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Fig. 1. Diagram of the Micromegas and GEM detectors: (a) Micromegas detector; (b) single GEM detector.
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Fig. 2. (color online) The structure of detector module by Gmsh software tool (a) GEM-MM detector: drift
cathode, GEM, stainless steel mesh and readout anode from top to bottom (b) GEM detector: drift anode,

GEM and readout anode (in cm).
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Fig. 3. (color online) The electric field of GEM-MM
detector calculated by ANSYS: (a) Distribution in the
z-z plane; (b) distribution along the center of the
GEM detector’s hole.
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Fig. 5. Simulated single electron avalanche size dis-
tribution of GEM in Ar/iC4H10(95/5) with Vogpm =
300V, Eq =250 V/cm, E; = 1kV/cm, Penning trans-
fer rate r = 0.40.
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Fig. 6.
distribution of GEM in the operation gas of
Ar/iC4H10(95/5) at Vaem = 150 V, Eq = 250 V/cm,
E; =1kV/cm, r = 0.40.
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Table 1. Total gain and effective gain of GEM simu-
lation in the Ar/iC4H10(95/5) with r = 0.40.
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HIE/V AR TIME MESR P
100  1.08 (Expo)  1.67 0.52 (Expo)  0.18
150  4.16 (Expo)  4.72 1.18 (Expo)  0.76
190 16.88 13.98 2.95 (Expo) 247
200 22.6 18.75 4.77 3.29
210 29.63 25.34 6.06 4.47
220 38.17 33.26 7.35 5.77
230 49.95 43.97 9.00 7.42
240 67.38 61.01 12.18 10.13
250 90.69 83.37 15.65 13.60
300 306.50 370.21 65.47 53.88
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Fig. 7. (color online) Simulated gain if GEM in the dif-
ferent gas mixtures at Eq = 250 V/cm, E; = 1kV /cm.
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SO R MM AR SR O &R RS A
(Ar/iC4H10(95/5)). Ot HL 2L N =2 BE E Ex N
5.9 keV (1) % Fe X 5f 2k 5 & 7 7 AH T AR F ) 32 22
P RE. KA, e 5 EE A )E R
TEORA B R AEMEAEH, JLEe 835 2L,
T B EE RO 7. Bt ke E
B R RS SR O B T T OB L T). ACSTRFE
X 2k Re A

Exr = FEx — EL, (3)

X Ex 1 By 40 5O K AL 3% )2 7 1 45 A fg.
Ty AP 7 R RSB R K R O AR [ B A
fE. JeH RN AR PR A T BT (BT
BN T) BT RE R AU, A E AT ITRER
DB H AR B TR T S8 I 2 ) RS R A7 1
— A5 R B T R AR B ) X O RE A R UL
TR R A e, DL ACRRAE X5 2 Sk R A G . 1) ik
TR,

XS 28 B PRI 28 107 BN S N TAE S
M. 5.9 keV X R 1EJE AN 4 mm PGS H 1
PR L) 13% 291, FA e FAEER XTI A=, 1E
T ELRX SSERAEMEER. Hik
TEER X AL X # 2= B 7. R IX =
() BT E HL 1 R 4 GEM AT MM 9 ¢
(O fs 3 OK, B 8 AE T AR RN Ny T TE A%
X AR G LT R 258 MM — R IRHOK, 55 Bl

142901-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 66, No. 14 (2017) 142901

LN LA Ny R, SZI6I & 15 51 (1) 5 Fe
BE TS, & 7 4L A e Ve FN Bk IR 0. 1 GEM AN
MM 138 25 73 5N Gege A1 Gram, GEM-MM (1)1 25
N Ggememm, WA

Ntl = Np . Gcff . Gmm == Np . chm—mma <4>

NtQZNp’Gmma (5)
FH U, GEM 38 25 il KRN
Ny
Geff = Nitz (6)
T A e S () i ey B R L T 2 fTE L, Rk
_ CH,
Gegt = CH,’ (7)

A rh CH, M CHy 70 73 9 IR X A& X O 7 e i
PURXS L) 22 T8 (¥ TE 2, GEM R 38 7 I & ok 4%
B2 EIE R RN, JO/ A RObR E B
X JEL AT HL S R T AR A B

3.2 ZWKE

Y 2 N S B P 9 . BRI GEM-
MM R 286 ZCH A9 50 mm x50 mm, 35 H H
WAL 50 mm x50 mm B4 Pad. MM &
JR DX P A5 18 F 7 4 IR RS S I R HH R/
FHEERPEAR S BI45 5, DRI AP AS FEARCER o] LAEAT
D&, (H2S2Ie e R B, & MR, BT
4 )& 22 ) F I e s i 7 S N AR A FLREL, T AR FRLRE
2845 BH B 52 A 532 /N T AN 42 R 3 L RIS 1
55, M BT A A e e RO BB AR N
Ui A7 B ELFRL S, DR AP PR A 152t B 3 75 0 42 b e,
BH, DAF)T i b, e e iR 48 TAE AR . &
Tk, 78 A AN H B0 GEM-MM 0 250
A, SRET Pad 24, W& I8 2 M H A5 5 17
X HAEMWRA T CAEN N471 85 R difF 2t

Ko Haatildscm

Fig. 9. Photos of the GEM-MM detector in lab.
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Fig. 13. (color online) Comparison of GEM gain simulation and measurement results.
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Abstract

As one of the most popular micro pattern gaseous detectors, gas electron multiplier (GEM) has been extensively
studied and applied in recent years. The studies of the detector gain measurement and simulation are important,
especially on a low gain scale. Traditionally, the gain measurement is realized by measuring the current or the pulse
height spectrum. The former needs complicated electronic chain calibration and the latter needs necessarily to calculate
the primary electron number. In this paper, an alternative method to determine the effective gain of GEM is introduced.
The GEM gain can be precisely achieved through a gaseous detector of hybrid structure which combines GEM with micro-
mesh gaseous structure (MM). The hybrid structure is called GEM-MM for short. The GEM-MM detector consists of
drift cathode, standard GEM foil, stainless steel micro mesh, and readout anode. In this detector, the space between
the cathode and the GEM foil is called drift gap and the other space between the GEM foil and the mesh is named
transfer gap. When the X-rays irradiate into the gas volume of GEM-MM, the primary ionization occurs in both regions.
Photoelectrons in the drift gap transfer from the drift region to amplification sensitive areas of the GEM and the MM
detector while those in the transfer region are only amplified by the MM detector. In the energy spectrum of 3°Fe, there
is a clear energy profile including two sets of peaks. The gain of GEM can be easily obtained from the energy spectrum.
Meanwhile, detailed simulations are carried out with Garfield++ software package. Simulation of the electron transport
parameters has been optimized. and the gains of GEM detector are also calculated for three different gas mixtures.
Experimental results of the gains ranging from 3 to 24 are obtained. The gains of GEM under different working voltages
are studied precisely from the spectrum measurements. The Penning transfer rate could reach 0.32 4+ 0.01 when the

simulated value matches the measurement within 1o error.
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