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1 . INTRODUCTION 

Th i s  r e p o r t  d e s c r i b e s  t he  e v a l u a t i o n  of t h e  neu t ron  c r o s s  s e c t i o n  

d a t a  f o r  t h e  9 s t a b l e  i s o t o p e s  of xenon. The main purpose of t h e  

e v a l u a t i o n  i s  t o  provide  d a t a  f o r  t h e s e  i s o t o p e s  i n  connec t ion  wi th  t h e i r  

use  i n  t h e  xenon-tag technique  d e s c r i b e d  by Henault e t  a l .  (122) The 

neut ron  c a p t u r e  c r o s s  s e c t i o n  of t h e  xenon i s o t o p e s  i s  of main i n t e r e s t  

f o r  such a p p l i c a t i o n s .  However, a  complete  e v a l u a t i o n  was done f o r  a l l  

t h e  c u r r e n t l y  a v a i l a b l e  neu t ron  c r o s s  s e c t i o n  d a t a  cove r ing  t h e  energy  

- 5 
range  from 1 .0  x 10 eV t o  20 MeV. It i s  hoped t h a t  such an  e v a l u a t i o n  

w i l l  be of i n t e r e s t  i n  c a l c u l a t i o n s  i nvo lv ing  f i s s i o n  product  burn-up and 

a l s o  a s t r o p h y s i c a l  a p p l i c a t i o n s .  A l l  t h e  expe r imen ta l  d a t a  a v a i l a b l e  

up t o  Feburary  1972 has  been used i n  t h i s  e v a l u a t i o n  and was supplemented 

by n u c l e a r  model c a l c u l a t i o n s  

2 .  PROPERTIES OF THE STABLE ISOTOPES OF XENON 

2 . 1  P o s s i b l e  Neutron Induced Reac t ions  

Xenon has n ine  s t a b l e  i s o t o p e s  from mass number 124 t o  136. These 

a r e  g iven  i n  Table  1 a long  wi th  t h e i r  i s o t o p i c  mass (based on t h e  C12 

s c a l e )  and t h e i r  n a t u r a l  abundance. Xenon has  a  n u c l e a r  charge  of 54 

and t h e  number of neu t rons  v a r i e s  from 70 t o  82.  A s  w i l l  be seen  l a t e r ,  

t h e  c l o s u r e  of a major s h e l l  f o r  t h e  82 neu t rons  i n  1 3 6 ~ e  r e s u l t s  i n  i t s  

markedly low c a p t u r e  c r o s s  s e c t i o n .  

Nuclear  r e a c t i o n s  t h a t  can be i n i t i a t e d  by neu t rons  of energy  up 

t o  20 MeV i n t e r a c t i n g  wi th  t h e s e  i s o t o p e s  and having an a p p r e c i a b l e  

c r o s s  s e c t i o n  a r e  g iven  i n  Table 2  a long  wi th  t h e i r  Q v a l u e s .  These 

were ob ta ined  us ing  t h e  mass v a l u e s  of Wapstra and ~ o v e ' ~ )  a s  a r e  t h e  

masses g iven  i n  Table 1. 



2 . 2  Energy Levels  of t h e  Xenon I s o t o p e s  

It i s  e s s e n t i a l  t o  have a  knowledge of t h e  energy  l e v e l s  of t h e  

xenon i s o t o p e s  a long  w i t h  t h e i r  s p i n s  and p a r i t i e s  i n  o rde r  t o  c a r r y  

o u t  n u c l e a r  model c a l c u l a t i o n s .  Such d a t a  can  be ob ta ined  from t h e  

d i f f e r e n t  s t u d i e s  i n  n u c l e a r  spec t roscopy c a r r i e d  o u t  by a  v a r i e t y  of 

t echn iques .  Tab le  3  summarizes some of  t h e  p e r t i n e n t  r e f e r e n c e s  a long  

wi th  t he  year  of p u b l i c a t i o n  and t h e  t ype  of r e a c t i o n s  s t u d i e d .  I n  

a d d i t i o n ,  t h e  compi l a t i ons  of such d a t a  by Lederer  e t  a 1 .  (6 )  and by 

  or en") have been p a r t i c u l a r l y  u s e f u l .  Data on t h e  l e v e l  e n e r g i e s ,  

s p i n s ,  and p a r i t i e s  ob t a ined  from t h e s e  exper iments  and used i n  t h e  

p r e s e n t  e v a l u a t i o n  a r e  shown i n  F i g u r e s  1 - 9 .  It should  be po in t ed  

ou t  h e r e  t h a t  a l t hough  some of t h e  r e a c t i o n  s t u d i e s  ( e . g . ,  t h e  ( ~ , 2 n ) )  

do popula te  d i s c r e t e  l e v e l s  of h igh  s p i n s  a t  h igh  e x c i t a t i o n  e n e r g i e s ,  

t h e s e  d i s c r e t e  l e v e l s  have n o t  been used i n  nuc l ea r  model c a l c u l a t i o n s .  

