
1024 LPSC XVIII 

PASSIVE HYPERVELOCITY NOBLE-GAS CAPTURE EXPERIMENTS 

P. Tsou, J e t  Propuls ion Laboratory,  Pasadena, Cal i fornia*;  T. Bernatowicz, 
Washington Univers i ty ,  St. Louis, Missouri;  D. Burnet t ,  C a l i f o r n i a  
I n s t i t u t e  of Technology, Pasadena, Cal i fornia+;  A. Chutjian*; P. Eberhardt ,  
Univers i ty  of Bern, Bern, Switzer land;  R. ,Mawhorter*; Neugebauer*; A. Albee+ 

INTRODUCTION Recent Comet Hal ley f l y b y  d a t a  i n d i c a t e  t h a t  the  v o l a t i l e  
component of t h e  coma i s  g r e a t e r  than 50% of t h e  t o t a l  mass a s  was assumed 
before  t h e  Hal ley miss ions  [ I ] .  This  f i n d i n g  makes t h e  cap ture  and r e t u r n  
of v o l a t i l e s  i n  a comet coma sample r e t u r n  miss ion even more important .  A s  
a f i r s t  s t e p  i n  developing comet coma v o l a t i l e  c o l l e c t o r s  [ 2 ] ,  exper iments  
t o  a s s e s s  t h e  p o t e n t i a l  of cap tur ing  and ana lyz ing  coma v o l a t i l e s  by pass ive  
g e t t e r s  of noble gas  have been performed. The r e s u l t s  a r e  repor ted here. 

EXPERIMENTS A s  an i n i t i a l  e f f o r t  i n  determining t h e  p o t e n t i a l  f o r  p a s s i v e  
phys i sorp t ion  of comet v o l a t i l e s ,  cap tu r ing  heavy noble  gas  was s e l e c t e d  a s  
a worst-case assessment ,  f o r  i f  heavy noble gas cannot be captured by 
p a s s i v e  phys i sorp t ion ,  t h e  more i n t e r e s t i n g  o rgan ic  v o l a t i l e s  such a s  H, N, 
CO, and CH4 would no t  be p o s s i b l e  e i t h e r .  A f a i l u r e  t o  capture ,  then, would 
i n d i c a t e  a need f o r  more complex a c t i v e  chemisorpt ion cap ture  techniques.  

The nominal comet coma sample r e t u r n  miss ion f l y b y  speed was s e l e c t e d  
t o  be 10 km/s. A t  10 km/s, t h e  i m p l a n t a t i o n  energy even f o r  noble gases  i s  
q u i t e  low, l e s s  than  100 eV; t o  ensure  measurable r e s u l t s ,  very heavy xenon 
gas  was s e l e c t e d  f o r  t h e  experiment. 

Acce le ra t ion  of a n e u t r a l  gas  t o  10 km/s would requ i red  t h e  des ign  of a 
new f a c i l i t y .  Since  a t  a low e n e r g i e s  t h e  e f f e c t i v e n e s s  of pass ive  
i m p l a n t a t i o n  of noble gas ions  would no t  d i f f e r  from t h a t  of n e u t r a l  gas  
atoms, a r e a d i l y  a v a i l a b l e  i o n  a c c e l e r a t o r  was used [3] .  Ultrahigh-pur i ty  
xenon gas was used i n  a d ischarge t o  genera te  s i n g l y  ionized xenon ions. To 
provide a bracket  of i m p l a n t a t i o n  energy l e v e l s  and provide a p o i n t  of 
r e fe rence  t o  known solar-wind experiment r e s u l t s ,  implan ta t ion  e n e r g i e s  of 50 
eY, 100 eV, and 2.5 keV were used. A 15 minute i m p l a n t a t i o n  d u r a t i o n  was 
s e l e c t e d  t o  be t h e  lower bound of expected c o l l e c t i o n  d u r a t i o n  of a comet coma 
f l y b y  sample r e t u r n  mission. 

