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ABSTRACT 

A f i l e  of r a d i o a c t i v e - n u c l i d e  decay d a t a  f o r  ENDFIB h a s  been 

e s t a b l i s h e d .  The i n f o r m a t i o n  i s  s t o r e d  on magnet ic  t a p e  i n  a  r e a d a b l e ,  

card-image fo rmat .  For each n u c l i d e  ( o r  i s o m e r i c  s t a t e )  t h e  a tomic  

number, mass number and h a l f - l i f e  a r e  g iven ,  t o g e t h e r  w i t h  t h e  observed 

decay modes ( i n c l u d i n g  B-, B', e l e c t r o n - c a p t u r e ,  i s o m e r i c - t r a n s i t i o n ,  

a ,  delayed-neutron and s p o n t a n e o u s - f i s s i o n  decay) .  For each decay mode 

t h e  a s s o c i a t e d  b ranch ing  r a t i o  and t h e  a v a i l a b l e  decay energy (where 

d e f i n e d )  a r e  l i s t e d .  For each r a d i a t i o n  t y p e ,  t h e  e n e r g i e s  and i n t e n -  

s i t i e s  o f  t h e  i n d i v i d u a l  t r a n s i t i o n s  a r e  g i v e n ,  t o g e t h e r  w i t h  a  normali-  

z a t i o n  f a c t o r  t o  c o n v e r t  r e l a t i v e  i n t e n s i t i e s  t o  a b s o l u t e  i n t e n s i t i e s .  

I n  a d d i t i o n ,  i n t e n s i t y - w e i g h t e d  average  e n e r g i e s  a r e  i n c l u d e d  f o r  B , 

y  and a t r a n s i t i o n s .  For t h e  i n d i v i d u a l  y-ray t r a n s i t i o n s ,  p r o v i s i o n  

i s  made f o r  i n c l u s i o n  of t h e i r  t o t a l  i n t e r n a l - c o n v e r s i o n  c o e f f i c i e n t s .  

U n c e r t a i n t i e s  f o r  a l l  t h e  measured q u a n t i t i e s  a r e  a l s o  g iven .  Docu- 

menta t ion  of t h e  s o u r c e s  from which t h e  d a t a  were t aken  and o t h e r  

p e r t i n e n t  i n f o r m a t i o n  a r e  i n c l u d e d  a s  comments f o r  each n u c l i d e .  The 

format  i n  which t h e  d a t a  a r e  p repared  (and from which they  a r e  t r a n s l a t e d  

i n t o  t h e  ENDFIB format )  i s  p r e s e n t e d  and d i s c u s s e d .  A l is t  of t h e  198 

n u c l i d e s  f o r  which decay d a t a  a r e  i n c l u d e d  i n  t h i s  f i l e  a s  of June ,  

1974, and i n  Vers ion  I V  of ENDF/B i s  g iven .  
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I. INTRODUCTION 

H i s t o r i c a l l y ,  t h e  s t u d y  of t h e  decay p r o p e r t i e s  of r a d i o a c t i v e  

n u c l i d e s  has  proved t o  b e  a  h i g h l y  p r o d u c t i v e  s o u r c e  of impor tan t  

i n f o r m a t i o n  of b o t h  a  b a s i c  and an  a p p l i e d  c h a r a c t e r .  I n  t h e  a r e a  of 

b a s i c  n u c l e a r  p h y s i c s ,  such s t u d i e s  have p rov ided  much of t h e  e x p e r i -  

menta l  b a s i s  f o r  our  p r e s e n t  unders tand ing  of t h e  n u c l e u s ,  a s  embodied 

i n  c u r r e n t  models of n u c l e a r  s t r u c t u r e .  I n  t h e i r  a p p l i c a t i o n  t o  o t h e r  

a r e a s ,  r a d i o a c t i v e - n u c l i d e  decay d a t a  a r e  d i r e c t l y  r e l e v a n t  t o  and of 

v i t a l  importance i n  a  wider  range of d i s c i p l i n e s  and a p p l i e d  a r e a s  t h a n  

is  any o t h e r  ca tegory  of n u c l e a r  d a t a .  

I n  r e c o g n i t i o n  of t h e  p r e s s i n g  need f o r  n u c l e a r  decay d a t a  i n  a  

v a r i e t y  of r e a c t o r - r e l a t e d  a p p l i c a t i o n s ,  t h e  sFope of t h e  Eva lua ted  

Nuclear  Data  F i l e  (ENDFIB) h a s  r e c e n t l y  been expanded t o  i n c l u d e  such 

in format ion .  The impetus f o r  t h i s  expansion was p rov ided  by t h e  need 

f o r  a  r e l i a b l e  and common d a t a  b a s e  t o  b e  used i n  computer codes 

developed t o  c a r r y  o u t  "summation" c a l c u l a t i o n s  of t h e  decay-heat  

s o u r c e  term i n  r e a c t o r  c o r e s .  (See r e f e r e n c e s  1-3 f o r  d e s c r i p t i o n s  of 

t h r e e  computer codes c u r r e n t l y  used t o  c a r r y  o u t  such c a l c u l a t i o n s ,  a s  

w e l l  a s  f o r  d i s c u s s i o n s  of t h e  summation method i t s e l f . )  The F i s s i o n -  

Produc t  F i l e  of ENDFIB-IV was t o  c o n s t i t u t e  t h i s  d a t a  b a s e ;  and ,  

consequen t ly ,  t h e  f i r s t  phase  of t h i s  f i l e - e x p a n s i o n  e f f o r t  was d i r e c t e d  

toward p r o v i d i n g  r a d i o a c t i v e - n u c l i d e  decay d a t a  f o r  i n c l u s i o n  i n  t h e  - - ---. - ---_I_ _ _,-__ _.---l__- ----.___ -.. 
Fiss ion-Produc t  F i l e .  The r e s p o n s i b i l i t y  f o r  p r e p a r i n g  t h e  F i s s i o n -  

Produc t  F i l e  was a s s i g n e d  t o  a  s p e c i a l l y  d e s i g n a t e d  ad-hoc group - t h e  

Decay-Heat Task Force  - s e t  up under t h e  Fiss ion-Product  Subcommittee 
----- " 

-- - 

of t h e  Cross-Sect ions  E v a l u a t i o n  Work Group ( C S E W G ~ ~  Fiss ion-Produc t  
- - ̂ _C - -- " - - - 

F i l e  set up f o r  ENDFIB-IV a s  a  r e s u l t  of t h i s  e f f o r t  con ta ined  e n t r i e s  



f o r  825 n u c l i d e s ,  712  of which were  r a d i o a c t i v e ,  deemed t o  be  of 

importance f o r  t h e  decay-heat  problem. 

Our involvement  i n  t h e  n u c l i d e  decay-data a s p e c t  of t h e  work of 

t h e  Decay-Heat Task Force  had two p r i n c i p a l  emphases: 

1. t o  e s t a b l i s h  t h e  c a t e g o r i e s  of decay d a t a  t o  b e  i n c l u d e d  i n  

ENDFIB and t o  s e t  up a format  w i t h i n  which t h e s e  d a t a  cou ld  

b e  o r g a n i z e d  (and from which they could  b e  t r a n s l a t e d  i n t o  

t h e  ENDFIB f o r m a t ) ;  and 

2. t o  e v a l u a t e  t h e  e x p e r i m e n t a l  decay d a t a  and p r e p a r e  a  f i l e  

c o n t a i n i n g  such  d a t a  (where t h e y  a r e  s u f f i c i e n t l y  d e t a i l e d )  

f o r  a  number o f  f i s s i o n - p r o d u c t  n u c l i d e s  of p r i o r i t y  i n t e r e s t  

i n  t h e  decay-heat  problem f o r  i n c l u s i o n  i n  ENDFIB. 

I n  t h i s  r e p o r t  we g i v e  a  d e s c r i p t i o n  of t h e  o r g a n i z a t i o n  and 

c o n t e n t  of t h e  n u c l i d e  decay-data  f i l e  we have s e t  up a s  a  r e s u l t  of 

o u r  involvement  i n  t h e  Decay-Heat Task Force .  S e c t i o n  I1 c o n t a i n s  a  

d i s c u s s i o n  of t h e  t y p e s  of d a t a  i n c l u d e d  i n  t h e  f i l e ,  t h e  format  i n  

which we p r e p a r e  t h e s e  d a t a  and a  l i s t  of t h o s e  n u c l i d e s  f o r  which 

e x p e r i m e n t a l  d a t a  a r e  p r e s e n t l y  ( a s  of June ,  1 9 7 4 )  i n c o r p o r a t e d  i n t o  

t h e  f i l e .  S e c t i o n  I11 g i v e s  a  d i s c u s s i o n  of s p e c i f i c  a s p e c t s  of t h e  

i n c l u d e d  d a t a  as a g u i d e  t o  t h e i r  use .  S e c t i o n  I V  d e a l s  w i t h  modif i -  

c a t i o n s  t o  t h e  f i l e  d a t a  which w i l l  p robab ly  b e  made i n  f u t u r e  v e r s i o n s .  