They were n o t  i nc luded  e x p l i c i t l y  s i n c e  i t  i s  obvious t h a t  a t  t h e s e  

h igh  e x c i t a t i o n  e n e r g i e s  t h e r e  i s  a  l a r g e  continuum of unreso lved  l e v e l s  

n o t  popula ted  by t h e  p a r t i c u l a r  r e a c t i o n  under c o n s i d e r a t i o n .  R a t h e r ,  

i n  such c a s e s ,  t h e s e  l e v e l s  have been r e p l a c e d  wi th  a  cont inuous  

d i s t r i b u t i o n  of l e v e l s .  

3 .  NEUTRON CROSS SECTIONS 

3 . 1  Low Energy Cross S e c t i o n s :  Thermal Cross S e c t i o n s  

There have been a number of measurements of t h e  s c a t t e r i n g  and 

c a p t u r e  c r o s s  s e c t i o n s  of xenon o r  t h e  s e p a r a t e d  i s o t o p e s  a t  thermal  

neu t ron  e n e r g i e s .  S c a t t e r i n g  c r o s s  s e c t i o n s  have been measured by 

H a r r i s ,  (") Crouch e t  a l . ,  (23)  Genin e t  a l .  (24)  and Krohn and Ringo. (25) 

Of t h e s e ,  t h e  4.310.02 b  from t h e  measurements of Krohn and Ringo was 



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

Data on t h e  c a p t u r e  c r o s s  s e c t i o n s  of t h e  i n d i v i d u a l  xenon i s o t o p e s  

a t  thermal  e n e r g i e s  a r e  summarized i n  Table  4 .  I n  t h e  l a s t  column a r e  

g iven  t h e  recommended v a l u e s  f o r  t h e  thermal  c a p t u r e  c r o s s  s e c t i o n s  used 

i n  t h e  p r e s e n t  e v a l u a t i o n s .  

For 1 . 2 4 ~ e ,  t h e  recommended v a l u e  i s  t h e  e r ro r -we igh ted  mean of l lli 

11 b  by B e r e s e s t i  e t  a l .  ( 26 )  and 144'11 b  a s  r e p o r t e d  by Kondaiah e t  a l .  (27) 

Though t h e  d i f f e r e n c e  between t h e s e  two v a l u e s  i s  3  t imes  t h e  quoted e r r o r ,  

t h e  mean of t h e s e  two v a l u e s  was t aken  s i n c e  t h e  expe r imen ta l  technique  

used seemed t o  be e q u a l l y  good. Though t h e  measurements of Tobin and 

Sako, (28)  Eastwood and Brown, (29)  and W i r ~ n ' ~ ~ )  a r e  g iven  i n  Table  4 ,  

t h e y  were not  t aken  i n t o  c o n s i d e r a t i o n  i n  recommending t h e  f i n a l  v a l u e ,  

s i n c e  i t  was f e l t  t h a t  t h e  d a t a  of B e r e s e s t i  e t  a l .  and Kondaiah e t  a l .  

were b e t t e r .  

Again, an e r ro r -we igh ted  mean c a l c u l a t i o n  was done on t h e  2 . 2 i  

0 .22  b  obta ined  by B r e s e s t i  e t  a l .  (31) and t h e  4.2710.60 b  measured by 

Kondaiah e t  a l .  ( 2 7 )  t o  o b t a i n  t h e  recommended 2.4'0.4 b  f o r  t h e  thermal  

c a p t u r e  c r o s s  s e c t i o n  of  1 2 6 ~ e .  The measurement of Winter  e t  a l .  (32) 

i s  cons ide red  t o  be t o o  low t o  m e r i t  c o n s i d e r a t i o n .  

The problem wi th  128Xe i s  t h a t  t h e r e  a r e  measurements of t h e  c r o s s  

s e c t i o n  t o  t h e  me ta s t ab l e  s t a t e  on ly .  These were done by Kondaiah e t  a l .  (27 )  

and T i l b u r y  and Kramer; (33)  t h e  mean v a l u e  of t h e i r  measurements i s  0.36 b .  

It i s  no ted  t h a t  t h e  s p i n  sequence of t h e  low-lying l e v e l s  i n  1 2 7 ~ e ,  v i z :  

11 3 1 - 5 
2  
-, 7 +, - + ( t h e  - + l e v e l  i s  d o u b t f u l ) ,  i s  t h e  same a s  t h a t  i n  12'xe. 

2  2  

Hence, i t  i s  assumed t h a t  t h e  r a t i o  of t h e  c r o s s  s e c t i o n s  t o  t h e  ground 

128 129 
and me ta s t ab l e  s t a t e s  i s  t h e  same i n  Xe(n,y)  Xe r e a c t i o n  a s  i t  i s  



126 127 
i n  t h e  Xe(n,y)  Xe r e a c t i o n .  I n  t h e  l a t t e r  c a s e  t h e  r a t i o  i s  known 

t o  be 8.82 from Kondaiah 's  measurements. With t h i s  assumption and t h e  

mean va lue  of o ( m )  = 0.36 b  f o r  1 2 8 ~ e ,  t h e  t o t a l  c a p t u r e  c r o s s  s e c t i o n  

i s  c a l c u l a t e d  t o  be 3 . 5  b.  

