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The Lunar Neutron Probe Experiment (LNPE), one of t h e  s u r f a c e  experiments 
flown on Apollo 17 ,  was designed t o  measure t h e  r a t e s  of low energy neutron 
cap ture  a s  a f u n c t i o n  of depth i n  t h e  lunar  r e g o l i t h .  A v a r i e t y  of s t u d i e s  
on t h e  lunar  samples, p a r t i c u l a r l y  those  involving i s o t o p i c  v a r i a t i o n s  i n  Gd 
and Sm ( I ) ,  have documented the  long term exposure of lunar  m a t e r i a l s  t o  neu- 
t r o n s  and have shown how such d a t a  can be used t o  c a l c u l a t e  r e g o l i t h  accumula- 
t i o n  and mixing r a t e s  and ages f o r  s t r a t i g r a p h i c  l a y e r s  i n  lunar  core  samples. 
Comparison of a neutron cap ture  product and a s p a l l a t i o n  product i n  lunar  
rocks can a l s o  be used t o  i n f e r  average i r r a d i a t i o n  depths  which a r e  requ i red  
t o  ob ta in  a c c u r a t e  exposure ages .  I n  a d d i t i o n ,  the  Apollo 15 o r b i t a l  gamma 
ray  experiment (2) has  de tec ted  gamma r a y s  from neutron c a p t u r e  on elements 
such a s  Fe and T i ,  from which t h e  r e l a t i v e  chemical abundances of these  
elements could be  i n f e r r e d .  I n  a l l  t h e s e  c a s e s ,  t h e  s t r e n g t h  of the  conclu- 
s i o n s  has  been n e c e s s a r i l y  l i m i t e d  by t h e  l ack  of experimental  va lues  f o r  
t h e  r e l e v a n t  r a t e s  of neutrion cap ture .  The neutron probe experiment was 
proposed t o  o b t a i n  these  da.ta. 

The LNPE made use  of two p a r t i c l e  t r a c k  d e t e c t i o n  systems. A c e l l u l o s e  
t r i a c e t a t e  p l a s t i c  d e t e c t o r  was used i n  conjunct ion with ' O B  t a r g e t s  t o  
record  t h e  a lpha  p a r t i c l e s  emit ted  wi th  the  neutron cap ture  on ' O B .  For t h e  
second system mica d e t e c t o r s  were used t o  d e t e c t  t h e  f i s s i o n  fragments from 
neutron-induced f i s s i o n  i n  23S u t a r g e t s .  

The neutron probe has  t h e  form of a rod which y i e l d s  an e s s e n t i a l l y  
continuous record of the  neutron cap ture  r a t e  from t h e  lunar  s u r f a c e  down t o  
a depth of 2 meters .  The probe i s  a c t i v a t e d  and deac t iva ted  by a r o t a t i o n a l  
motion which b r i n g s  the  t a r g e t  and d e t e c t o r  systems i n  and out of al ignment.  
An on-off mechanism was necessary t o  prevent  accumulation of background events  
produced i n  f l i g h t  by neutrons  from t h e  ALSEP power genera to r  (RTG) and from 
cosmic ray  neutrons  produced i n  t h e  s p a c e c r a f t .  Point  sources  of 2 3 8 ~  were 
included a t  3 p o s i t i o n s  along t h e  probe t o  provide f i d u c i a l  marks t o  v e r i f y  
t h a t  t h e  probe was p roper ly  a c t i v a t e d .  I n  a d d i t i o n ,  18 m i l  cadmium absorbers  
were included i n  t h e  cen te r  and bottom of the  probe i n  o rder  t o  ob ta in  i n f o r -  
mation about the  neutron energy spectrum. The cadmium s t r o n g l y  absorbs  those  
neutrons  which a r e  below .35 eV. Consequently, only t h e  f r a c t i o n  of t h e  
cap ture  r a t e  which occurs  above t h i s  energy w i l l  be  measured. Fur ther  
s p e c t r a l  informat ion w i l l  be a v a i l a b l e  from ana lyses  of 'OKr  and 8 2 ~ r  pro- 
duced by bromine neutron c a p t u r e  i n  KBr contained i n  evacuated capsules  which 
were i n s e r t e d  a t  the  top ,  middle and bottom of t h e  probe.  The bromine neu- 
t r o n  cap ture  occurs  a t  energ ies  s i g n i f i c a n t l y  h igher  t h a n  f o r  2 3 5 ~  and ' O B .  
Krypton analyses  w i l l  be performed by Mar t i  and Osborne and w i l l  appear 
s e p a r a t e l y .  

The s u r f a c e  deployment of t h e  LNPE was nominal. The 2 meter probe,  
which i s  i n  two s e c t i o n s ,  was a c t i v a t e d  and emplaced i n  the  deep d r i l l  co re  
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s tem h o l e  d u r i n g  EVA 1. It was r e t r i e v e d  and d e a c t i v a t e d  a t  t h e  end o f  EVA 3 ,  
a c c r u i n g  49 h o u r s  o f  exposure .  From a l l  p r e s e n t  i n fo rma t ion  i t  a p p e a r s  t h a t  
t h i s  s i t e  was 40-45 me te r s  from t h e  RTG. We expec t  t h a t  c o r r e c t i o n s  due  t o  
t h e  RTG, which i s  a  s t r o n g  s o u r c e  of  n e u t r o n s ,  should  b e  sma l l .  

