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This article describes measurements of the electron drift and diffusion parameters in gas mixtures, suited for application in a
microstrip gas counter. The aims were to optimize for position resolution. detection efficiency and response time . The
measurements were done in mixtures of Ar, CF4 , C,H,, Xe, CO, and DME by using a pulsed UV laser beam .
We report results from tests in a particle beam for efficiency and position resolution of the counter using the two gases found to

be most promising in the laser tests .

1 . Introduction

The microstrip gas counter (MSGC) is derived from
the multiwire proportional chamber . It consists of an
insulating substrate on which an anode-cathode struc-
ture is etched in a metal film of a few Rm thick . A
potential difference between anode and cathode can
create electric fields near the anodes large enough to
cause gas multiplication of electrons . A cathode plane
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placed a few mm above the surface ensures, that clcc-
trons freed in the gas above the substrate will drift
towards the anode strips and can be multiplied to an
observable signal . Fig . 1 shows the layout of such a
device, which has an anode-anode distance of 2(0 p,m
and a gas gap of 3 mm.

Several groups [11 have shown, that this type dctcc-
tor is capable of detecting minimum ionizing particles
with good accuracy . The position resolution of the

Fig. 1 . Diagram of the MSGC, showing two particle tracks with angles a and al spreading ionization over one respectively ten
strips .
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device is dependent on the signal to noise ratio of the
signals, as the localization of the ionization is done via
a center of gravity calculation on the signals from
neighbouring strips. This implies, that the properties of
the gas to be used need to be optimised for:
® primary ionization density (n p ),
® diffusion,
-- gas multiplication .
The ion mobility does not enter this list, as the ions
produced in the avalanches travel only the distance of
50 p,m to the closest cathode strip in a field of about
100 kV/cm, so the ion drift time is short . High count-
ing rate applications of the MSGC require a short
response time of the detector . This time is determined
by the drift time of the primary electrons across the gas
gap, so one aims for a high drift velocity in combina-
tion with a narrow gas gap. Operation of the detector
in a magnetic field is only possible if the Lorentz angle,
(the angle between drift path of the electrons and the
electric drift field) is reasonably small . As this angle is
proportional to the electron mobility A = V,t1E, we
searched for gas mixtures with a low mobility but
nevertheless a high drift velocity . This combination is
possible at high electric fields. The first selection of
candidate gases has been done on the basis of the
primary ionization density . We based our choice on
existing data [2] reproduced in table 1 . It shows the
number of primary clusters (rt p ) and the total number
of electrons (rt t ) per cm track of a minimum ionizing
particle in gas at standard temperature and pressure .
The gases marked with superscript "a" have a higher
value of tip than argon, the gas most commonly used in
gaseous particle detectors and in most cases also a
higher Pi t . DME is a promising candidate, as it is
measured to be very radiation resistant [3] .

Section 2 describes measurements of the drift veloc-
ity and transversal diffusion in drift fields (E) between
0.8 and 10 kV/cm using a UV laser. These fields are
higher than normally applied in drift chambers, be-
cause we wanted to combine a high drift velocity with a
small Lorentz angle i.e . low mobility ,u = V�/E. The
maximum gas amplification cannot be much higher
than 104 , because the quadrupole field around the
anode strip is falling with 1 /R 4 instead of the 11R
behaviour of an anode field in a normal wire chamber .
The quadrupole field is produced by the potential

Table 1
Counter gases considered in this study

Gas

Ne

	

Ar
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Xe "
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22

	

44
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" Gas with an n p value higher than that for argon.
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between anode and cathode strips . Section 3 reports
the results of tests of the operation of the MSGC with
two gas mixtures in a particle beam . The emphasis in
these tests was put on detection efficiency, because this
parameter determines the width of the gas gap needed
and thus the collection time of the electrons in the
detector .

