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of  t h e  t h e o r e t i c a l l y  p r e d i c t -  - ed and e x p e r i m e n t a l l y  o b t a i n -  
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The Apol lo  17 Lunar Neutron Probe  Experiment (LNPE) (1)  was performed 
i n  o r d e r  t o  p r o v i d e  i n  s i t u  l u n a r  s u r f a c e  d a t a  on ( a )  t h e  a b s o l u t e  r a t e s  of 
low energy n e u t r o n  c a p t u r e  a s  measured i n  2 3 5 ~  and ~ O B  t a r g e t s ,  (b)  t h e  d e p t h  
dependence of  t h e s e  r a t e s  down t o  2 m e t e r s  and ( c )  t h e  n e u t r o n  energy  spec t rum 
by measur ing  Cd a b s o r p t i o n  and by measur ing  t h e  amounts of 8 0 ' 8 2 ~ r  produced by 
n e u t r o n  c a p t u r e  on 7 9 , 8 1 ~ r  ( d a t a  t o  b e  r e p o r t e d  by M a r t i  and co-workers>.  A l l  
of t h e  above o b j e c t i v e s  were accompl ished .  Although we a r e  i n  t h e  l a s t  phases  
of d a t a  p r o c e s s i n g ,  t h e  r e s u l t s  on 1°B c a p t u r e  g i v e n  h e r e  should  be  r ega rded  
a s  p r e l i m i n a r y .  However, t h e  2 3  5~ f i s s i o n  d a t a  have  been  comple te ly  ana lyzed .  

F i s s i o n  t r a c k  d e n s i t i e s  from mica d e t e c t o r s  a t  8  d i f f e r e n t  d e p t h s  have 
been  conve r t ed ,  u s i n g  l a b o r a t o r y  c a l i b r a t i o n  d a t a ,  i n t o  2 3 5 ~  f i s s i o n  rates and 
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Fig .  1. For comparison t h e  
t h e o r e t i c a l  f i s s i o n  r a t e  pro- 
f i l e  of  L i n g e n f e l t e r  e t  a l . ,  
(2)  (LCH) m u l t i p l i e d  by a 
f a c t o r  of 0.89,  i s  shown. No 
ad jus tmen t  of t h e  d e p t h  s c a l e  

-of  t h e  t h e o r e t i c a l  p r o f i l e  
h a s  been  made. The T,CH curve  
h a s  been  c o r r e c t e d  f o r  t h e  
d i f f e r e n c e  i n  g a l a c t i c  cos-  

,mic r a y  i n t e n s i t y  between t h e  

0 Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 

N 

\ 

Apol lo  17 mis s ion  and t h e  
a v e r a g e  of  t h e  l a s t  s o l a r  
c y c l e .  The e r r o r  b a r s  on t h e  
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coun t ing  s t a t i s t i c s .  I n  t h i s  c a s e ,  we have  normal ized  t h e  t h e o r e t i c a l  c a p t u r e  
r a t e  p r o f i l e  t o  t h e  d a t a  p o i n t  a t  140 g/cm2, n e a r  t h e  peak i n  t h e  p r o f i l e .  
The shape  of t h e  t h e o r e t i c a l  p r o f i l e  i s  a  r e a s o n a b l e  d e s c r i p t i o n  of t h e  t r e n d  
of t h e  d a t a  p o i n t s .  There  is  more s c a t t e r  i n  t h e  d a t a  t h a n  was t h e  c a s e  f o r  
t h e  2 3 5 ~ .  Some of  t h e  s c a t t e r  may r e p r e s e n t  v a r i a t i o n s  i n  t h e  e f f i c i e n c i e s  of 
i n d i v i d u a l  d e t e c t o r  p o s i t i o n s ,  f o r  which c o r r e c t i o n s  have  n o t  y e t  been a p p l i e d ,  
b u t  i t  a l s o  i n  p a r t  r e f l e c t s  d i f f i c u l t i e s  i n  l ong  term c o u n t i n g  r e p r o d u c i b i l -  
i t y  of t h e  s h o r t ,  low d e n s i t y  t r a c k s  i n  t h e  p l a s t i c  d e t e c t o r s .  N e v e r t h e l e s s ,  
t h e  cor respondence  of  t h e  shapes  o f  t h e  expe r imen ta l  and t h e o r e t i c a l  p r o f i l e  
i n d i c a t e s  t h a t  t h e  d e p t h  v a r i a t i o n  of l u n a r  n e u t r o n  c a p t u r e  r a t e s  i s  r e l a t i v e l y  
w e l l  known f o r  t h e  pu rpose  of i n t e r p r e t i n g  l u n a r  sample d a t a .  

