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Medical positron imaging with a dense drift 

space MultiWire Proportional Chamber+ 

Alberto Del Guerra*, Chun B. Lim(+}, Gary K. Lum**, Douglas Ortendahl (++}, 

and Victor Perez-Mendez 

Lawrence Berkeley Laboratory, University of Californfa,Berkeley, CA 

Abstract 

A multiplanar positron camera is proposed, made of six MWPC modules, 

arranged to form the lateral surface of a hexagonal prism. Each 50 x 50 cm2 

module has a single MWPC sandwiched by two 2 em thick lead glass tube 

converters. The experimental results for a 15x 15 cm2 test module are 

reported. For 511 KeV y-rays incident almost perpendicular onto a 1.0 em 

thick converter, a detection efficiency of 4.3%, a time resolution of 130 ns 

(FWHM} and a spatial resolution of 2.8 mm (FWHM} has been measured with a 

standard Argon-Methane (70-30} mixture at 1. 2 Atm. The chamber may be also 

operated in high resolution mode: 1.2 mm (FWHM} spatial resolution has been 

measured at a 50% lower efficiency. The use of fast delay lines (specific 

delay= 8 ns/cm} for the position read-out--ens_ures a high rate capability. 

The expected performance of the six module MWPC camera is discussed and 

compared with that of BGO crystal ring camera. The MWPC solution seems very 

attractive not only for its low_ cost and simplicity of construction, but also 

for its fully three-dimensional imaging capability. 
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+ Present Address: Siemens Gammasonics Inc., Illinois. 
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1. INTRODUCTION 

·Modern positron cameras are generally designed in two configurations: 

(a) single ring or multi ring of many element scintillators, Nai (1) or 

BGO (2,3) and more recently CsF,( 4)and (b) large area planar cameras of 

various types. 

One of the main advantages of a large area multiplanar solution is its 

intrinsic capability of fully three-dimensional imaging. An example of 

multiplanar camera is sketched in Fig. 1: six modules, each a square of 

side ~ , are arranged to form the lateral surface of an hexagonal prism. In a 

previous paper(S) we have discussed the theory of tomographical Jmaging with 

limited angular input. Using such algorithms we may exploit the intrinsic 

multislice capability of our structure. On the x-y plane (Fig. lb), a 

complete angle coverage is then obtained, because the few intermodule 

discontinuities are well accounted for by the limited angle reconstruction 

algorithms. On the perpendicular plane (Fig. lc), a limited angle ( -1/3) is 

covered, but the limited angle reconstruction algorithms may successfully be used 

to recover the missing cone information(S). Furthermore, due to its 

continuous structure, a multiplanar configuration does not require either 

wobbling(G) or other mechanisms(]) ·to provide a linear sampling; hence, 

many of the engineering complications of a ring structure may be avoided. 

Among the various types of detectors which can be used in a large area 

multiplanar camera, the dense drift space MultiWire Proportional Chamber has 

been receiving a great amount of attention, both at Lawrence Berkeley 

Laboratory since l973(S, 9) and, later, independently, at CERN(lO,ll). 
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A well-known quality factor of a positron camera is c.
2/T where c. is the 

efficiency of one element and T is its time resolution (FWHM). In our case c. 

and T are the efficiency and the time resolution of a MWPC module. We have 

previously reported(l 2) the imaging performance of .a two planar positron 

camera, consisting of two MWPC modules (48 x 48 cm2 active area)', equipped 

with converters made of lead corrugated band strips(l 3). To increase the 

efficiency of the chamber we have subsequently developed lead glass tube 
( 14) converters with a higher surface to volume ratio. We have also 

investigated the most suitable gas mixture in order to optimize the factor 

E2/T_(15) 
. 2 

In this paper the performance· of a 15 x 15 em MWPC test module with 

1 em thick lead glass tube converter is reported. The description of the 

·experimental apparatus is given in section 2 and the experimental measurements 

on efficiency, time and spatial resolution are presented in section 3. 

Section 4 deals with the expected performance of the proposed six-module 

positron camera which is compared with that of recent BGO cameras. Finally 

some concluding remarks are given in the last section. 

