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Abstract

Antipov Yu.M. et al.Drift Tubes for the SAMUS Muon Spectrometer of
DO Detector: IHEP Preprint 39-228: - Protvino, 1989.- p. 12, tabl.
4. figs. 9. refs.: 12.

The construction and manufacturing procedure of 6000 drift
tubes for the SAMUS muon spectrometer of the DO detector are
described in detail. The diameter of the stainless steel tubes is
30 mm, their length varies within the range from 0.2 to 3.8 m. A
testing procedure of the main parameters of the tubes is proposed
and the results of testing all the tubes after manufacturing are
given. With the pure methane filling the maximum drift time for
electrons is 0.16 JJS, the plateau of effective detection of
minimum ionizing particles is equal to 1.0 kV and the coordi-
nate resolution is a = 0.3 mm.

Аннотация

Антиггов Ю.М. и др. Дрейфовые трубки мюонного спектрометра SAMUS
установки D0: Препринт ИФВЭ 89-228. - Протвино, 1989 - 12, с.,
4 табл., 9 рис.* биСлиогр.: 12.

В работе детально описана конструкция и технология изготовления
шести тысяч дрейфовых трубок мюонного спектрометра SAMUS установки
DO. Диаметр изготовленных из нержавеющей стали трубок равен 30 мм,
их длины варьируются в диапазоне от 0,2 до 3,8м.Предложена процеду-
ра контроля основных параметров трубки , приведены результаты
проверки всех трубок после изготовления. При заполнении трубок
чистым метаном максимальное время дрейфа электронов составляет
0,16 мкс, ширина плато эффективной регистрации минимально ионизи-
рующих частиц равна 1,0 кЕ. координатное разрешение имеет величину
а =0,3 мм.

Институт физики высоких энергий, 1989.



Introduction

Large experimental facilities for the colliding beams are

usually equipped with muon detection systems [1-3]. which is

necessary for the solution of the problems facing modern

elementary particle physics. A muon spectrtometer SAMUS (Small

Angle MUon Spectrometer) is being constructed for the DO

experiment at the FNAL pp collider for the detection of rauons

within the angular range from 4° to 9° [4.5]. It consists of two

arms symmetrical relatively the interaction point. Each arm

consists of a toroidal steel magnet for hadron shower

absorption and muon deflection, and three drift tube stations

for muon track reconstruction. Table I presents the main

parameters of the drift tube stations for SAWS.

Table

Basic parameters of the drift tube stations for

SAMUS spectrometer

Number of the stations

Station label depending on

its position from the

interaction point

Number of planes in the station

Total number of planes

Tube axes orientation in the

planes w.r.t. the vertical

direction

Station dimension

Beams hole sizes

Number of tubes in the plane

Total number of tubes

Tube length

2 x 3 = 6

А. В. С

XYU = 3

2 x 3 x XTU = 18

Y(90°). U(45°)

330 x 330 x 30 cm

51 x 51 cm A and В

76 x 76 cm
2
 С

256(X)+256(Y)+352(U)=864 A.B

274(X)+274(Y)+378(U)=926 С

5308

from 0.2 to 3.8 m

li



The present paper describes the design of the drift tubes,

test procedure. and the results on studying their

characteristics, when the drift tubes were filled with pure

me thane (CH,).
4

Design of Drift Tubes

One of the ends of the drift tube is presented in fig.1. The

main part of the drift tube design is a stainless steel tube

(3). Its walls are 0.5 mm thick, and its inner diameter is 29

+ 0.2 mm. For such a diameter the maximum drift time for

electrons in fast gases such as- СН
Д
. СР

Д
, is only 0.16 y,s. Also

efficient selection of muon tracks at high background level is

guaranteed by such small diameter of the tubes [6]. A groove

Pig.1.Drift tube design. 1- wire for HV supply and
signal read out. 2-insulating tube, 3-stainless steel tube
30 mm in diameter. 4-silicon rubber. 5-epoxy, 6-groove.
7-anode wire, 8-copper pin. 9-endcap, 10- 11-soldering'
12-ground wire



(6), on the tube, is used to fix the end cap (9). The endcap

with gas inlet for gas input-output is cast under pressure from

polystyrene. For better hermiticity a layer of silicon rubber

(4) runs along the tube circumference. The outer diameter of the

central pin (8) is 1.25 mm and its inner diameter is 0.4. mm.

