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Research and software design of a particle energy spectrum
simulation based on Geant4
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(1. School of Computer Science and Engineering, Sichuan University of Science & Engineering, Yibin 644005, China;
2. School of Nuclear Technology and Automation Engineering, Chengdu University of Technology, Chengdu 610059, China)

Abstract: To further develop the optimization technology of alpha particle energy spectrum detection
parameters based on Monte Carlo simulation method, this paper uses PyQt5 to design a software that calls Monte
Carlo simulation package Geant4 for alpha particle energy spectrum simulation research. On the one hand, a physical
model of the Passivated Implanted Planar Silicon detector for measuring o particles is established, and the simulated
physical process, model materials, particle source geometry, composition and other parameters are corrected according
to the actual a particle measurement conditions, combined with the PyQt5 interface. The development platform
visualizes functions such as particle source parameters and detector parameter modification. The detection efficiency
of the model is obtained by performing simulation experiments under multiple detection distances and different
vacuum pressure conditions, and after the acquired energy is deposited into a spectrum, it is broadened by the EMG-
Landau (Exponentially Modified Gaussian and Landau) response function model. On the other hand, to verify the
accuracy of the detector model, the detection efficiency of the simulation results and the measured results are
compared. The experimental results show that the detection efficiency errors of both are within 5%, and the EMG-
Landau response function model broadened works well. The research results of this paper verify the reliability of the
Geant4 simulation software in the study of a-particle energy spectrum. The software can directly modify the
measurement conditions of a-particle energy spectrum, simplify the simulation steps, and improve the simulation

efficiency, thus provides a powerful tool for a-particle energy spectrum detection parameter optimization technology.
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Table1 Components, dimensions and materials of PIPS detector chamber

part material density/(g/cm®) inner radius/mm outer radius/mm half height/mm
probe top stainless steel 8.06 0 8 3.655
probe stainless steel 8.06 0 13.82 6.175
tray aluminum 2.7 34 25.82 1
sample tray stainless steel 8.06 0 12 0.25
slot stick aluminum 2.7 34 1.15 1
dead layer silicon 2.33 0 13.82 2.5x10°°
silicon layer silicon 2.33 0 13.82 0.175
rubber layer rubber 0.92 0 13.82 0.25
brass layer brass 8.5 0 13.82 0.5
polyethylene layer polyethylene 0.94 0 13.82 2
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Fig. 4 Physical model of the PIPS detector
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Table 2 Comparison between measured value and Geant4 simulation value of detection efficiency of **Pu standard source

probing distance/mm  measured detection efficiency/%

analog detection efficiency/%

analog detection efficiency range/%

relative bias/%

2.8 39.55 38.62 38.42~38.81 2.41
6.8 27.18 27.37 27.04~27.65 0.69
10.8 18.63 18.43 18.35~18.54 1.08
14.8 13.07 13.28 13.25~13.31 1.58
18.8 9.47 9.34 9.27~9.41 1.39
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SE 5 Mo 200
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BRFSIT AR B o b o X2 Pu i 5, A o R (5 H) N 5.4563 MeV(28.98%) A1 5.49903 MeV(70.91%)., Hi TiX
P B i 04 22 (8] 1Y) 8 B 1] BR A8, R i )i 1Y BE i DO AR 1% b N 322 2 B Y o TR T2 Pu, A7 7E 3 D FEE A RE R (Y
) h 51055 MeV(11.94%). 5.1443 MeV(17.11%) F1 5.156 5 MeV(70.77%), H: v J5 P> BE B2 (0 18] B 48/ o 78 52 bR
BT, A8 PIPS 4RI 25 8 47 0 5 Bof, 35K 9 1 BB 2k U W] BB 23 1R T BB o 43 FR R 00 R 1T i A 8, sk DA 43 B LE kS Y
W, S g R R B R GE IS 1) 2 R AR R, K] 9 A SEZ R AE 500 Pa I EL25 RO T, B B3k 6.8 mm DL TR
(L AL P, > Pu 18 2K JiE SE DL EICHE | 0 €2 S0 24 3 s i o, R 450 8 4k B ) 5000 o

BB BRI A 6.8 mm, i i A 1812 Pu YR AE 266.6, 400, 533.3 1 666.6 Pa 4 Fft EL25 JE58 F (1 o fEiE, F& 56 3UR
WE 10 iR . LI R EBIHAEAR RS, Z R BALRE S R TE ORI R AT .
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Fig. 9 Diagram of response function simulated energy spectrum broadening effect
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Fig. 10 Geant4 simulation stretching diagram of **Pu under four atmospheres
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