Based on c a l i b r a t i o n  d a t a ,  t h e  a b s o l u t e  1°B c a p t u r e  ra te  i s  abou t  213 of 
t h a t  c a l c u l a t e d  by LCH. A d d i t i o n a l  d a t a  p r o c e s s i n g  w i l l  be c a r r i e d  o u t  t o  
check t h i s  p r e l i m i n a r y  r e s u l t  b u t  t h e  d i f f e r e n c e  i n  t h e  expe r imen ta l  and theo- 
r e t i c a l  rates, a l t h o u g h  n o t  l a r g e ,  appea r s  t o  b e  s i g n i f i c a n t .  Our f i n a l  accu- 
r acy  i n  t h e  measured 1°B c a p t u r e  ra te  shou ld  b e  s i g n i f i c a n t l y  b e t t e r  t h a n  * . 
15% ( s t a n d a r d  d e v i a t i o n ) .  For comparison,  t h e  2 3 5 ~  f i s s i o n  rate a t  t h e  s a m e  
dep th  i s  0 .89  + . l l  o f  t h e  t h e o r e t i c a l  v a l u e  and t h e  6 0 ~ o  a c t i v i t y  r e p o r t e d  by 
Wahlen e t  a l . ,  (3 )  cor re sponds  t o  0.67 + .24 of t h e  t h e o r e t i c a l  v a l u e .  The 
u n c e r t a i n t y  i n  t h e  a b s o l u t e  n o r m a l i z a t i o n  of  t h e  t h e o r e t i c a l  c a l c u l a t i o n s  w a s  
e s t i m a t e d  a s  + 30% by LCH s o  t h e  o v e r a l l  agreement i n  a l l  expe r imen ta l  c a p t u r e  
r a t e s  i s  good a l t h o u g h  a t  t h i s  s t a g e  t h e  d a t a  s u g g e s t  t h a t  c a p t u r e  r a t e s  which 
a r e  s l i g h t l y  ( ~ 2 0 % )  lower  t h a n  t h e  t h e o r e t i c a l  v a l u e s  should  b e  adopted .  

The LNPE con ta ined  c y l i n d e r s  of  Cd su r round ing  OB--TN d e t e c t o r s  a t  180 
and 370 g/cm2. Cd s t r o n g l y  a b s o r b s  n e u t r o n s  below abou t  0 . 5  eV; t h u s ,  as 
shown i n  F i g u r e  3 ,  a d e c r e a s e  i n  t r a c k  d e n s i t y  (p)  i s  observed  unde rnea th  t h e  
Cd compared t o  t h e  t r a c k  d e n s i t y  (po)  o u t s i d e .  The e q u i v a l e n t  a t t e n u a t i o n  
measured f o r  a  we l l - the rma l i zed  n e u t r o n  f l u x  is  shown f o r  comparison.  The 
a t t e n u a t i o n  i s  much s m a l l e r  f o r  t h e  l u n a r  d a t a ,  g r a p h i c a l l y  i l l u s t r a t i n g  t h e  
expected  non-thermal shape  of t h e  low energy l u n a r  n e u t r o n  spec t rum which i s  
due t o  t h e  s i g n i f i c a n t  abundances of low energy n e u t r o n  a b s o r b e r s  i n  t h e  l u n a r  
m a t e r i a l s  (Fe, T i ,  REE, e t c . ) .  The l u n a r  (p/p,) r a t i o  can  be  used  t o  ca l cu -  
l a t e  a  "Cd r a t i o "  of  t h e  t o t a l  d e n s i t y  ( n / c c )  of  n e u t r o n s  ( f o r  e n e r g i e s  from 
0  t o  % 10 eV) t o  t h e  d e n s i t y  above 0 . 5  eV. Cd r a t i o s  of  2 .1  + 0 . 2  and 2.7 t 
0.4  a t  180 and 370 g/cm2, r e s p e c t i v e l y  are o b t a i n e d ,  which can  b e  compared t o  
t h e  t h e o r e t i c a l  v a l u e s  o f  2.7 and 2 . 9  a t  similar d e p t h s .  Although t h e  e x p e r i -  
menta l  r a t i o s  r e q u i r e  f u r t h e r  c o n f i r m a t i o n ,  i t  appea r s  t h a t :  ( a )  t h e  LCH 
spect rum h a s  a n  e x c e s s  of low evergy n e u t r o n s ,  a s  a l s o  i n f e r r e d  from t h e  r e l -  
a t i v e  c a p t u r e  r a t e s  of  1 4 9 ~ m  and 1 5 7 ~ d  i n  l u n a r  samples ( 4 ) ,  and (b)  t h e  in -  
c r e a s e  i n  t h e  f r a c t i o n  of  n e u t r o n s  below 0.5 eV w i t h  i n c r e a s i n g  dep th  may be 
somewhat l a r g e r  t h a n  p r e d i c t e d  t h e o r e t i c a l l y .  

