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Comet sample r e t u r n  can p rov ide  d e t a i l e d  d a t a  in fo rmat ion  on t h e  n a t u r e  
of cometary m a t e r i a l  by t h e  s e n s i t i v i t y ,  p r e c i s i o n  and f l e x i b i l i t y  of nodern 
l a b o r a t o r y  a n a l y t i c a l  techniques .  Sample r e t u r n  from most s o l a r  system 
bod ies  i s  complex and c o s t l y  and is u s u a l l y  at tempted a f t e r  a  sequence of 
reconnaissance  miss ions .  For comets, however, sample r e t u r n  should  be 
considered f o r  a n  e a r l y  miss ion  s i n c e  h i g h l y  s i m p l i f i e d  c o l l e c t i o n  of coma 
m a t e r i a l s  i s  p o s s i b l e  wi thout  t h e  complex and c o s t l y  landing and s u r f a c e  
opera t ions .  Cometary d u s t s  & gases  can be c o l l e c t e d  by high speed f l y b y  i n  
s u i t a b l e  f r e e  r e t u r n  t r a j e c t o r y .  The c o l l e c t e d  samples can be f i t t e d  i n t o  a  
s m a l l  atmospheric e n t r y  capsu le  f o r  e a r t h  e n t r y  then  r e t r i e v e d  by e i t h e r  a i r  
o r  s e a  recovery.  

Th i s  f l y b y  sample r e t u r n  concept+ is  s u i t a b l e  ' f o r  encounter  v e l o c i t y  
ranging from 10-70 km/s. The d u s t  sample c o l l e c t i o n  approach a l lows 
p a r t i c l e s  t o  impact t h i n  diaphragms t o  vapor ize  t h e  p a r t i c l e s  and s m a l l  a r e a s  
i n  t h e  diaphragms. The r e s u l t i n g  vapor i s  then captured by condensat ion on 
compartmentalized c o l l e c t o r  c e l l s .  The condensed d u s t  vapor and i n d i v i d u a l  
p a r t i c l e s  can be e i t h e r  analyzed i n  p l a c e  us ing s u r f a c e  techniques  such a s  
t h e  i o n  microprobe o r  they can be d i s so lved  o f f  t h e  c e l l  w a l l s  and analyzed 
by s o l i d  source  mass spect rometry  and focused beam X-ray f luorescence .  
Cometary gas  samples can be captured by phys i so rp t ion  o r  chemisorpt ion wi th  
g e t t e r  m a t e r i a l  depos i t ed  on c o l l e c t o r  su r faces .  

Th i s  d u s t  sample r e t u r n  concept has  been s imulated i n  t h e  l a b o r a t o r y  
w i t h  good success .  Two-stage l i g h t  gas  gun h a s  been used t o  e v a l u a t e  1-3 mm 
s i z e  p a r t i c l e  impacts.  To compensate f o r  t h e  low speed (6.5 kmls),  we have 
u t i l i z e d  Cd, Zn, and Pb, h i g h e r  d e n s i t y  and low v a p o r i z a t i o n  temperature  
meta l s  f o r  both  p a r t i c l e s  and diaphragms t o  s i m u l a t e  encounter  impacts.  
S ince  v a p o r i z a t i o n  of c h o n d r i t i c  m a t e r i a l  can not  be produced by low v e l o c i t y  
impacts ,  we have s imulated t h i s  by u l t r a -h igh  power pulsed focused e l e c t r o n  
beam gun (2~1013wat t /cm2) .  I n  cooperat ion wi th  H. Fech t ig  of Max Planck 
I n s t i t u t e ,  v e r y  s m a l l  p a r t i c l e  impacts i n  r e a l i s t i c  v e l o c i t i e s  of 10-30 km/s 
i s  s imulated w i t h  e l e c t r o s t a t i c  a c c e l e r a t o r  wi th  submicron Fe p a r t i c l e s .  
Th i s  b a s i c  d u s t  c o l l e c t i o n  concept has  been v a l i d a t e d  i n  t h e  l abora to ry .  

I n i t i a l  exper iments  i n d i c a t e  t h a t  50% t o  70% of t h e  p a r t i c l e  can be 
t rapped i n  t h e  c o l l e c t i o n  c e l l .  Recovery e f f i c i e n c y  was t e s t e d  by SEN 
a n a l y s i s  and bu lk  weight a n a l y s i s  a£  t e r  chemical e t ch ing .  M e t a l l i c  and 
t e f l o n  diaphragms show d i s t i n c t  d i f f e r e n t  c o l l e c t i o n  e f f i c i e n c i e s .  The 
recovered m a t e r i a l  i s  not  f r a c t i o n a t e d ;  it  has  t h e  chemical  composit ion of 
t h e  o r i g i n a l  p a r t i c l e .  Q u a n t i t a t i v e  d a t a  on hyperve loc i ty  impact parameters  
(impact sequence, r e l e a s e d  r a d i a t i v e  energy, plasma plume ang le ,  p a r t i c l e  t o  
diaphragm t h i c k n e s s  r a t i o ,  and condensed p a r t i c l e  s i z e  d i s t r i b u t i o n )  a r e  
obta ined.  These permit  u s  t o  r e f i n e  a n a l y t i c a l  models f o r  p a r t i c l e  impacts,  
and,  we b e l i e v e ,  a c o l l e c t o r  f o r  a  g iven f l y b y  v e l o c i t y  and comet d u s t  model 
can be designed.  

+ Shown i n  enclosed f i g u r e .  
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