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| _ ABSTRACT
Spark Ehambers with digitizgd readouts offéf distinct advantages
in spatial resolution and coverage over other gamma-ray imaging devices. While
thesé chambers usually require external logic signalé_fbf triggering, in thié
paper we descfibe a method that provides self-triggering spark chambers. We
60, 198

also describe initial tests of a 45 X LS cm spark chamber with ~ Co and Au

samples. Ehture developments are mentioned.

‘1. Introduction

The'JWidespread_ use of gamma—ray?émitting rédiéisotopes has beéome a
powerful too;'inIClinical diagnoéis and in human and animal physiology studies.
While present devices for the spatial imaging of isotdpe‘distributions tena to
be limited both in resolution and ares coveiagé, wire épafk chambers with
electronié’readout afford compact instruments that are able to cover large areas

with high resolution and supply quantitative informatidn at low cost.
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2.4 The Spark'Chamber
| | Spark chambers in their simplest.form coﬁsist of ﬁwq parallel con-
ducting plates_(of areas réachiﬁg meny square meters)ﬁséparated by a gap of
1l em typicai'Size.- The volume between the gaps is filled with a noble'gaé and
a quencﬁing gas such as alcohol.
| if a high-voltage pulse is applied dufing or Shortly after the
passage of ah'iohizing particle through the active volume of the chamber, a épark
will develop.. Typical sparking'voltages are of the order of a feW'kilovolté per
centimeter. o |
If the metal plafes'in the spark chamber‘are reﬁlaced by wire planes,
and a suitablevmethod to sample the wires is uséd, coordinates can be read out
electronically. In our Chambers the wires in one plane run ét 90 deg to the
wires in the other so that X and Y coordinatés can be obtained'(fig; 1), and
Mylar windows aré used to seal the chamber. |
. .The sampling system consists bf a magnetostrictive ( Peréz-Mendez éhd
ffab 1965 ) wire'(typically a ferromagnetic alloy) placaiclose'to, but not in
contact with, the chamber wires. The particular wire (of wires) carrying cur?ent
to the spark are surrounded by a rapidly changing magnetic field. The ﬁropefties
of magnetostrictive materials are such that their léngth varies with magneticv-
field. The fast incfease and decrease of field around the sensor wire produces a
irapid contraction and relaxation in that wire. This disturbance travels doﬁn the
line withvacdustic speedé (about 5000 m/sec). A detector consisting of a pickup
coil and amplifier produces & signal that is processed by. the technigque of
'differentiatibn and_zero'crossing so that the center of gravity of the spérk
current can be determined. The steps involved in this process can be seen in .

fig. 2. The signal is timed by 20 MHz scalers; the number of sparks that can
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be detected depends on the'number-of scaleré ﬁsed. To make the system inde-
pendent- of the pésitioning of the magnetbstrictive line aﬁd of conditions.that
affect thé spééd of sound in.ﬁhat line, we connect the first and last wires in
each plane through a resistor-caﬁécitbr chaim. In this'way, a current flows through
these wires each time “the chamber is pulsed, and two marker or "fiducial" pulses
are obtained on fhe line. The first fiducial turns the timing clocks on, the
spark turnélone»clockboff and a second spark or fiducial turns the other clock
off. In the latter case ﬁe.obtéin an absolute normalization of distanceé along
" the line. The'schematicé of'ﬁhé'eleqtronics can be.Seen in fig. 2.
Fo;va‘ﬁife-té-wire'separatioh of 1 mm, we- obtain locaﬁion accuracies
of *0.33 mﬁ,»this Béing due to the fact that the currént splits proportionately
to the distaﬁcés from the track to fhe two wires thétiétraddle it. These spafk
chambers prdduce data that can be stored oﬁ tape or.analyzed on-line, and have
been in use for the last five years (Perez-Mendez, Devlin, Solomon, and Droege 1967).
In ﬁany experimental situatiohs'the rangevand energy of the detected
particles is sufficiently large so that the events are selected by a trigger-
ing signal derived from scintillation counters placed strategically around the
spark chambers to form an appropriate coincidence for the event. ©Such a
triggering system is less effective in dealing with ¥ rays or other neutral
particles whose presence is detected by secondary.charged particles produced
in converters placed in or around fhe wire planes (figs 3), and becomes espe~
cially inefficient when dealing with low-energy ¥ rays from radioactive sourcés,
or X-rays,.where the range ofrthe secondary electrons is small enough so that

they often do not emerge from a single gap.



