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INTRODUCTION AND'SUMMARY 

T h i s  r e p o r t  c o v e r s  u n c l a s s i f i e d  work o f  t h e  P h y s i c s  D i v i s i o n  f o r  t h e  
p e r i o d  December 2 0 ,  1950  t o  March 2 0 ,  1950. The c l a s s i f i e d  s e c t i o n  o f  t h e  

P h y s i c s  D i v i s i o n  o u a r t e r l y  r e p o r t  a p p e a r s - s e p a r a t e l y  (ORNL-1006). 

The a d d i t i o n s  t o  t h e  r e s e a r c h  s t a f f  i n  t h e  P h y s i c s  D i v i s i o n  a r e :  M r .  C. 
F. B a r n e t t  (Heavy I o n  Resea rch  Group) and Mrs .  Mary P. Haydn ( S h i e l d i n g  Group) .  
M r .  B a r n e t t  was f o r m e r l y  w i t h  t h e  C y c l o t r o n  Group a t  Y-12. Prs .  Haydn w a s  

fo rmer ly  w i t h  t h e  U n i t e +  S ta tes  Bureau o f  Mines a t  N o r r i s .  

Neutron Diffraction 

P r e l i m i n a r y  s t u d i e s  o f  t h e  h y d r i d e s  o f  t i t a n i u m  and c e r i u m  h a v e  b e e n  
made. F u r t h e r  i n v e s t i g a t i o n  i s  r e q u i r e d  b e f o r e  d e f i n i t e  hydrogen  p o s i t i o n s  
can  be e s t a b l i s h e d ,  b u t  i t  seems c e r t a i n  t h a t  a d e f i n i t e  s t r u c t u r e  i s  p r e s e n t .  
Tlre c o h e r e n t  s c a t t e r i n g  c r o s s - s e c t i o n  of  c e r i u m  was found t o  be 2 . 2  b a r n s ,  
p o s i t i v e  phase ;  t h a t  o f  bar ium,  3 .5  b a r n s ,  p o s i t i v e  phase .  

The magnet ic  s t r u c t u r e  ofMnF, and NiF, have been s t u d i e d .  The d i f f r a c t i o n  
p a t t e r n s  show t h a t  f o r  bo th  t h e s e  compounds t h e r e  i s  an o r d e r i n g  o f  t h e  a tomic  
m a g n e t i c  moments be low T O O K .  A model o f  t h e  m a g n e t i c  s t r u c t u r e  c o n s i s t e n t  
w i t h  t h e  d a t a  i s  g iven .  The d i f f r a c t i o n  r e s u l t s  a r e  compared w i t h  t h o s e  from 
s u s c e p t i b i l i t y  measurements .  

Neutron-Decay Experiment 

Changes i n  t h e  geometry o f  t h e  a p p a r a t u s  w i t h  r e s p e c t  t o  t h e  n e u t r o n  beam 
have r e s u l t e d  i n  a much c l e a r e r  r e v e l a t i o n  o f  t h e  neu t ron -decay  effect .  The re  
a r e  now a b o u t  1 . 5  b e t a - p r o t o n  c o i n c i d e n c e s  p e r  m i n u t e  wh ich  s t a n d  o u t  w e l l  
above  t h e  background  r a t e .  A t t e n t i o n  i s  b e i n g  f o c u s e d  upon t h o s e  f a c t o r s  
i n v o l v e d  i n  a more a c c u r a t e  d e t e r m i n a t i o n  o f  t h e  l i f e t i m e ;  t h e  b e t a  c o u n t e r  
e f f i c i e n c i e s  a r e  b e i n g  measured;  
observed  i s  b e i n g  more c l e a r l y  d e f i n e d  by means o f  p o t e n t i a l  b a r r i e r s .  

t h e  volume i n  which n e u t r o n  decays  a r e  b e i n g  
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Nuclear-Alignment Program 

I n  c o n n e c t i o n  w i t h  t h e  n u c l e a r - a l i g n m e n t  p rogram,  a new method f o r  t h e  
measurement o f  a b s o l u t e  t empera tu re  and e n t r o p y  below 1°K i s  b e i n g  deve loped .  

The "molecu la r "  beam m a g n e t i c  r e s o n a n c e  method h a s  been  a d a p t e d  f o r  u s e  
i n  t h e  n u c l e a r - a l i g n m e n t  program,  By i t s  u s e ,  t h e  a l i g n e d  n u c l e i - p o l a r i z e d  
n e u t r o n  i n t e r a c t i o n  can  be s t u d i e d  w i t h  p a r a l l e l  or a n t i p a r a l l e l  o r i e n t a t i o n s  
w i t h o u t  chang ing  any o f  t h e  l a r g e  magne t i c  f i e l d s  i n v o l v e d  i n  t h e  n e u t r o n  and 
n u c l e a r  a l ignmen t .  The method h a s  been found t o  be very  c o n v e n i e n t ,  a l s o ,  i n  
s t u d y i n g  p o l a r i z a t i o n  and d e p o l a r i z a t i o n  o f  n e u t r o n s .  

Short-lived Isomers 

An e x c i t e d  s t a t e  i n  s6Dy'60 w i t h  a h a l f - l i f e  o f  1.8 x 10'' sec h a s  been  
observed  w i t h  t h e  d e l a y e d - c o i n c i d e n c e  s c i n t i l l a t i o n  s p e c  trorne t e r  u s i n g  s o u r c e s  
o f  Tbl6O,  

High-Voltage Program 

The a n g u l a r  d i s t r i b u t i o n  o f  t h e  gamma r a y s  from t h e  r e a c t i o n  R'l(p,y)C'' 
a r e  b e i n g  s t u d i e d ,  The 12-Mev ga::tma r a y  was r e p o r t e d  t o  be e m i t t e d  a n i s o -  
t r o p i c a l l y  w i t h  r e s p e c t  t o  t h e  beam. The a n i s o t r o p y  o f  t h e  16-hlev gamma r a y  
h a s  been found t o  b e ,  a t  m o s t ,  s e v e r a l  y e r c e n t .  The  a v a i l a b l e  e v i d e n c e  
i n d i c a t e s  t h a t  i f  t h e s e  t w o  gamma r a y s  s t a r t  f rom d i f f e r e n t  i n i t i a l  l e v e l s ,  
t h e s e  l e v e l s  a r e  less  than  1 K e v  a p a r t .  

The gamma r a y s  from the  c a p t u r e  of  p r o t o n s  by H2 and H3 a r e  be ing  s t u d i e d  
w i t h  t h e  s c i n t i l l a t i o n  s p e c t r o m e t e r .  n r e l i m i n a r y  r e s u l t s  a r e  g iven .  

Appara tus  h a s  been c o n s t r u c t e d  t o  make p o s s i b l e  t h e  r o u t i n e  a c c e l e r a t i o n  
o f  He3.  The r e a c t i o n , H e 3  + H2- He4 + H' i s  b e i n g  s t u d i e d  and  i s  t o  be  
compared w i t h  H3 + H2* He4 + R. 

A p r e l i m i n a r y  e x p e r i m e n t  on t h e  i n e l a s t i c  s c a t t e r i n g  o f  14-Mev n e u t r o n s  
by l e a d  h a s  b e e n  c a r r i e d  o u t .  A h i s t o g r a m  o f  t h e  e n e r g y  s p e c t r u m  o f  t h e  
s c a t t e r e d  n e u t r o n s  i s  shown. 

8 



Standard Pile 

The Labora to ry  s t a n d a r d  g r a p h i t e  p i l e  i s  b e i n g  r e c a l i b r a t e d  i n  o r d e r  t o  
c l e a r  up  e x i s t i n g  d i s c r e p a n c i e s  be tween  Argonne  m e a s u r e m e n t s  a n d  t h o s e  o f  
Haydn J o n e s  o f  s e v e r a l  y e a m  ago a t  ORNL. The n e u t r o n  s o u r c e  b e i n g  used  i n  
t h e  s t a n d a r d  p i l e  w o r k  was compared  by t h e  E u r e a u  o f  S t a n d a r d s  t o  o n e  o f  
t h e i r  s o u r c e s .  Appara tus  i s  b e i n g  s e t  up f o r  making a n  independen t  d e t e r m i n a -  
t i o n  o f  t h e  a b s o l u t e  number of  n e u t r o n s  b e i n g  e m i t t e d  by o u r  s o u r c e .  

Heavy- Ion Research 

Work o n  t h e  b e h a v i o r  o f  t h i n  e v a p o r a t e d  f i l m s  upon bombardment  w i t h  
2OO-Kev p r o t o n s  h a s  been i n i t i a t e d .  The f i i m s  were f i r s t  made r a d i o a c t i v e  by 
n e u t r o n  c a p t u r e  so t h a t  t h e  e f f e c t  o f  t h e  p r o t o n  bombardment c o u l d  he s t u d i e d  
u s i n g  the  s p a t i a l  d i s t r i b u t i o n  o f  t h e  r a d i o a c t i v i t y  b e f o r e  and a f t e r  bombard- 
ment. S t u d i e s  o f  v a r i o u s  t y p e s  of  heavy- ion  d e t e c t o r s  and o f  i o n  s o u r c e s  a r e  
b e i n g  con t inueci . 

Neutron-Sensitive Phosphors 

A number o f  n e u t r o n - s e n s i t i v e  p h o s p h o r s  c o n t a i n i n g  l i t h i u m  have  b e e n  
p r e p a r e d  i n  m i c r o c r y s t a l l i n e  form,  and t h e i r  l u m i n e s c e n t  p r o p e r t i e s  have been 
o1 ,served .  Some o f  t h e s e  have been  found t o  have  a d e c a y  t i m e  s h o r t  enough 
t o  be o f  i n t e r e s t .  A ~ p a r a t u s  h a s  been  c o n s t r u c t e d  t o  d e t e r m i n e  t h e  c r y s t a l -  
growth p r o p e r t i e s  o f  p h o s p h o r s  and t o  grow l a r g e  c r y s t a l s  from t h e  m e l t  i n  a 
c o n t r o l  l e d  atrnos1)here. 

Short-Period Activities 

The u s e  o f  a p h o t o g r a p h i c - d e n s i t y  t e c h n i q u e  i n  s t u d y i n g  s h o r t - p e r i o d  
a c t i v i t i e s  h a s  been d e s c r i b e d  i n  p r e v i o u s  q u a r t e r l y  r e p o r t s  ( s e e  p. 3 f o r  OkJ\TJ.. 
numbers) .  The r e s u l t s  o b t a i n e d  from t h i s  t e c h n i q u e  o f  p u l s e - h e i g h t  a n a l y s i s  
have now been compared t o  t h e  r e s u l t s  o b t a i n e d  from t h e  c o n v e n t i o n a l  t ype  o f  
p u l s e - h e i g h t  a n a l y z e r .  Data  a r e  g iven  which show t h a t  t h e  two t e c h n i q u e s  g i v e  
c o m p a r a b l e  r e s u l t s .  The  d e n s i t y  me thod  h a s  t h e  a d v a n t a g e  o f  b e i n g  l e s s  
l a b o r i o u s  and b e t t e r  adap ted  f o r  s h o r t  p e r i o d s .  
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The d a t a  on t h e  b e t a  s p e c t r a  o f  Ag'O' and  Ag1l0 d e s c r i b e d  i n  t h e  l a s t  
q u a r t e r l y  r e p o r t  (ORNL-940, p. 19) have  been  examined f u r t h e r .  Fermi p l o t s  
and b e t a - r a y - e n e r g y  end  p o i n t s  r e s u l t i n g  from t h i s  more e x a c t  a n a l y s i s  a r e  
g iven  i n  t h i s  r e p o r t .  

Long-Wavelength Neutron Source 

A s o u r c e  o f  l ow-ene rgy  n e u t r o n s  of wave leng th  g r e a t e r  than  4 A is  b e i n g  
deve loped .  I t  makes u s e  of t h e  c r i t i c a l - a n g l e  p r o p e r t y  o f  t o t a l  r e f l e c t i o n  
t o  e l i m i n a t e  h i g h e r  o r d e r  Bragg  r e f l e c t i o n s  from a c r y s t a l .  

Theoretical Pbysics 

A l i s t  o f  p r o b l e m s  i n  wh ich  t h e  T h e o r e t i c a l  P h y s i c s  Group i s  c u r r e n t l y  
SO), t o g e t h e r  w i t h  a n  i n d i c a t i o n o f  t h e  i n t e r e s t e d  i s  g iven  i n  t h i s  r e p o r t  ( p .  

s t a t u s  o f  each. 

The problem o f  t h e  a n g u l a r  c o r r e l a t i o n  o f  i n t e r n a l - c o n v e r s i o n  e l e G t r o n s  
and gamma r a y s  i n  a c a s c a d e  t r a n s i t i o n  has  been s e t  up f o r  computa t ion .  

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

n u c l e a r  cascade  p r o c e s s  f o r  t h r e e  r a d i a t i o n s  e m i t t e d  (or abso rbed)  a t  a r b i t r a r y  
a n g l e s  h a s  been  s o l v e d .  A d e t a i l e d  r e p o r t  g i v i n g  p r o o f s  and  a p p l i c a t i o n s  
t o  B " ( ~ , W ) C ' ~  i s  b e i n g  p r e p a r e d .  

The problem o f  t h e  p o l a r i z a t i o n  o f  t h e  gamma. r a y s  r e s u l t i n g  from c a p t u r e  
o f  p o l a r i z e d  neut rons .  as a f u n c t i o n  o f  a n g l e  h a s  been s t u d i e d .  For b o t h  p u r e  
and mixed m u l t i p o l e s  t h e  r a d i a t i o n  i s  i s o t r o p i c  and d o e s  n o t  depend  on t h e  
n e u t r o n  p o l a r i z a t i o n .  A r e p o r t - o f  t h e  work is  b e i n g  p r e p a r e d .  

C a l c u l a t i o n s  a r e  i n  p r o g r e s s  t o  check  t h e  h y p e r f i n e  s t r u c t u r e  p a t t e r n  
obse rved  by t h e  magne t i c  r e sonance  method i n  manganese ammonium s u l f a t e .  T h i s  
e f f o r t  is i n  c o o p e r a t i o n  w i t h  t h e  e x p e r i m e n t a l  n u c l e a r - a l i g n m e n t  program. 

I n v e s t i g a t i o n s  o f  t h e  e n e r g y  l o s s e s  o f  i o n s  i n  p a s s i n g  t h r o u g h  ma t t e r  

a r e  c o n t i n u i n g .  The  c a l c u l a t i o n  o f  t h e  e l a s t i c  s c a t t e r i n g  c r o s s - s e c t i o n s  
i n  t h e  l o w - e n e r g y  r e g i o n  a r e  w e l l  unde rway .  An a t t e m p t  i s  b e i n g  made t o  
f o r m u l a t e  a s e m i e m p i r i c a l  t h e o r y  i n  t h e  r e g i o n  o f  i o n  v e l o c i t i e s  a b o u t  e q u a l  
t o  o r b i t a l  e l e c t r o n  v e l o c i t i e s .  
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An a t t e m p t  i s  b e i n g  made t o  u s e  t h e  a v a i l a b l e  i n f o r m a t i o n  on  t h e  €I3 
b i n d i n g  e n e r g y  and  t h e  low-ene rgy  n e u t r o n - d e u t e r o n  s c a t t e r i n g  t o  o b t a i n  new 
i n f o r m a t i o n  a b o u t  n u c l e a r  f o r c e s .  By combin ing  t h e s e  two t y p e s  o f  d a t a ,  a 

un ique  c h o i c e  is d e s c r i b e d  i n  t h i s  r e p o r t  between t h e  two p o s s i b l e  p a i r s  o f  
s c a t t e r i n g  a m p l i t u d e s  f o r  t h e  d o u b l e t  a n d  q u a r t e t  s t a t e s  d e r i v e d  f rom t h e  
s low-neu t ron  s c a t t e r i n g  d a t a .  

A s i m p l e  d e r i v a t i o n  h a s  been a t t e m p t e d  o f  t h e  u s u a l  B r e i  t -Wigne r  o n e -  
l e v e l  formula.  The r e s u l t i n g  e x p r e s s i o n  l e a d s  t o  t h e  same s h a p e  n e a r  r e sonance ,  
b u t  d i s c r e p a n c i e s  a p p e a r  f o r  e n e r g i e s  more t h a n  o n e . - h a l f - w i d e h  away f rom 
resonance .  

I t  h a s  been shown t h a t  i f  one h a s  i s o t r o p i c  2L p o l e  gamma r a d i a t i o n  from 
a l e v e l  o f  quantum number j ,  t hen  a n e c e s s a r y  and s u f f i c i e n t  c o n d i t i o n  f o r  a l l  
gamma r a d i a t i o n  from t h a t  s t a t e  t o  be i s o t r o p i c  is t h a t  L 2 j - !4. 
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PUBLICATIONS 

The f o l l o w i n g  a r t i c l e s  by members o f  t h e  P h y s i c s  D i v i s i o n  have  a p p e a r e d  
d u r i n g  t h e  p a s t  q u a r t e r :  

1. 

2 .  

3 .  

4 .  

5. 

T r a n s p o r t  P a r a m e t e r s  f o r  Thermal N e u t r o n s  i n  W a t e r ,  F r a n c i s  J .  S i s k ,  
ORNL-933 (Mar. 15, 1951) .  

"E lemen ta ry  P i l e  Theory ,* (  H. Soodak and E. C. Campbe l l ,  t r a n s l a t i o n  i n t o  
t h e  R u s s i a n ,  llspekhi F i z .  Nauk 42, 9 3  (1950) .  

" N e u t r o n  D e c a y :  T h e  P r o b l e m  a n d  t h e  E x p e r i m e n t s , "  A r t h u r  H. S n e l l ,  
N u c l e o n i c s ,  p.  3 ,  M a r c h ,  1951 . 
" N e w  E x p e r i m e n t a l  Method f o r  M e a s u r i n g  A b s o l u t e  T e m p e r a t u r e s  , " I  L. D. 
R o b e r t s  and J .  W .  T. Dabbs,  N a t l .  Bur .  S t a n d .  Low-Temperature Symposium, 
March 27-29,  1951. 

