Lawrence Berkeley National Laboratory
Recent Work

Title

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

Permalink

https://escholarship.org/uc/item/8dw287p\

Authors

Stetz, Albert W.
Perez-Mendez, Victor.

Publication Date
1973-06-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/8dw287pv
https://escholarship.org
http://www.cdlib.org/

LBL-2064
UC-37 Instruments I
TID-4500-R60 C

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

Albert W, Stetz and Victor Perez-Mendez

June 1973

Prepared for the U.S. Atomic Energy Commission
under Contract W-7405-ENG-48

4 )

For Reference

Not to be taken from this room

\- — J

¥902-T14"1




DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California. :



LEL 2064

CHARACTERISTICS OF MULTIWIRE PROPORTIONAL COUNTERS WITH
- 'DELAY LINE READOUT FOR MINIMUM IONIZING PARTICLES
Albert W. Stetz and Victor Perestendez*

" Lawrence Berkeley Laboratory
Berkeley, California

June, 1973

ABSTRACT

' We have investigated the effect of gas mixture and chamber thickness
on the gain and pulse shape of a multiwire prdportional counter with
delay liﬁe readout. We were primarily concerned with optimizing thé
poSition accuraéy fdr 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 obtainéd with a 4 mm gap

chamber run on a mixture of 30% carbon dioxide and 70% Argon. We have
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 region and spoiling the delay-line pulse shape.

* Also: Univ. of Calif., San Francisco.
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I. Infroduction
We present here some measurementé on the gain of the chamber

and ﬁhe shape of the delay line pulSes that are rélevant'to partiéle
physics applications in which an energetic, charged particle traverses
the chamber with siall energy loss;'the éhape and amplitude of fhe
proportiona; signal vary substantially from event to event, and the
chamber parameters must be optimized carefﬁlly to maintain the spatial
resolution. This is & more difficult case thén_other applications
in which low energy gamma rays convert in the chamber producingwa small
region of ionization and uqifonm, easily localizéble pulses.1

We have studied chamber performance as a function of three parameters:
(1) voltage gradient, (2) gas mixture, and (3) gap spacing. ' In addition,
we have experimented with "drift regions" located between the outer grids
and the groundéd aluminum windows, which constitute the gas envelope of
‘the chamber. Our criteris for satisfactory chamber performance aré.(l)
the signal from the chamber should be as large as pbssiﬁle to overwhelm
the noiseuiﬁherent in the input stage of the delay line amplifiers,g'”
(2) Thé gain should be.établevwithdut'leakége, bfeakdown, ér "regenéra-
tive feedback" leading to uncontrolled amplification of the signals.
(3) The.delay line signals should be fast, narrpw;-symmetric, and vary
} inishape as little as bossible from pulse fo pulse.

Each of these ifems is discusséd in turn in Section III.

II. Chamber Description.

‘.These tests were made with two different multiwire proportional

counters, which are essentially identical except for the gap spacing,
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9(5.mmvbetween anode and cathode in the.thick chamber_and h.l:mm in the
thin chamﬁer. The constructioﬁ is shown schematically in fig. 1. The
chambers’ére»double gapped with_the central plane-aﬁ positive high
voltage and the two outside grids near ground potehtial. A "prompt"
signal is extracted from the anode, and the delay lines are coupled to
<the fwo égthode piﬁnes, which give an X and Y readout. The mechanical
parameters of thé chambers dre summarized ip Table<I. The construction

of the delay lines is described in references 3 and L.

Table I - Chamber Construction

Plane Spacing ' " 9.5 mm or 4.1 mm

. Central Plane 20 staiﬁless wound's/ém.
Ground Plane - 80 p stainless wound'lé/cﬁ.
Chamber Area 50 x 25 cm®

Windows , 0.5 mil mylar, 0.5 mil aiuminum
Delay Lines | " 40 cm and 60 cm long ‘

impedance 1.3 K ohms
6.5 nSéc/mm propagation time

Spacing between

ground planes and
windows © 8 mm

.These chambers were designed for a series of‘CYClotron and Bevatron
expefiments inVolving high energy protons and-alpha particies. Théy were
' the final elements of a magnet speétrometér system, COnseqUeﬁtly'spatial
resqlution was at a premium.j No attempt was made; however, to use dE/dx