Since our interest iéxin ﬁsing wire chambers for medical‘diaénostic
purposes--the 1§calization of y-emitting radioactive iéot0pes with'ehergigs ranging
from tens of kev to a few Mev--we have'investigated the éharaéteristiés of the
" signals produced by low-energy charged particles in the pré-avalanche region in
the wire chamber and the sparking characteristics of the chamber itself when
tyiggered by-thése signals.. , v L _ '%

A basic feature of our scheme is that we preserve the ability to read
out spark coordinates electrically by the magnetostrictive delay-line methods é
so that we retain the ease of handling and compufing large numbers of évents;.in

this respect we differ from other work in which some form of self-triggering

methods are used and the sparks are subsequently photographed (Roux, Gaucher,

LeLQup,;Morucci and Iansiart 1968).

,3‘ Experimentai.

»TheVSpark.éhambér used to test the prbpefties of'gas-multiplication
triggering has an active area of 20 cm X 20 cm and a capacity of 140 pF (Rindi,
Sperinde, Kﬁufman and Perez-Mendez 1968). It'consisté of three planeé, the central
one made up by stfinging 6.08 mn steel wires 1.5 mm apart bver a lucite frame. The
outside planes are of copper-etched Mylar, 1 mm wide, 1 mm apart. The distance
between the planes.is 1l em in each case, and magnetostricfive readout is possible
from the tw§ butside élanes. For operation, the chamber is filled at atmoépheric
pressure with a 90% Ne - 10% He gas mixture saturated at room temperature with : g
ethyl alcohol (~ 50 mm Hg). | - | , |

Figure 4 shows the circuit used for particle detection and spark .
triggefing. The outer electrodes are grounded and a positive high voltage.was

applied to the central one. A 22 MQ. resistor is used to limit the current
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available to the.chamber and prevent a continuous diséhafge. The resistor also

determines.the recovery time of the chamber for detection of particles after

sparking, sin§e it limits the recharging rafe.of.the chamber. |
Th¢ proportional pulses are collected from the high—voltége electrode

through a 100 pF capacitor into a voltage-sensitive preamplifier with an input

impedance of 10 - kQ.  The preamplifier has a gain of ~ 20 and its pulses are fed

into a variableégainvlinear amplifier. The preémplifier is protected during
sparking by o .-s.,i.mplé back-to-back diode system with a 1k resistor to limit
the current %hroﬁgh the diodés. The spafk chamber is dgcoupled by a series gap
from the capacitér in the high-voltage pulsing sysiem,

When the chamber is operated with the gas-mixture previously described
~ 0.25 mv pulses are 6btained for an applied voltage of 3900 v; this corresponds
to a gas ampiification of approximately‘6000._ The shape of this pulse can be
seen in fig. 5. .

vThe detection efficiehcy éf the chamber was tested by placing it
between two scintillation detectors and counfing simultaneously dbuble (between
the.scintiliators only) énd triple coincidences. Tﬁe results, as.a function of
applied dec voltage, can be seen in fig. 6.

Using a variable threshold discriminator set to trigger at lO% of
the height of the average pulses, we find that it fires about 0.4 psec after
passage of the particle through the chamber. Since no appreciable losses in
sparking efficiency are seen for times up to 0.5 psec after passage of the particle
(see fig. 7), the delay can be tolerated. The triggering jitter time is less
than 0.3'psec (see fig. 8). We observed also that the operation of the_chamber
is moderately insensitive tQ the rise time of the high-voltage pulse and that

rise times of ~ 50 nsec do not cause any loss in efficiency.
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. We have also measured the rekindlingbtime bf this chamber (time_
during which a spark will be formed aiong the péth of a previous spark, i.e.)
the number of double sparks bn the same track as a function of fhe delay time “
between the sparks). This is shown in fig. 9 fdr a particular set of parameters.

