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Abstract

Neutron induced prompt gamma-ray spectroscopy(NIPS) system measures the prompt gamma-
ray emitting by the interaction of a neutron with various materials. This system will be of great
benefit to scientists worldwide, since it provides the non-destructive measurement of many element
in either solid or liquid wastes. In this study, the full-energy-peak (FEP) efficiency calibration for a
HPGe detector was constructed in the 7-ray energy range from 80 keV to 8 MeV, using 133Ba and
152Eu Rl sources and 35Ci(n, ¥)36Cl thermal neutron captured reaction. The FEP efficiency curve
for the higher energies using the 35Cl(n, 7)3¢Cl reaction was normalized with the curve obtained from
the RI sources, since the accurate activity of its prompt 7-ray is unknown. The average thermal
neutron flux was theoretically calculated using the FEP efficiency curve for the KCl standard
solutions. The NIPS system equipped with a y- ¥ coincidence setup with two n-type coaxial HPGe
detectors was considered in order to reduce the interfering ¥-ray background. The FEP efficiency
curve for the y-y coincidence system was also obtained for full energy range. The performance of
the normal and coincidence NIPS system was tested by comparing signal-to-noise ratio in each

mode using the reference sample.
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Fig. 1. The conceptual drawing of a neutron induced
prompt gamma system.
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Fig. 2. Full energy spectrum(A) and gamma-gamma coincidence spectrum(B).

Table 1. The signal-to-noise ratios for the normal and
coincidence measurements

Sample Mode Energy(keV)| S/N ratio
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Table 2. Nuclear data of the calibration sources with detection efficiencies

s R BN e T e

13385 27500 81.00 0.32900 9047.5 387 4.2774 x 102
276.40 0.07160 1969.0 0.64 3.2504x 102

302.90 0.18340 5043.5 1.60 3.1724x 102

356.00 0.62050 17063.7 4.99 2.9243%x 10-2

383.80 0.08940 2458.5 0.70 2.8472% 1072

182Fy 24000 121.80 0.28370 6808.8 275 4.0389x% 102
244.70 0.07530 1807.2 0.59 3.2647%x 102

344.30 0.26570 6376.8 1.69 2.6502x 102

411.10 0.02238 537.1 0.12 2.2342x 102

444.00 0.03125 750.0 0.17 2.2667% 10-2

778.90 0.12970 31128 0.54 1.7348% 10-2

867.40 0.04214 1011.3 0.17 1.6810%x 102

964.10 0.14630 3511.2 0.55 1.5664% 102

1112.10 0.13540 32496 048 1.4771%10-2

1212.90 0.01412 338.8 0.04 1.1806% 102

1299.10 0.01626 390.2 0.03 7.6883x 103

1408.00 0.20850 5004.0 0.66 1.3189% 10-2

35Cl{n,V)*Cl 1164.72 0.19930 - 15.64 1.4268% 102
1950.93 0.21720 7.47 6.2531% 103

2863.94 0.06930 - 2.34 6.1393% 10-3

3061.71 0.03950 - 0.96 4.4188% 10-3

6110.88 0.20000 - 497 4.5182x 1073

7413.80 0.10420 - 0.62 1.0818% 103

7790.16 0.08550 0.58 1.2334%x 103
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Fig. 4. The efficiency calibration curve of the normal mode
for full energy range.
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Fig. 5. The efficiency calibration curve of the coincidence
mode for full energy range.
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