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Abstract
To reduce the experimental uncertainty in the 235 U resonance energy region and improve the detection efficiency for neutron 
total cross section measurements compared with those obtained with the neutron total cross section spectrometer (NTOX), a 
dedicated lithium-containing scintillation detector has been developed on the Back-n beam line at the China Spallation Neu-
tron Source. The Fast Scintillator-based Neutron Total Cross Section (FAST) spectrometer has been designed based on a Cs

2

LiLaBr
6
 (CLLB) scintillator considering the �-ray flash and neutron environment on the Back-n beam line. The response of the 

CLLB scintillator to neutrons and �-rays was evaluated with different 6Li/7 Li abundance ratios using Geant4. The neutron-� 
discrimination performance of the CLLB has been simulated considering different scintillation parameters, physical designs, 
and light readout modes. A cubic 6Li-enriched ( > 90% ) CLLB scintillator, which has a thickness of 4-9 mm and side length 
of no less than 50 mm to cover the Φ 50 mm neutron beam at the spectrometer position, has been proposed coupling to a side 
readout SiPM array to construct the FAST spectrometer. The developed simulation techniques for neutron-� discrimination 
performance could provide technical support for other neutron-induced reaction measurements on the Back-n beam line.

Keywords Neutron total cross section · CLLB scintillator · Geant4 · Pulse shape discrimination (PSD)

1 Introduction

The neutron total cross section is a basic quantity describing 
the sum of the probabilities of interactions between an inci-
dent neutron and nucleus over a unit target area [1]. It plays 
a significant role in the development of nuclear energy sys-
tems [2] and fundamental nuclear physics [3]. Pulsed white 
neutron sources and advanced spectrometers are essential 

for measuring high-quality neutron total cross sections. 
The Back-n white neutron beam line, which utilizes back-
streaming neutrons through the incoming proton channel at 
the spallation target station of the China Spallation Neutron 
Source (CSNS) [4, 5], can deliver high-intensity neutrons 
with an energy spectrum spanning 0.5 eV–200 MeV. A good 
time resolution related to time-of-flight (TOF) measure-
ments makes Back-n a merit platform for neutron-induced 
cross section measurements with high accuracy over a wide 
energy range. The current neutron total cross section spec-
trometer installed on the Back-n beam line is NTOX, which 
is based on a multi-cell fission chamber with a maximum of 
8 235 U and 238 U cells [6, 7] and has been successfully applied 
for neutron total cross section measurements[8–10].

The neutron total cross section is usually obtained by 
measuring the neutron flux with and without the sample to 
determine the neutron transmission characteristics at a cer-
tain energy, along with considering the sample thickness 
and nuclei density. A pulsed neutron source combined with 
the TOF technique allows neutron total cross section data 
to be measured over a wide energy range. The fission cross 
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section of 235 U, which is the basis for determining fission 
events and energy of incident neutrons, has a strong reso-
nance effect in the eV–keV energy range [11]. This could 
cause worse accuracy and enlarge the experimental uncer-
tainty in the neutron total cross section measurements of 
nuclides with resonance peaks in the same energy region. 
In addition, the detection efficiency of the multi-cell fis-
sion chamber is limited because of the low quantities of 
235 U, while increasing 235 U cells is costly and challenging 
for data analysis. Therefore, a lithium-containing scintilla-
tion detector has been proposed as an upgraded spectrom-
eter for neutron total cross section measurements owing to 
the high and smooth cross sections of 6Li(n,� )T reaction.

