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RECENT ADVANCES IN WIDE-GAP DRIFT CHAMBERS
DEVELOPING FOR THE SPECTROMETER HYPERON})

V.HLINKA, R. JANIK, P. POVINEC, B. SITAR, Bratislava?)
E.KLADIVA, B, SEMAN, J. SPALEK, Kosice?)

G.S. BITSADZE, Yu. A. BUDAGOV, v. v. GLAGOLEV, V.M. KOROLEV,
A.A, OvaS»ZmZNO. A.A.SEMENOV,S. V. SERGEEV, Dubna*)
A.M.BLIK, A.S. SOLOVYEYV, Serpukhov®)
A.B.YORDANOV,R. V. TSENOV, Sofia®)

LA MINASHVILLI, Toilisi”)

A. M. ARTYKOV, mmSmnrmsaav
M.N. OMELYANENKO, Dubna®)

Characteristics of wide-gap electrodeless drift chambers and their utilization for the
measurement of electromagnetic shower position in the spectrometer HYPERON are
described. The electrodeless drift chambers have several advantages: they can safely
operate in high particle fiuxes (>10° particles s7'), they have a smal| number of
information channels, good spatial resolution and linearity, and a simple construction.
Several methods of data processing from the wide-gap drift chambers are compared. The
electrodeless drift chambers enable to reach a high efficiency and a very good spatial
resolution of electromagnetic shower registration.
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Particle deteciors in high energy physics experiments have enormous dimen-
stons and a large number of electronic channels (~10% is necessary for signal
processing. Therefore, it is important to search for new ways how to make large,
but less complicated and less expensive detectors.

For coordinate detectors this means to use drift chambers instead of more

20—-25 mm are mostly used. However, in areas far from the beam zone, chambers
with large drift gaps (50—100 mm) could be used without significant losses in the
accuracy of particle localization, These, the so-called wide-gap drift chambers can
be about 10 times less expensive than the common drift chambers or proportional
chambers,

the high energy spectrometer HYPERON.

II. ELECTRODELESS DRIFT CHAMBERS

Recently a new type of wide-gap chambers — electrodeless drift chambers — has
been proposed [1, 2]. There are no maE-mrmnmzm electrodes in them and the
necessary homogeneous electric field is created by a positive ion deposition on the
chamber walls made from an insulator | 1—4].

There is no doubt about the advantages of the electrodeless drift chambers, e. g.
a drift of electrons over a distance of about 1 m can be performed in such
a chamber.

chamber, we realized that a proper choice of material for the chamber construction
and a higher sensitivity of electronics should allow to use the chamber in high
intensity particle beams. In our previous work [5] we tested for the first time the
characteristics of the electrodeless drift chamber in a flux of more than 10° particles
s™! per wire. In this paper we present the results of DEW measurements,
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Fig. 1 shows a diagram of wide-gap drift chambers. The electrode chamber (Fig.
1a) is shown for comparison with the electrodeless drift chambers (Fig. 1b, 1c and

walls of the chamber is shown in Fig. 1b. In the chambers with gain-control
electrodes (100 um thick wires stretched near the fibre-glass surface parallel to the
signal wire, Fig. 1 ¢, d) the field is also shaped mainly by positive jon deposition. Al
chambers had walls made of fibre-glass 1.5 mm thick (mark SE [5]) with earthed
copper foils on their outer side. All chambers were 20 mm thick with a maximum
drift length of 100 mm. Signal wires of 30 um in diameter were used. The
dimensions of the chambers (a) and (b) were 200 x 300 x 200 mm?® with 1 signal
wire, chambers (c) and (d) were 1000 x 1000 x 2000 mm?® with 5 signal wires (Fig.
1d for simplicity shows only one signal wire). A gas mixture of 82 % argon and
18 % isobutane was used as the gas filling of the drift chambers.

Fig. 2. The block scheme of the electronics, DC

— drift chamber, Al, A2 amplifiers, DISC

_ &mnlam:ws_., F ADC — flash ADC, M. H.
TDC — multi hit TDC,

Fig. 1. Electrode (a) and electrodeless drift cham-
bers (b, ¢, d). Uy — the anode voltage, U, — the
voltage on the field shaping electrodes.

The chambers were tested in e*, x* and proton beams with the energy of

(~2kV) has been obtained.



In the electrodeless drift chamber it is practically impossible to change the signal
amplitude by changing the anode voltage. One way how to change the amplitude of
the signal is to introduce the gas gain-control electrodes. We noticed that one wire
on each side of the senge wire (Fig. 1¢) does not change effectively the gas gain.
This should be done using two strips on the wall surface, or using more wires to
form a strip (2 mm wide in oyr case, see Fig. 1d).
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Fig. 3. The mean amplitude (A) and the mean Fig. 4. The efficiency of the electrodeless drift
charge (Q) as functions of the anode voltage in chamber vs the anode voltage.
the electrodeless drift chamber.