" I s o t o p e s  S h i f t s  i n  t h e  B a l m e r  S p e c t r u m  of T r i t i u m , "  H. Pomerance and 
D. T e r r a n o v a ,  Am. J .  P h y s .  1 8 ,  466 (1950).  
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1. NEUTRON DIFFRACTION 

C. G. S h u l l  E. 0. Wollan 
W. C. Koeh le r  

Metal Hydrides. Neutron-  d i f f r a c t i o n  s t u d i e s  o f  t h e  h y d r i d e s  o f  t i t a n i u m  
and cer ium have been u n d e r t a k e n  i n  an e f f o r t  t o  d i s c o v e r  i f  t h e  hydrogen atoms 
go i n t o  d e f i n i t e  l a t t i c e  p o s i t i o n s  i n  t h e s e  s u b s t a n c e s .  The t i t a n i u m  h y d r i d e  
s t u d y  was made a t  t he  r e q u e s t  o f  D r .  B. M a t t h i a s  o f  t h e  U n i v e r s i t y  o f  Ch icago ,  
and t h e  sample  u s e d  i n  t h e  s t u d y  was a p r o d u c t  o f  M e t a l  H y d r i d e s ,  I n c .  The 
X-ray  d i f f r a c t i o n  p a t t e r n  o f  t h i s  sample  cou ld  be i n d e x e d  on a f a c e - c e n t e r e d  

c u b i c  l a t t i c e  o f  l a t t i c e  p e r i o d  a l  = 4.40 A. No a d d i t i o n a l  l i n e s  appea red  i n  
t h e  n e u t r o n  p a t t e r n ,  and t h e  r e l a t i v e  i n t e n s i t i e s  s u g g e s t  t h a t  t h e  hydrogen  
atoms e n t e r  t h e  l a t t i c e  i n  t h e  s i t e s  c o r r e s p o n d i n g  t o  those  o f  f l u o r i n e  i n  t h e  
CaF, s t r u c t u r e .  Assuming t h a t  t h e  CaF, s t r u c t u r e  is a c o r r e c t  m o d e l ,  t h e  
a b s o l u t e  i n t e n s i t i e s  s u g g e s t  a c o m p o s i t i o n  i n  t h i s  p r e p a r a t i o n  c o r r e s p o n d i n g  
t o  TiH,. 2 5 .  Need les s  t o  s a y ,  f u r t h e r  i n v e s t i g a t i o n  i s  r e q u i r e d  b e f o r e  d e f i n i t e  
hydrogen p o s i t i o n s  can be e s t a b l i s h e d ,  b u t  i t  does  seem c e r t a i n  t h a t  hydrogen 
forms a d e f i n i t e  s t r u c t u r a 1  e n t i t y  w i t h  t i t a n i u m .  

A sample  o f  CeH, was s u b m i t t e d  by D r .  J. S i n g e r  o f  Los Alamos S c i e n t i f i c  
L a b o r a t o r y .  The a n a l y s i s  o f  t h e  d a t a  i s  n o t  y e t  c o m p l e t e ,  b u t  i t  i s  c e r t a i n  
t h a t  a d e f i n i t e  compound has  been formed. A comple te  r e p o r t  on t h i s  work w i l l  
p robab ly  be i s s u e d  from Los Alamos. 

Scattering Cross-sections. I n  t h e  c o u r s e  o f  i n v e s t i g a t i n g  t h e  s t r u c t u r e  
o f  CeH,, i t  w a s  n e c e s s a r y  t o  d e t e r m i n e  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  and p h a s e  
o f  cer ium.  A sample  o f  CeO, w a s  p r e p a r e d  from c.p.  ce r ium n i t r a t e  by p r e c i p -  
i t a t i o n  o f  t he  h y d r o x i d e  and s u b s e q u e n t  i g n i t i o n .  X - r a y - d i f f r a c t i o n  p a t t e r n s  
e s t a b l i s h e d  the  fo rma t ion  o f  CeO,. From t h e  a n a l y s i s  o f  t h e  n e u t r o n - d i f f r a c t i o n  
p a t t e r n  o f  CeO,, t h e  c o h e r e n t  s c a t t e r i n g  c r o s s  - s e c t i o n  o f  c e r i u m  w a s  found 
t o  be 2.2 b a r n s  and t h e  p h a s e  o f  s c a t t e r i n g  was found t o  be p o s i t i v e .  T h i s  
v a l u e  o f  2 .2  b a r n s  i s  much smal le r  than  t h e  p o t e n t i a l  s c a t t e r i n g  c r o s s - s e c t i o n  
o f  c e r i u m .  S i n c e  t h e  two ma jo r  i s o t o p e s  o f  ce r ium a r e  e v e n - e v e n  n u c l e i ,  i t  

a p p e a r s  t h a t  t h e  s c a t t e r i n g  p r o p e r t i e s  o f  one  or b o t h  o f  t h e s e  i s o t o p e s  a r e  

s t r o n g l y  i n f l u e n c e d  by r e s o n a n c e s .  A s t u d y  o f  i s o t o p i c a l l y  e n r i c h e d  samples  
i s  p lanned  f o r  t h e  n e a r  f u t u r e .  
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The c r o s s - s e c t i o n  o f  ba r ium was e v a l u a t e d  f rom t h e  n e u t r o n - d i f f r a c t i o n  

p a t t e r n  o f  BaFz w i t h  t h e  r e s u l t  t h a t  uBa = 3 . 5  b a r n s .  Bar ium a l s o  s c a t t e r s  
w i t h  p o s i t i v e  p h a s e .  Here ,  a l s o ,  t h e  s m a l l  o b s e r v e d  c r o s s - s e c t i o n  wou ld  
i n d i c a t e  t h e  p r e s e n c e  o f  r e sonance  e f f e c t s  i n  one or more o f  t h e  i s o t o p e s .  

Magnetic structure of BnF, and NiF, (R. A .  E r i c k s o n , *  ORINS F e l l o w ) .  
N e u t r o n  d i f f r a c t i o n  s t u d i e s  o f  MnF, and NiF, have  been  made a t  s e v e r a l  t e m -  
p e r a t u r e s  be tween 1 0  and 300OK. The powdered s a m p l e s  were  c o n t a i n e d  i n  a n  
e v a c u a t e d  c r y o s t a t  which u t i l i z e d  a t h e r m a l  s h i e l d  c o o l e d  by l i q u i d  n i t r o g e n  
t o  r e d u c e  t h e  h e a t  t r a n s f e r  t o  t h e  w o r k i n g  c o o l a n t .  The  c o o l a n t s  employed 
were pumped l i q u i d  or s o l i d  n i t r o g e n  f o r  t e m p e r a t u r e s  between 45 and 80°K and 
l i q u i d  hydrogen  or he l ium f o r  t e m p e r a t u r e s  below 2 5 O K .  The h e a t  l e a k  t o  t h e  
i n n e r  c o o l a n t  was a p p r o x i m a t e l y  100 c a l / h r  and t h e  c a p a c i t y  o f  t h e  c o n t a i n e r  
was s u f f i c i e n t  t o  g i v e  a b o u t  1 2  h r  o f  o p e r a t i o n  from one  f i l l i n g  o f  l i q u i d  
h e l i  um, 

The a n t i f e r r o m a g n e t i s m  o f  MnF, be low 72’K h a s  .been e s t a b l i i h e d  by t h e  
powder s u s c e p t i b i l i t y  measu remen t s  o f  B i z e t t e  and T s a i , ( ’ )  and  t h e  s p e c i f i c  
h e a t  d e t e r m i n a t i o n  by S t o u t  and Adams. From s u s c e p t i b i l i t y  measu remen t s  
on  a s i n g l e  c r y s t a l  o f  Mn.F2, G r i f f e l  and S t o u t ( 3 )  h a v e  shown t h a t  i n  t h e  
a n t i f e r r o m a g n e t i c  s t a t e  t h e  magnet ic  moments o f  t h e  manganese i o n s  a r e  d i r e c t e d  
a l o n g  t h e  s h o r t  a x i s  o f  t h e  t e t r a g o n a l  s y s t e m .  The powder  s u s c e p t i b i l i t y  
o f  NiF, h a s  been s t u d i e d  by De Haas ,  S c h u l t z ,  and  K o ~ l h a s s ( ~ )  and b y  B i z e t t e ( ’ )  
and from t h e s e  d a t a  no e v i d e n c e  o f  a n t i f e r r o m a g n e t i s m  i n  NiF, was found,  

N e u t r o n - d i  f f r a c t i o n  p a t t e r n s  show t h a t  f o r  b o t h  t h e s e  compounds t h e r e  
i s  an o r d e r i n g  o f  t h e  a tomic magnet ic  moments a t  t e m p e r a t u r e s  below 70’K. T h i s  
o r d e r i n g  i s  e v i d e n c e d  by a p r o g r e s s i v e  d e c r e a s e  i n  t h e  m a g n e t i c  d i f f u s e  
s c a t t e r i n g  as  t h e  t e m p e r a t u r e  i s  d e c r e a s e d  (be low 70’K) and t h e  s i m u l t a n e o u s  
g r o w t h  o f  s u p e r l a t t i c e  d i f f r a c t i o n  p e a k s .  A t  t h e  l o w e s t  t e m p e r a t u r e s  t h e  
i n t e n s i t y  o f  t h e  m a g n e t i c  r e f l e c t i o n s  a p p r o a c h e s  s a t u r a t i o n .  T y p i c a l  d i f -  
f r a c t i o n  p a t t e r n s  f o r  MnF, a t  300°K and a t  24°K a r e  shown i n  F i g .  1. The  
NiF, p a t t e r n s  were e n t i r e l y  ana logous  to  those  o f  MnF,, showing t h a t  a magne t i c  
s t r u c t u r e  s i m i l a r  t o  t h a t  o f  MnF, h a s  deve loped  a t  low t e m p e r a t u r e s .  

(1) B i z e t t e ,  H.,  and Tsa’i, B . ,  ”Magnetic S u s c e p t i b i l i t y  of Manganous Fluoride to Low Temperature,” 
Corpt .  rend. 209, 205 (1939). 

( 2 )  Stout,  J. W., and Adams, H. E . ,  “Magnetism and t h e  ’Ihird Law of Thermodynamics. The Heat Capacity 
of Manganous Fluoride from 13 t o  320%,” J .  Am. Cher.  SOC. 64, 1535 (1942). 

(3) Griffel ,  M. , and Stout,  J .  W., “The Magnetic Anisotropy of Manganous Fluoride Between 12 and 295%,’, 
J .  Chem. Phys.  18, 1455 (1950). 

(4) De Haas, W. J., Schultz,  B. H. ,  and Koolhaas, J., ”Further Measurements of the Magnetic Propert ies  
of Some S a l t s  of the Iron Group a t  Low Temperatures,” Physica 7, 57 (1940). 

(5) Bize t te ,  H., “On the Orientation of Some Molecules and Cr s t a l s  by the Magnetic Fie ld .  I .  Magneto- 
and Electro-optic Properties of Nitric Oxide,”Ann. p h y s .  Baris 1 ,  295-334 (1946). 
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S i n c e  t h e  magne t i c  r e f l e c t i o n s  [ i n  F i g .  1 t h e s e  are t h e  (1001 ,  ( 2 0 1 ) ,  and 
p a r t s  o f  t he  (111)  and (21011 can  be indexed  from t h e  same c e l l  as  t h e  n u c l e a r  
peaks ,  i t  fo l lows  t h a t  t h e  magnet ic  u n i t  c e l l  is t h e  same s i z e  as t h e  chemica l  
u n i t  c e l l .  From t h e  a b s o l u t e  i n t e n s i t y  o f  t h e  magne t i c  p e a k s  n e a r  s a t u r a t i o n  
[ p a r t i c u l a r l y  f rom t h e  (100) and t h e  a b s e n c e  o f  t h e  (001)  r e f l e c t i o n ] ,  t h e  
conc lus ion  o f  G r i f f e 1  and h a s  been v e r i f i e d .  A model o f  t h e  magnet ic  
s t r u c t u r e  c o n s i s t e n t  w i t h  t h e s e  d a t a  is shown i n  F i g .  2 ,  w h e r e  t h e  a r r o w s  
i n d i c a t e  t h e  d i r e c t i o n  o f  t h e  magnet ic  moment v e c t o r .  

16 
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2 .  NEUTRON-DECAY EXPERIMENT 

F. P l e a s o n t o n  R .  V. McCord* 
A .  H. S n e l l  

S i n c e  o u r  l a s t -  r e p o r t  (ORNL-694) t h e  f o l l o w i n g  c h a n g e s  and improvements  
have been made i n  t h e  a p p a r a t u s :  

1. 

2. 

3 .  

4.  

The 

The o l d  c o l l i m a t o r ,  which i n i t i a l l y  d e l i v e r e d  a 3 - i n . - d i a m e t e r  
beam s u b s e q u e n t l y  t h r o t t l e d  down t o  1% i n . ,  was r e p l a c e d  by  a 
new one which  l e a k e d  much less  around t h e  p e r i p h e r y .  The  beam 
a t  i t s  n a r r o w e s t  is now % i n .  i n  d i a m e t e r  b u t  i s  a b o u t  1-3/8 i n .  
i n  d i a m e t e r  a t  t h e  p o s i t i o n  o f  t h e  d e t e c t o r s .  

T h i s  change p e r m i t t e d  moving t h e  b e t a  c o u n t e r s  ( o f  which  t h e r e  
a r e  now t h r e e )  much c l o s e r  t o  t h e  beam, and t h e  background was 
s o  r e d u c e d  t h a t  t h e  B c o u n t e r s  c o u l d  be abandoned.  (The  b e t a  
c o u n t e r s  were t w o - c e l l e d ,  t h e  c e l l  n e a r  t h e  beam b e i n g  d e s i g n a t e d  
A ,  and t h a t  remote  from t h e  beam b e i n g  d e s i g n a t e d  P.)  The  n e t  
change i s  a g r e a t  improvement i n  t h e  g e o m e t r i c a l  a r r a n g e m e n t  f o r  
c o i n c i d e n c e  c o u n t i n g ,  

T h i s  i m p r o v e m e n t  i n  g e o m e t r y  h a s  r e s u l t e d  i n  a much c l e a r e r  
r e v e l a t i o n  o f  t h e  n e u t r o n - d e c a y  e f f e c t .  We now have  a b o u t  1 .5  
b e t a - p r o t o n  c o i n c i d e n c e s  p e r  m i n u t e ,  and t h e s e  c o u n t s  s t a n d  w e l l  
above t h e  random r a t e .  

One o f  t h e  main o b s t a c l e s  i n  t h e  e v a l u a t i o n  o f  an a c c u r a t e  h a l f -  
l i f e  had been  t h e  e x a c t  d e l i n e a t i o n  o f  t h e  volume o f  beam from 
which c o i n c i d e n c e s  w e r e  d e t e c t a b l e .  E'e b e l i e v e  t h a t  t h i s  d i f f i -  
c u l t y  h a s  b e e n  d i s s o l v e d  by t h e  u s e  o f  p o t e n t i a l  b a r r i e r s  a t  
e i t h e r  end  o f  t h e  c o l l e c t i n g  volume,  where  i n s u l a t e d  aluminum 
r i n g s  have been p l a c e d  around t h e  beam and k e p t  a t  a p o t e n t i a l  
c o n s i d e r a b l y  more p o s i t i v e  t h a n  t h e i r  s u r r o u n d i n g s .  The r e s u l t  
i s  t h a t  no  p r o t o n s  r e c o i l i n g  from n e u t r o n  d e c a y  c a n  p a s s  i n  or 
o u t  of t h e  e n d s  o f  t h e  c o l l e c t i n g  volume. We b e l i e v e  from r u b b e r  
s h e e t  t e s t s  t h a t  e s s e n t i a l l y  a l l  p r o t o n s  c r e a t e d  i n  t h e  volume 
w i l l  be a c c e l e r a t e d  o u t  toward t h e  m u l t i p l i e r .  I f  s u c c e s s f u l ,  
t h i s  m o d i f i c a t i o n  w i l l  d i s p o s e  o f  t h e  main u n c e r t a i n t y  i n  t h e  
n e u t r o n  h a l f  - l i f e  d e t e r m i n a t i o n .  The p o t e n t i a l  b a r r i e r s  have  
been o b s e r v e d  t o  i n c r e a s e  t h e  c o i n c i d e n c e  r a t e  roughly by the amount 
e x p e c t e d .  

deve lopments  o u t l i n e d  above l e a v e  t h e  b e t a - c o u n t e r  e f f i c i e n c y  a s  t h e  
main datum y e t  t o  be  d e t e r m i n e d  f o r  t h e  h a l f - l i f e  measurement .  A t t e m p t s  t o  

o b t a i n  t h i s  q u a n t i t y  have  been made by (1) p u r e l y  g e o m e t r i c  c o n s i d e r a t i o n s ,  

*Now with Operations Divis ion.  
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a n d  ( 2 )  u s e  of a c a l i b r a t e d  T l a o *  s o u r c e  w i t h  t h e  c o u n t e r s  i n  a i r .  T h e  
r e s u l t s  were so d i s c r e p a n t  t h a t  w e  have chosen a t h i r d  l i n e  of a t t a c k  and a r e  
a t  p r e s e n t  making  t h e  measurement  by t h e  beta-gamma c o i n c i d e n c e  method. A 
sodium i o d i d e - c r y s t a l  s c i n t i l l a t i o n  c o u n t e r  h a s  been s e t  u p ,  and beta-gamma 
c o i n c i d e n c e s  of Au’” have been o b s e r v e d .  The measurement  w i l l  p r o c e e d  when 
t h e  shop d e l i v e r s  t h e  p o s i t i o n i n g  mechanism which  w i l l  s u p p o r t  t h e  s o u r c e  i n  
t h e  a c t u a l  e v a c u a t e d  t ank  t h a t  i s  used i n  t h e  neutron-decay work. 