The 25 cm long wires (1) and (12) end with the connectors to

the HV board. The opposite end of the tube has not these wires.

The anode wire is stringed along the tube axis with the

tension of 208 g and is soldered to the pin. Gold plated

tungsten wire (Sylvania.USA) of 50 цл) diameter is used for this

purpose. The deviations of the wire diameter from the nominal

was not more than 0.5 (j.m. The wire tension in this case in the

middle of the linear deformation range for the given wire.

Under this tension the sagitta for the horizontal anode wire was

0.3 mm for 3.2 m tubes. Special supports are designed in the

stations in order to avoid this trouble for the tubes

themselves. Under temperature changes the anode wire tension

varied by 0.5jS/C°.

Table 2

Comparison of average values and RMS deviations of maximum

wire tension

Crimping

Soldering

P. В

503

528

13

б

Two methods of fixing the anode wire,i.e., the copper pin

crimping and soldering, were compared. In both cases the length

of the pin where the wire is fixed was 5 mm. The test results

are presented in fig. 2 and In Table 2. For the three crimping

samples we observed that the wire get out at P < 475 g. At the

temperature of 275 + 20° and time of soldering less than 5s the

characteristics of the seam did not worsen, tin solder

P0C61 being used. Soldering provides a reliable electrical

contact as well as good hermiticity of the pin central hole.

After delivering the tubes from IHEP to PNAL the anode wire

tension did not change within the measurement error limits (
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Fig-2. Comparison of different anode wire fixings: /- crimping
\ - soldering.

The design considered here is a further modification of the

drift tubes used in the SIGMA experiment at IHEP [8,9].

Manufacturing Procedure of the Drift Tubes

The manufacturing procedure of the drift tubes consists of

several stages. First, the tube is cut to special length with i

0.5 mm accuracy. Then the groove for the endcap fixing is

rolled. The inner surface of the tube is cleansed with gasoline

and isopropylic alcohol. The wire is stringed through the tube

in horizontal position. The endcaps with a pre-glued pin are

inserted into the tube. The endcaps are glued with epoxy in the

tube in vertical position. After epoxy drying the tubes are put

into the horizontal position, and wire is stringed with the help

of weight and then soldered and the pin is put into the

insulating tube. After the delivery of the tubes a silicon

rubber layer is put along the endcap-tube Junction.

Drift Tube Tests

Right after being produced the tubes were tested so as to

check their performances and to make necessary changes in the

manufacturing procedure. The block-scheme of the test

equipment is presented in fig.3.Ten tubes may simultaneously be



tested.A commutating unit is used to connect the tubes

to various devices.
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Fig.3. Block-scheme for drift tube test equipment.

The first step in the testing procedure is to check the

hermiticity of the .drift tubes. Ten tubes are connected in

series through a flexible tubing, thus providing one common

volume. Excessive pressure of 0.2 atm is created in the tubes

and then the gas source is disconnected. The pressure drop is

measured with a pressure gauge. The set of tube is considered to

be gooa. if the relative change of the gas pressure was less
_3

than 2-10 per two minutes. Table 3 enlists the number of tubes
that were rejected after the tests. Thirteen tubes had a leakage

due to industrial defects in the tube walls and because of the

defects in the endcaps.

Table 3

Test results for drift tubes

Totally produced

With gas leakage

Resistance pr tension of

the wire out of the accepted

range

Large dark current

Total number of good tubes

pieces

6625

13

9

252

6351

*

100

0.2

0.1

3.8

95.9

Then the anode wire resistance was measured between the ends



of the tubes. This allowed one to control the fire diameter,

contacts and wire rupture. The resistance of the wire per unit

length was 29.5 fi/m. RMS measurement accuracy was 0.3 П and it

was due to the difference In the contact points of the wire in

the pin. The tube was accepted if its resistance differed from

the calculated one not more than by 30.

The next step in the test was to measure the wire tension, in

this case we applied the technique proposed in ref.[10]. The

mechanical oscillations in the wire were excited by the force

arising when the central part of the wire was placed in the

magnetic field and audio generator supplies the excitation

current to the anode wire. With the resonance at the

fundamental harmonic a change in the phase shift between Mne

signal from the gen srator and the current in the anode wire was

observed on the scope. The value obtained for the resonance

frequency for a set of tubes 322 cm long is given in fig. 4.

