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Fast neutron radiation damage to Nal scintillator detector
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Abstract Background: Prompt gamma neutron activation analysis (PGNAA) is an most important method to
monitor the chemical compositions for bulk industrial materials. Nal detectors with large volume are often used for
energy spectrum measurements of the prompt gamma rays in these cases. In the measurement, the Nal detectors are
under a fast neutron field with large flux which is the primary factor of radiation damage to Nal crystal. Purpose:
This study aims to estimate the lifetime of the Nal crystal in the PGNAA quantificationally, and investigate the energy
resolution evolution for the Nal crystal caused by the fast neutrons damage. Methods: Based on the pulsed reactor
CFBR-II (China Fast Burst Reactor II) in Chinese Academy of Engineering Physics (CAEP), two pieces of Nal
crystal were irradiated with the fast neutron flux of 10%cm™, 10°em™2, 10" em ™2, 10" em™, 102 em ™, 108 em 2,
10" cm ™2, respectively. Meanwhile, the energy resolution was measured under each condition. Results: The energy
resolution of Nal does not show obvious changes with the fast neutron irradiation flux upto 10'*em 2. Conclusion:
The energy resolution performance of Nal crystal does not deteriorate in fast neutron irradiation, except the strong

neutron activation gamma rays. Therefore, to evaluate the lifetime of Nal crystal in a fast neutron field, a reliable
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lower limit can be figured out.
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Fig.1 Detector test device.
(a) Schematic diagram of detector crust, (b) Photograph of real
device objects
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Fig.2 External factors to the detector. (a) Time stability, (b) Geomagnetic field stability, (c) Repetitive operation stability
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Table 1 Time interval between crystals’ irradiation and
measurement.

VEE Fluence / cm ™2 FfA] Time /h

108 0.5
10° 0.5
10" 16
10" 20
1012 67
13

10 180
10" 600
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Fig.4 Performance changing of Nal crystals after neutron irradiation. (a) 1# Nal crystal, (b) 2# Nal crystal, (c) 3# Nal crystal
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