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The e f f e c t s  of g rav i ty  on mart ian neutron s p e c t r a  were s tudied _using the  
-one-dimensional Roltzmann t ranspor t  code ONEnANT ( 1 ) a x d . a  specLal era@$ 
*sect ion l i b r a r y  used previously ( 2 ) .  Inclusion of g rav i ty  -xas ,aseotnplBf&qd 
-by Ateratkng a r e f l e c t i v e  outer  boundary surface that F n t m d ~ m s  .a - soure ,&£ 
r a d i a l l y  r e v e ~ s e d  , inward-directed neutrons. This soume has a f 1- 
t n t e n s i t y  reduced from t h a t  of the  albedo f lux  ca lc t l la ted , in-each  p r e u f q s  
f*eration by the  exponential  decay f a c t o r  exp(-ATIT). Here .&T is the s u r f m e  
=turn t h e  of i n i t i a l l y  outward-directed neutrons and -r a '9OO..s is.-ehe 

S i f e t i m e  of the neutron t o  beta  decay,. 
The-neutron r e t u r n  time i s  a funct ion of both the k i n e t t c  energy of -eaah 

m u t r o n  a s  it leaves the sur face ,  K ,  r e l a t i v e  t o  i t s  grav&ta tLowl  b i a d L ~ g  
energy, V ,  and i G s  d i r e c t i o n  cosine r e l a t i v e  t o  t h e  r a d i a l ,  u .  Splecificzffly, 

K 
v 2K - r), *ere i s  . the r ad ius  of Mars, A = [ 4(:)( 1 - ) i2] 'I2, 8.5 (t 

(%K~v) < 1 , and m i s  the -neutron mass. 
Neutron f l u x  spectpa, + ( K ,  ) , a t  sevecal depths wpthin the. p lane t  .as 

&11 a s  at khe top af t h e  atmosphere were calculated using QNEDANT coupled-rt;lo 
,The new gravAtatiana1 boundary conditions.  Although i~eq. 1 .assumes e 
. s p h e r i c a l l y - s ~ e t r i c  p lane t ,  our ONE'DANT ca lcu la t ions  ragsumd planar 
shymet ry .  This l a s t  assumption introduces negl ig ib le  WOT .since the  
penet ra t ion  depth of .ga lac t ic  .cosmic -Fays, -160 g/om2, is -mall compared ;tm 
rhe thickness of the  planet .  Energy-angle f l u x  spec t ra  at a r b i t r a r y  

*lanetary r a d i i ,  R > RM, were then calculated from the  albedo spec t ra  at  the 
top  of the akrnosphere, $ A ,  using Liouville 's  theorem, 

-%re KR = K - V( - RM) 
i s  the neutron k i n e t i c  energy a t  8, 

R M 2  K~ 2 112 
!JR= [ I  - ( 1  (j& - ! J  11 
i s  the direction" cosine of the--neutron r e l a t i v e  t o  the  r a d i a l  a t  R ,  and ATR 
i s  the time required f o r  a neutmn Leaving the surface wioh~kiraetic energy X 
and d i r ec t ion  cosfne !J t o  reach2R with k i n e t i c  energy KR andadirection cosine 

!J R' 
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The neutron return time, ATR, can he calculated analytically using 
expressions similar to Eq. 1. Typical values of AT for neutron kinetic 
energies near the maximum of the flux spectrum at R = RM +361 km fall in the 
range 1.2~ < AT < 2.2~ depending on pR. Under the same conditions ATR varies 
between 0.2 r and 2.0 r. 

Five surface compositions for Mars were assumed in order to survey the 
magnitude that gravity has on the albedo neutron spectra. These compositions 
consisted of dry ice represented by pure CO , pure water, and regolith having 
the composition measured by Viking (3) mzxed with 04, I%, and 10% water by 
mass. In all cases the solid surface was covered by 16 g/cm2 atmosphere 
having the composition measured by Viking (4). General conclusions from 
these calculations are as follows: 

1) All angle-integrated flux spectra calculated with gravity included 
could be well represented by the same thermal and epithermal functions used 
previously (2) to represent spectra calculated without gravity. This 
observation holds equally well for flux spectra calculated below the regolith 
surface, throughout the atmosphere, at the top of the atmospheric (previously 
identified with the albedo neutron spectrum), and at the orbital altitude of 
the Mars Observer spacecraft, R. 

2) The effect of gravity is to enhance all spectra preferentially at the 
lowest energies and to fill in the downward going hemisphere of velocity 
phase space, making the spectra nearly isotropic at the lowest energies. 

3) In terms of the parameters that uniquely characterize all spectra as 
the superposition of thermal and epithermal functions, inclusion of gravity 
increases both the thermal and epithermal amplitudes, and decreases the 
temperatures of both the thermal and epithermal components. 

4) The neutron number density at the surface of Mars, which is 
proportional to the production rate of capture gamma rays created there, is 
increased by only a few percent when gravitational effects are included. The 
reason for the smallness of this effect is that the overlying atmosphere is 
sufficiently thick to shield the martian surface from the gravitational 
boundary conditions imposed at the top of the atmosphere. Of course the 
effects of gravity become relatively more important as the top of the 
atmosphere is approached. 
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