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Simulation analysis and verification of energy response of space neutron detector
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(Science and Technology on Vacuum Technology and Physics Laboratory, Lanzhou Institute of Physics, National Key Laboratory

of Materials Behavior and Evaluation Technology in Space Environment, Lanzhou 730000, China)

Abstract  [Background] Space neutrons can cause damage to the electronic systems of orbiting spacecraft and
may pose a serious threat to the lives of astronauts on mission. [Purpose] This study aims to accurately analyze the
characteristics of the space neutron environment to ensure the reasonable design of spacecraft’ s anti-radiation
reinforcement and the safety of astronauts. [Methods] Monte Carlo method based Fluka software was employed to
simulate, analyze and design a composite structure neutron detector based on plastic scintillator. Simulation analysis
from the aspects of probe size, structure position, detection efficiency, anti-coincidence structure, etc., was performed
to determine the 0.5 mm, 3 mm gradient composite structure of the detector by using 14~25 MeV single energy
neutrons for experimental verification. [Results|] The simulation and experimental results show that the designed
detector can be used for space station cabin neutron environment and near-Earth space neutron detection.
[Conclusions] This study provides theoretical and technical support for subsequent engineering load design.
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Fig.4 One n-p elastic scattering and the number of detectable events of plastic scintillator fiber array with different size
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Table 1 The calculated neutron energy distribution
i bk GEE - 16) 759 W2 HOIE R GE S < 16) 759 W5k2
Center (Channel width: 16)  Scene 1 Scene 2 Center (Channel width: 16)  Scene 1 Scene 2
8 0 0 600 13 10
24 0 0 616 12 6
40 0 0 632 12 8
56 0 0 648 8 11
72 0 2 664 2 10
88 2 1 680 8 8
104 5 4 696 5 5
120 4 10 712 7 6
136 14 12 728 7 3
152 27 18 744 8 4
168 29 40 760 4 4
184 47 49 776 5 4
200 62 69 792 2 7
216 68 94 808 3 7
232 86 104 824 6 7
248 113 134 840 5 4
264 101 124 856 3 0
280 73 54 872 5 5
296 61 35 888 3 1
312 34 26 904 4 2
328 43 19 920 5 2
344 25 25 936 3 0
360 20 15 952 2 2
376 25 13 968 5 1
392 20 10 984 4 2
408 10 12 1000 1 1
424 17 12 1016 2 2
440 17 10 1032 4 0
456 11 13 1048 2 0
472 19 9 1 064 0 1
488 10 11 1080 3 1
504 14 5 1096 0 0
520 12 9 1112 1 1
536 16 6 1128 1 0
552 13 9 1144 1 0
568 11 9 1160 0 0
584 7 8 1176 1 0
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Table 2 The energy spectrum fitting result measured by the calibration test

NS BE Tl Gaussian fitting fit 247 ¥ % Energy resolution / %
Energy / MeV I {E Peak 42 %5 FWHM 2 i 42 98/I{H FWHM / Peak
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21.264 613.713 2 226.076 3 36.84

14.817 464.1917 166.250 0 35.82
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