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1. PURPOSE

The purpose of these measurements is to study the influence of the
gap width, the distance between wire plane and meshes (hlgh-voltage planes),
on the performance of a proportional wire chamber ') (PWC). The results.
lead‘to a selection of the best gap w1dth_su1table for operating a FWC.

2. THE APPARATUS

2.1 Geometry of the chamber
A special PWC with a variable gap width is used that allows widths
of 2, 4k, 5, 6 and 8 mm.

The chamber itself is 10 cm x 20 cm and contains 20 cm long molybdenum
wires of 20 u diameter spaced at intervals of 2 mm. Other dimensions are

quoted in Fig. 1.

The gas flushlng the chamber is a mixture oontalnlng 20% 1sobutane
and 80% argon.

2.2 Set-ups for measurements

Two different set-ups are used.

2.2,1 A FET prbbe is‘direcfly doﬁnected to one wire of the chaﬁber
in order to measure, across a resistor of 10 k{, the méximum pulsé height
‘originating from the 5.9 keV photopeak of an ®°Fe source. All other wires
are connected to ground as shown in Fig. 2. The pulse height is visually

measured on a scope.

2.2.2 The efficiency is measured with a collimated ®°Sr f-ray source
(set-up in Fig. 1). The signals arriving from four adjacent wires are fed
into anYOR-gate. Thesebfour wires define an 8 mm wide strip. Below this
strip twd'counters, one thin (1 x 20 x 50 mm®) and one thick
(10 x 120 x 120 mm>®) allow a monitoring of the number of particles which
go through the FWC. '

The electronic scheme used for these measurements is shown in Fig. 3
and the efficiency is defined as the ratio between the number of counts
in Scaler 2 and Scaler 1. The overlap time between the very short pulses
- (2 nsec) coming from the wires and the coincidence output of the two count-
ers is fixed at 30 nsec by the shaper Sw. .
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2.2¢3 The séme set-up can be used to give the time distribution of
one wire by means of a time-to-amplitude converter (TAC). The coincidence
© 8ignal from the two counters starts the TAC, while the signal from the
wire stops it. The TAC output feeds a multichannel analyser.

Figure La shows a typical time distribution (3.2 kV high voltage,
4 mm gap width). In this distribution one can distinguish three regions
(Fig. 4b): the peak (A), the tail (C) and the boundary region (B) between.
These time regions originate from electrons in different space regions of

the chamber as shown in Fig. 4c.

The pulses in the regions A and B are sufficient to reach more than
99% efficiency. This is based on a measurement with an 8 mm gap PWC of
which 32 wires were used. Only the first pulse was used for the coinci-
dence with the scintillation counters within 30 nsec. This yielded an
efficiency of 99.9%. On the other hand the time distribution of the
32 wires shows no tall, whereas the time distribution of one wire is simi-
lar to the one of this chamber with an 8 mm gap. These results are assum-
ed to be true also for smaller gap widths. The pulses coming in time re-
gion C always have an additional pulse on one of the adjacent wires within
the time regions A or B, These additional delayed pulses contribute to

the accidental rate.

The accidental rate in the chamber depends on the length of the tail.
Thus, it is essential to reduce, as much as possible, the length of the
tail, and this is a criterion to choose the best gap width.

3., RESULTS

First, it should be noted that the chamber does not work with a 2 mm
gap width, that is the gap equal to the wire spacing. This is due to the
presence of a guard-strip connected to ground which is at a distance of
1 mm when the gap width is 2 mm,

3.1 Efficiency

The efficiency and pulse height curves are shown in Figs. 5 to 8 for
four different gap widths. The maximum efficiency reaches at most 88%.
" The loss is due to the faect that we take into account only four wires so

that a reasonable fraction of electrons go through the chamber outside
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this region. The decrease of the maximum efficiency from 4 to 8 mm gap
width is due to the geometry of the set-up; the smaller the gap, the larger
the solid angle of the apparatus.

Figure 9 shows the variation of the discharge voltage with the gap
width., This voltage is defined as the voltage at which large pulses occur

on the wires when the source is removed.

In Fig. 10 (upper curve), the length of the plateau of the efficiency
curves is shown as a function of the gap width. The length of the plateau
is defined as the range of voltage between discharge voltage and the volt-
age corresponding to 95% of the maximum efficiency.

One can see that this plateau decreases slightly as the gap width
becomes smaller, but at 4 mm gap width the plateau is still more than
500 V long and the relative length (length/average voltage of plateau) is
the largest for 4 mm gap (Fig. 10, lower curve).

3.2 Time distributions

The width of the peak depends very little on the gap width. It is

always of the order of 30 nsec.

On the contrary, the total length of the time distribution (peak plus
tail) varies with the gap width according to Fig. 11. The four points
plotted are in good agréement with a linear variation.

The ratio (counts in tail/counts in peak), which is correlated to the

accidental rate, varies with the gap width as shown in the following table:

Gap width Ratio

L 0.45
5 0.57
6 0.69
8 0.95

This means that with an 8 mm wide gap, each particle that goes through
the chamber yields two pulses on adjacent wires. The first comes during
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the first 30 nsec, while the second may come up to 200 nsec later. In
order to compare-with the result obtained in a beam perpendicular to the
wire pléne, the same ratio for a comparable amplifier and an 8 mm gap
width was of the order of 0.25 |
The‘use of a k mh wi&e gap.in an operating PWC does not lead to any

pérficuiar troﬁble, and presents several advantages:
a) lower voltage is required;

b) - the relative length of the plateau is better than with other gap
widths;

c) the time distribution exhibits a shorter tail, that means a smaller -

accidental rate.

* * *
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Figure captions

Fig, 1
Figa 2
Fig, 3
Fig. &4
Figs. 5-8
Figo 9
Fig. 10
Fig. 11
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Set-up for measurements with f source.

Elecfronics for efficiency measurements (4 wires taken).
Electronics for pulse height measurements (1 wire taken).
Typical jitter spectrum taken at 3.2 kV with 4 mm gap width
(1 wire only).

Efficiency and pulse height curves as function of high volt-
age for four different gaps of the chamber.

Discharge voltage and voltage at 60% of maximum efficiency

in the efficiency curves versus the gap of the chamber.

Length of the plateau in efficiency curves as function of
the gap. This plateau is defined down to 95% of maximum
efficiency. Relative length means the ratio 1ength/éverage
voltage of the plateau.

Total length of the jitter spectrum given by the PHA as a
function of the gap width (the time distribution is taken
at the average voltage of the plateau).
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