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Abstract 9 

The performance of EJ-270, a 6Li loaded pulse shape discriminating plastic scintillator was tested for 10 

use in applications with high thermal and epithermal neutron fluxes such as neutron scattering 11 

facilities. The short decay time of EJ-270 make it of interest for high count rate applications. To 12 

realize this, 4 PSD algorithms were tested. The algorithms were selected based on the potential for 13 

high rate applications and simplicity. These algorithms were the charge integration method with and 14 

without the addition of a digital low pass filter, a measurement of the time to 10% of peak amplitude 15 

and a method we call the “tail sum” which utilizes a digital low pass filter and sums a small number 16 

of samples in the tail of each pulse. These algorithms were benchmarked using the figure of merit, 17 

the γ-sensitivity and potential rate capability. The charge integration method gave the highest figure 18 

of merit of 1.37 using a long window of 272.5 ns but had a γ-sensitivity of 2×10-6 which was poorer 19 

than the tail sum algorithm. The tail sum algorithm was able to achieve a figure of merit of 1.36 with 20 

a window of 250 ns and a γ-sensitivity on the order of 10-7. Reducing the integration windows to 21 

match the fastest algorithm of time to 10% resulted in the tail sum outperforming the other 22 

algorithms with a figure of merit of 1.26 and a γ-sensitivity of 6×10-7. The short charge integration 23 

method and tail-sum were compared on the EMMA beamline at the ISIS pulsed neutron and muon 24 

source. The tails sum demonstrated better separation between the γ-rays and thermal neutron at an 25 

incident peak neutron rate of 9.6×105 neutrons per second. 26 

Keywords: EJ-270, Scintillator, Neutron Scattering, Thermal Neutron Detection, Pulse Shape 27 

Discrimination. 28 

1. Introduction 29 

Spallation neutron sources are an important tool for material science. The use of thermal and 30 

epithermal neutrons from these sources enable techniques such as powder and single crystal 31 

diffraction, neutron reflectometry, small angle scattering and imaging. Next generation sources such 32 

as the European Spallation Source and upgrades to current facilities such as J-Parc, the Spallation 33 

Neutron Source, and the ISIS pulsed neutron and muon source will generate high neutron fluxes 34 

which pose challenges to current detector technologies [1]. The scintillation detectors ISIS currently 35 

utilises are cerium doped 6Li-glass and ZnS:Ag/6LiF scintillators. However, the glass suffers from high 36 

γ-ray sensitivity and ZnS:Ag has a long afterglow which limits its applications at high rate [2]. The 37 

recently developed 6Li-loaded plastic scintillator, EJ-270, is of interest owing to the fast decay, the 38 

inherent low γ-sensitivity, and pulse shape discrimination (PSD) properties.  39 



   
 

   
 

The 6Li containing EJ-270 plastic scintillator, developed by Eljen Technologies and Lawrence 40 

Livermore National Laboratories, exhibit pulse shape discrimination of γ-ray and charged particle 41 

events [3, 4]. Typical of polyvinyl toluene (PVT) based scintillators, EJ-270 is low cost, available in 42 

large volumes and, despite fogging in certain environments, maintains good environmental stability 43 

[5]. These attributes make EJ-270 an attractive alternative to other fast PSD scintillators such as CLYC 44 

[6,7] particularly in applications where good energy resolution is not a requirement.  45 

Pulse shape discriminating scintillators are popular for applications in homeland security where 46 

special nuclear materials such as 235U, 233U and 239Pu emit neutrons during spontaneous fission 47 

events. Detectors capable of discriminating neutrons from γ-ray events allow for the neutrons 48 

emitted from these materials to be detected with high confidence. The research effort in this field 49 

has focussed on utilising PSD for detecting fast neutrons (Ek > 1MeV) in plastic scintillators [8, 9, 10, 50 

