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Ahatract 

He describe multiwire proportional chambers (HWPC) 
de»igned for use In a positron camera for Suclaar 
Medicine application*. The coordinate* of th* two 
annihilation flu—* rays are deteeted In tiw chamber by 
their Interaction vith thin laid converters placed on 
both face* of each ehaaber. In order to obtain 
reasonable efficiencies (10)1) the lead converters have 
bean aade in a square boneycssb-like structure, which 
increases the affective surface area «nd also permits 
the application of a drift f ield te> extract the 
electrons into the active area of the KWFC. 

Introduction 

The principle of imaging by coincidence detection 
of the annihilation 0.51 HeV gasna rays from positron 
ealtting radioactive Isotopes has been previously 
d l e e j s e d . i , * ' i 

We describe here our development of a positron 
caaera using HTOC's coupled to Issd converters as the 
position-sensitive (ansa detector*. 

She bsslc concept of such a caaera i s shorn 
schematically la f ig . 1. An object with «n unknown 
distribution of a podtron-emittlng radioisotope i s 
placed approximately midway between the two MKPC 
detector* which are enclosed in g**-tight aluminum 
boxes. We are using MBC* with a sensitive area of 
WJ x WJ cat placed 50 a < apart subtending a large 
•olid angle relative to the subject. Jt>* coordinates 
of the two 0.51 HeV gaMta—one in each detector—will 
be stored in a PEP-11 Computer. Proa the stored data, 
the spatial distribution of th* radioisotope in the 
object can be coaputed using various nuaerlcal 
techniques. Finally, fron the computed distribution, 
the output can be displayed a* a series of two-
dimensional projections, or in a thne-diaenslonal 
Isometric format. 

Hultlwir* Proportional Chamber Detector 

Chamber Construction 

A * position sensitive gcame detector* consist of 
four MWPCs, two inside esch detector box as shorn in 
f ig . 1. Ibe basic chamber construction i s stel lar to 
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what w* have used previously5 and i s shown schemati­
cally in f ig . 2. On cathode planes consist of stair­
less s teel wires 100-mlcron diameter with a 2-cn 
spacing between wires. The anode plane consists of 
stainless s teel wires 25-Ricron diameter with a 3-nm 
•pacing between wire*. 3he eathod*-to«enode pacing 
1* a mm. The area of the wire plane aeneltive region 
Is W X 48 cm. Readout of ionising events i s don* by 
th* delay line method.6 Sie construction of the 
chamber and wire planes i s shown in the photograph 
f ig . 3 . 

The gamma rays a n detected by the c jnv?r*lon 
electron* produced fron lead converters. Since the 
detection efficiency for 0.51. HeV gamma ray* from a 
flat lead surface i s only - 0.3K, we have used a honey­
comb structure of lead In order to Increase the 
effective surface erea and thus provide a reasonsblc 
efficiency. The** lead converters .e placed parallel 
to the cathode planes with a <i.*» sptclng. 

Boneycoeb lead Converter. 

Bi* ttruetun of various lead converter* 1* shown 
in f ig . *. Of these, bd i s the cost effective; i t i s 
mad* by soldering together a series of corrugated lead-
plated plastic strips. The plastic i s JO microns mylar 
with a copper plating 25 microns thick on which a sub­
sequent layer of lead $0 micron* thick i s plated on 
both sides, fflie ce l l shape i s square with rounded 
corner*, approximately 3 so on a side. Since i t is 
necessary to drift th* electrons from within the ce l l s 
into the sensitive ana of the chamber between the 
cathode and anode plant*, th* copper-lead plating* a n 
mad* in the form of strip* each 3 m wide and Insulated 
from etch other so that a potential of the order of 100 
volt* can be applied between the layers. 

The gas f i l l ing i s 3 0 CBj, and 70* Argon at atmos­
pheric pnssura. This mixture was chosen *lnee i t ha* 
a high drift velocity' (10 cms/wee) and thus minimises 
the time spnad for collecting electrons originating at 
dlfftrrnt depths within tee fconeyeoe* structun. 

Results 

Me have made mawureaeett on the following para­
meters "AJefc a n important for thu operation of a posi­
tron c*M*r»; (a) spatial resolution, (b) time n*ol -
ution, (e) detection efficiency. 