There a r e  only  two measurements of t h e  thermal  c a p t u r e  c r o s s  s e c t i o n  

f o r  12'Xe. The p r e s e n t  recommended v a l u e  of 18 b  i s  s l i g h t l y  lower t h a n  

t h e  21+7 b  measured by Eastwood and Brown. (29 )  T h i s  lower va lue  was 

a r r i v e d  a t  by n o t i n g  t h a t  t h e i r  measurements were made i n  a  r e a c t o r  spec t rum 

wi th  c o n t r i b u t i o n s  t o  t h e  c a p t u r e  from ep i the rma l  n e u t r o n s ;  hence ,  t h e i r  

quoted v a l u e  was decreased  by about h a l f  t h e i r  quoted e r r o r .  

I n  t h e  ca se  of 130xe t h e r e  a r e  two measurements of t h e  c a p t u r e  c r o s s  

s e c t i o n  t o  t h e  me ta s t ab l e  s t a t e  only  and none f o r  t h e  t o t a l  c a p t u r e  c r o s s  

s e c t i o n .  Hence, a  method s i m i l a r  t o  t h a t  used t o  a r r i v e  a t  t h e  c a p t u r e  

c r o s s  s e c t i o n  of 1 2 8 ~ e  was adopted .  It i s  noted t h a t  i n  13'xe t h e  ground 

3  11 
s t a t e  has a  s p i n  of - wi th  a  me ta s t ab l e  s t a t e  of - - and t h e  same i s  

2  2  

t r u e  of 1 3 3 ~ e .  Hence, i t  i s  assumed t h a t  t h e  r a t i o  of t h e  c r o s s  s e c t i o n s  

t o  t h e  me ta s t ab l e  and ground s t a t e s  i s  t h e  same i n  t h e s e  two n u c l e i .  

By t a k i n g  a  v a l u e  of 13.83 f o r  t h i s  r a t i o  from t h e  measurements of 

Kondaiah , ( 2 7 )  and t a k i n g  t h e  mean va lue  of o ( m )  = 0.417 b f o r  130xe, t h e  

t o t a l  c r o s s  s e c t i o n  i s  c a l c u l a t e d  t o  be 6 .2  b.  The measurements of 

T i l b u r y  and Kramer (33) f o r  1 3 2 ~ e  have not  been t aken  i n t o  c o n s i d e r a t i o n  

a s  t h e i r  o ( ~ ) / ~ J ( ~ )  r a t i o  i s  a t  v a r i a n c e  from t h e  t r e n d  shown by t h e  d a t a  

of Eastwood and Brown (29 )  and by Kondaiah. 

131 
I n  t h e  ca se  of Xe t h e  recommendedation i s  90 b  f o r  t h e  thermal  

c r o s s  s e c t i o n ;  t h i s  va lue  i s  lower t han  t h e  measurements of MacNamara and 



Thode (34) and Eastwood and Brown. (29)  T h e i r  quoted v a l u e  was lowered 

s i n c e  t h e i r  measurements were made i n  a  r e a c t o r  spectrum wi th  consequent  

e p i t h e r m a l  neu t ron  c o n t r i b u t i o n s  and 90 b was chosen s o  t h a t  t h e  

a b s o r p t i o n  c r o s s  s e c t i o n  of n a t u r a l  xenon could  come t o  24.5 b .  (35) 

The thermal  c a p t u r e  c r o s s  s e c t i o n  of  1 3 2 ~ e  i s  a s s igned  a v a l u e  of 

0.45 from Kondaiah ' s  (27 )  measurements. 

For 1 3 4 ~ e  t h e  mean of t h e  d a t a  of Eastwood and Brown (29)  and 

Kondaiah ( 2 7 )  i s  c a l c u l a t e d  t o  be 0.250 b.  

S i m i l a r l y  f o r  1 3 6 ~ e  t h e  e r ro r -we igh ted  mean of t h e  measurements of 

Breses t  i (26)  and Kondaiah (27 )  i s  c a l c u l a t e d  t o  be 0.16 b.  

For t h e  thermal  a b s o r p t i o n  c r o s s  s e c t i o n  of n a t u r a l  xenon, t h e  

p r e s e n t  recommended v a l u e  of  24.5 b compares w e l l  w i t h  t h e  va lue  of 

25.1k1.0 b measured by Krohn and Ringo. (25) 

3.2 Epi thermal  Cross S e c t i o n s  

I n  t h i s  s u b s e c t i o n  measurements of t h e  resonance  parameters  of t h e  

xenon i s o t o p e s  and t h e  v a l u e s  of t h e  a b s o r p t i o n  resonance i n t e g r a l s  a r e  

d i s c u s s e d .  