‘or pulse height information from the chambers, and the start time signal
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o waé’dbtained from & system of scintillators and fast logic. Hence ve
are not concerned with the properties of the signﬁi from the central
.Plane.but oniy froﬁ the delay lines. It 1s often convenient to use the -
‘central plane signal to starf the digitizing.elecﬁronics, but no loss of
positioning accuraéy is in#olved_iniusing a star£ time gignal generated
independentiy of the chamber so long as the.pulééé-from both ends’of'the
delay linés are digitized and the position obtained{by subtracting the
two delays'.zm a -
III. Results
vThe gain of.theichambérs was.méaSuredjas a function of wvoltage

by obSefving thé éulse height‘én the central plane due to‘22 keV gamma. .
rayé from Cd109'converting in the chamber. A scope picture of these
pulses is shown in fig. 2. The galn curves are plqtted‘for four differ-
entigas mixtufes in fig. 3. These graphs were méde with the thin
chamber. Comparable curves ‘could be made with the thick chamber but
poor'chamger insulafion énd exceésive.leakage prevented us from extend-
ing the &oltage over 5800 vol?s. N

The four gain curves.in';ig; 3 extend'from:the voltage at which
the signal Qas just large enough tb,distinquish cleaily from the ampii-
fier noisevtolwhatvwe regard as the maximum usable gain; It is an
importahtkpoint thét_this limitéfion on -the maxiﬁum gain comes'aboﬁﬁ
différenfiy for different gaé mixtures:
| a) 7%-CHA: 93% Ar. .Above’2600 volts the pulse 5egins to Widen.énd
develop subsidiary peaks. As the voltage is ihcreased an orderly

succession of "saw-teeth" spread out from the initial pulse.
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b) 30% CH&,.TO% Ar. At maximum gain the chaibef begins-t§'spark. Even
with a 22 Mo protectioﬁ resistbf in series with'the highvvoltage one
‘can'héar diétincf sparks.as'thé chamber éapacitance is discharged.

c) Th COy, 93% Ar. The gain is limited b& a regenerative feedback
mechanism, which causes the_pulsés to grow,eratically in_amplitudé
_and length. A£ slightly higher voltagé thé discharges‘become self

sustaihing.

'd) 3O%v002, TO% Ar, As the gain.is increased the chamber loses pulse’

height resolution and the well~-defined band éf pulses from gamma

conversion disappears enfirely. | |

An;important,advantage'of'the.COQ"mixtures i;'that the discharges
in the chamber are self limiting; i.e;, they draw sufficient current.

through the protéctibn resistor to reduce the chamber voltage and thus

- prevent sparks. We have no evidence that the sparks that occur in

methane miktures do any réalﬁdamage, but in the-case'of larger chambers
with more c§pacitylpr éccidental'overvoltage1the sparks coﬁld easily
demage the thin central wires. |

Of the gas mixtures tested the 30% CO, clearly provides the highest
gain for both the thin and thick chambers. Gain curves for a‘number of
in%er%ediate COé concentrations and similar chambers are frésentéd in.
’ref. 5. These curves suggest that the optimum concentration of COp is™

at least 25% for 4 mm gap spacing and about 20% f6r 8 nm spacing, i.e.

. the thinner the gap the more 002 needed to achieve optimum gain. The"

S _ ) .
maximum attainable gain remains roughly constant as the 002 concentration

'is increased but the voltage necessary to reach it continueé to rise.



" reached its maximum.

‘spoil the trailing edge of the delay'llne pulse produc1ng multlple

6=
Oneé ‘eventually exceeds the limitations of the chamber insulation. For
example, we were unable to run our thick chamber over 5.8 kV béeause of

excessive leakage, but at this voltage the 30% CQE gain curve had not

In addition tothe gain, the pulse shape from the delay lines is » L.

[V

extremely important in maintaihing adequate resolution. The pulse width,

after all, is at least 200 ns or about % cm ih spatial extent. So to

match the spatial resolution inhereht in the chambef, the discriminator

must find the center of the delsay iine.pulse accurately to within a few

percent of the pulse width. To mitigate this task we try to optimize

the chamher:to produce pulses that are as narroﬁ and'symmetfic as

‘possible.