At GELINA, the Geel Electron LINear Accelerator 
facility located in Belgium, Li-glass detectors, plastic 
scintillators and NE213 scintillators have been applied 
for neutron total cross section measurements at flight 
paths with distances from the target up to 400 m [12, 13]. 
As a shadow bar made of Cu/Pb was placed close to the 
uranium target to reduce the �-ray flash and fast neutron 
component, the background was significantly decreased 
for neutron measurements using these scintillators along 
with a 10 B overlap filter close to the sample position for 
slow neutron absorption. At the photoneutron source 
(PNS) nELBE, a very compact neutron time-of-flight 
(nToF) system installed at the superconducting electron 
linear accelerator with high brilliance and low emittance 
(ELBE), a plastic scintillator (Eljen EJ-200) has been used 
for transmitted neutrons detection together with a 3 cm 
thick lead alloy (PbSb4 ), which was used to reduce the 
bremsstrahlung count rate [14, 15]. Similar spectrometers 
(e.g., 6LiF(ZnS) scintillators used in the PNS at SINAP 
[16] and at the Pohang neutron facility (PNF)[17], GS20 6
Li-glass scintillator at the KURNS-LINAC facility [2], and 
BC404 scintillator at the weapons neutron research (WNR) 
facility at LANSCE [1]) have been applied for neutron 
total cross section measurements based on different types 
of scintillators considering the neutron beam characteriza-
tion and radiation environment along with some filters.

In general, organic scintillators are used for fast neutron 
detection (100 keV-MeV) and inorganic scintillators are 
used to measure low-energy neutrons (<100 keV). There-
fore, measuring the neutron total cross section over a wide 
energy range (e.g., eV–MeV) usually requires more than 
one detector and decreases the experimental efficiency 
as the measurement time is longer. Moreover, experi-
mental uncertainty analysis is challenging, particularly 
when the results obtained in the same energy range are 
very different. On the other hand, the Back-n beam line 
faces the spallation target directly with only a Gd filter 
placed in front of the samples for very low-energy neu-
tron absorption to inhibit neutrons with different pulses 

from overlapping. The strong �-ray flash, which is a beam 
of prompt �-rays produced simultaneously with spallation 
neutrons, could result in any scintillator working failure 
within a short time duration. Considering these factors, a 
physical design and detailed simulations of the lithium-
containing scintillator in such an environment is first 
required to fulfill the requirements before constructing it 
for neutron total cross section measurements.

In this study, the design criteria for the physical design 
were first summarized based on the experimental require-
ments. The Cs2LiLaBr6 (CLLB) scintillator was proposed 
for the Fast Scintillator-based Neutron Total Cross Sec-
tion  (FAST) spectrometer design and detailed simulations 
of the scintillator were performed using Geant4 for detector 
performance evaluation in terms of detection efficiency and 
neutron-� discrimination. The conceptual design was ana-
lyzed and discussed.

2  Simulation of detector response

2.1  Experimental requirements and design criteria

The CSNS produces neutrons via proton-induced spalla-
tion on a tungsten target. The incident protons are in two 
bunches, approximately 50 ns wide and 410 ns apart and 
accelerated through a Linac and synchrotron up to 1.6 GeV 
with a frequency of 25 Hz and beam power of 125 kW (from 
Spring 2022). The Back-n neutron beam line is located in the 
opposite direction of the incident proton beam to the target 
[4]. Two experimental stations, approximately 55 m and 76 
m away from the spallation target, have been installed for 
nuclear data measurements, irradiation tests, detector cali-
brations, neutron imaging, and element analysis [5].

In neutron total cross section measurements, samples 
are placed in the endstation 1 (ES# 1) and spectrometer 
is placed in the endstation 2 (ES# 2) to reduce scattering 
neutrons from the samples, as shown in Fig. 1. Neutrons 
are well collimated before arriving at the two stations, 

Fig. 1  (Color online) Schematic of the experimental arrangement for 
neutron total cross section measurements on the Back-n beam line
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and the beam spot at the spectrometer position is avail-
able in two sizes: Φ 30 mm and Φ 50 mm. Considering 
the experimental conditions, some essential criteria and 
requirements must be addressed in the conceptual design 
of the FAST spectrometer.

• Fast response under strong �-ray flash irradiation The 
�-ray flash has a relatively strong intensity at the spec-
trometer position with a Φ 30 mm or Φ 50 mm neutron 
beam. Scintillators are usually sensitive to �-rays and will 
reach a saturation level over a period of time to prevent 
their detection after arriving at fast neutrons. In this case, 
scintillators with fast timing response and photodetectors 
(e.g., photomultiplier tube (PMT) or silicon photomul-
tiplier (SiPM)) with good recovery ability are required. 
Furthermore, the effect of irradiation on the photodetec-
tor should be considered when placing it on the rear side 
of the scintillator.