19 



3 .  NUCLEAR-ALIGNMENT PROGRAM 

L. D. R o b e r t s  C. P. S t a n f o r d  
J. W. T. Dabbs T. Stephenson  

S. B e r n s t e i p  

I n  c o n n e c t i o n  w i t h  t h e  n u c l e a r - a l i g n m e n t  p rogram,  a new method f o r  t h e  
measurement o f  a b s o l u t e  t e m p e r a t u r e  and e n t r o p y  below 1°K i s  b e i n g  deve loped .  
T h i s  method is based  on i n t e g r a l s  proposed  by C a s i m i r ,  

w i t h  t e m p e r a t u r e  c o n s t a n t ,  and 

w i t h  e n t r o p y  c o n s t a n t .  
i n t eg ra1 . s .  The e x p e r i m e n t a l  method is d i s c u s s e d  below,  

O u r  method may be  u s e d  t o  m e a s u r e  e i t h e r  o f  t h e s e  

Measurement o f  Temperature. Two i d e n t i c a l  s e c o n d a r y  c o i l s ,  c o n n e c t e d  
i n  o p p o s i t i o n ,  a r e  p l a c e d  i n  t h e  h i g h l y  u n i f o r m  f i e l d  o f  a l a r g e  s o l e n o i d  
magnet. I n  e a c h  o f  t h e s e  c o i l s  a s p h e r e  o f  p a r a m a g n e t i c  s a l t  i s  p l a c e d  and 
t h e i r  p o s i t i o n s  a r e  so a d j u s t e d  t h a t  t h e  n e t  q u a n t i t y  o f  c h a r g e  g e n e r a t e d  i n  
t h e  s e c o n d a r y  c i i c u i t ;  upon s w i t c h i n g  off a f i e l d  H from t h e  l a r g e  s o l e n o i d ,  
w i l l  be p r o p o r t i o n a l  t o  t h e  d i f f e r e n c e  o f  magne t i c  moment o f  t h e  two s p h e r e s ,  
& ( H ) .  When t h i s  a d j u s t m e n t  h a s  been  made,  an  a d i a b a t i c  d e m a g n e t i z a t i o n  o f  
t h e  two s p h e r e s  i s  pe r fo rmed  a s  fo l lows :  With t h e  h e l p  o f  a n  a u x i l i a r y  c o i l ,  
t h e  t w o  s p h e r e s  are  now i s o t h e r m a l l y  magne t i zed  t o  s l i g h t l y  d i f f e r e n t  f i e l d s ,  
and thus  t o  s l i g h t l y  d i f f e r e n t  e n t r o p i e s  a t  1'K. The s y s t e p r  i s  now made 
a d i a b a t i c  and t h e  d e m a g n e t i z a t i o n  i s  pe r fo rmed .  I n  t h i s  d e m a g n e t i z a t i o n  t h e  
above known e n t r o p y  d i f f e r e n c e ,  AS,, w i l l  be e s s e n t i a l l y  c o n s t a n t .  T h e n ,  
&(H) is measured i s e n t r o p i c a l l y  a s  a f u n c t i o n  o f  H a s  i n d i c a t e d  above  f o r  
this &,. The r e q u i r e d  p a r t i a l  d e r i v a t i v e  i s  then  AM(N/AS, ,  and t h e  tempera-  
t u r e  i n t e r v a l  A T ( H )  m a y  be o b t a i n e d  b y  t h e  g r a p h i c a l  i n t e g r a t i o n  o f  t h i s  
q u a n t i  t y  . 
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Measurement of Entropy of Magnetization. For t h i s  measurement  t h e  two 
s a l t  samples  a r e  p l a c e d  i n  s e p a r a t e  l i q u i d  he l ium b a t h s .  With t h e s e  b a t h s  a t  
t h e  same t e m p e r a t u r e ,  t h e  a p p a r a t u s  i s  b a l a n c e d  a s  b e f o r e  s o  t h a t  t h e  s i g n a l  
f r o m  t h e  two s e c o n d a r y  c o i l s  c o n t a i n i n g  t h e  two s p h e r e s  o f  s a l t  w i l l  be  
p r o p o r t i o n a l  t o  t h e  d i f f e r e n c e  o f  magnet ic  moment, AM(H). Then t h e  two b a t h s  
a r e  pumped t o  two s l i g h t l y  d i f f e r e n t  t e m p e r a t u r e s  e d i f f e r i n g  by an  i n c r e m e n t  
AT, and AM(H) i s  measured  i s o t h e r m a l l y  a s  a f u n c t i o n  o f  H f o r  t h i s  AT. The 
r e q u i r e d  p a r t i a l  d e r i v a t i v e  i s  now h M ( H ) / A T  and t h e  e n t r o p y  i n t e r v a l  & ( H I  i s  
o b t a i n e d  by g r a p h i c a l  i n t e g r a t i o n  a s  b e f o r e .  

The e q u i p m e n t f o r  t h e s e  e x p e r i m e n t s  h a s  j u s t  been completed and p r e l i m i n a r y  
expe r imen t s  a r e  b e i n g  performed.  

I n  J a n u a r y  t h r e e  o f  t h e  e i g h t  c o i l s  o f  t h e  l a r g e  e l e c t r o m a g n e t  u s e d  f o r  
t h e  nuc lea r - a l ignmen t  work w e r e  burned o u t .  T h i s  e v e n t  hampered t h e  a l ignmen t  
program c o n s i d e r a b l y  a s  i t  took  some t i m e  to make e v e n  a t empora ry  r e p a i r  o f  
t h e  magne t .  By r e s h a p i n g  and  e n l a r g i n g  t h e  p o l e  p i e c e s ,  a c c o r d i n g  t o  a 

p r e s c r i p t i o n  o f  Dwight and A b t , ( ’ )  t h e  e f f i c i e n c y  o f  t h e  magne t i c  c i r c u i t  was 
somewhat improved s o  t h a t  w e  now have a p p r o x i m a t e l y  t h e  same f i e l d s  w i t h  f i v e  
c o i l s  t h a t  w e  p r e v i o u s l y  had w i t h  e i g h t .  C u r i n g  t h i s  p e r i o d  t h e  low- tempera tu re  
n u c l e a r - a l i g n m e n t  equipment  h a s  a l s o  been r e v i s e d  f o r  greater  con-renience o f  o p e r  
a t i o n ,  and a p p a r a t u s  f o r  t e m p e r a t u r e  measurement below 1 ° K  h a s  been i n s  t a l i e d .  ‘!he 

equipment  is  i n  s a t i s f a c t o r y  o p e r a t i o n .  I n  a t e s t  r u n ,  a sample o f  manganous 
ammonium s u l f a t e  w a s  d e m a g n e t i z e d  t o  a f i e l d  o f  400 g a u s s ,  and t h e  C u r i e  
t e m p e r a t u r e  T* was measured a s  a f u n c t i o n  o f  t i m e .  The t e m p e r a t u r e  remained  
ve ry  c o n s t a n t  a t  abou t  0.1”K, t h e  v a r i a t i o n  b e i n g  immeasurably s m a l l  f o r  more 
than  3 h r .  

U s e  of a n e u t r o n  f l i p p e r  c a n  n e a r l y  d o u b l e  t h e  e f f e c t  d u e  t o  n u c l e a r  
a l ignmen t .  T h i s  w a s  d i s c u s s e d  i n  the  l a s t  q u a r t e r l y  r e p o r t  (ORNL-940, p.  1 2 ) .  
The beam r e f l e c t e d  from a m a g n e t i z e d  m a g n e t i t e  c r y s t a l  i s  e x c e l l e n t  f o r  in - -  
v e s t i g a t i n g  t h e  o p e r a t i o n  o f  a n e u t r o n  f l i p p e r .  

A m a g n e t i t e  c r y s t a l  was u s e d  a s  a monochromator  and  p o l a r i z e r ,  and a 
second  m a g n e t i t e  c r y s t a l  was u s e d  as a beam a n a l y z e r .  The n e u t r o n - f l i p p i n g  
c o i l  was p l a c e d  be tween  t h e  two c r y s t a l s .  I f  t h e  r e f l e c t e d  beam f rom t h e  

(1) Dwight, H. B . ,  and Abt, C. F . ,  ‘ ‘ n e  Shape of Core for Laboratory Electromagnets,”Reu. Sc i .  Instru- 
rents  7, 144 (1936). 
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c r y s t a l  w a s  100% p o l a r i z e d  and t h e  f l i p p e r  100% e f f i c i e n t ,  t h e n  t h e  i n t e n s i t y  
f rom t h e  s e c o n d  c r y s t a l  would  go t o  z e r o  when t h e  f l i p p e r  was t u r n e d  o n .  
F i g u r e  3 shows t h e  i n t e n s i t y  f rom t h e  s e c o n d  c r y s t a l  a s  a f u n c t i o n  o f  t h e  
s t r e n g t h  o f  t h e  a l t e r n a t i n g  m a g n e t i c  f i e l d .  The i n t e n s i t y  d r o p s  t o  a b o u t  
26% f o r  optimum power and f r equency ,  To f i n d  whe the r  t h e  l a c k  o f  p o l a r i z a t i o n  
f rom t h e  f i r s t  c r y s t a l  or t h e  f l i p p e r  e f f i c i e n c y  was r e s p o n s i b l e  f o r  t h e  
remain ing  26%, a d e p o l a r i z i n g  i r o n  shim w a s  u sed .  The e x t e n t  o f  t h e  d e p o l a r i -  
z a t i o n  by t h e  i r o n  sh im may be checked  u s i n g  t h e  n e u t r o n  f l i p p e r .  The f i g u r e  
shows t h a t  t h e  i n t e n s i t y  i s  unchanged by t u r n i n g  on t h e  f l i p p e r  when t h e  sh im 
i s  between p o l a r i z e r  and a n a l y z e r .  T h e r e f o r e ,  t h e  shim c o m p l e t e l y  d e p o l a r i z e s  
t h e  beam. 

N e x t ,  by compar ing  t h e  i n t e n s i t y  d i f f e r e n c e  be tween  no sh im or f l i p p e r  
and shim o n l y  (AB) w i t h  t h e  i n t e n s i t y  d i f f e r e n c e  between sh im o n l y  and f l i p p e r  
o n l y  (BD) w e  f i n d  t h e  f l i p p e r  i s  a b o u t  100% e f f i c i e n t  f o r  m o n o e n e r g e t i c  
n e u t r o n s  and t h a t  t h e  beam from t h e  f i r s t  c r y s t a l  i s  about  80% p o l a r i z e d .  

Us ing  t h e  same method w i t h  a he t e rogeneous  beam o f  n e u t r o n s  ( p o l a r i z e d  by 
t r a n s m i s s i o n  th rough  4 cm o f  i r o n ) ,  w e  f i n d  t h e  f l i p p e r  t o  be a b o u t  80% e f f i -  
c i e n t .  
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4 .  SHORT-LIVED ISOMERS 

F. K .  McGowan 

An e x c i t e d  s t a t e  i n  66Dy160 w i t h  a h a l f - l i f e  o f  (1.8 f 0 . 2 )  x IO-' sec 

h a s  b e e n  o b s e r v e d  w i t h  t h e  d e l a y e d - c o i n c i d e n c e  s c i n t i l l a t i o n  s p e c t r o m e t e r  
u s i n g  s o u r c e s  o f  Tb160. 

The b e t a  s p e c t r u m  o f  Tb16' is known t o  c o n s i s t  o f  a t  l e a s t  two components ,  
o f  860 and 521 Kev maximum e n e r g y ,  r e s p e c t i v e l y ,  accompanied by a r a t h e r  l a r g e  
number of  c o n v e r s i o n  l i n e s  c o r r e s p o n d i n g  t o  gamma r a y s  w i t h  e n e r g i e s  85 ,  198, 
300, 886, and 965 Kev.( ' )  

P r e l i m i n a r y  measurements of t h e  r a d i a t i o n  announcing t h e  f o r m a t i o n  o f  t h e  
m e t a s t a b l e  s t a t e  i n d i c a t e  t h a t  t h e  m e t a s t a b l e  s t a t e  f o l l o w s  a t  l e a s t  t h e  h i g h e r  
e n e r g y  component o f  t h e  b e t a  s p e c t r u m .  The r a d i a t i o n  from t h e  d e c a y  o f  t h e  
m e t a s t a b l e  s t a t e  a p p e a r s  t o  be o n l y  t h e  85-Kev gamma-ray t r a n s i t i o n .  



5 HIGH-VOLTAGE PROGRAM 

C. D. Moak and G. Robinson 

The s t u d y  of t h e  gamma r a y s  .from t h e  r e a c t i o n  

h a s  c o n t i n u e d  w i t h  two e n d s  i n  v i ew:  (1) t o  e v e n t u a l l y  make an  a s s i g n m e n t  
o f  a n g u l a r  momenta and p a r i t y  on t h e  l e v e l s  i n  C" g i v i n g  r i s e  t o  t h e  gamma 
r a y s ,  and ( 2 )  t o  u t i l i z e  the  gamma r a y s ,  whose e n e r g i e s  have been measured ,  ( 1 )  

f o r  c a l i b r a t i n g  t h e  s c i n t i l l a t i o n  gamma-ray s p e c t r o m e t e r .  The s p e c t r u m  s t u d y  
i s  d i s c u s s e d  i n  t h i s  s e c t i o n .  

I t  w a s  r e p o r t e d  i n  t h e  l a s t  q u a r t e r l y  r e p o r t  (ORNL-940, p. 40) t h a t  t h e  
12-Mev gamma r a y  shows an  a n g u l a r  d i s t r i b u t i o n  w i t h  t h e  beam o f  t h e  fo rm 
A + B cos '  0 w i t h  B/A = 0.15 f 0.03. S i n c e  t h e  12-Mev gamma r a y  i s  e m i t t e d  
f i r s t , ( l )  i t  i s  of i n t e r e s t  to compare t h e  a n g u l a r  d i s t r i b u t i o n  o f  t h e  16-Mev 
gamma r a y ,  which i s  e m i t t e d  i n  c o m p e t i t i o n  w i t h  t h e  12-Mev gamma ray .  E a r l i e r  
p r e l i m i n a r y  measu remen t s  i n d i c a t e d  t h a t  t h e  16-Mev r a d i a t i o n  was i s o t r o p i c  
w i t h  r e s p e c t  t o  t h e  beam. S i n c e  t h e  g round  s t a t e  o f  CI2 ha5  z e r o  a n g u l a r  
momentum, t h e  16-Mev gamma r a y  c a n n o t  be e m i t t e d  from a l e v e l  o f  J = 0. Thus 
t h e  i s o t r o p y  w i t h  t h e  beam would n e c e s s i t a t e  S-wave c a p t u r e .  On t h e  o t h e r  
hand,  t h e  12-Mev gamma r a y  b e i n g  n o n i s o t r o p i c  w i t h  t h e  beam r e q u i r e s  a t  l e a s t  
P-wave c a p t u r e  w i t h  D-wave c a p t u r e  b e i n g  v e r y  improbab le .  

The answer t o  t h e  f o l l o w i n g  two q u e s t i o n s  w a s  t h e r e f o r e  s o u g h t :  (1) Is 
t h e  16-Mev a n g u l a r  c o r r e l a t i o n  w i t h  t h e  beam n o t  r e a l l y  i s o t r o p i c  b u t  m e r e l y  
s m a l l ?  ( 2 )  Do t h e  1 6 -  and 12-Mev r a d i a t i o n s  a c t u a l l y  come from d i f f e r e n t ,  
b u t  c l o s e  l y i n g ,  e n e r g y  l e v e l s ?  To answer  t h e  f i r s t  q u e s t i o n ,  t h e  y i e l d s  of 
t h e  1 2 -  and 16-Mev gamma r a y s  a t  1 8 0  and 90" w i t h  t h e  beam were m e a s u r e d  
s i m u l t a n e o u s l y  by u s i n g  two s p e c t r o m e t e r  c h a n n e l s .  One c h a n n e l  p i c k e d  t h e  
12-Mev gamma-ray p u l s e s  and t h e  o t h e r  c h a n n e l  p i c k e d  t h e  16-Mev gamma-ray 
p u l s e s  from t h e  same c r y s t a l .  The r e s u l t  was t h a t  t h e  12-Mev gamma r a y  showed 
16% more a n i s o t r o p y  i n  t h e  forward d i r e c t i o n  t h a n  t h e  16-Mev gamma ray .  T h i s ,  

(1) Walker, R. L., "Gamma-Ray Spectra from B'O, B", and Be9 Under Proton Bombardmeat," Phys. Rev. 79 ,  
172 (1950). 
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combined w i t h  t h e  f a c t  t h a t  t h e  a n i s o t r o p y  o f  t h e  12-Mev gamma r a y  i s  i t s e l f  
abou t  16% i n  t h e  fo rward  ( and  backward)  d i r e c t i o n ,  c o n f i r m s  t h e  b e l i e f  t h a t  
t h e  a n i s o t r o p y  o f  t h e  16-Mev gamma r a y  i s  a t  most a few p e r c e n t .  

To examine  t h e  p o s s i b i l i t y  o f  two d i f f e r e n t  b u t  c l o s e l y  s p a c e d  l e v e l s  
g i v i n g  r i s e  s e p a r a t e l y  t o  t h e  1 2 -  and 16-Mev r a d i a t i o n s ,  s i m u l t a n e o u s  y i e l d s  
were t a k e n  o f  t h e  1 2 -  and 16-Mev r a d i a t i o n s  by a g a i n  u s i n g  two s p e c t r o m e t e r  
c h a n n e l s  on t h e  same c r y s t a l .  The r e s u l t s  a r e  shown i n  F i g .  4 .  I t  i s  c o n -  
c luded  t h a t  i f  two d i f f e r e n t  l e v e l s  a r e  i n v o l v e d ,  t h e y  a r e  less  t h a n a k i l o v o l t  
a p a r t .  

