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cee-e -eecssesssscscsssssse-s- INTRODUCTION AND MAIN RESULTS

Nal detectors have been integrated into a y-y coincidence system to capture counts that
would otherwise be missed or scatter out of the HPGe detectors.
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The additional sensitivity is used to increase the efficiency of the coincidence system to
improve detection limits for CTBT-relevant radionuclides.

S B g O

|

An experimental testbed has been developed, and preliminary measurements have been
conducted. -
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Introduction

Measuring the timing of y interactions in the detector
allows events to be resolved temporally as well as
energetically. By selecting events that occur in multiple
detectors within a timing window, known as ‘coincident
events’, it is possible to vastly reduce the signal-to-noise
ratio of measurements [1, 2]. As seenin Fig. 1.

Co60 Measurement - Singles vs Coincidence Figure 1.
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total coincidence

mode (orange).

10° Mj\‘uw"/\w

Counts

10!

0 500 1000 1500 2000

Energy (keV)

In this work, two HPGe detectors (BEGe5030) and two
Nal(Tl) detectors (4” x 4” x 15”) were set up in a lead
cave (Fig. 2), and all detectors time synchronised. A 15-
minute measurement of a 3.0 kBg %°Co source was
acquired and a coincidence window was set between -
2000 and 1500 ns.
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Coincident Events

| Figure 2. Two High Purity

| Germanium (HPGe) detectors
are installed in a face-to-face
configuration close to the
source, with two Sodium
lodide (Nal(Tl)) detectors

* situated orthogonal to the
HPGe plane.

The most likely decay path of %Co results in the
emission of two y rays in cascade at 1173 and 1332 keV
[3]. This is seen in Fig. 3 by the two clear hotspots at
both of the 1173 — 1332 keV intersections.
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Energy Gating

By requiring that one detector measures a specific
energy, known as energy gating, it is possible to project
out a gated spectrum for the other detector (Fig. 4).

HPGe_1 Energy Gate : 1332.5 (keV)
Projected HPGe_2

Figure 4.
Projected
102 spectrum for
one HPGe
when gating
on the other,
with a 1173
keV energy
gate.
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The projected spectrum only features the other %°Co
peak and the corresponding Compton continuum. Any
other contributions are heavily suppressed, and the
signal-to-noise ratio is significantly improved.

To improve the overall efficiency of the system, two
Nal(Tl) detectors have been incorporated. Nal(Tl)
detectors have greater detection efficiency than HPGe
detectors, allowing for more coincidence events to be
collected [4].
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HPGe — Nal Coincidences
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Higher Multiplicity Coincidences

Many vy rays will Compton-scatter out of the detectors
rather than deposit their full energy. When this occurs,
the y rays will not contribute to the hotspots in the
double-coincidence matrices [5, 6, 7].

Using four detectors, triple and quadruple coincidences
can be identified where the full energy of one or more of
the y rays is deposited across multiple detectors.

[HPGe]_[HPGe+Nal] Coincidence Matrix
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Results and Conclusions

By only considering energy gates on HPGe detectors,
the additional counts that are captured utilising the
superior detection efficiency of the Nal(Tl) detectors are
significantly restricted when projected.

Table 1 details the peak-to-total ratios of projected
1173 keV peaks for all detector type combinations that
only have HPGe detectors as the gate detectors. Upper
and lower peak limits were manually identified.

> | intersections. 2000 _ _
N\ ’ Figure 7. Triple
05— 100 Boo o /oo 300 i Co"t“_"de”hce Future work will include modelling the system using
e e A ! £ ' tmhz zﬁé:‘;yere GEANT4 to optimise the system geometry and
The size of the energy gate depends upon the ¢ deposited over determining detection limit improvements.
resolution of the detector being gated upon. By gating Ewm one HPGe- Table 1. Number of counts in the projected 1173 keV peak for different
upon the high resolution HPGe detector, the counts z Nal(Tl) pair is detector type gate/projection combinations with a 1332.5 keV energy
being projected in the Nal(Tl) detector can be 00 plotted against gate for a 15-minute measurement of a 3.0 kBg ¢°Co source. “+”

the other HPGe.
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denotes that the energies of the detectors are summed.
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. Summed Gated Spectrum projected 1 173 keV peak
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Figure 6. Summed ' ) i g o e HPGe HPGe 0.21

gated spectrum for Figure 8. Projected :
gating on a HPGe spectrum along the HPGe Nal 0.44
detectorand 3 AHERNEIr HPGe HPGe + Nal 0.49
projecting on an summed-energy axis i PG Nal+ Nal 051

Nal(Tl) detector, when a 1332 keV é ° o '
with a 1173 keV energy gate is applied HPGe + HPGe Nal 0.48
energy gate. = to the other HPGe HPGe HPGe + Nal + Nal 0.42
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detector.
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