2. EXPERIMENTAL APPARATUS 

We have built a 50 x 50 cm2 MWPC module, but, for convenience, we 

have extensively tested a smaller module, consisting of a MWPC (15 x 15 cm2 

active area), and 1 em thick lead glass converter, both contained in an 

Aluminum box filled with the chosen gas mixture. In Fig. 2 we show a cross 

view of the test module (top) a·nd a plan view of'the MWPC (bottom). The anode 

plane is made of 20 11 m stainless steel wires, spaced 3 mm apart, connected to 

a positive high voltage VA, through a load protection resistor; the two 
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cathode planes consist of 100 ~m stainless steel wires spaced 2 mm apart 

coupled through 220 KQ resistors to a common bus bar. The anode-cathode gap 

is 5 mm. The directions of the wires in the cathode planes are arranged at 

90° relative to each other in order to allow both x andy localization. The 

cathodes are kept at a positive voltage Vc relative to ground in order to 

drift the electrons out of the lead converter. 

The detection of 511 KeV gamma rays requires the use of high density, 

high Z converter with large surface to volume ratio. We have developed a 

converter made of glass capillaries of high lead content (80% PbO by weight, 

glass density of 6.2 g/cm3), . fused to. form honeycomb matrices. Details of 

the converter construction and treatment have been already reported(l 4). 

Following the gamma interaction within the converter, the Compton - or 

photo-electron has a finite range depending on its energy.· If it reaches the 

gas region within a tube, a number of primary ionization electrons are 

produced. A voltage difference, Vconv' applied between the ends of the 

tubes, then drifts these primary electrons along the electric field lines 

within the tube towards the cathode and into the avalanche region of the 

chamber. 

X and Y position read-out is done by means of fast printed circuit 

delay lines (specific delay= 8 ns/cm) capacitively coupled to the cathode 

plane wires(l 6). Standard integrated amplifiers and comparator electronics 

have been used. For each co-ordinate 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 Amplitude f_onverter. A multi-channel analyzer is then used to obtain 
' 

the time spectrum, which is directly related to the co-ordinate distribution. 

Fig. 3 shows the experimental set-up. A positron emitting source 
68Ga is placed between a Nai scintillator and the MWPC module. The position 
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of the source relative to the Nai detector is such that a very small solid 

angle is subtended by the source at the converter plane { M - 7°), thus 

avoiding any edge effect. 

3. EXPERIMENTAL RESULTS 

In a previous paper{l 5), we have shown the results of efficiency 

measurements and electron transit time studies for various gas mixtures and 

tube diameters. The measurements reported in this section always refer to a 

1 em thick converter, inner diameter 0.91 mm, outer diameter 1.10 mm and a 

standard Argon- Methane {70-30) mixture at a pressure of 1.2 Atm. The 

cathode voltage Vc, has been kept at +400 V and the converter voltage, 

Vconv' at -400 V in order to maximize the electron drift velocity for our 

gas mixture{1 7). Extrapolation to other gas mixtures and converters thicknesses may be 

easily performed combining these data with those of ref. {15). More details 

on the experimental measurements are reported elsewhere{lS). 

The efficiency has been measured from the coincidence of the Nai signal 

with the MWPC anode signal {amplified 220 times). In Fig. 4 the efficiency as 

a function of the anode discriminator threshold is shown for two values of 

Veff {=VA- Vc). The data are corrected for they-absorption in the 

aluminum cover. 

The amplitude spectrum of electrons produced by the 511 KeY y 

interaction inside the converter is continuous. To have the maximum 

efficiency, theMWPC should detect any amount of primary ionization produced 

in the gas within the converter tubes. The arrows superimposed on the upper 

curve indicate the amplitudes of the signal produced by a primary ionization 

of 1,2 and 5 electrons, when Veff is 3350 v. They have been derived by 

linear interpolation from the signal produced by the X-rays of a 55Fe 

source, considering that on average 200 ion pairs are produced by a 5.9 KeY 
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X-ray in Argon. However, these are conservative estimates, because at this 

________ v_o_ttage_:_the-MWR-C-i-s -We-1-l--i-n-s'i-de- the-semi--proport-i-ona~-regi-on-. -fhe-anode-

discriminator threshold has been set at 30 mV (as also indicated by an arrow 

in Fig. 4), which is twice the electronic noise level ·and certainly below the 

two electron threshold at Veff = 3350 V • 

.If the chamber is able to detect any amount of primary i oni zati on 

produced within the tube, the efficiency of the module is only limited by the 

converter electron yield, i.e., by the probability of the conversion electrons 

to have enough energy to enter the gas region within the tube and to produce 

at least one ion-pair. In Table 1 the performance of our converter is 

compared with that· of the .converter developed by Jeavons (1 9) at CERN. 