Scintillation-counter Gamma-Ray spectra (G. R o b i n s o n ,  C. D .  Moak, and 
W .  M. Good). A s c i n t i l l a t i o n - c o u n t e r  s p e c t r o m e t e r  s t u d y  i s  b e i n g  made o f  t h e  
gamma r a y s  f r o m  t h e  c a p t u r e  o f  p r o t o n s  by H 2  a n d  H3. T h e s e  r e a c t i o n s  
have Q v a l u e s  o f  5 . 4 8  and 19.7  MeV, r e s p e c t i v e l y .  S i n c e  t h e  mass d i f f e r e n c e s  
o f  t h e s e  two r e a c t i o n s  a r e  known t o  s m a l l  f r a c t i o n s  o f  a m i l l i - m a s s  u n i t ,  they  
shou ld  s e r v e  a s  c a l i b r a t i o n  p o i n t s  f o r  t h e  s p e c t r o m e t e r .  

A c a r e f u l  s t u d y  o f  t h e  B" + H' s p e c t r u m  i s  shown i n  F i g .  5 .  The 16-Mev 
gamma r a y  i s  n o t  i n c l u d e d  because  t h e  y i e l d  i s  so much lower thap .  t h a t  o f  t h e  
12-Mev gamma r a y  t h a t  i t s  s h a p e  i s  n o t  y e t  known w i t h  c o m p a r a b l e  a c c u r a c y .  
From t h e  e x i s t i n g  v a l u e s  f o r  t h e  p r e c i s e  e n e r g i e s  o f  t h e  two gamma r a y s ,  i t  
might  appea r  t h a t  t h e  s p e c t r o m e t e r  f a l l s  a few p e r c e n t  s h o r t  o f  b e i n g  l i n e a r  
a t  t h e  h i g h e r  e n e r g y 4  S i n c e ,  h o w e v e r ,  t h e  z e r o  i s  n o t  w e l l  d e f i n e d ,  t h e  
q u e s t i o n  o f  s t r i c t  l i n e a r i t y  a w a i t s  t h e  s t u d y  o f  o t h e r  gamma r a y s  o f  known 
energy .  

T a r g e t  d i f f i c u l t i e s  have so f a r  p r e v e n t e d  a c a r e f u l  s t u d y  of  t h e  H2 + H' 
and H3 -t H' gamma r a y s ,  b u t  F i g s .  6 and 7 show t h e  r e s u l t s  s o  f a r  o b t a i n e d .  
These  d a t a  c a n n o t  be used t o  check  t h e  l i n e a r i t y  o f  t h e  s p e c t r o m e t e r  b e c a u s e  
no a t t e m p t  w a s  made between t h e s e  runs  t o  hold  t h e  a m p l i f i c a t i o n s  c o n s t a n t .  

Reactions w i t h  He3 (W. E. Kunz and  W .  M .  Good) .  A p p a r a t u s  h a s  b e e n  
c o n s t r u c t e d  t o  make p o s s i b l e  t h e  r o u t i n e  a c c e l e r a t i o n  o f  He3 .  The a p p a r a t u s  
c o n s i s t s  o f  s p e c i a l  T o e p l e r  pumps t o  back up t h e  o i l  d i f f u s i o n  pumps f o r  con-  
s e r v i n g  t h e  g a s ,  t o g e t h e r  w i t h  a g a s  r e g u l a t o r  t o  m a i n t a i n  c o n s t a n t  g a s  
p r e s s u r e  i n  the  i o n  s o u r c e  a g a i n s t  a v a r i a b l e  s u p p l y  p r e s s u r e .  

The r e a c t i o n  
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h a s  been s t u d i e d  by o t h e r  i n v e s t i g a t o r s . ( 2 * 3 )  
make a c a r e f u l  compar ison  of t h i s  r e a c t i o n  and t h e  r e a c t i o n  

The o b j e c t  o f  t h i s  s t u d y  i s  t o  

H3 + H2+ He4  + n 

i n  t h e  range up t o  a few hundred k i l o v o l t s .  The r e a c t i o n  

h a s  been  i d e n t i f i e d  by i t s  l o n g - r a n g e  p r o t o n s .  The  t h i c k  t a r g e t  y i e l d  i s  
shown i n  F i g .  8.  U s i n g  a “ t h i c k ”  t a r g e t  on a t h i n  b a c k i n g ,  a p r e l i m i n a r y  
i n v e s t i g a t i o n  has  been made o f  t h e  a n g u l a r  d i s t r i b u t i o n  o f  t h e  p r o t o n s  r e l a t i v e  
t o  t h e  d i r e c t i o n  o f  t h e  beam. The  E i rs t  t e n t a t i v e  r e s u l t s  a r e  shown i n  
F i g .  9. 

V e r y  p r e l i m i n a r y  i n d i c a t i o n s  o f  t h e  r e a c t i o n  

He4  + H2 + QI 

4 He4 + p  + n +Q, 

h a v e  b e e n  o h t a i n e d  i n  t h e  f o r m  o f  r a d i a t i o n  t h a t  p r o d u c e s  c o u n t s  i n  t h e  
s c i n t i l l a t i o n  s p e c t r o m e t e r  and r a d i a t i o n  t h a t  p r o d u c e s  c o u n t s  i n  a n  a r g o n -  
f i l l e d  p r o p o r t i o n a l  c o u n t e r .  The r a d i a t i o n s  have  n o t  y e t  been  i d e n t i f i e d .  

Inelastic S c a t t e r i n g  o f  Neutrons ( H .  R .  W i l l a r d  and  J .  K i n g t o n ) .  A 
p r e l i m i n a r y  e x p e r i m e n t  i n v e s t i p a t i n g  t h e  i n e l a s t i c  s c a t t e r i n g  o f  f a s t  n e u t r o n s  
h a s  been c a r r i e d  o u t ,  M o n o e n e r g e t i c  n e u t r o n s  ( 1 4  MeV) were p roduced  by bom- 
b a r d i n g a t h i c k  t a r g e t  o f  t r i t i u m  (absorbed  i n  z i r con ium)  w i t h  150-Kev d e u t e r o n s  
(100 p a ) ”  The i n e l a s t i c  s c a t t e r i n g  i n  l e a d  was s t u d i e d  u s i n g  t h e  a r r angemen t  
shown i n  F ig .  10. The n e u t r o n s  i n c i d e n t  upon t h e  cubes  a r e  s c a t t e r e d  ( e l a s t i -  
c a l l y  and i n e l a s t i c a l l y )  i n t o  t h e  p h o t o g r a p h i c  p l a t e  d e t e c t o r s  ( I l f o r d  C-2 
e m u l s i o n s ,  100  p ) .  The shadow cone  i s  used  t o  r e d u c e  t h e  d i r e c t l y  i n c i d e n t  
n e u t r o n  beam. However,  s i n c e  t h e  p l a t e s  a r e  l o c a t e d  a t  goo,  t h i s  a t t e n u a t i o n  
i s  n o t  e n t i r e l y  n e c e s s a r y  and f u t u r e  e x p e r i m e n t s ’ w i l l  d e t e r m i n e  t h e  r e l a t i v e  
merits o f  a shadow cone  vs .  no cone .  Two e x p o s u r e s  o f  t h e  p l a t e s  w e r e  made, 
w i t h  and w i t h o u t  t h e  two l e a d  cubes ,  b o t h  of  100 p a - h r  d u r a t i o n .  

(2) W ly, L. D., S a i l o r ,  V. L . ,  and O t t ,  D. G., “Protons from the Bombardment of He 
Plys. Re3. 76, 1532 (1949). 

(3) Hatton, J. I .  and Preston, G . ,  “Long-Range Protons from the He ( d , p ) U  Reaction:’Nature 164, 143 
(1949). 
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Thus f a r  500 t r a c k s  f rom t h e  p l a t e s  exposed  w i t h  t h e  cubes  p r e s e n t  and  
100 t r a c k s  due t o  background have been measured.  Only t h o s e  t r a c k s  which made 
an a n g l e  o f  less than  20° w i t h  r e s p e c t  t o  t h e  l i n e  j o i n i n g  t h e  c e n t e r s  o f  t h e  
two cubes  w e r e  a c c e p t e d .  The r e s u l t a n t  d i s t r i b u t i o n  o f  n e u t r o n s  i s  shown i n  
F ig .  11, where c o r r e c t i o n s  have been made f o r  ( a )  r e c o i l  p r o t o n s  e n d i n g  i n  t h e  
edge of  t h e  p h o t o g r a p h i c  e m u l s i o n ,  ( b )  t h e  ( n , p )  s c a t t e r i n g  c r o s s - s e c t i o n ,  and 
( e )  t h e  c o n v e r s i o n  from a range  i n t e r v a l  Ar t o  a R  e n e r g y  i n t e r v a l  &. 

The c u r v e  o b t a i n e d  h e r e  i s  i n  q u a l i t a t i v e  a g r e e m e n t  w i t h  t h a t  o b t a i n e d  
by S t e l ~ o n ( ~ )  i n  a r e c e n t  exper iment  o f  a s i m i l a r  n a t u r e .  However,our maximum 
i s  s h i f t e d  t o  a somewhat h i g h e r  n e u t r o n  e n e r g y .  I t  i s  f e l t  t h a t  S t e l s o n ’ s  
geometry i s  s u c h  a s  t o  a l l o w  t h e  n e u t r o n s  t o  undergo  m u l t i p l e  c o l l i s i o n s  w i t h  
t h e  l e a d  n u c l e i ,  t h u s  g i v i n g  a lower maximum. 

(4) P. A. Steleon, Ph.D. Thesis, MIT, September, 1950. 
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6 .  STANDARD PELE 

E.  D. Klema 

A c a l i b r a t i o n  o f  t h e  Oak Ridge  s t a n d a r d  g r a p i t e  p i l e  u s i n g  t h e  same 

indium f o i l s  used  by Haydn J o n e s  i n  t h e  c a l i b r a t i o n  r e p o r t e d  i n  CP-2804( ')  and 
g l a s s - w a l l e d  Ge ige r  c o u n t e r s  was c a r r i e d  o u t  t o  f i n d  t h e  c a u s e  o f a d i s c r e p a n c y  
between J o n e s '  work and t h a t  done  a t  Argonne.  Bo th  s i d e s  o f  t h e  f o i l s  were 
c o u n t e d  i n  t h e  p r e s e n t  m e a s u r e m e n t s ,  and a d i f f e r e n c e  i n  t h e  s h a p e  o f  t h e  
e x p e r i m e n t a l  c u r v e  as  a r e s u l t  was observed .  

The 1 - g  Ra-Be n e u t r o n  s o u r c e  used i n  the  s t a n d a r d  p i l e  was s e n t  t o  t h e  
Bureau  o f  S t a n d a r d s  f o r  measurement  o f  t h e  number o f  n e u t r o n s  p e r  u n i t  time 
e m i t t e d  by i t .  The s o u r c e  w a s  compared w i t h  a s t a n d a r d  n e u t r o n  s o u r c e  a t  t h e  
Bureau  which h a s  n o t  y e t  been  a c c u r a t e l y  c a l i b r a t e d .  It  i s  hoped t h a t  t h i s  
s o u r c e  w i l l  be c a l i b r a t e d  t o  52% w i t h  t h e  t e c h n i q u e  a l r e a d y  i n  u s e .  The  
p r e s e n t  c a l i b r a t i o n  i s  g iven  t o  &lo%. 

A gas - f low p r o p o r t i o n a l  c o u n t e r  has  been s e t  up and used  t o  c o u n t  ind ium 
f o i l s .  W i t h  t h i s  c o u n t e r  t h e  d i f f u s i o n  l e n g t h  o f  t h e r m a l  n e u t r o n s  i n  t h e  
s t a n d a r d  p i l e  has  been measured w i t h  two s o u r c e s  a r r anged  t o  c a n c e l  o u t  t h e  
f i r s t  harmonic o f  t h e  t h e r m a l - n e u t r o n  f l u x  d i s t r i b u t i o n  i n  t h e  p i l e .  The  

d i f f u s i o n  l e n g t h  h a s  a l s o  been  measured  w i t h  a s i n g l e  s o u r c e  on t h e  a x i s  o f  
t h e  p i l e  a n d  G e i g e r c o u n t e r s .  The e x p e r i m e n t a l  r e s u l t s  have been g i v e n  t o  
t h e  Mathematics  P a n e l ,  and t h e y  a r e  c a l c u l a t i n g  t h e  c o r r e c t i o n s  t o  t h e  obse rved  
d i f f u s i o n  l e n g t h s  due  t o  t h e  ha rmon ic  terms and t o  t h e  n o n t h e r m a l  c h a r a c t e r  
o f  t h e  n e u t r o n  s o u r c e .  The n e u t r o n  spec t rum of  t h e  s o u r c e  i s  be ing  r e p r e s e n t e d  
by t h r e e  groups o f  range  28 ,  40 ,  and 60 cm, r e s p e c t i v e l y .  The f r a c t i o n  o f  t h e  
n e u t r o n s  i n  each  g roup  has  been de termined  from the  p r e s e n t  c a l i b r a t i o n  o f  t h e  
s t a n d a r d  p i l e .  

A NaI s c i n t i l l a t i o n  c o u n t e r  has  been s e t  up t o  c o u n t  t h e  gamma r a y s  from 
indium f o i l s  i n  a s e t  o f  expe r imen t s  on t h e  p e r t u r b a t i o n  o f  t h e  t h e r m a l - n e u t r o n  
f l u x  due t o  t h e  p r e s e n c e  o f  ind ium f o i l s  o f  v a r i o u s  t h i c k n e s s e s ,  I t  i s  hoped 
t o  use  t h i s  c o u n t e r  t o  make a n  a b s o l u t e  measurement  o f  t h e  gamma r a y s  from a 
gold  f o i l  and t o  o b t a i n  i n  t h i s  w a y a c a l i b r a t i o n  o f  t he  s t a n d a r d  p i l e  whicli 
i s  independen t  o f  t h e  c a l i b r a t i o n  o f  t h e  s o u r c e  used  i n  t h e  p i l e .  

(1) Amette. T.. and Jones, H., '@-G-2804 CApr, 3 0 ,  1945). 
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7.  HEAVY-ION RESEARCH 

G. E. Evans C. F. B a r n e t t  
P. M. St i e r  V. L. D i R i t o  

Work on t h e  b e h a v i o r  o f  t h i n  e v a p o r a t e d  f i l m s  upon bdmbardment  w i t h  
ZOO-Kev p r o t o n s  h a s  been  i n i t i a t e d .  Thin  f i l m s  o f  go ld  have  been  e v a p o r a t e d  
on t h e  s u r f a c e s  of 2s aluminum t a r g e t s  and then  bombarded w i t h  ZOO-Kev p r o t o n s  
f o r  p e r i o d s  o f  3 t o  4 h r  a t  abou t  20 pa. P r i o r  t o  bombardment, t he  gold f o i l s  
were a c t i v a t e d  by exposure  i n  t h e  X-10 r e a c t o r  so t h a t  t h e  l o c a t i o n  and number 
o f  atoms s p u t t e r e d  from t h e  s u r f a c e  cou ld  be d e t e r m i n e d .  Even f o r  t h e  b e s t  
g o l d  t a r g e t s ,  smoo th  and a p p a r e n t l y  w e l l  bonded t o  t h e  aluminum b e f o r e  and 
a f t e r  bombardment,  some s p a l l i n g  o f  m i c r o s c o p i c  f l a k e s  o f  gold o c c u r r e d .  I n  
one case a l a r g e  p e r c e n t a g e  o f  t h e  a c t i v i t y  of  t h e  s p u t t e r e d  m a t e r i a l  w a s  found 
t o  be i n  p a r t i c l e s  l a r g e  e n o u g h  t o  be removed by s i m p l e  f i l t r a t i o n .  N e w  
t a r g e t s  have been p r e p a r e d ,  u s i n g  improved a n n e a l i n g  t e c h n i q u e s ,  t o  see i f  t h e  
s t a b i l i t y  o f  t h e  e v a p o r a t e d  s u r f a c e  t o  p r o t o n  bombardment can  be improved. 

An e l e c t r o n  m u l t i p l i e r  f o r  h e a v y - i o n  d e t e c t i o n  h a s  been  b u i l t  and  i s  
r e a d y  f o r  u s e .  An e l e c t r o m e t e r  t u b e  d e t e c t o r ,  t o g e t h e r  w i t h  a s s o c i a t e d  
e l e c t r o n i c  e q u i p m e n t ,  h a s  been b u i l t  and  w i l l  be used  f o r  t h e  d e t e c t i o n  of 
s m a l l  p o s i t i v e  i o n  c u r r e n t s ,  I o n - s o u r c e  s t u d i e s  a r e  b e i n g  c o n t i n u e d ;  t h r e e  
d i f f e r e n t  s o u r c e s  a r e  b e i n g  t e s t e d  f o r  o u t p u t  and s t a b i l i t y .  
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8 e NEUTRON-SENSITIVE PBOSPHORS 

J. Schenck 

A number o f  n e u t r o n - s e n s i t i v e  phosphors  have been p r e p a r e d  i n  m i c r o c r y s -  
t a l l i n e  form and t h e i r  l u m i n e s c e n t  p r o p e r t i e s  have  been  o b s e r v e d  ( T a b l e  1). 
A l l  t h e  phosphors  c o n t a i n e d  a l a r g e  amount o f  l i t h i u m  t o  b r i n g  a b o u t  l umines -  
cence  e m i s s i o n  f r o m  e x c i t a t i o n  by t h e  p r o d u c t s  o f  t h e  L i 6 ( n , a ) H 3  r e a c t i o n .  
The l u m i n e s c e n t  compounds p r e p a r e d  were l i m i t e d  t o  t h o s e  c o n t a i n i n g  oxygen.  
They were p r e p a r e d  by r e a c t i o n  a t  an e l e v a t e d  t e m p e r a t u r e  o f  t h e  component d r y  
o x i d e s ,  a c i d s ,  or c a r b o n a t e s .  