2. Drift velocity and diffusion measurements

Since only few data exists about drift velocities in
the electric field range above a few kV/cm, we had to
measure them for the selected gas mixtures at drift
fields up to 10 kV/cm. The two-stage nitrogen laser [4]
is very suited to perform these measurements, as it can
produce a small spot of intense ionization in a counter
gas. The ionization cloud can be confined to a few mm
along the beam and about 10 Wm across . From the
time of arrival and the charge pattern on the anodes of
the MSGC` we obtained the drift velocity and diffusion
of the elcctrons freed in the gas . The start of the time
digitizer was given by the pulse from a fast diode
exposed to a part of the laser pulse . The stop was given
by the anode signals from the MSGC. The laser focus
was moved vertically to the microstrip plane over about
1 .5 mm with a sledge accurate to 1 Rm. The gas
envelope illustrated in fig . 2 was used for both the laser
and the beam tests . Fig . 3 shows an example of the raw
data of one of the drift time measurements . The points
form a straight line, whose derivative is the drift speed .
We focused our attention on mixtures containing

xenon and dimethyl ether (DME), as these gases are
the best candidates for accurate track measurements
given the high primary ionization density of these gases.
We added CF,4 and CO., to raise the drift velocity. Fig .
4 shows the results of 4 mixtures containing Xe, DME
and CF4 . The Xe /CF4 mixture is fast, but it has a
drawback not shown here : the attenuation length of
electrons in CF4 is extremely short at high drift fields .
This was already seen by Dolgoshein et al . [5] and it is
also observed in our measurements, although the drift
length was only a few mm in our setup . Fig . 5 shows
the attenuation as measured in our apparatus . The
attenuation at low fields is inaccurate as we could use
only 1 .5 mm drift path . We see, that the attenuation
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Fig. 2. Drawing of the test chamber used with particles and
laser beams. The laser beams entered horizontally through

the side windows.

suddenly rises at 6 kV/cm. Another problem is, that
the mobility is high, so the performance in a magnetic
field is questionable .
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Fig. 3. The measured drift time (t) as a function of vertical
distance (d) from the anode plane for Xe/CF4/DME
(78/18/4) at 7 kV/cm. The fit corresponds to a drift velocity

of 34 g,m/ns.
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Fig. 4. Drift velocity (t - ,,) measured as a function of drift field
(E) for mixtures containing Xe. CF, and DME in the ratios

7()/30/0 (1). 78/18/4 (2) and 72/17/11 (3) .

Fig. 6 shows the measured drift velocities for vari-
ous mixtures of Xe, CO, and DME. It follows, that the
proportion of Xe in the gas should be less than 50°,r to
obtain speeds above 50 p.m/ns. Fig. 7 shows a few
binary mixtures with widely different characteristics .
The fastest gas (COQ ) cannot be used, as its gas multi-
plication on the strips is nearly a factor of 10 lower
than the mixture of Xe, CO, and DME. The attainable
gas amplification of the mixtures was compared by
measuring the maximum attainable count rate (A)
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Fig. 5. Attenuation (A) of drifting electrons in CF4 /Xe
(30/70) measured as a function of the drift field (E).
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E (kV/cm)
Fig . 6 . Drift velocity measured as a function of the drift field
(E) for mixtures containing Xe, CO, and DME in the ratios

31/38/30 (1),46/46/8 (2), 20/5/65 (3), 69/21/10 (4) .

during irradiation with a 9"Sr beta source . Table 3
shows for instance, that CO, with a small amount of
quencher is unsuited for application in a MSGC, but
mixtures containing more than 30% DME reveal to be
very promising .
We tried to measure also the transverse diffusion

coefficient during this study, but all mixtures with a
dominant CO, or DME component have a diffusion

N
c
E

E (kV/cm)
Fig . 7 . Drift velocity measured as a function of the drift field
( E ) for some binary mixtures : (1) Xe/DME (88/12), (2)
Xe/DME (48/52),(3) DME, (4) DME/CO Q (61/39) and (5)

CO, /C-,H S (95/5) .
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Fig . 8. The diffusion parameter (a) as a function of the drift
field (E) for Xe/DME (88/12) .

coefficient too small to be measured directly with our
detectors, as the sampling period is 200 ~Lm and the
drift distance is 2 mm. Fig. 8 shows the data obtained
with XE/DME 88/12, which gas has a diffusion high
enough to be measured.

3. Tests in particle beams

E (kV/cm)

