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1. Research overview
This research addresses the need for cheap, large-area detectors that could be
installed at airports and docks for nuclear non-proliferation purposes. Already existing detectors, based on liquid and gaseous scintillators, are well established,
but relatively expensive, particularly if needed in large surface area. Plastic scintillaors are cheaper and easier to manufacture and would be the perfect candidate
for this purpose if proven sufficiently valid in detecting and discriminating different
particles.
This research had three main objectives:
1. Test the detection properties of plastic scintillator with gamma/neutron radioactive sources.
2. Test the theoretical higher sensitivity to neutrons of Gadolinium doped detectors.
3. Test the effects of applying a reflective coating on the detection properties.

Figure 3. Count rate of four detectors before and after source exposure (left Cs-137, right Cf252). PMTs had a discrimination threshold set as to avoid 90% of dark noise.

4. Cf-252 at similar backgrounds rates
2. Plastic scintillator
Three single plastic scintillator tiles have been stacked on top of each other and
used as a single logical detector to optimise its efficiency as shown in figure 1.

Figure 4. Count rate of four detectors before and after Cf-252 exposure. left 0.15 cps, right
0.68cps background count rate.

Comparison of exposure to 252-Cf for Gd-doped and un-doped detectors with
thresholds set to constant background rates. At higher thresholds, the increase is
minimal. Lower thresholds (0.68 cps) show an increase in all detectors, the highest being in the Gd-doped tiles. In all cases the greatest increases were in the Gddoped tiles.
Figure 1. Picture of a single detector. Three tiles are stacked on top of each other to increase the
efficiency. Fibres have been glued inside a 3D printed cookie in order to achieve an optimal coupling with the PMT.

5. Shieldings

Four different detectors, 2 undoped and 2 doped with Gadolinium sulphate in
order to improve neutron detection efficiency, were prepared and organised as
shown in figure 2.
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Figure 2. Diagram of the experimental set up. Four different detectors have been stacked on top
of each other, separated by a Tyvek sheet, inside a light tight box. PMTs are then connected to a
high voltage supplier and scalar coutner through a discriminator.

3. Cs-137 and Cf-252 Exposure
Exposure to Cs-137 shows a significant increase in count rates in all detectors
that ranges typically from a factor of 7 to 12. Detector number 1, an un-doped detector, shows the highest increase whilst number 4 shows the lowest. Exposure
to Cf-252 shows a small increase in rate in all detectors compared to that seen for
the Cs-137 exposure (not unexpected since the activities of the two sources, are
significantly different). Both Gd-doped and un-doped detectors display a similar
increase in count rates of, typically a factor of 2. Both Gd-doped and un-doped detectors both clearly show sensitivity to the presence of Cs-137 and Cf-252.

Figure 5. Count rate of four detectors at Cf-252 exposure with different shieldings.

Attempt to suppress each of the two components of the Cf-252 radiations separately. Results show that both detectors are sensitive to both components of
Cf-252 radiation and that both detectors are more sensitive to the gamma one.
These results also indicate that Gd-doped detectors are more sensitive to both
components of the Cf-252 radiation than the un-doped ones.

6. Conclusions
Both Gd-doped and undoped detectors show clear sensitivity to gamma/neutron radioactive sources. Gd-doped detectors have been found to be more sensitive to Cf-252 radiation. Further studies are required to fully interpret and quantify
these findings.
Coating doesn't seem to interfere in any significant way with the detection properties of the detectors.