I n  t h e  c a s e s  o f  l i t h i u m  and c a l c i u m  t u n g s t a t e  i t  was found n e c e s s a r y  t o  
add a s l i g h t  e x c e s s  (0.5%) o f  l i t h i u m  or ca lc ium c a r b o n a t e  t o  e n s u r e  a c o m p l e t e  
r e a c t i o n  o f  t h e  t u n g s t i c  a c i d .  I t  was found  t h a t  c r y s t a l s  o f . u n a c t i v a t e d  
l i t h i u m  t u n g s t a t e  were n o t  l uminescen t  u n t i l  t hey  had been c rushed  i n a m o r t a r .  

L i t h i u m  a n d  c a l c i u m  c a r b o n a t e s  were p r e p a r e d  by p r e c i p i t a t i o n  f r o m  
p u r i f i e d  l i t h i u m  o r  c a l c i u m  c h l o r i d e  w i t h  d i s t i l l e d  ammonium c a r b o n a t e .  
T u n g s t i c  a c i d  was p r e c i p i t a t e d  by n i t r i c  a c i d  from p u r i f i e d  sodium t u n g s t a t e .  
The s i l i c a ,  t i t a n i a ,  and z i r c o n i a  were found t o  be s u f f i c i e n t l y  p u r e  t o  s t a r t  
wi th .  

A l l  t h e  t e s t s  f o r  a l p h a  e x c i t a t i o n  were made a t  room t e m p e r a t u r e  w i t h  a n  
RCA u l t r a v i o l e t - s e n s i t i v e  No. C7140 p h o t o m u l t i p l i e r ,  A t h i n  l a y e r  o f  t h e  
phosphor  powder on  a m i c r o  c o v e r  g lass  w a s  s u p p o r t e d  between t h e  p h o t o c a t h o d e  
and  a l p h a  s o u r c e .  No t a b u l a t i o n  i s  g i v e n  f o r  e x c i t a t i o n  by n e u t r o n s  s i n c e  
t h e  e n e r g y  o f  t h e  p o l o n i u m  a l p h a  p a r t i c l e s  is  n e a r  enough ' to  t h a t  e x p e c t e d  
from t h e  a b s o r p t i o n  of n e u t r o n s  by L i b .  T h i s  w a s  c o n f i r m e d  a t  times d u r i n g  
t h e  t es t s  u s i n g  a moderated Po-Be n e u t r o n  s o u r c e .  A s p e c i a l  t e s t  w i t h  n e u t r o n s  
w a s  made w i t h  L i 2 S i , 0 5 : T i ,  a q u a r t e r - i n c h  t r a n s l u c e n t  s l a b  o f  w h i c h  w a s  
o b t a i n e d  by s l o w l y  c o o l i n g  t h e  m e l t ,  The s l a b  gave a n e u t r o n  c o u n t i n g  e f f i -  
c i e n c y  o f  40% r e l a t i v e  t o  a n  assumed 100% e f f i c i e n c y  o f  a c a l i b r a t i n g  e n r i c h e d -  
BF3 p r o p o r t i o n a l  c o u n t e r .  

A l though  L i 2 S i 2 0 5 : T i  i s  an e f f i c i e n t  phosphor ,  i t s  r e l a t i v e l y  l o n g  d e c a y  
time i s  a d i s a d v a n t a g e ,  Consequen t ly  a n  e f f o r t  h a s  been made t o  f i n d  phosphors  
o f  s h o r t e r  decay  t ime. C e r i u m - a c t i v a t e d  Lig2CaSiO, h a s  t h e  s h o r t e s t  d e c a y  of 
t h o s e  found ( l e s s  t h a n  0.2 p s e c ) .  I t  r e s p o n d s  v e r y  s t r o n g l y  t o  u l t r a v i o l e t  

38 



TABLE 1 

Response of Some Lithium- and Oxygen-Containing Phosphors 

to Ultraviolet and Alpha Particles 

I R E S P O N S E  

U L T R A V I O L E T  E X C I T A T I O N  1 P0u)NIUM ALPHA EXCITATION I PHOSPHOR 

'VS, very strong: S strong; M, medium; W ,  weak; W, very weak 

* * R ,  red; Y ,  yellow; 13, blue; V, v i o l e t ;  W, w h i t e  
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e x c i t a t i o n  and h a s  a m o d e r a t e l y  s t r o n g ,  and p r o b a b l y  i m p r o v a b l e ,  r e s p o n s e  t o  
a l p h a  p a r t i c l e s .  The decay o f  luminescence  i s  c h a r a c t e r i z e d  by t h e  s u p e r p o s i -  
t i o n  o f  a much weaker  d e c a y  o f  a b o u t  50 psec.  The c e r i u m  a c t i v a t o r  must be 
i n c o r p o r a t e d  i n  t h e  lower v a l e n c e  s t a t e  (111)  , and f o r  , t h i s  r e a s o n  t h e  phosphor  
must be p r e p a r e d  i n  e i t h e r  a n e u t r a l  or r e d u c i n g  a t m o s p h e r e ,  I t  i s  p o s s i b l e  
t h a t  t h e  long-decay  component was caused  by some cer ium t h a t  h a s  been o x i d i z e d  
t o  t h e  I V  s t a t e .  

The z i r c o n i u m  compoundsp i n c l u d i n g  z i r c o n i a ,  g e n e r a l l y  e x h i b i t  a s t r o n g  
e m i s s i o n  under  u l t r a v i o l e t  or a l p h a - p a r t i c l e  e x c i t a t i o n  and do n o t  r e q u i r e  t h e  
i n c o r p o r a t i o n  o f  a n  a c t i v a t o r  i m p u r i t y .  E x c e p t  f o r  Li2ZrSi05 , t h e  decay t imes 
a r e  s h o r t  enough f o r  most  a p p l i c a t i o n s  i n v o l v i n g  n e u t r o n  e x c i t a t i o n .  I t  h a s  
been  f o u n d ,  however ,  t h a t  t h e  m e l t i n g  p o i n t  o f  t h e s e  z i r c o n a t e s  i s  t o o  h i g h  
f o r  t h e  growing o f  l a r g e  c r y s t a l s  from t h e  m e l t  w i t h  a c o n v e n t i o n a l  f u r n a c e .  
I t  i s  p o s s i b l e  t h a t  c r y s t a l s  o f  t h e  z i r c o n a t e s  o f  s u f f i c i e n t l y  l a r g e  s i z e  
could  be made by t h e  V e r n e u i l  method. 

T h e  d a t a  r e p o r t e d  h e r e  a r e  i n  c o n n e c t i o n  w i t h  t h e  p r o b l e m  o f  n e u t r o n  
d e t e c t i o n  and a l s o  o f  n e u t r o n - e n e r g y - s p e c t r u m  measurements  by means o f  s c i n -  
t i l l a t i o n  t e c h n i q u e s ,  The r e q u i r e m e n t s  o f  t h e  l a t t e r  a p p l i c a t i o n  a r e  m e t  by a 

s u f f i c i e n t l y  l a r g e  t r a n s p a r e n t  c r y s t a l  o f  a s u i t a b l e  phosphor .  For t h e  purpose  
o f  g r o w i n g  l a r g e  c r y s t a l s ,  a p p a r a t u s  h a s  been c o n s t r u c t e d  t o  d e t e r m i n e  t h e  
c r y s t a l - g r o w t h  p r o p e r t i e s  o f  p h o s p h o r s  a n d  t o  grow l a r g e  c r y s t a l s  f rom t h e  
mel t .  The c r y s t a l - g r o w i n g  f u r n a c e  p r o v i d e s  a c y l i n d r i c a l  h o t  zone 2 i n .  i n  
d i a m e t e r  and 8 i n .  l o n g ,  Heat  i s  s u p p l i e d  t o  t h e  t o p  and bot tom h a l v e s  o f  t h e  
c y l i n d e r  by two s e p a r a t e l y  c o n t r o l l e d ,  i n t e r n a l l y  wound, Pt-lOZ Rh r e s i s t a n c e -  
h e a t e r  c o i l s .  The m e l t  i s  c o n t a i n e d  i n  t h e  0 . 0 0 1 - i n . - t h i c k  p l a t i n u m  l i n e r  o f  
a c e r a m i c  c r u c i b l e ,  1% i n .  i n  d i a m e t e r  and 3 i n .  l o n g ,  w i t h  a c o n i c a l  bo t tom 
o f  60" apex. The c r u c i b l e  i s  s u p p o r t e d  by a ceramic r o d  which i s  j o i n e d  t o  a 
m e t a l  rod and connec ted  t h r o u g h  a g e a r  d r i v e  and s p e e d  c o n t r o l  t o  a s y n c h r o n o u s  
motor.  The c r u c i b l e  may be lowered  o u t  o f  t h e  h o t  zone a t  any d e s i r e d  s p e e d .  
By means o f  a u t o m a t i c  t e m p e r a t u r e  c o n t r o l  t h e  l o w e r  h a l f  o f  t h e  r e s i s t a n c e  
h e a t e r  m a i n t a i n s  t h e  t e m p e r a t u r e  w i t h i n  0.5"C i n  t h e  n e i g h b o r h o o d  o f  t h e  
s u r f a c e  where c r y s t a l  growth o c c u r s .  

The  f u r n a c e  h a s  been t e s t e d  by l o w e r i n g  a m e l t  o f  L i , S i O ,  (m.p.  1201OC) 
o u t  of  t h e  h o t  zone  o v e r  a 2 4 - h r  p e r i o d .  The  r e s u l t s  proved  t h a t  t h e  f u r n a c e  
c o n s t r u c t i o n  was s a t i s f a c t o r y  b u t  t h a t  a much l o w e r  r a t e  o f  l o w e r i n g  was 
n e c e s s a r y  f o r  t h i s  compound. 
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The t e m p e r a t u r e - c o n t r o l  c i r c u i t  can  be c o n n e c t e d  t o  a s m a l l e r  oven where 
t h e  c r y s t a l l i z a t i o n  c h a r a c t e r i s t i c s  o f  d i f f e r e n t  phosphor  c o m p o s i t i o n s  can  be 
more comple t e ly  de t e rmined .  I n  t h i s  a r r angemen t  t h e  m e l t  i s  c o o l e d  a u t o m a t i -  
c a l l y  a t  a c o n s t a n t  r a t e  i n  a s m a l l  p l a t i n u m  c o n e ,  a t  t h e  t i p  o f  w h i c h  i s  
welded a P t ,  P t -10% Rh the rmocoup le .  As t h e  oven c o o l s ,  c h a r t  r e c o r d s  a r e  
o b t a i n e d  o f  t h e  t e m p e r a t u r e  o f  t h e  cone and a l s o  o f  t he  t e m p e r a t u r e  d i f f e r e n c e  
between t h e  cone and t h e  oven.  

I t  i s  p lanned  t o  i n s t a l l  a combust ion tube  i n  t h e  c r y s t a l - g r o w i n g  f u r n a c e  
i n  o r d e r  t o  grow c r y s t a l s  i n  a c o n t r o l l e d  a t m o s p h e r e .  T h i s  a l t e r a t i o n  i s  
n e c e s s a r y  for a n  a t t e m p t  t o  grow Li1:Tl.  A s p e c i a l  a tmosphere  i s  a l s o  r e q u i r e d  
f o r  c e r i u m - a c t i v a t e d  phosphors .  
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9 <  SHORT-PERIOD ACTIVITIES 

Pulse Analyses by Photographic Densities (E. C. Campbell  and J .  H .  Kahn).  
The p u l s e  a n a l y s i s  o b t a i n e d  u s i n g  a p h o t o g r a p h i c - d e n s i t y  t e c h n i q u e ( ’ )  h a s  
been compared w i t h  t h a t  o b t a i n e d  u s i n g  t h e  F a i r s t e i n  p u l s e - h e i g h t  a n a l y z e r  . ( 2 )  

The X r a y s  from Cd1O9 ( 3 3 0 - d a y )  a s  d e t e c t e d  by a k r y p t o n - m e t h a n e  f i l l e d  p r o -  
p o r t i o n a l  c o u n t e r  a r e  shown i n  F i g .  1 2 .  A c c o r d i n g  t o  R r a d t  e t  Cd’09 
d e c a y s  by K c a p t u r e  t o  an i s o m e r i c  s t a t e  o f  Ag109 ( 3 9 . 2 - s e c )  w i t h  t h e  s u b s e -  
q u e n t  e m i s s i o n  o f  an 89-Kev gamma ray  t h a t  i s  h i g h l y  c o n v e r t e d .  Ag K X - r a y s  
w i l l  be produced by t h e  c a p t u r e  o f  t h e K e l e c t r o n s  i n  C d l o 9  and by t h e  e m i s s i o n  
o f  K c o n v e r s i o n  e l e c t r o n s  froin Ag109. The c o n v e r s i o n  e l e c t r o n s  a r e  s t o p p e d  by 
t h e  c o u n t e r  w a l l s ,  and t h e  c o u n t e r  e f f i c i e n c y  i s  t o o  low t o  d e t e c t  any uncon-  
v e r t e d  gamma r a y s .  The  L X - r a y s  a r e  t o o  s o f t  ( a p p r o x i m a t e l y  3 Kev)  t o  be 
observed  above background n o i s e  

Whenever a n  Ag K X - r a y  p r o d u c e s  a p h o t o e l e c t r o n  from t h e  K s h e l l  o f  t h e  
k r y p t o n ,  t h e  i o n i z e d  k r y p t o n  atom w i l l  
e i t h e r  e m i t  ( 1 )  one or more Auger e l e c t r o n s  or ( 2 )  i t s  c h a r a c t e r i s t i c  K X-ray .  
I f  t h e  Auger p r o c e s s  o c c u r s ,  t h e  e n t i r e  e n e r g y  o f  t h e  i n c i d e n t  X r a y  i s  s p e n t  
i n  t h e  c o u n t e r ,  and t h i s  p r o d u c e s  t h e  h i g h - e n e r g y  peak shown i n  F i g .  1 2 .  I f  
a K X - r a y  i s  e m i t t e d  by t h e  k r y p t o n ,  i t  h a s  a good p r o b a b i l i t y  o f  e s c a p i n g  
from t h e  c o u n t e r  and t h u s  p a r t  o f  t h e  e n e r g y  o f  t h e  i n c i d e n t  X r a y  i s  l o s t ,  
which  a c c o u n t s  f o r  t h e  lower  peak shown i n  F i g .  1 2 .  I t s  e n e r g y  i s  l e s s  t h a n  
t h a t  o f  t h e  i n c i d e n t  X r a y  by an amount e q u a l  t o  t h e  k r y p t o n  K X - r a y  e n e r g y  
( 1 3  Kev) .  I t  s h o u l d  be p o i n t e d  o u t  t h a t  f o l l o w i n g  t h e  e m i s s i o n  o f  a K X - r a y  
i n  t h e  k r y p t o n  t h e r e  m a y b e L ,  M, e t c .  X r a y s  e m i t t e d a s w e l l  a s  Auger e l e c t r o n s  
from t h e s e  l e v e l s  b u t  t h e s e  a r e  r e a d i l y  absorbed  w i t h i n  t h e  c o u n t e r .  L i k e w i s e  
i n  t h e  e v e n t  t h a t  t h e  i n i t i a l  p h o t o e l e c t r o n  comes from o u t s i d e  t h e  k r y p t o n  
K s h e l l ,  any s u b s e q u e n t  r a d i a t i o n  w i l l  be a b s o r b e d  i n  t h e  c o u n t e r  and p r o d u c e  
a p u l s e  e q u i v a l e n t  i n  e n e r g y  t o  t h e  i n c i d e n t  r a d i a t i o n .  

e i t h e r  o f  two p r o c e s s e s  may o c c u r ;  

The r e s o l u t i o n  o f  t h i s  i n s t r u m e n t  a s  measured by t h e  r a t i o  o f  peak w i d t h  
a t  o n e - h a l f  maximum i n t e n s i t y  t o  peak  e n e r g y  i s  from 1 4  t o  18%. T h i s  is n o t  
s u f f i c i e n t  t o  d i f f e r e n t i a t e  between the  Ag Ka and K,b peaks  i n  F i g ,  12. When a 

Campbell, E .  C . ,  and Kahn, J .  H8,? in  P h y s i c s  D i v i s i o n  Q u a r t e r l y  P r o g r e s s  Repor t  f o r  P e r i o d  Ending 
September  20, 1950, ORNL-865, p .  16 (Jan. 8, 1951). 
Fairs te in ,  E . ,  A Sweep Type D i f f e r e n t i a l  and I n t e g r a l  D i s c r i m i n a t o r ,  ORNLs.893 (Feb. 12, 1951). 
Bradt, H . ,  Gugelot, P. C . ,  Huber, O., Medicus, 
“Die metastabilen Zustande der Silberkerne Agl”’und Ag189~JHclv .  P h y s .  A c t a c 2 0 ,  153 (1947). 

Preisw rk, P . ,  Scherrer, P . ,  and Ste f f en ,  R., 
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c o n s t a n t  e n e r g y  i s  s u b t r a c t e d  f rom t h e  i n c i d e n t  K a  and KP r a d i a t i o n  ( o w i n g  
t o  t h e  e s c a p e  o f  a K r  K X - r a y )  t h e  p e r c e n t  d i f f e r e n c e  be tween t h e  K a  and KP 
l i n e s  i s  i n c r e a s e d  a n d  t h e s e  two l i n e s  c a n  be' r e s o l v e d .  The s a t e l l i t e  j u s t  
above t h e  peak a t  10  Kev i s  caused by t h e  a b s o r p t i o n  o f  an Ag KP X-ray and t h e  
s u b s e q u e n t  e s c a p e  from t h e  c o u n t e r  o f  a Kr K X-ray.  

The t o t a l  number o f  c o u n t s  r e g i s t e r e d  i n  making t h e  p h o t o g r a p h  shown i n  
F i g .  1 2  i s  o v e r  l o 5 .  The maximum number o f  c o u n t s  p e r  c h a n n e l  p e r  m i n u t e ,  
u s i n g  t h e  p u l s e - h e i g h t  a n a l y z e r ,  was a b o u t  1 . 7  x IO4. T h e  p u l s e - h e i g h t  
a n a l y z e r  d a t a  were s u p e r p o s e d  on t h e  m i c r o p h o t o m e t e r  t r a c i n g  by n o r m a l i z i n g  
t h e  d a t a  s o  t h a t  t h e  more e n e r g e t i c  peak h e i g h t s  c o i n c i d e d .  