• Sensitivity to both slow and fast neutrons Lithium-
containing scintillators are common as slow neutron 
detectors because of the high cross sections of 6Li(n,� )T 
reaction in the low-energy range. However, the measured 
neutron energy spectrum of Back-n ES# 2 ranging from 
1 eV to 100 MeV highlights a main component in the 
MeV region [18]. To maintain the stable response of the 
scintillator to both slow and fast neutrons, the ratio of 6 Li 
to 7 Li in lithium should be investigated to improve the 
experimental efficiency.

• Merit neutron-� discrimination performance in a 
wide energy range The 6Li(n,� )T reaction proceeds 
only to the ground state of the product, and the large 
Q-value of the reaction allows for merit discrimination 
of slow neutrons and �-rays [19]. Scattering �-rays and 
�-rays produced by neutron activation on the spallation 
target and samples interferes with neutron detection over 
the entire energy region. Therefore, the neutron-� dis-
crimination capability of lithium-containing scintillator 
should be investigated in terms of their thickness, geom-
etry, scintillation properties, and readout modes.

• Photodetector protection from radiation Photodetec-
tors coupled to lithium-containing scintillators can be 
either PMTs or SiPMs. A SiPM is a matrix of avalanche 
photodiodes connected in parallel with each other, oper-
ating above the breakdown voltage and in Geiger mode 
[20]. Radiation damage is a major concern when operat-
ing these devices in harsh radiation environments [21]. 
Considering the high flux and high-energy neutrons and 
�-rays guided at ES# 2, the photodetectors should be well 
protected from radiation. The side readout of the scintil-
lation light could be a good choice; however, the light 
collection efficiency should be investigated to ensure 
that the pulse shape is smooth enough for pulse shape 
discrimination (PSD) analysis.

New 6Li-enriched elpasolite crystals (CLYC, CLLB, CLLC, 
etc.) can detect both neutrons and �-rays and distinguish 
between them clearly [22–25]. The CLLB scintillator has 
a higher light yield (40,000 photons/MeV) than other scin-
tillators of the same type, providing a better signal shape 
for PSD in the side readout design (which is discussed in 
Sect. 2.4.3). The CLLB scintillator has a very high thermal 
neutron reaction cross section and can release up to 4.78 
MeV energy through the 6Li(n,�)3 H reaction, ensuring that 
the CLLB attains a good neutron response and excellent 
neutron-� discrimination performance. Therefore, the CLLB 
scintillator was selected as the reference for the conceptual 
design of the FAST spectrometer.

2.2  Simulation model and validation

The scintillator should be sufficiently large to cover the neu-
tron beam in neutron total cross section measurements. As 
the crystal growth and fabrication process for producing a 
large inorganic scintillator is challenging, a CLLB scintil-
lator with dimension of 50.8 mm (2 in) × 50.8 mm × 6 mm 
was initially considered. A CLLB model (see Fig. 2) was 
built in GEANT4 [26, 27] to simulate its response to neu-
trons. The same model was built in the MCNP to validate 
the simulation model. The CLLB scintillator was set with a 
density of 4.2 g/cm3 and covered by a 1 mm thick aluminum 
shell. Simulations based on MCNP along with the ENDF/B-
VIII.0 library were carried out by counting the (n,� ) reaction 
events with the FM4 card, whereas simulations based on 
the Geant4.11.1 version with the FTFP_BERT_HP physical 
model were performed by recording the counts of produced 
secondary � particles.

The simulation results of the CLLB neutron detection 
efficiency using Geant4 and MCNP were compared with 
each other, as shown in Fig. 3. The ratios of the results sim-
ulated by Geant4 to MCNP (G/M) were nearly the same, 
indicating that the calculated detection efficiencies were well 
matched when the statistics were sufficiently high. Some 
small drops were observed in the detection efficiency curve 

Al shell

MCNP-Model Geant4-Model

CLLB Scintillator

Fig. 2  (Color online) Left: MCNP model. Right: Geant4 model
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over the eV–keV region, which were mainly caused by com-
peting reactions of Cs, La, and Br in the CLLB scintillator.

