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Fig. 1. Layout of the CSNS Back-n.
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Fig. 2. Geometric model of the spallation target in Geant 4
code.
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Table 1. Physical models in the Geant 4 code.
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Fig. 3. The simulation results of the in-beam gamma rays:

(a) The energy spectrum; (b) the time structure.
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Fig. 4. The energy spectra of the in-beam gammarays: (a) The
energy spectra of 7-flash and the consecutive gamma rays;
(b) the energy spectra of the consecutive gamma rays at
different time.
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Fig. 5. (a) The experimental setup of the direct measure-
ment; (b) the structure of the EJ-420 scintillator.
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Fig. 6. The waveforms of EJ-420: Gamma ray’s waveform

and neutron’s waveform.
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Fig. 7. (a) The pulse shape discrimination result of neutron

and gamma rays; (b) time-of-flight spectrum of the EJ-420.
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Fig. 8. (a) The experimental setup of the indirect measure-

ment; (b) the geometric model in Geant 4 code.
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Abstract

The back-streaming neutron beam line (Back-n) was built in the beginning of 2018, which is part of the
China Spallation Neutron Source (CSNS). The Back-n is the first white neutron beam line in China, and its
main application is for nuclear data measurement. For most of neutron-induced nuclear reaction measurements
based on white neutron facilities, the beam of gamma rays accompanied with neutron beam is one of the most
important experimental backgrounds. The back streaming neutron beam is transported directly from the
spallation target to the experimental station without any moderator or shielding, the flux of the in-beam
gamma rays in the experimental station is much larger than those of these facilities with neutron moderator and
shielding. Therefore, it is necessary to consider the influence of in-beam gamma rays on the experimental
results. Studies of the in-beam gamma rays are carried out at the back-n. Monte-Carlo simulation is employed
to obtain the energy distribution and the time structure of the in-beam gamma rays. According to the
simulation results, when the neutron flight time is longer than 1.0 ps the energy distribution of the in-beam
gamma rays does not vary with flight time. Therefore, the time structure of these gamma rays can be measured
without the correction of the detection efficiency. In this work, the time structure of the in-beam gamma rays in
the low neutron energy region is measured by both direct and indirect methods. In the direct measurement, a
Li loaded ZnS(Ag) scintillator is located on the neutron beam line and the time of flight method is used to
determine the time structure of neutrons and gamma rays. The gamma rays are separated from neutrons with
pulse-shape discrimination. The black filter method is used to verify the particle discrimination results. In the
indirect measurement, the CgDg scintillation detectors are used to measure the gamma rays scattered off a Pb
sample on the way of the neutron beam. The time structure of the in-beam gamma rays is derived from that of
the scattered gamma rays. The experimental results are in good agreement with the simulations with the time-
of-flight between 12 ps and 2.0 ms. Besides, according to the simulation results, the intensity of the in-beam
gamma rays is 1.21 x 10% s.cm™ in the center of the experimental station 2 of Back-n, which is 76.5 m away
from the spallation target of CSNS.

Keywords: back-streaming white neutron source, in-beam 7-rays measurement, time of flight method, Monte-

Carlo simulation
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