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Development of a Li-Coated RPC for Low-Energy Neutron Detection
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In this report, we present a newly developed hybrid resistive plate chamber (RPC) for the
detection of low-energy neutrons. Lithium-fluoride (LiF) enriched for the 6 Li isotope was chosen
as the material sensitive to low-energy neutrons for the construction of the hybrid RPC. The
LiF-coated RPC was tested by using the 252 Cf neutron-irradiation facility at the Korea Atomic
Energy Research Institute (KAERI). The detection efficiency of the double-layered LiF-coated
RPC to neutrons in the energy range from 10 to 560 meV was approximately 1.6 %. We obtained
reliable efficiency plateaus over a wide range of electric-field intensities.
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nucleus, the heavy charged particles liberated from the
decay of 6 Li induce a much larger number of primary
ionization clusters. The number of primary ionization
clusters induced inside the gas volume by the 4 He or 3 H
having energies of a few MeV is expected to be at least
10000 times larger than the one induced by a minimum
ionization particle or a gamma ray. Therefore, a LiFcoated RPC can be operated at relatively low electric
fields where the detector is insensitive to incident gamma
rays emerging with the neutrons [9].
In addition, the technical advantages of RPCs, such as
the high time resolution (∼1 ns) and the uniform sensitivity, enable us to use them for time-of-flight measurements of radiation. Since the neutron-capture cross section of 6 Li is relatively well understood over a wide range
of neutron energies, the LiF-coated RPC can be a good
candidate for ‘on-field’ measurements of the neutrons distributed during the operation of a proton accelerator.
In this paper, the design and the construction of a
LiF-coated RPC and the test results obtained by using
a neutron source are presented. The configuration of the
detector and the experimental set-up for the test are discussed in Sections II and III, respectively. The detection
efficiencies estimated by using a GEANT Monte-Carlo
method are discussed in Section IV. In Section V, the
test results of the detector and a comparison with the
simulations are discussed.

I. INTRODUCTION
Since the early 1980’s, resistive plate chambers (RPCs)
have been employed by many high-energy physics experiments to detect charged particles [1]. The technical
advantages of RPCs as radiation detectors are the fast
time response, the uniform sensitivity, and the relatively
low production cost. In virtue of these advantages, RPCs
have been widely employed for triggers and classifications
of the momenta of charged particles in the large detector
systems of many high-energy physics experiments during
the last 20 years [2–5].
Recently, these advantages of RPCs have elicited new
areas. One notable application for RPCs is the development of hybrid-gaseous detectors to measure low-energy
neutrons by using neutron converters. Various neutron
converters and multi-layered RPCs have been studied to
measure low-energy neutron fields with uniform neutron
sensitivity and high energy resolution. Intensive studies
have been carried out to construct hybrid RPCs by using
natural Gd compound [6–8]. In this paper, we present
a new method to detect low-energy neutrons by using a
Li-based chemical compound and RPC technology.
The neutron-capture reaction in 6 Li is followed by a
decay into detectable charged particles, 4 He and 3 H, with
Q = 4.78 MeV. Compared to the low-energy electron
produced via an internal conversion of the excited Gd
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II. DETECTOR CONFIGURATION
In this study, a double-layered LiF-coated RPC was
constructed by using enriched-LiF powder. The purity
of the neutron-sensitive 6 Li isotope in the enriched-LiF
powder was 94 %. Fig. 1 shows a schematic diagram of
the single-layer RPC gap. The LiF powder was admixed
with linseed oil and heptane before being applied on the
cathode surfaces of the RPC gaps made of glass plates.
The LiF powder and the linseed oil were first dissolved
in heptane at ratios of 2 : 1.
The amount of the heptane solvent was approximately
30 times the mass of the LiF combined with the linseed
oil. The thickness of the dried layer of the LiF-oil mixture was approximately 20 µm with an expected uncertainty of ∼5 µm. The active areas of the LiF-coated
RPC gaps were 5.5 × 5.5 cm2 .
Glass plates, 0.7-mm thick, were chosen for the resistive plates of the RPC. The bulk resistivity of the glass
plates was approximately 5 × 1012 Ωcm at 20 ◦ C. The
thickness of the gas volume for each RPC gap was 2.0
mm. Schematic views for the manufactured RPC consisting of two layers of the LiF-coated gaps are shown in

Fig. 1. Schematic diagram for the LiF-coated RPC gap.
The thin layer of the mixture consisting of the LiF powder
and linseed-oil passively operates for neutron conversion.
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Fig. 2.
A square-shaped copper pad with the same size as the
active area was used for the signal read-out. The use of
signal strips is more conventional for trigger RPCs. However, a pad-type signal read-out was chosen in this study,
because it was more advantageous to perform precise
measurements of particle rates and pulse-height spectra
of the incident neutrons.

III. EXPERIMENTAL SETUP
The neutron-beam test for the LiF-coated RPC was
performed by using the 252 Cf neutron-irradiation facility at the Korea Atomic Energy Research Institute
(KAERI). The initial activity of the 252 Cf source in October, 1998, was 515 mCi. The expected activity of the
source during this test was 38.0 mCi. The expected emission rate of fast neutrons, therefore, was 1.65 × 108 s−1 .
The detector was installed right behind a 50-cm-thick
concrete-shielding wall located roughly 3.5 m away from
the source. The low-energy neutrons were generated by
energy moderation through the shielding wall or by multiple scatterings with the complex structure of the experimental site. The calibrated rate of low-energy neutrons
in a range from 10 to 560 meV, centering at 75 meV [10],
was 44.5 Hz/cm2 .
The detector was operated with a gas mixture of 65 %
Ar and 35 % i-C4 H10 at a flow rate of approximately 1
l/h. The data were taken for applied high voltages ranging from 5.1 to 6.0 kV in 100-V steps. The electric-field
intensities corresponding to the high voltages ranged
from 26.2 to 31.3 kV/cm.
The sensitivities of the LiF-coated RPC were measured by digitizing the neutron-induced signals collected
by using a signal pad. The thresholds for the digitization were set to 4.0, 5.0, 6.5, and 8.0 mV for the signals,
whose typical pulse heights ranged from 10 to 30 mV in
the operational high-voltage range.

