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We have r e c e n t l y  measured t o t a l  y i e l d s ,  v e l o c i t y  spect ra ,  and mass spect-  
r a  o f  molecules e j e c t e d  f rom SO i c e  a t  low temperatures by low energy i o n s  
( 1  ) . T h i s  s p u t t e r i n g  process hgs been proposed as t h e  source of  a  n e u t r a l  to-  
r u s  i n  t h e  v i c i n i t y  o f  10 (2,3,4) and a  source o f  a  tenuous atmospher ic coro- 
na about 10 (4,5). I n  e a r l i e r  work, es t imates o f  mo lecu la r  e j e c t i o n  f rom 10 
and mo lecu la r  t r a n s p o r t  across t h e  su r face  were made us ing  models of  e j e c t e d  
molecule v e l o c i t y  spec t ra  based on s p u t t e r i n g  o f  meta ls  and semiconductors o r  
models assumed t o  be reasonable f o r  o t h e r  reasons. Recent ly,  measured ve lo -  
c i t y  and mass s p e c t r a  f o r  i o n  bombardment o f  D 0  ( H  0 )  i c e  were used t o  d e t e r  
mine e r o s i o n  o f  t h e  su r faces  o f  i c e  cover ing  s a t e l l f t e s  o f  J u p i t e r  and Saturn  
(6) 

Using a  mass spect rometer  t o  d e t e c t  the  n e u t r a l  molecules e j e c t e d  f rom 
an SO2 i c e  t a r g e t  by keV i o n s  we have i d e n t i f i e d  the  p r i n c i p a l  s p u t t e r i n g  p r e  
ducts .  Such measurements i n d i c a t e  t h a t  mass 32 (S,O ) ,  48 (SO), and 80 (SO ) 
a r e  e j e c t e d  f rom t h e  bombarded sur face,  as w e l l  as t i e  dominant, und issoc ia2-  
ed SO molecules.  The f r a c t i o n  o f  t h e  t o t a l  su r face  l o s s  on i o n  bombardment 
dur  t 8  e j e c t i o n  o f  so3 molecules i s  r e l a t i v e l y  smal l  ( -2%) .  I n  e a r l i e r  
measurements of  t h e  e r o s i o n  o f  SO i c e  by MeV i o n s  i t  was noted t h a t  t h e  com- 
p o s i t i o n  o f  the  t a r g e t  m a t e r i a l  c2anged. On h e a t i n g  t o  remove t h e  more vo la -  
t i l e  species a  r e s i d u e  en r i ched  i n  oxygen r e l a t i v e  t o  s u l f u r  remained ( 7 ) .  
Moore, e t  a1 . (8 )  observed a  band which they  assoc ia ted  w i t h  SO3 i n  t h e  i r r a -  
d i a t e d  i c e .  They p resen t  measurements d e f i n i t e l y  i n d i c a t i n g  t h e  p r o d u c t i o n  
o f  SO . We have found the  y i e l d  o f  SO t o  be f l uence  dependent, reach ing a  
constant ,  eq i l i b r i u m  y a l  ue a f t e r  rece?v ing f luences o f  50 keV argon i o n s  o f  
the o r d e r  10Y4 ions/cm . Th is  e q u i l i b r i u m  i n d i c a t e s  t h a t  a  new compos i t ion  
has been a t t a i n e d  i n  t h e  su r face  r e g i o n .  No t ing  t h a t  t h e  e r o s i o n  y i e l d  f o r  
SO i c e  by the  c o - r o t a t i n g  s u l f u r  and oxygen i o n s  i s  somewhat s m a l l e r  than 
t h g t  f o r  50 keV argon ions ,  t h e  t ime  t o  achieve an e q u i l i b r i u m  s t a t e  f o r  a  
patch o f  f r e s h  SO2 on 10 r e q u i r e s  a t  l e a s t  3  hours.  However, as t h e  r e -  
l a t i v e l y  s low c o - r o t a t i n g  i o n s  p e n e t r a t e  o n l y  a  few monolayers i n t o  t h e  su r -  
face the  amount o f  a1 t e r e d  m a t e r i a l  i s  smal l  . Therefore  the  s i g n a l  s t r e n g t h  
o f  SO3 would be ve ry  smal l  un less  t h e r e  was a  s i g n i f i c a n t  f l u x  of ve ry  ener-  
g e t i c  i o n s  w i t h  l a r g e r  p e n e t r a t i o n  depths.  

