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Abstract
Denisov D.S., Musienko Yu.V. Rectangular Drift Tube Characteristics: IHEP

Preprint 85-73. - Serpukhov, 1985. - p.8 , figs. 5, refs.: 9.

Results on the study of the characteristics of a 50x100 mm
2
 aluminium

drift tube are presented. The tube was filled with argon-methane and argon-

isobutane mixtures. With 16% methane concentration the largest deviation

from a linear relation between the drift time and the drift path over 50 mm

is less than 2 mm. The tube filled with argon-isobutane mixture is capable

of operating in a limited streamer mode.

Аннотация

Денисов Д.С., Мусиенко Ю.В. Характеристики дрейфовой трубки прямоугольного се-
чения: Препринт ИФВЭ 85-73. - Серпухов, 1985. - 8 с., 5 рис., библиогр.: 9 назв.

Приведены результаты изучения характеристик алюминиевой дрейфовой трубки
прямоугольного сечения 50 х 100 мм . В качестве газового наполнения использова-
лись аргон-метановые и аргон-изобутановые смеси. При концентрации метана 16%
отклонение зависимости время-координата от линейной не превосходит 2 мм. Трубка
может работать в самогасящемся стримерном режиме при заполнении смесями арго-
на с изобутаном.

©Институт физики высоких энергий, 1985.



In recent years the systems of drift tubes are more

and more widely used in large experimental set-ups in high

energy physics/
1
"

4
^. Simplicity of their manufacturing

and tuning, inexpensive materials and electronics, high

reliability permit successful construction and operation

of the set-ups with some tens of thousands of tubes cove-

ring thousands square meters.

Drift tubes made of aluminium profile are supposed to

be used in the muon identifier of the IHEP tagged neutrino

experiment. The total area of the system of tubes is 10
3
m?

To reduce the number of channels it is necessary to use

a profile with a large size of the drift cell. We studied

the characteristics of a 50x100 mm
2
 drift tube.

EXPERIMENTAL SET-UP

The layout of the expe-

rimental set-up is shown

in fig.l. The tube is made

of aluminium 6 mm thick.

The silver-plated berilli-

um bronze wire 100 ̂ m in

diameter is stretched along

the tube axis. The tube is

0.7 m long. A system of

collimators form the beam

of electrons from Sr
17
" so-

urce. The slit in the col-

limators is lmm wide.Elect-

rons pass in to the tube

through 3 mm wide windows

covered with aluminized my-

lar. The electron beam in-

tensity is lO^pps.The co-

incidences of two photomul-

tipliers signals were used
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Fig. 1. Experimental set-up. 3 -anode

wire, 2 - aluminium tube, 3 -

mylar windows, 4 - collimators,

5 - scintillator, 6 - PMs.



as a trigger. When high voltage dependence of the tube ef-

ficiency was measured, the electron beam was passing near

the anode wire (x = 0 cm).

THE CHOICE OF GAS MIXTURE

Gas mixture to fill the drift tubes should meet the

following requirements:

1. A small value of the electric field at which the

drift velocity is saturated and, consequently, the space-

time relationship in a strongly nonuniform tube field be-

comes close to linear.

2. A large value of the drift velocity to enhance the

high-rate capability.

3. A big signal pulse-height (the limited streamer mode

is desirable).

4. A large efficiency plateau.

Unfortunately, these demands are contradictory. To sa-

tisfy the first requirement one should use the mixture with

a small fraction of quencher. However, with a smaller qu-

antity of quenching admixture the drift velocity,as a rule,

reduces, the maximum available signal pulse-height is fal-

ling, and the efficiency plateau becomes smaller. The cha-

racteristics of the drift tube filled with argon-methane

and argon-isobutane mixtures have been studied.

ARGON-METHANE MIXTURES

To reduce the maximum drift time it is necessary to

fill the tubes with gas mixture which permits the maxi-

mum electron drift velocity. This property is characteris-

tic of the argon-methane mixtures'
5
Л Fig. 2 shows the

tube efficiency versus high voltage at different fractions

of methane, the electronics threshold is 2 /xA. The back-

ground rate versus high voltage is also shown in fig. 2

(the source of electrons being removed). The plateau due

to cosmic rays is distinctly seen.

Fig. 3 shows the space-time dependences for different

fractions of methane. The curve shape depends on the drift

velocity versus electric field/
5
/. With 16% of methane

the deviation of the space-time relationship from a linear

one does not exceed 2 mm over the total drift path. The



decrease of the electron drift velocity near the tube wall

at large fractions of methane is well seen. This can easi-

ly be understood as the electric field intensity near the

wall is 0.13 kV/cm at 5.8 kV voltage, but the electric

field at which the drift velocity in pure methane is satu-

rated is 0.5 kV/cm.
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Fig. 2. Efficiency and background rate versus high voltage for argon-methane
mixtures. Numbers near the curves are methane concentration (in per-
cent).
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Fig. 3. Space-time relationship

for argon-methane mixtures.

ARGON-ISOBUTANE MIXTURES

То make the electronics less sophisticated it is natu-
ral to use the limited streamer mode of operation. In re-

/fi 7 /

cent years this mode is widely investigated'°» " and

frequently used in the tube systems'^»**'. General



regularities of this mode of operation and numerous bib-

liograDhy can be found in/9/. j
n
 order to study the oossi-

bility of application of the limited streamer mode we ob-

served the ooeration of the tube filled with argon-isobu-

tane mixtures. In fig. 4a,b one can see the efficiency and

background rate of the tube versus high voltage for vari-

ous fractions of isobutane. Fig. 4b demonstrates a capa-

bility of the tube to operate in the limited

streamer mode for fractions of isobutane 26% and

53%. The efficiency plateau at 26% of isobutane

is lower than at 53%. It seems to be caused by a

large deat time of the limited streamer mode at small
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Fig. 4. Efficiency and background rate versus high voltage for argon-isobu-

tane mixtures. Electronics threshold: a) 2 <iA, b) 0.2 mA. Numbers

near the curves are isobutane concentration (in percent).
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fraction of isobutane. With 15% of isobutane we did not
obtain a high efficiency in the limited streamer mode.
The behaviour of pulse-he-
ight for all mixtures in
the limited streamer mode V H

s e c

is approximately the same:
with the appearance of li-
mited streamer signals it
is about 0.5 mA, with the 3
high voltage growth it is
increasing up to If2 mA.
The duration of the limi-
ted streamer signals is
rapidly decreasing with 2

:

the increase of the iso-
butane fraction. It is
about 1 |is at 15%,0.3 цз
at 26%, and 50 nsec at
53% of isobutane. 1

In fig. 5 the space-
time relationships for
various fractions of
isobutane are presented.
It can be seen that there 0
is no drift velocity satu- 0 1 2 3 A 5
ration almost along the X.cm

whole drift path: the
Fig. S. Space-time relationship for

argon-isobutane mixtures.
space-time correlation is

strongly nonlinear. To ob-

tain the space-time rela-

tionship close to linear it is necessary to increase the

intensity of the electric field in the drift cell. It be-

comes possible with an anode wire of a larger diameter,

i.e. at higher working voltage. However, the drift tubes

with nonlinear space-time relationship can also be used.

Our investigations proved that aluminium drift tubes

with large cross-section can be successfully used in

high energy physics. The most expedient application of

these tubes is in muon identifiers.

The authors express their gratitude to S.P.Denisov and

Yu.M.Antipov for useful discussions.
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