 Changes

1) The test, LRF, indicating the type of resolved resonance formula
used, have been expanded to include:
LRF = 1, single-level Breit-Wigner parameters are given
= 2, multilevel Breit-Wigner parameters are given
= 3, R-Matrix (Reich=Moore) multilevel parameters
are given (added)
= 4, Adler-Adler multilevel resonance parameters
are given (added).
2) All materials will contain a File 2, For those materials where
resolved and/or unresolved are not given, File 2 will contain the
effective scattering radius. See Section 7.1 for details.
3) The test, LIS, has been removed. This means that the elastical
scattering cross section always must be calculated using the resolved
or unresolved resonance parameters.
4) The constant, "C'" (a constant used in calculating the penetration
factor) has been replaced by a quantity, AWRI. AWRI is defined as the
ratio of the mass of a particular isotope to that of a néutron. ngn

is to be calculated by using

AWRI
C = 2,196771 X 10-3 % AP
AWRI + 1.0

where AP is the effective scattering radius, This change effects both

the resolved and unresolved resonance region.

0-2



5) A new option for specifying unresolved resonance parameters has been
added. This new option is indicated by the test LRF = 2. This means

that all average resonance parameters (level spacing, the width of an
unspecified competitive reaction, the reduced neutrons width, the radiation
width, and the fission width) may be given as a function of incident neutron
energy. Energy dependent parameters may be given for each £ - J state.

See Section 7.3 for details.

File 3 Changes

1) The reaction Q value has been defined as the kinetic energy (in eV)
released by (positive Q values) or required for (negative Q values) a

reaction. Also the threshold energy is given by

AWR + 1.0
Ben = o Qb

where AWR is the atomic weight ratio given on the HEAD record.
2) The maximum number of allowed energy points per section have been increased
from 2000 to 5000.
3) An initial state indicator has been added to the HEAD record. This
will allow an inclusion of cross section data for metastable states;
therefore more than one section may be given for the same reaction type
(MT' number),

File 4 (No Changes)

File 5 Changes

1) The definition of LF = 3 (discrete energy loss law) was changed to read:

f(E—:E’)=6|:E’-é_2._i_lE % @& 6}

(4 + 1)? A+ 1
where A = AWR and 6 is the level excitation energy (positive value).
2) T and LT have been removed from the TABl records that contain p(E) for
the cases where LF = 5, 7, or 9. A value, U, replaces T. U was introduced
to define the proper upper limit for the seondary neutron energy distributions
such that
0<E'<E -U

where E', E, and U are given in the laboratory system. Further, the



normalization constant for LF = 7 and LF = 9 have been re-defined to
account for the use of U.
3) The use of LF = 2, 4, 6, and 8 have been deleted.
All Files
1) Certain reaction type numbers (ML numbers) have been changed. These

are (see Appendix B for definitions):

0ld MT Number New MT Number
5 51
6 52
7 53
8 54
9 55
10 56
11 57
12 58
13 59
14 60
15 91
27 No longer used
29 No longer used
51 61
52 62
53 63
80 90
109 (not assigned) 109 (n, 3o) cross section
455 (not assigned) 455 Delayed neutrons from fission

700 - 799 (not assigned) 700-799 Assigned (See Appendix B).
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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 details.