These measurements a r e  due t o  Mann e t  a l .  (36) and Ribon. (37)  These 

workers  used samples of d i f f e r e n t  enrichment  i n  t h e  v a r i o u s  i s o t o p e s  and 

could  a s s i g n  some resonances  t o  s p e c i f i c  i s o t o p e s .  R ibon ' s  measurements 

a r e  t h e  most e x t e n s i v e  and t h e  resonance  parameters  used i n  t h i s  e v a l u a t i o n  

a r e  based on h i s  measurements and i s o t o p i c  ass ignments .  S ince  t h e  r a d i a t i v e  

wid ths  of a  few of t h e  lowest  resonances  can  be e s t i m a t e d  r e l i a b l y ,  t h e  

mean of t h e i r  wid ths  was a s s igned  t o  t h e  r e s t  of t h e  resonances  i n  each  

i s o t o p e .  I n  g e n e r a l ,  t h e  gamma width  i s  about  100 meV which i s  i n  

agreement w i th  t h e  s y s t e m a t i c s  of gamma widths  i n  t h i s  mass r e g i o n .  Ribon ' s  

d a t a  was ana lysed  by shape a n a l y s i s  and he obta ined  a va lue  of 5.8'0.4 fm 



f o r  t h e  e f f e c t i v e  s c a t t e r i n g  r a d i u s .  Th i s  a g r e e s  w i t h  o t h e r  measurements (25) 

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

The resonance  parameters  used i n  t h i s  e v a l u a t i o n  a r e  g iven  i n  Tab le s  

5  - 12 f o r  t h e  xenon i s o t o p e s  124 - 134. No resonances  have been a s s igned  

t o  t h e  c l o s e d  neu t ron  s h e l l  i so tope  1 3 6 ~ e .  

From Table  5  i t  i s  no ted  t h a t  t h e  neu t ron  wid th  of  t h e  5.16 eV 

resonance  of lZ4xe i s  18.4 meV which i s  much l a r g e r  t h a n  t h e  7.6k0.8 meV 

va lue  measured by Mann e t  a l .  (36) There a r e  good r ea sons  f o r  a s s i g n i n g  

such a  l a r g e  v a l u e  of t h e  neu t ron  width .  lZ4xe has  a  l a r g e  thermal  c a p t u r e  

c r o s s  s e c t i o n  of 128 b a r n s ,  and a l s o  a  l a r g e  resonance  c a p t u r e  i n t e g r a l  of 

3600k500 b  a s  measured by B r e s e s t i  e t  a l .  (31) For t h e  c a p t u r e  i n t e g r a l ,  

Eastwood and Brown (") measured 2690 b  i n  t h e  c o r e  and 2100 b  i n  t h e  

r e f l e c t o r  f o r  t h e i r  exper iment .  The v a l u e  quoted by B r e s e s t i  may be 

h igh  but  t h e  f a c t  seems t o  be t h a t  t h e  resonance i n t e g r a l  f o r  lZ4xe i s  of 

t h e  o rde r  of 2500 b .  I n  o rde r  t o  s a t i s f y  bo th  t h e s e  c o n d i t i o n s  t h e  

neut ron  width  of t h e  5.16 eV resonance  was i nc reased  t o  g i v e  a  thermal  

cap tu re  c r o s s  s e c t i o n  of 128 b .  It may be t h a t  t h e r e  a r e  v e r y  low energy  

resonances  i n  lZ4xe which could  account  f o r  bo th  t h e s e  expe r imen ta l  f a c t s .  

Unfo r tuna t e ly ,  t h e  measurements of Mann e t  a l .  went on ly  a s  low a s  1 e V .  

Hence, t h e r e  i s  need f o r  f u r t h e r  low energy  measurements on 1 2 4 ~ e  t o  t r y  

t o  l o c a t e  t h e s e  low ene rgy  r e sonances .  With t h e  neu t ron  wid th  of 18.4 rnev 

f o r  t h e  5.16 eV resonance and .266 eV f o r  t h e  251.6 eV r e sonance ,  a  c a l c u l a t i o n  

of t h e  c a p t u r e  c r o s s  s e c t i o n ,  by poin twise  i n t e g r a t i o n ,  produces an a b s o r p t i o n  

i n t e g r a l  of 2482 b .  T h i s  i s  lower t han  B r e s e s t i ' s  v a l u e  and l i e s  i n  between 

t h e  two measurements of Eastwood and Brown. It i s  thought  t h a t  B r e s e s t i ' s  

va lue  i s  d e f i n i t e l y  on t h e  h igh  s i d e .  

The measured resonance  a b s o r p t i o n  i n t e g r a l  of lZ6xe  i s  38.013.8 b  and 

from t h e  resonance  parameters  i n  t h i s  e v a l u a t i o n  a  va lue  of o n l y  12.7 b  i s  



c a l c u l a t e d .  It may be t h a t  t h i s  expe r imen ta l  v a l u e  by B r e s e s t i  i s  t o o  

h i g h ;  o r  it may be t h a t  t h e r e  a r e  low energy  resonances  i n  12%e a s  y e t  

unass igned .  I n s t e a d  of p o s t u l a t i n g  new resonances  t o  account  f o r  t h e  

resonance  i n t e g r a l ,  t h e  d i f f e r e n c e  i s  du ly  noted  and should be r e s o l v e d  

by f u t u r e  measurements. 

