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Abstract

A study of the electronic drift velocity in a double-GEM detector is presented. We compare measurements and simulations
done to investigate the effects of the induction parameters—electric field and gap—for different gas mixtureg30/GH,
Ar/CoHg(75/25), Ar/Xe/CQ(64/16/20) and Ar/Kr/CQ(76/19/5) at atmospheric pressure using 5.9keV X-rays. We used 2, 4
and 6 mm deep induction gaps and induction fields varying up to 6 kV/cm.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction the shape of the anode signal (rise time and pulse width)

(Guedes et al., 2003The rise time and pulse width are
important timing features of the anode signal needed to
optimize the readout electronic as in the delay line tech-
nigue used for 2D position sensitive detectoBuédes et
al., 2003.

This work reports on measurements of drift veloci-
ties through the analysis of the pulse width induced on
the anode of a double-GEM detector in the gas mixtures
Ar/CH4(90/10), Ar/GHg(75/25), Ar/XelCGQ(64/16/20)
and Ar/Kr/CQO(76/19/5) at atmospheric pressure, showing
the dependence of the electron drift velocity on the induc-
tion electric field. We also compare the results to simulations
done with the Magboltz progranMagboltz, 2002

The gas electron multiplier (GEM) was introduced in
1997 bySauli (1997) It consists of a 5@m insulator foil,
metal-clad on both sides, perforated with a high density of
small holes Bouianov et al., 2001Benlloch et al., 1998
When a suitable voltage is applied on the GEM electrodes,
a very strong electric field (above 40kV/cm) arises within
the holes, where the gas amplification process takes place
(Bachmann et al., 2002

Higher gains can be achieved using multiple GEMs as-
sembled in cascad8&chmann et al., 1999, 200Rellazzini
et al., 1998. In this case, the electric fields between GEMs
must be optimized to provide the maximum charge transfer
and to reduce losses of electrons to the GEM electrodes
(Bachmann et al., 1999; Richter et al., 2DOdoreover, as

the induction field affects the electronic drift time, it modifies
2. Apparatus and measurement procedures

* Corresponding author. Tel.: +552121417371; The schematic setup of the double-GEM detector is shown
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Fig. 1. Schematic view of the double-GEM detector.

with an inner diameter of about 5@ and 8Qum at the
metal surface. The hole pitch is 14t arranged in a hexag-
onal pattern; the overall thickness of the GEM foil is about
60um : 50um thick Kapton with 5um copper on each side.
For both the anode and drift cathode we used a metal mesh
with 81% transparency. The anode was placed at three dif-
ferent distances (2, 4 and 6 mm) from the last GEM. The
drift and transfer gaps were kept at 3.2 and 2.1 mm, respec-
tively. The detector window is a 50n thick Kapton foil.

Each electrode was powered independently and the
anode-induced signals were read through a decoupling
circuit with a current amplifier of 8 ns time constant. The
BGEM2 signal was used to characterize the detector gain
and energy resolution by using a charge amplifier (Ortec
142H, sensitivity = 700 mV/pC). Electrode polarization
was such that the detector operated with a gain of about
10* in flow mode with Ar/CH(90/10), Ar/GHg(75/25),
Ar/XelCO,(64/16/20) and Ar/Kr/CQ(76/19/5) gas mix-
tures at atmospheric pressure. We used a 5.9%%F¢ as
the photon source.

The gain for each gas mixture was obtained record-
ing the charge on the bottom electrode of the second
GEM (BGEM2) with a weak reversed induction field
(—200V/cm) insuring full collection of the charges from
the multiplication process on the BGEM2 electrode. The
drift and transfer field were kept constant at 1.5 and
2kVicm, respectivelyFig. 2 shows the gain curves for
the different gas mixtures. The energy resoluti?vt /E)
of the double-GEM detector, witd E measured as the
FWHM of the main peak of th®Fe photon source, ranges
from 19% to 20% for all gas mixtures, at a gain of*10
Fig. 3shows the energy spectrum for AgBg(75/25).

2.1. Drift velocity

The knowledge of the drift velocity of electrons in gases is

important to improve the performance of gaseous detectors.

In general, drift chambers are used to measure the drift
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Fig. 2. Charge gain as a function of the applied voltage at the
GEMs.
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Fig. 3. Energy spectrum of°®Fe source in gas mixing
Ar/CoHg(75/25).

velocity of the electrons in gas mixtureSguli, 1977 Peisert
and Sauli, 198 However, different setups may be used to
estimate the electronic drift velocity as Micromeg&olas

et al., 2002 and GEM Guedes et al., 20Q3letectors.

The motion of free electrons in gases may be described
by the classical kinetic theory of gase®efsert and Sauli,
1984 Huxley and Crompton, 1974In this model, the ther-
mal electrons under the action of an electric field acquire
a motion in the direction of the field with drift velocity
varift = #E/p, whereu is the electron mobilityE is the
electrical field strength ang is the gas pressure (the ratio
E/p is called the reduced field).

