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Summary 

A prototype liquid xenon '{-camera has been con
structed and preliminary results obtaine d . The sen
sitive volume is 7 em X 7 em in area and 1.5 em thick. 
Orthogonal coordinates for each interacting y-ray are 
provide d by 24 anode wires 5 f.l in diameter spaced 2 . 8 
mm apart and 24 cathode strips. 

Discussion 

We show the image of a point source of 279-keV 
y-rays at two positions differing by 5mm in both coor
dinates. The spatial resolution was better than 4 mm 
FWHM and the energy resolution was 19o/o FWHM. 

A liquid xenon multiwire proportional chamber has 
been constructed and preliminary results obtained. In 
an earlier pape r we reported some of the properties 
expected from this new approach to'{ imaging . 1 The 
advantages of using liquid xenon instead of Nai are 
primarily the improved spatial resolution and the 
higher counting rate (in practice, these factors are 
limited by the wire spacing, the cost of electronics, 
and the collimator). The sensitive volume is 7 em X 7 

Figure 1 . Anode-cathode assembly of the liquid
xenon detector. Anode wires (5 f.l diam.) and 
cathode strips are spaced 2.8 mm apart. Wires 
a r e centrally supported by passing between two 
quartz fibers . 
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em in are a and 1 . 5 em thick, and contains an array of 
24 anode wires and 24 cathode strips. 

Two types of wires were used: 3.5 f.l and 5 f.l diam . 
.Most of the studies were made with the 5-j..t wire be
cause of its greater strength. The anode w ires are 
spaced 2.8mm apart and stretched over 7 em distance , 
but are centrally supported by pass ing between t wo 
0.020" quartz fibe rs as shown in Fig. 1. The cathode 
consists of conductive .strips spaced 2.8mm apart to 
provide the orthogonal coordinate. 

The readout consists of two, almost identical, charge 
division networks, shown schematically in Fig. 2. The 
charge at the cathode is induced over several strips. 
The readout automatically finds the center of gravity of 
this induced charge. The resolution, R (FWHM), con
tributed by the charge _R}J[j..fion readout is approximate
ly r e presente d by R"' -s- , where A is the spacing of 
the a node wires (or cathode strips), M is the number 
of wires (or strips), N is the charge amplifier nois e 
leve l (FWHM), and Sis the y-ray signal le ve l. That 
is, the resolution, R, is equal to the linear size of the 
chamber, AM, divided by the signal-to-noise ratio, 
S/N. For the case where A = 2.8mm, M = 24, 
N = 3X1o-16c, and S = 10-14c. we find that R = 2.4 
mm. 

The lowe r cathode is a 0.005 " stainless steel sheet 
that serves as the window for the incoming radiation. 
The chamber is placed in the Dewar (a lso thin win
dowed) containing Freon-11. and cooled b y means of 
liquid nitrogen. 

The gas was specially purified
4 

before condensing. 

In a recent paper
2 

we measured pulse height as a 
function of voltage for the 279-keV photopeak in a 
single-wire chamber. From these data, we calculated 
the first Townsend coefficient as a function of e le ctric 
field. We found that avalanche ionization in liquid xe
non requires electric fields only 20 times higher than 

" Oscil loscope 
trigger 

X8L722 • 240~ A 

Figure 2. Charge division readout is identi cal in 
both coordinates. The position is calculated by 
a/a+b, where a and bare the charges at the ends 
of the array. We used 100 pf capacitors and 10 
Mrl resistors. 
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Figur e 3. Pulse height vs voltage for the 5-!J. wire 
in the 'Y-camera superimposed on the best-fit curve 
to data from the single - wire chamber. Due to dif
ferences in geometry, the voltage scales differ by 
a factor of 2.2. 

Figur e 4. Energy resolution in the camera (5-IJ. 
wires). At 3000 V the resolution is 22 o/o FWHM 
(lower curve ) and at 4400 V the resolution is 
19o/o FWHM (upper curve). 

in gaseous xenon at 1 atm pres sure. This is sur pris
ing, as this ratio might have been as high as 500, the 
ratio of the densities. 

geometry by a factor of 2.2 for both 3.5-IJ. and 5-IJ. 
wires . Figure 3 shows the 5 -IJ. wire pulse height vs. 
vo ltage data in the 'Y-chamber superimposed on the 
s ing le-wir e -chamber data . 

