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Abstract [Background] The annihilation radiation exhibits conspicuous features in the low-energy segment of the
orbital gamma spectrum, which contains a substantial amount of geological information about the lunar surface. The
fluence rate can reflect the element composition, density, maturity, and other characteristics directly. [Purpose] In
order to further clarify the primary source and influencing mechanism of annihilation radiation on the lunar surface.

[Methods] A quantitative model for the annihilation radiation characteristic peak of orbital gamma spectrometers was
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established. The gamma rays induced by protons of varying energies were simulated using GEANT4 to further

understand the primary source and mechanism of annihilation radiation on the lunar surface. The data from the

"Chang'e-1" high-energy particle detector (CE1-HPD) was used as the input term, and the annihilation radiation

characteristic information induced by 4~400 MeV protons galactic cosmic rays interacting with five typical rocks was

calculated. After subtracting the 0.511 MeV characteristic peak collected by the "Chang'e-1" gamma spectrometer

(CE1-GRS) from natural radioactivity, the results were compared with the annihilation radiation fluence rate induced

by 4~400 MeV protons galactic cosmic rays. [Results] The results indicate that the rock's composition have a

negligible effect on the annihilation radiation. The probability of cascading shower generating annihilation radiation

is directly proportional to the incident proton energy. Additionally, the contribution of 4~400 MeV protons to the

annihilation radiation present in the orbital gamma spectrum is relatively low, only (1.97+0.66)x10™. [Conclusions]

The established model has proven to be accurate in reflecting the related characteristics of the gamma radiation field

on the lunar surface and can be used for quantitative analysis of annihilation radiation. The results indicate that the

contribution of 4~400 MeV protons galactic cosmic rays to the annihilation radiation present in the orbital gamma

spectrum is minimal.

Key words Annihilation radiation, GEANT4, Energetic particle, Contribution rate
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Table 1 Components of some representative Lunabase (wt,%)"
oy R X s o s EaNa) R RA Bk 2 A
Lithology High alumina basalt KREEP Anorthosite Low titanium basalt ~ High titanium basalt
(0] 41.62 44.04 46.13 40.70 38.32
Na 0.50 0.67 0.22 0.17 0.30
Mg 4.05 2.17 0.15 8.90 4.04
Al 6.73 6.74 18.63 4.15 5.54
Si 21.92 26.58 20.84 20.26 18.70
K 0.06 1.73 0.00 0.04 0.05
Ca 8.27 5.84 13.75 5.87 7.98
Ti 2.81 1.62 0.01 2.24 9.14
Cr 0.05 <0.01 <0.01 0.65 0.17
Mn 0.20 <0.01 0.01 0.22 0.23
Fe 13.79 10.61 0.24 16.80 15.51
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Fig.3 Distribution of proton fluence rate on the entire lunar surface
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Table 3 Calculation results of Al, Si, Mg characteristic y ray

B Ry AR AR BOR FUBE L AFABELRE ZEEN L WHRE
Nuclide Characteristic y ray Net count rate of this ~ Net count rate TAEA reference Reference value Relative error
energy / MeV paper /107 proton™"*s™ normalization / N, experimental values normalization / N,* /%
*Mg 1.1297 2 0.054 0.038 0.052 3.85
1.368 6 37 1 0.727 1 —
1.808 7 7.5 0.202 0.152 0.209 -3.35
3.867 1 3 0.081 0.06 0.082 5 -1.82
AL 1.72 6.5 1.3 0.08 1.333 -2.48
2.21 3.5 0.7 0.04 0.667 4.95
2.734 3 0.6 0.035 0.583 2.92
3.00 5 1 0.06 1 —
*Si 2.23 4 1 0.117 1 —
32 3 0.75 0.088 0.752 -0.27
44972 3.5 0.875 0.105 0.897 -2.45
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Table 4 Proton fluence rate of previous lunar landing detection points (cm™-s™'-sr™")

{E% Mission  £:J% Longitude £/%¥ Latitude #4171 Rock PI P2 P3 P4 P5 P6

Apollo 12 23°20'W 2°27'S 7 L5 45 KREEP 074 0.15 0.10 0.058 0.063 0.053
Apollo 16 15°30'E 9°S FHEC A Anorthosite 0.76  0.18 0.18 0.084 0.110 0.029
Apollo 17 30°44'E 20°9'N Z % Basalt 070 0.17 022 0170 0.082 0.063
Luna 16 56°18'E 0°41'S Z % Basalt 0.66 022 013 0.075 0.070 0.047
Luna 24 62°12'E 12°15'N BH A Anorthosite 082 0.5 015 0.120 0.065 0.120
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