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ABSTRACT
An array of 32 thin-walled drift tubes was traversed by a 20 GeV proton beam
and the resulting track reconstructed. The spatial resolution was measured as a
function of the number of individual coordinates recorded. The frequency of &-
rays and the criteria for the rejection of non-statistically distributed coor-
dinates were studied. A value of o = (156 + 5) um/¥N was cbtained using N drift

tubes, while the accuracy of an individual tube was found to be Crube 135 um.

(Submitted to Nuclear Instruments and Methods)



INTRODUCTIgﬁ

Charged-particle detectors for future storage-ring experimentsl) will require
high spatial resolutionz) and compact design, combined with maximum operating re-
liability under high rate conditions. Thin-walled drift tubes meet the above re-

quirements,

The arrays consisted of 32 drift tubes of 1 cm diameter with 0,25 mm aluminium
walls. They had a length of 30 cm and a tungsten wire of 40 pyw in their centre,
They were tested with 20 GeV protons at the CERN PS, with different gas mixtures
and at beam rates up to 600 counts/s-=cm, A spatial resolutiomn of Utube < 135 um
nas been achieved. Combining several tubes results in a substantial improvement
in resolution. Measurements incompatible with probability criteria demanding a

straight track are rejected and therefore most of the 6-rays are eliminated.

These tubes are operating at present with excellent reliability under severe

. 3
synchrotron radiation background at MARK J at PETRA ).

SET-UP AND RESULTS

The beam b;s of the CERN PS was used for the studies. TFigure 1 shows the
test set-up. Protons of 20 GeV energy traverse aﬁ array of 32 drift tubes in a
2 mm wide beam, defined by the two counters trig 2 * trig 3. Trig 1 is used for
suppression of accidentals. The drift-tube array can be displaced perpendicular
to the beam and sense-wire direction with an accuracy of 0.01 mm. The signal frow
the positive sense wire (typically at +2.20 kV) is shaped in a preamplifier and
recorded in a LeCroy 2228 8-channel time-to-digital converter ({TDC) with a reso-
lution of 0.2 ns/chanmel. The start comes from the beam coincidence trig 1 *

® trig 2 * tvig 3.

Two gas mixtures were measured: A — argon (55Z)-ethane (45%) and B - argon (667}-
ethane (34%). For both mixtures the drift velocity across the tube radius was
measured in 0.5 mm steps. 1In both cases the result is vy = 50 2 (+0.6) um/ns; how-
ever for mixture A the high voltage had to be at 2.30 kV to guarantee constant
drift velocity., Figure 2 depicts the HV plateau curves for one tube. Ome notices
that full efficiency is reached at a value approximately 100 V lower than needed
for coustant drift velocity across the tube radius. The individual tubes cause

a spread in the omset of the plateau by another 50 V, The measurement was carried



out at a rate of approximately 600 counts/s-cm and the efficiency versus radial

distance was found to be 100% as close as G.25 mm to the inmer tube-wall,

Figure 3 shows a typical event. The raw TDC data are depicted on the left
side, whereas the right part contains corrections for the TDC slope and offset,
as well as for the relative alignment of the drift tubes. The solid 1line gives

the reconstructed track y = ax + b with Ga = (.26 mrad and ¢_ = 50 um with a

b
x?/D.F. = 0.76. The reconstruction succeeded in the second attempt only, since

points further away from the track than 5 o (o be = 135 um) were rejected,

tube tu
to exclude 8-rays.

Figure 4 depicts the drift-time distribution sampled over 1000 events. The
full y-scale corresponds to the tube radius, i.e. 5 mm or 100 ns. The peak width
is caused mainly by the finite size of trig 2 % trig 3. The contribution of &-
rays can be seen on the low y-side of the peaks since the TDCs stop on the first

pulse after the common start.

Figure 5 gives the distribution of points participating in the track recon~
struction as a function of their distance from the track {expressed in units of

Otube = 135 um). The dotted liné is calculated assuming a Gaussian distribution.

The non-statistically distributed measurements are 6.6% of the reconstruc—
ted track. Their main source is S-rays, but electronic cross-talk, bad fiducials,
and nen-uniform drift velocity are additional sources. Tt is important to exclude
these coordinates, since especially iu the case of §-rays their effect does not

average out,

Finally the 1/¢/N law was checked for the spatial resclution over the range
5 < N < 2l. There is good agreement with the data for o = (156 % 5) Lm/vN, as
shown in Fig. 6, The somewhat higher value for N = 1 as compared with Cvube

= 135 im arises from the rejection of points farther away than 5 ¢ » without

tube

taking inte account the change of N,
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Figure captions
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Experimental set-up.

Efficiency versus high voltage. Solid line: gas mixture A. Dotted

line: gas mixture B,

Display of a typical event with two rejects according toy 2z 5 O\ ube’

Integrated drift-time distributions for the complete drift~tube array.

Y/o for a reconstructed

Frequency of (y -y tube

meas reconstructed
track., 8olid line: measured values, Dotted line: statistically

calculated values assuming a Gaussian distribution,

Spatial error as a function of measured points.
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