11. DATA CONTENT AND INPUT FORMAT FOR THE DECAY-DATA FILE 

1. Data  Content  of t h e  F i l e  

The impetus f o r  t h e  p r e p a r a t i o n  of t h e  f i l e  was t h e  need f o r  a  

r e l i a b l e  (and commonly a v a i l a b l e )  d a t a  b a s e  f o r  "summation" c a l c u l a t i o n s  

of t h e  decay-heat s o u r c e  term i n  r e a c t o r  c o r e s .  For t h e s e  c a l c u l a t i o n s  

one needs  on ly  t h e  fo l lowing  decay i n f o r m a t i o n :  h a l f - l i f e ;  average  

be ta - ray  energy,  ( E ), e m i t t e d  p e r  decay; and average  gamma-ray energy ,  
B 

( E ~ ) ,  e m i t t e d  p e r  decay?. Consequent ly ,  a  n u c l i d e  decay-data f i l e  

adequa te  on ly  f o r  t h e  needs  of t h e  decay-heat source- term problem could 

b e  set up w i t h  a  r e l a t i v e l y  s m a l l  d a t a  c o n t e n t .  

However, nucl ide-decay d a t a  a r e  impor tan t  f o r  any measurement 

problem i n v o l v i n g  p r e c i s e  a s s a y  of r a d i o a c t i v i t y  and hence a r e  r e q u i r e d  

i n  a  wide v a r i e t y  of a p p l i e d  a r e a s  and b a s i c  d i s c i p l i n e s .  A few examples 

of such a r e a s  a r e  t h e  f o l l o w i n g :  fuel -burnup s t u d i e s  i n  r e a c t o r  sys tems;  

p r e c i s e  f i s s i o n - r a t e - d e t e r m i n a t i o n  s t u d i e s  i n  f a s t  r e a c t o r s ;  s h i e l d i n g  

requ i rements  f o r  s t o r a g e  of s p e n t  f u e l  e lements ,  con t ro l - rod  s e c t i o n s  

and s t r u c t u r a l  m a t e r i a l s  i n  r e a c t o r  c o r e s ;  r a d i o a c t i v i t y  h a z a r d s  

assessment  i n  CTR sys tems;  and env i ronmenta l  moni to r ing  of n u c l e a r  

power p l a n t s .  Consequent ly ,  i t  was dec ided  t o  s e t  up a t  t h e  o u t s e t  a  

d a t a  f i l e  of much broader  f l e x i b i l i t y  and scope  t h a n  t h e  minimum 

r e q u i r e d  f o r  t h e  decay-heat  problem a l o n e .  Once done,  t h i s  would make 

t h e  f i l e  r e a d i l y  expandable  (s imply by t h e  i n c l u s i o n  of a d d i t i o n a l  

n u c l i d e s )  w i t h o u t  t h e  need f o r  c o n t i n u a l  r e v i s i o n  of t h e  format  ( t o  

i n c o r p o r a t e  a d d i t i o n a l  c a t e g o r i e s  of i n f o r m a t i o n )  a s  i t s  u s e  was 

extended t o  i n c l u d e  o t h e r  a p p l i c a t i o n s .  

' ~ l s o  r e q u i r e d ,  of c o u r s e ,  a r e  t h e  f i s s i o n  y i e l d s  and c a p t u r e  c r o s s  
s e c t i o n s ,  b u t  t h e s e  a r e  n o t  cons idered  h e r e  s i n c e  t h e y  a r e  n o t  
c l a s s i f i e d  a s  "decay" d a t a .  



The c o n t e n t  and s t r u c t u r e  proposed f o r  t h e  decay-data f i l e  was 

f o r m a l l y  adopted by t h e  r e l e v a n t  subcommittees of CSEWG a t  t h e  May, 1973 

meet ing a t  Brookhaven N a t i o n a l  Labora to ry  (BNL). On t h e  f i l e ,  t h e  

n u c l i d e s  a r e  a r ranged  i n  o r d e r  of i n c r e a s i n g  a tomic number ( Z ) .  For a  

g i v e n  Z-value, t h e  n u c l i d e s  a r e  a r ranged  i n  o r d e r  of i n c r e a s i n g  mass 

number ( A ) .  I somers  ( a r b i t r a r i l y  r e s t r i c t e d  t o  e x c i t e d  s t a t e s  w i t h  

h a l f - l i v e s  2 0.1  s e c )  a r e  t r e a t e d  a s  s e p a r a t e  c a s e s  and appear  on t h e  

f i l e  immediately fo l lowing  t h e i r  a s s o c i a t e d  ground s t a t e  (when t h e  

l a t t e r  a r e  r a d i o a c t i v e ) .  I n  a d d i t i o n  t o  Z ,  t h e  chemical  symbol, A ,  

and an  "isomer tag" ,  t h e  f o l l o w i n g  i n f o r m a t i o n  i s  g i v e n  f o r  each 

n u c l i d e .  A number of comment c a r d s  a r e  i n c l u d e d  which g i v e  r e f e r e n c e s  

from which t h e  l i s t e d  d a t a  were  t a k e n  t o g e t h e r  w i t h  r e l e v a n t  remarks 

concerning s p e c i f i c  a s p e c t s  of t h e  d a t a  and /or  how t h e y  were  t r e a t e d .  

The h a l f - l i f e ,  i t s  u n c e r t a i n t y  and t h e  v a r i o u s  decay modes of t h e  n u c l i d e  

a r e  g i v e n .  These modes p r e s e n t l y  i n c l u d e  B - ,  B+ and /or  e l e c t r o n - c a p t u r e ,  

i s o m e r i c - t r a n s i t i o n ,  a l p h a - p a r t i c l e ,  delayed-neutron and spontaneous-  

f i s s i o n  decay.  For  each such  mode, t h e  a s s o c i a t e d  t o t a l  b ranch ing  r a t i o  

and i t s  u n c e r t a i n t y  a s  w e l l  a s  t h e  a v a i l a b l e  decay energy (where d e f i n e d )  

and i t s  u n c e r t a i n t y  a r e  l i s t e d .  For  each r a d i a t i o n  t y p e ,  t h e  e n e r g i e s  

and i n t e n s i t i e s  (and t h e i r  u n c e r t a i n t i e s )  of t h e  i n d i v i d u a l  t r a n s i t i o n s  

a r e  g i v e n ,  t o g e t h e r  w i t h  a  n o r m a l i z a t i o n  f a c t o r  t o  c o n v e r t  r e l a t i v e  

i n t e n s i t i e s  t o  a b s o l u t e  i n t e n s i t i e s .  I n  a d d i t i o n ,  i n t e n s i t y - w e i g h t e d  

average  e n e r g i e s  and t h e i r  u n c e r t a i n t i e s  a r e  i n c l u d e d  f o r  B , y and a 

t r a n s i t i o n s .  For t h e  i n d i v i d u a l  y-:ay t r a n s i t i o n s ,  p r o v i s i o n  i s  made 

f o r  i n c l u s i o n  of t h e i r  t o t a l  i n t e r n a l - c o n v e r s i o n  c o e f f i c i e n t s  and 

u n c e r t a i n t i e s .  



2.  Card Format of t h e  Decay-Data F i l e  

The s t a n d a r d  punched-card format  i n  which t h e s e  d a t a  a r e  e n t e r e d  

i n t o  t h e  l a b o r a t o r y  working f i l e  i s  g iven  i n  Tab le  I. T h i s  "people- 

readab le"  format  d i f f e r s  c o n s i d e r a b l y  from t h a t  i n  which t h e  d a t a  a r e  

s t o r e d  i n  ENDFIB. A program which t r a n s l a t e s  t h e  d a t a  from t h i s  format  

i n t o  t h a t  of ENDFIB h a s  been w r i t t e n  by p e r s o n n e l  a t  t h e  N a t i o n a l  Neutron 

( 4 )  Cross-Sect ion Cente r  a t  BNL . 
A t y p i c a l  example of decay d a t a  a r ranged  i n  t h i s  format  is  g iven ,  

f o r  t h e  n u c l i d e  1 2 5 ~ b ,  i n  Tab le  11. 

