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Abstract

As part of regular laboratory operations, GBL15 (the UK CTBTO certified radionuclide laboratory)
participates in annual Proficiency Test Exercises (PTEs) organised by the CTBTO. GBL15
consistently achieves the top ‘A’ grade in these exercises using dedicated HPGe detector systems;
to achieve the sensitivity required these are specifically designed to use ultra-low background
materials, and are further enclosed within advanced passive and active shielding [1].
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Processing the Data

List-mode data acquisition allows a complete replay of the entire measurement, event-by-
event. It also creates incredibly large files which require specialised software to process. The
(unimaginatively named) ‘Analysis Package’ was developed by GBL15 for this purpose, and
provides an all-in-one suite for the processing and analysis of complex list-mode data.
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Measurement and Analysis of PTE2015

Once the PTE had been counted on both certified CTBTO detectors at GBL15, it was also
measured in list-mode on the y-y system. Analysis was carried out independently, with different
analysts completing the standard analysis pipeline and the coincidence system analysis pipeline
respectively.

Table 1 shows the results obtained using a CTBTO certified laboratory system (Canberra BEGe-
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A rack and pinion system allows the
lid to be interlocked over the
detectors. Custom 3D printed
sample holders are used to suspend
the samples between the two
detectors, creating a reliable and
well characterised geometry. Both
detectors are electrically cooled.

From Peak Counts to Nuclide Activities

The final piece of the puzzle requires the transformation of a peak area (N, ) into a robust,
reliable activity measurement. For routine single detector analysis, the factors required for this
transformation are well known; b (branching ratio/abundance), t (acquisition time), ¢ (peak
efficiency), and c (correction factors to account for cascade summing and nuclide decay). In

such a simple case, the activity, A, is calculated as:

In Table 1, results shown in green are within 5% of the (corrected) reference value. Those highlighted in yellow
show those results that fall outside of this but within 10%. All results pass the % difference, Zeta and Uncertainty
ratio tests. Some errors appear artificially large; this is often due to errors quoted in the nuclear data which are
propagated through to the activity measurement. Overall, the y-y system performed as least as well as a
conventional system, and allowed far greater confidence when confirming the presence of radionuclide
signatures. Table 2 (below) shows the grade achieved in the 2015 PTE — an A grade would have also been
achieved with the y-y system.
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- Automatically optimise the delay and gate functions for coincidence systems Conclusion

~  C\Python2T\python.exe o o T e S

- Backup spectra at regular intervals, writing CNF’s or PHD’s with all sample information Running RIMMER

For the first time, a PTE sample has been measured and analysed using a y-y system. The results
demonstrate that quantification is reliable and robust in both singles and coincidence modes. The

availability of both modes gives the user much greater confidence in nuclide identification.
Coincidence signals are also much ‘cleaner’ than those in a singles spectra due to the greatly
reduced background.

- Take control of multiple LYNX™ units, synchronise their internal clocks and perform list-mode _
acquisition

The factors were calculated using
RIMMER in batch mode

rectory = Z:\Projects“CustomSoftuware“RIMMER“dataMonteCarlo

- Firstly the peak and total efficiencies were
generated using ISOCS, a Canberra
product for characterised detectors

- Alibrary file was then supplied to RIMMER
along with the efficiency data

Setup of timing for coincidence events

efficiencies\2@15~det144_RASA_endcap.ecc
e ienciess2@15\det144_RASA_endca cc

efficiencies\2@15~det145_RASA_endcap.ecc
e ienciess2@15\det145_RASA_endca; cc

Two rounds of setup were performed for
the y-y system:

coincidence window search, and click ‘plet’.

A full measurement and analysis pipeline has also been created and tested. Using nothing but raw
nuclear data in the form of ENSDF records and a detector system, GBL15 can now carry out the
complete cycle of measurement, data processing and spectral/matrix analysis for an arbitrarily
complex system.
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1) The software was used to configure
the delay and gate for each LYNX™ )
unit connected to the Cosmic Veto

A convenient csv format file was
generated with all the factors required to
quantify all possible emissions from the
nuclide library for both singles and
coincidence analysis
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2) The software was then used to
confirm that y-y coincidence spectra
could be obtained from the system,
and that they were properly
synchronised

The ability to identify and quantify radionuclide signatures via two different methods
simultaneously is completely unique, and will have a number of interesting applications. One such
application is a ‘measurement restriction’ system, where absolute confidence in the result is
crucial. We hope to demonstrate such a system based upon these combined techniques soon.
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RIMMER is scalable to any multiplicity of detector system, and has also found use generating
Cascade Summing Factors (CSFs) at GBL15, with a library of over 250 nuclides calculated
for every sample geometry and detector combination in the laboratory [8].
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