The other way how to change the amplitude of the signal is to use an additional
aplifier. Our amplifier (A2 in Fig. 2) can change the amplitude ten times, that is
enough for obtaining a high efficiency. The chaber (1d) is efficient over the whole
sensitive volume, as shown in Fig. 5. In this figure also the track efficiency is shown,

linearity between the measured drift time and the particle coordinate, shown in Fig.
6. From this dependence necessary constants — the drift velocity and the overall
delays are found. It can be seen that the drift velocity in similar chambers (1), (2))
is equal.

A good spatial resolution was achieved in the large electrodeless drift chamber

(type 1d). The resolution changes as Vx from 250 Hm at x =10 mm to 400 um at
x =100 mm (Fig. 7), where x is the drift distance.
The electrodeless drift chambers could work in relatively high particle fluxes
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Fig. 5. The full efficiency (®) and the track efficiency (O) as a function of the drift distance.
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a higher ampl we did not see the change of efficiency with the flux
rate. neither d the measured coordinate, of the Spatial
resolution change w
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Fig. 7. The spatia} resolution vs the drift length X.
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The line corresponds to function VX,

thickness of the chamber (including frames and electronics) is 25 mm, their weight
is ~5kg.

Ill. MEASUREMENT OF ELECTROMAGNETIC SHOWER POSITION
WITH WIDE-GAP DRIFT CHAMBERS

H:m. wide-gap drift chambers have been successfully applied for measurement of
coordinates of electromagnetic showers in the spectrometer HYPERON.

3 GeV positron beam. A layout of the experiment is shown in Fig. 9. The trigger
consists of 3 scintillation counters S,, S, and S;, Cherenkov counters C;, C, and G,
and narrow scintillation counters S, and S; (1 mm width). The shower energy was
determined by the Cherenkov shower lead-glass detectors consisting of 12
lead-glass TF-1-000 counters with dimensions 100 x 1000 x 350 mm? each. In
front of the lead detector there is an active converter made of the same lead-glass
where the measured shower energy coincided with the beam energy within the
energy resolution of the detector (AE/E~6 %). The impact point of a particle at
the converter was determined by the drift chamber DC-1. This js the electrode

260

wide-gap chamber (type 1 a) of 200 X 300 X 20 mm? with one anode and the drift
length of 100 mm. The chamber had on the inner surface copper strips parallel to
the wire 1.5 mm wide witha 5 mm pitch. At the distance of 100 mm from the signal
wire there are electrodes under voltage — Up. A divider with an accuracy of
<0.5 % was used to produce a linear potential on the strips. The coordinate of the
shower axis was determined by the drift chamber DC-2 placed 10 mm behind the
converter (the electrodeless wide-gap chamber, type 1b, of 200 x 300 x 20 mm?
with one anode and the drift length of 100 mm). A gas mixture of 82 % argon and
18 % isobutane was used as the gas filling of the drift chambers. The block scheme
of the electronics is shown in Fig. 2.

To determine the coordinate of the shower axis the position of maximum charge
density, corresponding to the centre of the high energy conversion electron jet, was
measured. The axis of such a jet follows in principle the direction of the
gamma-quantum (electron) entering the converter. To fix the position of the
maximum charge density, the charge from adjacent electron and positron tracks is
integrated both inside the drift chamber and in the electronics. As a result the
strongest signal corresponds to the central jet of the shower, while small amplitude
signals correspond to single electrons far from the shower axis. Choosing the
optimum threshold one may reject most of the small signals from single electrons,
maintaining at the same time a high efficiency of shower detection.

The electron drift time from the shower axis depends linearly on the coordinate.
The drift velocity found from these measurements’is about 5 cm/ps at a field

strangth of about 600 V/em and it does not depend on the voltage in the interval

500—700 V/cm.
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Fig. 8. The efficiency of the electrodeless drift chamber vs the flux rate per wire for two amplification
coefficients A, and A, (A;>A)).




about 1 ns (~50 um in space).
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Fig. 9. ,::.w n.xum.aanza_ set-up. §,, S,, S, S, and Fig. 10. The spectrum of the charge distriution
Ss — scintillation counters, C,, C, and G, from a shower registered by the drift chamber as
— Cherenkov counters, DC-1 and DC-2 —_ drift obtained at the output of ADC.
chambers, AC — active lead glass converter, SD
— shower lead glass detector, M — magnet.