The results reported here were obtained during two
runs in a particle beam at the PS in CERN. The setup
consisted of the gastight chamber as shown in fig . 2,
containing four MSGCs, the whole sandwiched be-
tween two beam defining scintillatoos. The chamber
was rotated 90° to adapt to the horizontally incoming
particle beam. Each counter had 64 strips of 92 mm
long of which only 16 could be connected to the DAQ
due to the limited number of preamplifiers available .
The anode-anode pitch was 200 wm, so the sensitive
area of the counters was 3.2 mm across the strips. The
scintillation counters limited the accepted area of the
beam to 3 x 3 mm2 . During the first test period the
limitation of the beam in the strip direction was neces-
sary to avoid degradation of the measured resolution
due to alignment errors between the counters . In the
second series of runs this problem was solved by intro-
ducing marks on the glass substrate and aligning these
with a microscope. In this way the four counters could
be aligned to 20 Rm over the whole strip length .
Transfer of the events was initiated by a scintillator
coincidence . An event was recorded if at least two
MSGCs showed a signal above a software threshold,
set at four times the rms of the noise per channel . The
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Fig. 9 . The position resolution (rms) of the MSGC as a
function of the amplitude threshold using Ar/C,H, (82/18)
and Xe/DME (88/12). The amplitude is plotted in units of

thousand electrons Me - ) at the input of the preamplifier.

data presented here were taken with gas gaps of 2.8,
3.3 and 4.3 mm above the substrates . The beam inten-
sity was - 10 kHz on a few mm`. The data transfer
rate was limited by the data acquisition system to about
600 Hz.

The efficiency of a counter was determined by
defining a track with the other detector pianes within
the sensitive surface of the counter and counting its
response as a function of threshold . The space resolu-
tion was measured by taking a triplet out of the four
planes and determining the deviation of the central hit
from the position defined by the two outer planes .

3.1 . Results ofAr and Xe mixtures

Fig . 9 shows the measured space resolution of
Ar/C,H6 82/18 and Xe/DME 88/12 as a function of
amplitude threshold . The gas gap widths were, respec-
tively, 4.3 mm for the Ar and 3.3 mm for the Xe
mixture . Fig . 10 presents the efficiencies measured in
the same runs . The superiority of the xenon mixture is
clearly demonstrated, however one needs to compro-
mise between optimum resolution and good efficiency .
The xenon mixture has other disadvantages : the drift
velocity is low and the diffusion constant is high, so the
response was slow and the projection of the electron
cloud on the strips was wider than found in mixtures
containing CO, .

The argon mixtures as listed in table 2 were tried .
All the mixtures showed a gas gain and produced
pulses with a rise time around 30 ns, indicating drift
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275
0
V

W

100

50

25

Fig. 10 . The efficiency (E) per detector for the same two Ar
and Xe mixtures as a function of the amplitude threshold

expressed in ke - .

velocities well above 50 p.m/sec . The efficiencies
reached in the Ar/CO, mixtures at the maximum
anode-cathode voltage iV',~x were below the rather
modest results obtained with Ar/C 2H, shown in fig .
10 .

3.2. Residts i1 ,itlr Xe /DME / CO, 30/30 / 40 and DME
/CO, 60/40

The laser tests reported in section 2 pointed to
these two mixtures as being the most suited for appli-
cation in the MS5GC. This is confirmed by the results
shown in fig . I1 from the second beam period . The
figure compares the efficiency of these two mixtures
with the best result from the binary Xe mixtures . It is
clear, that here the resolution hardly depends on the
discrimination level ai.ymore, as all events have a high
pulse height . The low diffusion constant of these mix-
tures gives some problems with the center of gravity
calculation of the charge which was used to determine
the position of the track: up to 50% of the tracks
produced only one hit in the detectors, while 45%

Table 2
Argon mixtures used
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ArM Co-,
"7,1

C,H E,
(~10]

Vmax

IV]
48 48 4 630
45 45 10 630
63 35 2 610
66 34 - 610
80 - 20 530
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Fig . 11 . The efficiency (r) per detector for (1) DME/CO,
(60/40), (2) Xe/DME/CO., (30/30/40) and (3) Xe/DME

(87/13) as a function of the amplitude threshold .

delivered two hits. Therefore the position determina-
tion is dominated here by systematical errors. This is
illustrated by a plot of the resolution as function of the
incident beam angle shown in fig . 12 for the DME/CO;
mixture. The minima of the curve correspond to inci-
dent angles such that the strips in the successive coun-
ters are aligned with the beam particles. The resolution
averaged over all angles is 32.5 lLm. Fig. 13 shows that
the Xe/DME/CO., mixture has much less variation as
a function of incident beam angle due to a larger
diffusion .
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Fig . 12 . The resolution (rms) in p.m measured as function of

the incident particle angle (a) for DME/CO, .
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Fig . 13 . The resolution (rms) in p,m measured as function of
the incident particle angle (a) for Xe/DME/CO., .

