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A B S T R A C T

Fast electronic readout for high-channel density scintillator-based systems is needed for radiation tracking
and imaging in a wide range of applications, including nuclear physics, nuclear security and nonproliferation.
Programmable electronics, like FPGAs and ASICs, provide a fast way of conditioning and processing the signal
in real time. In this paper, we present a pulse shape discrimination (PSD) method based on the shaping circuit
of a commercially available ASIC, the Citiroc1A by CAEN Technologies. We used two different shaping times
per detector channel to calculate a shaping parameter that enables PSD. Using our new method, neutron and
gamma-ray pulses detected by a d12-stilbene scintillator can be effectively discriminated at light output values
greater than 0.15MeVee. While not achieving the PSD performance of traditional offline charge integration, our
method does not require the transfer of data to a separate system for further processing and enables the direct
deployment of high-channel density multi-particle detection systems. Moreover, the availability of a wider
range of shaping times than those on the Citiroc1A can potentially further improve the PSD performance.
1. Background and motivation

The availability of solid-state light readout devices, like silicon
photomultipliers (SiPMs), makes it possible to scale large arrays of
scintillation detectors [1,2] to hand-held versions [3,4]. Compared
to avalanche photo-detectors and photo-diodes, SiPMs exhibit better
performances, e.g., higher gain, lower noise, and a faster response [5].
When SiPMs are coupled with pulse-shape discrimination (PSD) capable
scintillators, they allow for the simultaneous detection of different
types of radiation, e.g., gamma rays and neutrons. Furthermore, the
advantage of using SiPMs is the ability to handle a high number of
channels, in the order of hundreds, while maintaining a compact form
factor, ideal for hand-held stand-off gamma ray and neutron imaging.
Programmable electronics, like field programmable gate arrays (FPGA)
and application specific integrated circuits (ASICs), are particularly
suitable for the readout of SiPMs coupled to arrays of scintillation
detectors because they can perform similar complex functions as tradi-
tional analog electronics [6] and fast digitizers [7] while being compact
and featuring a high number of channels. However, implementing spe-
cific functions, such as PSD, requires the design of custom ASIC-based
devices, which are cost prohibitive for small-scale projects.

In this work, we address this issue by developing a method to per-
form PSD using the commercially available Citiroc1A ASIC controlled
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by the A55CIT4-DT5550W readout system [8,9] by CAEN Technologies
(Viareggio, Italy). This PSD method does not require sampling and stor-
ing hundreds of samples for each detected pulse, which corresponds to
the analog-to-digital conversion process implemented on fast digitizers.
Additionally, our method can be performed on-board without the need
of transferring the data to another device for analysis.

The ASIC-based method implements an architecture that extracts
a pulse-shape-dependent parameter, which enables the discrimination
of gamma-ray and neutron pulses. In the 70 s, similar analog PSD
methods were explored and implemented. These methods typically
perform PSD using a shaping stage followed by a time-to-amplitude
circuit and comparator that discriminates between neutron and gamma-
ray pulses [10,11]. While being inspired by the analog implementation,
our method expands on the prior work by translating the analog archi-
tectures to digital processing and enables PSD for high-channel density
detector arrays using advanced on-board signal processing. Therefore,
the method we propose grants the capability to perform PSD on a
compact detection system with a high number of channels for a broad
range of applications, including nonproliferation, nuclear physics, and
radiation protection.

We developed and implemented an on-board PSD method for the
commercially available Citiroc1A ASIC [12]. In Section 2, we introduce
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Fig. 1. Schematic of a multi-particle spectroscopic imager based on an ASIC-based electronic readout.
the ASIC-based method, which we will call Digital Shaper (DS) PSD,
to discriminate between neutron and gamma-ray pulses and calculate
the circuit response function for optimizing the PSD parameter using
template pulses. In Section 3, we apply the optimized PSD method
on measured gamma-ray and neutron pulses. A comparison between
the traditional charge-integration (CI) PSD and DS PSD is given. The
discussion and conclusions are presented in Section 4

2. Methods

In this section, we describe the implementation of PSD using elec-
tronics available in the Citiroc1A ASIC. The DS PSD method will be
demonstrated on synthetic pulses and experimentally measured data,
and its performance will be compared with the traditional PSD method.