The coordinate resolution for showers js determined from the distribution of the
values AX =X, — X, &&Qo X is the impact point for the high-energy positron at
the 8.?28? determined by the DC-1; and X, is the shower axis coordinate,
determined in the DC-2.

Methods of determination of the coordinate X, were discussed in [9]. Here we
shall compare results obtained by 4 methods :

i) the TDC method

ii) the ADC method — centre of gravity; here the shower coordinate of the
centre of gravity of the ADC spectrum

v&”M \»..K\M A,

1,2, ..., 256) and X, is the coordinate determining the position A,

obtained by weighting one part of the signal with maximum amplitude. This part
consisted of the channel with maximum amplitude and two channels from the right

and left side.

Fig. 11. The distribution AX=X,~ X, as ob-
tained by various methods. The thickness of the
converter was 4 X,

8-4048-84048-8-4048-8-4048
DISTANCE FROM THE SHOWER AXIS [mm]

The space resolution of the chamber was obtained from the distribution
AX=X, - X,. Fig. 11 compares these distributions as obtained by the above
discussed methods. All distributions were measured simultaneously under the same
experimental conditions. The thickness of the converter in these measurements was
4X,. The measured distributions were fitted by gaussians. Although the calculated
distributions do not fit experimental points at larger distances from the shower axis,

experiments published in literature. ) e
~The resolution o, defined as a,, = FWHM/2.35 obtained over the full surface of
the drift chamber, except the points close to the wire (=5, 15mm), for the
converter thickness of 3X, is listed in Tab. 1. The presented values were not
corrected for the beam divergence and for the own resolution of drift chambers
(0~0.3 mm). It can be seen from Tab. 1 that, except for the method “ADC
— centre of gravity™, the spatial resolution obtained by other methods s similar.
Furthermore we studied possible distortions in the determination of the shower
coordinate due to accumulation of the space charge in the electrodeless drift
chamber when the beam flux is large. As follows from Fig. 12a, distortions are not
observed. The space resolution does not depend on the flux, Fig. 12b. )

Table 1
Comparison of methods of data processing

Method Resolution 04 {nm]
ADC — weighted maximum 1.9+0.1
ADC — maximum 20+ 0.1

™C 2101
ADC — centre of gravity 26+ 0.1
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“m.:.mﬂ_wn,nmw_mzmﬂ:owww“mrﬂ —MMWMM%E@ Mm.v and the Fig, C. The mwmz& resolution for showers mea-
R howers Emm& the ?.E. The mE.aa._: calorimeters with one converter and one
sured with the coordinate detector vs the energy (for explanation

TDC method. see the text).

.nmh,‘.u::.oaa“ are presented. In [10, 11] the dependence of the resolution on the
Incident electron AmmBSm-a:m:EEv energy E, was measured by means of scintilla-
tion moaomoonnm and mmzbzm:o?.:m streamer tubes (lines 1,2 and 2' in Fig. 13)
The m::.ﬁ_mﬁ method to obtain the shower axis coordinate is to calculate the o.m::o.
of gravity of the ionisation charge. CERN [12] and Serpukhov groups [13]
om_o:_.m:ma beside calculations of centre of gravity (points 5 and 9) also the
nooa_:ma.&w_.:m Into account the €Xponential drop of the charge across the
m:oiob.ir_o: Improves the resolution (point 9), Fitting by the calculated function
?::.2 Improves the resolution (points 5', 5" ang 9”). The worst resolution was
ocﬁmm:oa using the proportional chamber without ADC (point 5"'). The resolution
Was 1improved [12] when instead of reading from the anodes of the proportional
chamber (point 5') an induced charge from the cathodes was used for shower
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position determination (point 5"). Our data in Fig. 13 (lowest point is corrected for
the beam divergence) for the given energy show the best spatial resolution of
electromagnetic shower registration.

IV. CONCLUSIONS

The wide-gap electrode and electrodeless drift chambers have proved to be very
useful devices in high energy physics experiments. We have found that especially
the electrodeless drift chambers have several advantages. They can safely operate
in high particle fluxes, they have a small number of information channels, good
spatial resolution and linearity, and a simple construction.

The measurement of the electromagnetic shower position with the electrodeless
drift chamber has shown the excellent characteristics of this detector. Several
methods of data processing from these chambers were compared. It has been found
that the best spatial resolution was obtained using the ADC method of weighted
maximum, the ADC method of maximum and the TDC method. The electrodeless

resolution of electromagnetic shower registration at relatively high fluxes.
The authors are indebted to V. P. Dzhelepov, V.B. Flyaginand M. V. Kutin
for supporting our work and to other members of the Hyperon collaboration for

assistance in the test beam experiments.
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