2.3  Detection efficiency

To minimize the effect induced by �-ray flash on the CLLB, 
the �-ray detection efficiency of the CLLB must be reduced. 
The scintillator should be thin enough while simultaneously 
limiting the neutron detection efficiency. The energy deposi-
tion response of the CLLB scintillator to neutrons and �-rays 
with different thicknesses and 6Li/7 Li abundance ratios was 
evaluated. Figure 4 depicts a comparison of CLLB neutron 
detection efficiency with different 6Li/7 Li abundance ratios, 
which confirms that increasing the 6 Li enrichment improves 
the neutron detection efficiency significantly over the entire 
energy range. To improve neutron detection efficiency, the 
6 Li abundance should be higher than 90% . A 95% 6 Li enrich-
ment was set for the following simulations.

Figure 5 depicts the simulation results of the CLLB 
response to Back-n neutrons and �-rays by multiplying 
the detection efficiency and original energy spectra at the 
spectrometer position (ES#2). Neutron counts only con-
sidered (n, � ) reactions, and the �-ray detection efficiency 

corresponds to the peak detection efficiency. The in-beam 
�-ray energy spectrum was extracted from reference [28]. 
The neutron detection efficiency of the CLLB decreases 
exponentially with the neutron energy, as shown in Fig. 4. 
However, as keV–MeV neutrons contribute the main com-
ponent of the neutron energy spectrum (black dashed line 
shown in Fig. 5, Up), the response of the CLLB to neutrons 
on the Back-n beam line does not change significantly over 
the entire energy range. Figure 5 (Down) shows a similar 
simulation with the in-beam �-ray energy spectrum of Back-
n (black dash line). The response of the CLLB to �-rays on 
the Back-n beam line drops rapidly as a function of energy. 
The �-ray detection efficiency of the CLLB was calculated to 
be sensitive to thickness; accordingly, thin scintillators (3–6 
mm) attained a detection efficiency 1–2 orders lower than 
that of thick ones (12–21 mm).

To identify a suitable thickness to achieve a compromise 
between high neutron detection and low �-ray detection, the 
ratio of detected neutrons to �-rays (n/� in following) as a 
function of the time-of-flight (ns) was calculated for differ-
ent CLLB thicknesses, as shown in Fig. 6. A double-bunch 
structure of the neutron beam was considered. The neutron 
TOF spectrum was first derived from the neutron energy 
spectrum extracted from reference [4] and then obtained by 
summing the two identical TOF spectra with a time inter-
val of 410 ns. The double-bunch structure of �-ray TOF 
spectrum was extracted from [28]. n/� is the neutron TOF 

Fig. 3  (Color online) Comparison of the CLLB neutron detection 
efficiency using Geant4 (red line) and MCNP (blue line)

Fig. 4  (Color online) Detection efficiency simulation results as a 
function of neutron energy with different 6Li/7 Li abundance ratios

Fig. 5  (Color online) Simulation results of the CLLB response to 
Back-n neutrons and �-rays with different thicknesses. Up: Response 
to the neutron spectrum. Down: Response to �-ray energy spectrum
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spectrum divided by the �-ray TOF spectrum (dashed line), 
considering the CLLB detection efficiency for neutrons 
and �-rays (solid lines). Figure 6 shows that the detected 
n/� decreases with neutron energy while keeping a relative 
stable level with CLLB thickness. Considering that high-
intensity �-ray flash is followed by high-energy neutrons, 
the low detection efficiency of �-rays will be better; subse-
quently, a thin CLLB scintillator (e.g., 3 mm) will be the 
preferred choice for �-ray suppression. Even though a CLLB 
scintillator containing highly enriched 6 Li has been proposed 
for high detection efficiency, its capability for neutron-� dis-
crimination needs to be investigated.

