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IN-SITU MEASUREMENT OF THE SURFACE COMPOSITION OF THE MARS MOON 
PHOBOS: THE ALPHA-X EXPERIMENT ON THE PHOBOS MISSION; D. ~ o v e s t a d t l ,  B. 
~ n d r e i c h i k o v ~ ,  J. ~ r i c k n e r ~ ,  T. ~conomou~, B. K lec erl, E. Kiinnethl, P. Lae- 

!? verenzl ,  L. bIukhin2, A. ~ r i l u t s k i i ~ ,  V. Radchenko , C. ~ e ~ ~ i n l ,  R. ~ i e d e r ~ ,  
R. sagdeev2, C. S. sas t r i 3 ,  A. ~ u r k e v i c h ~ ,  V. v a s i l i e v 5 ,  and H. wanke3.1~ax- 
P lanck- Ins t i  t u t  f u r  Physik und Astrophysik, Miinchen, FRG; 2 ~ p a c e  Research 
I n s t i t u t e  ( IKI), Moscow, USSR; Max-P lanck- Ins t i tu t  f u r  Chemie, Mainz, FRG; 
4 ~ n i v e r s i  ty o f  Chicago, Chicago, USA; 5 ~ u c l e a r  Reactor I n s t i t u t e ,  USSR. 

I n  J u l y  1988 two Sov ie t  spacecraf ts  w i l l  be launched towards Mars t o  
i n v e s t i g a t e  the  p l a n e t  and i t s  environments. One o f  the  i n v e s t i g a t i o n  phases 
o f  the  miss ion prov ides f o r  a c lose  f l y b y  t o  mar t ian  moon Phobos and subse- 
quent deployment of a LANDER t o  t he  Phobos surface. 

The low albedo of the  mar t ian  s a t e l l i t e  Phobos suggests t h a t  i t  i s  d i f -  
f e r e n t  i n  the  o r i g i n  from t h a t  o f  Mars. Un l i ke  Mars, Phobos i s  very dark i n  
c o l o r  suggest ing a c m p o s i  t i o n  a1 i k e  carbonaceous chondr i  tes.  The ALPHA-X ex- 
per iment on t he  LANDER i s  designed t o  p rov ide  t he  chemical composit ion o f  the  
ma te r i a l  of the Phobos surface. The experiment i s  performed i n  a c o l l a b o r a t i v e  
e f f o r t  o f  t he  above mentioned i n s t i t u t i o n s .  

The ALPHA-X ins t rument  makes use o f  two d i f f e r e n t  techniques f o r  analy- 
ses: a) measurement o f  energy spect ra  o f  e l  a s t i c a l  l y  backscattered a1 pha par-  
t i c l e s  from a monochromatic r a d i o a c t i v e  source, and b )  measurement o f  charac- 
t e r i  s t i  c x-ray energy 1 i nes resu l  ti ng from the  e x c i t a t i o n  o f  the atomic s t ruc -  
t u r e  o f  the analyzed ma te r i a l  by the alpha p a r t i c l e s  and the  x-rays f rom 
rad ioac t i ve  sources. These techniques complement n i c e l y  each other:  t he  ALPHA 
w i l l  p rov ide  b e t t e r  r e s u l t s  on t he  l i g h t  elements wh i l e  the X-RAY w i l l  be more 
e f f e c t i v e  f o r  h igher  Z elements. The former method was success fu l l y  used by 
Turkevich e t  a l .  ( 1 )  i n  the l a t e  1960's t o  prov ide the  " i n  s i t u "  chemical 
ana lys is  o f  the  Moon. 

The Phobos ALPHA-X ins t rument  cons is ts  o f  ALPHA sensor head, X-RAY sensor 
head l oca ted  on t he  two booms o f  t he  LANDER t h a t  a re  lowered t o  the  sur face o f  
Phobos, and an e l e c t r o n i c  compartment i n  the  LANDER. The two sensor heads (80 
x 60 x 80 mm each) are schemat ica l ly  shown i n  Figs. l a  and l b .  The t o t a l  
weight  o f  t he  f l i g h t  ins t rument  i s  2.5 kg  and the power consumption i s  l e s s  
than 2.0 wat ts .  The ins t rument  uses s i l i c o n  s o l i d  s t a t e  detectors  f o r  the  
alpha mode and cooled S i  ( L i )  de tec to r  f o r  the  x-ray mode. The coo l i ng  o f  the 
x-ray de tec to r  on Phobos i s  p rov ided  dur ing  the  n i g h t  t ime pass ive ly  through a 
coo l i ng  p l a t e  r a d i a t i n g  i n t o  f r e e  space. Dur ing t h a t  time, t he  temperature o f  
the de tec to r  i s  expected t o  be be1 ow - 1 2 0 " ~  and t he  r e s o l u t i o n  below 300 eV 
FWHM a t  5.9 key. The i n t e n s i t y  o f  Cm-244 alpha sources f o r  t he  ALPHA i s  18 m C i  
and t h e i r  r e s o l u t i o n  i s  about 2.7% FWHM. For  the X-RAY two e x c i t a t i o n  sources 
are used: 30 m C i  Cm-244 alpha source and 70 m C i  ( a t  the  t ime o f  Phobos land- 
i n g )  o f  Cd-109 x- ray source. The Cm-244 alpha sources are i n  t he  form o f  a 
p la t inum a l l o y  r e s u l t i n g  i n  h igh  s t a b i l i t y ,  b u t  l e ss  s p e c i f i c  a c t i v i t y .  More 
in fo rmat ion  about the experiment can be found i n  the r epo r t  a t  the  Phobos 
workshop by Hovestadt (2 ) .  

The f l  i g h t  instruments are c u r r e n t l y  undergoing f i n a l  c a l i b r a t i o n  and 
i n t e g r a t i o n  w i t h  t he  LANDER o f  the  Phobos spacecraf t .  F igs.  2a and 2b show a 
Fez03 alpha backsca t te r ing  spectrum and an x-ray spectrum from Al lende meteo- 
r i t e  taken recen t l y  w i t h  a f l i g h t  instrument.  

It i s  expected t h a t  from the  chemical composit ion o f  the Phobos ma te r i a l ,  
obtained from the ALPHA-X experiment, the bas ic  quest ion regard ing Phobos 
o r i g i n  can be i n f e r red .  
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Ref.: (I) Turkevich A e t  a l .  (1968) JPL Techn. Report 32-1265. (2) Hovestadt D, Rep. Workshop 
E n t i f i c  and Methodological Aspects on the Phobos Study, Nov. 1986, MOSCOW ( i n  press). 
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