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Characteristics of a Gamrha-block Stilbene Detector

Summary

A fast neutron detector of a gamma-ray suppressed type has been constructed, using a stilbene crystal
2”7 in diameter and 2” thick. The pulse-shape discrimination circuit used for the gamma-ray suppression
is similar to that of DAEHNICK and SHerr. Minor modifications and changes were done to the circuit
parameters in order to improve the discrimination characteristics. The performance characteristics such
as gamma rejection ratio and recoil-proton counting efficiency at the low-energy side have been tested
by using gamma-ray sources, a RaD-Be neutron source, and the neutrons from the T-p, D-d and T-d
reactions. The response of the discrimination circuit to the high-energy gamma rays has also been
tested by using the 6.14 and 17.6-MeV gemma krays from the “F(p,ar)*O and "Li(p, ;)®Be
reactions, respectively. It is found that the lowest energy of recoil-protons which can be detected with
almost 100 % efficiency is about 0.6MeV if the gamma-rejection ratio is maintained at 1000+ land
gamma rays with energies higher than several MeV are not present. If gamma rays of about 10- to
20-MeV energy are present, the characteristics at the low-energy side have to be sacrificed to suppress
the high energy gamma rays, and the lowest energy of recoil protons which can be detected with
almost 1009 efficiency is 1 to 1. 5 MeV.

Examples of neutron spectra measured by using the gamma-block detector are illustrated. The’ neutron
groups from (d, n) and (*He, n) reactions leading to the low-lying levels of residual nuclei are clearly
resolved and discriminated from large gamma-ray backgrounds.
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Fig. 1 Circuit diagram used for pulse-shape discrimination with a 2 '$x2 " stilbene crystal.
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Fig. 2 Circuit diagram of a preamplifier used for amplification of discrimination signals
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Fig. 3 Experimental arrangements and block diagram of the gamma-block neutron detector.
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Fig. 5 Block diagram of the circuits used to obtain pulse-height distributions of discrimination
signals. A part of linear signals which corresponds to a definite recoil-proton energy
is selected and fed to a delayed coincidence gate, which admits the corresponding dis-
crimination signals to be displayed on a 256-channel pulse-height analyzer.
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Fig. 6 Pulse-height distributions of discrimination signals corresponding to a series of recoil-
proton energies, measured by the arrangement shown in Fig. 5. The recoil-proton en-

ergies selected by a coincident linear-signal gate are indicated at right sides of the
figures in equivalent eiectron energies (E,).
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Fig. 8 Spectra of neutrons and gamma rays from a RaD-Be neutron source and from ThC”. With
a coincidence gate on, the 4. 43- and 2.62-MeV gamma rays from these sources are rejected.
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Itiplier voltage used is 1800V,
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Fig. 10 Spectrum of 4.63-MeV neutrons from the D (d,n)*He reaction. The photomultiplier
voltage used is 1900 V.
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Fig. 11 Spectrum of 4.63-MeV neutrons taken with reduced photomultiplier voltage of 1500 V.
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Fig. 12 Spectrum of 15.85-MeV neutrons from the T (d, n)'He reaction.
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Fig. 13 Spectrum of 9.83- and 5.4-MeV neutrons from the *Be(s,n)?C reaction. The 4.43-MeV
gamma ray superposed on the neutron spectrum is rejected when the shape-discri-
mination coincidence is applied. :
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Fig. 14 Spectrum of neutrons from the ¥Al(d, #)®Si reaction. The maximum pulse heights
of recoil protons which correspond to neutron groups leading to the low-lying levels of
83} are indicated by arrows.
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Fig. 15 Spectrum of neutrons from the °Be(®He,n)!'C reaction. The maximum pulse heights
of recoil protens which correspond to neutron groups leading to the low-lying levels
of 1C are indicated by arrows.
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