11]. The key differences between the homeland security applications and neutron scattering are the 51 

energy and flux of the incident radiation. For neutron scattering only epithermal, thermal and cold 52 

neutrons are of interest. Sensitivity to these neutron energies is provided through the addition of 6Li 53 

to the plastic base polymer. The neutron flux is significantly higher at a spallation neutron source 54 

than would be expected from an illicit sample of special nuclear materials leading to pulse pile up. 55 

Consequently, the fast decay time of EJ-270 makes it attractive for high rate applications such as 56 

single point detectors for reflectometry, small angle neutron scattering, or beamline diagnostics. A 57 

short decay PSD scintillator such as EJ-270 would be needed for these applications along with the 58 

ability to perform pulse shape discrimination at high rates in real time.  59 

A popular PSD algorithm is the charge comparison algorithm (discussed in more detail in section 3) 60 

[12]. This algorithm integrates the pulse from the scintillator using short and long time windows, the 61 

ratio between the long and short window gives a PSD parameter (Eq. 3) which can be used to 62 

discriminate neutron events from γ-ray events [3, 4]. For EJ-270 coupled to a photomultiplier tube 63 

(PMT), the long window time reported in the literature is 500 ns [4]. The decay of EJ-270 is however 64 

much faster. The time to 10% from peak amplitude is ~50-70 ns depending on the exciting particle 65 

type [3, 4]. Therefore, an alternative to the charge integration algorithm utilizing the fast decay time 66 

could allow for higher count rates. While there are PSD algorithms found in the literature that can 67 

operate on very short sample lengths, such as the simplified digital charge collection algorithm, they 68 

usually rely on functions that are resource intensive for an FPGA [13]. The two high rate PSD 69 

algorithms presented in this work are “time to 10%” – a measurement of the delay between the 70 

peak amplitude of the pulse and its decay to 10% of that value, and “tail sum” – an integral across a 71 

small number of samples in the tail of the pulse. 72 

Additional challenges to neutron scattering applications are that detectors are typically 73 

multichannel, large area and the physical constraints of the experimental setup typically results in 74 

long cables between detector elements. To achieve this, an algorithm capable of real time 75 

discrimination at high rates would be needed. An algorithm that is simple to implement on a FPGA 76 

would not only allow for minimal processing time in the FPGA but would also allow for more 77 

channels per FPGA, reducing the cost of large multi-channel systems or the use of more affordable 78 

FPGAs for smaller single channel systems. 79 

 80 

2. Materials and Method 81 

 82 



   
 

   
 

Two sets of experiments were performed to characterize EJ-270 and the PSD algorithms. The first set 83 

was algorithm development and testing using sealed sources and the second was count rate tests at 84 

the EMMA beamline at the ISIS Pulsed Neutron and Muon source [14]. 85 

 86 

2.1 Detector configuration 87 

 88 

The detector consisted of a 48 mm diameter x 15 mm thick cylinder of EJ-270 (shown in Fig. 1a) 89 

coupled to a Hamamatsu R6231-100 PMT using Dow Corning Vacuum grease. The scintillator was 90 

wrapped in PTFE tape to enhance light collection. The coupled EJ270/PMT system was encased in a 91 

light-tight aluminum enclosure. A negatively biased E1198-26 base at -1000 V was used to avoid 92 

signal reduction effects due to charge build up on the decoupling capacitor of positively biased bases 93 

such as those typically used with PSD plastic scintillators. A 6 m long coaxial cable was used from the 94 

PMT to the digitizer. Testing on the EMMA beamline (described below) required a 30 m long cable 95 

due to space restrictions on the beamline. Signals from the PMT were digitized using an Acqiris 400 96 

MSps 12-bit digitizer with trace lengths of 500 ns. Traces were stored for off-line processing using 97 

