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. CHARACTERISTICS OF MULTIWIRE PROPORTIONAL COUNTERS WITH
' ' DELAY LINE READOUT FOR MINIMUM IONIZING PARTICLES

Albert W. Stetz and Victor Perez-Mendez
: ILawrence Berkeley Laboratory:
University of California-
Berkeley, California -

and

Jorge Geaga and Harold Splnka
" ‘University of California .
Los Angeles, California

Abstract.

We have investigated the effect of gas mixture and
chamber thickness on the gain and pulSe shape of a multi-
wire proportlonal counter with delay line readout. We
were primarily concerned with optimizing the position v
accuracy for high-energy particle physics applications.
Our best results, both from the point of view of chamber
gain and the risetime and uniformity of the delay line
pulses were obtained with a 4 mm gap chamber run on a
mixture of $C+2% carbon dioxide, 69.2% argon and 0.6% freon.
When using gas mixtures with no electronegative compo-
nents, we found it necessary to bias the outer grids
negative with respect to ground to prevent electrons in
the drift regions: from migrating into the multiplication

v_reglon and spoil1ng the delay-line pulse shape.

I. Introduction

we present here some measurements on the gain of the chamber

-:and the shape of the delay line pulses that are relevant to partlcle

pphys;cs applications in which an energetic, charged-partlcle traverses
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the chambérbwith small energy'ioss; the shape'énd amplitude of the
Hproportiénai signél vary subsfantialiy from event to event{ and the
chamber parameters must be optimized carefully to maintain the spatiél
nresolution. This is a more difficult case than other applications in | » p
. : L

" which low énergy gamma rays convert in the chamber producing a small
fegion of donization and uniforﬁ, easily loéalizéble pulses.

,Wé héve studied chamber performance &s a fﬁnption of three paré-
" meters: (i) voltage gfadient; (2) gss mixture; and (3) gap spacing.
In édditioh, we have experimented with "drift regions" located betweén
R thé outer grids.and the grounded aluminum windoﬁs,'which constitute the
gas envelope.of thé chamber. Our criteria fér satisfactory chaﬁber
performancé are (l) thevsignal_from ﬁhe chamberbéhbuld be aé'large as
'ﬁossible-to overwhelm the noise inherent in the input stage of the delay :
line amplifiers.2 (2) The gain should be stable without leakage,
. - breakdown, or "regeﬁerative feedback” leading to'uhcontrolléd amplifi-
cation of -the signals: i(3).The delay line signals should be fast,
"ﬁarrow, symmetric, and'vary in shape as little as possibié from pulse
vto-ﬁulse.’ | | |

Each of these items is discussed in turn in Section IIT.

II. Chamber Description.

| »Ihese tests were méde-with two differeht multiwire proportional
counters, which are essentially identical except for the gap. spacing,
. 9;5 mm between anode and cathode in the thick chéﬁber and 4.1 mm in the
‘thin CHambef.v The constfuétion is shown schematiqally in fié. l. The

chambers are double gapped with the central plane at positive high
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voltage and the two outside grids near ground potential. A "prompt"

'signai is éxtracted‘ffomvthe anode, and the;delay lines are coupled to

" the ‘two cathode planes, which give an X and 'Y readdut;: The mechanical

parameters_of the chambers are summarized in iable I. The construction

of the delay lines is describéd in references 3 énd L,

Table I - Chamber Cbnstruction

fléne‘Spacing , 9.5 mm or 4.1 mm

Centrél Plane _ 20 u stainless wouna'5/cm.
Ground Plane | 80 stainless wound 10/cm.
Chamber Aréa' : o FISO X 25 cm2

Windows | 0.5 mil mylar, 0.5 mil alumi_ri_um
Deléy Lines _ ) 40 cm and 60 em long

impedance 1.3 K ohms
6.5 nsec/mm propagation time

Spacing between

ground planes and
windows ' 8 m

These chambers were designéd for & series of cyclotron and Bevatron

experiments involving high energy protons and alpha particles. They were
the final elements of a_magnet spectrometer systém, consequently spafial'
: resolution was at a premium. No attempt was made, however, to use dE/dx_“

' 6r pulse height information from the chambefs, and-the'start time signal

was obtained from a system of scintillators and'fast.logic. Hence we

are not COncerned with the properties of the signal from the central

‘plane but only from the delay lines. It is often donvenient to use thé



b
central plane signal to start tne digibizing electronics,.but noiloss
of?positioning accuracy is involved in using e‘start time signal
generated independenﬁly of the chamber so long as the pulses from both
-ends of the delay lines are digitized and the p051tion obtalned by |