2.1. Imaging system design

We built a compact imaging system encompassing a 4 × 7 array
of LYSO crystals (3mm×3mm×5 cm) coupled to 56 Onsemi MicroFJ
30020 SiPMs [13] that are read out by four Citiroc1A ASICs. In the
future, the LYSO will be replaced by PSD-capable scintillators such as
stilbene. This detector can be used as an imager for nuclear security
and non-proliferation applications and as a particle tracker for nuclear
physics experiments. Fig. 1 shows the schematic of the imager. The
system includes two custom-printed circuit boards (PCBs), each pow-
ering and controlling the readout of a 4 × 7 array of SiPMs. The SiPM
arrays are used for light readout of the top and bottom sides of a
4 × 7 scintillator matrix. The dual-end readout enables the retrieval
of depth of interaction information [14,15]. The SiPM pulses are fed
to an A55CIT4-DT5550W readout system by CAEN Technologies [9].
The system is controlled via computer using the DT5550W Readout
Software (Sci Digitizer Family, Version 2022.1.1.0, distributed by CAEN
Technologies). This software allows us to control the DT5550W and
program some of the board settings, including the gain, the threshold,
and the shaping constants. The A55CIT4 board hosts four Citiroc1A
ASICs, each with a 32 readout channel capacity [8]. Thus, there are
128 input channels available in total. This board is particularly suitable
for SiPM readout because it provides a bias from 20V to 85V with a
current up to 10mA [16]. In the current configuration, the board is set
to provide a 30V bias to the SiPMs. The A55CIT4 board features a fine
time resolution better than 100 ps as stated by the manufacturer [8]
and a 14-bit ADC with a sensitivity of 160 fC. We tested the effect of
the Citiroc1A’s dead time on our data throughput using the DT5810B
2

pulse generator. We found no loss of data when up to a 10 kHz input
frequency. This acquisition rate is compatible with the detection of
an approximately 6mCi source at a distance of 1m with our imager
without. Therefore, the proposed configuration is suitable for imaging
applications, even when measuring relatively high-intensity sources.

2.2. PSD method

In this section, we briefly summarize the principles of two PSD
methods, namely the traditional charge-integration PSD and the pro-
posed DS PSD. The datasets used for the evaluation of the PSD method-
ologies are:

A. Synthetic dataset acquired using a pulse generator connected to
the ASIC.

B. Measured waveform dataset produced using a stilbene-d12 crys-
tal, SiPM evaluation board, and DT5730 digitizer.

C. Measured dataset produced using a stilbene-d12 crystal, SiPM
evaluation board, and Citiroc1A ASIC.

2.2.1. Charge-integration PSD
PSD-capable scintillators emit blue-UV light upon interaction with

ionizing radiation through prompt and delayed fluorescence [17]. In
organic scintillators, the light-emitting molecular excitation reactions
are mainly due to recoil protons and electrons, produced by neutron
and gamma-ray collisions, respectively. For an equivalent deposited en-
ergy, recoil protons produce a higher amount of delayed fluorescence,
compared to electrons, due to their higher ionization density, which re-
sults in a larger delayed component in the detected pulses [17,18]. This
difference in delayed components can then be used to discriminate be-
tween gamma-ray and neutron pulses. Figure set 2 shows the procedure
to obtain the template pulses. Figs. 2(a) and 2(b) show the measured
gamma-ray and neutron pulses averaged over 0.2 MeVee-wide bins
from 0.1 MeVee to 1.7 MeVee. Figs. 2(c) and 2(d) are these pulses
normalized to their respective peak values. Fig. 2(e) shows the tem-
plate gamma-ray and neutron pulses, which are the normalized pulses
averaged over the entire light output range. The difference between the
delayed fluorescence component of gamma-ray and neutron-induced
pulses is clearly visible.

Traditionally, charge integration (CI)-based PSD [19] is used to per-
form PSD. CI takes advantage of the difference in delayed components
by defining the PSD parameter as the ratio of the area under the pulse
tail to the total area (tail-to-total ratio) of the measured pulse, as shown
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Fig. 2. Normalized neutron and gamma-ray template pulses acquired by measuring a 239PuBe source with a stilbene-d12 crystal.
A
i

by Eq. (1). The pulses are measured in voltages as designated by 𝑉 (𝑡)
and 𝑡0 is the beginning of the pulse, 𝑡1 is on the falling edge of the pulse,
and 𝑡2 is the end of the pulse.

PSDCI =

∑𝑡2
𝑡1
𝑉 (𝑡)

∑𝑡2
𝑡0
𝑉 (𝑡)

(1)

Neutron pulses exhibit higher tail-to-total ratios due to the larger de-
layed components, which enable their discrimination from gamma-ray
pulses.