Python.  98 

 99 

 100 

Figure 1. The schematic of the detector configuration.  101 

2.2 Irradiation conditions 102 

 103 

Pulse shape discrimination algorithms were tested using measurements from a water moderated 104 
241Am–Be source (370 GBq activity) shielded with lead. The detector was placed 50 cm from the 105 

source providing a uniform neutron flux of approximately 100 neutrons per second per cm2. Gamma 106 

sensitivity was assessed by placing the detector 30 cm from a 7.4 MBq 60Co source.  107 

 108 

The performance of EJ-270 as a function of neutron flux was tested on the EMMA beamline at the 109 

ISIS Pulsed Neutron and Muon source. EMMA has a direct line of site to the room temperature 110 

water moderator on ISIS. The instrument flight path is 15.6m long. Neutrons are in a range from 111 

approximately 500 meV (0.4 Å) to 3.25 meV (5 Å) with a peak energy of 80 meV (1 Å in wavelength). 112 

Higher energy neutrons are chopped out and further discriminated by time of flight. All 113 

measurements presented here were time gated to measure a neutron energy range of 75 meV – 90 114 

meV. The neutron flux on EMMA at 80 meV is 1x106 neutrons per second per cm2. The overall 115 

incident flux on the detector was controlled by a set of cadmium slits upstream of the detector. 116 



   
 

   
 

There is a wide range of gamma energies from (n, γ) reactions in beamline components. The 117 

prominent energy is the prompt emission of a 480 keV gamma from neutron capture by 10B.  118 

 119 

3. Signal Processing  120 

 121 

Typical PSD algorithms utilize charge integration over two different length time windows as defined 122 

in eq. 1 and eq. 2. The two charges are then compared as in eq. 3 to yield a value for pulse shape. 123 

Figure 2 depicts a representative signal with the windows shown for illustrative purposes. 124 

𝑄𝑠 = ∫ 𝑦(𝑡)𝑑𝑡
𝑡𝑠ℎ𝑜𝑟𝑡
𝑡0

 (1) 125 

𝑄𝑙 = ∫ 𝑦(𝑡)𝑑𝑡
𝑡𝑙𝑜𝑛𝑔
𝑡0

   (2) 126 

𝑃𝑆𝐷𝑄 = 1 −
𝑄𝑠

𝑄𝐿
   (3) 127 

Two alternative PSD methods investigated here are a time to 10% of the pulse height and integrating 128 

charge in only a short window in the tail of the signal (referred to as the tail sum). Both methods are 129 

also represented in figure 2. All three methods are compared here.  130 

The time to 10% algorithm is conceptually the simplest of the three tested algorithms. A neutron 131 

event has a longer decay and therefore discrimination can be identified by its longer time to 10%. 132 

This specific percentage was selected based on study of the pulse shapes and basic optimisation, a 133 

different percentage could be used with other scintillators.  134 

The tail sum algorithm consists of summing the amplitude, Vst, from the digitizer over a set number 135 

of samples, i, (analogous to window length) starting a time, tD1, after the peak. Then this sum is 136 

normalized to the peak amplitude of the pulse (explained below), Vp, allowing for the increase in tail 137 

sum with pulse height to be accounted for (Eq. 4).  138 

𝑃𝑆𝐷𝑇𝑆 =
1

𝑉𝑝
∑ 𝑉𝑠𝑡
𝑇𝐷1+𝑖
𝑠𝑡=𝑇𝐷1

   (4) 139 

 140 



   
 

   
 

 141 

Figure 2. The schematic of typical pulses from a pulse shape discriminating scintillator showing how 142 

γ-rays and neutrons differ and showing the three PSD algorithms. The window position are 143 

representative and do not show the exact window length and position of each algorithm. 144 

The digitized pulses were processed using Python. For the sealed source data each trace contained 145 

only one pulse allowing the numpy max function to accurately report the peak amplitude [15]. The 146 

traces from the EMMA instrument contained multiple pulses and therefore the peak finding function 147 

in the peakutils library was used. The pulse shape discrimination was performed using the time to 148 