All ﬁhese characteristics of the chamber (memory time, jitter time,

‘rekindling time, proportional pulses shape, ete. ) are functions of many parameters,
of which we listkthe most important: the type of gas in the chamber, the type
and concentration of Quenchingrggent;(ethanol, methanol,'etc?),“thé;high voltage
used for the proportional pulses which influences thevsparking conditions, and the
energy in the sParks. These parameters can be optimized for the particular

requirements needed from the chambers.

L. A Gamma-Réy Scanner for Clinical Uses

Magnetostrictive readout spark chambers cQupled to converters; i.e.,
lead plates, offer distinct advantages over present systéms for the imaging of -
y-ray emitting radionuclides: 1 mm or better accuracy of location, large area
for whéle body séanning, and low cost. Such a system:with an active area of 45 X
45 cm is presently being used by us (Kaufman, Pereszéndez, and Wollenberg 1968),
and the schematics are shown in fig. 10. |

When imaging single y-ray-emitting nuclei,_a collimator placed between
the source and detector is commonly used. For all préctical applications, the
resolution of the system is given by the hole size and configuration of the
collimator. In our work the chamber is triggered on all counfs in the scintillator
except the onés blocked by the cosmic-ray anticoincidénce countér. Not all | .
triggers correspond to real events since an appreciable number of ¥ rays wili |
convert in the scintillator itself, giving rise to false triggers, and cbnversely,

not all electrons reaching the chamber give rise to a trigger signal.
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It ié in tﬁis type'of application that full advantages of gas-
multiplicatioﬁ-ﬁfiggered spark chambers are realized, éince they allow for
detection of particles that ﬁould'not register otherwise; and an.increase in
detection effiéieﬁcy produces a directly proportional increase in sensitivity.

It is generally the case that data céllection is sensitivity-limited rather -than
spark chambef fécovery-time—limited, so that the advantage of gas-multiplication
triggering ié’thgt it allows for an increase of dafa collection rates.through
improved séﬁsiti?ity.

We have performed combuterﬁsiﬁulations of collimators, énd found
that for constanf reséiutioﬁ; the acceptanéé (fractioﬁ of y rays being collimated )
increases with increasing'thickness, since the density of holes can be increased.
We have built and tested with_6OCo sources, two lS‘ém thick lead coliimétors with
5.mm diameter holes. The first, which has 5 mm septa,vwas found to give a
granular image, the resolution of the detector making it easy to see each
individual hole. The second cdllimator ﬁas 3 mm septa; and individual holes are
stiil discerﬁible, although to a lesser exfeﬁt than in:the previous case. We
feel then that 1-2 mm septa will be adequate for 5 mm holés.  Experimental
resolution curves obtained with‘the second collimator are shown in fig. 1l1l. From.
these preliminarj results, we édnclude that for applications ﬁhere high resolution
is desired, collimators with holes as small as 1 mm could be ﬁsed.

Full advantage of the higﬁ resolution and large scanned areas that
spafk chambers make available can only be realized thfough the usevof computérs.
Pictures can be obtained on-line by the use of an ADC (Analogue-tq—digital cénverter)
unit,.which coﬁverts the digitized information into voltages that afe applied to

the X and Y inputs of a cathode ray-tﬁbe,.with a Z-intensify signal applied
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simultaneously.” While the'pictdres aré usefﬁl, computér’aﬁalysis allows for
vbackground subtractidn, selective'contraSt éhhancemént, quantitative output,
high resolutioh,ietc. Figures‘lE throughAlY shOW»piétures‘and computer dutputs
of various phaﬁtoﬁs. These were taken with the 45 X 45 cm single gap spark-
chamber and_é 15 cm.thick, 5 mu diameter hole, 3 mm septag Pb collimator. It
cén be seen that simple schemes of background subtractibn_yield pictures that
are extremely clean, thus éhowing that the system more than makes up for the
lack of pulsé height discrimination when advantage is taken of the high locatibn
accuracy of the chambers; We are presently;develdping simple'methods.for
Information dispiay and analysis. Since the possible pr§céssing schemes aré
_numerous, eaghvuéer will have a large variefy of choices:to suit Qis paiticﬁlar'

needs. :