2
subtracting the two delays._

III. Results

The gain of the chambers was measured as a function of voltage

by observing the pulse height on the central plane due to 22 keV gamma,

rays from_Cd109 converting in the chamber. A scope-plcture of these
'pulses is shown in fig. 2. The gain curves are plotted for six differ-
ent gas mixtures in figs. 3,4t. These graphs were made with the thin |
chamber;v'Comparable curves could be made with the thick chamber but
.poor chamber insulation and excessive leakage prevented us from extend—
bing the voltage over 5800 volts. |
The gain curves in figs. 3,4 extend from the voltage at which the
signalfwas”just large enough to distinquish clearly from the amplifier

noise to what we regard as the maximum usable gain. It is an important

'point that this limitation on the maximum gain_comes about differently -

N for different_gas mirtures: s
a) Th CH) , 93% Ar. Above 2600 volts the pulse begins to viden and
develop subsidiary\peaks. As the voltage is;increaSed an orderly"
| 'succession of "saw-teeth"vspread out from thevinitial pulse. |
pb)»~.3Q% CH#, 70% Ar. At meximum gain the chamberdbegins to spark.
- Even with a 22 MQ protection resistor in series vith the high
‘ voltagevone can hear distinct sparks asAthe chamber capacitance is

discharged.
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7% Co, s 93% Ar The gain is limited by a regenerative feedback

: mechanisn, vhich causes the pulses to grow erratically in amplitude

and length. At slightly higher voltage the_diechargea become self»

sustaining

,30.&% COp, 69. 6% Ar. As the gain is increased the chamber loses pulse

height resolution and the well-defined band of pulses from gamma
cenversionvdisappears entirely.

29;7¢ g, 70.0% Ar)lo.Bf freon (13~Bl). This 1s'the»same'freon used
in the megic.gas mixturea.5 There is a decreasedhﬁulse.heightv |
resolutieneeempared to (d). Other than the-fect:thet:the riee time
of the yulses is'appreciably faster ~~40 ns-- than iu,(d), there 1s
little'difference between both mixturea.t

30.2% COyy 69.2% Ar, 0.6% freon. This mixture gives a factor of

3 - & more gain before the pulse shape deteriorates prior to

breakdown than the eorresponding_mixture in (4). 'The'inereased .
‘amount of -the electronegative component ~-0.6% freon-- further

sharpens the rise time of the pulse to 30 ns or less.

An important advantage of all the COp mixtures 185’ that the discharges

in the chambcr are self limiting; l.e., they draw sufficient current

through our rrotection resistor to reduce the chamber voltage and thus

they tend to prevent sparks. We have no evidence that the sparks that

' pccur‘in methane mixtures do eny real damage, but in the case of larger

chambers with uore,capacity or accidental overvoltage the sparke could

easlly break the thin central wires.
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Of the gas mixtures tested without'electronegative additives, the
30% CO ‘clearly provides the highest gain for both the thin and thlck
chambers. Gain curves for a number of intermedlate C02 concentrations
and similar chambers are presented in ref. 6. These curves‘suggest
that the optimum concentration of C02vis at least325% for L mm gap
- spacing and about 20% for 8 mm spacing, i.e.,'the‘thinner_the gap the
more COé needed_to achieye optimum gain.‘ The maximum attainable.gain
remains ronghly constant as the CO2 concentration.is increased but the
voltage.necessary to reach it continues to rise.v_dne eventually exceeds
the limitations of the chamber insulation. 'For‘erample, we were unable
to run our thick chamber over 5.8 kV because of excessive leakage, but
at this voltage the 30% 002 gain curve had not reached its max1mum

In addition to the gain, the pulse shape from the delay lines is
extremelj important in.maintaining adequate'resolution. The.pulse width,
after all, is at least 200 ns or about L cm inVSpatial extent. So to
match the'spatial resolution inherent in the chamber; the discriminator
must find the center of the delay llne pulse accurately to within a few
percent of the pulse width. To mitlgate this task we try to optimize
- the chamber to produce pulses that are as narrow.and~symmetric as
_1possible. | .
The:pulse shape measurements reported here were all made with a
| cosmic'ray'counter_te]escope, which insured that a.minimun ionizing
particle_traversed the chamber within a small area_(~ 5X5 cm2) and
within a small cone of angles (~ * 20°) to the_perpendicular.