Since the resonance frequency is proportional to the square root

of the tension, one may come to a conclusion (fig. 4) that the

relative RMS spread for the tension makes up 1.7 %

F = 208 + 3g (1 )

This spread is weakly dependent on the tube length and is

close to the measurement accuracy. The tube was considered to be

good at ДР/Г < 10%. The defects in all 9 tubes were due to the

wire resistance or tension caused by the slips in assembly, (see

Table 3).

At the final stage the drift tubes were filled with

Ar (70) t-CO,, (30) gas mixture and the dark current for each tube

under high voltage was measured. A fast rise in the dark current

unambiguously coincided with the end of the counting

plateau,i.e., when the noise signals from the tubes increased

sharply.Curve 2 in fig.5 corresponds to the current rise for

good tubes. The tubes for which the current rise started

significantly earlier, were rejected (see curve 1 on fig.5). We

accepted the wires whose dark current was not higher than 5 nA

at 2525 V. Only 3.8% of the tubes had the dark current beyond

the threshold. Prom our investigations this took place because

of the the defects in the anode wire.
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Fig.4. Distribution of the
anode wire resonance frequency
for the tubes 322 cm long. The
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35.3 Hz.
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After all tests polyethylene plugs were put on the gas inlets

of th,e tubes for transportation.

Performances of the Drift Tubes Filled with Pure Methane

With pure methane the deviation of the time-coordinate

dependence on the linear one in the whole tube was not more than

0.3 mm [9].The slope of the straight line, which characterized

the average electron drift velocity, was 10.0 cm/fis.

One-component gas is very convenient for the practical

applications.



Fig. 6 presents the dependence of counting the signals from

the Sr source and noise pulses on high voltage. The threshold

of the electronics is equal to 2.0 |o.A here and in what follows.

The width of the counting plateaus 1.0 kV. In the whole voltage

range the tube operates in the proportional and limited

proportional modes. The noise level at the plateau does not

exceed 0.1 kHz.

Fig. 7 presents the test tube set which corresponds to the

SAMUS drift tube plane. The HV dependence of the efficiency of

such a tube set was investigated when the tubes were exposed to

40 OeV/c muon beam in the I direction. The results are presented

in fig.8. The difference of the efficiency from unity at the

plateau is not more than some fractions of percent and is caused

by the electronics dead time.

To determine the coordinate resolution of the tubes, they

were exposed to a muon beam in the II direction (see fig.7).

The events when tubes 1,3.5 fired simultaneously were selected.

For these events using the drift time measured in the tubes we

found the quantity

1 5

a = -1 2 _
 t { 2

)

2
 J

Fig. 9 presents the fi-distribution under uniform radial

irradiation of the tube and at 3.6 kV. The transition from the

RMS deviation of б to the coordinate resolution of one tube is

given by the expression

. a
e
 (3)

where V
d
 is electron drift velocity. Substituting the known

values into (3) the value obtained for the coordinate resolution

of one tube is cr = 0.3 mm.

X

Table 4 enlists the main characteristics of the SAMUS

spectrometer drift tubes filled with pure methane.

8
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Table Д

Characteristics of the tubes filled with pure methane

Plateau width for MIP effective detection 1 .0 kV

Spread of the plateau knee for

different tubes +15 V

Tube noise at the plateau <0.1kHz

Maximum electron drift time 0.16JJ,S

Nonuniformity of the gas amplification <10%

factor along the wires

Coordinate resolution.ст„ 0.3mm

Conclusion

A simple and reliable construction has been proposed for 30

mm diameter drift tubes made of stainless steel. The length of

the tubes varies from 0.2 m up to 3.8 m, which allows one to

constructs coordinate detectors of the SAMUS muon spectrometer.

The testing procedure which helps in finding tubes with poor

performances has been described. The performances of the drift

tubes filled with pure methane have been investigated. These

performances meet the requirements imposed on the SAMUS

coordinate detector. However the flammability of the methane

makes us look for mixtures using fast safety gases [11,12].

The Authors express their gratitude to A.A.Mitin's team of

technicians for high quality assembling of the drift tubes. We

are also indebted to the participants of the DO collaboration

for the support and fruitful discussions.
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