10% algorithm, the tail sum algorithm and the charge integration algorithm with and without a 149 

digital low pass filter. The filter from the scipy library was a first order digital low pass Bessel filter 150 

with a 10 MHz cut off frequency, it was used with the tail sum and time to 10% algorithms [16]. The 151 

charge integration algorithm was tested with and without the low pass Bessel filter. No other 152 

processing such as baseline correction was applied to the data. While a DC offset was present no 153 

shift in the offset was observed. As we were focused on the thermal neutron peak the lack of offset 154 

removal did not influence the charge integration algorithm results. A basic energy calibration was 155 

performed based on the Compton edges from the 1.17 and 1.33 MeV 60Co gamma rays and the 480 156 

keV gamma ray emitted by the 10B neutron capture reaction. 157 

The most common method for quantifying the performance of a PSD based detector is the Figure of 158 

Merit (FoM) [17]. The FoM (Eq. 5) is determined for a given energy range by plotting the distribution 159 

of the pulse shape parameter and calculating the separation of the peaks and their full widths at half 160 

maximum.  161 

𝐹𝑜𝑀 =
𝐶𝑒𝑛𝑡𝑟𝑜𝑖𝑑𝑛−𝐶𝑒𝑛𝑡𝑟𝑜𝑖𝑑𝛾

𝐹𝑊𝐻𝑀𝑛+𝐹𝑊𝐻𝑀𝛾
 (5) 162 

Typically the FoM will be calculated from data acquired on a sealed source such as an Americium-163 

Beryllium or Californium sources, both of which can be moderated to produce thermal neutrons. 164 

While this method of quantification works well for homeland security, it has limitations for neutron 165 
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scattering instrumentation. The γ-ray background at a neutron scattering experiment changes with 166 

the experimental setup. Different samples produce different backgrounds, the use of boron, 167 

cadmium or gadolinium based shielding and beam jaws also change the background, as such the γ-168 

ray sensitivity is a preferred measure of discrimination.  169 

The γ-ray sensitivity measurement is performed using a prolonged measurement on a pure γ-ray 170 

source such as 60Co. After background subtraction, the ratio between the number of incident γ-rays 171 

and the number of events that the system identifies as neutrons gives the γ-ray sensitivity [18,19]. 172 

This is effectively a false positive rate. 173 

An optimization script iterated the start and end points of the integration windows for both forms of 174 

the charge integration and the single window for the tail sum. The script measured the gamma 175 

sensitivity and the figure of merit for the energy range corresponding to ±2 standard deviations (σ) 176 

from the centroid of the neutron capture peak for each possible window combination. The 177 

optimization of time to 10% was basic and not as exhaustive as the other optimizations. The script 178 

measured the figure of merit and gamma sensitivity using the same methodology as the other 179 

algorithms but the tested values ranged from time to 15% to time to 5% in steps of 1%.  180 

The optimization for count rate limited the maximum value of the window to match the duration of 181 

the time to 10% algorithm. 182 

The performance of the algorithms were evaluated by comparing the FoM, the sensitivity to 60Co γ-183 

ray in the region corresponding to the 6Li neutron capture peak, and the duration of the 184 

measurement to achieve discrimination. 185 

4. Results and Discussion 186 

 187 

4.1 Optimizing processing parameters – Sealed Source Results 188 

 189 

2D histograms of gamma equivalent energy vs. PSD parameter for each tested algorithm from data 190 

taken on the moderated 241Am-Be source are shown in figure 3. The figures show the characteristic 191 

thermal neutron capture peak at ~300-400 keVee which overlays the continuum of fast neutrons, at 192 

a lower PSD value, the continuum from γ-rays is observed. All 4 algorithms show some separation 193 

between the γ-rays and the thermal neutron peak. This separation is better demonstrated in figure 194 

4, which shows the distribution of the PSD parameter for each tested algorithm, at the energy range 195 

corresponding to thermal neutron events. The figure of merit is calculated using equation 5 after 196 

fitting each distribution using a double Gaussian function. For both figures the sub-figures labelled 197 

