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a b s t r a c t

At NISER-IoP detector laboratory an initiative is taken to build and test Gas Electron Multiplier (GEM)
detectors for ALICE experiment. The optimisation of the gas flow rate and the long-term stability test of
the GEM detector are performed. The method and test results are presented.

& 2015 Elsevier B.V. All rights reserved.
1. Introduction

Gas Electron Multiplier (GEM) is one of the most important
micro-pattern gaseous detectors used in the recent and being
considered for future High-Energy Physics (HEP) experiments
[1,2]. For example A Large Ion Collider Experiment (ALICE) at the
Large Hadron Collider (LHC) Facility is upgrading its multi-wire
proportional chamber based Time Projection Chamber (TPC) with
GEM units. In line with the worldwide efforts, we have also taken
an initiative in NISER-IoP experimental high-energy physics
detector laboratory to build and test of GEM detector prototypes.
The GEM foils and other components are obtained from CERN [3].
The detector is tested with 60Co, 137Cs and 90Sr radioactive sources
with Ar/CO2 gas in 70/30 volume ratios. The temperature and
atmospheric pressure are measured and recorded continuously
using a data logger developed in-house [4]. Effect of the tem-
perature and pressure on anode current is measured. Variation of
the count rate is also measured with varying flow rate. The long-
term stability test is performed measuring the anode current with
time. The details of the test results are presented in this paper.
2. Description of the GEM module

A triple GEM detector prototype, consisting of 10 cm� 10 cm
standard stretched single mask foils, obtained from CERN is
assembled with the drift gap, 2-transfer gaps and induction gap of
niser.ac.in,
3, 2 ,2, and 2 mm respectively. A voltage divider network is built by
resistors and a single high voltage (HV) channel is used to power
the GEM detector. The detector has XY printed board (256 X-tracks
and 256 Y-tracks) in the base plate and worked as readout plane.
Each of 256 X-tracks and 256 Y-tracks are divided into two 128 pin
connectors. In each 128 pin connector a sum-up board (provided
by CERN) is used and a single signal is taken by a Lemo cable. The
signal is fed to a charge sensitive pre-amplifier and subsequently
to a spectroscopic amplifier. After discrimination the signals are
counted by a scaler.

On the other hand during the anode current measurement the
Lemo output of the sum-up board is directly connected by a very
small Lemo cable to a 6485 Keithley Pico-ammeter.
3. Experimental results

In this section the experimental results are presented that
mainly include optimisation of the gas-flow rate and long-term
stability test.

3.1. Optimisation of gas-flow rate

The variation of the count rate with gas flow rate is measured.
The gas flow rate is measured using the water displacement
method. A measuring cylinder is filled with water and its top is
covered with a plastic sheet. It is then inverted in a plastic box
half-filled with water such that the plastic foil was lying com-
pletely flat on the base of the box, but still covering the top of the
measuring cylinder. The plastic cover is gently pulled out and the
open end of the gas-outlet tube from the detector is now gently
put into the measuring cylinder by slightly tilting it. A particular
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volume ð70 mlÞ of the gas in the cylinder is measured and the time
interval (t in minutes) is measured using a stop watch. The gas-
flow rate is calculated.

The count rates are measured with different gas flow rates and
different voltages. The plots are obtained for count rate as a
function of the gas flow rate for different sources, at different
applied HV as shown in Fig. 1. From Fig. 1 the count rates are found
to be maximum at around 65 ml/min gas flow rate for all sources
and for all applied voltages.
3.2. Long term stability test

The long-term stability of the triple GEM detector is studied
using 90Sr source and measuring the anode current with and
without source continuously [5]. At some intervals of 10 min, the
anode current with and without source is measured. Simulta-
neously the temperature (t in °C), pressure (p in mbar) and relative
humidity (RH in %) are recorded from a data logger, built in-house,
with a time stamp [4]. The output anode current for the source is
given by

isource ¼ iwith source� iwithout source ð1Þ

where isource is anode current due to source, iwith source is the
measured anode current when the detector is irradiated by the
source and iwithout source is the anode current without any source.
The variation of anode current due to source is plotted as a func-
tion of total period of operation in Fig. 2.
gas flow rate (ml/min)
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Fig. 1. Count rates vs. gas flow rate for 60Co, 137Cs and 90Sr.

time (h)

0 50 100 150 200 250 300 350

an
od

e 
cu

rr
en

t (
nA

)

-0.3

-0.28

-0.26

-0.24

-0.22

-0.2

-0.18

-0.16

-0.14

-0.12

-0.1

Fig. 2. Variation of anode current as a function of time.
The absolute value of anode current ðjanode current j Þ is plotted
as a function of T/p and fitted with a function

janode current j ðT=pÞ ¼ AeBðT=pÞ ð2Þ
and is shown in Fig. 3, where Tð ¼ tþ273Þ is the absolute tem-
perature in Kelvin and p is in atmospheric pressure.

It is well known that gain of a gas detector depends on T/p. The
relation between the gain (G) of a GEM detector on absolute
temperature and pressure is given by [6]

GðT=pÞ ¼ AeBðT=pÞ: ð3Þ
The value of the parameters A and B obtained are 1:356� 10�6

and 0.03934 atm pr/K. Using the fit parameters, the isource was
normalised by using the following relation:

inormalised ¼
isource
AeBðT=pÞ

: ð4Þ

To check the stability of the detector with continuous radiation,
the normalised absolute value of anode current was plotted against
the total charge accumulated per unit irradiated area (that is directly
proportional to time) of the detector. To calculate the total charge
accumulated, the average current of two time say t1 and t2 is taken
and multiplied by the time interval ðt2�t1Þ. The total charge accu-
mulated will be the sum of accumulated charge over all the intervals
during every two adjacent readings. To get total charge accumulated
per unit area, the total charge accumulated was divided by the area of
the irradiated area. The normalised absolute value of anode current as
a function of dQ/dA is shown in Fig. 4. The distribution of the nor-
malised absolute value of anode current was fitted with a Gaussian
function. The peak value of the distribution has been found to be
around 1 with a sigma of 0.079.
4. Conclusions and outlooks

Triple GEM detector prototype building is started. The detector
is tested with a gas mixture of Ar/CO2 of 70/30 volume ratio. The
count rate of the detector depends on the gas flow rate and it is
optimised. This is because due to increase of gas flow rate the gain
of the detector increases if there is leak in the detector some-
where. Because increasing gas flow rate the electronegative O2

content decreases [7]. On the other hand increasing gas flow rate
further the pressure increases which decreases the gain. When
this two effects work simultaneously then an optimum flow rate is
observed which gives the maximum gain.

The long-term stability test of this detector is performed using
90Sr beta radioactive source. No ageing is observed even after
T/p (K/atm pr)
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Fig. 3. janode current j as a function of T/p.
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Fig. 4. Variation of normalised janode current j as a function of dQ/dA.
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operation of the GEM detector for about 350 hours or after an
accumulation of charge per unit area of 0.05 mC/cm2.
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