For t h e  o t h e r  xenon i s o t o p e s ,  a l l  t h e  resonances  i d e n t i f i e d  by Ribon 

have been inc luded .  

Using t h e  parameters  f o r  each  i s o t o p e ,  t h e  2200m/sec thermal  c a p t u r e  

c r o s s  s e c t i o n  was c a l c u l a t e d ,  and t h e  d i f f e r e n c e  between t h i s  va lue  and 

t h e  recommended v a l u e  i n  Table 4 was added a s  a  1/v background i n  F i l e  3 

of t h e  ENDFIB e v a l u a t i o n .  

3 . 3  High Enerpy Cross  S e c t i o n s :  T o t a l  Cross S e c t i o n  

The t o t a l  c r o s s  s e c t i o n  of n a t u r a l  xenon has  been measured by 

Vaughn e t  a l .  (38) from 0 . 1  - 6.25 MeV and from 12 - 20 MeV. Th i s  d a t a  i s  

u s e f u l  i n  dec id ing  on a  s e t  of o p t i c a l  model parameters  f o r  t h e  nuc l ea r  

model c a l c u l a t i o n s .  The o p t i c a l  model parameters  used were t hose  of 

Wilmore and Hodgson (39)  w i th  r = 1.26. These parameters  a r e  shown i n  
0 

Table 13. With t h e s e  parameters ,  t h e  t o t a l  c r o s s  s e c t i o n  of a  nuc leus  

having the  mass of n a t u r a l  xenon was c a l c u l a t e d  u s i n g  t h e  code ABACUS-2. (49 ) 

The r e s u l t s  a r e  shown i n  F i g s .  10 and 11 along w i t h  t h e  expe r imen ta l  d a t a .  

There i s  a  r ea sonab le  agreement between t h e  c a l c u l a t e d  v a l u e s  and t h e  e x p e r i -  

mental  d a t a  though t h e r e  i s  a  l a r g e  d i sc repancy  a t  about  1 .0  MeV. However, 

i t  was dec ided  t o  adopt  t h e s e  parameters  f o r  t h e  model c a l c u l a t i o n s  s i n c e  

t hey  have g iven  good agreement w i th  more e x t e n s i v e  expe r imen ta l  d a t a  i n  t h i s  

mass r e g i o n  i n  t h e  c a s e  of o t h e r  n u c l e i .  (40) For each  of t h e  xenon i s o t o p e s ,  

t h e  t o t a l  c r o s s  s e c t i o n s  i n  t h e  MeV reg ion  were c a l c u l a t e d  us ing  ABACUS-2. 



3 . 4  High Energy Cross  S e c t i o n s :  Capture Cross  S e c t i o n s  

S ince  t h e r e  a r e  no e x t e n s i v e  d a t a  on t h e  c a p t u r e  c r o s s  s e c t i o n s  of 

t h e  i n d i v i d u a l  xenon i s o t o p e s ,  nuc l ea r  model c a l c u l a t i o n s  were p r i m a r i l y  

used.  These c a l c u l a t i o n s  were done us ing  t h e  code C@MMNUC by C .  Dunford. (41) 

The d a t a  on t h e  e x c i t e d  s t a t e s  of t h e  xenon i s o t o p e s  used i n  t h e s e  c a l c u l a t i o n s  

have been r e f e r r e d  t o  e a r l i e r  and a r e  shown i n  F i g u r e s  1 - 9.  

The o t h e r  i n p u t  d a t a  r e q u i r e d  by t h i s  program i s  27  r /(D) where r and 
Y Y 

(D) a r e  t h e  c a p t u r e  wid th  and l e v e l  spac ing  r e s p e c t i v e l y ,  and a r e  u s u a l l y  

determined from t h e  resonance  d a t a .  The mean spac ing  (D) i s  known w i t h  

some r e l i a b i l i t y  f o r  12'xe and 13'xe from t h e  d a t a  of Ribon. (37)  AS f o r  

t h e  o t h e r  i s o t o p e s ,  s i n c e  t h e  number of a s s igned  r e sonances  i s  s m a l l  i t  

was dec ided  t o  e s t i m a t e  ( D )  from nuc lea r  model c a l c u l a t i o n s .  The procedure 

f o r  t h e s e  c a l c u l a t i o n s  i s  d e s c r i b e d  by Benzi (42) who has  a l s o  g iven  

e s t i m a t e d  c a p t u r e  w id ths  which a r e  found t o  be of t h e  o rde r  of 100 meV i n  

agreement w i th  expe r imen ta l  d a t a .  The parameters  27 T: / ( D )  used i n  t h e  
Y 

nuc lea r  model c a l c u l a t i o n s  a s  w e l l  a s  t he  neu t ron  b ind ing  e n e r g i e s  a r e  

g iven  i n  Table 14.  

