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Desoription of the DLG99IHUGO Package of Photon Interaction 
Data i n  EUDF/B-V Format 

R. W. Roussin, J. R. Knight*, J. H. Hubbell,** 
and R.  J. Howerton*** 

ABSTRACT 

A new photon i n t e r a c t i o n  d a t a  l i b r a r y ,  DLC-99/HUGO, is 
descr ibed.  The l i b r a r y  was prepared by inco rpo ra t i ng  newly 
eva lua ted  d a t a  from t h e  National Bureau of Standards wi th  
t h a t  from an  e x i s t i n g  d a t a  l i b r a r y ,  DLC-7F/HPICE, which i s  
t h e  ENDF/B-IV photon i n t e r a c t i o n  da ta .  It con ta in s  p a i r  and 
t r i p l e t  c r o s s  s e c t i o n s ,  p h o t o e l e c t r i c  c r o s s  s e c t i o n s ,  and 
atomic form f a c t o r s  and t h e  corresponding coherent  s c a t t e r i n g  
c r o s s  s ec t i ons .  Evaluated d a t a  i n  ENDF/B-V format are 
provided f o r  e lements  Z=1 t o  100. The d a t a  package, 
a v a i l a b l e  from t h e  Radia t ion  Sh ie ld ing  Information Center 
(RSIC) a t  Oak Ridge Nat ional  Laboratory, w i l l  be submit ted t o  
CSENG f o r  cons ide ra t i on  a s  t h e  ENDF/B-V Photon I n t e r a c t i o n  
Library.  Two computer codes, EDPHOT f o r  s e l e c t i v e l y  p r i n t i n g  
t h e  d a t a  and COMP23 f o r  comparing two photon i n t e r a c t i o n  
l i b r a r i e s ,  a r e  a l s o  provided. 

INTRODUCTION 

A photon i n t e r a c t i o n  d a t a  l i b r a r y  was first placed i n  t h e  

Radiat ion Sh ie ld ing  Information Center (RSIC) Data Library  Co l l ec t i on  

(DLC) '  i n  1969. The eva lua t ion  was based on work by McMaster et a l .  2 

and Plechaty and   err all^ and made a v a i l a b l e  i n  ENDF format.  4 

Designated DLC-7/HPICE, t h e  d a t a  compilat ion served,  wi th  minor 

modi f ica t ion ,  as t h e  CSEWG-approved photon i n t e r a c t i o n  l i b r a r y  f o r  t h e  

Evaluated Nuclear Data F i l e  f o r  ENDF/B-I1 and -111.~ I n  1975 an  

ex tens ive  r e v i s i o n  was made based on t h e  work of  Hubbell e t  a l e 6  and 

the  r e s u l t i n g  d a t a  l i b r a r y ,  DLC-7E, with minor modi f ica t ions ,  served a s  

t h e  ENDF/B-IV'I photon i n t e r a c t i o n  da ta .  The h i s t o r y  of  t h e  DLC-7 

series i s  summarized i n  Appendix A. 

---- --- 
*Computer Sc iences  Div is ion ,  Oak Ridge Nat ional  Laboratory. 
**National Bureau of  Standards.  
***Lawrence Livermore Nat ional  Laboratory. 



The new data library, DLC-991~~~0, a major revision of the basic 

data library excerpted from data compiled at NBS by one of the authors 

(J. H. Hubbell), has been placed in the ENDFIB-V format8 and is 
9 intended to serve as the ENDFIB-v photon interaction data. As with 

the DLC-7 series, the current library was assembled by a collaboration 

of the principal evaluators and RSIC. During this exercise, an editing 

computer code (EDPHOT) was modified and updated to handle ENDFIB-V 

formats and was used to compare and examine the data. In addition, 

another computer code (COMP23) was used in detailed comparisons to 

compare DLC-99 with DLC-7. Both are included as part of the package. 

