
• Detection of special nuclear material is key to prevent diversion to
clandestine states

• Active interrogation is more robust than passive interrogation
• Passive interrogation relies on delayed signatures
• Active interrogation can detect prompt neutrons
• In this work photon active interrogation is performed

• Organic scintillators detect neutrons without thermalization, unlike
He-3 detectors, which is necessary in these applications

• Stilbene organic scintillators are sensitive to both photons and
neutrons

• Dual particle sensitivity can present great challenges in high photon
flux fields due to the presence of piled-up pulses
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Figure 1. Single pulses used for a pulse shape discrimination plot.              
a) single neutron and photon pulses, b) a clean PSD plot for Cf-252

Figure 2. Pile-up pulses present challenges for PSD plot. a) example of a 
pile-up pulse, b) PSD plot with piled-ups present

Figure 3 [1]. a) the ANN 
structure, b) details of 
the singles classifier, 
including Cleanser I 

with the autoencoder

• An Artificial Neural Network (ANN) system classifies pulses from
organic scintillators with capability to recover piled-ups (Figure 3a)

• A portion of the ANN is to distinguish singles from piled-ups
• Cleanser I uses an autoencoder to independently verify the single

pulse classification from Classify Top (Figure 3b)

Figure 6. a) an example pulse incorrectly classified as single, b) a pulse 
flagged as piled-up by Cleanser I

• Small ripples in pulses result in increased tail integral, thus
increasing the probability of being misclassed as neutrons

• Given the endpoint energy of the linac, no neutrons with
greater than 3 MeV energy are expected during active
background measurement

• Cleanser I helps flag pulses with small ripples (Figure 7 and
Figure 8a)

• Two independent machine learning approaches, Classify Top
and Cleanser I, increase confidence in singles classification

• Lower misclass of singles results in more accurate energy
spectrum of neutrons

Stilbene Organic Scintillator
• Organic scintillators have excellent Pulse Shape Discrimination (PSD)

capabilities
• For the same total integral, a neutron will have more tail area than a

photon will (Figure 1)
• Piled-up pulses increase tail integrals, presenting challenges for

traditional discrimination methods (Figure 2)

Figure 7. a) first ten normalized pulses of singles flagged as piled-ups, b) PSD 
plot of passive Cf-252 and flagged pulses for active Cf-252 interrogation

• Cleanser I reconstructs each pulse using an autoencoder trained on
true singles

• The absolute difference between the reconstructed and original
pulse is tabulated

• The ratio of original pulse to the absolute difference is calculated
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Figure 8. Energy spectra for the ANN attributed single neutrons a) with 
Cleanser I, b) without Cleanser I

Cleanser I: Autoencoder

𝐴𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 = 𝑎𝑏𝑠 𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 − 𝑟𝑒𝑐𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑒𝑑 …… (1)

𝑅𝑎𝑡𝑖𝑜 =
𝐴𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒
𝑟𝑒𝑐𝑜𝑛𝑠𝑡𝑟𝑢𝑡𝑒𝑑 𝑝𝑢𝑙𝑠𝑒
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