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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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We present the state of the art of the HISPET project: a HIgh Spatial resolution
Positron Emission Tomograph based on MultiWire Proportional Chambers with
Tead- g]ass dense drift-space converters. HISPET will be capab1e of imaging
three-dimensional distributions of a positron emitting radioisotope within a
typical volume of 3 liters. It will have a volume sensitivity of ~ 100000 c/s
per 0.1 m Ci/ml, a signal to noise (true to accidental coincidences) ratio 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 Y -rays with a MWPC requires the use of a high density, high Z
converter with a large 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/cm3), fused to form honeycomb matrices {1). The lead glass matrices are treated in a H2
reduction process to form a uniform resistive layer on the inner walls of each tube. The
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 avalanche region. A schematic diagram 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-glass tubing with 0.48 mm inner
diameter, 0.06 mm wall thickness, which gives a measured efficiency of 6.5% for a 1 cm
thick converter (2). The experimental efficiency measurements for the various converter

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

A well known figure-of-merit parameter for a "large area" positron camera is &2/21:,
where € 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 ionization
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 ~ 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



line readout (figure 1). Fast delay lines (specific delay 8 ns/cm) are capacitively
coupled to tha cathode wires. For each coordinate the signal from one end of the delay
line is used as the START and the signal from the other end as the STOP of a Time to
Digital Converter. The time difference is directly related to the coordinate position.
Using simple integrated amplifiers and comparator electronics a spatial resolution of 1.3
mm (FWHM) has been measured with a test chamber along the coordinate bara11e1 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 Positron Emission Tomo-
graphy. For this purpose we have built a firét prototype positron camera which consists
of two 50 x 50 cszWPC, each equipped with a 2 cm thick lead-glass converter plane
(80% Pb0 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 coordinates. The prototype has been completed (see fig. 2) and

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

Fig. .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 will consist of six modules arranged so as to form the lateral 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 ID and 0D, respectively) (see figure 3).

The glass we had been .using until recently was 79% PbO by weight. The relatively high
cost of the drawn glass ($500-600 per pound for tubes of the above dimensions) is due
primarily to technical difficulties in drawing the capillaries. Specifically, glass with
79% Pb0 content devitrifies very easily during the drawing. process. Glass with a
slightly lower PbO content (Schott RS-520) is much easier {and, therefore, less costly) to
draw into tubes of the desired dimension. ?or this reason we are now exberimenting with
this glass (71% Pb0, 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% Pb0 glass is essentially the
same as that of the 79% PbO glass. We are currently preparing converters with the Schott
RS-520 glass.

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




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.

" Table 1

Characteristics and Performance of HISPET

Number of modules 6
Characteristics of each module:
Number of MWPC 2
Number of layers of converter for
each MWPC ‘ ' 2
Active area of the first layer 45x45 cm2
Converter tubes digméter (1.0.) 0.48 mm
Total converter thickness ' 4 x1cm
Efficiency for 511 KeV ¥f-rays 22.5%
Covered solid angle 2n -
Performance of the tomograph in air:
Coincidence efficiency
for p*decay 2.2%
Coincidence resolving time 100 nis
Spatial resolution {point-like
' source), FWHM £4.5 m
Performance of the tomograph for a uniform \

activity in a cylindrical water phanton (10 cm long x 10 cm radius):
Accidental coincidences to true

coincidences ratio . 173
Source strength ~ 300 o Ci
Volume sensitivity . 100000 c/s

per 0.1 ,~C1/ml
Compton distributed noise ~ 30%
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