FEATURES OF THE NEW EVALUATION 

General 

Data are provided for elements Z=1 to 100. Both cross-section 

data (ENDF file 23) and coherent scattering form factors and incoherent 

scattering functions (ENDF file 27) are included as part of the same 

library. The cross section energy range is 1 keV to 100 MeV. The 

scattering function and form factor data are tabulated as a function of 

inverse angstroms over the range from 0 to lo9 11-1. 

The DLC-99/HUGO data are in ENDFIB-V format. There is no practical 

difference between the data representation for photon interactions in 

ENDFIB-IV and -V. The user may need to modify existing programs that 

now access DLC-7 in order to properly read an extra record at the start 

of each material in DLC-99. There is additional information allowed in 

the dictionary in the ENDF/B-V format. The parameter, MOD, can be used 

to indicate that the data set for a particular reaction is carried over 

from the previous version (MODSO), is new for this version (MOD=l), or 

has been revised (MOD>1) since the release of the particular version of 

ENDFIB. 



Discuss ion  of  Ind iv idua l  Processes  

A b r i e f  d e s c r i p t i o n  of  t h e  sources  of evaluated d a t a  f o r  t h e  

va r ious  photon i n t e r a c t i o n  processes  included i n  DLC-99 are g iven  i n  

t h e  s e c t i o n s  t h a t  follow. 

Coherent S c a t t e r i n g  

The r e l a t i v i s t i c  a tomic form f a c t o r s  and corresponding photon 

coherent  s c a t t e r i n g  c r o s s  s e c t i o n s  of Hubbell and ~ v e r b d ' ~  were used 

f o r  t h e  MF=27,MT=502, and MF=23,MT=502 d a t a ,  r e s p e c t i v e l y ,  i n  

DLC-99/HUGO. These provide new va lues  f o r  t h e  ENDF/B-V l i b r a r y .  

Incoherent  S c a t t e r i n g  

Incoherent  s c a t t e r i n g  f u n c t i o n s  and corresponding incoheren t  

s c a t t e r i n g  c r o s s  s e c t i o n s  of  Hubbell et a1.6 were used f o r  t h e  

MF=27,MT=504 and MF=23,MT=504 d a t a ,  r e spec t ive ly .  These a r e  t h e  same 

as were used f o r  DLC-7E, t h e  ENDF/J3-IV f i l e .  Data f o r  helium, however, 

have been r ev i sed  s l i g h t l y  f o r  DLC-99/HUGO i n  o rde r  t o  i nco rpo ra t e  a 

r e v i s i o n  published by ~ u b b e l l "  i n  1977. 

P a i r  and T r i p l e t  Production 

For DLC-99, t h e  components of e lec t ron-pos i t ron  p a i r  product ion 

c r o s s  s e c t i o n s  are provided as MF=23,MT=515 ( p a i r  product ion e l e c t r o n  

f i e l d )  and MF=23,MT=517 ( p a i r  product ion nuc lear  f i e l d ) .  A t o t a l  

product ion c r o s s  s e c t i o n  i s  a l s o  provided (MF=23,MT=516) as t h e  sum of 

t h e  two components. The d a t a  were taken from t h e  work of  Hubbell, 

G i m m ,  and overbd. l 2  The d a t a  f o r  MT.517 refer t o  coherent  product ion 

where the  atom r e c o i l s  without  i n t e r n a l  e x c i t a t i o n ,  and MT=515 refers 

t o  incoherent  product ion i n  which t h e  atom is e i t h e r  exc i t ed  o r  ion ized  

( t r i p l e t  product ion) .  These components were not  e x p l i c i t l y  provided i n  

DLC-7. 



P h o t o e l e c t r i c  Cross Sec t ion  

The p h o t o e l e c t r i c  c r o s s  s e c t i o n s  were evaluated based on t h e  

t h e o r e t i c a l  work of  ~ c o f i e l d ' ~  us ing  procedures descr ibed and 

implemented by Hubbell e t  al.  "I5 The d a t a  a r e  presented a s  HP=23, 

MT=602. 

