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Investigations of secondaries induced in planetary soils by galatic cosmic 
rays and solar flare particles indicate that the energy spectra of the second- 
aries are determined principally by the soil composition. More particularly, 
in the preceding paper, it is shown that the energy spectrum of neutron induced 
in the lunar soil are dominated by elastic scattering cross sections of the 
nuclei in the soil. The secondary neutron energy spectrum resembles the oxygen 
elastic scattering cross section. Oxygen is the dominant component in the 
Apollo XI soil(1,Z). In this paper the properties of the neutron induced 
prompt gamma rays are discribed. These gamma rays are produced by inelastic 
scattering reactions of incident and scattered neutrons and the soil nuclei. 

The prompt gamma ray fluxes were calculated for neutron flux distributions 
generated by galatic cosmic rays and solar flare primaries striking the lunar 
surface,using ApolloXI (1,2) soil compositions. Neutron fluxes(see previous 
paper) were calculated,for the two types of primaries,using various neutron 
production mechanisms. The gamma ray flux was calculated using a 2l(energy) 
group transport code(3) in which the gamma ray production occurs by (n,nnY) 
reactions. Gamma ray results were obtained, for each energy group, as a funct- 
ion of depth from the lunar surface. Both isotopic and anisotopic scattering 
cases were calculated. 

The prompt gamma intensity is consistent with Monte Carlo calculations(4). 
Table I includes gamma rays from both evaporation and knock-on plus evaporation 
neutron production mechanisms and a comparison with Monte Carlo results(4). 
The Lingenfelter et a1.(5) neutron evaporation source was used normalized to 
16n/cm2sec. The Kornblum and Fireman (6) knock-on evaporation source was used 

2 normalized to 14n/cm sec. Figure 1 shows the computed prompt gamma ray albedo 
for galatic cosmic ray induced neutrons. The energy spectrum appears to be 
independent of the source mechanism. The gamma spectra induced by solar flare 
particles(not shown) is also independent of the source mechanism. The peaks in 
the gamma energy spectra represent transitions between isobaric states of the 
soil nuclei. Peaks appear for e 160 line at 6.13 MeV, the 3.73 MeV line of 
40~a, and the 1.78 MeV line of Si. The large peak between 1.0 and .4 MeV may 
contain 27~1, 54~e, 5 6 ~ e  and24~g lines. Improved calculational precision is 
needed to resolve these peaks. The sharp cut-off in the gamma ray spectrum 
below 0.1 MeV corresponds to the rapid increase in atomic opacity with decreas- 
ing energy. The high energy cut-off is determined by the maximum energy of the 
assumed neutron distributions. 

It would appear that galatic cosmic ray fluxes will produce a gamma ray 
flux at the surface that is measurable by state of the art instrumentation(7). 

6 2 In fact,if values of 10- ph/cm Mev sec Str are measurable as suggested by (7), 
it sould be possible to measure the induced gamma rays out to 30 lunar radii 
from the surface. 

Soil composition, rather than the characteristics of the secondaries 
appear to be the dominant factor shaping the gamma energy flux. The prompt 
gamma ray energy spectrum appears to contain prominant maxima indicative of 
certain nuclei. Thus, the prompt gamma ray flux measurements may provide a 
practical technique for determining soil composition in fly-by missions. 
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Table 1': Lunar P r m p t  GAMMA RAY FLUX 

Evaporation Knock-on Annstrong R e s u l t s  
Spectrum A d d i t i o n a l  

Primary Peak 0 . 9  photons 
jca2Sec MeV ( ' ' ' /:?izzsMeV \ 1'5{$%?MeVj 

a t  0.4-1MeV a t  0.4-1MeV a t  .'4 MeV 

Secondary Peak 0 . 4  photons 

a t  1.5-2MeV 

O ' /z:::sMeA 1 O .  ~ ' ~ ~ ~ s M e v  icm21ec MeV 
a t  1.5-2MeV a t  1 . 7  MeV 

S u r f a c e  Leakage 2 .26  
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Figure 1: 
Induced Prompt Gamma Ray Flux L akage from Apollo XI Soil 2 (Production normalized to ln/cm within soil) 

A=Galatic C.R. Induced Production - 'Knock-on' Addition 
B=Galatic C.R. Induced Production - 'Evaporation Model' 
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