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Introduction
The development of Gas Electron Multiplier

(GEM) detector at CERN has led to its exten-
sive use in many present and planned future
experiments in high energy physics [1]. The
advantages of the GEM detectors, compared
to other gas detectors, are high particle detec-
tion rate, good position and energy resolution,
low ion back flow (IBF) and stable operation
in long run experiments [2–4].

Triple GEM detectors with 3 GEM foils are
commonly used in most of the experiments.
We have reported a detailed test of a triple
GEM detector recently [5]. 4-GEM detectors
with 4 GEM foils have the advantage of low
IBF and low discharge probability [6]. For this
purpose, we have assembled a 4-GEM detector
at VECC, Kolkata and tested. Here we report
the assembly method and test results of the 4-
GEM detector.

Detector setup
For the present detector setup with four

GEM foils, the GEM foils of 10×10 cm2 di-
mension along with other accessories are pro-
cured from CERN, Geneva. All the four GEM
foils used in this detector are single mask stan-
dard GEM foil. The GEM foils have hole di-
ameter of 70 µm with 140 µm pitch in a hexag-
onal pattern. The readout plane of the de-
tector is divided into 120 pads of equal area.
Above the readout plane all the four GEM
foils are put one above the other followed by
the drift (cathode) plane on the top. The drift
gap, transfer gaps and the induction gap are
4.8-2-2-2-2 mm, respectively, as mentioned in
the Fig. 1. The high voltage (HV) is applied
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FIG. 1: Schematics design of a 4-GEM detector.

through a resistor chain to produce required
electric field across the GEM holes and within
different gaps of the detector.

Test results

The 4-GEM detector has been operated us-
ing Ar/CO2 90:10 gas mixture. The following
tests have been performed.

The first test is the spectrometry study us-
ing 106Ru-Rh β−source and 55Fe 5.9 keV X-
ray source. Landau distribution kind of spec-
trum was obtained in case of β−source. The
ADC spectrum of 55Fe 5.9 keV X-ray is shown
in Fig. 2. The main peak at higher ADC corre-
sponds to the photo peak of 5.9 keV X-ray, fol-
lowed by the Argon escape peak. Gain varia-
tion of the detector as a function of total GEM
voltage (∆VGEM−tot) is shown in Fig. 3(top).
It can be easily found out that the gain varia-
tion is exponential in nature. The energy res-
olution of the detector (in terms of FWHM) is
shown in Fig. 3(bottom). The resolution ob-
tained with this detector is somewhat worse
than our previous study with a triple GEM de-
tector [5]. The reason is that IBF and energy
resolution vary inversely to each other [6]. The
setup of measuring the efficiency was made
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FIG. 2: ADC spectrum of 55Fe 5.9 keV X-ray at
∆VGEM−tot 1070 V
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FIG. 3: (top) Gain and (bottom) resolution
(FWHM) variation with ∆VGEM−tot.

using two small scintillator detectors on the
top of the GEM detector and one scintilla-
tor detector at the bottom as described in [5].
106Ru-Rh β−source is used for giving 3-Fold
scintillator trigger. The efficiency is the ratio

of the number of detector signal to the 3-Fold
counts in percentage. The efficiency plot of

(V)GEM-totV∆
1000 1050 1100 1150 1200

E
ffi

ci
en

cy
 (

%
)

0

20

40

60

80

100

 90:1024GEM Ar/CO

FIG. 4: Efficiency variation with ∆VGEM−tot.

the detector is shown in Fig. 4. The efficiency
at the plateau region is ∼94% obtained.

Summary and discussions
A 4-GEM detector prototype is assembled

with 10×10 cm2 foils and tested with Ar/CO2

90:10 gas mixture. Basic characteristics of the
detector are studied in terms of energy spec-
trum, gain, energy resolution and efficiency
measurements. The results are in good agree-
ment with our previous test results of the
triple GEM detector.
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