R esults 

In the multiwire detector chamber we found that due 
to differences in geometr y the voltage required to ob
tain the same gain is higher than in the cylindrical 

Operation at the higher voltages may cause break
age of the wires. The problem of w ir e instability at 
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high e l e ctrostatic forc e s has been treated e lsewhe re. 
In order to solve this problem the wires have been 
supported by quartz fibers. In the 3.51J. case, the 
w ir es were supported by three pairs of quartz fibers 
and a gain of 70 was obtained at 5.5 kV. In the 51J. 
case the wire s where supported only at the center, as 

Figure 5. The individual wire s of the anode plane 
imaged on an X- Y plotting oscilloscope using a 
Hg203 source collimated to a circle 2 mm FWHM 
at the chamber. The ver tical coordinate corre 
sponds to position; and the horizontal coordinate 
was assigned at random by a llowing an oscillo
scope circuit to sweep periodically. The source 
is moved a distance equal to the wire spacing 
(2 . 8 mm). In this case read out resolution is 
better than the wire spacing, and the wires are 
clearly resolve d due to the ir e le ctrostatic focus 
ing prope rty . 
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Figure 6. Image of a 279 - keV source collimated 
to 2 mm at the chamber. It was first i mage d at 
one position , then move d 5 mm in both coordi
nates a ndre -image d. The w ir es {running in the 
hori z ontal direction) produce t wo points w hen the 
source is not aligned exactly on one wi r e. The 
motion in the vertical dir e ction r esulte d in dot 
centers of 5 . 6 mm {double the wir e s pacing ) due 
to the e lectrostat ic focusin g property of the wires. 
We estimate the resolution to be 4 mm FWHM. 

s hown in Fig . L and a gain of 10 was obtaine d at 6.5 
kV, a v oltage above which the w ir e s t ended to break. 

The energy resolution was found to be 19% FWHM, 
similar to our single - wir e dat a. 1 The r esolution was 
not degraded with the increase in gain; in fact, Fig. 4 
shows an improve ment of the FWHM ene r gy re s olution 
from 3 kV to 4.4 kV. The chambe r was maint aine d in 
a liquid state for periods as long as 24 hours. By the 
method of e lectronegati ve ion pumping described in 
Ref. 1 we were ab l e to clean the liquid re li abl y over 
a 12-hr per iod to a leve l such that the e lectr on attach
ment was< 1o/o per mm of drift. Fo r a chamber of a 
few centimeters thickness, we s ee that the purity leve l 
does not affect the e ne rgy r e solution. During the run 
this process had to be r e peated eve r y hour, but we 
expect that future des i gns wi ll remove even thi s re
quirement. 

Figur e 5 is the r esult of ope rating the anode r ead
out only. The ve rtical coordinate corresponds to po si 
tion; and the horizontal coordinate was assigned a t 
random by a llowing an o scilloscope circuit to sweep 
periodically. The source was move d in steps e qual to 
the wire spacing of 2.8 mm. As seen in the picture, 
each is clearly resolved. This condition occurs w hen 
the readout has a r esolution substantially better than 
the wire spacing . Thi s pattern produced by the anode 
wires can be e liminat e d by moving the detector dur ing 
the time of exposure and maki ng the corresponding 
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correctio n to the image in the manner of a Pott er 
Bu cky filter . 

In order to inves tigate the chamber ' s spatial re 
sponse, the point source was image d and then re
image d after the source was move d 5 mm in both co 
ordinate s {Fig. 6) . We noted tha t, for the r easons d is 
cussed ear l ier, the wires (r unning in the hor izontal 
d i r e ction) produce d t wo points when the source wa s not 
a ligned exactl y on one w ir e . We estimate the reso lu
tion to be 4 mm FWHM. 

We conclude, on an optimi stic note, that the m ulti
w ire liquid xe non y - camera prom ises significant im 
proveme nts in the fie l d of medical imaging . Clinica l 
t e sting in vivo will b e conducted in the near future. 
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