:One.mechanismothat seriously deteriorates.pnlse shape is the

diffusion of electrons from outside the gap, through the cathode grids

N




" and into tbe multiplication region. Even when thére is no potential

difference between the grounded aluminum windowspand the cathode»many
electrons produced in this "drift region" find their way into the

central gap. This process is slow enough that tbe latecomers spoil the -
trailing edge of the delay-line pulse producing multiple peaks. We

have been able to eliminate this effect by biasing the outer.pl_anes |
negatlvepwith respect to the grounded windows, 300 volts in thejcase of
theitbin chamber and 600 volts for the.thick'chamber. We had originally
intended to collect the electrons from these drift_regions‘bv'biasing
the catbode grids positive with respect to ground 'thus accelerating the
electrons 1nto the multiplication region and 1ncre351ng the effective
thickness of the chamber. Evenﬂw1th very large'blas1ng voltage, however,
the pulses produced in this way were unacceptably broad and 1rregular.
The situation is quite different when low energy gamma rays convert in
the drlft reglon. 'Because the recoil photoelectrons have such a short

range in the gas the ionization electrons drift "in step” with each

.othertintoithe multiplication region and produce .a standard”pulse shape.

. Thus the drift regions, which seem useless for'high-energy work, are

very practical 1n X=-ray 1maging appllcatlons.

Another parameter that affects the delay line pulse shape is the
thickness of the central gaps. Quite reasonable, the thicker the gap
the broader the pulse, not only beecause of the 1ncreased electron |

collection time but also because of the spreading of the fleld lines

' _going from anode to the cathode. We observe about 30% to 50% increase '
~in pulse width depending on gas mixture between-the thick and thin:

chambers. This increase comes about without appreciable‘deterioration
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of riéé.time, rather the pulses become bfoader andelattef on top.
These trapézoid-like bulses are éspeciaily undesirable fof use with
vzero-crosé discriminators bécause the 9r§ésh0Vér'point of the differ-
entiated pulse is not very well defined.! For this reason we have tried
to keep the:pulses'as‘short and triangular as pqssible, aﬁd from this
pointbbf_view the thinner chamber is definitely pfeferable.i

Theséuconclusions apﬁly only to the gas mikfurés without the Freon.
When the Freon is added, we find £hét, as expected, there is govneed for
a drift vbitage since the eledtfons which formiﬁﬁéfavalanche briginaté
in & small region around the central plane wires. .

From our measurementé of the effect of gaé mixture oﬁ fhe chamber .
pulses wé éan‘make'the following obéervationst

"l. : Bofh the amplitude and the shape of the'bulses vary substant-
ially from event to event if the gas mixture doeg”not contain Freon.
The amflitude fluctuations have a full width at half maximum of about
50% and are conéistent with the expecﬁed Landau fluctuations in dE/d#'
in the éhaﬁber gas.

The varlations in pulse shape affect the rlsetlme and the pulse
ﬁidthf They are presumably due to statistical fluctuatlons in ionlzatlon
dénsity along,the track and are exacerbated byuthe_differentiation in
the chamber-delay line coﬁpling. These‘fluctuafiqns contribute tq the
error in pﬁlse:timing5 They‘can be minimized by optimum choice ofr
chamber thickness and gas mixture. “‘ | o

2. The rlsetlmes of the signals on the central plane are more

o

1‘indicative of the collection times in the chamber gas than the output
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of the delay lines because there is no differentiation. These risetimes

‘observed near maximum gain-are given in the next_table.

‘Table II. Risetimes on the Central Plane

f , | | ; o ' for Various Gas Mixtures.
- N T 30%
E Ar v--"CHh 180 ns ~ omns
| Ar- CO2 | 125 ns - 100 ns ,
Ar - coé ' e 40 ns (0.3% Freon)
 Ar ;’cob I - 30 ns (0.6% Ffeon)vv

The risetimes of the central plane and deiey'iines are qualita-
.‘tiVely'cthistent if one takes into account the;differentiaticn o
_characteristics of the delay lines. |

v3;- The risetlme and hence the width of the delay line pulses is

determined both by the characteristics cf the delay line and cf the

gas when using gas mixtures without the Freon.‘ For gas mixtures'
'containing Freoh‘(or any other suitable electronegative gas) both the
: risetime and'width of the pulses will be determinedcmcstly by‘the:delay
.line since its frequency response 1is the llmlting factor.' |

These results, which were obtained by photographlng oscllloscope

: traces,_are shown in the following tables.

e,
AR



Ar - CH)
Ar - CO
et

: 2

. Ar-- CH

Ar - 0,

As in all other respects the 30% CO, mixture with or without Freon

o is,clearly shperior. The pulses are almost symmetric with rise time o .