S ince  t h e r e  i s  no expe r imen ta l  d a t a  on t h e  c a p t u r e  c r o s s  s e c t i o n  of 

t h e s e  i s o t o p e s  around 14.5 MeV, an e s t i m a t e  of t h e  c o n t r i b u t i o n  of d i r e c t  

c a p t u r e  t o  t h e  c a p t u r e  c r o s s  s e c t i o n  cou ld  no t  be made. T h e r e f o r e ,  t h i s  

has  been omi t ted  i n  t h e  e v a l u a t i o n .  

It i s  i n t e r e s t i n g  t o  n o t e  t h a t  1 3 6 ~ e  wi th  a  c lo sed  neu t ron  s h e l l  ha s  

a  low c a p t u r e  c r o s s  s e c t i o n  and t h e  c a l c u l a t e d  v a l u e  of 1 . 8  mb a t  1 MeV 

i s  i n  r ea sonab le  agreement w i th  a  v a l u e  of 1 mb a s  measured by Hughes e t  a l .  (43) 

However, it i s  d e s i r a b l e  t o  have more c a p t u r e  measurements on t h e  i n d i v i d u a l  

xenon i s o t o p e s  t o  check and c o r r e c t  t h e  model c a l c u l a t i o n s .  The i n t e g r a l  



measurements on t h e  c a p t u r e  c r o s s  s e c t i o n s  of some of  t h e  xenon i s o t o p e s  by 

Harke r (44) should  be a v a i l a b l e  soon,  and t h e  p r e s e n t  e v a l u a t i o n  w i l l  be 

modif ied t o  a g r e e  w i th  h i s  measurements. 

3 . 5  I n e l a s t i c  and D i f f e r e n t i a l  E l a s t i c  S c a t t e r i n g  

These were c a l c u l a t e d  us ing  C@MMNUC and ABACUS-2. The c a l c u l a t e d  

c r o s s  s e c t i o n s  f o r  t o t a l  e l a s t i c  s c a t t e r i n g  were f i t t e d  t o  a  number of 

Legendre polynomials  u s i n g  t h e  code CHAD (45) t o  o b t a i n  t h e  cor responding  

c o e f f i c i e n t s  of a  Legkndre f i t .  

3.6 (N ,  P a r t i c l e )  Reac t ions  

The d a t a  on t h e  (n, p a r t i c l e )  r e a c t i o n  c r o s s  s e c t i o n s  by Kondaiah 

e t  a l .  ( 4 6 )  i s  summarised i n  Table  15.  The Q v a l u e s  of t h e s e  r e a c t  ions  

a r e  g iven  i n  Table  2 .  Since  t h e  expe r imen ta l  d a t a  a r e  a v a i l a b l e  f o r  on ly  

one energy  (14.4 MeV), t h e  g e n e r a l  shape of t h e  r e a c t i o n  was c a l c u l a t e d  

us ing  t h e  code FASCR@ (47) based on a  s t a t i s t i c a l  model of n u c l e a r  r e a c t i o n s .  

The c a l c u l a t e d  v a l u e s  were t h e n  normalized t o  t h e  expe r imen ta l  v a l u e s  a t  

14 .4  MeV. The d i f f e r e n c e  between t h e  c a l c u l a t e d  and t h e  expe r imen ta l  v a l u e s  

was from 20 - 30%. For some of t h e  xenon i s o t o p e s  ( e . g . ,  130xe o r  13'xe), 

where t h e  o n l y  a v a i l a b l e  expe r imen ta l  d a t a  cor responds  t o  t r a n s i t i o n s  t o  

t h e  me ta s t ab l e  s t a t e ,  i t  was dec ided  t o  use  t h e  c a l c u l a t e d  v a l u e s .  The 

same i s  t r u e  of t h e  c r o s s  s e c t i o n s  f o r  o the r  (n ,  p a r t i c l e )  r e a c t i o n s  

where t h e r e  were no expe r imen ta l  d a t a  a v a i l a b l e .  The expe r imen ta l  (n ,  

p a r t i c l e )  c r o s s  s e c t i o n s ,  when a v a i l a b l e ,  were used t o  normal ize  t h e  ca l cu -  

l a t e d  c r o s s  s e c t i o n s .  

3 .7  Enerpy D i s t r i b u t i o n  of t h e  Secondary Neutrons 

Energy d i s t r i b u t i o n s  of secondary neu t rons  o r i g i n a t i n g  from (n,Zn),  

( n ,3n ) ,  and i n e l a s t i c  s c a t t e r i n g  t o  t h e  continuum of l e v e l s  were a l s o  



c a l c u l a t e d .  These energy  d i s t r i b u t i o n s  a r e  exp re s sed  a s  normalized 

p r o b a b i l i t y  d i s t r i b u t i o n s .  Th i s  d i s t r i b u t i o n  has  been s p e c i f i e d  a s  an 

e v a p o r a t i o n  spectrum of t h e  t ype  

where I i s  t h e  no rma l i za t ion  c o n s t a n t .  The nuc l ea r  t empera tu re  was 

c a l c u l a t e d  as a  f u n c t i o n  of neu t ron  energy  u s i n g  t h e  n u c l e a r  l e v e l  d e n s i t y  

fo rmula t ion  of G i l b e r t  and Cameron. (48) 

4 .  EVALUATED CROSS SECTIONS 

I n  t h i s  r e p o r t  we have a l s o  reproduced cu rves  of t h e  e v a l u a t e d  c r o s s  

s e c t i o n s  f o r  1 2 4 ~ e  i n  F i g u r e s  12-30 a s  being t y p i c a l  of t h e  xenon i s o t o p e s .  

