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means of an axial magnetic field. The PMT had a gain of 10% to 10° for
10 dynodes, and an intrinsic resolution of about 3.4 mm in both x and y
directions. A PMT with fine mesh dynodes [3] and resistive anode was
also designed. The resistive anode consisted of KCsSb instead of the
usual metal oxide film which is unstable during the tube processing.
This PMT had a spatial resolution of 4.2 mm for scintillation imaging
with 137¢s. Finally, ITL [4] wmanufactured an imaging photon detector
which incorporates a resistive anode with 4 electrodes to produce two
dimensional imaging. This device is capable of detecting extremely weak
signals and has a resolution of 10 lines/mm. Several other types of
imaging devices are now manufactured commercially but use multichannel
plates instead of dynodes.
2. Structure of photomultiplier

The PMT tested was built by Hamamatsu, and is a modified version of
the Hamamatsu R1652. 1t has 9 fine mesh dynodes and a proximity con-
struction between the photocathode and the first dynode [3]. The struc-
ture of the tube, as well as its overall dimensions, is shown in fig. 1.
Fig. 1(a), shows the 9 stages of mesh dynode which are followed by a
linear array of 10 multi anodes and a last reflective dynode. The 10
anodes are spaced about 5 wm apart and are 5 cm long. Fig. 1(b), shows
the anode wires in front of the last dynode.
3. Energy resolution

We tested the PM energy resolution by adding the signals of all
anodes and integrating them over 400 ns. The resistive chaln used to
bias the dynodes had 10 stages of 100 KQ each in order to obtain maximum
gain. It drew a current of 1.5 mwA at 1500 volts. The last 4 stages had

decoupling capacitors. The resistive load at each anode was 10 KQ. An

electrostatic shielding surrounded the tube and was connected to the
photocathode through a 10 MQ resistor. We operated the tube with a nega-
tive high voltage. The gain at 1500 V was approximately 10 when adding
all anode signals. The source was 9%Co and the scintillator a 5.1 cm
diameter and 5.1 cm loag cylinder of NaI(TL). The FWHM of the 1.17 and
1.33 MeV gamma ray peaks was 9% and 8% respectively.

These results are comparable to standard photomultipliers, indi-
cating that the cathode photoefficiency is larger tham 15% and that the
PM can be used in low light level applications as would be the case in
PET wachines or with fiber scintillators.

One source of resolution degradation is the uncertainty of mulcipli-
cation in the last dynode. Some electrons originating in dynode 9 will
be collected by the anode wires, while others will be further multiplied
in the reflecting dynode 10. This effect does not seem very large, as
the energy resolution 1s comparable to normal phototubes, presumably
because only a small fraction of the electrons of dynode 9 are collected
by the anodes.

4. Response to point light sources

In order to test the position response of the PMT it was first
necessary to find a light source that was both narrow and capable of
being moved across the froat of the photomultiplier. This was accom—
plished with a collimated !9®Ru source and a 1 mm thin NE102 plastic
scintillator. The scintillator was mounted over a hole 0.8 mm diameter
in a lead collimator and the source was mounted on a calliper which
enabled it to be moved in front of the PMT with an accuracy and reproduc-
ibility of 0.3 mm. The source was oriented in such a way that it moved

perpendicular to the wire anodes. This geometry is shown In fig. 2.
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300 keV photons in a plastic scintillator or 60 keV in a NaI(T®)
scintillator.
7. Timing response

The system used for measuring the timing response of the R1652
consisted of a pulsed light source (xenon flash lamp) optically coupled
to the PMT by a thin (1 mmn diameter) fiber optic cable. This arrangement
is favourable because the light source is narrow and allows variable
intensity, frequency and position.

When the xenon flash lamp was triggered it produced a light pulse
of about 200 ns in length with a very short rise time and a 50 ns
exponential decay. This pulse was sent through the fiber optics to two
photomultipliers. An RCA 8575 PMT was used to trigger the computer and
the time delay between the RCA signal and the R1652 signal was measured
in a TDC. This quantity was then histogrammed by the computer.

The transit timing response of the R1652 was measured as a function
of the voltage applied to the PMT. A plot of transit time versus applied
voltage 18 shown in fig. 9. This measurement was made with all 10 anodes
summed to produce the stop pulse. Fig. 10, shows the computer generated
histogram for the time between the START and STOP pulses with an applied
voltage of 1400 V. The time resolution was 550 ps FWHM at a voltage of
1400 v.

We also tested the timing response with source position when the
STOP signal was supplied by only one anode. The fiber-optic cable was
moved across the froat of the PMT and timing measurements were made for
several different positions. Fig. 11, gshows the time vs position plot
for anode 6 and 7. The minimum in this peak corresponds to the position

where the light source is directly in front of the corresponding anode

wire. By using a constaant fraction discriminator the effect of changing
signal amplitudes was minimized.
8. Summary and conclusions

The Hamamatsu R1652 with linear anode array showed good position
sensitivity. The PMT was able to produce a position resolution of
1.3 mm, which includes the source width of 1.0 mn, and a time resolution
of 550 ps FWHM. The PMT appears to be suitable for one dimensional,
position sensitive photon detection and could be adapted for use with
imaging cameras. One drawback with this PMT is that it only has one
dimensional position sensitivity. This can be obviated with pads as
anodes or using resistive cathodes. Resistive cathodes however, have the
disadvantage of ambiguous response for multiple events and a large array
of pads requires a very large number of pins .on the tube. Therefore the
final design for tubes of this kind have to be tailored to the particular

experiment or application.
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