The positions calculated by the center of gravity
method contain systematic errors due to the sampling
granularity of 200 gm. Fig. 14 shows the residuals
measured as function of the position of the track on
the strip for tracks incident between 0° and 1° . The
resolution improved to 30.0 ± 2 wm at 96% efficiency
by correcting the data for this effect . Increasing the
angle a to 90° gives a situation where the particles
traverse the detector parallel to the microstrip plate at

Fig . 14 . Systematic errors (xr,f + xm«,) in the position mea-
surements of a MSGC in DME/C02 (60/40). The position
x r, i on the anode strips is calculated from two outside detec-
tors . The plot is obtained by combining runs from an angular
scan such, that the systematic errors in xr,f are eliminated .
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Fig. 15. Efficiency (F) of a single strip of the MSGC for a
particle passing parallel to the strip surface and perpendicular
to the strip direction as a function of the amplitude threshold .

The gas used was Xe/DME/CO 2 (30/30/40).

right angles to the strips. This situation occurs in track
detectors positioned in a magnetic field around the
beam pipe of a high energy collidcr. Particles of low
momenta. typically below a few hundred McV/c, tend
to describe circles in a magnetic field of a few tesla . It
is advantageous if the detector is insensitive to these
particles [6] . Fig. 15 shows a beam measurement of the

/ Gas mixtures in microstrip gas counters

efficiency of one strip to these particles. for two differ-
ent cathode voltages . The data show (a. upper fund
of the efficiency around 33îc,. which is the value that
can be derived from Poisson statistics of primary ion-
ization clusters in 0.2 mm of gas. A comparison of the
figs . 11 and 15 learns, that a threshold of 6()() give% the
detector filled with Xc/DME/CO, an efficiency of
96% for normally incident articles and 6%- per strip for
particles parallel to the substrate and perpendicular to
the strips.

The best gases produce events with a charge distri-
bution confined to one or two strips. thus any event
producing charge on three or more strips has a high
probability to be a double track. This argument is only
true if al tracks have projections confined to one strip.
This implies, that the effective two-track resolution will
depend heavily on the geomctr, of the application of
the detector. Pulse heights are abad indicator, because
the primary statistics of the ionization is very poor in
the small gas gaps used .

4. Conclusion

It has been shown that the specific conditions ncc-
essaty to make the MSGC into a fast versatile particle
detector can be met with two gas mixtures :
Xc/DME/CO, 30/30/40 and DME/CO, 60/4(1.
Full efficiency and a nominal resolution of 30 gm arc
attainable using a 2.8 mm thick gas volume . The speed

Table 3
Drift properties of gas mixtures . E.,,, = maximum drift field applied to the mixture ; 1,,m,. = maximum drift velocity ; E( e m:,x ) = drift
field to obtain t-m� , ; A = maximum counting rate `"'Sr source. Vdip (A) = voltage between anode and cathode strips on the plate to
obtain maximum amplification
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Mixture Composition
[`%]

Em;,x
[kV/cm]

t'dmax
[p.m/ns]

E("dmax)
[kV/cm]

A Vdi,, (A)

[V]

Xe/CO, /DME 76/13/11 5.0 42.0 3 .0 - -
69/21/10 8.0 47.7 3 .5 4200 530
61/29/10 8.0 51 .2 3 .5 3950 540
47/45/8 8.0 59.1 7 .0 6000 600
31/38/31 9.0 59.5 7 .0 23000 710
6/8/86 11.0 53.6 10 .0 54000 790

30/5/65 10.0 51 .8 10 .0 54000 750

Xe/CF4 70/30 8.0 95.9 3 .0 11800 610
80/20 7.0 71 .2 2 .5 8400 580

Xe/CF4 /DME 78/18/4 7.0 62.4 3 .0 7200 560
72/17/11 8.0 60.5 3 .0 12000 570

Xe/DME 88/12 7.0 37.5 2 .0 15900 550
48/52 9.0 50.0 6.0 41000 710

DME/CO, 99/1 12/0 54/5 11 .0 41500 810
60/40 10.0 69 .1 10 .0 42000 770

CO, /C, H, 95/5 10.0 100.0 10 .0 1900 800
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of response will then be adequate to meet the count
mite conditions its encountered in the next generation
hadron colliders . The results of the DME/CO, mix-
tttre show, that in this case the position measurement
is seriously affected by systematic errors clue to the
pitch of 2U(1 Rm used in the detectors . A smaller
sampling, granularity will reduce these errors and might
lead to an even better accuracy of the detector .
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