The o v e r a l l  good agreement between t h e  LNPE r e s u l t s  and t h e  LCH c a l c u l a -  
t i o n s  shows t h a t  l u n a r  n e u t r o n  c a p t u r e  p r o c e s s e s  a r e  r e l a t i v e l y  w e l l  under-  
s tood  and t h a t  p r e v i o u s  i n t e r p r e t a t i o n s  of  t h e  n e u t r o n  c a p t u r e  d a t a  ob ta ined  
from l u n a r  samples should  be  r e l i a b l e .  Because of d i f f e r e n c e s  i n  t h e  a c t u a l  
and t h e o r e t i c a l  energy  s p e c t r a ,  a d d i t i o n a l  c o n s i d e r a t i o n  must  b e  g iven  t o  t h e  
u n c e r t a i n t i e s  i n  t h e  c r i t i c a l  1 5 7 ~ d  c a p t u r e  r a t e  which i s  q u i t e  s e n s i t i v e  t o  
t h e  shape  of  t h e  spec t rum below 0 .2  e V .  It i s  s t i l l  p o s s i b l e  t h a t  t h e  LCH 
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c a p t u r e  r a t e  f o r  1 5 7 ~ d  may be h i g h  by as much as 40%, a l t h o u g h  even a  change 
of t h i s  amount would n o t  d r a s t i c a l l y  a l t e r  p r e v i o u s  c o n c l u s i o n s .  

A s  d i s c u s s e d  p r e v i o u s l y ( e . g . ,  5)  n e u t r o n  f l u e n c e s  c a l c u l a t e d  f o r  s u r f a c e  
s o i l s  from Gd i s o t o p i c  d a t a  a r e  low compared t o  t h o s e  expected  f o r  a we l l -  
mixed r e g o l i t h  u s i n g  r e g o l i t h  d e p t h s  r e p o r t e d  from f i e l d  o b s e r v a t i o n s  o r  ac- 
t i v e  s e i s m i c  d a t a .  Our r e s u l t s  show t h a t  t h i s  "neu t ron  d e f i c i t "  canno t  be  due 
t o  i n a c c u r a c i e s  i n  t h e  t h e o r e t i c a l  c a p t u r e  r a t e  p r o f i l e s  used p r e v i o u s l y .  
E i t h e r  ( a )  t h e  r e g o l i t h  h a s  n o t  been  un i fo rmly  mixed ove r  a l o 9  y r  t ime s c a l e  
and p r o g r e s s i v e l y  more i r r a d i a t e d  m a t e r i a l  i s  l o c a t e d  a t  t h e  b a s e  of t h e  rego- 
l i t h  t h a n  a t  t h e  s u r f a c e ,  (b)  t h e  a v e r a g e  cosmic r a y  f l u x  s t r i k i n g  t h e  l u n a r  
s u r f a c e  was l e s s  i n  t h e  p a s t  lo9  y r  t h a n  a t  p r e s e n t  by a f a c t o r  of 2-3, o r  
( c )  t h e  r e g o l i t h  d e p t h s  i n f e r r e d  from f i e l d  o r  s e i s m i c  d a t a  are low by 
f a c t o r s  of 2-3. A l t e r n a t i v e  ( a )  i s  r e a s o n a b l e  i f  most o f  t h e  Gd found i n  su r -  
f a c e  s o i l s  i s  t h e  r e s u l t  of a r e l a t i v e l y  r e c e n t  ( w i t h i n  Q l o 9  y r )  d e p o s i t i o n  
of  p r e v i o u s l y  u n i r r a d i a t e d  ( p r e f e r a b l y  Gd-rich) m a t e r i a l  and h a s  o n l y  been  
mixed through t h e  uppe r  few m e t e r s .  The s i m i l a r i t y  of t h e  r e q u i r e d  p r o p e r t i e s  
of t h e  d e p o s i t  t o  t h o s e  of Apol lo  12 KREEP make t h i s  model a t t r a c t i v e  f o r  t h i s  
s i t e ,  b u t  i t  i s  t h e n  p u z z l i n g  why t h e  f l u e n c e s  a r e  similar f o r  s u r f a c e  s o i l s  
from a l l  m i s s i o n s .  T h i s  s i m i l a r i t y  can  be  exp la ined  i f  t h e  d e p t h  th rough  
which t h e  Gd-rich s u r f a c e  d e p o s i t  h a s  been mixed by subsequent  s m a l l  s c a l e  
impac t s  i s  c o r r e l a t e d  w i t h  t h e  t ime  of  d e p o s i t i o n ,  i . e . ,  o l d e r  d e p o s i t s  have  
been  mixed d e e p e r .  A r a t i o  of d e p t h  o f  mixing t o  d e p o s i t i o n  t ime ( i . e . ,  a  
' ' s u r f a c e  mixing r a t e " )  of  Q 1 meter /300 my can  accoun t  f o r  t h e  observed  
f l u e n c e s  . 
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