
We proved that this Compton imaging technique can 
passively image the gamma rays emitted by special nuclear 

material 
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Handheld Dual Particle Imager

Gamma-Ray Imaging

Figure 3. Depiction of a neutron double-
scatter event within the H2DPI. 

Emergency responders, inspectors and warfighters require a low-power,
compact, light-weight, inexpensive and durable imager to be able to
successfully locate sources of radiation

We propose a system composed of stilbene pillars and CeBr3 cylinders
coupled to silicon photomultipliers (SiPMs) to produce a scatter-based
handheld dual-particle imager (H2DPI)

Reconstructing gamma-ray double-scatter events allows the system to
accurately localize gamma-ray emitting sources
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The scattering angle of
the incident gamma-ray
can be reconstructed by
comparing the energy
deposition in the second
interaction, 𝐸2, with the
incident energy of the
gamma ray, 𝐸

Technical Approach

MTV Impact
MTV helped support the measurement campaign at Savannah River 
National Laboratory that made this series of measurements possible

Conclusion

Figure 2. Photograph of the H2DPI.Figure 1. Top-down layout of the H2DPI. Blue 
squares represent the stilbene pillars 

(6x6x50.5 mm3) and red circles represent the 
CeBr3 cylinders (6x6Ø mm3).

The time resolution is not
sufficient to sequence the events
depicted in Figure 3 between the
two scintillators

Gating on a summed photopeak
allows us to assume the
sequencing of events because the
probability of photoelectric
absorption in stilbene is so much
lower than in CeBr3

Figure 4. Simulated coincident spectrum breaking down 
interaction sequencing from a 137Cs source 45 cm from 

the center of the H2DPI. 

Experimental Setup

Measured Energy Spectra

Imaging Results

Figure 5. Photograph of the H2DPI measuring a 100-g 
disk of plutonium metal and a 10-kg mock HEU sphere in 

the same field of view.

A mock 10-kg sphere of highly
enriched uranium (HEU)
(known as Taz) was measured
along with a 100-g disk of
plutonium (94% 239Pu)
(known as PSS-006)

Each object was measured
independently and then in
the same field of view at the
locations shown in Figure 5

Figure 6. Measured single gamma-ray spectra for the 
independent source measurements and both objects in the 

same field of view.

Comparing the measured
gamma-ray energy spectra
shows that the 185.7 keV
gamma ray emitted by 235U is
prominent for the
measurement where both
objects were measured in the
same field of view

Figure 7. Reconstructed gamma-ray image of both objects composed of 5,000 cone projections 
measured in 1.2 hours with 10 iterations of LM-MLEM applied. The energy region used for 

generating the cone projections was 185.7 ± 18.6 keV 

Figure 8. Reconstructed gamma-ray image of both objects composed of 5,000 cone projections 
measured in 2.9 hours with 10 iterations of LM-MLEM applied. The energy region used for 

generating the cone projections was 375 ± 18.8 keV 

185.7 keV