Shete aessut-ements wen a l l performed using a test 
chamber with a sensitive ana of 1$ x 15 cm. A ik-ES 
positron source ws* used and the gamma ray* incident cm 
the chamber wen eottlmatsd end timed by placing th* 
source Mwttn th* chamber and a small M*I crystal 
detector sad recording e«iBeJ£»r.e* counts between both 
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detector*. For the spatial accuracy measurements vt 
u»«d In addition a 1.5 ma wide lead elit, placed over 
the front surface or the chamber. In order to define 
•ore praclaely the position of the Incident gsmme rays. 

Plgvre It shows the shape of various converter 
conflguratlons that vera tried In order to Increase 
the detection efficiency. 5ne aaw-tootbed shape In 
fig. t»t did not five any appreciable Increase compered 
to a flat surface. Ibe parallel trough of Jig. <sb 
gave an efficiency of O.tt while the staple box 
arrangement In fig. Iw gave only an efficiency of 0.8jt. 
Ihls last value was lower thun expected and re attri­
bute It to the lack of a drift field Inside the 
trough. He then tried layered converters of the type 
shorn In fig. '•d In which a drift field Is created by 
applying a voltage of - 100 volts between each 
section. We aads measurement* on tuo-, three- and 
four-layer converters of this type: In genera:, with 
suitable drift voltages we found that the detection 
efficiency Is proportional to the surface area. 

O w time resolution of the detector la elso a 
function of the converter site and of the gas mixture. 
Ur'jig the T0j( «r - 30K CBft gas ve found that the H I M time spread imjresses from 100 nsec for a two-layer 
converter to 200 nsec for a four-layer converter. 

The «,»tlii resolution of the chamber was 
measured for all of these converter configurations and, 
In general, waa the same for all, If the high energy 
portion of the spectral distribution is eliminated by 
using ar. upper level cut-off to eliminate large pulses 
that appear to be due to conversion electrons from the 
converter edges cloeeat to the sensitive region of the 
chamber. 

Ine measured distributions arc shown in figs. 5 
and 6 for three and four U $ i » « The detection 
efficiencies for 0.51 HeV gamma incident at 0 1 20* 
are 1.6*, 2.£* and 2.6)1 for the two-, three- ant four-
layer converters, while the spatial distribution has 
a raw of l> mm for all types, after correction for the 
1.5 mm colllaatlng silt width. 

Conclusions 
A MWPC coupled to e layered lead converter 

provides a suitable detector for crrma rays from 
positron annihilation. A positron camera consisting 
of two ouch detectors vlth each box containing two 
tepa: ate wire t.:iambera and four honeyece?" converters 
;«n have r mean efficiency of ~ 10$ for gamma incident 
in the angular range 0 t 20*. 

Hfcis work has been supported by the National 
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Assuming a positron camera consisting of two 
detectors with sensitive area W x W cms placed 50 cms 
apart with a resolving time of 200 nsec, we estimate 
that an 80 microcurle source wil l give 10,000 coincident 
events per sec with lot accidentals. 
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Figure Captlono 

Fig. 1. Schematic configuration of the positron 
camera showing two MWPC detectora placed symmet­
rically with respect to gamma-emitting object. 

Fig. 2. Schematic of vlre chamber construction. 

a. Sectional side view shoving the relative 
positions of the lead convertera and the 
three wire planes. 

b. Top view shoving cathode and anode planes 
as veil as the X and Y delay lines coupled 
to the oathode planes. 

Fig. 3. Photograph of detector box with one lid and 
one vlre plane removed. Converters are not 
mounted. 

Fig. k. Schematics of various lead converter 
configurations. 

a. Sav-tooth«:d shape. 

b. Simple trough. 

c. Honeycomb box with no Internal drift field. 

d. layered honeycomb for providing internal 
drift field. 

e. Photograph of a section of four-layered 
converter. 

Fig. 5. PHA output shoving time spread of pulses 
provided by initial annihilation gamma rays 
measured in coincidence vlth Hal crystal. 

a. Zhree-layer converter. 

b. Four-layer converter. 

Fig. 6. PHA output shoving spatUl resolution along 
X or ¥ coordinate. Position of Incident 0.51 K*V 
ganaa defined by 1,5 mo lead collimator. 

a. Three-layer converter. 

b. Four-layer converter. 
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WIRE CHAMBER DETECTORS. 

OBJECT 
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( a ) 
110 ns/DIV. 

(b ) 
F i g . :> 

110 ns/DIV. 
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(a) 
5 MM/DIV. 

5 MM/DIV. 
' b ' XBB739-5356 

Fig. 6 