2.2.2. Digital shaper PSD
The Citiroc1A front-end encompasses a readout circuit with two

independent paths, referred to as the low-gain (LG) and high-gain (HG)
path. Each path consists of a low-gain/high-gain charge preamplifier,
3

s

a pulse shaper, and a peak sensing circuit that detects and records the
maximum of the shaped signal [8], as shown in Fig. 3. Since gamma
rays and neutrons have different pulse shapes, they exhibit different
responses to the shaper in the Citiroc1A. It is therefore possible to
perform PSD based on this difference in the shaper’s responses.

For this method, the PSD parameter is defined as the ratio be-
tween the HG and LG output signals as shown by Eq. (2). The two
paths of the readout circuit are linear with energy, as shown in the
manual1 [20]. Therefore, the PSD parameter is mainly a function of

1 The manual refers to the Citiroc-1A chip being controlled by the
5202/DT5202 module. While the control module is different, the Citiroc-1A

s the same used in this work. Therefore, the linearity of the acquisition chain,
hown in section 9.2.3 of the manual, applies to our work.
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Fig. 3. Calculation of the PSD parameter based on LG and HG outputs. SSH is the slow shaper and PD is the Peak Detector circuit [8].
Fig. 4. Single channel pulse shaper on the Citiroc1A. C1, C2, and C3 are the capacitances controlled by the peak time [12].
Fig. 5. Signals output by FDTF with different peak times.

the pulse shape with a slight dependence on the pulse height. Fig. 3
illustrates the steps needed to calculate the PSD parameter. The pulse
shaper is shown in Fig. 4. Its response is dependent on a set of three
adjustable capacitances — C1, C2, C3 — also shown in Fig. 3. These
capacitances are controlled through the ‘‘peak time’’ setting in the
readout software. There are a total of seven available peak times each
4

associated with a specific set of capacitances. To achieve the best PSD
performance, we optimized the values of C1, C2, and C3 to maximize
the difference in PSD parameters of neutron and gamma-ray pulses.
A detailed description of the optimization method is in the following
Section 2.3.1.

PSDASIC =
HG output
LG output

(2)

2.3. Computational implementation of DS PSD

In this section, we calculate the response of the ASIC’s acquisition
chain, based on which we can determine the optimal ASIC settings for
PSD.

2.3.1. Transfer function and pulse shape
The response of the front-end acquisition chain of the ASIC was

calculated based on the known architecture. A set of template gamma-
ray and neutron pulses, shown in Fig. 2(e), were used to test the
response of the front-end to prototypical pulses. The template neutron
and gamma-ray pulses were obtained by averaging 10,000 neutron and
gamma-ray pulses, respectively, and normalizing them to the single
pulse maximum value. The experimental method used to obtain these
pulses is described in Section 2.4 in greater detail.

We calculated the frequency-dependent-transfer-function (FDTF) of
the pulse shaper (Fig. 4) in the Laplace domain, shown by Eq. (3). 𝑓
stands for the frequency and 𝑇 (𝑠) is the ratio between the output signal
and input signal. C1, C2, and C3 are the capacitances controlled by the
peak time setting in peak sense mode of the readout software and the
set relationship between the peak times and capacitances is shown in
Table 1. The capacitances and R , R , and R are shown in Fig. 4 as
1 2 3
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Fig. 6. Emulated pulses experimental setup. The pulse generator output is connected directly to the ASIC and the output is recorded and processed in real-time by the computer
to perform PSD.
Fig. 7. Normalized measured emulator pulses.

well. The resistive values are specific to the ASIC itself and cannot be
tuned by the user via software.

𝑇 (𝑠) =
(

1
𝑠𝑅3𝐶3 + 1

)

(

𝑠2𝑅1𝐶1𝑅2𝐶2 + 𝑠
(

𝑅1𝐶1 + 𝑅2𝐶2 + 𝑅2𝐶1
)

+ 1

𝑠2𝑅1𝐶1𝑅2𝐶2 + 𝑠
(

𝑅1𝐶1 + 𝑅2𝐶2
)

+ 1

)

𝑠 = 𝑖𝜔, 𝜔 = 2𝜋𝑓

(3)

We used the normalized template gamma-ray pulses in Fig. 2(e) as
the input to the FDTF to determine how the ‘‘peak time’’ affects the
shape of the output signal. Fig. 5 shows the unnormalized shape of the
output signal at different peak times. As expected, a longer peak time
corresponds to an increased delay of the peak timestamp of the shaped
pulse.