“A” are the standard charge integration method, “B” corresponds the charge integration algorithm 198 

but after applying a digital low pass filter to the traces, “C” shows the tail sum results and D is the 199 

time to 10%.  200 



   
 

   
 

 201 
Figure 3. 2D PSD histograms for A: charge integration, B: Filtered Charge integration, C: Tail sum, D: 202 

Time to 10%. 203 

  204 

Figure 4. Histograms of counts as a function of PSD parameter for an energy range corresponding to 205 

the thermal neutron peak (270 keVee to 350 keVee) and their associated figure of merit for- A: 206 

charge integration, B: Filtered Charge integration, C: Tail sum and D: Time to 10%. 207 
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While fast neutrons are not the focus of this study, figures of merit for the best performing settings 208 

of each different algorithms were plotted for 4 energy ranges as shown in figure 5. The Tail Sum 209 

algorithm achieved the highest figure of merit. Figure of merit is seen to increase in general as the 210 

energy increases for all PSD algorithms. Higher energy recoil protons and gammas result in overall 211 

brighter events and better photon statistics accounting for improved figure of merit at higher 212 

energies.  A few exceptions occur around the 650-700 keVee range where the high rate algorithms 213 

reduce slightly before increasing again. The exact cause of the reduced figure of merit is not yet 214 

known, however the effect is minor and should not drastically affect overall performance. 215 

  216 

Figure 5. The figure of merit as a function of electron equivalent energy for fast neutrons present in 217 

the 241Am-Be measurements for each tested algorithm. 218 

The γ-sensitivity of the EJ-270 was measured using a moderated 241Am–Be source and a 60Co source. 219 

The location of the neutron capture peak in terms of PSD and pulse height was determined using the 220 

moderated 241Am–Be source. A ±2σ boundary around the centroid of the neutron peak’s pulse 221 

height was used and a +2σ and -1.6σ boundary around the centroid of the neutron peak’s PSD value.  222 

These boundaries were then applied to 60Co results along with a background subtraction, resulting in 223 

the γ sensitivity factor (Figure 6).  224 



   
 

   
 

 225 

Figure 6. 2D histograms showing PSD from A) a moderated 241Am–Be source B) plot from a 60Co 226 

source, and C) a zoom in of the region where thermal neutrons would appear. The features in A) are 227 

thermal neutrons (highlighted by the box) and two horizontal bands; the lower band are γ-ray events 228 

as they have faster decays and the upper band are fast neutron events. 229 

The differences in the separation of the 6Li capture peak and the γ-ray background are evident in all 230 

four plots. The addition of the low pass filter to the charge integration method resulted in a factor of 231 

2.5 worse gamma sensitivity and reduction of 4% in figure of merit. The charge integration method 232 

resulted in the best figure of merit of 1.37 but also a 22.5 ns longer measurement duration. Despite 233 

the marginally lower figure of merit than the charge integration method, the tail sum method 234 

resulted in the best γ-sensitivity of approximately 10-7 counts per gamma. The time to 10% method 235 

resulted in good γ-sensitivity but the worst figure of merit.  Reducing the measurement duration to 236 

match the fastest algorithm, time to 10%, resulted in the tail sum method having the best figure of 237 

merit and the best γ-sensitivity of approximately 6×10-7 counts per gamma. It should be noted that 238 

the accuracy of the γ-sensitivity results for the best tail sum measurement is limited by the counting 239 

statistics of the number of γ-rays.  240 

It is also worth noting that for similar figure of merit, the tail sum algorithm had a lower γ-sensitivity 241 

than the charge integration method. Given that the figure of merit is a measure of the overlap in the 242 

statistical distribution of both types of radiation, the same figure of merit should result in the same 243 