The y interaction probability and the electron yield have been calculated 

using the EGS Monte Carlo code( 20 >; the 200 KeV electron energy cut-off is 

chosen on the basis of previous analytical calculations(S,lO). The 

efficiency for 511 KeV y-rays is shown for the same Argon-Isobutane mixture 

for both converters; the data of ref. (19) have been sea 1 ed down from the 662 

KeV experimental value, according to ref. (10). In the last line of the table '' 

we show the converter 11Q11
, i.e., the ratio between the measured efficiency and 

the y interaction probability. The converter developed at CERN and the lead 

glass tube converter we used have basically the same performance (Q :: 0.3); 

this might indicate that the maximum efficiency has been reached for 

converters with this packing fraction. Additional converters are now being 

assembled with smaller inner diameter tube in order to further improve the 

surface to volume ratio. 
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Time and spatial resolution measurements were taken with these standard 

voltage settings: VA= 3750 V, Vc = 400 V, Vconv = -400V, and the anode 

discriminator threshold set at 30 mV. Stable and reproducible conditions have 

been obtained over a six months period. 

The efficiency measurements were done using a majority logic 

coincidence between a 260 ns NIM pulse from the Nai discriminator and a 20 ns 

NIM pulse from the MWPC anode discriminator. A typical time spectrum is shown 

in Fig. 5; the FWHM of this spectrum is 130 ns. 

The spatial resolution along they-direction (perpendicular to the 

anode wires) has been measured by collimating the 68Ga source with a 211 

thick lead variable slit. To enhance the signal to noise ratio, only the 

coincidence (Nai-MWPC) events were accepted. A typical spectrum for a 750 ~m 

slit is presented in Fig 6. 

Using the two ends of delay line technique, we have previously obtained 

a spatial resolution better than 150 ~m (FWHM), when large pulses are produced 

from X -ray sources in a pressurized chamber( 21 ) , and better then 400 ~m 

(FWHM) at atmospheric pressure( 22 ). In the present application the signals 

have an extremely large dynamic variation, both in amplitude (by more than two 

orders of magnitude) and in rise time. Because of the low specific delay, 

there is no appreciable distortion of the- signal along the delay line; hence 

the timing error that may be introduced by the jitter is mostly cancelled 

out. However, to keep the maximum efficiency the threshold of the delay line 

comparator must be set at -a. very low level, comparable with the noise of the

system, and a worse spatial resolution is achieved. As the comparator 

threshold is raised the efficiency diminishes, but spatial resolution 

improves. The bottom part of Fig. 6 shows the spatial resolution along the 
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y-coordinate as a function of the relative efficiency of the delay line. At a 

relative efficiency of 100%, 2.8 mm FWHM has been measured and -2.3 mm (FWHM) 

at 70% relative efficiency. As the limit of the spatial resolution is reached 

(0.9 mm FWHM, i.e. the tube diameter), the relative efficiency has dropped to 

30%. The measured spatial resolution along the x-coordinate is some 20% 

worse, due to the 3 mm spacing of the anode wires. 

4. POSITRON CAMERA PERFORMANCE 

Two main applications have been developed for dense drift space MWPC's 

positron camera. The first one is related to the study of angular correlation 

of positronium annihilation( 23 ); in this case the counting rate is rather 

low and a slow (but dense) gas mixture can be used, such as Argon-Isobutane; 

the chamber may be operated in high resolution mode (0.9 mm FWHM). However, 

the most interesting application is medical imaging with positron emitters. 

In this latter case a fast gas must be used in order to diminish the transit 

time of the electron within the converter tube and thus to reduce the 

accidental coincidence rate; the spatial resolution measured with our test 

module, 2.8 mm, may be sufficient, because of the intrinsic resolution limits 

due to other factors, mainly to the positron range( 24 ) and to the deviation 

from 180° emission of the two photons( 25 l. Using these and previous 

experimental data(lS), and the experience achieved with an early version of 

a MWPC camera(1 2), we proposed here a new positron .camera for medical 

applications. 

