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Fig. 1. Schematic diagram of the Triple GEM-based neutron
detector (The blue color is HDPE, and the green part is the
mixture of CO, and Ar).
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Fig. 2. The function of the detector efficiency with different
polyethylene thicknesses.
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Fig. 3. Screenshot of the elastic collision between neutrons
and polyethylene in MCNPX (the red dots represent neut-
rons and the blue are protons).
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Fig. 4. Simulation comparison of detection efficiency
between MCNPX and Geant4 for the same thickness of
polyethylene.

# 1 Geantd fl MCNPX XA A 7155 58 2 A0 B AR B 35 B A R A B il 5 SR

Table 1.  Simulation results of Geant4 and MCNPX for the optimal thickness and detection efficiency of different neutron

sources interacting with polyethylene.

- DT Am-Be DD
e RILERE /pm TRINZR /% REERE /um PRI /% HRAERE /um BRI /%
Geant4 2000 0.36 1200 0.12 600 0.07
MCNPX 1800 0.32 900 0.09 500 0.03
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Fig. 5. MCNPX simulated neutron interactions with mul-
tilayered polyethylene (the red dots for neutrons, the blue
for protons).
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Fig. 6. Conversion efficiency of multilayer polyethylene
structures.
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Fig. 7. Schematic diagram of the stack structure simulated
by M2 (blue, green, orange, and purple represent different
thicknesses of polyethylene respectively, red represents air
gap thickness).
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Fig. 11. Results of two algorithms for solving the spectrum of simulated data from Geant4 software and MCNPX software:

(a) GRAVEL algorithm on single-energy neutron unfolding spectra; (b) MLEM algorithm for single-energy neutron unfolding spec-

tra.
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Fig. 12. Results of the unfolding of the simulated Am-Be sources by two solution algorithms for Geant4 software and MCNPX soft-

ware:
Geant4 based on MLEM algorithm.
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Fig. 13. Energy resolution of recoil protons in gas detectors.
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Table 2.
GRAVEL algorithms.

Error levels of the two MCNPX structures and Geant4 simulation results after unfolding by the MLEM and

Gl M1 M2
MLEM GRAVEL MLEM GRAVEL MLEM GRAVEL
MSE 0.48% 0.65% 2.1% 2.4% 1.4% 1.8%
ARD 18.00% 19.00% 21.0% 22.0% 20.0% 21.0%
Qs 12.00% 14.00% 28.0% 30.0% 19.0% 21.0%
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Unfolding simulation of single-energy and continuous fast
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Abstract

This paper focuses on the feasibility of fast neutron energy spectrum measurement. The MCNPX and
Geant4 are used to simulate two conversion models of stacking neutrons to protons in the triple GEM cathode
coupled with multilayer polyethylene, with five kinds of single-energy neutron sources and Am-Be continuous
neutron sources taken as research objects. The response function to 160 single energy neutrons and the recoil
proton spectrum distribution of the above sources of the detection system are obtained by simulation. Using
GRAVEL algorithm and MLEM algorithm and through simulation, the recoil proton spectra of six kinds of fast
neutron sources are obtained, and they are further analyzed. The spectrum outcome is compared with the
standard input spectrum, showing that they are in good agreement with each other. The relative uncertainty of
the unfolding spectrum is around 10% -15%. In this part the relation of gas detector with the precision of
unfolding spectrum is also discussed. The result shows that when the energy resolution of micro-pattern gas
detection is better than 30%, the accuracy of fast neutron spectrum can meet the needs of practical
applications. Furthermore, a new transformation model is proposed based on previous experiments and proves
the feasibility of applying micro-pattern gas detector to fast neutron detection of simulation. Moreover,
spectrum reconstruction can be achieved by using the obtained recoil proton spectrum combined with a suitable
inversion algorithm. The modeling and spectrum analysis of this study can provide a different method of
applying the fast neutron detection system composed of micro-pattern gas detectors to the detection of

unknown fast neutron sources and also to the source recognition through spectrum reconstruction.
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