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Why PSD Plastics?

Background
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But why PSD Plastics?

Background

PSD capable organic liquid scintillators are 
not suitable for field deployment.  They 
present a chemical, toxilogical, electrical, and 
flame hazard.

The alternative – a PSD 

plastic

• chemically stable, rugged, 

machineable, can be 

moulded to arbitrary 

configuration

• 56% anthracene light 

output

• 8600 photons/MeV

• ρ = 1.08 g/cm3
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Pulse Shape Discrimination

How to Quantify a Pulse Shape?

The decay of a scintillation pulse 
can be described as a function of 
two exponentials. For most 
scintillators these exponentials are 
very similar.

Some organic scintillators exhibit 
the PSD phenomena where the 
differences in the exponentials can 
be exploited.

Numerous PSD algorithms

• Charge Integration

• Zero-Crossing

• Pulse Gradient Analysis

• Frequency Gradient Analysis
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Charge Comparison Method

𝐹. 𝑜.𝑀.=
𝑆𝑒𝑝.

 𝐹𝑊𝐻𝑀𝑖

𝑄𝑠ℎ𝑜𝑟𝑡 =  
𝑡0

𝑡𝑠ℎ𝑜𝑟𝑡

𝑦(𝑡) 𝑑𝑡 𝑄𝑙𝑜𝑛𝑔 =  
𝑡0

𝑡𝑙𝑜𝑛𝑔

𝑦(𝑡) 𝑑𝑡
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Sep.

FWHMg

FWHMn

𝐹. 𝑜.𝑀.=
𝑆𝑒𝑝.

 𝐹𝑊𝐻𝑀𝑖

EJ200

PSD projection is analysed by ROOT code

• TSpectrum locates peaks of interest

• A double Gaussian is fitted over the region

• Fit parameters are extracted

Neutron Physics in Neutrino Astronomy



7

Gate Optimisation

Synchronous Charge Comparison

Optimising only one gate parameter, the 
end of the “short gate” (tx).

Asynchronous Charge Comparison

Optimising multiple gate parameters (up 
to four), computationally expensive, for 
limited returns.

Two major FoM peaks either side of a 
valley of poor separation which is due to 
Qwx ≈ Qyz. Localised hotspots a result of 
poor fits.

Neutron Physics in Neutrino Astronomy



8

Asynchronous Charge Comparison 
Optimisation – Close Up
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Nuclear Security – Handheld/Portal Monitors

Detector Construction

• J- and C-series SiPM (single 6 mm 
and 2x2 array)

• EJ series, CLYC, UPS 113NG

• Painted with EJ-510 TiO reflective 
paint for increased light yield or 
PTFE tape wrapping

• Optically coupled with standard 
vacuum grease
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AmBe source measurements

Ongoing – retrofitted DP2 monitor. 
PMT replaced with SiPM, next step 
neutron sensitive plastic 
scintillator…
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Radiation Hardness

Sample Flux (nf/cm2/s) Fluence (nf/cm2) Error 
(%)

#1 (3 min) 1.51 x 1012 1.81 x 1014 7.9

#2 (17 min) 2.24 x 1012 2.29 x 1015 5.4

#3 (3 hours) 2.16 x 1012 2.34 x 1016 5.6

#4 (28 hours) 1.69 x 1012 1.71 x 1017 5.2

Samples of EJ200 and EJ299 were placed in the 
research reactor of North Carolina State University 
to study radiation hardness.
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Results

M.P. Taggart and P.J. Sellin, Nucl. Instr. Meth. A, 908 (2018) 148-154
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Lithium loading

Interaction Cross-section 

(barns)

Q-value 

(MeV)

𝟐
𝟑𝑯𝒆(𝒏, 𝒑) 5330 0.764

𝟔𝟒
𝒏𝒂𝒕𝑮𝒅 48800 9

𝟓
𝟏𝟎𝑩(n,α) 3840 2.792

𝟑
𝟔𝑳𝒊(n,α) 940 4.78

Common neutron converters

Additional plastics with PSD 
characteristics are high-Z loaded to 
establish photopeaks and improve 
detection efficiency.
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Thanks for listening!
Any Questions?
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