A schematic drawing of the camera is shown in Fig 7. Six modules, 

50 x 50 cm2 each, are arranged to form the 1 ateral surface of an hexagonal 

prism. Each module consists of a standard MWPC chamber (2 mm spacing for both 

anode and cathode planes), with 2 em thick converters on both sides. Fast 
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delay lines (8 ns/cm) will be used and a fast gas mixture( 15 >, such as 

69% Ar + 20% CH4 + 10% CF4 + 1% c2H2• The expected efficiency is 15%, 

with a time resolution of 200 ns (FWHM). From the relation(1 2) 

t:.
2/T = s[<true coincidences)2/accidentals], assuming the true coincidence 

and accidental rates to be the same, we obtain a true coincidence rate of 

14000 c/sec. In table 2 the performance of the proposed camera is compared 

with that of the previous one(12 l. 

In table 3 we show a comparison between the performance of the MWPC 

camera and two recent Bismuth Germanate ring cameras: the Donner single ring 

280-BGO-crystal Positron Tomograph( 2) and the multiring NIH-Neuro 

PET( 26 ). The 1 atter was specifically designed as a high spatial resolution 

camera for brain imaging. The efficiency and the time resolution of the MWPC 

solution are still less favorable than the BGO case, but the spatial 

~esolution is much higher. It has been shown< 27 l that the reconstruction 

image when the detector has 2 mm spatial resolution is of the same quality 

(in terms of signal to noise ratio) of that obtained with a 10 mm spatial 

resolution detector but with ten times more statistics. This means that the 

higher spatial resolution of a MWPC partially compensates its reduced 

efficiency. Furthermore, the MWPC positron camera has an intrinsic 

multislice capability, whereas the Donner Tomograph has none and Neuro PET 

can only produce four simultaneous intraring slices. The MWPC solution, in 

fact, is characterized by a fully three-.dimensional imaging capability, with 

the voxel (volume element) size determined by the detector resolution. For a 

15 x 15 x 15 cm3 phantom and for the proposed camera, as many as fifty 

(3 mm) independent slices can be simultaneously obtained. 
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Further work is now in progress to simulate the performance of such a 

camera for a point-like source embedded in a 20 em diameter water phantom. 

The EGS code( 20) will be used, which has been already applied to study low 

energy photon Compton scattering in medical imaging( 28 ). The Monte Carlo 

data will then be reconstructed using limited angle algorithms( 5). The 

results of the simulation and the calculated sensitivity per slice (3 mm 

apart) and for the whole system will be presented in a forthcoming paper. 

5. CONCLUSIONS 

We have studied the performance of a dense drift space MWPC test module 

·for 511 KeV y-rays. We have measured the three characteristic parameters: 

efficiency (4.3%), time resolution (130 ns FWHM) and spatial resolution (2.8 

mm FWHM). We have also discussed how important it is to measure these three 

parameters in the same experimental conditions; nonetheless,applications may 

be envisaged where one parameter has more relevance than the others. 

A six module MWPC positron camera hasbeen proposed, as a high spatial 

resolution camera for medical imaging with positron emitters. Its expected 

performance is compared with those of two different BGO cameras and is shown 

to be very competitive. 

The progress in electronics technology. and :the increased knowledge of 

gas properties has now rendered the MWPC camera very attractive, not only for 

its low cost and simplicity of construction, but also because of the large 

solid angle coverage and the high spatial resolution. Its intrinsic 

three-dimen.sional (multislice) capability makes.this solution competitive with 

the recently proposed, but much more expensive, spherical scintillator 

camera (29 ). 

The assistance of P. Wiedenbeck in drawing the figures is greatly 

acknowledged. 
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TABLE 1. CONVERTER PERFORMANCE 

Converter type 

Inner diameter (mm) 

Outer diameter (mm) 

High Z component 

Total thickness (em) 

Interaction Probability for 
511 KeV y-rays ( x 102) 

Yield of electrons with an 
energ~ greater than 200 KeV 
(x 102) 

Efficiency of the chamber 
with Argon-Isobutane mix
ture for 511 KeV y -rays 
(x 1 o2) 

Efficiency /y Interaction 
probabi 1 i ty ( 11Q .. of the 
converter) 

Jeavons et al. (19) 

Stack of perforated metal 
plates (0.1 mm thick) in
terspaced with (0.1 mm 
thick) fiberglass plates. 