We have a l s o  made t o t a l  y i e l d  measurements f o r  keV argon i o n s  bombarding 
SO2 i c e  (Tab le  I ) .  U n l i k e  t h e  p rev ious  measurements of  e r o s i o n  y i e l d ,  i n  
which the  domi nan t  e j e c t i o n  process was assoc ia ted wi t h  e l e c t r o n i c  e x c i  t a t i o n  
and i o n i z a t i o n  produced by f a s t  i ons ,  (4,7) i n  t h e  p resen t  measurements t h e  
dominant e n e r g i z i n g  process i s  d i r e c t  c o l l i s i o n s  w i t h  t h e  atoms i n  the  mater-  
i a l  . As expected ( 4 )  t h e  observed y i e l d s  a re  1  a r g e r  than those eva l  uated 
us ing  an ex tens ion  o f  a  model f o r  s p u t t e r i n g  o f  me ta ls .  Based on t h e  r e c e n t  
measurements t h e  low energy y i e l d s  f o r  i n c i d e n t  s u l f u r  i o n s  g i v e n  i n  F igu re  5  
o f  L a n z e r o t t i  , e t  a1 . (4 )  a r e  about  30% t o o  s m a l l .  The y i e l d  measurements 
i m p l y  a  r a t e  o f  d e p l e t i o n  o f  condensed SO2 on the  su r face  o f  10, l t c a l l y  de- 
p o s i t e d  by a  volcano on i t s  t r a i l i n g  s ide ,  o f  the  o r d e r  o f  3  x  10- cm/yr. 
Th is  r a t e  i s  comparable t o  es t imates o f  the  r e s u r f a c i n g  r a t e  ( 9 ) .  

I n  a d d i t i o n  t o  the  chemical changes induced and t h e  removal, l o c a l l y ,  o f  
SO2, the  molecules s p u t t e r e d  by t h e  c o - r o t a t i n g  ions form a b a l l i s t i c  atmos- 
p h e r i c  corona. To desc r ibe  t h i s  'atmosphere' (10) we have m o d i f i e d  o u r  Monte 
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C a r l o  c a l c u l a t i o n  o f  t h e  s p u t t e r  r e d i s t r i b u t i o n  across t h e  s u r f a c e  o f  10 (11) .  
The model uses t h e  measured energy spec t ra  and y i e l d s ,  and assumes u n i t  s t i c k -  
i n g  p r o b a b i l i t y ,  c o l l  i s i o n l e s s  t r o j e c t o r i e s ,  and i s o t r o p i c a l  l y  d i s t r i b u t e d  
condensed SO2. The c a l c u l a t i o n  o f  such an atmosphere pe rm i t s  r e a l i s t i c  e s t i -  
mates t o  be made o f  t o t a l  l o s s  o f  SO and i t s  products t o  bo th  t h e  n e u t r a l  
c loud,  by d i r e c t  e j e c t i o n  f rom the  s i r f a c e ,  c o l l i s i o n a l  e j e c t i o n  by i o n  im- 
pact ,  and t h e  d i s s o c i a t i o n  by e l e c t r o n  impact. We have a l s o  c a l c u l a t e d  t h e  
supp ly  o f  i o n s  t o  t h e  Jov ian  magnetosphere produced by e l e c t r o n  i o n i z a t i o n  and 
charge exchange. 

Tab le  I 
S p u t t e r i n g  Y i e l d s  

I n c i d e n t  I o q  
1.5 MeV He, 
1.5 keV Ar, 

30 keV Ar, 
45 keV Ar  

Y i e l d  (molecu les / ion)  
17 

166 
182 
21 4 
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