COMPARISON OF DLC-99/HUGO AND DLC-7/HPICE 

While t h e  o v e r a l l  knowledge of photon i n t e r a c t i o n  c r o s s  s e c t i o n s  

is much b e t t e r  t han  t h a t  f o r  neutrons,  t h e  r ecen t  eva lua t ion  work c i t e d  

i n  t h e  r e f e r e n c e s  t o  t h i s  r e p o r t  r e f l e c t  ref inements  which a r e  worth 

i nco rpo ra t i ng  i n t o  c a l c u l a t i o n a l  schemes used f o r  r a d i a t i o n  t r a n s p o r t  

ana lys i s .  To g ive  a  genera l  feel f o r  t h e  q u a l i t a t i v e  changes between 

DLC-99 and DLC-7, some comparison p l o t s  are provided. 

The p h o t o e l e c t r i c  (MT=602), coherent  s c a t t e r i n g  (MT=502) and t o t a l  

p a i r  product ion (MT=516) c r o s s  s e c t i o n s  from DLC-99 and DLC-7 are shown 

f o r  hydrogen, beryl l ium, i r o n ,  l e a d ,  and uranium i n  Figs.  1-5, 

r e spec t ive ly .  More d e t a i l  I n  t h e  p h o t o e l e c t r i c  c r o s s  s e c t i o n  f o r  i r o n ,  

l e ad ,  and uranium are shown i n  Figs. 6-8, r e spec t ive ly .  

During t h e  p repa ra t i on  of DLC-99, d e t a i l e d  comparisons between t h e  

two d a t a  l i b r a r i e s  were made. I n  gene ra l ,  t h e  maximum change i n  t h e  

coherent  s c a t t e r i n g  c r o s s  s e c t i o n  f o r  DLC-99 ranged from about 1% 

higher  f o r  i r o n  t o  16% higher  f o r  plutonium, with t h e  low-Z materials 

being e s s e n t i a l l y  t h e  same. The t o t a l  p a i r  product ion c r o s s  s e c t i o n  

for  DLC-99 is a l s o  h ighe r ,  ranging  from a maximum of  about  3% f o r  low-Z 

t o  about 12% f o r  high-Z, t h e  maximum d i f f e r e n c e  occu r r ing  i n  the 1 t o  3 

MeV region.  The p h o t o e l e c t r i c  process  shows l a r g e  sys temat ic  

d i f f e r e n c e s  f o r  t h e  low-2 materials f o r  e n e r g i e s  above 1 MeV, DLC-99 

being h igher .  I n  a d d i t i o n ,  f o r  high-Z materials a t  low energy, i n  t h e  

v i c i n i t y  of abso rp t ion  edges,  some s u b s t a n t i a l  d i f f e r e n c e s  are seen. 

These are usua l ly  due t o  re f inements  i n  t h e  p r e c i s e  l o c a t i o n  o f  t h e  

edges between t h e  two l i b r a r i e s .  
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PLOT 1 

Fig. 1 .  Comparison of DLC-7/HPICE and DLC-99/HUGO coherent 
(MT=502), production (MT=516) and photoelectric (MT=602) cross sect ions  
for hydrogen. 
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PLOT 1 

ENERGY LEV1 

Fig. 2. Comparison of DLC-7/HPICE and DLC-99/HUGO coherent 
(MT=502), production (MT=516) and photoelectric (MT=602) cross sections 
for beryllium. 
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PLOT I 

Fig. 3 .  Comparison of DLC-7/HPICE and DLC-99/HUGO coherent 
(MT=502), production (MT=516) and photoelectric (MT=602) cross sections 
for iron. 
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Fig. 4 .  Comparison of DLC-7/HPICE and DLC-99/HUGO coherent 
(MT=502), production (MT=516) and photoelectric (MT=602) cross  sect ions  
for  lead. 
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U DLC-71ENDF/B- IVI  VS DLC-99(ENDF/B-V) 