3 .  P r e s e n t  S t a t u s  of Decay Data  on ENDFIB-IV 

Up t o  t h e  p r e s e n t  t i m e  ( June ,  1974) ,  we have p repared  exper imenta l  

decay d a t a  f o r  198 r a d i o a c t i v e  n u c l i d e s  f o r  i n c l u s i o n  i n  ENDFIB-IV. A 

l i s t  of t h e s e  is  g iven  i n  Tab le  111. Fiss ion-produc t  n u c l i d e s  account  

f o r  180 of t h e s e  e n t r i e s ;  and t h e i r  decay d a t a  w i l l  b e  i n c l u d e d  i n  t h e  

F i s s ion-Produc t  F i l e .  

A s  n o t e d  i n  S e c t i o n  I above,  t h e r e  a r e  712 r a d i o a c t i v e  n u c l i d e s  

f o r  which decay i n f o r m a t i o n  is r e q u i r e d  f o r  t h e  c a l c u l a t i o n  of t h e  

f i s s i o n - p r o d u c t  decay-heat  s o u r c e  term. The cho ice  of t h e  180 f i s s i o n -  

p roduc t  n u c l i d e s  p r e s e n t l y  i n c l u d e d  i n  our  f i l e  was determined p r i m a r i l y  

by t h e  r e l a t i v e  importance of t h e i r  p r e d i c t e d  c o n t r i b u t i o n  t o  t h e  decay- 

h e a t  s o u r c e  t e r m  and by t h e  a v a i l a b i l i t y  of s u f f i c i e n t l y  d e t a i l e d  decay 

i n f o r m a t i o n  t o  p e r m i t  a  r e a l i s t i c  c a l c u l a t i o n  of t h e i r  ( E ~ )  and ( E ~ )  

v a l u e s  t o  b e  made. R e l i a b l e  decay d a t a  e x i s t  f o r  a number of t h e  

remaining % 530 n u c l i d e s ,  b u t  l i m i t a t i o n s  of t ime and manpower p rec luded  

t h e i r  be ing  i n c l u d e d  i n  t h i s  v e r s i o n  of ENDFIB; i t  i s  p lanned  t o  i n c l u d e  

them i n  subsequent  v e r s i o n s .  However, t h e  l a r g e  m a j o r i t y  of t h e s e  

remaining,  nonincluded n u c l i d e s  f a l l  i n t o  one of two c a t e g o r i e s .  Nucl ides  



TABLE I 

CARD FORMAT FOR INPUT TO THE NUCLIDE DECAY-DATA FILE 

A l l  energy v a l u e s  a r e  g i v e n  i n  keV and a l l  i n t e n s i t i e s  a r e  g iven  i n  
p e r c e n t  of decays .  

Card Type Column (s ) D e s c r i p t i o n  

1 Nucl ide  I d e n t i f i c a t i o n  (one c a r d )  

Z (Atomic Number) (Right  Adjus ted)  
A (Mass Number) (Right  Adjusted)  
Isomer Tag: 

Blank ( o r  ze ro)  i n d i c a t e s  t h e  
ground s t a t e ;  
1 i n d i c a t e s  t h e  f i r s t  i s o m e r i c  
s t a t e ;  
2 i n d i c a t e s  t h e  second i s o m e r i c  
s t a t e ,  e t c .  

Number of Comment Cards t o  f o l l o w  
( r i g h t  a d j u s t e d )  

2 Comment Cards (any number of c a r d s )  

Half-Lif  e  (one c a r d )  

These i n c l u d e  any d e s i r e d  comments 
on t h e  decay in format ion .  They 
s h o u l d  c o n t a i n  t h e  month/year t h e  
i n f o r m a t i o n  was p repared  and t h e  
r e f e r e n c e s  from which i t  was 
o b t a i n e d .  

Half - 1 i f  e  
I ts  u n c e r t a i n t y  
U n i t s  f o r  h a l f - l i f e  (one l e t t e r :  S ,  

M, H, D, Y). 
Number of decay modes of t h e  p a r e n t  
s t a t e .  [Th is  i s  e q u a l  t o  t h e  number 
of decay-mode c a r d s  ( t y p e  4)  .] 
Number of " s p e c t r a " ,  o r  d a t a  l i s t s ,  
t o  fo l low.  ( e . g . ,  0 i n d i c a t e s  no 
d a t a  l i s t s ,  2 i n d i c a t e s  two such 
l i s t s ,  e t c . )  

4 Decay Modes (one c a r d  f o r  each mode; any number of c a r d s )  

Mode of decay: 
1 = a- 
2 = B+ 
3 = I somer ic  t r a n s i t i o n  



TABLE I (con t inued)  

Card Type Column ( s )  

4 Decay Modes (con t inued)  

D e s c r i p t i o n  

4 = a l p h a  p a r t i c l e  
5 = de layed  n e u t r o n  
6  = spontaneous  f i s s i o n  

Is an i s o m e r i c  s t a t e  i n  t h e  daughte r  
nuc leus  f e d ?  

0  = no 
1 = f i r s t  i s o m e r i c  s t a t e  i n  

daughte r  is  f e d  
2  = second i s o m e r i c  s t a t e  i n  

daughte r  i s  f e d ,  e t c .  
Q-value of t h e  decay. For  isomeric-  
t r a n s i t i o n  decay,  t h i s  w i l l  b e  t h e  
energy of t h e  i s o m e r i c  s t a t e .  
U n c e r t a i n t y  ( i n  keV) i n  t h i s  Q-value. 
P e r c e n t a g e  b ranch ing  of t h i s  decay 
mode. 
U n c e r t a i n t y  i n  t h i s  b ranch ing .  

NOTE: I f  b o t h  an i s o m e r i c  s t a t e  and t h e  
ground s ta te  i n  t h e  daughte r  n u c l e u s  
a r e  f e d  i n  t h e  decay,  s e p a r a t e  c a r d s  
f o r  each shou ld  b e  p repared .  

Average Energy (one c a r d )  

Average b e t a  energy 
Its u n c e r t a i n t y  
Average gamma energy 
Its u n c e r t a i n t y  
Average a l p h a  energy 
Its u n c e r t a i n t y  

I n t e n s i t y  Normal iza t ion  (one type-6 c a r d  t o  b e  fol lowed by 
and R a d i a t i o n  Type any number of type-7 c a r d s ;  any 

number of such groups)  

1- 10 Normal iza t ion  f a c t o r  ( a b s o l u t e  i n t e n -  
s i t y l r e l a t i v e  i n t e n s i t y )  f o r  t h e  l is t  
t o  f o l l o w  i n  type-7 c a r d s .  

11-20 U n c e r t a i n t y  i n  t h e  n o r m a l i z a t i o n  
f a c t o r .  

21-30 Number of t r a n s i t i o n s  of t h i s  t y p e  
t o  b e  l i s t e d  ( r i g h t  a d j u s t e d ) .  

40 R a d i a t i o n  t y p e  (same numer ica l  
d e s i g n a t i o n  as i n  column 10 of c a r d  
4) 



TABLE I (Continued) 

Card Type Column ( s )  D e s c r i p t i o n  

7 Energy and I n t e n s i t y  In format ion  (one p e r  ca rd  i n  o r d e r  of 
i n c r e a s i n g  energy of each i n d i v i d u a l  t r a n s i t i o n  of t h e  r a d i a t i o n  
t y p e  g iven  on c a r d  6 ;  any number of c a r d s )  

Energy of t r a n s i t i o n  (gamma r a d i a t i o n  
excluded)  
U n c e r t a i n t y  ( i n  keV) of t h e  energy .  
I n t e n s i t y  of t h i s  t r a n s i t i o n .  
U n c e r t a i n t y  i n  t h i s  i n t e n s i t y  v a l u e .  

8  Gamma-ray Data  (one type-8 c a r d  fol lowed by any number of 
type-9 c a r d s )  

1-10 Normal iza t ion  f a c t o r  ( a b s o l u t e  
i n t e n s i t y l r e l a t i v e  i n t e n s i t y )  f o r  
t h e  gamma r a y s  l i s t e d  on t h e  type-9 
c a r d s  t o  fo l low.  

11-20 U n c e r t a i n t y  i n  t h e  n o r m a l i z a t i o n  
f a c t o r .  

21-30 Number of gamma r a y s  i n c l u d e d  i n  t h e  
l i s t .  T h i s  i s  e q u a l  t o  t h e  number 
of type-9 c a r d s  t o  f o l l o w .  ( r i g h t  
a d j u s t e d )  

40 0 ,  r a d i a t i o n - t y p e  d e s i g n a t i o n  f o r  
gamma r a d i a t i o n .  