2.4  Neutron‑ discrimination

2.4.1  Pulse shape simulation

In a typical pulse generated by a CLLB scintillator, the 
decay component of the scintillation light can usually be 
described by the sum of two exponential functions, as shown 
in Eq. (1).

where Is and If denote the scintillation intensities of the slow 
and fast components, respectively, and �s and �f denote decay 
time constants of the slow and fast components, respectively. 
Secondary charged particles produced by neutrons and �-
rays have different ionization energy loss rates ( −dE∕dx ), 
resulting in luminescence decay curves with different fast 
and slow components for the PSD of neutrons and �-rays, 
as shown in Fig. 7.

The scintillation light pulse shape as a function of time 
was simulated because Geant4 contains the physical pro-
cess for optical photon transportation [29]. A reflective 
layer was built with an aluminum foil covering the CLLB 
scintillator. The optical characteristics of various materials 

(1)I(t) = Ife
−t

�f + Ise
−t

�s ,

must be specified in the optical simulations. A quartz glass 
window and photocathode material were added to the light 
output surface, allowing optical photons to be transported 
through the quartz glass window to the photocathode and 
converted into electrons through the photoelectric effect. 
The light emission spectrum of the CLLB was extracted 
from the research conducted by Shirwadkar et al. [30]. The 
refractive index and absorption length curves for all materi-
als as a function of photon wavelength were inserted using 
the AddPropery function. Other physical parameters of the 
CLLB scintillator were set via the AddConstPropery func-
tion, namely, the light yield (40,000 photons/MeV), fast (180 
ns) and slow (1080 ns) decay times, and ratios of fast to 
slow components for neutrons (50:50) and �-rays (61:39). 
The interface between different materials and optical prop-
erties of the interface were set [29], including the surface 
types, models, finishes, and reflections (e.g., the surface type 
between the aluminum shell and the CLLB crystal was set 
as dielectric_metal, surface model was set to a glisur model, 
finish was set to polished, and reflectivity was set to 1).

A typical surface Cf-252 source with a diameter of 50 
mm was built to generate neutrons and �-rays. The �-ray 
and neutron emission spectra are described by Eq. (2) and 
Maxwell’s distribution [31], respectively. A 4 mm thick 
high-density polyethylene (HDPE) was used to slow down 
fast neutrons for a high detection efficiency.

The light pulse of each event was simulated by counting the 
time distribution of all photons arriving at the photocath-
ode. To simulate the electric pulse, the number of photons 
within each time bin of the light pulse was converted to the 
number of electrons by calculating the convolution of the 

(2)f (E) =

⎧
⎪
⎨
⎪
⎩

38.13Ene
1.648En En ≤ 0.3

26.8Ene
−2.3En 0.3 < En ≤ 1.0

8.0Ene
−1.1En En > 1

Fig. 6  (Color online) n/� ratios of CLLB response to neutrons and �
-rays with different thicknesses and original spectrum

γ-ray

neutron

Fig. 7  (Color online) A typical simulated neutron pulse compared 
with a normalized �-ray pulse
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photon energy distribution and photon detection efficiency 
curve of the photocathode. The quantum efficiency of the 
HAMAMATSU MPPC-S14160 SiPM was applied. A typi-
cal simulated neutron pulse is compared with an amplitude-
normalized �-ray pulse in Fig.7.

2.4.2  PSD analysis

The simulated neutron-� discrimination performance of the 
CLLB scintillator was evaluated based on PSD analysis. 
The charge comparison (CC) [32] method was applied to 
compare the charge differences over the tail of the pulses 
by calculating the CC factor as a function of energy. The 
CC factor corresponds to the ratio of the long integration 
QL from tm to te to the short integration QS from ts to te of the 
pulse, as illustrated in Fig. 7. The figure of merit (FoM) [33] 
is defined using Eq. (3) for quantitative evaluation.

Here, S is the separation between two peaks attributed to 
neutrons and �-rays. FWHMn and FWHM� represent the 
full width at half maximum (FWHM) of the two peaks, 
respectively.