PLOT 1 

Fig. 5. Comparison of  DLC-7 /HPICE and DLC-99/HUGO coherent  
(MT=502), product ion (MT=516) and p h o t o e l e c t r i c  (MT=602) c r o s s  s e c t i o n s  
f o r  uranium. 
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FE DLC-7(ENDF/B- IV I  V S  DLC-99IENDF/B-VI 
PHOTOELECTRIC EFFECT CROSS SECTION PLOT 1 

ENERGY (EV I  

Fig. 6 .  Detailed comparison of DLC-7/HPICE and DLC-99/HUGO 
photoelectric cross sections for iron. 
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PB DLC-7 [ENDF/B- IV)  VS DLC-99(ENDF/B-VI  

PHOTOELECTRIC EFFECT CROSS SECTION PLOT 1 

Fig. 7. De t a i l ed  comparison of DLC-7/HPICE and DLC-gg/HUGO 
p h o t o e l e c t r i c  c r o s s  s e c t i o n s  f o r  l ead .  
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U DLC-7IENDF/B-IVI VS DLC-99(ENDF/B-VI 
PHOTOELECTRIC EFFECT CROSS SECTION PLOT 2 

F i g .  8 .  Detailed comparison of DLC-7/HPICE and DLC-99/HUGO 
photoelectric cross sections for uranium. 



CONTENTS OF THE DLC-99/HUGO PACKAGE 

The DLC-99/HUGO package can be obtained by mail ing a  2400-ft  reel 

of magnetic t ape  to:  

Radia t ion  Sh ie ld ing  Information Center 

Oak Ridge Nat ional  Laboratory 

P.O. Box X 

Oak Ridge, TN 37830 

The package con ta in s  t h e  photon i n t e r a c t i o n  l i b r a r y  i n  ENDF/B-V format 

f o r  m a t e r i a l s  Z=1 through 100. Two programs a r e  provided f o r  e d i t i n g  

and comparing t h e  d a t a ,  EDPHOT and COMP23, r e spec t ive ly .  A b r i e f  

d e s c r i p t i o n  of t h e  codes i s  provided i n  Appendix B. Sample i n p u t  and 

output  are a l s o  provided i n  t h e  package t o  demonstrate t h e  use  of t h e  

codes. 

The genera l  con ten t s  of t h e  da t a  l i b r a r y  a r e  given i n  Table  1 .  

Table 1. S t r u c t u r e  and con ten t s  of t h e  d a t a  f i l e s  g iven  

f o r  each element i n  DLC-99 

Number 
- - 

F i l e  Reaction Descr ip t ion  

H o l l e r i t h  d e s c r i p t i o n  of  t h e  d a t a  
Tota l  c r o s s  s e c t i o n  
Coherent s c a t t e r i n g  c r o s s  s e c t i o n  
Incoherent  s c a t t e r i n g  c r o s s  s e c t i o n  
Incoherent  p a i r  product ion c r o s s  

s e c t i o n  ( t r i p l e t )  
Tota l  p a i r  product ion c r o s s  s e c t i o n  
Coherent p a i r  product ion c r o s s  

s e c t i o n  
P h o t o e l e c t r i c  c r o s s  s e c t i o n  
Coherent s c a t t e r i n g  form f a c t o r s  
Incoherent  s c a t t e r i n g  f u n c t i o n s  
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APPENDIX A. History of t he  DLC-7/HPICE Library 

The DLC-7/HPICE d a t a  package has  been modified severa l  times s i n c e  

its i n i t i a l  r e l e a s e .  Various ve r s ions  of t he  d a t a  l i b r a r y  have served 

as t h e  o f f i c i a l  ENDF/B Photon I n t e r a c t i o n  Data Library. A summary of 

t h i s  h i s t o r i c a l  information i s  provided i n  Table Al. 