The LNPE h a s  been  r e t u r n e d  t o  us and h a s  been  d i sa s sembled .  The t a r g e t s  
and d e t e c t o r s  were a l l  i n  e x c e l l e n t  c o n d i t i o n ,  Temperature i n d i c a t o r s  showed 
t h a t  t h e  probe neve r  reached t empera tu res  exceeding  6 0 ' ~ .  The p o s s s i b i l i t y  of 
r e a c h i n g  h i g h  t empera tu res  was a  s e r i o u s  concern  because  thermal  a n n e a l i n g  o f  
t h e  p a r t i c l e  t r a c k s  i n  t h e  p l a s t i c  can  occur .  

To d a t e  we have  examined o n l y  t h e  mica d e t e c t o r s .  A f u l l  a n a l y s i s  of a l l  
t h e  a v a i l a b l e  d a t a  w i l l  r e q u i r e  a d d i t i o n a l  t ime,  b u t  some t e n t a t i v e  conclu-  
s i o n s  based on p r e l i m i n a r y  d a t a  a r e  p o s s i b l e .  Although o u r  c a l i b r a t i o n  d a t a  
have  n o t  been comple t e ly  processed ,  t h e  t r a c k  d e n s i t i e s  a r e  i n  t h e  expected  
range .  It a p p e a r s  t h a t  t h e  n e u t r o n  c a p t u r e  r a t e s  a r e  w i t h i n  a  f a c t o r  of  two 
of  t h o s e  e s t i m a t e d  from t h e  t h e o r e t i c a l  c a l c u l a t i o n s  of  L i n g e n f e l t e r  e t  a1 .  (3)  

Independent  o f  t h e  a b s o l u t e  magni tudes ,  i t  i s  p o s s i b l e  t o  compare t h e  
r e l a t i v e  t r a c k  d e n s i t i e s  w i t h  t h e  shape  of  t h e  t h e o r e t i c a l  n e u t r o n  f l u x  d e p t h  
p r o f i l e  a s  shown i n  f i g u r e  1. The expe r imen ta l  d a t a  a r e  shown a s  p o i n t s  i n  
t h e  f i g u r e .  The e r r o r  b a r s  a r e  one s t a n d a r d  d e v i a t i o n  based on ly  on c o u n t i n g  
s t a t i s t i c s .  The s o l i d  cu rve  is  t h e  t h e o r e t i c a l  p r o f i l e  which h a s  been normal- 
i zed  t o  t h e  measured t r a c k  d e n s i t y  a t  145 g/cm2. No ad jus tmen t  of  t h e  d e p t h  
s c a l e  of  t h e  cu rve  h a s  been made. The p r o f i l e  assumes a  uniform chemical  com- 
p o s i t i o n  co r re spond ing  t o  sample 10084. Depths i n  grams p e r  squa re  c e n t i m e t e r  
were c a l c u l a t e d  from t h e  measured d e n s i t i e s  of  t h e  samples i n  t h e  Apo l lo  17 
deep  d r i l l  c o r e  s e c t i o n s  (4) .  The deep  c o r e  m a t e r i a l  w i l l  p rov ide  a  check on 
p o s s i b l e  chemical  v a r i a t i o n s  w i t h  d e p t h  which w i l l  have t o  b e  cons ide red  i n  
comparing 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 s .  I n  a d d i t i o n ,  r e l a t i v e  
e f f i c i e n c i e s  f o r  i n d i v i d u a l  t a r g e t - d e t e c t o r  p o s i t i o n s  w i l l  have t o  b e  inc luded  
i n  f i g u r e  1 and t h e s e  could a l t e r  t h e  expe r imen ta l  d e p t h  p r o f i l e  s l i g h t l y .  

N e v e r t h e l e s s ,  t a k i n g  f i g u r e  1 a t  f a c e  v a l u e ,  we conclude  t h a t  t h e  t r e n d  
of  t h e  d a t a  p o i n t s  i s  i n  v e r y  good agreement w i t h  t h e  t h e o r e t i c a l  p r o f i l e ,  
excep t  t h a t  t h e  d rop-o f f  a t  g r e a t e r  d e p t h s  a p p e a r s  s l i g h t l y  s t e e p e r  t han  
p r e d i c t e d .  A s t e e p e r  d rop-o f f  would tend  t o  d e c r e a s e  t h e  a r e a  under t h e  c u r v e  
which i s  o f  p a r t i c u l a r  i n t e r e s t  f o r  mixing d e p t h  c a l c u l a t i o n s .  However, t h e  
change i s  p robab ly  i n s u f f i c i e n t  t o  account  f o r  t h e  d i f f e r e n c e s  between t h e  
r e g o l i t h  d e p t h s  c a l c u l a t e d  from Gd i s o t o p i c  v a r i a t i o n s  assuming a uni formly  
mixed r e g o l i t h  and t h o s e  i n f e r r e d  from photogeology . 
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FIGURE 1. Comparison of the fission track data from the mica detectors with 
the shape of the theoretical profile which has been normalized to 
the data at 145 g/cm2. 
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