The pulse.shape measurements reported here Were all_made with.a
cosmic ray counter telescope, which inSufea that a minimum ionizing
particlevfraversed'thevchamber within a small area'(é's X S-Che)iand |
within aYSmall cone.of angles (~_i 20°) to fhe perpendiohlar. |

One mechanlsm that seriously deteriorates pulse shape is the
diffu51on of -electrons from outside the gap, thrOugh the cathode grlds
and into the multipllcatlon region. . BEven (especlally) when there is no
potential differenoe betweeh the grounded aluminum'windows and the
cathode many electrons produced in this "drift feéion" find.their vay

into the'central'gap. Thls process is slow enough that the latecomezs

peaks. We have been able to ellmlnate this effect by b1a51ng the outer

' planes.negatlve with respect to . the grounded windows, 3OO volts in the



caée of the thin chamber and 600 volts for the thiék chamber. We had
originelly intended to collect the electrons from thése drift regions
by biasing the cathode grids-positive with'respect to ground, thus

4

accelerating the electrons into the multiplication region and

increasing the effective thicknessvof the chamber. Even with very'large

biasing voltage, hdwever, the pulses produced in ﬁhis way were unaccep-

tably broad and irregular. The situation is quite aifferent when iow

energy gamma rays convert in the drift region. Because the'recdil photo-
electrons have such & short range in the gas the ionization elecfrons .
drift "in stepﬁ witﬁ each other into the multiplication region and
produceAa‘sténdard pulse shape. Thus the drift reéions,fwhich seem use-
lesé for high-energy work, arevvery'préctical ianF;ay imaging appli-
cations. | | | |

‘Another parameter that affects the deiay iiﬁe pulse shape is the
thickness of the central gaps. Quiﬁé reésonébly, thé:thickér the gap
the broader the pulse, not only because of the iﬁcreased'electron

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

-going from anode to the cathode. We observe aboﬁt 30% tOISO% increase-

in pulsé width dépending on gas.mixture between the thick and thin:
chambers. ' This increase comes about without appreciable deterioration
of rise fimé, rather the pulses become broader aﬁd flattervon'top.

These trapézoid—like pulses are ¢spedially undersiréble for use with
Zero-cross discriminators because»the gross-ovér point of the differ—
entiated ?ulse is not very well definea. For ﬁhis‘reason we have triéd

to keep the pulses as short and triangular as poSéible, and from this
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pein£ of'view the thinher chamber is definitely'pfefefable.'
Finall&,we hafe investigated the effect cf‘ges_mixture-on the
'chamberipulses. From_eur measurements we can make the following
obServations- |

1. Both the amplltude and the shape of the pulses vary substant- Cs
ially from event to event. The amplltude fluctuatlons have a full wldth :
at half maiimum of about 50% end are consistent_with‘the_expected Landau
fluctuations in dF/dx in the chember gas.

1 The.verietions in pulse'shepe affect the risefime andithe éulse
width; They'are presumably dﬁe to.statistical flucteations in ionization
density‘alQng"the ﬁraek and are exacerbated‘by theraiffefentiation in the
' chamber-delay line coupllng. These fluctuetioﬁszceﬁtribute to the error
in pulse timlng. They can be mlnimized by optimum ch01ce of chamber
thickness and gas mixture. . o

\2. To ‘some extent the rise tlme of the delay llne pulses 1s
determined by the characteristics of the delay llne.. ‘But there is still
a substantlal difference both in risetime and fhe?Spfead in the‘fluch-
etiohs_of_the riseﬁimevbetween the worst gas mlxtufee(7% Cﬁh)-and-the
'best'(30% COQ).-~These'results arevsummarizedkin’ﬁhe'next table. '

Table II. Risetlmes of Delay Llne Pulses with
Various Gas Mlxtures :

% 30

r =130 ns r=10ns - | L
CHy, : _ , I ‘ o ’ : . _
. o= 80 ns o= 30 ns
r = 100 ns ' r = 90 ns
( CO2 B g = 25 ns ) o =.15 ns



e
e
T e
-
™
-
e

The”risetimes in this table were obtained byiobsérvihg a series of
scope photografhs. Thé &'s represent the SPread>betweénxthe longest
andvshortest risetimes.obsefved. The numbefs obtained in this way are
of course veivy rough, but they do accurately reflect the significant
improvement in the quality_of the pulses one obtains:with the 30% C02
mixture. (See fig.i L), » |

. .,3. - The risetimeEVOf thé signals on the,central<plane are more

indicative of the collection times in the chambér gas because there is

no differentiation. These risetimes are given in the next table.