9 Gamma-ray Energy and I n t e n s i t y  Data (any number of c a r d s ,  i n  
o r d e r  of i n c r e a s i n g  gamma-ray energy)  

Gamma-ray energy (E ) 
U n c e r t a i n t y  i n  Ey Y 
Gamma-ray i n t e n s i t y  (I ) 
U n c e r t a i n t y  i n  Iy Y 
I n t e r n a l - c o n v e r s i o n  c o e f f i c i e n t ,  I C C .  
(Genera l ly  g iven  o n l y  f o r  i s o m e r i c  
t r a n s i t i o n s  o r  f o r  h i g h l y  conver ted  
gamma r a y s . )  
U n c e r t a i n t y  i n  I C C .  

NOTE: I f  an i s o m e r i c  s t a t e  i n  t h e  daughte r  
nuc leus  i s  f e d ,  do n o t  i n c l u d e  i n  
t h i s  l i s t  any t r a n s i t i o n s  which 
r e s u l t  from t h e  decay of t h i s  daughte r  
i somer .  



TABLE I1 

Sample f i l e  e n t r y  showing t h e  format  i n  which t h e  nucl ide-decay d a t a  a r e  
p repared  b e f o r e  t r a n s f o r m a t i o n  t o  t h e  ENDFIB fo rmat .  

' ~ 1 1 2 5 0  St3 7 
U K E P A R E D  F O R  F I L F  : 1 2 / 7 3  CLiR 
I t F F K E N C E S :  C- 1973  K t V I S I G N  3l- L t A P S T R A - G E l V k  M A S S  TAHLF 

HALF-LIFE N.E.H3LOE\p CCHAST CIF T i iE  N I J C L I J E S  ( 1 '773) ;  
ANC P K I V A T F  COMMU'J I C A i  IOV I S E P l - ?  1 9 7 3 )  

OTHER- NUCLEAR D A T A  SHEETS 8 7 9  N0.5, 465 ( 1 3 7 2 ) .  
NOTF: F I K S T - F 3 K R I U D E N , U N I Q t ~ f  S H A P E  C 3 R ' I F C T I J Y  C D ' U S Z D E R L J  I Y 

O E R I V I Y G  <E-FlETA> FOl< HIGHEST-ENERGY BETA T R A Y  S I  TI3V 
2 - 7 5  0- 03 Y 2 2 

1 0 766, 2 • 77. 
1 1 6 2  1 . 2 . 2 3, 

86. 86 0 0 0  452  037 0 00 
1 . 0 7 1 

9 4 ,  13.5 
124. 5.7 
130. 18. 1 
241. 1.5 
3 0 2 ,  43 - 2  
445, 7.15 
621. 13.5 
0.302 1 7  3 
35.46 0.03 14.2 14.0 

116.34 0.05 1 - 1 3  0.11 0.074 
177.60 0.05 0.89 0.10 
176.29 0.32 22 -7 0 .I2 0.155 
204. C 7  0. C4 0.93 0 009 
208o0  0.2  0-63 0-  Oh 
22 7 -7 0 - 2  0.39 0.04 
321.C 0.2 1.52 0 - 1 5  
3 P O - 5  0.7 5.1 0. 3 0 -015  
408.0 0.2 0.45 0 -05 
427.9 0 - 2  100- 3.012 
443.3 0 3 1.0 0.2 
463.4 0.3 3 5  - 3  1 . 
000.6 0.2 59.8 2 5 
606.7 0 0 2  16.4 0. H 
6 3 6 - 0  0.2 30  - 4  1.9 
671.5 0.2 5 - 8 3  0 - 3 0  



TABLE I11 

L i s t  of n u c l i d e s  ( a s  of June ,  1 9 7 4 )  f o r  which decay d a t a  have been 
p repared  f o r  i n c l u s i o n  i n  ENDFIB-IV. 

t f  L A 
1 1 Y -  3  
4  3 3  45- 81 
7  34 5 5 -  8 ,  

1 0  >j 3 k -  8 4  
1 3  5 5 S F - 8 6  
16 3 6  Y F -  85'4 
19  3 6  KG- 89 
72 3 6 Y F - 9 2  
25  3 7  P?- 93 
28 3 7  i t9-  92 
3 1  3 3  5 2 -  9 1  
3 4  5 3  5 i -  94  
37  3s Y- 9 1  
40 3 9  Y - 9 ;  
43 3s Y- 97  
46  4 0  Z C -  77 
49 4 1  '16- $5'1 
52 L1 43- 9: 

55 4 1  i?- 9  ) ' A  

59 4?  ' 4 7 -  '4s 
6 1  4 3 i C - ' j " l  
6 4  43  TL-'dLt1 
6 7  4 4  911-lr)5 
7L' 4 4  211-133 
73 4 5  R I -1J ' t ' l  
76 4 5  J'4-1\>6 
74 45?14 -1J4  
82 4 5 Y i - 1 1 1 ' '  
9 5  4 6  PI?-111 
8 8  4 7  L;- l I I .  
9 1  4 7  I ' ; -119 
74  4 9  1.4-12U" 
9 7  5 d  5'4-127 

1 0 3  5 d  SU-132 
1 0 3  5 1  Sb-123 
1 0 6  5 1 5 3 - 1 3 U  
l u 9  f 1 SE-131 
1 1 2  5 1  S q - 1 3 4  
1 1 5  52  7 6 - 1 2 7  
1 1 8  5 L  T r - 1 3 1  
1 2 1  5 2  T I - 1 3 3  
1 2 4  53 1 - 1 3 1  
1 2 7  5 3  1 -134  
1 3 0  53  I - L 3 5  
1 3 3  5 4  X i - 1 3 3  
136 5.t X r - 1 3 ~ ~ 1  
1 3 9  5 4  X Z - 1 3 3  
1 4 5  55  CS-130 
1 4 5  5 5  CS-I;4" 
! 48 5 6  5 t - 1 3 7 "  
1 5 1  5 6  Y I - 1 4 1  
1 5 4  5 7  LA -141  
1 5 7  5 d  Cz -143  
1 6 0  53 C f - 1 4 . ~  
1 6 3  5 9  P9-144 1 
1 6 6  59 Ph-147 
1 6 9  CQ*J.?-147 
1 7 2  6 1  PY-14' 
1 7 5  6 1  Pb"l4-l 
1 7 8  5 1  P'q-152'4 
1 8 1  6 3  cU-153 
1 9 4  91- L'A-233 
1 9 7  4 2  1-735 
1 9 0  43 JP-237 
1 9 3  9 4  ? ' I -243  
1 9 6  9 5 1 4 - 2 4 1  

if L  A 
2  3 2 G . - 7 9  
5 33 AS- 8 ?  
8 3 4 q - - 8 3 Y  

11 3 5 3 h - 8 4 ' 4  
1 4  3 5  O R -  87  
1 7  3 5  K Q -  <%7 
23 36 ( 5 -  9:) 
23 3 7  F B -  Hd  
2 6  3 7  F O -  90Y 
?Q 3  3 SK- 89  
3 2  ? 3  SF- 97  
3 5  34 V- 5J  
3 3  3 9  Y- 91'4 
4 1  3 9  Y- 4 4  
4 4  4 0  LF- 40'4 
$7 4 d  L2- '39 
5 , ~  4 1 1 . 3 - 9 7  
53 4 1  '!Y- Q Y v  

f 4 1  :I9-130 
59 42 qrI-101 
32 4 3 T C - 1 0 1  
G5 4 1  7 0 - 1 ~ 4  
{JL 4 4  F J -106 
'1 4~ P Y - 1 0 3 Y  
7 4  4 >  cpi-105 
7 7  4 5  CY-106Y 
30 4 5  ? q - l O I Y  
8 3  ttb P3-139 
96 4 6  o T - l l l Y  
3 9  97 rG-111Y 
9 2  4 9 i V - 1 1 ? ' 4  
0 5  5 c  :':-175 
'3d 5 4  SJ-127Y 