2.3.2. FDTF optimization
The user can set the seven peak time values independently for the

LG and HG paths, corresponding to 49 different combinations. For
5

Table 1
Table of capacitances corresponding to the set peak time.

Peak time (ns) C1 (pF) C2 (pF) C3 (pF)

87.5 1.25 125 500
75 2.50 250 1000
62.5 3.75 375 1500
50 5.00 500 2000
37.5 6.25 625 2500
25 7.50 750 3000
12.5 8.75 875 3500

every combination of LG and HG peak times, we input the template
pulses, shown in Fig. 2(e), to the LG and HG transfer functions, cal-
culated the LG and HG peak heights, and finally calculated the PSD
parameter, which is the ratio between the HG and LG output signals.
The combination of peak times that yielded the largest difference
between the gamma-ray and neutron PSD parameters was considered
optimal for discriminating the two types of pulses and was hence
selected in this study.

2.4. Experimental methods

With the optimized PSD peak times, the DS PSD method was tested
using different data sets: dataset A from a pulse generator to confirm
the feasibility of the method, and datasets B and C to compare the PSD
performances with CI PSD. The pulse generator was used to explore a
broader range of pulse shapes, and the measured data sets were used
to determine the performance of the DS PSD.

2.4.1. Data sets used to test the PSD performance
The emulated pulses (dataset A) were generated using the ex-

perimental setup in Fig. 6. A DT5810B pulse generator [21] was
directly connected to the A55CIT4 board. A laptop was connected to
the A55CIT4 board to program the board and acquire and visualize
the PSD processed data. The pulse generator created exponential pulses
with a pulse shape defined by Eq. (4), where 𝜏 is the decay constant
and OFFSET is 100 ns.

𝐴 ×

{

𝑒
−(𝑡−OFFSET)

𝜏 𝑡 ≥ OFFSET (4)

0 otherwise
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Fig. 8. Measured data experimental setup. The SiPM output is sent to the ASIC and the signal is recorded by a computer.
Fig. 9. 𝑃𝑆𝐷𝑛−𝑃𝑆𝐷𝛾

𝑃𝑆𝐷𝛾
as a function of LG peaking time and HG peak time. The combination

of 87.5 ns for the HG peaking time and 12.5 ns for the LG peaking time, produces the
largest difference between the LG and HG PSD parameters than any other combination.
This is shown by the colorbar labels as the darkest red is greater than 0.15 whereas
the darkest blue is exactly −0.15.

Five decay constants were tested and the pulse height was uniformly
distributed between 0 and approximately 0.3 V. The shapes of the
emulated pulses are shown in Fig. 7.

The experimentally measured data set (dataset C) was obtained
using a 3 × 3 × 5 mm3 deuterated stilbene (stilbene-d12) crystal coupled
to an OnSemi MicroFJ-30020 SiPM [13]. We set the over-voltage of
MicroFJ-30020 SiPM to 2V and the max signal amplitude was 0.2V.
The signal amplitude was low enough so that no signal saturation
occurred in the HG channel, and high enough so that we could still ac-
quire low-amplitude signals in the low light output range. The setup of
DS PSD is shown in Fig. 8. The SiPM signal is processed by the A55CIT4
board. To obtain dataset C, a 1-mCi239PuBe source was placed at a
10 cm distance from the deuterated stilbene crystal and measured for
30 min, resulting in approximately 200,000 pulses. For comparison, we
replaced the A55CIT4 board with a 14-bit 500-MSps DT5730 digitizer
and performed CI PSD on the saved pulses. The data set (dataset B)
acquired with the digitizer was also used for the optimization of peak
6

times described in Section 2.3. Examples of measured pulses are shown
in Fig. 2.

2.4.2. Data processing and figure-of-merit
PSD is performed on the emulated data and experimentally mea-

sured data using both the traditional charge integration method and
the new PSD algorithm explained in Section 2.2. The CI gates used
to calculate the total and tail areas under each pulse are 300 ns long,
starting 50 ns before the trigger (pre-gate), and 220 ns long, starting 30 ns
after the trigger, respectively. We varied the tail start time in the 10-
50 ns range and the long gate in the 200-400 ns range and selected those
gate values that resulted in the maximum PSD figure of merit (FOM),
defined hereafter. The parameters for the DS-PSD were selected as de-
scribed in Section 2.3.2. The results of the DS PSD were then compared
with the results of the charge integration PSD. This comparison includes
the PSD plots for a qualitative comparison and the calculated FOM for a
quantitative comparison. The FOM is calculated by performing a double
Gaussian fit of the distribution of PSD parameters using Eq. (5) and then
using the parameters of the Gaussian fit as inputs to the FOM equation
(Eq. (6)) [22]. 𝜇 is the mean of one peak and FWHM= 2

√

2 ln 2𝜎 is the
full-width half-maximum of the same peak. A higher FOM is preferable
because it corresponds to a wider separation between the neutron and
gamma ray pulses in the PSD-parameter space.