I n  F i g .  13 a r e  shown t h e  X r a y s  from E u l S 2  ( 9 . 2 - h r )  a s  d e t e c t e d  by a 
xenon-methane f i l l e d  p r o p o r t i o n a l  c o u n t e r .  A c c o r d i n g  t o  M ~ e h l h a u s e ( ~  E u l S 2  
d e c a y s  by K c a p t u r e  a s  w e l l  a s  t h r o u g h  b e t a  and gamma e m i s s i o n .  Sm K X - r a y s  
w i l l  be p r o d u c e d  by t h e  c a p t u r e  o f  K e l e c t r o n s  i n  E u 1 S 2 1  a n d  t h e r e  w i l l  
p r o b a b l y  be o t h e r  X r a y s  p r o d u c e d  by t h e  i n t e r n a l  c o n v e r s i o n  o f  some o f  t h e  
gamma r a y s .  A 1-cm t h i c k n e s s  o f  b e r y l l i u m  was p l a c e d  between t h e  s o u r c e  and 
t h e  c o u n t e r  i n  o r d e r  t o  a b s o r b  a l l  t h e  b e t a  r a d i a t i o n  which  would o t h e r w i s e  
o b l i t e r a t e  t h e  X-ray  s p e c t r a .  The peak a t  4 1  Kev i s  due t o  t h e  a b s o r p t i o n  o f  
t h e  t o t a l  e n e r g y  from the  i n c i d e n t  K X-rays .  A s  s t a t e d  b e f o r e ,  t h e  r e s o l u t i o n  
o f  t h e  s p e c t r o m e t e r  i s n o t  s u f f i c i e n t  t o  r e s o l v e  t h e  K a  and KP X - r a y s  d i r e c t l y .  
The peak a t  11 Kev i s  c a u s e d  by t h e  d e t e c t i o n  o f  t h e  i n c i d e n t  K a  r a d i a t i o n  
and t h e  s u b s e q u e n t  e s c a p e  o f  Xe K X - r a y s .  T h e  l e s s  i n t e n s e  p e a k  a t  16 Kev 
r e s u l t s  from t h e  d e t e c t i o n  o f  t h e  K P  r a d i a t i o n  f o l l o w e d  by t h e  e s c a p e  o f  t h e  
Xe K X - r a y .  T h e  6 . 5 - K e v  p e a k  i s  c a u s e d  by t h e  i n c i d e n t  L X - r a y s  a s  t h e  
r e l a t i v e  h e i g h t  o f  t h i s  p e a k  i s  d e c r e a s e d  by i n t e r p o s i n g  t h i c k e r  a b s o r b e r s  
between t h e  sample and t h e  c o u n t e r .  Over 2 x IO5 c o u n t s  were r e g i s t e r e d  w h i l e  
e x p o s i n g  t h e  p h o t o g r a p h  shown i n  F i g .  1 3 ,  and  t h e  maximum number o f  c o u n t s  
p e r  c h a n n e l  p e r  m i n u t e  r e g i s t e r e d  w i t h  t h e  p u l s e - h e i g h t  a n a l y z e r  was a b o u t  
1 . 5  x 104 .  

F i g u r e s  1 2  and  13 i n d i c a t e  t h a t  t h e  p u l s e  a n a l y s e s  o b t a i n e d  from p h o t o -  
g r a p h i c  d e n s i t i e s  a r e  comparable  t o  t h o s e  o b t a i n e d  from s i n g l e - c h a n n e l  p u l s e -  
h e i g h t  a n a l y z e r  d a t a .  The  d e n s i t y  method h a s  t h e  a d v a n t a g e  o f  b e i n g  l e s s  

(4)  Muehlhause, C. O . ,  in R e p o r t  for O c t o b e r ,  November, and December, 1946, Argonne Report 6 - 3 7 5 0 ,  
p.  46 (Jan. 17, 1947). 
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l a b o r i o u s  and b e t t e r  a d a p t e d  for s t u d y i n g  s h o r t - p e r i o d  a c t i v i t y ,  b u t  f o r  
a c c u r a t e  r e s u l t s  d e n s i t i e s  m u s t  be l i m i t e d  t o  t h e  l i n e a r  p o r t i o n  o f  t h e  
c h a r a c t e r i s t i c  ( d e n s i t y  vs .  l o g  exposure )  curve  o f  t h e  f i l m .  

Fermi Plots of Ag"' (24-sec) and A g p o 8  ( 2 . 4 - n i n )  Beta Spectra (Max 
Goodr i ch*) .  I n  t h e  l a s t  q u a r t e r l y  r e p o r t  (ORNL-940) a Fermi p l o t  o f  t h e  b e t a  
spec t rum o f  Ag'08 was g i v e n  w i t h  an approximate  a n a l y s i s  i n t o  two groups  w i t h  
end  p o i n t s  a t  0 .83 and 1 .48  M e V .  I n  F i g .  1 4  i s  shown t h e  more e x a c t  a n a l y s i s  
o f  t h e  same d a t a .  A s i m i l a r  c u r v e ,  F i g .  1 5 ,  i s  g i v e n  o f  t h e  b e t a  s p e c t r u m  
o f  24 - sec  Agl'O. The b e s t  v a l u e s  o f  t h e  maximum e n e r g i e s  a re :  

Ag' ' 
Ag' 

2 .24 Mev and 2 .82  Mev 

1 . 4 8  Mev and 1 .05  Mev 

*Research P a r t i c i  ant ,  Oak Ridge I n s t i t u t e  of Nuclear Studies;  on leave  from Department of Phys ics ,  
Louisiana S t a t e  Enivers i ty .  
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10 .  LONG-WAVELENGTH NEUTRONS 

€3. G. A l l e n  

. 
D u r i n g  t h e  p a s t  q u a r t e r  p r e l i m i n a r y  e x p e r i m e n t a l  work was done  u s i n g  a 

p l . ane  p y r e x  m i r r o r  t o  r e f l e c t  n e u t r o n s  w i t h  t h e  v i e w  o f  e s t a b l i s h i n g  t h e  
f e a s i b i l i t y  o f  u s i n g  t h e  c r i t i c a l - a n g l e  p r o p e r t i e s  o f  s u c h  m i r r o r s  t o  e l i m i n a t e  
h i g h e r  o r d e r  Bragg  r e f l e c t i o n s  from a s i n g l e  c r y s t a l  wh i l e  m a i n t a i n i n g  a u s a b l e  
i n t e n s i t y .  

A p a r t i a l  s u r v e y  of t h e  i n t e n s i t y  o f  Bragg  r e f l e c t i o n s  a t  2.3 and 2.0  A 
f o r  v a r i o u s  c r y s t a l s  was c a r r i e d  o u t  i n  o r d e r  t o  d i s c o v e r  a c r y s t a l  g i v i n g  a 
maximum i n t e n s i t y  i n  t h e  d i f f r a c t e d  beam and s t i l l  p o s s e s s i n g  a r e a s o n a b l e  
r e s o l u t i o n ,  i . e . ,  o f  t h e  o r d e r  o f  1 0 ' t o  20 '  o f  a r c .  

From t h e  resu l t s  o f  t h i s  work i t  was d e c i d e d  t h a t  t h e  u s e  of m i r r o r s  i n  
t h i s  way i n  c o n j u n c t i o n  w i t h  a q u a r t z  c r y s t a l  was p r a c t i c a l ,  and a p p a r a t u s  f o r  
t h i s  purpose  was des igned  and i t s  c o n s t r u c t i o n  s t a r t e d .  

T h i s  n e u t r o n  s o u r c e  can  be u s e d  f o r  a c c u r a t e  d e t e r m i n a t i o n s  o f  t o t a l  
c r o s s - s e c t i o n s  a t  t h e s e  low e n e r g i e s .  C o h e r e n t  s c a t t e r i n g  c r o s s - s e c t i o n s  can  
a l s o  be de t e rmined  from t h e  h e i g h t s  of t h e  d i s c o n t i n u i t i e s  i n  t h e  t o t a l  c r o s s -  
s e c t i o n  vs .  e n e r g y  c u r v e .  We a r e  e s p e c i a l l y  i n t e r e s t e d ,  i f  a v a i l a b l e  i n t e n s i -  
t i e s  p e r m i t ,  i n  s t u d y i n g  t h e  p o l a r i z a t i o n  o f  t h e s e  l o w - e n e r g y  n e u t r o n s  o n  
passage  through magnet ized  i r o n .  Such  d a t a  may g i v e  a much more a c c u r a t e  va lue  
for t h e  form f a c t o r  of t h e  3d s h e l l  i n  i r o n  than  i s  now a v a i l a b l e .  
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11 TflEORETICAL PHYSICS 

M. E. Rose L. C. Biedenharn  
T. A. Welton A. Simon 
G. B. Arfken  S. Tamor 

F. G. Prohammer 

As t h e  s c o p e  and e f f o r t  o f  t h e  t h e o r e t i c a l  g roup  expands  i t  seems wor th -  
w h i l e  to summarize t h e  v a r i o u s  u n c l a s s i f i e d  p r o j e c t s  c u r r e n t l y  e n g a g i n g  t h e  
i n t e r e s t  o f  t h e  members o f  t h e  group.  T h e s e  are  l i s t e d  below w i t h  an  i n d i -  
c a t i o n  o f  t h e i r  s t a t u s .  Those'  i t e m s  marked by a n  a s t e r i s k  i n v o l v e  f a i r l y  
l a r g e - s c a l e  c o m p u t a t i o n a l  work w h i c h ,  w i t h  one  e x c e p t i o n  ( L - s h e l l  i n t e r n a l  
c o n v e r s i o n ) ,  i s  b e i n g  c a r r i e d  o u t  by t h e  Mathemat ics  Pane l .  

*1. 

* 2 .  

* 3 .  

* 4 .  

* 5 .  

6. 

7 .  

8.  

' 9 .  

10  b 

11. 

L-she11  i n t e r n a l  c o n v e r s i o n  (M. E, R o s e ) .  T h i s  work i s  b e i n g  
c a r r i e d  o u t  on  t h e  SEAC a t  the  Bureau o f  S t a n d a r d s  i n  Washington.  

K - s h e l l  i n t e r n a l - c o n v e r s i o n  i n t e r p o l a t i o n  ( M .  E. R o s e ) .  T h i s  
work i s  n e a r i n g  i t s  f i n a l  s t a g e s  on t h e  IBM machines .  A p a p e r  
c o n t a i n i n g  t h e  machine (Mark I )  r e s u l t s  h a s  been  s u b m i t t e d  t o  
Physical Review.  

Fermi f u n c t i o n s  f o r  f o r b i d d e n  b e t a  decay  (M. E. Rose and P. R. 
B e l l ) .  T h i s  work i s  i n  p r o g r e s s  on t h e  IBM mach ines ,  

RaE s p e c t r u m  and f i n i t e  s i z e  o f  n u c l e u s  (M. E. Rose  and .D. K, 
Holmes). T h i s  work is i n  p r o g r e s s  on t h e  IBM machines .  

Angular  c o r r e l a t i o n  o f  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  and gammas 
(M, E. Rose  and G. B. ArTken) .  T h i s  p r o b l e m  h a s  been s e t  up 
fo r  computa t ion  which has  n o t  y e t  been i n i t i a t e d  (see be low) ,  

A n g u l a r  c o r r e l a t i o n  o f  t h r e e  s u c c e s s i v e  r a d i a t i o n s  (L. c b  

Biedenharn ,  G. B. Arfken ,  and M, E, Rose) .  T h i s  work i s  e s s e n -  
t i a l l y  comple te  ( s e e  be low) ,  

P o l a r i z a t i o n  e f f e c t s i n n e u t r o n  c a p t u r e  (L. C. B i e d e n h a r n ,  G. B b  
Arfken ,  and M. E.  Rose ) .  T h i s  work i s  comple t e  ( s e e  be low) .  

H y p e r f i n e  s t r u c t u r e  i n  manganese ammonium s u l f a t e  ( A .  Simon) b 

T h i s  work is i n  p r o g r e s s  ( s e e  below).  

Mechanism o f  e n e r g y  l o s s  o f  s low i o n s  (S. Tamor) ,  T h i s  work i s  
i n  ' p r o g r e s s .  ( s e e  be low) ,  

N e u t r o n - d e u t e r o n  s c a t t e r i n g  (T. A .  Welton  and F, Prohammer) .  
T h i s  work i s  i n  p r o g r e s s  ( s e e  below).  

Theory  o f  n e u t r o n  s c a t t e r i n g  (T. A. W e l t o n ) .  T h i s  work i s  i n  
p r o g r e s s  ( s e e  be low) .  
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12. I s o t r o p y o f n u c l e a r  gamma r a d i a t i o n  (G. B. Arfken ,  L .  C. Bieden-  
h a r n ,  and M. E. Rose) .  T h i s  work i s  comple t e  ( s e e  below).  

13. Symmetry i n  b e t a  decay  (L.  C. Biedenharn  and M. E. Rose ) .  T h i s  
work i s  comple t e  ( s e e  below).  . 

Angular C o r r e l a t i o n  of Internal -Convers ion Electrons and Qammas ( M .  E .  
Rose and G. F. A r f k e n ) .  I n  a c a s c a d e  t r a n s i t i o n  i n  which  e i t h e r  o f  t h e  two 
t r a n s i t i o n s  c o r r e s p o n d s  t o  a l a r g e  i n t e r n a l  c o n v e r s i o n ,  t h e  m o s t  i m p o r t a n t  
c o r r e l a t i o n  i s  t h e  one  c i t e d  above .  The t h e o r y  was d e v e l o p e d  by L i n g ( ' )  b u t  
n o - n u m e r i c a l  r e s u l t s  c o u l d  be  g i v e n  a t  t h e  t i m e .  What i s  needed  t o  g e t  s u c h  
r e s u l t s  h a s  been s u p p l i e d  by t h e  K - s h e l l  i n t e r n a l - c o n v e r s i o n  c a l c u l a t i o n .  The 
c o m p u t a t i o n a l  problem h a s  been  s e t  up f o r  c a l c u l a t i o n  o f  t h e  c o r r e l a t i o n  f o r  
d i p o l e - d i p o l e ,  d i p o l e - q u a d r u p o l e  and v i c e  v e r s a ,  and q u a d r u p ~ l e - q u a d r u p o l e  
c a s c a d e s  where f o r  t h e  t r a n s i t i o n  g i v i n g  a c o n v e r s i o n  e l e c t r o n  b a t h  e l e c t r i c  
and magnet ic  t r a n s i t i o n s  w i l l  be computed. The e n e r g y  and Z va1;es are a s  f o r  
t h e  K - s h e l l  c o n v e r s i o n  c a l c u l a t i o n .  

Angular Corre la t ion  of  Three S u c c e s s i v e  Badia t ions  (G. B. A r f k e n ,  L. C. 
Biedenharn ,  and M. E. Rose ) .  We have s o l v e d  t h e  g e n e r a l  problem o f  d e t e r m i n i n g  
t h e  c o i n c i d e n c e  c o u n t i n g  r a t e  i n  a n u c l e a r  c a s c a d e  p r o c e s s  f o r  t h r e e  p a r t i c l e s  

e m i t t e d  ( o r  abso rbed)  a t  a r b i t r a r y  a n g l e s .  I n  p a r t i c u l a r ,  t he  s o l u t i o n  a p p l i e s  
t o  the  c a s c a d e  gamma r a y s  t h a t  f o l l o w  t h e  c a p t u r e  o f  a p p r o t o n  by E". I t  
h a s  been shown t h a t  t h e r e  a r e  no  c r o s s  terms from t h e  two c h a n n e l  s p i n s .  I n  
g e n e r a l ,  a l l  c r o s s  terms v a n i s h  i f  any two o f  t h e  r a d i a t i o n s  a r e  r e s t r i c t e d  t o  
t h e  same d i r e c t i o n  o f  p r o p a g a t i o n .  T h i s  g i v e s  s i x  s p e c i a l  c a s e s ,  o f  which t h e  
two where one gamma i s  p a r a l l e l  t o  t he  p r o t o n  beam a r e  o f  p a r t i c u l a r  i n t e r e s t .  
The c o r r e l a t i o n  f u n c t i o n  i n  g e n e r a l  depends  upon which  gamma i s  e m i t t e d  f i r s t  

and so p r o v i d e s  a means o f  d e t e r m i n i n g  t h e  o r d e r  o f  e m i s s i o n  of t h e  gammas. 
L i m i t s  on t h e  p o s s i b l e  powers  of cos '  6' have been d e t e r m i n e d  f o r  t h e  g e n e r a l  
c a s e  and f o r  s p e c i a l  c a s e s  o f  i n t e r e s t .  The  f o r m a l i s m  c o v e r s  a l l  cases of 
o f  p o l a r i z a t i o n s  and  a r b i t r a r y  m i x t u r e s  o f  m u l t i p o l e s .  A d e t a i l e d  r e p o r t  

g i v i n g  p r o o f s  and a p p l i c a t i o n s  t o  B" ( p , y ~ ) C ' *  i s  b e i n g  p r e p a r e d .  