111 5 1  SD-125 
1 0 4  5 1  59-1Z9Y 
1n7 5 1  S T - 1 3 o r  
1 1 7  5 1  Sn-132Y 
1 1 3  5 1  S8-134h4 
1 1 6  5 2  TF -129  
11 1 52  TT-131q 
1'2 5 2  T I - 1 3 3 Y  
1 3 5  5 3  1 -132  
1 1 3  5 3  1-134"  
1 3 1  53  I - 1 3 i ~ Y  
1 3 4  5 4  Xk-133Y 
1 3 7  5 4  X r -137  
1 4 0  5 5  C5-154 
L43 5 5  CS-137 
1 4 6  5 5  CS-139 
l ' t 9  5 6  8A-139 
1 ~ 2  55  3A-142 
3 5  5 7 L 4 - 1 4 2  
1 5 9  5 9  Cz-144 
1 1  59 tPK-143 
1 6 4  5 4  OF-145 
l d 7  5'3 PC-148 
1 7 0  53 :ta-149 
i 7 3  6 1  0'4-147 
1 7 6  6 1 0 " - 1 5 1  
1 7 9  6 1  k"1-153 
1 3 2  75  1 F - 1 J 7  
1 3 5  u 2  '1-733 
1 9 1  9 2  J-236 
101 1 4  P l l -239  
1 s 4  9 4  ?U-?41  
1 3 7  95  AV-243 

tt L A 
3  3 7 P S - R O  
6  3 3  45-  3 2 M  
9  34  sc- 9 4  

1'7 3 5 R C - 8 5  
1 5  36 K Q -  85 
13 3 6  KC- 8 8  
2 1  3 6  YF-  9 1  
2 4  3 7  G Y -  B9 
2 7  3 7  Fb-  9 1  
70 3 3  SK- 90 
3 3  38 SG- '33 
3 6  39  V- 93'' 
39  3') Y- 92  
42  3 9  Y- 9 5  
45 49 L C -  35 
4 8  4 1  " 8 -  '35 
5 1  41  tJ5- '37'1 
5 4  4 1  *dB- 9 9  
5 7  71 N R - 1 ~ 1  
60 42  "-'LI-152 
03  43 TC-1;)2 
66  44 h i l - 133  
5 9  4 4  RIJ-I  9 7  
7 2  4 5  Q'i-134 
75  45  FY-105Y 
7 8  45 @t i - 107  
9 1  4 >  r 'Y-110 
8 4  4 0  P3-199'4 
37 47  AG-109'4 
9 0  4 7  AG-112 
'33 49  I N - 1 2 0  
9 6  5 0  StJ-125U 
9'4 50 5bJ-12'3 

1 9 2  SL 59-127 
1 0 5  3 1  Sd-129 
1 0 3  5 1  SH-131 
111 5 1 S Y - 1 3 3  
1 1 4  52  T c - 1 2 5 Y  
1 1 7  52 Tk -129% 
1 2 9  52 T i - 1 3 2  
1 2 3  5 2 T E - 1 3 4  
1 2 6  53 1-137, 
1 2 9  53 1 -135  
1 3 2  5 4  XE-131 1 
1 3 5  54  Xc-135 
1 3 8  54  YC-138 
1 4 1  55 CS-134Y 
1 4 4  55  CS-138 
1 4 7  55  t S - 1 4 0  
1 5 6  56  HA-140 
1 5 3  5 7  LA-140 
1 5 6  55  CL -141  
1 5 9  5 8  CL-145 
1 6 2  5s DG-1+4 
1 6 5  54 Ph -146  
1 6 9  59  PQ-149 
1 7 1  h O N D - 1 5 1  
1 7 4  6 1  PY-148% 
1 7 7  b 1  PY-152 
1 0 3  6 2  8'1-153 
1 8 3  9 0 T t I - 2 3 2  
1Sh  '42 'J-734 
l Y Q  92  U-.'3R 
1 9 2  5 4  PIJ-239 
1 9 5  9 4  PU-242 
1YR 96 CY-244 



i n  t h e  f i r s t  of t h e s e  c a t e g o r i e s  r e p r e s e n t  c a s e s  f o r  which,  a l though  

t h e r e  e x i s t  e x t e n s i v e  decay d a t a ,  t h e  l a c k  of on ly  one ( o r  a  few) key 

p i e c e ( s )  of i n f o r m a t i o n  makes a  d e t e r m i n a t i o n  of t h e i r  @@) and ( E ~ )  

v a l u e s  imposs ib le .  [The most common example of t h i s  i s  t h e  e x i s t e n c e  

of p r e c i s e  y-ray energy and r e l a t i v e - i n t e n s i t y  d a t a  b u t  t h e  l a c k  of 

a b s o l u t e  i n t e n s i t i e s  ( i . e . ,  b ranch ing  r a t i o s ) . ]  Nucl ides  i n  t h e  second 

ca tegory  a r e  t h o s e  f o r  which e s s e n t i a l l y  no r e l e v a n t  decay d a t a  p r e s e n t l y  

e x i s t .  These l a t t e r  n u c l i d e s  a r e  g e n e r a l l y  t h o s e  w i t h  s h o r t  h a l f - l i v e s  

( T  < a  few minu tes )  whose s t u d y  us ing  conven t iona l  r ad iochemica l  

t echn iques  i s  d i f f i c u l t  . 
I n  a d d i t i o n  t o  t h e  180 f i s s i o n - p r o d u c t  n u c l i d e s ,  t h e  f i l e  c o n t a i n s  

d a t a  on 18 n o n f i s s i o n  p r o d u c t s .  These 18 n u c l i d e s  a r e ,  w i t h  t h e  

e x c e p t i o n  of 3~ and 1 8 7 ~ e ,  i s o t o p e s  of t h e  a c t i n i d e  e lements .  Decay 

d a t a  on t h e s e  n u c l i d e s  were  p r e p a r e d  a t  t h e  r e q u e s t  of p e r s o n n e l  of t h e  

N a t i o n a l  Neutron Cross  S e c t i o n  Cente r  a t  BNL. These d a t a  w i l l  b e  

inc luded  i n  t h e  Version-IV General-Purpose F i l e  of ENDFIB. 



111. COMMENTS ON THE CONTENT OF THE DECAY-DATA FILE 

To a s s i s t  i n  t he  use  of t he  d a t a  contained i n  t h e  f i l e ,  some 

remarks d e t a i l i n g  t h e  cons idera t ions  involved i n  t h e i r  p repa ra t ion  a r e  

appropr ia te .  ( I t  may b e  h e l p f u l  i n  t h e  fol lowing d iscuss ion  t o  r e f e r  

t o  t h e  sample d a t a  s e t  given i n  Table 11.) 

The "Comment Cards" conta in  re ferences  t o  t h e  sources from which 

the  d a t a  a r e  taken.  I n  many in s t ances ,  t hese  cards  a l s o  g ive  p e r t i n e n t  

information about s p e c i f i c  f e a t u r e s  of t h e  d a t a  and/or t h e  manner i n  

which they were t r e a t e d  i n  prepar ing  them f o r  i nc lus ion  i n  t h e  f i l e .  

I n  some cases ,  f a i r l y  r ecen t  eva lua t ions  of da t a  from a number of 

d i f f e r e n t  experiments e x i s t .  I n  many of t h e s e  cases  we have incorpora ted  

t h e  r e s u l t s  of t h e s e  eva lua t ions .  For some nuc l ides ,  t h e  c r y p t i c  

r e f e rence  "French F i l e "  i s  given. This  i n d i c a t e s  t h a t  t he  a s soc i a t ed  

d a t a  have been taken from the  March, 1973 ve r s ion  of t h e  f i ss ion-product  

decay-data l i b r a r y  of Blachot and de ~ o u r r e i l ( ~ ' ~ ) .  For those  cases  

where eva lua ted  d a t a  s e t s  were n o t  used, we have adopted a  p o l i c y  f o r  

t h i s  ve r s ion  of ENDFIB of s e l e c t i n g  f o r  each nuc l ide  only a  s i n g l e  

"best"  r e f e rence  f o r  each da t a  type r a t h e r  than of averaging t h e  r e s u l t s  

of many s t u d i e s  (where they e x i s t ) .  

The ma jo r i t y  of t h e  h a l f - l i f e  va lues  has been taken from t h e  

compilat ion by   old en") . These va lues  a r e  gene ra l ly  t h e  same a s  those  

l i s t e d  on t h e  Eleventh Ed i t i on  of t h e  Chart of t h e  Nuclides.  Thei r  

u n c e r t a i n t i e s  a r e  n o t  given on t h e  Chart ;  b u t  they have been suppl ied  

t o  us by H01den'~) .  The r ecen t  eva lua t ion  by Rudstam -- e t  a l .  (8) of 

h a l f - l i v e s  of sho r t - l i ved  f i ss ion-product  nuc l ides  has a l s o  been used 

a s  a  source  of h a l f - l i f e  information.  I n  s e v e r a l  ca ses ,  t h e  r e s u l t s  

of q u i t e  r ecen t  measurements, no t  contained i n  t hese  two compilat ions (798) 

have appeared and have been included i n  t h e  f i l e .  