Table A 1 .  History of t he  DLC-7/HPICE d a t a  package 

Designat ion Date ENDF/B 
vers ion  Comments 

DLC-7C Jan. 1970 ENDF/EbII Named ENDF/l3-I1 photon 
i n t e r a c t i o n  d a t a  l i b r a r y .  

DLC-7D Apr. 1971 ENDF/B-I11 Pa i r  product ion increased  by 
3-55 a t  4 MeV f o r  a l l  Z ;  
incoherent  s c a t t e r i n g  co r rec t ed  
a t  0.8 EeV f o r  Z=31 t o  34. 

DL C-7 E J u l y  1975 ENDF/B-IV F i l e  27 d a t a  added & 
corresponding f i l e  23 c r o s s  
s e c t i o n s  replaced e x i s t i n g  ones. 

DLC-7F Oct. 1975 ENDF/B-IV F i l e  23 d a t a  f o r  coherent and 
incoherent  s c a t t e r i n g  changed 
s l i g h t l y  due t o  use of 1973 
Fundamental Constants. * 

. . - - . ^ _ _ _ . _ _ _  -I.---- -- -.--I--"--- 
*E. R. Cohen and B. N. Taylor,  "The 1973 Least-Squares Adjustment of 

t h e  Fundamental Constants,  J. Phvs,--C~-Ref,J2a!a, (2) 4: 663 
(1973). 



APPENDIX B. The EDPHOT and COMP23 Computer Codes f o r  

Edi t ing* and Comparing Photon I n t e r a c t i o n  Data i n  

ENDF Format 

EDPHOT: A Computer Code f o r  Ed i t i ng  Photon I n t e r a c t i o n  Data 

i n  ENDF Format 

The EDPHOT computer code was developed by modifying an  ENDF 

p l o t t i n g  and e d i t i n g  computer code, PLOTFB, t o  e d i t  photon i n t e r a c t i o n  

da t a .  S ince  PLOTFB i s  very genera l ,  t h e  EDPHOT program i s  somewhat 

i n e f f i c i e n t  and t h e  coding d i f f i c u l t  t o  fol low.  It can, however, 

provide e d i t s  of  both MF=23 c r o s s  s e c t i o n s  and MF=27 coherent  

s c a t t e r i n g  form f a c t o r s  and incoheren t  s c a t t e r i n g  func t ions .  An 

e a r l i e r  v e r s i o n  of EDPHOT, EDIT-23, is a v a i l a b l e  i n  t h e  DLC-7/HPICE 

d a t a  package. 

EDPHOT Input  Data 

A )  Option Card 

The inpu t  ca rds  t o  t he  program c o n s i s t  of one card spec i fy ing  t h e  

i n p u t ,  output  op t ions  f o r  t he  program, followed by up t o  50 d a t a  

reques t s .  The con ten t s  of t h e  first card  and i n t e r p r e t a t i o n  o r  

r e s t r i c t i o n s  are a s  fo l l ows  (Format 615):  

F i e ld  

1 Logical  number of ENDF/B inpu t  d a t a  u n i t  ( g r e a t e r  than 

z e r o ) .  

2  Any number g r e a t e r  t han  zero .  

3 Mode of t h e  i npu t  t ape  ( 1  - BCD; 2 - BINARY). 

----- -- -- - 
*The word " e d i t n  he re  means a  s e l e c t i v e  p r i n t o u t  of t h e  d a t a  wi th  

meaningful l a b e l s .  



4 ENDF/B tape  l a b e l  number ( g r e a t e r  than  z e r o  - read and 

check tape  l a b e l )  (equa l  ze ro  - read tape  l a b e l ;  do not 

check i t )  ( l e s s  t han  z e r o  - do not read  o r  check t ape  

l a b e l ) .  