Polar iza t ion  Effects i n  Neutron capture  ( L .  C .  B i e d e n h a r n ,  G .  B. A r f k e n ,  
and M. E. Rose). When p o l a r i z e d  n e u t r o n s  a r e  c a p t u r e d  by a n u c l e u s  w h i c h  

s u b s e q u e n t l y  e m i t s  gamma r a d i a t i o n , _ t h e  i n t e n s i t y  o f  t h e  gammas is i s o t r o p i c  

(1) Ling, D. S . ,  d issertat ion,  University of Michigan, 1948. 
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as  l o n g  as  t h e  n e u t r o n s  are s l a w .  The q u e s t i o n  i s  now: I f  t h e  r a d i a t i o n  i s  
o b s e r v e d  w i t h  p o l a r i z a t i o n - s e n s i t i v e  d e t e c t o r s  , what  w i l l  be t h e  a n g u l a r  
d i s t r i b u t i o n  o f  t h e  r a d i a t i o n ?  The  m o t i v a t i o n  h e r e  i s  t h e  p o s s i b i l i t y  o f  
o b t a i n i n g  a n g u l a r  momentum a n d / o r  p a r i t y  i n f o r m a t i o n  w i t h  r e g a r d  t o  t h e  
compound-nucleus ene rgy  s t a t e s .  S i n c e  t h e  known d e t e c t o r s  can be u s e d  f o r  t h e  
o b s e r v a t i o n  o f  l i n e a r  p o l a r i z a t i o n  o n l y ,  i t  t u r n s  o u t  t h a t  f o r  b o t h  p u r e  and 
mixed m u l t i p o l e s  t h e  r a d i a t i o n  i s  i s o t r o p i c  and i n d e p e n d e n t  o f  t h e  n e u t r o n  
p o l a r i z a t i o n .  T h e r e f o r e ,  u s i n g  slow n e u t r o n s  i n  a n  e x p e r i m e n t  o f  t h e  t y p e  
env i saged  w i l l  y i e l d  no r e s u l t s  o f  i n t e r e s t  beyond what  c o u l d  be o b t a i n e d  w i t h  
an  u n p o l a r i z e d  beam. A d i f f e q e n t  c o n c l u s i o n  would a p p l y  i f  i t  were p o s s i b l e  
t o  d e v i s e  a " n u c l e a r  q u a r t e r - w a v e  p l a t e . "  A r e p o r t  d e s c r i b i n g  t h e  problem and 
i t s  s o l u t i o n  i n  d e t a i l  h a s  been p r e p a r e d .  

0yperf ine  s t ruc ture  i n  Intt ( A l b e r t  Simon).  The e x i s t e n c e  o f  a h y p e r f i n e  
s t r u c t u r e  ( h f s )  i n  t h e  s o l i d  s t a t e  h a s  been demons t r a t ed  by microwave r e s o n a n c e  
methods .  (2 The p o s s i b i l i t y  o f  u s i n g  t h i s  i n t e r a c t i o n  t o  p r o d u c e  n u c l e a r  
a l ignmen t  was f i r s t  p o i n t e d  o u t  by Rose(3)  and by G ~ r t e r , ( ~ )  and an e x p e r i m e n t a l  
e f f o r t  i s  now underway  a t  t h i s  L a b o r a t o r y  i n  a n  e f f o r t  t o  o b t a i n  n u c l e a r  
a l i g n m e n t  i n  manganese  ammonium s u , l f a t e  I B l e a n e ~ ( ~ )  h a s  m e a s u r e d  t h e  h f s  
c o u p l i n g  i n  Mn(NH4)2(S04)2.6H20 and found t h a t  i t  i s  g i v e n  by 

AW,,, = A I * S 

where I i s  t h e  n u c l e a r  s p i n  ( 5 / 2 )  a n d s t h e  e l e c t r o n i c  s p i n  ( 5 / 2 )  i n  manganese.  
The magn i tude  o f  A was d e t e r m i n e d  t o  be 0,009 cm-' b u t  no d e t e r m i n a t i o n  o f  
t h e  s i g n  o f  A has  been p u b l i s h e d  a s  y e t .  

A knowledge o f  t h e  form o f  t h e  h f s  is e s s e n t i a l  i n  o r d e r  t o  compute t h e  
optimum magne t i c  f i e l d  f o r  n u c l e a r  a l i g n m e n t  i n  a d i a b a t i c  d e m a g n e t i z a t i o n  and 
t o  i n t e r p r e t  p r o p e r l y  expe r imen t s  on the  s c a t t e r i n g  and a b s o r p t i o n  o f  p o l a r i z e d  
n e u t r o n s  by p o l a r i z e d  n u c l e i .  I n  p a r t i c u l a r ,  t h e  s i g n  o f  A m u s t  be known i n  
o r d e r  f o r  t h e  a n g u l a r  momentum o f  t h e  l e v e l s  o f  a compound n u c l e u s  t o  be 
d e t e r m i n e d .  The p u r p o s e  o f  t h i s  i n v e s t i g a t i o n  is  t o  a c c o u n t  f o r  t h e  form o f  

(2 )  

( 3 )  
(4)  
( 5 )  

Zavoisky, E . ,  "Paramagnetic Relaxation o f  Liquid Solut ions  for perpendicular Fie lds ,"  J .  Phys. 
[IssR 9 ,  211 (1945) .  
Rose, M. E . ,  "Polarization of Nuclear Spins?ORNL-48 (June 9 ,  1948).  
Garter, C. J . ,  "A New Suggestion for Aligning Certain Atomic Nuclei ,"Physica 14, 504 (1948) .  
Bleaney, B . ,  "Nuclear S p e c i f i c  Heats i n  Paramagnetic Sa l t s ,"  Phys .  Rev.' 78,  214 (1950) .  
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. 

t h e  h f s  i n t e r a c t i o n  and t o  d e t e r m i n e  t h e  s i g n  o f  A by u s e  o f  t h e o r e t i c a l  con-  
s i d e r a t i o n s .  

The ground s t a t e  o f  Mn++ i s  a ( 3 ~ ) ~  ( 3 d ) ’  6S s t a t e  which g i v e s  no h f s  a t  

a l l .  Abragam(6) h a s  s u g g e s t e d  t h a t  t h e  obse rved  e f f e c t  may be due t o  admix tu re  
o f  an e x c i t e d  s t a t e ,  (3s)’ ( 3 d ) s  ( 4 s ) ’  6S which h a s  u n p a i r e d  s e l e c t r o n s .  \Ye 
can  show t h a t  t h i s  c o n f i g u r a t i o n ,  w i t h  t h e  two s e l e c t r o n s  i n  a ’S s t a t e ,  i s  
e x c i t e d  by t h e  i n t r a a t o m i c  s p i n - d e p e n d e n t  f o r c e s  due t o  t h e  r e a u i r e m e n t s  o f  
t h e  P a u l i  p r i n c i p l e .  S p e c i f i c a l l y ,  t h e  added exchange term i n  the  Har t r ee -Fock  
e q u a t i o n s  c a n  be r e g a r d e d  a s  a p e r t u r b a t i o n  upon a z e r o - o r d e r  H a m i l t o n i a n  
which i s  t h e  o r d i n a r y  H a r t r e e  e q u a t i o n .  T h i s  p e r t u r b a t i o n  t a k e s  t h e  form 

4 - 9  s H’ = J i ,  ( r , r ’ )  S ( 2 )  

9 + 
where  S i s  t h e  s p i n  ( 5 / 2 )  o f  t h e  u n p a i r e d  3d e l e c t r o n s ,  s i s  t h e  s p i n  o f  a 
g iven  3s e l e c t r o n ,  and J i ,  i s  an  o p e r a t o r  d e p e n d i n g  on t h e  wave f u n c t i o n s  o f  
t h e  3d and 3s e l e c t r o n s .  Us ing  t h i s  i n t e r a c t i o n ,  t h e  admixture  o f  t h e  e x c i t e d  
s t a t e  i s  g iven  by 

and t h e  form o f  t h e  i n t e r a c t i o n  i s  g i v e n  by (1).  The ? a u l i  p r i n c i p l e  a l s o  
i n t r o d u c e s  a s p i n - i n d e p e n d e n t  f o r c e ,  b u t  t h i s  r e s u l t s  i n  a ‘ S  s t a t e  f o r  t h e  
two e l e c t r o n s  w i t h  no r e s u l t a n t  h f s .  

To d e t e r m i n e  t h e  s i g n  o f  A t h e  p r o r e r  H a r t r e e - F o c k  r a d i a l  f u n c t i o n s  f o r  
b o t h  t h e  normal  and e x c i t e d  c o n f i g u r a t i o n s  must  be used .  U n f o r t u n a t e l y ,  t h e  

( 6 )  Abragam, A.,  “Paramagnetic Resonance and Hyperfine Structure in  the Iron Transition Group,”Phys. 
Rev. 79, 534 (1950). 
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o n l y  f u n c t i o n s  a v a i l a b l e  a r c  t h e  H a r t r e e  s o l u t i o n s  o f  t h e  no rma l  i r o n  atom. 
Computat ion o f  Eq. (3 )  by u s i n g  t h e s e  f u n c t i o n s  gave t h e  r e s u l t  

A = + 0.0017 cm-' 

Unpubl i shed  r e s u l t s  by Bleaney  i n d i c a t e  t h a t  A h a s  a n e g a t i v e  s i g n .  S i n c e  t h e  
o v e r l a p  i n t e g r a l s  are ve ry  s e n s i t i v e  t o  t h e  c h o i c e  o f  t h e  p r o p e r  wave f u n c t i o n s ,  
p r o p e r  c o m p a r i s o n  o f  t h e s e  r e s u l t s  s h o u l d  be made o n l y  a f t e r  t h e  H a r t r e e -  
Fock wave f u n c t i o n s  a r e  a v a i l a b l e  f o r  Mn++. 

On t h e  Energy-Loss Mechanism of Slow Ions ( S .  Tamor).  The t r a j e c t o r y  o f  
an i o n  p a s s i n g  t h r o u g h  a s t o p p i n g  m a t e r i a l  i s  c o n v e n i e n t l y  d i v i d e d  i n t o  t h r e e  
r e g i o n s .  When t h e  i o n  v e l o c i t y  v i s  s m a l l  compared w i t h  t h e  o r b i t a l - e l e c t r o n  
v e l o c i t i e s ,  t h e  ene rgy  l o s s  is  due p redominan t ly  t o  e l a s t i c  c o l l i s i o n s .  For v 
o f  t h e  o r d e r  o f  o r b i t a l  v e l o c i t i e s ,  e l e c t r o n  c a p t u r e  and loss a r e  t h e  i m p o r t a n t  
e f f e c t s , w h i l e  f o r  s t i l l  h i g h e r  V e l o c i t i e s  i t  i s  t h e  i o n i z a t i o n  loss. 

The c a l c u l a t i o n  o f  t h e  e l a s t i c  s c a t t e r i n g  c r o s s - s e c t i o n s ,  as  d e s c r i b e d  
i n  t h e  p r e v i o u s  q u a r t e r l y  r e p o r t  (ORNL-940, P *  52 ) i s  now w e l l  underway.  
For i o n  v e l o c i t i e s  g r e a t e r  t h a n  a b o u t  4 x l o 8  cm/sec ( p r o t o n  e n e r g y  o f  a b o u t  
80 Kev)  and  f o r  s u f f i c i e n t l y  h e a v y  a t o m s ,  t h e  e n e r g y  loss c a n  be  t r e a t e d  
c l a s s i c a l l y  w i t h  t h e  a i d  of  t h e  Fermi-Thomas model. The s t o p p i n g  power may be 
w r i t  t en  

where t h e  s t o p p i n g  number B i s  g iven  by 

2 " V 2  
2 

B = l o g  2mv2 rmv N ( E )  dE - l o g  E N ( E )  dE 
0 0 

N ( E )  i s  here t h e  number o f  e l e c t r o n s  o f  b i n d i n g  e n e r g y  be tween E and E + d E  
and i s  e q u a l  t o  

5 4  



. w h e r e  +(z) is  t h e  F e r m i - T h o m a s  f u n c t i o n ,  /.L i s  a u n i t  o f  l e n g t h  e n u a l  t o  
0 . 8 8 5  a 0 / 2 1 / 3 ,  and xrax i s  t h e  r o o t  o f  t h e  i n t e g r a n d .  

The r e g i o n  o f  i n t e r m e d i a t e  v e l o c i t i e s  i s  more d i f f i c u l t  t o  t r e a v ,  and 
t h e r e  i s  a t  p r e s e n t  no s a t i s f a c t o r y  t h e o r y  o f  t h e  e n e r g y  l o s s  o f  s u c h  i o n s .  
An a t t e m p t  i s  now b e i n g  made t o  fo rmula t e  some s o r t  of s e m i e m p i r i c a l  t heo ry  of  
t h e  c a p t u r e  and l o s s  p r o c e s s  w i t h  t h e  aim i n  view o f  d e t e r m i n i n g  t h e  r e l a t i v e  
impor t ance  o f  t h e  e l e c t r o n i c  and n u c l e a r  ( e l a s t i c )  c o l l i s i o n s .  

Neutron-Deuteron S c a t t e r i n g  ( F .  G .  Prohammer and  T. A.  W e l t o n ) .  A n  
a t t e m p t  i s  b e i n g  made t o  use  t h e  a v a i l a b l e  i n f o r m a t i o n  on t h e  H3 b i n d i n g  ene rgy  
and t h e  low-energy n e u t r o n - d e u t e r o n  s c a t t e r i n g  t o  o b t a i n  v a l i d  new i n f o r m a t i o n  
on t h e  n u c l e a r  f o r c e s .  I t  i s  known t h a t  IJ3 h a s  a s i n g l e  bound s t a t e .  T h i s  
i s  a p p a r e n t l y  a n e a r l y  p u r e  ‘S% s t a t e ,  r e q u i r i n g  a b o u t  6 Mev of e n e r g y  t o  

d i s s o c i a t e  i t  i n t o  a d e u t e r o n  p l u s  a n e u t r o n .  I f  s low n e u t r o n s  a r e  s c a t t e r e d  
by d e u t e r o n s ,  an e p i t h e r m a l  s c a t t e r i n g  c r o s s - s e c t i o n  u s ,  a s  w e l l  a s  a c o h e r e n t  
c r o s s - s e c t i o n  u can  be obse rved :  

C ’  

The r u a n t i t i e s  a 2  a n e  a4 a r e  t h e  s c e t t e r i n g  l e n g t h s  for t h e  ’ S ,  and 4S3,2 
s t a t e s ,  r e s p e c t i v e l y .  The q u a n t i t i e s  f z  and f4 a r e  t h e  c o r r e s p o n d i n g  a m p l i -  
t u d e s  f o r  s c a t t e r i n g  o f  n e u t r o n s  by bound d e u t e r o n s  [f = ( 3 / 2 ) a I .  

I t  is known t h a t  us = 3.3  b a r n s .  S h i i l l  and W ~ l l a n ( ~ )  h a v e  d e t e r m i n e d  
0 . 4  b a r n s  by d i f f r a c t i o n  o f  n e u t r o n s  f rom s o d i u m  

Shull ,  C. G., and Wollan, E.  O.,  “Coherent Scattering Amplitudes as Determined by Neutron Diffrac-  
tion,” Phys. Rev. 81, 527 (1951). 

a v a l u e  f o r  uc o f  5 . 2  

(7) 
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d e u t e r i d e .  R e c e n t  measurements  by H u r s t  and A l c o c k ( $ )  a t  C h a l k  R i v e r  on  t h e  
s c a t t e r i n g  of t h e r m a l  n e u t r o n s  from d e u t e r i u m  gas  y i e l d  a v a l u e  u, = 5.8 f 0.2 
b a r n s .  A r e a s o n a b l e  v a l u e  seems t o  be crc = 5 . 5  b a r n s .  I n  a d d i t i o n ,  i t  i s  
known t h a t  t h e  s i g n  of t h e  c o h e r e n t  a m p l i t u d e  [(2/3)f4 + (1/3)f2] i s  p o s i t i v e  
(same s i g n  as  f o r  t h e  t r i p l e t  n , p  s c a t t e r i n g ) .  

The above i n f o r m a t i o n  y i e l d s  two s i m u l t a n e o u s  e q u a t i o n s  for a2 and a 4 .  

U n f o r t u n - a t e l y ,  one i s  l i n e a r  and one is q u a d r a t i c ,  so t h a t  two sets o f  r o o t s  
r e s u l t .  These  a r e :  

az = 8.1 x c m  a4 = 2.6 x cm (A) 

and 

az = 0.8 x cm, a4 = 6.2 x 10‘13 cm (B) 

I n  o r d e r  t o  d e c i d e  be tween t h e s e  p o s s i b i l i t i e s ,  u s e  c a n  be made o f  t h e  
f u r t h e r  i n f o r m a t i o n  t h a t  a s i n g l e  bound ‘S% s t a t e  l i e s  6 Mev b e n e a t h  t h e  
e n e r g y  of t h e  s c a t t e r i n g  p r o b l e m ,  a n d . t h a t  t h e r e  i s  no  bound * S 3 , ,  s t a t e .  

Write 

1 k c o t  S2 = - - + b 2 k 2  + O(k4) 
a 2  

1 

O4 
k c o t  6, = - -  + b,k2 + O ( k 4 )  

where k is  t h e  ( r e l a t i v e )  n e u t r o n  wave number,  S Z  and 8, a r e  t h e  d o u b l e t  and 
q u a r t e t  phase  s h i f t s ,  a2 and a4 a r e  t h e  s c a t t e r i n g  l e n g t h s ,  and b ,  and b, a r e  
l e n g t h s  ( e f f e c t i v e  r a n g e s )  o f  t h e  o r d e r  o f  m a g n i t u d e  o f  cm (for s i m -  
p l i c i t y  t a k e  b ,  = b ,  = b = cm and n e g l e c t  terms i n  k4). I f  Eq. ( 2 )  i s  
a n a l y t i c a l l y  c o n t i n u e d  for i m a g i n a r y  k ( k  = -iK, w i t h  K p o s i t i v e ) ,  a bound 

(8) Hurat, D. G . ,  and Alcock, N. Z.,  “The Scat ter ing  Lengths of the Dduteron,”Phyi. Raw. 80, 117 
(1950)- 
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s t a t e  w i l l  be found a t  a z e r o  o f  e i s  ( v a n i s h i n g  s c a t t e r i n g  m a t r i x ) .  T h i s  c a n  
be  s e e n  by c o n s i d e r i n g  t h e  a n a l y t i c  c o n t i n u a t i o n  o f  t h e  n e u t r o n  wave f u n c t i o n  

e i s e i k r  - e - i 8 e - i k r  .is,Kr - . - i s , - ~ i  

2 i  2 i  
s i n  ( k r  + 6 )  = - 

Here e i s  a p p e a r s  a s  t h e  c o e f f i c i e n t  o f  t h e  unwanted ( f o r  a wel l -behaved  bound- 
s t a t e  wave f u n c t i o n )  term which  becomes e x p o n e n t i a l l y  l a r g e  a s  r 4 a, I f  
e i a  i s  s e t  e q u a l  t o  z e r o ,  Eqs.  ( 2 )  become: 

w h e r e  K ,  and  K ,  ( i f  a r o o t  c a n  b e  f o u n d )  a r e  r e l a t e d  t o  t h e  d o u b l e t  a n d  
q u a r t e t  b i n d i n g  e n e r g i e s  by 

2 A 2 K Z 2  
-$,I = - 2M 

2 h2K, 
-+,I =- 2M 

where M i s  t h e  n e u t r o n  mass. 