5. Future Diréctiohs

We.ére presentiy étudying (Rindi, Pereereﬁdez, and Wallace 1970) a
scheme by.which we can retain the simplicity bf the delay—line readout ﬁethod
and at the same ﬁime écquire‘thé capability of obtaining high eventrrates
(>lO5 events/sec). | |

In sparkvchambers, limits on the data rate arerimposed by the need to
wait until the ioh pairs released-by the spark have either recombined or been
‘removed by clearihg fieldé and/or quenching gases. The recent development éf wire
‘chambers in which the proporﬁional pulse is used for spatial location (Charpak,
“Bouclier;. Brgssani, Favier and Zupancic 1968) allows for considerably inéreased
data rates. For these chambers one of the main difficultiés is that thé preSeﬁtly
'ﬁsed readout methods, which involve the use of individual amplifiers at each
wire, are both tedious to construct and somewhat‘costly (Charpak ef al; and

Amato and Petrucci 1968). In order to retain the simplicity of a delay-line

")
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readout method;vtogéther with the fast event rate which these proportional Wiré

chambers are capable of recording, we have investigated the use of ferrite-loaded

and air core delay cables for this purposé. These cables have high coupling

efficiencies, with sufficient delay to enable presenffday electronics to record

~track positibns to an accuracy comparable to the wire spacing, in a time that

"does not exceed the storage time of the event. We have shown (Rindi ef al) that

multiwire proportional chambers could be successfully operated with delay cables,
thus attaining the aim of combining high data rates and the simplicity of delay-
iine readouts. We expect fo combine these new developments into a more advanced

y-ray imaging syétem.

r
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FIGURE CAPTIONS

Schematics of a magnetostrictive readout wire spérk chamber.
Schematlcs of the magnetostrictlve signal process1ng system.
Scintlllatlon trigger for the detection of low—energy gamma rays.
The primary radiation produces an electron either in the lead or
within the chamber. Detection of this electron by the scintillator

Bives rise to a logic signal that can be used to trlgger the spark
chamber .

Setup for gas-multiplication triggering of a spark chamber.
Pulse shapes obtained from the linear smplifier in fig. k4.

Detection efficiency "e" of the gas-multiplication-triggered sPark
chamber as a function of applied dc voltage.

Sparklng efficiency as a function of trigger delay. The gas is
90% Ne- lO% He. The delay time is measured after particle detection

sby the chamber. Curve A has 3400 v dc and 50 mm Hg of ethanol as

the quenching gas; curve B has 4000 v dc and 215 mm Hg of methanol.

Number of counts as & function of the time between the passage of an
ionizing particle through the chamber and its detection. Discrimination
was set at 10% of the average height of the proportional pulses.

Rekindling of old sparks as a function of time between high-voltage
(hv) pulses. Pulsing was done by discharging a 500 pF capacitor at
9 kv. The chamber was flushed at atmospheric pressure with a 90%
Ne - 10 He gas mixture saturated with ethyl alcohol ( ~ 50 mm Hg).

Schematics of the gamma imasging system in use.

' 60 ,
System response to & 50 uCi  Co point source for a lead collimator
of 5 mm diameter holes, 3 mm septa, and 15 cm thick. "Shown in 1la:
1 mm bins; 1kb: 5 mm bins.

0.5 mm diameter, 62.5 mm long wire with 50 uCi of 6000. Computer
reconstruction of data of the 45 X 45 cm spark chamber. Iead °
collimator of 5 mm diameter holes, 3 mm septa, and 15 cm thick.
25 000 points. Scale in centimeters. \

Expanded view of the area of interest in fig. 12. Scale in centimeters.
Same as fig. 13, with 20% background subtraction. 1200 points.

’ ' v . 198 : :
Rat's liver and spleen, labeled with 170 uCi of Au, as seen with

the Anger camera. Iead collimator of 7 mm diameter holes, 5 mm septa,
and 76 mm thick. 1 000 000 counts.
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FPig. 17.
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Rat's liver and spleen, labeled with 170 uCi of “°Au; computer
reconstruction of data of the 45 X U5 cm spark chamber, with 10%
background subtraction. Iead collimator of 7 mm diameter holes,
5 mm septa, and 76 mm thick. 20 000 points. Scale in centimeters.

Same as Fig. 16 but with 20% background subtraction.
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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 owhed 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. v
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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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