γ-sensitivity. A possible explanation in this discrepancy is that the assumption that data can be 244 

described by a Gaussian is incorrect. Prusachenko et al. state that the assumption that the 245 

distributions are Gaussian can only be made where there are no singularities from one region to 246 

another [13]. Noise in the system, events such as direct hits to the PMT and pileup also appear as 247 

events in the PSD and FoM plots which would create singularities from one region to another.  248 

Table 1: Summary of performance for each algorithm with settings optimized for the best figure of 249 

merit and settings corresponding to duration of the time to 10% algorithm. 250 
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Figure of 
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Charge integration 
Figure of 

Merit 
1.37 ± 0.008 2.0  ± 0.66 272.5  3.67x106 

Filtered Charge 

integration 

Figure of 

Merit 
1.32 ± 0.012 5.0 ± 1 267.5  3.74x106 

Tail sum 
Figure of 

Merit 
1.36 ± 0.014 ≤ 0.1 ± 0.59 250  4.00x106 

Charge integration Count Rate 1.21 ± 0.004 7.0 ± 1.1 125  8x106 

Filtered Charge 

integration 
Count Rate 1.21 ± 0.004 7.0 ± 1.0 125  8x106 

Tail sum Count Rate 1.26 ± 0.009 0.6 ± 0.69 125  8x106 

Time to 10% N/A 1.11 ± 0.035 3.0 ± 0.86 125 ± 14 8x106 

* Errors on the duration for all algorithms apart from time to 10% is ±2.5 ns which is the length of 251 

one sample. 252 

A summary of the performance of each algorithm is displayed in table 1. Results are displayed for 253 

the optimization for best figure of merit and for duration that matched the time to 10% in count 254 

rate. The best gamma sensitivity of approximately 10-7 is achieved with the tail sum method 255 

optimized for rejecting gammas. The high rate optimization was taken to be the same measurement 256 

duration corresponding to the average time to 10% for the neutron pulses. Table 1 includes a 257 

simplified measure indicative of the upper limit of count rate capability. The theoretical count rate 258 

shown can only be achieved given a regular, repetitive pulse whereas the signals of interest are 259 

much more random. The actual count rate achievable with each algorithm can be up to a factor of 260 

10 smaller and will be investigated in the future.  261 

4.2 Performance at high incident neutron rates 262 

The 2D pulse shape histograms of data taken at a peak neutron rate of 960 knps using the charge 263 

integration method and the tail sum methods are shown in figure 7c and 7d respectively. The tail 264 

sum method was used over the time to 10% due to its compromise between superior gamma 265 

sensitivity and short duration as discussed in section 4.1. Here it is obvious that the thermal neutron 266 

peak is better separated from the gamma when using the tail sum method. No fast neutrons are 267 

visible because they are rejected by time of flight on the EMMA beamline. 268 

Several interesting artefacts related to pulse pile-up can be seen in figure 7 that are not present in 269 

the PSD plots for the data taken on the 241Am-Be source (figure 3). There are four possibilities of 270 

pileup on the EMMA beamline: neutron-neutron, gamma-gamma, neutron-gamma and gamma-271 

neutron. The neutron-neutron pileup events are most probable at high incident neutron rates while 272 

the gamma-gamma events are probable at low incident neutron rates due to (n, γ) reactions in the 273 

shielding.  274 

Pileup artefacts manifest in different ways for the two PSD algorithms depending on the arrival time 275 

of the second event with respect to the first. In the charge integration method, if the second pulse 276 

arrives within the short window, then the PSD is reduced leading to the regions observed below the 277 

standard gamma continuum in figure 7a due to pulse height being determined by the type of 278 



   
 