12 



The decay e n e r g i e s ,  o r  Q-values, f o r  t h e  v a r i o u s  decay modes a r e  

g e n e r a l l y  t aken  from t h e  "1973" r e v i s i o n ( 9 )  of t h e  Wapstra-Gove mass 

t a b l e s .  A s  y e t  unpubl i shed ,  t h i s  compi la t ion  r e p r e s e n t s  an upda t ing  

of t h e  1971 mass t a b l e  p r e v i o u s l y  p u b l i s h e d  by t h e s e  a u t h o r s ( 1 o ) .  I n  

some c a s e s  d a t a  more r e c e n t  t h a n  t h o s e  inc luded  i n  t h i s  compi la t ion  

a r e  a v a i l a b l e ;  t h e s e  have g e n e r a l l y  been i n c o r p o r a t e d  i n  t h e  f i l e .  

Where t h e  6-decay Q-values a r e  n o t  known, t h e  t h e o r e t i c a l  v a l u e s  g i v e n  

by Garvey -- e t  a l .  ( I1)  have been used.  No Q-values a r e  g iven  f o r  t h e  

s p o n t a n e o u s - f i s s i o n  decay mode. I n  decays i n  which t h e  g round-s ta te  

and an  i s o m e r i c  s t a t e  of a  daughte r  nuc leus  a r e  bo th  popula ted ,  t h e  

Q-value g iven  f o r  t h e  l a t t e r  p r o c e s s  i s  s imply t h e  d i f f e r e n c e  of t h e  

Q-value f o r  t h e  g round-s ta te  decay and t h e  energy of t h e  i s o m e r i c  s t a t e .  

It shou ld  be  p o i n t e d  o u t  t h a t  a l l  i n t e n s i t y  v a l u e s  a r e  g iven  i n  

p e r c e n t  (of decays)  and t h a t  a l l  energy v a l u e s  a r e  g i v e n  i n  keV. 

The (E6) and (Ey) v a l u e s  a r e  i n t e n s i t y  weighted,  t h a t  i s ,  

and 

The summations i n  eqs .  (1) a r e  o v e r  a l l  t h e  i n d i v i d u a l  t r a n s i t i o n s  

(of energy E and i n t e n s i t y  I . ) .  The f a c t o r s  F and F a r e  t h e  f a c t o r s  
i 1 8 Y 

which c o n v e r t  t h e  l i s t e d  r e l a t i v e  i n t e n s i t i e s  t o  a b s o l u t e  v a l u e s  ( s e e  

Table  I ) .  The f a c t o r  f .  (E ) is  d e f i n e d  a s  t h e  r a t i o  of t h e  average  8 
1 B 

energy r e l e a s e d  by t h e  ith 6 group t o  t h e  t r a n s i t i o n  ( i . e . ,  endpoin t )  

energy,  EBi .  Th i s  f a c t o r  t a k e s  i n t o  account  t h e  f a c t  t h a t  a major 

p o r t i o n  of t h e  energy r e l e a s e d  i n  t h e  B-decay p r o c e s s  i s  c a r r i e d  by 

n e u t r i n o s .  We have c a l c u l a t e d  t h e s e  f  v a l u e s  from t h e  e x p r e s s i o n  (12) 
i 



where x ( 5  E /511.)  i s  t h e  B-ray endpoin t  energy ( i n  m c 2  u n i t s ) .  
6 i 0 

(This  r e l a t i o n  r e p r e s e n t s  a  r e - c a s t i n g  of a  s i m i l a r  one d e r i v e d  (13) 

from an  e q u a t i o n  ( I 4 )  f o r  t h e  d e n s i t y  of 4 p a r t i c l e s  p e r  u n i t  energy 

which accounts  approximately  f o r  t h e  n u c l e a r  charge . )  The v a l u e s  f o r  

f .  (E ) given  by t h e  e x p r e s s i o n  i n  eq. ( 2 )  a g r e e  t o  w i t h i n  a  few (2-3) 
1 B 

p e r c e n t  w i t h  t h o s e  g iven  by t h e  e x a c t  formula  f o r  a l lowed and f i r s t -  

f o r b i d d e n  t r a n s i t i o n s  i n  t h e  range  of n u c l i d e s  and e n e r g i e s  of i n t e r e s t  

h e r e .  For  f i r s  t-f o rb idden ,  unique t r a n s i t i o n s ,  f  v a l u e s  o b t a i n e d  from 

v a l u e s  g iven  i n  r e f .  (15) have  been  used.  These  l a t t e r  c a s e s  a r e  few 

i n  number and a r e  i n d i c a t e d  i n  t h e  "Comment Cards". (See,  e . g . ,  T a b l e  11 . )  

It shou ld  b e  recognized  t h a t ,  i n  decay-scheme s t u d i e s ,  B-ray e n e r g i e s  

and i n t e n s i t i e s  a r e  f r e q u e n t l y  n o t  measured d i r e c t l y .  R a t h e r ,  they  are 

g e n e r a l l y  deduced from t h e  y-ray e n e r g i e s  and t r a n s i t i o n  i n t e n s i t i e s  

t o g e t h e r  w i t h  t h e  Q -value .  Where t h e  B-ray spectrum is s t u d i e d  d i r e c t l y ,  B 
t h e  u s u a l  r e s u l t s  c o n s i s t  o f  an  end-point  energy and an  i n t e n s i t y  f o r  

one,  o r  a t  most a  few, o f  t h e  more i n t e n s e  components. Th i s  s h o u l d  b e  

borne  i n  mind i n  a s s e s s i n g  t h e  6-ray energy and i n t e n s i t y  v a l u e s  i n  t h i s  

( o r  any) c o l l e c t i o n  of such i n f o r m a t i o n .  

For a  few of t h e  n u c l i d e s  whose d a t a  were  t a k e n  from t h e  "French 

F i l e " ,  t h e r e  a r e  i n c o n s i s t e n c i e s  between t h e  e n e r g i e s  and i n t e n s i t i e s  of 

t h e  B-ray t r a n s i t i o n s  and t h o s e  of t h e  y  r a y s .  These c a s e s  o c c u r  when 

t h e  y-ray e n e r g i e s  and ( r e l a t i v e )  i n t e n s i t i e s  a r e  known b u t  when t h e r e  

i s  no i n f o r m a t i o n  on t h e  B-ray t r a n s i t i o n s .  I n  t h e s e  c a s e s ,  t h e  B-energy 

and i n t e n s i t i e s  v a l u e s  g i v e n  i n  t h e  French F i l e  (and hence i n  t h i s  one) 

r e p r e s e n t  a r b i t r a r y  c h o i c e s ,  chosen s o  t h a t  t h e  r e s u l t a n t  ( E ~ )  v a l u e  



would correspond t o  a  d e s i r e d  f r a c t i o n  of t h e  Q v a l u e .  S i n c e  (EB ) B 

and (Ey ) a r e  cons t r a i n e d  by t h e  requirement  t h a t  

where ( E ~ )  i s  t h e  average  n e u t r i n o  energy,  t h e  (Ey) v a l u e s  (and hence 

t h e  a b s o l u t e  y-ray i n t e n s i t i e s )  f o r  t h e s e  cases  a r e  a l s o  u n c e r t a i n .  

The manner of l i s t i n g  t h e  y-ray i n t e n s i t y  d a t a ,  namely i n  t h e  form 

of r e l a t i v e - i n t e n s i t y  v a l u e s  t o g e t h e r  w i t h  a  n o r m a l i z a t i o n  f a c t o r  t o  

conver t  t o  a b s o l u t e  i n t e n s i t i e s ,  was chosen f o r  s e v e r a l  r e a s o n s .  The 

r e l a t i v e  i n t e n s i t i e s  a r e  g e n e r a l l y  t h e  q u a n t i t i e s  t h a t  a r e  d i r e c t l y  

measured e x p e r i m e n t a l l y ,  and t h e  e s t i m a t i o n  of t h e i r  u n c e r t a i n t i e s  is  a  

reasonab ly  s t r a i g h t f o r w a r d  and wel l -de f ined  ( a t  l e a s t  i n  p r i n c i p l e )  

procedure .  The a b s o l u t e  i n t e n s i t i e s ,  however, a r e  u s u a l l y  de r ived  from 

o t h e r  d a t a  ( e . g . ,  a  measurement of t h e  b ranch ing  r a t i o s  of one o r  more 

prominent y  r a y s )  and have a s s o c i a t e d  u n c e r t a i n t i e s  which a r e  independent. 

o f ,  and f r e q u e n t l y  q u i t e  d i f f e r e n t  from, t h o s e  of t h e  r e l a t i v e  i n t e n -  

s i t i e s .  Hence, w i t h  t h e  adopted system,  i t  i s  p o s s i b l e  t o  fo rmal ly  

s e p a r a t e  t h e s e  two s o u r c e s  of u n c e r t a i n t y  and t o  t r e a t  them independent ly .  