(3)FoM =
S

FWHMn + FWHM�

Figure 8 shows the 2D histograms of the neutron-� dis-
crimination and corresponding neutron and �-ray pulse 
height spectra with and without a 4 cm thick HDPE mod-
erator, respectively. The distribution of fast neutron events is 
a continuum, with a response of 4.78 MeV plus incident fast 
neutron kinetic energy. However, the distribution of thermal 
neutron events is concentrated at approximately 4.78 MeV. 
A similar experimental result was obtained in reference [34] 
on the 6Li(n, � ) reaction response and PSD performance of a 
CLYC scintillator. The CLLB scintillator attains an excellent 
PSD performance with a FoM value of 1.46 for fast neutrons 
and 1.42 for moderated neutrons, respectively, cutting the 
red area for event selection, as shown in Fig. 8.

2.4.3  Analysis of influencing factors on PSD performance

• Scintillator shape and thickness Cylindrical inorganic 
scintillators are commonly used commercially and are 
usually coupled with a photodetector that detects scin-
tillation light from the rear side. A cubic scintillator 
is easier for side readout; however, its light collection 
efficiency and uniformity should be investigated. To 
compare the PSD performance with different scintilla-
tor shapes and thicknesses, the neutron-� discrimination 
performance of a cylindrical scintillator ( Φ 50.8 mm) and 
cubic scintillator (50.8 mm × 50.8 mm) with different 

γ γ

n n

b-1

b-2a-2

a-1

Energy (a.u) Energy (a.u)

Energy (a.u) Energy (a.u)

neutron spectrum
γ-ray spectrum

Fig. 8  (Color online) 2D histograms of the neutron-� discrimination (up) and corresponding energy spectra (down). Left panel: without a HDPE 
moderated Cf-252 source. Right panel: with a HDPE moderator
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thicknesses were simulated and analyzed. Figure 9 shows 
the FoM values as a function of thickness for cylindri-
cal and cubic scintillators, revealing that the PSD per-
formance of the cubic scintillator agrees well with that 
of the cylindrical one. The FoM values were found to 
increase significantly from 2 to 4 mm and then increased 
slowly. The main reason for this could be that the thermal 
neutron absorption length of the high 6Li-enriched CLLB 
scintillator is approximately 3 mm [35]. Considering the 
required PSD quality in the low-energy range, the thick-
ness of the CLLB scintillator should be greater than 3 
mm.

• Proportions of fast and slow scintillation components 
We found that changing the fast component proportion of 
the CLLB scintillation light has a significant impact on 
its PSD performance [36]. Figure 10 shows the relative 

Fig. 9  (Color online) FoM results as a function of the CLLB thick-
ness with different shapes
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position distribution of neutrons and �-rays in the 2D 
histogram of PSD when different fast scintillation com-
ponents were set for neutrons and �-ray. Figure 10 (a–f) 
corresponds to the PSD simulation results with changing 
the fast scintillation component proportions (40–90%) 
for neutrons only. A large fast component of the scintil-
lation light generated by neutrons could improve PSD 

significantly, as shown in Fig. 11 (black line). In contrast, 
the performance of the PSD decreases rapidly with an 
increasing share of the fast scintillation component for �
-rays, as underlined by the red line, which was obtained 
using the simulation results presented in Fig. 10 (g–l). 
Accurate proportions of the fast and slow components 
of the scintillation light generated by neutrons and �-rays 
are proven to be critical in PSD simulation, which pro-
vides a reference for achieving better PSD performance 
in elpasolite crystal design.