Data f o r  t h e  o t h e r  xenon i s o t o p e s  show s i m i l a r  behav io r .  These curves  

i n d i c a t e  g e n e r a l  t r e n d s  of t he  c r o s s  s e c t i o n s  and were p l o t t e d  from t h e  

eva lua t ed  d a t a  f i l e s  u s i n g  a  CALCOMP p l o t t e r .  I n  t h e s e  p l o t s  t h e  squa re s  

do not  i n d i c a t e  expe r imen ta l  p o i n t s .  They a r e  t h e  d a t a  p o i n t s  g iven  i n  

t h e  d a t a  f i l e s  and connected by s t r a i g h t  l i n e s .  
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TABLE 1 

P r o p e r t i e s  of t h e  S t a b l e  Xenon I s o t o p e s  

I s o t o p i c  Mass 

123.90612 

125.90428 

127.90353 

128.90478 

129.90351 

130.90508 

131.90416 

133.90540 

135.90722 

I s o t o p e  

Xe-124 

Xe-126 

Xe- 128 

Xe-129 

Xe-130 

Xe-131 

Xe-132 

Xe-134 

Xe-136 

F r a c t i o n a l  Abundance 

0.00096 

0.00090 

0.01920 

0.26440 

0.04080 

0.21180 

0.26890 

0.10440 

0.08870 



TABLE 2 

Nuclear  Reac t ions  and The i r  Q Values 

a 
See Reference  4 .  

b ~ e e  Reference  5 .  

r 

1 Q-Values (MeV) 
I s o t o p e  

XC?-124 

Xe-126 

Xe-128 

Xe-129 

Xe-130 

Xe-131 

Xe-132 

Xe-134 

Xe-136 

: 
( n , v >  

7.7643 

7.2249 

( n ,  3n) 

-18.530 

-17.860 

(n ,  2n) 

-10.230 

-10.090 

(n , P) 

0.6865 

-0.4685 

6.9057 

9.254ga 

6.6056 

8.9363b 

6.4535 

6.4518 

3.8613 

-1.3424 

0.5915 

-2.2097 

-0.1884 

. -2.7975 

-3.3646 

-6.2206 

- 9.614 

- 6.905 

- 9.258 

- 6 . 6 0 5 6 '  

- 8.9361 

- 8.535 

- 7.992 

(n,m) 

6.788 

5 .643  

(n ,d ) 

-16.839 

-16.520 

-16.1634 

-15.864 

-15.5416 

-14.988 

-14.443 

4 .814  

7.018 

4.055 

6 .221  

3.372 

2.715 

2.128 

-5.9432 

-6.0234 

-6.4414 

-6.5904 

-6.8998 

-7.3254 

-7.7114 

( n , t >  
3 

(n,He ) 

-4.5554 

-5.3504 

-8.825 

-6 .591  

-9.0237 

-6.789 

-9.269 

-9.303 

-9.330 

- 6.656 

, - 7.265 

. - 7.752 

- 8 . 2 7 1  

- 8.793 

- 9.790 

-10.712 

-8.160 

-8.689 

- 4.002 

- 5.511 



TABLE 3 

References  f o r  t h e  Energy Level  Data of t h e  Xe I s o t o p e s  

r 

React  ion  

Te (W ,2n)  

Te (a ,  2n) 

~e (3 ~e , 3ny) 

Te (a , 2n) 

Decay of '"'1 and 12*cs  

Te (3He ,3ny) 

Te ( a ,  3n) 

Decay of l a S c s  

Decay of 1 3 U ~  

Te (a ,  2n) 

Decay of 13"1 and 130cs 

Te (3 ~e ,3ny) 

Decay of 

130 T e ( a J 2 n y ) ,  ( a73ny)  

Decay of 1311 

130 Te(f f72ny) ,  ( c Y , ~ ~ Y )  

Decay of 13a cs 
Decay of 13"1 

Te (ct,Zn) 

