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The primary method by which t h e  l u n a r  atmosphere i s  l o s t  
from t h e  l u n a r  environment i s  i o n i z a t i o n  by s o l a r  photons and 
s o l a r  wind fol lowed by a c c e l e r a t i o n  of  t h e  i o n s  by t h e  i n t e r -  
p l a n e t a r y  e l e c t r i c  f i e l d .  This  is  an e f f i c i e n t  escape 
mechanism even f o r  those  atoms which a r e  t o o  heavy t o  escape  
thermal ly .  I n  t h i s  paper w e  p r e s e n t  d i r e c t  measurements of  
t h e  l o s s  r a t e  of  t h e  l u n a r  atmosphere t o  t h e  s o l a r  wind. These 
d a t a  were ob ta ined  by t h e  Suprathermal  Ion Detec tor  Experiment 
( S I D E ) ,  one of t h e  ALSEP experiments  on t h e  Apollo 1 2 ,  14,  and 
15 missions.  

Newly-formed atmospheric  i o n s  move under t h e  i n f l u e n c e  
+ + 

of two e l e c t r i c  f i e l d s :  t h e  i n t e r p l a n e t a r y  ( s o l a r  wind vxB) 
e l e c t r i c  f i e l d  and t h e  l u n a r  s u r f a c e  e l e c t r i c  f i e l d .  On t h e  
l u n a r  days ide  t h e  i n t e r p l a n e t a r y  e l e c t r i c  f i e l d  d r i v e s  
approximately 50% of t h e  atmospheric  i o n s  i n t o  space. Near t h e  
t e r m i n a t o r s  t h e  l u n a r  s u r f a c e  p o t e n t i a l  becomes nega t ive  ( l ) ,  
r e s u l t i n g  i n  a c c e l e r a t i o n  and implanta t ion  of ions  i n t o  t h e  
l u n a r  su r face .  

Observat ions of atmospheric  ions  by t h e  S I D E  d e t e c t o r s  
have been p r e v i o u s l y  r e p o r t e d  ( 2 ) .  The S I D E  d e t e c t o r s  look 
r a d i a l l y  outward from t h e  l u n a r  s u r f a c e  and, consequently,  a r e  
a b l e  t o  d e t e c t  atmospheric  i o n s  a c c e l e r a t e d  by t h e  i n t e r -  
p l a n e t a r y  e l e c t r i c  f i e l d  most e a s i l y  a t  t h e  s u n s e t  and s u n r i s e  
t e rmina to r s .  Ions  a r e  c o n s i s t e n t l y  observed a t  t h e  t e rmina to r  
r e g i o n s  on every l u n a t i o n ,  wi th  t h e  t h r e e  most r e c u r r e n t  ion  
mass/charge ranges  being 20-26, 34-38, and 40-44 amu/q. These 
heavy ions  a r e  thought  t o  be  of  atmospheric  o r i g i n  because 
t h e i r  energy d i s t r i b u t i o n  matches t h a t  expected from 
a c c e l e r a t i o n  by t h e  uniform i n t e r p l a n e t a r y  e l e c t r i c  f i e l d  of 
ions  o r i g i n a t i n g  from n e u t r a l  atoms d i s t r i b u t e d  e x p o n e n t i a l l y  
i n  a l t i t u d e .  A t y p i c a l  atmospheric  ion even t  observed 1.5 days 
b e f o r e  s u n s e t  had an average f l u x  of -7x105 ions/cm2-sec i n  
t h e  energy range of 10-70 ev/q. The SIDE i n d i c a t e d  t h a t  t h e s e  
ions  had a  mass i n  t h e  range of  20-26 amu/q. Assuming propor- 
t i o n a t e  f l u x e s  over  t h e  e n t i r e  l u n a r  days ide  due t o  i n t e r p l a n e -  
t a r y  f i e l d  a c c e l e r a t i o n  l e a d s  t o  an es t ima ted  t o t a l  a tmospheric  
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mass l o s s  r a t e  of approximately 5 gm/sec. 

This  measurement of t h e  atmospheric  l o s s  r a t e  can be used 
t o  e s t a b l i s h  c o n s t r a i n t s  on t h e  p resen t  source  of  t h e  l u n a r  
atmosphere. Assuming t h a t  t h e  lunar  atmosphere i s  i n  e q u i l i -  
brium r e q u i r e s  t h a t  t h e  l o s s  r a t e  be balanced by a  comparable 
source  r a t e  of  -5 gm/sec. I f  t h e  source  i s  t h e  s o l a r  wind, 
then  a t  l e a s t  1% of t h e  s o l a r  wind protons  must r e a c t  chemical ly 
wi th  t h e  s u r f a c e  m a t e r i a l s  t o  form heavy molecules.  I f  t h e  
source  i s  l u n a r  degass ing ,  then  t h e  moon i s  p r e s e n t l y  about  
l o q 5  a s  g e o l o g i c a l l y  a c t i v e  a s  t h e  e a r t h .  

L i m i t s  t o  t h e  s i z e  of t h e  l u n a r  atmosphere i n  t h e  p a s t  
can be e s t a b l i s h e d  by computing t h e  expected l o s s  r a t e s  of 
denser  l u n a r  atmospheres. This  r e q u i r e s  c o n s i d e r a t i o n  of t h e  
combined l o s s  r a t e  due t o  both  thermal  escape and i n t e r a c t i o n  
wi th  t h e  s o l a r  wind. By e v a l u a t i n g  t h e  minimum l o s s  r a t e  of 
lunar  atmospheres of g r e a t e r  d e n s i t y  than  a t  p r e s e n t ,  an upper 
l i m i t  can be  p laced on t h e  maximum s i z e  of t h e  l u n a r  atmosphere 
i n  t h e  p a s t .  
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