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Overview

Improvements in Radio-Isotope IDentification (RIID) algorithms
are becoming a significant research focus. To provide a rapid de-
velopment environment for this, a generalised gamma simulator
has been built using the GEANT4 toolkit. This allows for con-
sideration of a diverse range of radiation sources and shielding
scenarios. Presented are several crucial features such a simulator
must accurately reproduce for meaningful gamma spectrometry.

Test detector

For the purposes of testing, several detector types were modelled from
manufacturer specifications. A HPGe model is shown (Fig. 1).
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Figure 1: Major components of a HPGe model.

Core considerations

For accurate reproduction of gamma spectra, the following basic fea-
tures are implemented:
• Gaussian Energy Broadening (GEB) - Fundamental to any gamma

spectrum. Each independent pulse is sampled from a Gaussian
with parameters derived from experimental data.

• Annihilation peak broadening - A net residual momentum of the
e−/β+ results in additional broadening of annihilation events. It is
therefore necessary to derive some GEB parameters from a
separate trend.
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Figure 2: Example FWHM calibration for GEB parameters.

• Decay chain limiting - GEANT4 radioactive decay follows chains
until a stable isotope is reached. Enforced conditions are needed for
accurate representation of spectra over experimental time scales.

• X-ray fluorescence - Production cuts are chosen based on the
detector material. X-ray escape peaks provide extra information
for RIID algorithms.

• Backscatter - One notable difficulty is the inclusion of backscatter
peaks, which rely on fairly accurate reproduction of the nearby
surrounding environment.

• Multi-isotope sources - Sampled event-by-event based on individual
nuclide activity, spectra containing multiple nuclides can be
simulated.

Contact Information

• Email: a.turner@pgr.bham.ac.uk

Timing problem

Radioactive decay time scales can be extremely long. Rounding to
double precision quickly becomes detrimental to timing data, making
a global time reference unreliable. Knowing differences in emission
times is often crucial, so a generic system was implemented to maintain
precision.

Figure 3: Typical 44Ti tracked decay.

By artificially including reference points, the magnitude of recorded
times can be kept reasonable. Nuclide lifetimes and changes in proton
number form a good generalised basis. Taking the 44Ti decay as an
example (Fig. 3), the precision issue is demonstrated when looking at
the 154 ns half-life; a common teaching experiment.
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Figure 4: Issue when rounding to double precision.

Precise timing is of course crucial for coincidence measurements. How-
ever, it is also very important in reproducing realistic gamma spectra
with summation peaks from coincident emissions.

Coincidence summing

Any detection system typically limited by signal creation and process-
ing times. True coincidence summing an be significant in real spectra,
and must be reproduced accurately.
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Figure 5: Spurious summations from no track reconstruction.

Spurious summation peaks will occur if energy depositions are naïvely
summed without considering the time-scales involved in a decay. This
is rectified by reconstructing independent tracks, then summing based
on the system’s processing limitations. Using precise time differences,
a realistic representation is seen (Fig. 5).

A check of geometrical dependence of peak intensity from 60Co also
demonstrates expected coincident summing behaviour.

10 20 30 40 50 60 70 80

Crystal to source distance [mm]

2−10

1−10

1

] 0
N

or
m

al
is

ed
 in

te
ns

ity
 [I

/I

Summation trend

1173/1332 keV trend

Experimental data 

Simulated data 

  trendΩ ∝

 trend2Ω ∝

 

Figure 6: Verification of coincident summation peak.

Shielding example
A basic scenario with increasing iron shielding thickness shows good
agreement with attenuation expectations. This is easily extended to
more complex materials and geometries.
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Figure 7: Basic shielding example.

Angular correlations
Unfortunately, angular correlation is very limited in its current
GEANT4 implementation. Shown is 108mAg, which should follow the
same correlation trend for both cascades.
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Figure 8: 108mAg showing limited correlation implementation

RIID algorithm development

• Pulse shape analysis - Currently using a CAEN digitizer to
investigate additional information available in the pre-amplifier
waveforms.

• Coincidence information - Can provide further evidence for
discrimination between possible detected nuclides.

• Machine learning - RIID is an ideal candidate for supervised
learning models. The simulator can now provide ample training
data for diverse scenarios.
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