0.8 

1.0 

Pb-Sn-Sb (96%-2%-2%) 

0.96 

27.7 

22.0 

6.8* 

0.25 

This work 

Lead glass tubes 
fused to form a 
honeycomb matrix 

o. 91 

1.10 

PbO (80%) 

1.0 

20.7 

15.2 

0.30 

(*) Scaled down from the measured efficiency at 662 keV according to ref. (10). 
(+) From combined measurements of this work and of ref. (15). 
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TABLE 2. POSITRON CAMERA SPECIFICATIONS AND PERFORMANCE 

Number of modules (::.planes) 

Solid angle fraction coverage 

Camera inner diameter 

Active area of each module 

Angular acceptance of each 
module pair 

Number of converters per 
module 

Converter type 

Position read-out system 

Total delay of the delay line 

Efficiency of each module 

Time resolution (FWHM) 

c.2h (in unit x 103 sec-1) 

Point response function (in air) 

Operating counting rate 
(true coincidences = acciden
tals) 

Reconstruction algorithms 

Previous work (12) 

2 

0.33 

45 em 

48 X 48 cm2 

-+-40° 

3(*) 

Lead corrugated band 
strips 

Helical phase compen-
sated slow delay lines 

1 .2 ].l s 

0.058 

300 ns 

12 

7 mm 

500 c/s 

Back projection 

This paper 

6 

-0.50 

85 em 

45 x 45 cm2 

± 30° 

2 

Lead glass tube 
honeycomb matrix 

Printed circuit 
fast delay lines 

400 ns 

0.15 

200 ns 

112 

~2 mm 

28000 c/s 

Limited angle 

(*) Each moau·l e. had two MWPC Is: the front one had two converters and the back 
MWPC only one converter. 
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TABLE 3. HIGH-SPATIAL RESOLUTION CAMERAS PERFORMANCE 
' . 

Donner Lab 
Positron Tomograph(2) 

NIH Neuro PET (26) This work 

Type Single Ring of Multi-ring of BGO Dense Drift Space 
BGO Scintillator Scintillator MWPC 

Inner Dia·meter 94 em 38 em 85 em 

Number of ele- 280 128 6 
ment 

Active volume 9. 5 x 32 x 32 mm3 8 • 5 X 20 X 35 mm2 450 X 450 X 70 mm2 
of each element 

Threshold 250 KeV 255 Kev+ -200 KeV* 

Time Resol u- 15 ns 20 ns 200 ns 
tion (FWHM) 

Detection 0.67 -o.7o+ 0.15 
Efficiency 

Point Response 7 mm 4.6 mm -2.0 mm** 
function in air 

Multi slice No Yes Yes 
capability 

Number of con- 1 4 50 
temporary (-1 em sli.cel {_-1 em slice) (3 mm slice) 
slices 

(+) In high sensitivity mode. 
(*) Based on the intrinsic low-sensitivity of the dense drift MWPC to photons 

with energy less than 200 KeV. 
(**) A spatial resolution of 1.5 mm has been measured with the test module 

pressurized at~ Atm (18). . 3 
( ***) Based on a 27 mm voxel and a 15 x 15 x 15 em object. 
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FIGURE CAPTIONS 

1. An hexagonal-type multiplanar positron camera: a} perspective view, 
b) plan view, c) cross view. 

2. Test chamber with the converter at the bottom separated from the 
cathode plane by a 4 mm spacing (top}. Plan view of the chamber showing 
the orientation of the cathode planes with the delay lines coupled to 
them; the anode wires are also indicated by dashed lines (bottom}. 

3. Experimental set-up used to measure the efficiency, the time and spatial 
resolution of our test chamber to 511 KeV gamma rays (figure not to scale}. 

4. Efficiency of the chamber as a function of the anode discriminator 
threshold for two different effective voltages: a} solid circles data 
refer to Anode-Cathode voltage of 3350 V; b) open square data to- the 
lower voltage of 3150 V. 

5. Typical time distribution spectrum as obtained from the coincidence with 
the Nal scintillator. The FWHM of the distribution is 130 ns (Hor. scale = 
50 ns/div}. The start of the 280 ns cOincidence gate is also shown. 

6. Typical spatial resolution spectrum obtained with a 750 llm slit. The 
.FWHf~ of the distribution is 37 channels corresponding to -2.5 mm (top). 
Variation of the spatial resolution (FWHM} with the relative efficiency of 
the de 1 ay 1 i ne (bottom) . The minimum va 1 ue of 0. 9 mm corresponds to the 
inner diameter of the collimator tube. 

7. Proposed Positron Camera of six modules arranged to form an hexagonal 
prism. Each module has a 45 x 45. cm2 active area and has two 2 em thick 
lead glass tube converters. 
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Fig. 2 
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Fig. 3 
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