The pass ive  g e t t e r  used i n  t h e  experiment was a s p e c i a l l y  developed 
beryllium-copper a l l o y  f o i l .  The a l l o y  c o n s i s t e d  of 98% beryl l ium and 2% 
copper by weight. To enhance t rapp ing  p r o b a b i l i t y  f o r  low-energy gases ,  a 
s p e c i a l l y  t r e a t e d  s u r f a c e  of beryllium-copper was a l s o  t e s ted .  A s  a  
con t ro l ,  a  nonanodized aluminum f o i l  used i n  t h e  Apollo So la r  Wind 
C o l l e c t i o n  experiment [ 4 ]  was a l s o  included i n  t h e  t e s t .  Care was t aken  t o  
minimize any contamination. 

RESULTS P r i o r  t o  de te rmina t ion  of t h e  xenon abundance, implanted g e t t e r s  
were exposed t o  a high vacuum a t  room temperature  f o r  s e v e r a l  weeks. Due t o  
t h e  wide v a r i a t i o n  of t h e  i m p l a n t a t i o n  l e v e l s  i n  t h e  g e t t e r s ,  two mass 
spec t romete rs ,  both  Reynolds type [ 5 ] ,  were used. For higher  l e v e l s  of ~ e +  
samples, d i rec t - ion-co l lec t ion  mass spec t romete r  was used; f o r  lower  l e v e l s  
of ~ e +  samples, a mass spec t romete r  w i t h  an  e l e c t r o n  m u l t i p l i e r  was used. + Xe abundances i n  t h e  g e t t e r s  were determined by comparison of t h e  1 3 2 ~ e  
s i g n a l  w i t h  t h a t  i n  t h e  a i r .  Blanks were run between samples us ing  t h e  same 
procedure. 

The e f f i c i e n c y  of cap tur ing  t h e  ~ e +  ion is  t h e  r a t i o  of t h e  measured l e v e l  
of ~ e +  compared t o  t h e  i m p l a n t a t i o n  level .  The t e s t  r e s u l t s  a r e  summarized i n  
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t h e  Table 1. Although t h e  numerical  value  of t h e  cap ture  e f f i c i e n c y  was not 
high a t  e i t h e r  100 eV o r  50 eV, t h e  spec t romete r  d e t e c t i o n  s e n s i t i v i t y  w s 
abouf3qix o r d e r s  of magnitude g r e a t e r  than t h e  i n p l a n t a t  ion dosage: 1.0-I' cm3 
STP Xe. 

Table 1. Pass ive  Hypervelocity Capture of Xenon 

Neasured 
Pass ive  G e t t e r  M a t e r i a l  Implanta t ion Implanta t ion Cap t ti re 

Energy Duration E f f i c i e n c y  ...................... 
Non-anodized aluminum 2.5 keV 4.5 sec  0.8 

Untreated beryllium-copper 2.5 keV 5.4 s e c  l . & x 1 0 - ~  
100 eV 15 min 1. 1x1~-4  

50 eV 15 min 2 .6x l0-~  

Treated beryllium-copper 2.5 keV 4.5 s e c  0.8 
100 eV 15 min 2.9x10-~ 
50 eV 15 min 2.3x10-~ 

FINDINGS The pass ive  phys i sorp t ion  of xenon a t  about 10 km/s f o r  a 15 
minute d u r a t i o n  proved t o  be s u c c e s s f u l  f o r  a r o u t i n e  mass spec t romete r  
a n a l y s i s  technique. I n  f a c t ,  t h e r e  was a concern t h a t  t h e  i m p l a n t a t i o n  
dosage was too  high and a s w i t c h  was made from t h e  High S e n s i t i v e  Noble Gas 
Pu l se  Counting Mass Spectrometer  [61, which has  a b a s i c  s e n s i t i v i t y  of about 
a thousand atoms w i t h  a s a f e  upper l e v e l  of a b i l l i o n  r e t a i n e d  atoms. The 
i m p l a n t a t i o n  dosage a t  50 e V  was about twenty t imes  h igher  than t h e  s a f e  upper 
l i m i t  of t h e  high s e n s i t i v e  mass spectrometer .  

We expec t  t h a t  t h e  p a s s i v e  phys i sorp t ion  technique w i l l  work w e l l  f o r  
such o t h e r  noble gases  a s  neon and krypton. Fur the r  development work w i l l  
i n c r e a s e  our  unders tanding of f r a c t i o n a t i o n  due t o  i m p l a n t a t i o n  and a l l o w  us  
t o  a s s e s s  t h e  a b i l i t y  t o  c a p t u r e  organic  v o l a t i l e s .  
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