𝑓 (𝑥) = 𝑎𝑛 exp
(

−
(𝑥 − 𝜇𝑛)2

2𝜎2𝑛

)

+ 𝑎𝛾 exp
(

−
(𝑥 − 𝜇𝛾 )2

2𝜎2𝛾

)

(5)

FOM =
|𝜇𝑛 − 𝜇𝛾 |

FWHM𝑛 + FWHM𝛾
(6)

3. Results

In this section, we present the results of the optimization of the peak
times based on the simulation of the circuit and the application of the
DS PSD to emulated pulses as well as deuterated stilbene pulses.

3.1. FDTF optimization

We optimized the FDTF using the template pulses in Fig. 2(e) as
the input. Fig. 9 shows the relative difference between neutron and
gamma-ray PSD parameters for all 49 possible combinations of LG
and HG peak times. The 𝑥-axis is the LG peaking time and the 𝑦-
axis is the HG peaking time. Each small square is colored by the
relative difference between the neutron and gamma-ray PSD parameter.
The optimization showed that the difference between the LG and HG
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Fig. 10. Comparison of (a) charge integration PSD and (b) computational DS PSD based on dataset B acquired by measuring a 239PuBe source with a stilbene-d12 crystal.
Fig. 11. Comparison of (a) charge integration PSD and (b) computational DS PSD based on dataset B acquired by measuring a 239PuBe with a stilbene-d12 crystal.
Fig. 12. Comparison of the FOM for (a) charge integration PSD and (b) computational DS PSD based on dataset B acquired by measuring a 239PuBe with a stilbene-d12 crystal.
peaking times should be maximized in order to maximize the difference
in PSD parameters. The combination that maximizes the difference
between the LG and HG output values is 12.5 ns and 87.5 ns for the
LG and HG peaking times, respectively. These optimized settings were
used in the following experiments.

3.2. Computational implementation of DS–PSD and comparison with CI–
PSD

With the optimized settings known, we can now test the perfor-
mance of the DS PSD on dataset B, described in Section 2.4.1. The
computational implementation of DS PSD was compared with CI PSD
using dataset B and the results are shown in Figs. 10, 11, and 12.
Fig. 10a shows the charge integration result, where the 𝑥-axis is the
total pulse integral and the 𝑦-axis is the tail integral. Fig. 10b shows
the PSD obtained with the computational DS PSD method. The 𝑥-axis is
the peak height of the LG signal and the 𝑦-axis is the peak height of the
HG signal. We observed a good separation between the two groups of
7

pulses, showing the feasibility of DS PSD on this dataset. Fig. 11 shows
the scatter-density PSD plots for both methods with the PSD parameter
as a function of the pulse light output. Fig. 12 shows the calculated
FOMs for all the pulses shown in Fig. 11, which range from 50 keVee
to 1200 keVee. The feasibility of DS PSD is confirmed on measured
pulses. However, the FOM is approximately 30% lower than the FOM
obtained using CI PSD on the same dataset B.

3.3. On-board implementation of DS PSD and comparison with CI PSD

We used pulses from dataset A, described in Section 2.4.1, and input
them to the A55CIT4-DT5550W system. We recorded the LG and HG
output for each pulse and created a scatter plot of the LG output as
a function of the HG output shown in Fig. 13. Each color represents
one pulse type with a different time constant. The 𝑥-axis and 𝑦-axis are
the LG output and HG output in ADC units, respectively. The distinct
separation shows that emulated pulses with different time constants
yield a different PSD parameter and can be easily discriminated.
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Fig. 13. DS PSD of emulated pulses (dataset A) with different time constants.