IV. SIMULATIONS

Fig. 2. Schematic diagram (left) and side view (right) of
the LiF-coated double-layered RPC.

The sensitivities of the LiF-coated RPC were simulated by using a GEANT321-based program. The simulations were performed only for the charged nuclei emitted from the neutron-capture reaction by 6 Li isotopes,
because the neutron-capture cross section for the 6 Li is
relatively well known over a wide range of the neutron energies. In addition, the probability of yielding a charged
nucleus inside the gas volumes exclusively depends on
the composition of the detector materials. Therefore,
the probability of neutron capture in the LiF layer as
a function of the neutron energy was smeared into the
event generator of the simulation program.
The thickness of the LiF layer and the composition of
the layer materials crucially affect the detector efficiency.
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Fig. 3. Detection efficiencies predicted for neutron energies
of 25, 40, 50, 75, and 100 meV as functions of the thickness
of the LiF layer.

Fig. 5. Detection efficiencies of the LiF-coated double-gap
RPC as functions of electric-field intensity for the neutrons
in the energy range from 10 to 560 meV . The straight line
indicating 2.7 % is the possible maximum efficiency predicted
by the GEANT simulation.

an energy distribution centering at 75 meV was predicted
to be about 2.7 %.

V. RESULTS

Fig. 4. Detection efficiency predicted for the doublelayered RPC with 20-µm-thick LiF layers as a function of
the neutron energy.

The minimal amount of linseed oil in the LiF layer was
chosen so that the solid LiF layer could be securely attached to the cathode plate (glass). Fig. 3 shows the detection efficiencies predicted for neutron energies of 25,
40, 50, 75, and 100 meV as functions of the thickness of
the LiF layer. The maximum sensitivities of the doublelayered LiF-RPC were obtained for a thickness of ∼50
µm. They were 7.6 % and 4.3 % for 25-meV (thermal)
and 75-meV neutrons, respectively.
The actual thickness of the LiF layers in the present
RPC was approximately 20 µm. Fig. 4 shows the detection efficiency predicted for a double-layered RPC with
20 µm-thick LiF layers as a function of the neutron energy. The mean detection efficiency for the neutrons with

Fig. 5 shows the detection efficiencies of the LiF-coated
double-gap RPC as functions of the electric-field intensity for neutrons with energies ranging from 10 to 560
meV. The straight line indicating 2.7 % in Fig. 5 is the
possible maximum efficiency predicted by the GEANT
simulation. The efficiency curve for each digitization
threshold shows an efficiency plateau over a reliably wide
range of electric-field intensities (at least 2 kV/cm). The
maximum detection efficiencies defined by the heights of
the plateaus were 1.62, 1,59, 1.29, and 1.32 % for thresholds of 4.0, 5.0, 6.0, and 8.0 mV, respectively. The detection efficiencies obtained for the thresholds of 4.0 and 5.0
mV were approximately 60 % of the predicted efficiency.
The detection efficiencies obtained from this test were
lower than the predicted value, because the 4 He or 3 H
particle, which loses a large portion of its energy through
the LiF layer, could not draw large avalanche signals to
pass the digitization threshold when it emerged into the
gas volumes.
As Fig. 5 shows, the detection efficiencies reach maximum values near 29 kV/cm. The operational range of
the electric-field intensity for gamma rays was also measured by using a 10-µCi 60 Co source. The range active
for neutrons was confirmed to be approximately 3 and 5
kV/cm lower than the ranges for the minimum ionization
particles and gamma rays, respectively, when the same
gas mixture (65 % Ar and 35 % i-C4 H10 ) was used for
the operation. Therefore, the gamma rays emerging into
the detector with the neutrons are expected to be nearly
inactive unless their signals piled-up in time.
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VI. CONCLUSIONS
The design of the LiF-coated RPC, the test results
with a neutron source, and a comparison of the data
to the simulations have been discussed to understand
the detector characteristics for neutron measurements.
The important detector characteristics to be confirmed
in this study were the structural propriety as a neutron
detector and the operational reliability. In this study,
we confirmed that the present design was appropriate
for stable operation for neutron detection. The detector showed reliable efficiency plateaus and the consistent
detector sensitivities during the operation. In addition,
the measured efficiency of the detector reached approximately 60 % of the predicted maximum value.
Compared to the cases of the 10 B and the Gd converters, the relatively small neutron-capture cross section of the 6 Li converter is a disadvantage for the detection efficiency. However, the larger Q-value provides us
other technical advantages in the properties of the hybrid gaseous chamber. Most of all, we understand from
the simulations that the probability for 6 Li of having a
charged particle in the gas volumes is much larger than
that for Gd or 10 B. In addition, the ability to discriminate gamma and noise becomes easier when the Q-value
is larger.
Further studies to be continued are a pulse-height
analysis of the neutron-induced signals and a study of
the operational characteristics for time-of-flight measurements, which are essential steps for the development of
a reliable instrument for the proton accelerator.
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