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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.
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DELAY-LINE'READOUT FOR PROPORTIONAL CHAMBERS®

Alessandro Rindi, Vlctor Perez-Mendez,"and Ronald I. Wallace
Lawrence Radiation Laboratory
University of California
_ Berkeley, California

July 14, 1969

 Abstract

.. A simple method.for'locating the position of-parficles‘which
produce ionizing events in proportional wire chambers is described._.

The method involves the use ofvferrite-loé@ed delay cable.

Wire Spark chambefs‘with digitized readouts are Qidely used.in
high—ehergy and dthér”fieldsvof'physicé to locate the tracks of loniz-
ing.paftiCles.l) One of the main festrictionslof these spafk ghémbers
is the limiﬁed average ratevwithbwhiéh particles cén be detectéd‘dué'
to tﬁe recerry time, ﬁhich ranges from a few'hUndred to a .few thousand

. 2)

micfosecbnds in normal practice.”’ Another difficulty is that a

triggering Signal from an external source such as a scintillator

counter is usually needed, although the wire chambérs can be made self-

3)

triggering by the use of a proportional-current grid.

4

In applications where high event rates are needed, the multi-

3 ' » i )-'. \
wire proportional chambers developed recently ) would be useful. For

these chambers, one of the main difficulties is that the presently

used readout methods, which involve the use of individual amplifiers
at each wire, are both tedious to construct and somewhat costly.u’S) |
In order to retain the‘simplicity of a delay-line readout method,

together with the fast event rate Whigh these proportional wire chambefs
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. are capable of* recordlng, we have 1nvest1gated the use of ferrlte-

.loaded delay cables for thls purpose. These cables, as described

below, have hlgh coupling effIClGHCIGS, with suff1c1ent delsy to enable

present—day electronlcs to record track pos1t10ns to an accuracy .com-

parable to the w1re spaclng in a tlme whlch does not exceed the storage

time of the event.

2. Delaj;CableLCharacteristics
' All measurements descrlbed 1n this paper have been done on
dcommer01al delay cables, spec1flcally the type -HH 1600 ferrlte loaded
-delay cable manufactured by the Columbla TEChnlcal Corporatlon.6
Figurezlfshows a cross sectlon_of'thls cable. An inner conductor con-
sisting o% about 100 turns/cﬁ of:a O.l—mm-dlameter copper w1re is
wound helically around a h—mmédiameter ferrite core. . Surrodnding;the'
inner conductor is the outer conductor;fconsisting.ofvloosely wouhd,
Ové—ﬁh-diameter, longitudinal wires. The outer cohductor does not
‘shield the inner conductor very effectlvely. “The cahle vhas the follow-
ing electrical characterlstlcs.. delay = O 033 ps/cm, characterlstic
impedanée = 1700 ohms; attenuation = O.h db/us; band pass =6 MHz 3
de- res1stance = 2. 6 oth/cm. |
The readout method described below' depends on the high coupllng
poss1ble through external coils located at various pos1tlons on the
cable. The efficiency of thls coupling method can be seen from the
graph in fig. 2, in which step-function signals with d;fferent rise
v \ '
. times are coupled to the cable through a 51ngle-turn c01l. The shape

of the output signal is shown in Pig. 3. Figure 3a shows the output

pulses produced by input'pulses having a long decay time compared to
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the rise time. Figure’35'shows the bipolar pulses préduced when the
rise and fall,times‘are"eq_ual° These bipolar pulses are useful for
"zero cross" timing measurementé and afé the ones we employed in the
applic;tion described here.

Since the signals from the proppftional counter wire chambers__
are quite small, it is necessary to amplify the injected pulse into
the cable byla‘multiturn coil coupling. ' Figure U4 shows the output as

a function of turms in the coupling coil.

