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Study of neutron radiation effect in LaBrj scintillator
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Abstract:

The resistance to neutron irradiation of LaBrs scintillator was studied in this work. The change of

background counting rate, light output and energy resolution of the LaBrs scintillator were analyzed to determine
whether the scintillator was damaged under different neutron flux rates induced by 24! Am-Be, D-T neutron generator,
and reactor neutron source. The results show that the neutron radiation damage in LaBrs scintillator is mainly
affected by neutron flux rate. Under low flux rate, the properties of the scintillator were hardly changing, while under
high flux rate, there is obvious deterioration in the background spectra and in the energy resolution because of the
neutron activation. After a period, the neutron radiation damage will spontaneously recover.
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1 Introduction

The recently discovered cerium-doped LaBr; scintil-
lator owns superior properties such as high energy reso-
lution, fast response time, small nonproportionality, and
high scintillation yield. The LaBr; detector is proved to
be suitable for the gamma spectrum detection especially
for high-energy gamma rays and has been widely applied
in different research areas. Recent research shows that
the LaBrs scintillator is also fit for neutron detection
[1, 2], and the LaBr; scintillator has favorable resistance
to proton and ~ irradiation [3-5]; however, few studies
about the effect of neutron radiation in LaBr; scintillator
has been reported.

In this work, we intend to study the neutron radiation
damage or the resistance to neutron of LaBrj scintilla-
tor under different neutron flux rates. The change of
self-radioactive background in the scintillator, light out-
put, and the energy resolution were measurement and
compared to analyze whether the LaBr; scintillator was
damaged by neutron irradiation. Three neutron sources
of ' Am-Be, D-T neutron generator and reactor were
used to supply different neutron flux rates.

2 Experiment

In this experiment, a 5% cerium-doped scintillator
LaBrs (size, $50x10 mm) supplied by CTI was used.
A 10° n/s ?*! Am-Be neutron source was used to provide
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low neutron flux. The calculated neutron flux rate in the
position of LaBry scintillator is about 2x10?n/(cm?-s)
according to the intensity of the source. Because the
241 Am-Be neutron source can offer a continuous and sta-
ble neutron flux, the irradiation experiment lasted sev-
eral weeks. After a short period of irradiation, the back-
ground spectra were measured and recorded.

The background spectra include self-radioactivity in
LaBr3 and the surrounding radiation, as shown in Fig. 1.
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Fig. 1. Background spectra measured by LaBrs

scintillation detector.
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The self-radioactivity of LaBrs scintillator is mainly
caused by the unstable isotope *®La and the contamina-
tion of 227 Ac. '*8La decays into '**Ba by electron capture
with a branching ratio of 66.4% emitting a 1436 keV v
ray in coincidence with a 32 keV Ba X-ray and into '*®Ce
by B~ emission in the other 33.6% with an end-point en-
ergy of 255 keV. The background in the energy region
between 1500 and 2750 keV is due to the daughter nu-
cleus of ?*"Ac, such as ??"Th, ?**Ra, *'°Rn, ?'5Po, and
21B; [6].

Then, the LaBr; scintillator was irradiated under a
higher neutron flux supplied by the D-T neutron gen-
erator at the China Institute of Atomic Energy. The
neutron generated from the source is about 6.7x10% n/s
average in 47t direction. Because the stability of the neu-
tron beam is not easy to maintain, an average calcu-
lated neutron flux with the value of 3.2x10% n/(cm?-s)
is adopted, and the total net irradiating time is about
60 min. Finally, an experiment with a neutron flux rate
of nearly 10° n/(cm?-s) was taken on the 1# radial beam
port at Xi’an Pulsed Reactor. The background spectra
and energy resolution before and after the experiment
were measured and compared to show whether the scin-
tillator was damaged by neutron irradiation.

3 Results and discussion

3.1 2% Am-Be neutron source experiment

The counting rate of background and surrounding
gamma rays, as well as self-radioactivity, was recorded
under increasing neutron fluence (total neutron number
injected in the scintillator) as shown in Fig. 2.
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Fig. 2. (color online) Change of background count-

ing rate of the 19.63 cm?® LaBrs scintillator.

The contribution of the surrounding natural isotopes
was considered to be unchangeable because the back-
ground spectra were measured under the same condi-
tion. The counting rate of the energy region from 0.1

to 1.5 MeV (indicating '**La decay) and from 1.5 to
3.0 MeV (indicating ?*”Ac decay) changes slightly while
the neutron fluence increases. Although the total neu-
tron fluence in the scintillator reached about 3.88x10°
neutrons, there was almost no change in the background
counting rate of the scintillator.