Table III. Risetimes on the CentfalvPlane for
Various Gas Mixtures.

™. 30%
CHA : 180 ns . 140 ns

Cco 125 ns 100 ns

" No o is given because_the fluctuations of these sighals are substantially

less thah those on the délay lines.' Thé risetimgs 6f the central plane
and delay lines are qualitatively consistent if.one takes into account
the differentiation characteristics'qf the:deléy-liﬁes.

L, ;'The total width.ofvthe delay lines pulscé is strongly

dependent 0n_gas mixture. Values for the full‘width_at half maximum

are tabulated below along with the spread in this‘number;
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Table IV. Delay Line Pulse Width

™% 30%

o - 260 ns 215 ns _
CH), ' ' ‘ - Lo
o = 80 ns g = 30 ns : . :
220 ns ' 180 ns

2 - o = 60 ns » 6 = 10 ns

As in all other reépects»fhe 30% 002 mixtufé is.clearly superiorf
The pulses are almost symmetrié ﬁith rise timeVequéi.to fall time and
the timihg jitter is minimal. (See fig. L4). |

5. The résults on pulse shapes are qualitafiire simiLar for-the
thicker chamber if ﬁhe pulsevwidths and the U's:aréiscaled up by roughly
50%. The iﬁpbrt point is that even with the‘fedﬁéed.Landau fluctuations
ih‘thé thick_chambér, the timing jitter (discounting possible slewing

effects'in'the-&iscriminators) is less with the thin chamber.

Summary

| We_have'invéStigated’the effecf of_gas mixture and chamber thick;

ness on the gain and pulse shépe-of a-mulﬁiwire_propértionai counfef

" with delay liﬁevreadoqt; We were_primarily concérned withAoptimizing

the position accuragy,for high-energy particie ﬁhysics,appliéatiohs. " Our

results cén be summarized as follows: ' o | . ' \::
1. "6f’the two qhambers tested, one with a'h.lvmm and the othér

with a 9.5 mm gap, the thinner chamber produced superior delay line .~
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s1gnals with narrower pulses and less Jltter in rise tlme and pulse

Width
'h2." Four gas mlxtures were trled, 7% and 30% CO, or CHu in Argon.

The 30% CO2 mixture was the best in all respects yieldlng hlgher

,maximum galn and . faster pulses with less Jltter. It-has the addltional v

advantages of being non-flammable and of llmlting the electron avalanches -

in such a way as to prevent sparking in the chamber...

"_3. The outer chamber grids had to bevblased so that free electrons

~in thefdrift regions betweeh the cathode and the‘grounded chamber

w1ndows could not be drawn 1nto the multlpllcation reglon.w-CMr attempt
to increase the effective thickness of the chamber by acceleratlng
electrons from the‘drift region into the central gap was:unsuccessful

because of the unacceptably broad and irregular‘pulses_produced.

This work is supported by the United States Atomic Energy Commission.
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List of'Iliustrations

Fig. 1.

Fig. 2f

Fig. 3.

Fig. L.

" Schematic drawing of chamber construction and electronics.

Oscilloscope picture,of pulses obsnged on the central plane

due to gamma rays from cat®? converting in the chamber.

Amplitude of the central plane.signals as & function of chamber
voltage. The left-hand scale gives the amplitude as observed
at the output of a X300 amplifier. The right-hand scale

gives the gain (electron multiplicatidn) és inferred from the

" chamber capacitance.

‘a) Delay line pulses with the T% CHu:gas mixture.
b) Delay line pulses with the 30% CO, gas mixture. The
_horizontal scale is 50 nSec/cm and the vertical scale is

100 mV/cm.
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