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Abstract

Traditional dual-layer Compton cameras face limitations such as a restricted field of view (FOV), low scat-
tered photon utilization, and small sensitive volumes. To overcome these issues, we propose a novel imaging
structure consisting of four orthogonally arranged scintillator arrays (front, back, left, and right). This con-
figuration provides a total sensitive volume of 55 cm?, achieving a 360° omnidirectional coverage for incident
gamma rays and effectively expanding the sensitive volume of the detection system. The fundamental imag-
ing unit utilizes an individual CsI(TI) crystal directly coupled to a single silicon photomultiplier (SiPM), an
arrangement that enhances light collection efficiency and significantly improves the energy resolution. In
the readout electronics design, to minimize the number of electronic channels and reduce the overall system
cost, a multiplexed series readout scheme is implemented, merging the output signals from multiple detection
units into two readout channels. Integrated with a custom-developed multi-channel digital data acquisition
system, it forms a compact, streamlined, and highly reliable Compton imaging electronics system.
Experimental results demonstrate that the system achieves an overall energy resolution of 6.2% (FWHM) and
an angular resolution of 12° for a 137Cs source, proving its capability to effectively identify and localize radioac-
tive sources from various azimuthal directions. Furthermore, this study prospectively explores the application
of artificial intelligence in image reconstruction. A machine learning-based direct imaging method utilizing
a multi-head attention mechanism is proposed, achieving end-to-end reconstruction from raw detection data
to the final imaging results. This approach offers a novel perspective for enhancing imaging efficiency in
complex radiation fields.

In conclusion, the proposed multi-layer scintillator array Compton imaging system achieves a 360° omnidi-
rectional field of view while significantly expanding the sensitive volume. The system exhibits excellent com-
prehensive performance in terms of imaging sensitivity, response speed, and engineering feasibility, demon-
strating highly promising application potential in fields such as radiation environmental monitoring, nuclear
safety and emergency response, rapid localization of radioactive sources, and nuclear medicine imaging.
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