Table IIT.

(.

130 ns
80 ns

Q
[T

100 ns
25 ns

H
]

%

260 ns
o = 80 ns
220 ns

o = 60 ns

Q
o

Risetimes of Delay Line.Pulses
with Various Gas Mixtures.-

30%

“r = 110 ns r

o] =ﬂ 30 ns o
¥ = 90 ns’

o= 15 ns

r = 90 ns (0.3% Freon

' and

15 ns 0.6% Freon)

Teble IV. Delay Line Pulse Width

30%

215 ns

'0,=‘3O hs

180 ns

o= 10 ns’

180 ns (0.3% Freon)

"o = 10 ns

-180 ns (0.6% Freon)
0‘ =_1»0'ns; o

éQual.to fall_time and the timing jitter is minimal. (See figs. SQand 6)

w—
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hs .vThe;results on pulse shapes are qualitetively'sfmilar for the '

,thickerlehamber_if the:puISe widths and the o's are sealed up by roughly

50% forlthe_gas mixtures without the Freon. The mein point is_that even
with tne reduced Landau fluctuations in the thickVChamber,'the timing
jitter‘(discounting possible.slewing effects in the discriminators) is

" less yith the thin chamber.

Summary

We heve‘investigeted'the effect of gas mixture and chamber thick-
“ ness on the gein and pulse shape of a multiwire proportionel counteri
with delay line readout. ’We‘were primarily concerned with optimizing
| thelrosition accuracy for high-energy particle-physics apnlications.
sOur results can be summarized as follows ” | 7

1l. Of the two chambers tested, one with a h 1 mm and the other
'w1th a 9. 5 mn gap, the thinner chamber produced superior delay line
signals with narrower pulses and less Jitter in rise tlme anhd pulse.
width. | |

é. Four gas mixtures withvnoielectronegative edditives and - two
“with 0;3%>and 0.6% Freon were tried. The Ar-30%.002 miXture‘was the -
’vbest of the first group in all respects, yielding'higher’maXimum gain
‘end fastertpulses with less jitter. However, if one wishes to sacrifice
:.lineerity‘ofvresponse even further, the Ar-30%g062e0.6% Freon gives
‘higher gain and conSiderably narrowver tulses.

iu:3g" When using ges mixtures without electronegative additives,

the outer chamber grids had to be biased so that free electrons. in the

i drlft regions between the cathode and the grounded ‘chamber wlndows
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'icbuld not be drawn'intovthe multiplicationbregion;"Our aftempt to
.ﬁincrease thevefféctive thickness of the chambef b&laccelerating
'electrons from the drift region into the'centréi-gap‘was unsuccessful

because of the unécceptably broad and irregular pulses produced.
» [

This work is supported by the United States Atomic Energy'Commission.
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Schematic drawing of chamber construction\and electronics

Oscilloscope picture of pulses'observed‘on the central plane

109
due to gamma rays from Cd converting in the chamber.

“'Amplitude of the central plane signals as a function of chamber

voltage when filled with Ar-CHu and Ar-CO2 gas mixtures.. The

:'ieft-hand scale gives the amplitude as observed at the output
of a X300 amplifier. The right-hand scale gives the gain
'(electfon multiplication) as inferred from the chamber
capacitance.
Amplitude of fhé central plane signals as a function of

R cﬁamber Vbltage Vhen.filled with Ar-3'O%ICO2 mixtures containing:
vsmall‘émounts of Freon. |
1a) Delay line pulses with the 7% CH, gas mixture.

b__b) ‘Delay line pulses with the 30%_062 gas mixture. The
‘horizontal scale is 50 nsec/cm and ﬁhe.vertiéle scale is

' 100 wV/cm.

Delay line pulses with Ar-30% CO2 and Freon.

‘a) 0.3% Frebn'added.

b) 0.6% Freon added.
The horizontal scale is 50 nsec/cm ahd.the Vertical_scale is

100 mV/cm.
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