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Systematic measurements of the electron drift velocity have been 
made for four argon-hydrocarbon vapour mixtures : argon-methane, argon-
ethylene, argon-ethane, argon-propane and values of the electric field 
ranging from 0.3 to A Kv/cm. The results are analysed in terms of stability 
and "saturation" of the drift speed. The effects of the electron diffusion 
are also investigated. 



In recent years, the use of drift chambeis having a rather snail 
drift path and a non-homogeneous electric field has- been proposed by 
various experimental groups. In such a chamber, the position accuracy is 
limited by the variation of the drift velocity in the non-uniform electric 
field. Therefore it is necessary to find gas mixtures for which this 
variation is as small as possible. Currently favoured gas mixtures are : 
A-CH^ (90 % - 10 % ) , A-C2fl6 (50 % - 50 7') and A-C 4U | Q . This last 
mixture has been extensively studied but very little data is available 
concerning the others. This paper describes a systematic and comparative 
Study of the drift velocity in a A-CH,, A-C-H,, A-C H, and A-C-Hg in order 
to find the best mixture to use in the system of drift chambers being built 
for the experiment DM2 at Orsay . 

THE EXPERIMENTAL METHOD 

We use an apparatus (fig. I) designer! to monitor the drift velocity 
ir the gas entering or leaving our drift chamber system. The principle of 

2 3) the measurements has already being described by various authors . In a 
uniform electric field, electrons from a source create secondary electrons 
which drift in the field and are ultimately detected by a proportional tube. 
The use of sources at known distances provides a way of cancelling out most 
of the systematic errors. 

The drift volume is defined by a set of 2/10 mm copper plates with 
a quasi circular hole (0 » 15 mm) in the center stackedwith 2 mm thick 
lucite spacers, glued together. The homogeneity of the resistors in the 
chain which distributes the voltage to the electrodes is better than 2 %. 

The accuracy of the voltage supply, checked against a calibrated resistor 
is better than 1 % from 0 to 25 Kv. The voltage is fed either at one end or 
in the middle of the stack. In that case, a maximum field of 4.8 Kv/cra can 
be obtained at the expense of a loss in accuracy. 

90 Three S sources (1. mC) are located at fixed positions along the 
drift volume. A hule (0 = 1 mm) in the lead container and the corresponding 
slit ( 1 * 4 nm) in a lucite spacer collimate the electrons. On each container 
a simple lead cylinder can be moved to block or clear the electron beam 
without moving the sources. Kapton windows (12 pin) maintain the drift volume 
gas tight. 
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After crossing the drift volume, the electrons are detected 
by three snail, scintillators (2 * 6 x 10 inn) viewed by a single photo-
multiplier. Due to multiple scattering most of the electrons entering 
the drift volume are not able to pass through the second slit. The actual 
counting rate for the electrons traversing the drift volume and detected 
by the scintillators varies with the nature of the gas. For example it is 

2 34 counts/s in pure ethane (X„ - 45.5 gr/cm ) and 22 counts/s in pure 
argon <X0 - 22.2 gr/cm 2). 

After drifting in the uniform field, the electrons enter the 
proportional tube (0-12 mm) by passing through a grid which materializes 
a zero voltage equipotential. Two plastic needles position a 20 um tun:?ten 
wire. The single rate (2000 counts/s) is mainly due to the large number of 
electrons lost in the drift volume. The efficiency is about 95 % and 
indépendant of the gas used. This rather low value is attributed to the 
large yield of secondary photons created in the material surrounding the 
sources and triggering the scintilIdtors. 

Two flow-meters realize the proper mixture of gases. They are 
calibrated for each gas by a displacement technique. At a given temp .rature 
and pressure the absolute error on the proportion of each constituent is 
of the order of 1 %, 

An electron detected in a scintillator starts a TDC ORTEC 467. 
The stop is provided by the wire signal after amplification by a linear 
amplifier LRS 612 followed by a discriminator. The detection threshold is 
300 uV/50 S3. Fig. 2 shows on a multichannel analyser the peaks corresponding 
to two sources separated by 36.7 mm. By measuring the difference in time 
between the two peaks, one can calculate the drift speed since the distance 
between the two sources is accurately known. The linearity of both the TDC 
and the analyser were checked and found better than 1 % within the full range 
of the measurements. The TDC range was adjusted to keep the errors in the 
time difference to the order of 0.5 %. When looking at the results (Fig. 3) one 
can be convinced that the point to point error, which is dominated by the 
statistics, is better than 1 %. Nevertheless, although special care has beçn taken in 
order to track any possible bias in the measurements, the systematic errors 
dominate. The most troublesome problem we encountered was a variation of 



the measured speed as a function of the gas flow rate. This effect was 
attributed to outgassing and we found that the measurements were stable 
and reproducible over "several weeks when the gas flow rate was faster 
than 0.06 1/mm. We did not correct the measurements for temperature and 
pressure variations but worked at about normal conditions (20°C and ) atm.) 
in order to keep the induced error smaller than 1 %. So we believe that for 
a given gas, the systematic errors are not larger than 2 Z. We did not use 
expensive high purity gases» but rather commercial gases similar to those 
used in high energy experiments. The stated purity was as follows : 
CH 4 : 99.9 %, C ^ : 99.95 Zt C^s : 99.9 %, C 3H G : 99.5 Z. Although it 
is known that even a small amount of impurities can affect the drift velocity, 
this effect has not been taken into account in the evaluation of the syste
matic errors quoted above. 

