CRARACTERISTICS F MULTIVIAE PROPORTIONAL CHAMBERS FOR POSITRON IMAGING

C. B, Idm, D, Chu, L. Kaufoan,” V. Perez-Mendez and J. Spertinget

Departoent of Radiology

Univeraity of Californis
San Francisce, Californie

and
Lawrence Barkeley Laboratory

Undversity of California
Berkelsy, Calitornia

Ahstract

¥e describe multivire proportional chaxbers (MWPC)
designed for use in & positron cameru for Suclear
Medicine applications. The coordinates of the two
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vhat we have uged pnvlm:lys and is shown schemati-
<ally in £ig. 2. The cathodc planes consist of stafn-
less stesl virss 100-micron diameter vith & 2-zx
spacing betvesn wirss. The snode plane consists of
stainless stee) vires 25-micron diameter with & 3-mm

annihilation gasma rays are detacted in the ter by
their intersction with thir lead convertars placed on
both faces of each chasber. In order to obtain
reasonable efficiencies (108) the lead converters have
bes: made in & square honeycanbe-like structure, which
incresses the effective surface arem and also permits
the application of a drift field to extract the
electrois into the active area of tha MWPC,

Introduction

The principle of fmaging by colncidence detection
of the annihilation 0.5) MeV gasma rays from positron
eaitting rtdéogcuva isotopes has been previously
disc.ssed, "7

We describe here ocur developreant of a positron
camers using MWPC's coupled to esd converters as the
position-sensitive gurpa detectors.

The hagic concept of such & camers is shown
schematically 4n fig. 1. An object vith an unknovn
distridution of a positron-emitting rsdicisotope is
placed approximately =idvey betvesn the tuo MWPC
detectora vhich sre enclosed in gas-tight sluminue
boxes. We are using KWPCs vith a sensitive eree of
48 x 48 coe placed S0 cms apart subtanding s large
a0ldd angle relative to 2he sudject. The coordinates
of the two 0.51 HeV zaxma--one in ssch detector--will
be stored in & PDP-1) Computer. From the stored dats,
the spatisl distribution of the rsdiofsctope in the
object can P d using varicus nuserical
technicues.” Pinally, from the computed distradution,
the cutput can be displayed as o serins of 2yo-
dimenaions) projactions, oF in & threv-dimensionsl
{somatric format.

Multivire Proportionsa) Chander Detactor

Chamber Construction

The position saneilive grrwe detectors consist of
four WPCs, two inside esch detector box &s shoun in
£1g. 1. 7The basia chambcy construction e similar to

* Supported by a Public Heslth Service Pesearch Carecr
Development Avard number GHTOS68.02 from the MIGKS,
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P g bet wires. The cathodeeto-ancde pacing
i U mm. The area of the vire pilane sencitive region
is U8 x 58 cm. Peads of ionizing events is done by
the delay line method.® The construction of the
chsaber and vire planes is shown 4n the photograph
fig. 3.

The gamme rays srs detected by the conversion
electrons produced from lead converters. Since the
dataction efficiency for 0.5)% KeV gamsa rays fyom a
flat lead swrface is only ~ 0.3%, ve have uted a honey-
comd Ltructure of lead in order oo increace the
efTective surface ares and thus provide a reasonable
efficiency. Thase lead convertecs . plsced parallel
to the cathode plares vith & 4.um speciog.

Honycosb Land Convertor,

The structude of various lead converters L& shown
in £ig. L. Or these, k4 48 the post effestive; it is
made by soldering together & series of corrugated lesd-
plated plastic strips. The plastic fs 50 microns mylar
with & coppar plating 2% microns thick on which a sub-
sequent layer of lead 50 microns thick is plated on
toth sides. The cell shape §s square vith rounded
cornars, Approximately 3 o on a side. Since 1t &»
necessary to Arift the siectrons from within the cells
into the sensitive srea of e chender betuwean the
cxthode and anode planes, the copper<lesd platings are
wade in the form of strips euch 3 mm wide and insulsted
from ecch cther 30 Lhat & potential of the order of 100
volts cen be applied between the lsiers.

The gas rilliag 42 308 Cify, wnd 708 Argon st atmos-
pheric pressure. Thiz mixture vas chosen gince it has
a high drife vedoesty? (10 enifimec) and thus minimizes
tit timer spresd for collecting electrons oviginating at
difrferent depthe within She honeycoud cltruciure.

