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We present the state of the art of the HISPET project: a HIgh Spatial resolution 
Positron Emission Tomograph based on MultiWire Proportioniil Chambers with 
lead-glass- dense drift-space converters.- HISPET will be capable of imaging 
three-dimensional distributions of a positron emitting radioisotope within a 
typical volume of 3 liters. It will have a volume sensitivity of IW 100000 cIs 
per O. 1 JA- Ci Iml, a signal to noi se (true to acci denta 1 coi nci dences) rat i 0 of 
3:1 and an intrinsic spatial resolution of less than 4.5 mm (FWHM). 

1.- A SUITABLE DETECTOR FOR THE ANNHILATION PHOTONS 

The detection of 511 keV 1 -rays with a MWPC requi res the use of a hi gh dens i ty, hi gh Z 

converter with a 1 arge surface to volume ratio. We have developed a converter made of 

glass capillaries with a high lead content (80% PbO by weight, glass density of 6.2 

g/cm
3

), fused to form honeycomb matrices (1). The lead glass matrices are treated in a H2 

( 
It 

reduction process to form a uniform resistive layer on the inner walls of each tube. The C 
Compton or Photoelectron produced by the photon interacting within the converter has a 

finite range which depends on its energy. If it reaches the gas region within the tube, a 

number of primary ionization electrons are produced. A voltage difference applied between 

the ends of the tubes drifts these primary electrons along the electric field lines within 

the tube towards the chamber ava 1 anche regi on. A schematic di agram of the detector is 

shown in figure 1. 
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Fig. 1 Schematic drawing of a MWPC equipped with delay line readout and a single layer 
of lead-glass tube converter. 

Various size capillaries of different tube diameters and wall thickness have been tried. 

Our best results have been obtained with a matrix of lead-g1ass tubing with 0.48 mm inner 

d; ameter, 0.06 nm wall thi ckness. whi ch gi ves a measured effi cient)' of 6.5% for a 1 cm 

thick converter (2). The exper~mental efficiency measurements for the varioUs converter 

. types agree very well with the Monte Carlo predictions (3). 

A well known fi gure-of-merit parameter for a "1 arge area" positron camera is Eo 2/21: , 

where Eo is the detection efficiency (for 511 keV "!-rays) of one element and "t is the 

FWHM of the time resolution (in our case the transit time of the primary ion; zation 

electrons within the glass-tube matrix). Thus, for a given efficiency, the gas mixture 

with the highest electron drift velocity should be used to improve the time resolution. 

With a gas filling of Argon-Methane (70-30) at 3 atm a time resolution of N 100 ns (FWHM) 

has been measured for a 1 cm thick converter (2). 

To measure the x- and y- coordinate of the interacting photon we have been using delay 
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1 i ne readout (fi gure 1). Fast de 1 ay 1 i nes (speci fi c delay 8 ns Icm) are capaci ti ve 1y 

coupled to tha cathode wires. For each coordinate the signal from one end of the delay 

1 i ne is used as the START and the si gna 1 from the other end as the STOP of a Time to 

Qigita1 Converter. The time difference is directly related to the coordinate position. 

Using simple integrated amplifiers and comparator electronics a spatial resolution of 1.3 

nm (FWHM) has been measured ~i th a test chamber along the coordi nate para 11 e 1 to the anode 

wire (4). The spatial resolution along the other direction is determined by the 

spacing of the anode wires (typically 2 mm). 

2. THE MWPC-PET PROTOTYPE 

We have studied this type of detector for medical applications in fositron Imission lomo-

glaphy. 

of two 

(80% PbO 

For thi s purpose we have buil t a fi rst prototype positron camera which consi sts 
2 50 x 50 cm MWPC, each equipped with a 2 cm thick lead-glass converter plane 

by weight, glass density of 6.2 g/cm3, inner and outer diameters of a tube 1.33 

and 1.59 mm, respectively). Fast delay line readout, capacitively coupled to the cathode 

planes, is used for both coordi nates. The prototype has been completed (see fi g. 2) and 

is now being tested at the Departement of Physics of Pisa University. 

Fi g .. 2 The MWPC-PET prototype. now being tested at the Departement of Physics of the 
University of Pisa. 
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3. THE HISPET DESIGN 

Based on our latest experimental results (2), we have designed a large positron camera, 

HISPET. It wi 11 consi st of si x modules arranged so as to form the 1 ateral surface of a 

hexagonal prism. Each module of HISPET will have two MWPC and two 1 cm thick converter 

planes (0.48 and 0.60 mm 10 and 00, respectively) (see figure 3). 

The glass we had been ,using until recently was 79% PbO by weight. The relatively high 

cost of the drawn gl ass ($500-600 per pound for tubes of the above di mensi ons) is due 

primarily to technical difficulties in drawing the capillaries. Specifically, glass with 

79% PbO content devitrifies very easily during the drawing process. Glass with a 

slightly lower PbO content (Schott RS-S20) is much easier (and, therefore, less costly) to 

draw into tubes of the desired dimension. For this reason we are now experimenting with 

this glass (71% PbO, 5,2 g/cm3). We have thoroughly studied the properties of this glass 

when reduced in hydrogen (5). In addition, we have performed a detailed Monte Carlo 

calculation (3) which shows that the efficiency of the 71% PbO glass is essentiall) the 

same as that of the 79% 'PbO glass. We are currently preparing converters with the Schott 

RS-S20 glass. 

Fig. 3 Schematic drawing of HISPET: only three modules are shown. 



- 5 -

Table 1 gives the expected design performance of the completed tomograph. The HISPET 

project has now started and is expected to be completed in early 1987 • 

. Tabl e. 1 

Characteristics and Performance of HISPET 

Number of modules 

Characteristics of each modUle: 

Number of MWPC 

Number of layers of converter for 

each MWPC 

Active area of the first laye~ 

Converter tubes diameter (t.D.) 

Total converter thickness 

Uficiency for 511 KeV "6 -rays 

Covered solid angle 

Performance of the tomograph in air: 

I. 

Coincidence efficiency 
... for p decay 

Coincidence resolving time 

Spatial resolution (point-like 

F" source). FWHM 
Performance of the tomograph for a uniform 

6 

2 

2 

45x45 cm2 

0.48 mm 

4 x 1 cm 

22.5% 

21t.· 

2.2% 

100 rls 

~4.5 IlIIt . 

activity in a cylindrical water phanton (10 em long x 10 cm radius): 

Accidenta1 coincidences to t~ue 

coincidences ratio 

Source strength 

Volume sensitivity 

Compton distributed noise 

1/3 

... 300 t- Ci 

100000 cIs 

per O. 1 I'" Cilm 1 

AJ 30% 

( 

{, 

( 

(.-
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