• Readout modes To protect the photodetector from the 
irradiation of high-intensity neutrons and �-rays, the side 
readout should be prior to the rear readout in the physical 
design of the FAST spectrometer. The scintillation light 
collection and PSD performance were calculated with 
different readout modes using a moderated Cf-252 neu-
tron source. Figure 12 shows the models built in Geant4 
and corresponding 2D histogram of PSD performance, 
from which note that the side readout mode collects 
fewer photons than the rear readout. This is because the 
photons have a longer transportation path through the 
scintillator in the side readout model and collecting area 
is also lower than that in the rear readout model, result-
ing in some optical photons being self-absorbed by the 

Fig. 11  (Color online) FoM results as a function of fast component 
ratio of neutron and �-ray

tuodaer
ediS Incident surface

R
ear readoutIncident surface

Fig. 12  (Color online) Comparison of scintillation light collection models and corresponding 2D histograms of PSD simulations with rear (Up) 
and side readouts (Down)
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scintillator itself. However, the PSD performances of the 
two models were comparable, attaining an FoM of 1.44 
with the rear readout compared with an FoM of 1.42 
using the side readout model.

3  Discussion

The physical design of a CLLB scintillator-based spectrom-
eter for neutron total cross section measurements includes 
determining the readout mode and physical parameters of 
the scintillator, that is, scintillator area, thickness, 6 Li enrich-
ment, Ce-doping percentage, and PSD performance in the 
energy range of interest. With calculations performed using 
the Geant4 code on the detection efficiency of neutrons, a 
high 6Li-enriched (>90%) CLLB scintillator has been pro-
posed for a higher neutron detection efficiency in 1 eV to 10 
MeV energy range. A thin CLLB scintillator is the preferred 
choice based on the calculations regarding the n ∕� ratios of 
the CLLB response to neutrons and �-rays considering the 
Back-n neutron and � energy spectra. However, thin CLLB 
scintillators exhibit poor neutron-� discrimination perfor-
mance. As a compromise, a 4–9 mm thick CLLB scintillator 
has been recommended for the FAST spectrometer design; 
however, the final size depends on the crystal growth and 
fabrication level. To achieve a better neutron-� discrimina-
tion performance, the fast component of the scintillation 
light generated by neutrons should be as high as possible, 
whereas �-rays require a low fast scintillation component. 
The proportion of the fast component in the scintillation 
light generated by neutrons can be adapted with the Ce-
doping percentage [36]. As the PSD performance changes 
slightly with the side readout compared with the rear read-
out, an array of SiPMs is designed coupled to the side of a 
CLLB scintillator for radiation protection. The inherent fast 
rise time of the SiPM owing to the avalanche characteristics 
of the pixels, makes it ideal for counters in TOF spectrom-
eters [37, 38]. In practice, a gated technique [39] and shadow 
bar can be applied for spectrometer response recovery and 
�-ray flash reduction. In the future, a calibration experi-
ment based on a neutron generator should be performed to 
validate simulations dedicated to the physical design of the 
FAST spectrometer.

4  Conclusion

To design a Fast Scintillator-based Neutron Total Cross 
Section (FAST) spectrometer on the Back-n beam line at 
CSNS, a detailed simulation of the CLLB response to neu-
trons and �-rays was performed using the Geant4 toolkit. 

The detection efficiency of a CLLB scintillator was inves-
tigated as a function of 6 Li abundance; consequently, a 
high 6Li-enriched (95%) CLLB scintillator was applied to 
simulate the thickness characteristics and PSD performance. 
The PSD performances of CLLB scintillators with varying 
thicknesses were simulated with a standard Cf-252 neutron 
source and quantum efficiency curve of a commercial SiPM. 
The influences of different shapes, thicknesses, proportions 
of fast components in scintillation light, and readout modes 
were simulated and analyzed. As a result, a final conceptual 
design of the FAST spectrometer has been proposed based 
on a 50.8 mm × 50.8 mm cubic scintillator to cover the Φ 50 
mm neutron beam line on the Back-n beam line. The cubic 
CLLB is high 6Li-enriched (>90%), 4–9 mm thick, and capa-
ble of high neutron-� discriminating performance (FoM>1.3 
for thermal neutrons). An array of SiPMs coupled to a CLLB 
scintillator with side readout is considered for radiation 
protection, and a benchmarking experiment for validat-
ing simulations with a neutron generator is recommended 
in the future. The simulations, especially the technique of 
pulse shape simulation developed for PSD analysis, support 
the construction of the FAST spectrometer and provide an 
important reference for similar spectrometer designs on the 
Back-n beam line.
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