Decay of 1 3 4 ~  

Decay of 1 3 4 ~  

Decay of 1 3 6 ~  

( p , p l )  on 1 3 6 ~ e  

I so tope  

Xe - 124 

Xe-126 

References  

Re f .  8 .  I. Bergstrom, e t  a l . ,  1969 

Ref .  8 .  I .  Bergstrom, e t  a l . ,  1969 

Ref .  9 .  M.  G .  B e t i g e r i ,  e t  a l . ,  1967 

Xe-128 Ref .  8 .  I .  Bergstrom, e t  a l . ,  1969 

Xe-129 

: Ref .  10.  G .  M .  J u l i a n ,  e t  a l . ,  1967 

Ref .  9 .  M.  G .  B e t i g e r i ,  e t  a l . ,  1967 

Ref .  11. I. Rezanka, e t  a l . ,  1970 

Ref .  12.  G .  G r a e f f e ,  e t  a l . ,  1967 

Xe-130 

Xe-131 

Xe-132 

Xe-134 

Xe-136 

Ref .  13. S .  M .  Qaim, 1970 

Ref .  8 .  I .  Bergstrom, e t  a l . ,  1969 

Ref .  14. T. E.  F e s s l e r ,  e t  a l . ,  1968 

Ref .  9 .  M.  6.  B e t i g e r i ,  e t  a l . ,  1967 

Ref .  15 .  C .  Kel le rshohn 

Ref .  16.  A .  Kerek,  e t  a l . ,  1971 

Ref .  12.  G .  G r a e f f e ,  e t  a l .  

Ref .  16 .  A.  Kerek, e t  a l . ,  1971 

Ref .  13 .  S .  M .  Qaim, 1970 

Ref .  17.  J.  H. Hamilton, e t  a l . ,  1970 

Ref .  8 .  I .  Bergstrom 

Ref .  18.  E .  Takekoshi ,  e t  a l . ,  1969 

Ref .  19 .  W.  G .  Winn, e t  a l . ,  1969 

Ref .  20. L.  C .  Ca r r az ,  e t  a l . ,  1971 

Ref .  21. P .  A .  Moore, e t  a l . ,  1970 
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TABLE 5 

Resolved Resonance Parameters for Xe-124 

TABLE 6 

Resolved Resonance Parameters for Xe-126 



TABLE 7 

Resolved Resonance Pa rame te r s  f o r  Xe-128 



TABLE 8 

Resolved Resonance Parameters  f o r  Xe-129 



TABLE 8 (Continued) 

Resolved Resonance Parameters f o r  ~ e -  129  



TABLE 9 

Resolved Resonance Parameters f o r  Xe-130 



TABLE 10 

Resolved Resonance Parameters  f o r  Xe-131 



TABLE 1 I 

Resolved Resonance Parameters  f o r  Xe-132 

TABLE 12 

Resolved Resonance Parameters  f o r  Xe-134 



Table  13 :  O p t i c a l  Model Parameters  

2 
U = 47.01  - 0 . 2 6 7 E  - 0.00118E MeV 

W = 9 . 5 2  - 0 . 0 5 3 E  MeV 

Spin  o r b i t  term = 0.  



TABLE 14 

Parameters  Used i n  keV Capture C a l c u l a t i o n s  

- 

271 - a> 
7.2083-03 

3.696E-03 

2.413E-03 

2.036E-02 

1.762E-03 

1.257E-02 

8.601E-04 

3.821E-04 

I s o t o p e  

Xe-124 

Xe-126 

Xe - 128 

Xe-129 

Xe-130 

Xe-131 

Xe-132 

Xe - 134 , Xe-136 , 3.8613 , 1.816E-05 , 

En (MeV) 

7.7643 

7.2249 

6.9057 

9.2549 

6.6056 

8.9363 

6.4535 

6.4518 



TABLE 15 

Neutron A c t i v a t i o n  Cross S e c t i o n s  a t  14 .4  MeV f o r  Xe I s o t o p e s  

I so tope  

Xe- 124 

Xe-126 

Xe- 128 

Xe- 130 

Xe- 131 

Xe-132 

Xe.- 134  

Xe-136 

o (n ,2n )  (mb) 

1130k110 

1355+165 
m o 700k200 

1530+170 
m 

o 840k 65 

om 1435k130 

in o 775+ 65 

2360+240 
m 

a 6652 80 

1700+1?0 
m 

o 7 5 0 k 5 0  

o ( n , p )  (mb) 

6 .7k0 .8  

5.3k0.6 

2 .5k0 .3  

2 . 2 t 0 . 5  
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X 

0 . 0  0 + 

Figure 1 - Energy Levels of Xe-124 



0.0 0 + 

F i g u r e  2 - Energy L e v e l s  of X e - 1 2 6  





E (MeV)  
X 

0.040 312 + 
0.00 112 + 

Figure 4 - Energy Levels of  Xe-129 



Figure 5 - Energy Levels of Xe-130 



E (MeV) 
X 

Figure 6 - Energy Levels o f  Xe-131 



0 . 0  0 + 

Figure 7 - Energy Levels  of Xe-132 



- 

Figure  8 - Energy Leve ls  of Xe-134 



0 . 0  0 + 

Figure  9 - Energy Levels of Xe-136 



Figure 10 - Optical Model Calculations 
Compared with Total Cross Section Data 
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Figure 11 - Optical Model Calculations 
Compared with Total Cross Section Data 
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F i g u r e  14 

F i g u r e  15 



Figure 16 
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Figure 19 
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Figure 2 7  



Figure 28 
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Figure  30 












