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Title: Size matters not: fast neutron detection with fiber-coupled sub-mm3 organic scintillator
Abstract:
Standard organic neutron scintillators are typically centimeter-scale. While convenient for general applications, these dimensions prevent deployment in restricted geometries—such as reactor fuel assemblies or medical interstitial spaces—and often suffer from pile-up induced saturation in high-flux environments. This work presents a sub-mm³ fiber-coupled detector designed to overcome these constraints. By coupling sub-mm3 organic scintillator to remote acquisition via optical fibers, we enable invasive, high-spatial-resolution neutron detection while leveraging the reduced volume to mitigate signal pile-up and extend the dynamic range.
We characterized a 0.3 mm³ organic scintillator (EJ-276D) fiber-coupled to a PMT via a 20 m optical fiber. We notably investigated different states of fiber polishing to minimize photon losses (measured at 6.2 dB per 20 m). Despite this attenuation, the pulse signals remained sufficient to preserve Pulse Shape Discrimination (PSD) capabilities with a 20m fiber coupling.
Testing campaigns were conducted at the CROCUS and BME reactors. A critical shutdown experiment from 80 W in CROCUS demonstrated that the detector accurately tracked the reference Fission Chamber profile. Notably, after the shutdown, the signal did not plateau at the expected 30% delayed gamma-ray background level, confirming the successful isolation of pure neutron counts. While the system responded linearly up to 100 W, tests up to 1 kW (fast flux 1.1 n/cm2/s) revealed operational limits, with pile-up inducing non-linearity above 300 W and optical degradation observed during sustained 1 kW operation. These results define the provisional limit of plastic sub-mm3 scintillators and motivate ongoing optimization using stilbene, organic glass scintillator and other optical fibers for future high-power reactor experiments and medical dosimetry developments.