Another advantage of t h i s  method i s  r e l a t e d  t o  upda t ing  t h e  d a t a .  

G e n e r a l l y  t h e  r e l a t i v e  i n t e n s i t i e s  a r e  l e s s  s u b j e c t  t o  change t h a n  a r e  

t h e  a b s o l u t e  i n t e n s i t i e s .  A s  improved measurements of a b s o l u t e  gamma- 

ray  b ranch ing  r a t i o s  become a v a i l a b l e ,  t h e  r e s u l t a n t  changes i n  a b s o l u t e  

i n t e n s i t y  v a l u e s  can b e  i n c o r p o r a t e d  s imply by changing t h e  n o r m a l i z a t i o n  

f a c t o r  i n s t e a d  of r e v i s i n g  t h e  e n t i r e  l i s t i n g  of i n t e n s i t y  v a l u e s .  

The i n c l u s i o n  of t h e  t o t a l  i n t e r n a l - c o n v e r s i o n  c o e f f i c i e n t s  i n  t h e  

f i l e  makes p o s s i b l e  t h e  s p l i t t i n g  up of t h e  decay energy of a  y-ray 

t r a n s i t i o n  i n t o  a  photon and a  convers ion-e lec t ron  component. This  may 

b e  u s e f u l  i n  some a p p l i c a t i o n s  (such a s ,  e . g . ,  s h i e l d i n g  and dos imet ry ) .  



The l i s t i n g  of t h e  i n t e r n a l - c o n v e r s i o n  d a t a  i n  t h i s  v e r s i o n  of t h e  f i l e  

i s  by no means complete ,  and w i l l  b e  expanded i n  f u t u r e  v e r s i o n s .  I n  

t h i s  connec t ion ,  i t  i s  e s s e n t i a l  t o  d i s t i n g u i s h  between pho ton  i n t e n -  

s i t i e s  and t r a n s i t i o n  i n t e n s i t i e s ,  t h e  former r e f e r r i n g  t o  y-ray emiss ion 

w h i l e  t h e  l a t t e r  i n c l u d e s  t h e  i n t e r n a l - c o n v e r s i o n  e l e c t r o n s  e m i t t e d  i n  

t h e  t r a n s i t i o n  p r o c e s s . t  The i n t e n s i t y  v a l u e s  g i v e n  f o r  t h e  y  rays  a r e  

g e n e r a l l y  pho ton  i n t e n s i t i e s .  For  t h o s e  n u c l i d e s  t aken  from t h e  French 

F i l e ,  however, t h e  i n t e n s i t y  v a l u e s  g iven  f o r  i s o m e r i c  t r a n s i t i o n s  ( i n  

which a  s i g n i f i c a n t  f r a c t i o n  of t h e  t r a n s i t i o n  s t r e n g t h  is  c a r r i e d  by 

t h e  i n t e r n a l - c o n v e r s i o n  e l e c t r o n s )  a r e  f r e q u e n t l y  t r a n s i t i o n  i n t e n s i t i e s .  

S i n c e  we have  adopted t h e  p o l i c y  of u s i n g  t h e  t r a n s i t i o n - i n t e n s i t y  v a l u e s  

i n  t h e  c a l c u l a t i o n  of ( E ~ )  ( t h e r e b y  i n c l u d i n g  i n  t h i s  q u a n t i t y  b o t h  t h e  

y-ray and convers ion-e lec t ron  c o n t r i b u t i o n s ) ,  t h i s  a s p e c t  of t h e  French 

F i l e  d a t a  c r e a t e s  no problems. However, one s h o u l d  avoid  us ing  t h e s e  

i n t e n s i t y  d a t a  i n  a p p l i c a t i o n s  where o n l y  t h e  pho ton  i n t e n s i t i e s  a r e  

needed. I n  a  few c a s e s ,  t h e  l i s t e d  y-ray i n t e n s i t i e s  a r e  s o  s m a l l  and 

t h e  a s s o c i a t e d  i n t e r n a l - c o n v e r s i o n  c o e f f i c i e n t s  s o  l a r g e ,  compared w i t h  

t h e  o t h e r  e n t r i e s ,  t h a t  t h e y  are obv ious ly  anomalous. These correspond 

t o  t r a n s i t i o n s  which t a k e  p l a c e  l a r g e l y ,  o r  e n t i r e l y ,  by i n t e r n a l  con- 

v e r s i o n  and f o r  which t h e  photon i n t e n s i t y  and i n t e r n a l - c o n v e r s i o n  

c o e f f i c i e n t s  a r e  unknown. The v a l u e s  l i s t e d  f o r  t h e s e  two q u a n t i t i e s  

w e r e  chosen such  t h a t  t h e i r  p r o d u c t ,  I ( l + a ) ,  g i v e s  t h e  observed t r a n -  
Y 

s i t i o n  i n t e n s i t y .  With t h e  d a t a  t r e a t e d  i n  t h i s  manner, t h e  energy and 

t r a n s i t i o n  i n t e n s i t y  (mostly convers ion  e l e c t r o n )  a r e  c o r r e c t l y  g i v e n ,  

and t h e  photon i n t e n s i t y  i s  s u f f i c i e n t l y  s m a l l  t h a t  i t  h a s  no i n f l u e n c e  

i n  any pho ton- re la ted  a p p l i c a t i o n s .  

'1f t h e  photon i n t e n s i t y  i s  denoted by I t h e n  t h e  a s s o c i a t e d  t r a n s i t i o n  
Y '  i n t e n s i t y  is  g i v e n  by t h e  r e l a t i o n  IT = I y ( l + a ) ,  where a  is  t h e  t o t a l  

i n t e r n a l - c o n v e r s i o n  c o e f f i c i e n t  of t h e  t r a n s i t i o n .  



I n  a  number of c a s e s ,  decay of a  g i v e n  n u c l i d e  l e a d s  t o  t h e  popu- 

l a t i o n  of one ( o r  more) i s o m e r i c  s t a t e ( s )  i n  t h e  daughte r  nuc leus .  

G e n e r a l l y ,  t h e  energy r e l e a s e d  i n  t h e  decay of t h e  i s o m e r i c  s t a t e  i s  

c h a r a c t e r i z e d  by a  h a l f - l i f e  d i f f e r e n t  from t h a t  of t h e  p a r e n t  nuc leus  

and t h e  r e l a t i v e  i n t e n s i t y  of t h e  r a d i a t i o n  e m i t t e d  i n  t h e  two decays 

i s  t ime  dependent.  Consequently,  i n  t h e  l i s t i n g  of energy and i n t e n s i t y  

v a l u e s ,  we have n o t  i n c l u d e d  t h o s e  f o r  r a d i a t i o n  a s s o c i a t e d  w i t h  t h e  

decay of any daughte r -nuc l ide  i somer ic  s t a t e s  which may b e  formed. 

Those d a t a  a r e  i n c l u d e d  i n  t h e  f i l e  e n t r y  corresponding t o  t h e  i somer ic  

s t a t e .  For example, i n  t h e  decay of l Z 5 s b  ( s e e  Table  11)  an  i s o m e r i c  

s t a t e  a t  144.7 keV i n  1 2 5 ~ e  i s  f e d  i n  23% of t h e  decays .  Th is  i somer ic  

s t a t e  (T = 58 days)  decays  v i a  two y-ray t r a n s i t i o n s .  The d a t a  on + 
t h e s e  two t r a n s i t i o n s  a r e  g i v e n  i n  t h e  e n t r y  f o r  1 2 5 m ~ e  and n o t  f o r  

1 2 5 ~ b .  