5 L i s t i n g  s e l e c t o r  (1  - list output ;  no t  1 - no l i s t e d  

ou tpu t ) .  

6 E d i t i n g  s e l e c t o r  ( 1  - each s e c t i o n  starts a t  t h e  t op  o f  

a page) (no t  1 - minimize t h e  number of pages of 

ou tput ) .  

B) Data Request Cards 

The d a t a  r e q u e s t s  may i d e n t i f y  a set of d a t a  by MAT and/or Z A  

number. Data may then be s e l e c t e d  by f i le.  Each d a t a  reques t  card 

con ta in s  (Format 15,F10.0,5X,213): 

F i e l d  

1 ENDF/B Material number (MAT). 

2 ENDF/B Z A  number ( f l o a t i n g  poin t :  1000.*2 + A )  

3 The number 23 ( f o r  F i l e  23 i n  t h e  ENDF Format) i s  always 

punched i n  t h i s  f i e l d .  

4 The number 27 ( f o r  F i l e  27 i n  t h e  ENDF Format). 

The list of reques t  ca rds  must be terminated by a card having 

blank PLAT and Z A  f i e l d s .  

To o b t a i n  t h e  con ten t s  of an e n t i r e  t ape ,  t h e  MAT and ZA f i e l d s  of  

t he  first r eques t  card should be blank. 

COMP23. A  Computer Code f o r  Ed i t i ng  and Comparing Two Photon 

I n t e r a c t i o n  Cross S e c t i o n  L i b r a r i e s  i n  ENDF Format 

COMP23 can be used t o  e d i t  and compare photon i n t e r a c t i o n  c r o s s  

s e c t i o n s  from two l i b r a r i e s .  It i s  u s e f u l  i n  a s s e s s i n g  t h e  impact of  

changes when a new eva lua t ion  of  photon i n t e r a c t i o n  d a t a  is 

contemplated. The presen t  v e r s i o n  w i l l  compare only t h e  c ros s - sec t ion  



d a t a  ( i . e . ,  MF=23) i n  ENDF terminology. Most of t h e  sub rou t ines  a r e  

s tandard  ENDF r e t r i e v a l  rou t ines .  1 

The "oldn d a t a  are compared t o  t h e  "neww d a t a ,  a d i f f e r e n c e  i s  

c a l c u l a t e d  a t  each energy poin t  and, i f  any d e v i a t i o n  g r e a t e r  than  t h e  

t o l e r ance  EPS is de t ec t ed ,  t h e  o ld ,  new, and d i f f e r e n c e  a r e  p r in t ed  i n  

t a b u l a r  form. I f  necessary,  t h e  d a t a  sets a r e  placed on a common 

energy g r i d  by i n t e r p o l a t i o n .  The d e f a u l t  t o l e r ance  i s  1%. 

The two l i b r a r i e s  must be i n  t h e  same ENDF mode, which can be 

e i t h e r  BCD o r  binary.  The d a t a  may be i n  d i f f e r e n t  format ,  i. e. , 
ENDF/EIV o r  -V. 

COMP23 Logical Unit Assignment 

"oldn d a t a  Logical Unit 1 

"newn d a t a  Logical Unit 2 

COMP23 Input  Data Requirements ( 2  c a r d s )  

Card 1. Format (15,E10.3) 

F i e ld  

1 Mode of t h e  two l i b r a r i e s  (1  - l i b r a r y ,  2 - BCD). 

2 Tolerance of t h e  comparison (0.01 - 1 % ) .  A z e r o  o r  

blank g ive  d e f a u l t  t o l e r ance  of 1%. 

Card 2. Format (215) 

F i e ld  

1 Format of  t h e  "oldn l i b r a r y  (4 - ENDF/&IV, 5 - 
EEJDF/B.V). 

2 Format f o r  "newn l i b r a r y  ( 4  - ENDF/B-IV, 5 - ENDF/B-V). 
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