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Length: 20 mm

Bl 1 DG-THGEM EM &5 REE (o) AR B E; (b) EA XA (c) 8RN XA
Fig. 1. Schematic diagram of the DG-THGEM detector structure: (a) The schematic diagram of the entire detector; (b) drift region

side; (c¢) induction region side.
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Fig. 2. Simulation flowchart of DG-THGEM detector.

B AR SRR X 9 20 rmm . P X 4 56
40 mm, S AU E 2.12 mm 48555 LIS PR ES.
FLIE 51 5 ] P W 7 T A R TRT AR 10 emx 10 em
HE z = 0 HIEB XA, = VRS X 5.

AR TAERFE WK 2, R Geantd, COMSOL-
Garfield++8K & 5 1 : Geantd 7F 25 & Wi fiE & .
SRS UM T A — R B e R U, 6 L1
T K Ah A RUEE (U gy, B3 2R ) 1 Sy YR I 24 3
COMSOL TEACFRIEALIFS FoRig LI S
EIfit Garfield++# H ; Garfield++ (7% Magboltz)
B TAMg 55 s /S S B TR 5
ARt R, AR s R RO & S B R
(IBF), FRA S HGHA 4475 2w 1 1.

2.2 Geant4 1250 § BB FFIHE
AR GEANTA 11.1.024 #4573 185 MeV /u

152X e TEAIE Hy SCH I J LAY Kok i iz i 2,
s 3(a), (b) Fras, T RAEREE DI S hE
& L1 23 ) R S8 29 AR i AH B T 4R
QGSP_ BIC HEAL LM IR 2 TSR 5 [ A & 2
HY RS SO B R 7 A 5 LG A R R AR E
HLGAR T (G4EmLivermorePhysics) LA keV—
MeV g DX H 140 S i R A RS 182, i i i
B A UKL T A B (production cuts) FRIIE
§ LIS S P B AT SEME. U AL 20 mm
%% Hy, DG-THGEM &) 5 2 mm IWHEKX, It
718 DX 3 SR DX S DX A ) R BR AR A 7 15 [XC
giit.

FRAEASS T E SR FAT A8 T o, )
E AT (0, = 0, = 1 mm), BATAHBH 1x100
A LA = ZE G v i AN E B A AR 2%

120201-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 75, No. 12 (2026)

120201

El 3  Geantd # T DG-THGEM /R &

(a) JURTA B 5 313008 (b) L7 iz B3k 7 1

Fig. 3. Schematic diagram of the DG-THGEM under Geant4 modeling: (a) Geometric model and computational domain; (b) ex-

ample of particle transport trajectory.
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Fig. 4. Schematic diagram of dual-gain THGEM under COMSOL modeling: (a) The z-axis transverse partition submodel structure;

(b) 2~axis mirror mapping; (c) the full-size computational domain after the y-periodic extension.
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Fig. 5. Energy deposition distribution of '*?Xe incident on DG-THGEM: (a) Total energy deposition in the multiplication region

(2-8 layers); (b) layered energy deposition distribution map.
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Table 1.  Probability of delta electrons escaping.

[ /kPa N, /10° N,/108 Ey/%
20 0.853667 1.55592 18.2264
40 1.74684 2.88224 16.4997
60 2.65388 4.10805 15.4794
80 3.56985 5.26513 14.7489
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Fig. 10. DG-THGEM electric field distribution and electron drift characteristics: (a) Field line distribution of the dual-gain THGEM
detector constructed by Garfield++; (b) electric field distribution; (c) electron drift line.
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Fig. 12. (a) Electron transmission rates in the beam region and the recoil region as a function of the drift field; (b) the electron

transmission rate as a function of the cross-hole voltage A Viggpa of the first THGEM; (c) the electron transmission rate as a func-

tion of the cross-hole voltage A Viggeye of the second THGEM; (d) the electron transmission rate as a function of the induction

field.
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Delta electron escape and ion backflow suppression in
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Abstract

The transversely partitioned dual-gain thick gas electron multiplier (DG-THGEM) can provide different
effective gains for the beam region and the recoil region within the same detector, enabling wide-dynamic-range
readout for online heavy-ion beam dose monitoring. However, under low-pressure hydrogen and strong-
ionization conditions, high-energy d-electron escape reduces the primary charge-collection efficiency, while ion
backflow (IBF) exacerbates electric-field distortion in the drift region. These effects jointly limit gain stability
and narrow the available operating window, necessitating a quantitative assessment of the constraints imposed
by é-electron transport and IBF suppression on DG-THGEM operation. In this study, 185 MeV /u '¥2Xe is used
as a representative heavy-ion beam. Geant4 is employed to calculate the spatial energy-deposition distribution,
the 95% cumulative radius (ry;), and the 6é-electron escape fraction in low-pressure hydrogen. Meanwhile,
COMSOL Multiphysics is used to solve the periodic electric field of the THGEM hole array, and the resulting
field map is imported into Garfield++ to simulate electron drift, transport through the holes, and avalanche
multiplication. By scanning the reduced field (E/p), the drift field, the voltage across the THGEM holes, and
the induction field, the quantitative relationships among electron transparency, effective gain, and IBF are
systematically established, and the available operating region of the DG-THGEM is evaluated under the
combined constraint of é-electron escape and ion backflow. The results show that, with increasing gas pressure,
the 6-electron range decreases significantly, leading to a reduced escape fraction, which becomes approximately
14.7% at 60-80 kPa. Within this pressure interval, the radial spread of deposited energy is also better confined,
indicating improved primary charge retention. Simulations of electron transport and multiplication further
demonstrate that gain allocation plays a decisive role in IBF suppression. By shifting the main multiplication
stage to the second THGEM and simultaneously increasing the induction field, the IBF can be reduced from
about 50% to 5% while maintaining an effective gain of 2000 and an electron transparency of approximately
85%. These results demonstrate that the DG-THGEM can achieve a favorable balance among charge collection,
gain, and ion suppression in low-pressure hydrogen. This work provides a quantitative simulation framework for
evaluating the coupled effects of é-electron escape and ion backflow in DG-THGEM detectors under intense
heavy-ion irradiation. The identified operating window and gain-allocation strategy offer practical guidance for
the design and optimization of DG-THGEM-based detectors for online heavy-ion beam monitoring and
dosimetry.

Keywords: gas electron multiplier, lateral partitioning with dual gain, delta electron escape, ion backflow
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