Development of a Gamma-Ray and Neutron Detector using CLLBC for Planetary Applications
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The CLLBC (Cs₂LiLaBr₄.₈Cl₁.₂:Ce) crystal is a dual-mode scintillator used in a GNS (Gamma–Neutron Spectrometer) to measure both gamma rays and neutrons within a single detector. CLLBC offers substantially better energy resolution than NaI(Tl) and is competitive with LaBr₃-class scintillators, which makes it attractive for field radioisotope identification devices (RIIDs) and gamma-ray spectroscopy systems.
	The scintillator Cs₂LiLa(Br,Cl)₆:Ce (CLLBC) is a practical gamma–neutron detector that can serve as a replacement for both high-energy-resolution gamma-ray detectors and high-pressure helium-3 (³He) tubes used for neutron detection [1]. CLLBC provides excellent gamma-ray and neutron separation through pulse shape discrimination (PSD). The typical detectable energy ranges of CLLBC are tens of keV to several MeV for gamma rays and thermal energies up to ~10 MeV for neutrons [2]. Neutron detection is primarily based on ⁶Li neutron capture within the crystal, producing a distinct neutron-capture peak that can be separated from gamma-ray interactions.
	Prospective lunar and Mars exploration missions are particularly attractive applications for combined gamma-ray and neutron measurements. Compared with previous lunar missions, detectors of this type offer significant improvements and are much lighter in mass, making them suitable for both orbital and lander/rover exploration. With the advantages of CLLBC, a Gamma-ray and Neutron Detector (GNS) has been developed for future planetary exploration.
	The GNS sensor unit consists of a CLLBC crystal and a photomultiplier tube (PMT). The electronics box consists of a signal-processing module, including a signal-amplification circuit, and a data-collection module. The housings of both the sensor unit and the electronics box include a mounting structure for installation on a rover. The GNS instrument is designed to be resistant to external shock and to minimize interference from external electronic noise, since the detector uses a high-voltage supply.
	The GNS input power is 28 V, and the total weight is 3.99 kg. The gamma-ray energy resolution is 3.979% at 662 keV, and energy range is from 30 keV to 12 MeV. The gamma-ray energy linearity was found to be better than 2% using the radioisotopes ¹³³Ba, ²³²Th, ¹³⁷Cs, ⁶⁰Co, ⁵⁷Co, and ²⁴¹Am. The neutron spectrum was evaluated using a ²⁵²Cf neutron source, and clear separation between gamma rays and neutrons was observed. This presentation covers the specifications, configuration and calibration of the detector.
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