RESULTS 

We compared our measurements with those already published (fig. 3). 
For pure CH, and pure C_H, our results are in good agreement with those 
given in references 4) 7) S) 9). The agreement is also good for A-C„H, 
(50 % - 50 £) not shown in fig. 3. For the A-CH, mixture, we compared our 
results with those of T. BORTKER and J. COBB ' and found an apreciable 
disagreement. Their measurements were done at low pressure and it is not 
clear if the relation W = fi—i which is used to extrapolate the results to 
the atmospheric pressure is correct. The same argument is valid for our C2H4 
measurements which disagree with the results of E. WAGNER , A. BRESKIN 3), 
T. BORTNER 7 \ J. PARKS 6^ and D. CHENG 5 \ It should be emphasized that 
even these results disagree among themselves. For propane we found no published 
results to compare with. 

Our results appear in fig. A to 7. For clarity each curve, corres
ponding to one mixture, has been shifted by 10 units (20 for CH,). The scale 
is indicated for pure gas and the dotted line associated to each curve 
corresponds to V = 50 um/ns. 

The saturation on argon-methane occurs only when the methane contents 
is less than 30 ?.. In argon-ethylene, the saturation does not appear except 



- 5 -

for a very narrow range of the electric field and a content of ethylene 
larger than 30 %. The résulta for ethane and propane are displayed in fig. 8 
where the variation of the speed W. - W„ / <W> is plotted as a function of 
the gas composition. V,, and W. are the speed for E„ = 4 Kv/cra and E. = 0.5, 
0.75, 1 Kv/ctn respectively. The saturation of the drift velocity can only 
be analysed by reference to a given drift chamber design. For example, in 
our detector, on more than 80 % of the drift distance, the field varies only 
from a minimum value of 1 Kv/cm to 4 Kv/cra. So it is clear, from fig. 8, that 
the best saturation (A %) will be achieved with a large proportion of ethane 
(more than 80 7.) or 50 % of propane. 

The stability of the drift speed for a given mixture is an important 
parameter which can be examined in fig. 9 and 10. As a general trend, the 
stability increases together with the organic vapour content. 

In order to get a better saturation, it is necessary to use a three-
gas mixture. It had already been noticed by various authors * that the 
adjunction of a small amount of nitrogen tends to stabilize the drift speed. 
We verified this effect for various gases and gases mixtures. In fig. 11, 
one can see that although the saturation is not better than 12 % in an argon-
ethane mixture 50 % - 50 Z, by adding 1.7 % of nitrogen one can reach a 
saturation of about 1.6 %. Unfortunately a side effect of the use of nitrogen 
is that the chambers tend to become noisy. 

INFLUENCE OF THE DIFFUSION COEFFICIENT 

The ultimate accuracy one can reach in a drift chamber is limited 
by the intrinsic value of the diffusion coefficient of the gas mixture. In 
the theory of electron mobility in gases the diffusion is assumed to be iso
tropic. In fact, it has been found by E. WAGNER et al, that the longitudinal 
coefficient (i.e. in the direction of the electric field) was 6 time smaller 
in argon than the transversal one. The limitation of accuracy is related to 
this longitudinal coefficient which is the dominant factor for spreading 
the arrival time of the electrons. 
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It is possible to use our expérimental technique to obtain some 
information on diffusion. The widths of the peaks shown in fig. 2 are due 
to several causes and among them one can list : 

- the geometrical definition of the electron beam. 

- the multiple scattering of the electrons from the sources. 

- the variation of the drift speed due to the non-uniform electrical 
field in the proportional counters. 

- the diffusion in the gas. 

If one assumes that the two sources are identical, the observed 
differences in the widths of the two peaks come only from the diffusion 
in the gas between the two sources. The peaks are fitted by gaussian-like 
distributions and we define : 

, 2 2.1/2 
(02 " V 

o = 
where L is the distance between the sources. So, o corresponds to the diffusion 
for a 1 cm drift path. In fact, both the longitudinal and the transverse 
coefficients as well as the statistical effect of the first collected electron 
participate to the exact value of a. Nevertheless, given our experimental 
procedure, the measurement of o provides a way to make comparisons between 
different gases in a situation similar to the one in a real drift chamber. 

In fig. 12, a is plotted versus the electric field for pure methane, 
propane and ethane. It does not vary much between 0.5 and 2 Kv/cm. Ethane has 
n slightly smaller o than propane. This effect disappears when a mixture 
including argon is considered. For an electric field of 1 Kv/cm fig. 13 shows 
that o increases with the argon proportion which rapidly dominates the 
diffusion. 

To conclude, we have shown that it is possible to find proper 
mixtures of argon-ethane and argon-propane for which the variation of the 
drift speed from I Kv/cra to k Kv/cm does not exceed 4 %. As these mixture 
would provide similar accuracy, the actual choice by the experimentalists 
can only be guided by economical factors and personal preferences. 

I 
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FIGUHE CAPTIONS 

Fig. 1 Pictorial view of the electron drift velocity monitor. 

Fig. 2 Results of a measurement as it appears on a multichannel analyser. 

Fig. 3 Comparison of our measurements with those already published for 
pure methane, ethane and ethylene. 

Fig. A Electron drift velocity in argon-methane mixture for 10 different proportion 

Fig. 5 

Fig. 6 

Fig. 7 

Fig. 8 Study of the velocity saturation for different values of electric field, 
H corresponds to the difference in velocity for a field E = 4 Kv/r*n 
and E = 0.5, 0.75, 1 Kv/cm respectively. 

Fig. 9 Drift velocity in ethane for fixed value of the electric field and 
function of the mixture composition. 

Fig. 10 Drift velocity in propane for fixed value of the electric field and 
function of the mixture composition. 

Fig. II Variation of the drift velocity in an argon-ethane mixture (50 % - 50 X) 

when a small amount of nitrogen is added. 

Fig. 12 Variation of the diffusion in 3 pure gas as a function of the electric 
field. 

Fig. 13 Variation of the diffusion in argon-ethane as a function of the mixture 
composition. 
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