   
 

radiation arriving first. If, for example, a neutron arrives followed by a gamma within the short 279 

window, then the pulse height is measured to be that of the neutron but the PSD value is 280 

significantly reduced because of the large Qs leading to the small island region highlighted by the 281 

black dashed line box located around 0.07 V and 0.3 a.u. for the PSD value. If the arrival time of the 282 

second event is outside the short window but within the long window, the PSD value of the charge 283 

integration will increase thus leading to the extra events observed above the gamma continuum and 284 

outside the thermal neutron peak. Again, the type of the initial radiation determines the pulse 285 

height. Therefore, the line of events extending vertically from the thermal neutron peak in figure 7a, 286 

highlighted by the black dotted square all contain at least one neutron. Likewise, any event outside 287 

of the thermal neutron pulse height window contains at least one gamma event. The type of the 288 

second interaction is, however, entirely ambiguous using these methods. The probability of a second 289 

event occurring outside the short window and within the long window is significantly higher than 290 

two events occurring within the short window accounting for the larger number of events above the 291 

gamma continuum. 292 

 293 
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Figure 7:  PSD Plots for the for the (a) charge integration and (c) tail sum algorithms optimized for 295 

count rate along with corresponding cuts across the PSD axis for the energy corresponding to 296 

thermal neutrons shown in (b) for charge integration and (c)  for tail sum at peak incident rate 960 297 

knps at the EMMA beamline at ISIS. 298 

Pileup artefacts for the tail sum method will only result in larger PSD values owing to integrating in 299 

only a single short window. This short duration of integration also means that the number of pileup 300 

events is significantly reduced over the charge integration method. Because the re-trigger time of 301 

the tail sum method is shorter, events that would have occurred within the long window are 302 

counted as separate events. These will, however, suffer from baseline issues. The pulse height of 303 

these events will be larger compared to those that are well separated in time because the event 304 

occurs on the tail of the scintillator emission. The thermal neutron peak is therefore broadened in 305 

pulse height as seen in figure 7c. If the second event occurs within the tail sum integration time, 306 

then the PSD value will increase (eq 4) giving rise to the vertical line of events extending from the 307 

thermal neutron peak, highlighted by the black dotted ellipse, and also the slight reduction of FoM 308 

illustrated in figure 7d. Events with pulse height greater than 0.04 V in figure 7c are a result of the 309 

pulses clipping on the ADC and subsequent smearing of the signal by the Bessel filter. In this case, 310 

the tail sum increases rapidly while there is little change in the filtered pulse height. Clipped pulses 311 

with pileup are manifested in the region with pulse height greater than 0.04 V and tail sum value 312 

above the standard gamma continuum, as highlighted by the black dotted circle. The slope and 313 

position of those features are dependent on the sample at which the tail sum starts and the number 314 

of samples integrated over. Further investigations on the tail sum algorithm performance at high 315 

rate will be carried out and reported on in subsequent papers. 316 

5. Conclusion 317 

The new 6Li loaded plastic scintillator EJ-270 has clear potential for high count rate applications 318 

when coupled with a negative polarity PMT base. The performance of EJ-270 was investigated along 319 

with four different pulse shape discrimination algorithms. The tail sum method was found to give the 320 

best results when the measurement duration of the algorithms were set to match the time to 10%. 321 

The figure of merit for this duration of 125 ns was 1.26 and the γ-sensitivity was 6×10-7. The addition 322 

of a digital low pass filter to the charge integration method was found to reduce the best achievable 323 

figure of merit and γ-sensitivity but resulted in a slight increase in figure of merit for the short 324 

duration measurements. 325 

The tail sum algorithm developed here to exploit the high count rate potential of EJ-270 is 326 

mathematically simple, and can be easily implemented into an FPGA for real time high rate 327 

applications. The tail sum algorithm outperformed the traditional charge integration algorithm in 328 

terms of γ sensitivity, and ultimate rate capability. The charge integration method had the best 329 

figure of merit when a long duration sample window was used. However, when pushing the limits of 330 

the algorithms in terms of short measurement windows the tail sum method was found to give the 331 

best figure of merit and γ-sensitivity. The implementation of the tail sum algorithm an FPGA will be 332 

the subject of a subsequent publication.   333 
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