Resulty

Se have made mespurzoents on the folloving parae
wetore wich are imporsant for tiw operation of a poei-
tron cumra; (&) apetinl vesolution, {b) time resol-
ution, {c) detection erficiency.

THEse messuctmeiits vere 8ll performed using s test
chasber with & sensitive ares of 15 x 25 om. A Jw-22
positron source was used and the gawma rays lncident co
the chaxber vere collimsted and timed by placing the
soures piveen e chasber and o sxell el crystel
detactor and recording o nEe COURts batveen both

]
AN

BASTE
v



detectors. For the spatial sccuracy wmeagurements ve
used in sddition a 1.5 mm wide lead slit, placed over
the 2reat surfuce of the chamber, in order to define
more precisely the position of the incident gamma rays.

Fgure 4 shovs the shape of various converter
configurations that vere tried in order to increase
the datectiou efficiency. The saw-toothed shape in
r£1g, la did not give any appreciadble increass compsred
to a flat surface. The 1 trough of fig. &b
gave an efficiency of 0.7% vhile the simple box
arrangesent in fig. % gave only an efficiency of 0.8%.
This last value vas lower thun expected and ve attri-
bute 1%t to the lack of a drift field inside the
trough. We then tried laysred converters of the type
shown in fig. 44 in which s drift field is created by
applying a voltage of ~ 100 volts between each
aection. We made measurements on two-, thres- and
four-layer converters of this type: in generel, with
suitable drift voltager ve found that the detection
effriciency is proportional to the surface area.

The time resclution of the detector is also &
function of the converter size and of the gas mixture.
Ur'umMAr-soﬁcubmntmmzmm
time spread incresses frow 100 nrec for a two-laysr
convartar to 200 nsec for & four-layer convertsr.

Tre s;uticr lution of the chamber vas
measwred for &l of these convarter configurations amd,
in genersl, vas the ssme for all, if the high energy
portion of the spectral distribution is elimineted by
using &5 uppar lavel cut-off to eliminate large pulses
that appear to be due to conversion elecirons from the
converter edges closast to the tensitive region of the
chamber.

The mesaured distribdutions are showvn in figs. 5
and 6 for three and four laytrs. The datection
efficiencies for 0.51 MeV gaxms incident at 0  20°
are 1.6%, 2.2% and 2,6% for the tun-, three. ard four-
layer converters, vhile the spatisl distridution has
a N of 4 mm for ell types, after correction for the
1.5 mn collimating s2it width.

Conelusions

A MWFC coupled to a8 layered lesd converter
provides a suitable dstector for giam rays from
positron annihilation. A positron camera consieting
of two cuch detectors vwith each box containing two
sepa; ate vire clhenmbers and four honeycom™ converters
2an have » mean efficiency of ~ 10% Cor gamma incident
in the angular range O & 20°.

Assuning a positron camers consisting of two
detectors vith sensitive area 48 x L8 cms placed 50 cms
apart vith & resolving time of 200 nsec, ve estimmte
that an 80 microcurie source will give 10,000 coincident
events per sec vwith 10% accidentala.

This vork has been supported by the National
Science Foundation and the Atomic Energy Commission.
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Fig.

Fig.
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Figure Captions

1. Schematic configuration of the positron
camera shoving two MWFC detectors placed symmet-
rically vith respect to gamma-emitting object.

2. Schenatic of wire chamber construction,

a. Sectional side view showing the relative
positions of the lead converters and the
three wire planes.

b. Top viev showing cathode and ancde planes
as well as the X and Y delay lines coupled
to the cathode planes.

3. Photozgraph of detector bax with one 1id snd
one wire plane rexoved. Converters are not
wounted.

5, Schematics of various lead converter
configurations.

a. Saw-toothcd shape,
b. Simple trough.
c. Honeycomb hox with no internel drift field,

a. iayered honeycomb for providiag internal
drift field.

e, Ph h of & tion of four-layered
converter.

PHA output showing time apresd of pulses
providze by initial sannihilation gazma reys
ed in coincid with NaI cryatal.

a. Three-layer converter.

b. Four-layer converters.

6. PHA output showing apatisl resclution along
X or Y coordinate. Position of inzident 0.51 sV
gasma defined by 1.5 rm lead coilimator.

[ Three-layer converter,

b. Four-layer converter.
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WIRE CHAMRER DETECTORS
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Wire Planes

Converters
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110 ns/DIV.

(a)

110 ns/DIV.
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5 MM/DIV.
(b) XBB739-5356

Fig. 6



