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Abstract: Radioisotope identification (RIID) is typically performed using gamma-ray spectroscopy, essentially comparing energy spectra against
known templates. However, the physics of radioactive decay is completely understood, and nuclear decays follow well-defined decay chains with
known branching probabilities and mean decay times. Machine learning techniques processing pulse-by-pulse (list-mode) data from a gamma ray
detector could take advantage of temporal and sequential correlations in the data to make a quicker real-time inference than is possible with the
spectrum alone. In principle, by avoiding the information loss arising from binning list-mode data, a probabilistic, temporal radioisotope
identification algorithm could perform inference with higher confidence and/or higher accuracy than existing methods.

A Nuclear Physics Primer State of the Art of RIID

Types of Nuclear Decay

Nuclear decay is the process by which unstable nuclei lose energy by radiation. Individual
decays occur at random times, but collectively there are well-documented branching
probabilities and mean decay times, which can be modeled by a Poisson process. Gamma
decay is the mode of decay whose emissions travel the farthest, and is often used to infer the

Gamma Ray Spectrum Template-Matching

Currently, gamma ray energy spectra are used to identify isotopes, generally by comparison
of the spectrum to a template. However, at low signal levels, there can be insufficient
information in the spectrum to distinguish isotopes. This is where a technique also
incorporating time-of-arrival information would show an advantage.

isotopes present in a decaying sample.
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In the example above, spectra of highly enriched uranium (HEU, shown in blue) and thorium-
232 (shown in black) are both plotted. They are currently indistinguishable, but they could be
differentiated by considering the inter-pulse times.
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Practical Scenarios

A scintillation detector is one methods of detecting gamma rays. A high-energy photon
strikes a scintillator, which re-emits energy in a visible or near-visible portion of the
spectrum. The lower-energy photons are converted to electrons by a photocathode,
and the electronic signal is amplified in a photomultiplier tube. Pulses are collected
over time to form an energy spectrum such as the one shown below. The plot
compares the shapes of spectra collected using various detector types.

Mobile radiation detectors such as the one in this Thermo
Fisher PackEye Radiation Detection Backpack are often used to
ensure public safety at large events. In this scenario, it can be
difficult to discern malicious sources or radiation from benign
ones, due to weak signals and moving sources.
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* More confidence could be assigned to measurements

https://physicstoday.scitation.org/doi/10.1063/1.1839375 * Correlated phenomena could be combined (gamma + neutron)

Nuclear Decay Series Probabilistic Methods Being Developed
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