3. Proportional-Chamber Measurements

| Our measurements were done on a 10~ by 10-cm CERN—typeu) wiré '
chééber Wiﬁh wires_sp?ééd 3 mm aparf; A‘miXﬁure of 93% argon and
% méthaﬁe at atmospheric pressure was ciréulatedvin the chamber.
Oﬁtput pulses with a £isé time of about 200 ns were produced when the
chamber ﬁas operated at about 3200 V. | | |
| Figure 5 1is a bléCk diagram showing the'elecfroﬁicé forvreading
out the éhamber wires through the cable. Ampiitude information caﬁ be
obtéined from the common connecﬁion; the timing pulses are obtained
from both ends of the cable. The zero-cross discriminators we used
are the E G and G type T 140/N unit.T) The load resistor was chosen
so that sgitable bipolar puises are fed into the timing discriminators.
’Iﬁé_amplification factor in the chamber was between lO5 and
10, . »
The ‘accuracy 6f the.timing measurenments is shbwn in fig..6.
In this figure we show the spectrum obtained_at the puléééheight
analyzer when a collimated B source (9OSr) is moved*acrosé four wires

of the chamber. Thirty-turn coils were wound around the cable at a
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distance. of 6 mm center to center; the coils have a width of about-
1 mm.. The disﬁancebbetweenithe peaks in fig. 6,represénts 6 mm on the -

cable; it islélear that a.resolution- of at l¢55f,3 mn can be obtained.

b, .Conclusioﬁs

FIhe measurements‘described aone show that'fhé.fesolution of
commercial ferrite-loadéd délay iineé:is'compaﬁibie With.the‘accuracy
"of the ﬁroﬁortional'Chambers thét.Wé are using. Several obvious
improVementSFCan be made; here We_mérely'outiihé two of them on which i
we are continuing méasuiements._ First,bin place of bipolar pulses in
which the zero—crqss discriminétof ié-affectéd soﬁewhat by the iimitiﬁgz
;iamplifier_ﬁoise, noﬁdiffereﬁtiéted monoﬁolar pulses caﬁ‘be used. The
ﬁiming ig thenﬁdong by some formvof integrating circﬁit'which locates

)

thé center of gravity of the pulse. This method is expeéted to
perform better by.integrafiné 6ver,the noise and the distortions in
pulse shape caused by the dispersivé.characteristics of the cable.
Second, the flexible ferrite cable that we have been using fbf
convenience does not have the optimum delay-unit length with minimum
dispersion. Soiid-ferrite and éif~cofe Cables.that'haVe better characr.

9)

teristics have been described in the liferatufe.



&

L)

"5)

6)

7)

8)

9)

R  UCRL-19255
FOOTNOTE AND REFERENCES
This work was done Under'the auspices of thevU.fS._Atomic'Energy
Commission. ' L '
W. A. Wenzel, I.E.E.E. Trans. Nucl. Sci. NS-13 (1966) 3k.
J. Fischer, I.E.E.E. Trans. Nucl. Sci. Ns-12 (1965) 37.

A. Rindi, J. M. Sperinde, L. Kaufman and V.vPéreZ—Méndez,
Lawrence Radiation Laboratory Report UCID-3271 (October 1968)

unpublished.

G. Charpaky R.vBouclier, T. Bressani, J. Favier and C. Zupancic,
Nucl. Instr. Methods 62 (1968) 262; 65 (1968) 217.

'G. Amato and G. Petrucci, CERN 68-33 (1961).

Columbia Technical Corporation, 2&'Brooklyn-Queens Expressway
West, Woodside, New York, N. Y. ' '

Edgerton, Germeshausen & Grier, Inc., 160 Brookline Ave., Boston, .
Mass., U.S.A. ‘ :

Paul A. Lux,FLawrence‘Radiation Laboratory Report EE-88L4 (November
1962) unpublished. '

J. Blewett, Proc. I.R.E. 35 (1947) 1580;  W. J. Carley, Tele-Tech
& Electronic Industries 13 (1954) Th.



Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

6 . UCRL-19255

FIGURE’LEGENDS

.Perspectlve v1ew of the HH 1600 delay cable manufactured by

the Columbla Ibchnlcal Corp.-

;Peak amplltude of the pulses at the output of the delay cable

as a function of the rise time of the pulses 1ntr0duced on a

~Ohe- -turn c01l wound around the cable.

Shape of output pulses at the cable for input pulses in the

coil with (a) long decay time and (b) short decay time.

Relative - output at the cable as a funetion of number of turns
‘wound around it.

Black diagram of the electronics used for timing the pulses.

Spectrum at the pulse-height analyzer obtained by moving a
collimated B source across four wires of the chamber. The
distance between the peaks represents 6 mm on the cable.
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Figure 3.
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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