The same analysis was performed on dataset C, described in Sec-
tion 2.4.1. The results of charge integration PSD (dataset B) are
shown in Fig. 14a. The 𝑥-axis and 𝑦-axis are the total and tail integral,
respectively. Fig. 14b shows the physical implementation of DS PSD
(dataset C). The 𝑥-axis and 𝑦-axis are the LG output and HG output,
respectively. Separation between the neutron and gamma-ray bands is
observed, indicating that DS PSD allows us to discriminate between
neutrons and gamma rays. Using the method described in Section 2.4.2,
we calculated the FOM for both the DS PSD and CI PSD methods, as
shown by Fig. 16. We also calculate the FOM for the first three light
output bins for the CI and DS PSD methods and show the relationship
between the PSD performance and light output in Fig. 17. One can
8

observe in Fig. 17d (150–200 keVee) allows us to discriminate between
gamma-ray and neutron pulses with minimum overlap between the two
Gaussian distributions corresponding to these radiation types. The FOM
of the DS PSD is smaller than that of the charge-integration.

4. Discussion and conclusions

An on-board ASIC-based PSD method was developed on a com-
mercially available platform, i.e., the Citiroc1A. This DS PSD method
enables the discrimination of gamma-ray and neutron pulses within a
light output range of 0.1 MeVee to 2 MeVee. The presented results
show that the commercially available ASIC-based readout is capable of
performing on-board PSD. Unlike the traditional CI method, we used
the LG and HG paths intrinsic to the Citiroc1A to extract a shape-
dependent PSD parameter, defined as the ratio between the output
signal of the LG and HG paths. We developed an FDFT model to emulate
the response of the shaping circuit in each path and then, using the
FDFT model, we optimized the PSD parameter, i.e., the peak times
of the LG and HG front end. The peak times that provided the best
PSD parameter are 12.5-ns for the LG path and 87.5-ns for the HG
path. The optimized DS PSD performance was evaluated and compared
to CI PSD using digitizer-recorded pulses. This study showed that the
DS PSD is capable of discriminating gamma-ray and neutron pulses,
with a FOM that is 30% lower than that of CI PSD. We then applied
the DS PSD to synthetic pulses generated with a pulse emulator with
controlled decay constants and confirmed experimentally that DS PSD
can discriminate pulses of varying shapes. Finally, we applied the
DS PSD to pulses acquired by measuring a 239PuBe source with a
deuterated stilbene crystal coupled to a SiPM. For this data set, the
calculated FOM for DS PSD is 0.78 and 1.64 for CI PSD. The FOM for
the on-board DS PSD decreased a further 20% from the computational
Fig. 14. Comparison of (a) charge integration PSD (dataset B) and (b) DS PSD of deuterated stilbene pulses (dataset C) acquired by measuring a 239PuBe source with a stilbene-d12
crystal.
Fig. 15. Comparison of (a) charge integration PSD (dataset B) and (b) DS PSD of deuterated stilbene pulses (dataset C) acquired by measuring a 239PuBe source with a stilbene-d12
crystal.
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Fig. 16. Comparison of the FOM for (a) charge integration PSD (dataset B) and (b) DS PSD (dataset C) acquired by measuring a 239PuBe source with a stilbene-d12 crystal.
Fig. 17. PSD performances of DS PSD (dataset C) and CI PSD (dataset B) in the first three light output bins, namely 100–150 keVee, 150–200 keVee, and 200–250 keVee.
mplementation. The upwards curve in the gamma-ray band for DS
SD in Fig. 15 can be attributed to differential saturation of the LG
nd HG paths, which are limited to the 12.5–87.5 ns range, as the
ight output increases. This saturation can potentially cause the PSD
arameter (HG/LG) to be overestimated thus generating an upwards
rend in the gamma-ray band. Overall, CI PSD outperforms DS PSD
y 50%. Out of this 50%, about 30% can be attributed to the limited
umber of shaping times available on the Citiroc1A. This degradation
s expected and consistent with the lower FOM that DS PSD exhibits
ompared to CI-PSD applied to the computational analysis of measured
9

pulses (dataset B). The remaining observed decrease in FOM for the
physical implementation of the DS PSD is likely due to noise on the
low gain and high gain-shaped output signals, intrinsic to the ASIC
itself. Although the DS PSD performance is worse than that of CI
PSD, neutron and gamma-ray pulses can be effectively discriminated
at light output values higher than 0.15MeVee, corresponding to a
neutron deposited energy of approximately 0.75MeV [23,24]. It should
also be noted that DS PSD is performed on-board, in real time, and
does not require the transfer of data to a separate system for further
processing. The Citiroc1A in this work has a total of seven available
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peak times. The DS PSD method could potentially be improved by finer
tuning of the peak time, rather than selecting one of the seven options
provided. In the future, we plan on testing the DS PSD performance
with different realistic pulse shapes by using other organic scintillators,
such as EJ-276D and small-molecule organic glass.
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