When electrons move through the induction region toward
the anode, they induce a charge distribution on that electrode.
Since the electric field is constant in this region, the induced
current signal is a box-shaped pulse whose width is the drift
time in this region. Examples of these signals recorded for
two induction fields are shown iRig. 4, where one can see
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Fig. 4. Pulses recorded with current preamplifier on anode mesh in
Ar/Xe/CO»(64/16/20) for 4mm gap for 1 and 3kV/cm induction
fields. The gain was kept constaio?).

the effect of the induction field on both the pulse width and
the pulse height. One would expect the integral of the pulses
to be the same in both cases. However, the induction field
increases the gain due to the deformation of the electric field
of the last GEM, which extends the amplification region
toward the induction regiorQuedes et al., 2003

The drift time is proportional to the applied electric field.
Therefore, it is possible to estimatgyit by dividing the
induction gap ¢) by the pulse duratiorit,,). The latter is
taken as the interval from the rising edge to the falling edge,
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magnetic fields by solving the Boltzmann transport equation.
For the drift velocity, the program computes the average
value of the velocity distribution function. For every gas
mixture we have entered the parameters according to the
actual measurements: 1 atm pressure, 300 K temperature and
an electric field ranging from 10 up to 6000V/cm with no
magnetic field.

3. Results and discussion

The electron drift velocities measured and simulated for
different gas mixtures as a function of the induction field
are shown inFig. 5 where we observe a good agreement
for fields larger than 2 kV/cm. At electric fields2 kV/cm,
the width of the box-shaped pulse is difficult to record due
to the poor signal-to-noise ratio.

All gas mixtures show roughly the some asymptotic
behavior for their electronic velocities: the drift velocity
reaches a plateau for sufficiently high induction elec-
tric field. The velocity saturates at about72m/us for
Ar/CH4(90/10), 4 cmius for Ar/CyHg(75/25), 6 cnmius for
Ar/Xe/CO»(64/16/20) and 4 crus for Ar/Kr/COx(76/19/5).
Ar/CH4(90/10) and Ar/GHg(75/25) are well-known gas
mixtures and their obtained asymptotic values agree with
results in the literatureReisert and Sauli, 19848Becker et
al., 1999 Colas et al., 2002 The experimental results ob-
tained for Ar/Xe/CQ(64/16/20) and Ar/Kr/CQ(76/19/5)
were not found in the literature and they agree with our
simulations.

At low electric fields(<1kV/cm) we can see a sim-
ilar behavior for Ar/CH(90/10), Ar/GHg(75/25) and
Ar/Kr/CO2(76/19/5) gas mixtures: the electronic drift ve-
locity increases abruptly and drops at somewhat higher
fields. This occurs due to the Ramsauer effeé8th(ff,

taken at the instants where the pulse reaches 50% of the 955 where the scattering cross-section of electrons by

maximum amplitude. Thd error is related to the accuracy
of the caliper used to measure it, and theerror is esti-

gas is reduced considerably at low field (a few eV/cm).
Therefore the electron mobility rises sharply at low fields

mated in each signal record with the scope. Since the pulse and the drift velocity increases as well. At somewhat higher
shape in its rising and falling regions look like an S-curve, glectric fields, the Ramsauer effect is minimized and the
we may use a sigmoidal function to fit it. By differentia-  cross-section increases, consequently decreasing the elec-
tion of the S-curve, one obtains a Gaussian-shapes curve,ronic drift velocity.

whose width corresponds to the uncertainty associated with g Ar/XelCO»(64/16/20) gas mixture, we observe that
the time measurement. Thg error is then taken as the sum  the electronic drift velocity increases smoothly up #o

of the standard deviations given by Gaussian fits to the dif- 2 kv /cm. This is expected because xenon is a ‘slow’ gas
ferentiated S-curve in the rising and falling regions of the (g|ative to argon Becker et al., 1999 Besides, CQ is a
pulse. Finally, we can estimate thgyir error by using the ool quencher, i.e., it has a large inelastic cross-section for
error propagation formulgKnoll, 1989. The error bars are  electron collisions, leaving the drifting electrons still ther-
shown inFig. 5. mal even for a large electric fieldPgisert and Sauli, 1984

2.2. Simulations
4. Conclusion
In order to check the experimental results, we used the
Magboltz program to simulate the electron drift velocity We measured and simulated the drift velocity of electrons
for the current set of gas mixtures. Magboltz computes the in Ar/CH4(90/10), Ar/GHg(75/25), Ar/Xe/CQ(64/16/20)
gas transport parameters in a wide range of electric and and Ar/Kr/CQy(76/19/5) gas mixtures for a double-GEM
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Fig. 5. Comparison between the drift velocity of electrons and drift velocity simulated in different gas mixtures versus induction field. The

drift and transfer field were kept constant at 1.5 and 2kV/cm, respectively. The lines are drawn to guide the eye.

setup with 2, 4 and 6 mm induction gaps. A good agreement laboratory is a unit of CBPF, which is financially supported
between measured and simulated data is observed, especialypy the Brazilian Ministry of Science and Technology,
for induction fields larger than 2 kV/cm. We have also found and has received grants from FAPERJ and PADCT in its
electronic drift velocity independence with respect to used implementation stage.
gap.
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