The spectra of the background, '3”Cs and **Co mea-
surement by the LaBr; detector before and after the ir-
radiation of ?*' Am-Be source are in Figs. 3 and 4. In
Figs. 3 and 4, the background counting rate and en-
ergy resolution (3.8% @662 keV, 2.9%@1173 keV, and
2.6%@1332 keV) of the LaBr; scintillator almost re-
mained the same after neutron irradiation, but the light
output decreased by approximately 5% according to the
left shift of the channels. (The difference between the
counting rate before and after irradiation is because of
the changing of the gamma source position.)
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Fig. 3. (color online) Background spectra acquired
by the LaBrs detector before and after the irradi-
ation of ! Am-Be source.
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Fig. 4. (color online) *3"Cs and a °°Co spectra ac-

quired by the LaBrs detector before and after the
irradiation of 24! Am-Be source.
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3.2 D-T neutron generator experiment

The neutron flux of the D-T neutron generator is
about 3.2x10% n/(cm?-s) in the LaBrs scintillator, and
the total neutron fluence is about 2.3x10% n. The back-
ground counting rate of the detector and the energy res-
olution before and after the irradiation was compared.

As shown in Fig. 5, the background counting rate
of the scintillator greatly increased especially in the low
energy region after the irradiation.

There was also a decline in the energy resolution
of the scintillator. The energy resolution at 661.6 keV
gamma ray of *"Cs dropped from 3.8% to 5.4%, as
shown in Fig. 6.
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Fig. 5. (color online) Background spectra acquired
by the LaBrs detector before and after the irradi-
ation of the D-T source.
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Fig. 6. (color online) *"Cs spectra acquired by the

LaBrs detector before and after the irradiation of
D-T source.

As observed in Figs. 5 and 6, the counting rate of
the energy region from 0.1 to 1.5 MeV was increased,

which comes from '**La decay, but the counting rate of
the energy region from 1.5 to 3.0 MeV did not. It means
that the radioactivity of '**La may increase because of
the irradiation of neutrons, and the neutron activation
through (n, 2n) reaction [7] may lead to a worse energy
resolution.

3.3 Reactor experiment

The 1# radial beam port at Xi’an Pulsed Reactor
supplied neutron flux of nearly 10° n/(cm?-s) in the scin-
tillator, and the total neutron fluence was about 3.5x10°
after a 30-minute irradiation.

After the irradiation, the background counting rate
of the 0.1-1.5 MeV energy region increased to 114.4 cps
compared with the ' Am-Be source experiment (49.8
cps average), whereas the energy resolution at 661.6 keV
gamma ray of *"Cs dropped from 3.8% to 4.5%. A pos-
sible explanation is the activation of La in the scintil-
lation by neutron reaction. However, the light output
increased by 7.6% according to the right shift of the chan-
nels, which is contradictory to the result of the ?*! Am-Be
experiment. After about three weeks, the background
counting rate of 0.1-1.5 MeV energy region dropped to
about 80 cps, and the energy resolution of 661.6 keV
gamma ray recovered to 4.0%.

The background counting rate may be mainly af-
fected by the neutron flux rate. In these three exper-
iments, the total number of neutrons injected in the
scintillator of the three sources are all above 10® neu-
trons, but their neutron flux rates differ from 102 to 10°
n/(cm?-s). As a result, under low flux rate (***Am-Be
source), the background spectra and the energy resolu-
tion of the scintillator hardly changed, but under high
flux rate (D-T and reactor source), there are obvious
changes in the background spectra counting rate and en-
ergy resolution, which come from the short-lived acti-
vation induced by the neutrons. The 24! Am-Be source
emits both thermal neutrons and fast neutrons while
the D-T source just emits fast neutrons and the reactor
source mainly emits thermal neutrons. Short-lived ac-
tivation could be produced by thermal neutron capture
reaction and by the (n,2n) reaction with fast neutrons.
Although the mechanism is different, the performances
are alike. So the background counting rate of the scintil-
lator seems to get more influence from the neutron flux
rate than neutron energy. It is hard to discern the rela-
tionship between the energy resolution and the neutron
energy, because even though the flux rate of the reactor
neutron is much higher than the D-T neutron source, the
energy resolution does not get even worse. The light out-
put may be affected by the neutron energy, because the
changes were observed in both the 24! Am-Be source and
reactor source experiment and what is more, the light
output of the scintillator seems to have dropped after the
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irradiation of 2! Am-Be, whereas the result of the reactor
experiment is opposite. In this work, the neutron radi-
ation damage finally recovers after a period, regardless
of whether the LaBr; scintillator acquires irrecoverable
damage when the neutron flux rate increases even more.
To deal with these problems, further research is needed.

4 Conclusion

The resistance to neutron irradiation of LaBrs scin-
tillator was studied in this work by the measured change
of background counting rate, light output, and energy
resolution of the LaBr; scintillator under the irradiation
of 22 Am-Be, D-T accelerator, and reactor neutron. The

total number of neutrons injected in the scintillator of
the three sources are all above 10® neutrons, but their
neutron flux rates differ from 102 to 10° n/(cm?:s). As
a result, under low flux rate, the properties of the scin-
tillator hardly changes, there is little radiation damage
in the scintillator. On the other hand, under high flux
rate, there are obvious changes in the background spectra
and in the energy resolution. Thus, the neutron radia-
tion damage in LaBrj scintillator is mainly affected by
neutron flux rate and, after a period, the scintillator will
spontaneously recover. It is hard to explain the effect
of neutron energy on energy resolution and light output
based on the present work; further studies and detailed
work should be carried out in the future.
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