From Eqs.  ( 4 1 ,  

K ,  = 1 - 4 1  - 4 b / a z .  
2 b  

1 - 4 1  _. 4 b / a 4  

2 b  
K, = 
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where  t h e  s i g n  o f  t h e  s q u a r e  r o o t  h a s  b e e n  so c h o s e n  a s  t o  make K = l / a  a s  
b* 0. 

The p a i r  o f  r o o t s  ( A )  y i e l d s  

. 
K, = 0.5 x 10'' cm"', K, = a complex number (A) 

w h i l e  t h e  s e t  ( B )  y i e l d s  

K, = 0.20 x 1013 cm", K, = a complex number (B)  

T t  t h e n  a p p e a r s  t h a t  t h e  s e t  ( A )  a g r e e s  q u a l i t a t i v e l y  w i t h  t h e  c r i t e r i o n  which  
h a s  been s e t  up,  wh i l e  t he  s e t  ( B )  d e f i n i t e l y  does  n o t .  ( A )  
g i v e s  a d o u b l e t  b i n d i n g  e n e r g y  o f  o n l y  a b o u t  1 'Mev,  s o  t h a t  t h e  q u a n t i t a t i v e  
agreelhent w i t h  t h e  e x p e r i m e n t a l  v a l u e  is d i s a p p o i n t i n g .  I t  i s  l i k e l y  t h a t  t h e  
p re se?ce  o f  t h e  t h r e s h o l d  f o r  d e u t e r o n  d i s i n t e g r a t i o n  o n l y  2 . 2  Mev above z e r o  
e n e r g y  s o  d i s t o r t s  t h e  e n e r g y  d e p e n d e n c e  o f  k c o t  6 t h a t  terms i n  k4 a r e  
needed t o  g i v e  a good va lue  f o r  t h e  b i n d i n g  ene rgy .  

The K, from Eq.- 

I t  t h e n  seems a l m o s t  c e r t a i n  t h a t  t h e  s o l u t i o n  ( A )  i s  a c t u a l l y  c o r r e c t ,  
so  t h a t  

az = 8.1 x 10''' cm and a, = 2.6 x 10''' c m  (7) 

The ' q u a r t e t  s c a t t e r i n g  l e n g t h  s h o u l d  c o n t a i n  v e r y  good i n f o r m a t i o n  a s  t o ' t h e  
s t r e n g t h  o f  t h e  t r i p l e t  n e u t r o n - n e u t r o n  i n t e r a c t i o n ,  and a good c a l c u l a t i o n  i s  
b e i n g  per formed.  I t  i s  u n f o r t u n a t e  t h a t  examina t ion  of e x i s t i n g  c a l c u l a t i o n s  
i n  t h e  l i g h t  of t h e  d e t a i l e d  i n f o r m a t i o n  i n  Eq: ( 7 )  s t r o n g l y  i n d i c a t e s  t h a t  
t h e  u s u a l  approx ima t ions  are n o t  v a l i d .  

T h e o r y . o f  S c a t t e r i n g  and Capture o f  Slow Neutrons (T .  A .  W e l t o n ) .  A 
s i m p l e  d e r i v a t i o n  h a s  b e e n  a t t e m p t e d  o f  t he  u s u a l  B r e i t - W i g n e r  o n e - l e v e l  
formula .  C o n s i d e r  f i r s t  t h e  c a s e  o f  pu re  n e u t r o n  s c a t t e r i n g ,  w i t h o u t  c a p t u r e ,  
and f o r  s i m p l i c i t y  n e g l e c t  t h e  s p i n s  of t h e  n e u t r o n  and t a r g e t  n u c l e u s .  The 
s c a t t e r i n g  is t h e n  c o m p l e t e l y  d e s c r i b e d  ( f o r  s low n e u t r o n s )  by a p h a s e  s h i f t  
f o r  t h e  S n e u t r o n  wave 8.  D e f i n e  

+(k) = k c o t  6 ( 1 )  
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A d e r i v a t i o n  from f i r s t  p r i n c i p l e s  i s  g iven  o f  t h e  formula 

. 

( 2 )  

Here I (frN i s  a n  i n t e g r a t i o n  o v e r  t h e  c o n f i g u r a t i o n  s p a c e  o f  t h e  t a r g e t  
n u c l e u s ,  w h i l e  d r  is an i n t e g r a t i o n  o v e r  t h e  s p a c e  o f  t h e  i n c i d e n t  n e u t r o n .  
The f u n c t i o n  u i s  t h e  ( r e a l )  wave f u n c t i o n  f o r  t h e  ground s t a t e  o f  t h e  t a rge t  
n u c l e u s .  The f u n c t i o n  $J i s  t h e  ( r e a l )  wave f u n c t i o n  f o r  t h e  compound n u c l e u s ,  
and  $m i s  e q u a l  t o $  i n  t h a t  p o r t i o n  o f  t h e  t o t a l  c o n f i g u r a t i o n  s p a c e  f o r  
which  t h e  i n c i d e n t  n u c l e u s  i s  o u t s i d e  t h e  t a r g e t  n u c l e u s  ( e x t e r n a l  r e g i o n ) .  
Write .ICb, everywhere  a s  

s i n  ( k r  + 6) 
r s i n  6 

+a = U 

(; + 41 u f o r  k r  << 1 

A t  t h e  n u c l e a r  boundary ( r  = R ) ,  JI, (and  hence $J) is e q u a l  t o  

( l / R ) ( l  + R4)u 

I t  seems r e a s o n a b l e  t o  assume t h a t  t h e  s h a p e  of  $J' i s  e s s e n t i a l l y  i depend t 

o f  e n e r g y ,  b u t  t h a t  i t s  s i z e  is p r o p o r t i o n a l  t o  t h e  f a c t o r  ( 1  + R4I2 w h i c h  
d e t e r m i n e s  t h e  e n e r g y  v a r i a t i o n  o f  i t s  v a l u e  a t  t h e  boundary  o f  t h e  e x t e r n a l  

59 
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reg ion .  Equation ( 2 )  then becomes 

( 4 )  

where b o  i s  t h e  v a l u e  t a k e n  on by b ( k )  f o r , k  =. k ,  . ( t h e  r e s o n a n t  e n e r g y ) .  
Note  t h a t  a r e s o n a n c e  i s  d e f i n e d  a s  a z e r o  o f  4, E q u a t i o n  ( 4 )  i s  e a s i l y  
i n  te grated : 

1 1 / R  + =  --t 
R 1 + bo R ( k 2  - k o 2 )  

The s c a t t e r i n g  c r o s s - s e c t i o n  is  given by 

( 5 )  

4rl 4rl 

k 2  k 2  + 42 
Qs = - s i n 2  6 = 

S u b s t i t u t i o n  o f  Eq .  ( 5 )  i n  Eq.  ( 6 )  l e a d s  t o  

4rl 

' k 2  
. c T =  - 

r, 
7 

- kR 2 
:I- 
L L  n - ( E  - E , )  + - 

2 

2 

( 7 )  

w i t h  

f r 2 k  rn = -  
Mbtl 
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T h i s  i s  t h e  u s u a l  B r e i t - W i g n e r  s c a t t e r i n g  f o r m u l a ,  w i t h  rn d e f i n e d  i n  terms 

o f  t h e  q u a n t i t y  b o .  Note  t h a t  bo i s  i n d e p e n d e n t  o f  e n e r g y ,  and hence  rn i s  
p r o p o r t i o n a l  t o  k. The q u a n t i t y  - k R  i s  s imply  t h e  low-energy approx ima t ion  t o  
e S i k R  s i n  (-m), which i s  t h e  p o t e n t i a l  s c a t t e r i n g  a m p l i t u d e  m u l t i p l i e d  by k. 

I t  i s  f u r t h e r  shown t h a t  a s i m p l e  d e f i n i t i o n  c a n  be made f o r  T ,  t h e  t i m e  
s p e n t  by the  i n c i d e n t  n e u t r o n  i n s i d e  t h e  t a r g e t  n u c l e u s :  

2 d 6  
v d k  

- R +-  - -  

where v i s  t h e  ( g r o u p )  v e l o c i t y  o f  t h e  i n c i d e n t  n e u t r o n .  E q u a t i o n  ( 8 )  c a n  be 
made p l a u s i b l e  by c o n s i d e r a t i o n  o f  two s p e c i a l  c a s e s :  (1) I f  t h e  n u c l e u s  does  
n o t  a f f e c t  the  n e u t r o n  i n  any way, t hen  6 = 0 and T = 2 R / v ,  which  i s  j u s t  t h e  
time r e q u i r e d  f o r  t h e  f r e e  n e u t r o n  t o  t r a v e r s e  t h e  d i a m e t e r  o f  t h e  "nuc leus" ;  
( 2 )  i f ,  on t h e  o t h e r  hand,  t h e  n u c l e u s  s c a t t e r s  a s  a ha rd  s p h e r e ,  6 = -kR and 
T = 0 ,  which  i s  r e a s o n a b l e  s i n c e  t h e  n e u t r o n  c a n n o t  e n t e r  a h a r d  s p h e r e .  I t  
i s  a l s o  of i n t e r e s t  t o  n o t e  t h a t  a t  a r e s o n a n c e  4 = 0, T = 4'X/rn v e r y  n e a r l y ,  
which i s  j u s t  f o u r  t i m e s  t h e  mean l i f e  o f  t h e  compound n u c l e u s  a g a i n s t  n e u t r o n  
e m i s  s ion .  

Next  d e f i n e  a q u a n t i t y  n / k 2 ,  which i s  t h e  c r o s s - s e c t i o n  f o r  i n c i d e n c e  on 
t h e  n u c l e u s ,  and a q u a n t i t y  ra/-69 which i s  t h e  p r o b a b i l i t y  p e r  u n i t  t i m e  t h a t  
t h e  a s s e m b l e d  compound n u c l e u s  d e c a y s  by a n  a b s o r p t i o n  p r o c e s s  ( r a d i a t i o n ,  
f i s s i o n ,  e t c . )  r a t h e r  t h a n  by n e u t r o n  e m i s s i o n .  I n  t e r m s  o f  t h e s e  q u a n t i t i e s  
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  is  e a s i l y  w r i t t e n  as 

T h i s  e q u a t i o n  h o l d s  o n l y  u n d e r  t h e  a s sumpt ion  o f  weak a b s o r p t i o n  ( T a  << rn); 
i t s  e x t e n s i o n  t o  the  case o f  s t r o n g  a b s o r p t i o n  a p p e a r s  s i m p l e ,  b u t  has  n o t  y e t  
been made. 

61 



E q u a t i o n  ( 9 )  l e a d s  t o  t h e  v a l u e  o f  (T= a t  r e s o n a n c e  wh ich  f o l l o w s  f rom 
t h e  B r e i t - W i g n e r  f o r m u l a  ( w i t h  weak a b s o r p t i o n ) .  I t  a l s o  l e a d s  t o  t h e  same 
shape  n e a r  r e sonance .  D i s c r e p a n c i e s  appea r  f o r  e n e r g i e s  o f f  r e sonance  by more 
t h a n  t h e  h a l f - w i d t h .  These  d i f f e r e n c e s  a r e  b e i n g  a n a l y z e d ,  and i t  i s  hoped 
t h a t  a v a i l a b l e  e x p e r i m e n t s  c a n  be used  t o  d e c i d e  be tween t h e  v a r i o u s  p o s s i -  
b i l i  t i es .  

A Note on I s o t r o p y  o f  Nuclear  G a m m a  R a d i a t i o n  (G. B. A r f k e n ,  L .  C. 
B i e d e n h a r n ,  and M. E.  P o s e ) .  I n  OWL-865 i t  was c o n j e c t u r e d  t h a t  i f  one  h a s  
i s o t r o p i c  2L p o l e  gamma r a d i a t i o n  f roma- - l eve l  j and L - j - %, t hen  a l l  gamma 
r a d i a t i o n  from t h a t  s . t a t e  must  be i s o t r o p i c .  The c o n d i t i o n  L 2 j - % was shown 
n e c e s s a r y ,  I t  i s  now p o s s i b l e  t o  show t h a t  i t  is a l s o  s u f f i c i e n t  f o r  c a s e s  of 
p h y s i c a l  i n t e r e s t .  The a n g u l a r  d i s t r i b u t i o n  f u n c t i o n  may be w r i t t e n  ,, 

> 
-+ 

where am g i v e s  t h e  l e v e l  p o p u l a t i o n ,  C , ,  J L J  i s  a C lebsch-Gordon  c o e f f i c i e n t ,  
and FLY i s  t h e  u s u a l  d i s t r i b u t i o n  f u n c t i o n .  U s i n g  t h e  f a m i l i a r  p r o p e r t i e s  o f  
t h e  r o t a t i o n  g r o u p  F may be  e x p r e s s e d  i n  terms o f  s p h e r i c a l  h a r m o n i c s  and  
Racah f u n c t i o n s .  Dropping  common f a c t o r s ,  

L 

i=O 

I t  may be s e e n  t h a t  t h e  F L j J m  a r e  l i n e a r l y  i n d e p e n d e n t  f o r  L 2 j - 3 u n l e s s  
Cl-zLL2i o r  t h e  Racah f u n c t i o n ,  W ,  v a n i s h e s  f o r  some i ,  0 5 i & L. I t  h a s  been 
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found t h a t  C l - z L L 2 i  d o e s  v a n i s h  f o r  ( L ,  i )  = ( 1 4 ,  l o ) ,  (492 ,  3481, and(16730,  
118301,  and ,  i n  f a c t ,  t h e r e  i s  an i n f i n i t e  number o f  l a r g e r  s o l u t i o n s .  Mr. 
Coveyou o f  t h e  Mathematics  P a n e l  h a s  v e r i f i e d  t h e s e  s o l u t i o n s  and shown t h a t  no  
s m a l l e r  o n e s  (L > 0 )  e x i s t .  S i n c e  2 1 4 ,  2 4 9 2 ,  and 2 l 6 ' j o  p o l e  r a d i a t i o n s  a r e  
r a t h e r  h i g h l y  f o r b i d d e n ,  t h e s e  e x c e p t i o n s  are c o n s i d e r e d  amusing r a t h e r  t h a n  
s e r i o u s .  T h i s  a n a l y s i s  may a l s o  be a p p l i e d  t o  show t h a t  t h e  FLY f o r  f i x e d  L 
form a l i n e a r l y  i n d e p e n d e n t  s e t  e x c e p t  f o r  L = 1 4 ,  492 ,  16730,  and c e r t a i n  
l a r g e r  L .  Whi l e  t h e  p r o p e r t i e s  o f  W a r e  known o n l y  i m p e r f e c t l y ,  i t  c a n  be 
shown t h a t  f o r  t h e  c a s e  of  i n t e r e s t ,  B"(p,y)C12 where J = 0 ,  
and t h e r e f o r e  d o e s  n o t  v a n i s h .  Hence f o r  J = 0 and,  s o  f a r  a s  i s  now known, 
f o r  a l l  o t h e r  cases of  p h y s i c a l  i n t e r e s t ,  t h e  c o n d i t i o n  L 2 j - % is  s u f f i c i e n t  
a s  w e l l  as n e c e s s a r y .  A d e t a i l e d  a n a l y s i s  w i l l  be p u b l i s h e d  i n  c o n n e c t i o n  w i t h  
t h e  fo r thcoming  r e p o r t  on a n g u l a r  c o r r e l a t i o n  of t h r e e  s u c c e s s i v e  r a d i a t i o n s .  

W = ( 2 j  + 1 l - l -  

Symmetry Between P o s i t r o n  and Negatron S p e c t r a  i n  Beta Decay (L. C. 
Biedenharn  and M. E. Rose) .  T h i s  i n v e s t i g a t i o n ,  of which a p r e l i m i n a r y  r e p o r t  
was g i v e n  i n  t h e  l a s t  q u a r t e r l y  r e p o r t  (ORNL-940), h a s  now b e e n  c o m p l e t e d .  
Our  f i n a l  c o n c l u s i o n  i s  t h a t  t h e  a s sumpt ion  o f  symmetry be tween p o s i t r o n  and 
n e g a t r o n  s p e c t r a  i n  b e t a  d e c a y  i n  t h e  l i m i t  o f  z e r o  n u c l e a r  c h a r g e  ( o t h e r  
f a c t o r s ,  s u c h  a s  n u c l e a r  m a t r i x  e l e m e n t s ,  b e i n g  t h e  same) p l a c e s  t h e  l i m i t a -  
t i o n  t h a t  o n l y  t h e  ( S , A , P )  and /o r  ( V , T )  c o v a r i a n t s  may be  mixed. T h i s  con-  
c l u s i o n  w a s  o r i g i n a l l y  r e a c h e d  by De G r o o t  and T ~ l h o e k ( ~ )  and ,  d e s p i t e  a l l  
p r e v i o u s  s t a t e m e n t s  t o  t h e  c o n t r a r y  (ORNL-940), w e  now conf i rm t h i s  r e s u l t .  

( 9 )  De Groot, S. R., and Tolhoek, H. A., "On the Theor 
Combinations of Invariants in the Interaction Hamiltonian, 

of Bet?, Radioactivity. I. The Use of Linear 
Physica 16, 456 (1950). 
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