The u n c e r t a i n t i e s  i n  t h e  t a b u l a t e d  q u a n t i t i e s  form an impor tan t  

p a r t  of any compi la t ion  of e x p e r i m e n t a l  d a t a ;  and p r o v i s i o n  was made f o r  

i n c l u d i n g  them f o r  each q u a n t i t y  i n  t h i s  f i l e .  I n  t h e  p r e s e n t  v e r s i o n ,  

t h e  u n c e r t a i n t i e s ,  where g i v e n ,  have been t aken  d i r e c t l y  from t h e  

i n d i c a t e d  r e f e r e n c e s .  I t  s h o u l d  be  recognized  t h a t  t h e s e  u n c e r t a i n t i e s  

a r e  of uneven q u a l i t y .  Those f o r  t h e  Q-values which a r e  t a k e n  from t h e  

Wapstra-Gove mass t a b l e s ,  f o r  example, a r e  d e r i v e d  i n  a  c o n s i s t e n t  and 

w e l l  documented (" l o )  manner and t h e i r  meaning i s  c l e a r .  A t  t h e  o t h e r  

extreme,  t h o s e  f o r  t h e  y-ray i n t e n s i t i e s  c o n s t i t u t e  .a  q u i t e  d i f f e r e n t  

s i t u a t i o n .  While t h e  u n c e r t a i n t i e s  g iven  f o r  t h e s e  q u a n t i t i e s  by some 

a u t h o r s  can indeed b e  t r e a t e d  a s  be ing  s t a n d a r d  d e v i a t i o n s  f o r  purposes  

of e r r o r  p r o p a g a t i o n ,  i n  many c a s e s  t h e  u n c e r t a i n t i e s  a r e ,  a t  b e s t ,  

q u a l i t a t i v e .  (For example, one f r e q u e n t l y  encounte r s  p h r a s e s  such  a s  



'The e r r o r s  i n  t h e  y-ray i n t e n s i t i e s  a r e  e s t i m a t e d  t o  b e  X% f o r  t h e  

s t r o n g  y  r a y s  and Y% f o r  t h e  weak ones ' . )  I n  such c a s e s ,  t h e  uncer-  

t a i n t i e s  c e r t a i n l y  do n o t  r e p r e s e n t  s t a n d a r d  d e v i a t i o n s  i n  t h e  s t a t i s -  

t i c a l  s e n s e ;  and t h e i r  u s e  a s  such is  probably  n o t  j u s t i f i e d .  However, 

they a r e  u s e f u l  i n  p r o v i d i n g  some i n d i c a t i o n  of t h e  g e n e r a l  q u a l i t y  of 

t h e  d a t a  and f o r  t h i s  r eason  we have i n c l u d e d  them. 



I V .  POSSIBLE MODIFICATIONS FOR FUTURE VERSIONS OF THE DECAY-DATA FILE 

A s  a  r e s u l t  of our  e x p e r i e n c e  t h u s  f a r  w i t h  t h e  decay-data f i l e  

and i n  a n t i c i p a t i o n  of a d d i t i o n a l  uses  f o r  t h e s e  decay d a t a ,  we have 

i d e n t i f i e d  a number of a r e a s  where m o d i f i c a t i o n s  f o r  f u t u r e  v e r s i o n s  

of t h e  f i l e  can l e a d  t o  i n c r e a s e d  u t i l i t y .  Among t h e s e ,  we i n c l u d e  

t h e  fo l lowing  i t e m s .  

A d i f f e r e n t  way of g i v i n g  average  energy v a l u e s  a s s o c i a t e d  w i t h  

t h e  v a r i o u s  decay modes seems c a l l e d  f o r . .  Because of t h e  emphasis of 

t h e  decay-heat problem, t h e  (EB-) and ( E ~ )  v a l u e s  were  s i n g l e d  o u t  f o r  

s p e c i a l  a t t e n t i o n .  However, w i t h  t h e  i n c l u s i o n  of a d d i t i o n a l  n u c l i d e s  

f o r  which decay modes o t h e r  t h a n  B- e x i s t  , i t  w i l l  be  d e s i r a b l e  t o  

i n c l u d e  t h e  average  energy v a l u e s  f o r  t h e s e  o t h e r  decay modes on an 

e q u a l  f o o t i n g  w i t h  t h a t  f o r  @- decay. Also,  t h e  problems of how t h e  

a n n i h i l a t i o n  r a d i a t i o n  (two y  r a y s  of energy 511 keV) a s s o c i a t e d  w i t h  

+ B decay and t h e  x-rays a s s o c i a t e d  w i t h  e l e c t r o n - c a p t u r e  decay a r e  t o  

b e  t r e a t e d  i n  a  c o n s i s t e n t  and complete manner need t o  be  addressed .  

The t r e a t m e n t  of i n t e r n a l  convers ion  shou ld  b e  extended t o  i n c l u d e  

t h e  v a r i o u s  a tomic e l e c t r o n  s u b s h e l l s .  One means of accomplishing t h i s  

might i n v o l v e  l i s t i n g  t h e  m u l t i p o l a r i t y  f o r  each gannna ray .  From t h i s ,  

t h e  i n t e r n a l - c o n v e r s i o n  c o e f f i c i e n t s  f o r  a l l  t h e  r e l e v a n t  s u b s h e l l s  

could b e  g e n e r a t e d  t h e o r e t i c a l l y  and t h e  s p l i t  of t h e  a s s o c i a t e d  energy 

i n t o  an x-ray ( i .  e. , photon) and a  convers ion-e lec t ron  component could  

b e  c a r r i e d  o u t  t h e o r e t i c a l l y ,  u s i n g  s e p a r a t e  computer programs. These 

m u l t i p o l a r i t i e s  need n o t  b e  i n c o r p o r a t e d  i n t o  t h e  ENDFIB d a t a  f i l e  

( u n l e s s  d e s i r e d ) .  It  might p rove  t o  b e  more f e a s i b l e  t o  i n c o r p o r a t e  

them i n  our  f i l e  on ly  and t o  i n c l u d e  i n  ENDFIB o n l y  t h e  r e l e v a n t  r e s u l t s  

o b t a i n e d  from t h e  t h e o r e t i c a l  c a l c u l a t i o n s  based on them. 



A n e c e s s a r y  m o d i f i c a t i o n ,  and one which i s  c u r r e n t l y  be ing  c a r r i e d  

o u t ,  i s  t h e  replacement  of t h e  approximate  r e l a t i o n s h i p ,  eq.  (2) , f o r  

f . ( E  ) by an  e x a c t  e x p r e s s i o n  [ s e e ,  e . g . ,  r e f .  (16) l  t o  pe rmi t  more 
1 B 

a c c u r a t e  c a l c u l a t i o n  of (Eq )va lues .  An a d d i t i o n a l  m o d i f i c a t i o n  which 

might b e  u s e f u l  is t h e  i n c l u s i o n  of a  means of i n d i c a t i n g  t h e  m u l t i -  

p o l a r i t y  of t h e  i n d i v i d u a l  8- and B+ t r a n s i t i o n s .  T h i s  would e n a b l e  

t h e  average  energy of such  t r a n s i t i o n s  t o  b e  c a l c u l a t e d  u s i n g  t h e  

t h e o r e t i c a l  spec t rum s h a p e  f o r  t h e  p a r t i c u l a r  t r a n s i t i o n  t y p e  ( e . g . ,  

f i r s t - f o r b i d d e n  un ique) .  Again,  t h i s  c h r a c t e r i z a t i o n  would n o t  n e c e s s a r i l y  

have t o  b e  i n c l u d e d  i n  ENDFIB; i t  might b e  i n c l u d e d  o n l y  i n  our  f i l e ,  w i t h  

on ly  t h e  r e l e v a n t  q u a n t i t i e s  d e r i v e d  from i t  appear ing  i n  ENDFIB. 

P r o v i s i o n  needs  t o  b e  made f o r  i n c o r p o r a t i n g  t h e  a v e r a g e  number of 

n e u t r o n s  e m i t t e d  i n  t h e  s p o n t a n e o u s - f i s s i o n  decay of n u c l i d e s .  I n  

a d d i t i o n ,  t h e  t r e a t m e n t  of p a r t i c l e  ( e . g . ,  p r o t o n ,  n e u t r o n  o r  f i s s i o n -  

f ragment )  emiss ion  from e x c i t e d  s t a t e s  of n u c l e i  needs  t o  be  expanded. 

A c o n c i s e  y e t  complete  t r e a t m e n t  of t h i s  problem may become q u i t e  complex, 

s i n c e  such p a r t i c l e  emiss ion  i s  g e n e r a l l y  preceded by o t h e r  r a d i a t i o n s ,  

which e x c i t e  a v a r i e t y  of t h e s e  s t a t e s .  

The number of n u c l i d e s  f o r  which exper imenta l  d a t a  a r e  i n c l u d e d  on 

t h e  f i l e  is expec ted  t o  i n c r e a s e  b o t h  a s  more d a t a  become a v a i l a b l e  and 

a s  decay-data  needs  i n  o t h e r  a r e a s  a r e  d e f i n e d .  
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