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Next generation long baseline neutrino experiment based at Fermilab, USA
● Origin of matter (CP violation), unification of forces (proton decay),

black hole formation (SN neutrinos)
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DUNE – Deep Underground Neutrino Experiment

2/18

nm

nm & ne

Far detector Near detector

oscillation



  

Motivation for PID in ECAL of gaseous argon near 
detector of DUNE
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● High pressure gas TPC (HPgTPC) can’t detect neutral particles, but a calorimeter can
● Need to identify which neutral particle was detected in the ECAL (electromagnetic 

calorimeter)
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Motivation for PID in ECAL of gaseous argon near 
detector of DUNE
● High pressure gas TPC (HPgTPC) can’t detect neutral particles, but a calorimeter can
● Need to identify which neutral particle was detected in the ECAL

- Charged particles produce light while losing energy in scintillator (shower)
- Uncharged particles detected via interaction with charged particles
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Introduction to Pulse Shape Discrimination (PSD)
● Certain scintillators have different intrinsic responses to neutron and gamma 

excitation  most prominent in delayed response (late light signals)→
● Neutron scattering  proton recoil  proton signal→ →

particle Medium decay constant Long decay constant

Gamma 13±1 ns 84% 110±10 ns 7% 800±80 ns 9%

Neutron 14±1 ns 62% 95±10 ns 13% 800±80 ns 25%

M. Grodzicka-Kobylka et al.
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Averaged waveforms
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https://iopscience.iop.org/article/10.1088/1748-0221/15/03/P03030/meta


  

The PSD-setup
● AmBe source emits gammas and neutrons
● Source is surrounded by 2 PSD scintillator tiles

(EJ-276G) read out by SiPMs
- Measure neutron in one tile and gamma in

other in coincidence
● Cosmic muon veto above and below
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Data-taking
● Taking data with oscilloscope
● Information about time and amplitude of all peaks per event
● Compare fast component with long component light output
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The expected waveform Example of a waveform
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Tagging idea
Build a neutron – gamma discriminant
● Number of late light signals per event vs. amplitude of first peak
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Tagging idea
Build a neutron – gamma discriminant
● Number of late light signals per event vs. amplitude of first peak

Cosmic μ and γ dominated areaNeutron dominated area
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● Select cosmic muon events for neutron separation
● Step 1) determine high purity gamma cut
● Step 2) select events below cut as high purity gamma sample and corresponding 

events from other tile as unbiased neutron sample
855 events 
selected
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High purity γ / cosmic μ cut
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● Step 1) determine high purity neutron cut
● Step 2) select events above cut as high purity neutron sample and corresponding 

events from other tile as unbiased gamma sample

843 events 
selected
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High purity neutron cut
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● Calculate mean lines of unbiased distributions and take mean of those for 
separation of neutrons and gammas

● Calculate distance for every event from the separation line
Efficiency, 
rejection, 
accuracy
(at crossing) 

~80%
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Evaluating separation power
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Calculate log-likelihood ratio from distance histogram
● log(event in bin of n-histogram) – log(event in bin of γ-histogram)

Efficiency ~76%
Rejection ~81%
Accuracy  ~78%

(at crossing)
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Evaluating separation power
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Efficiency, rejection, 
accuracy ~80% (at crossing)
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● Determine histogram of times of late light signals as probability distribution
● Calculate log-likelihood ratios of either being a neutron or a gamma from 

histogram
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Efficiency, 
rejection, 
accuracy
(at crossing) 

~62% (   )
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Use time information of late light
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● Scatter plot of both log-likelihood ratios
● Determine (by hand) 2d histogram bin edges
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Combine distance and times
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Calculate 2d histogram of unbiased neutron and gamma distributions
● Use as probability distributions for event being neutron or gamma
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Combine distance and times
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Calculate log-likelihood ratio of an event being a neutron or a gamma

Efficiency ~85%
Rejection ~79%
Accuracy  ~83%

(at crossing)
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Combine distance and times
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Distance from separation line
● efficiency, rejection, 

accuracy ~80%
Log-likelihood ratio distance
● Efficiency ~76%
● Rejection ~81%
● Accuracy  ~78%
Log-likelihood ratio time
● efficiency, rejection, 

accuracy ~62%
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Work in progress



  

● Developed a successful setup for neutron and gamma tagging / separation 
● Tested several methods for separating the neutron and gamma distributions

- Number of late light signals vs. amplitude of first peak
- Time of late light signals

● Outlook
- New data with new oscilloscope (improves data quality and makes peak finding 

easier)
- Try out bigger SiPMs for expected better separation
- Compare with standard methods
- Prepare publication

Summary and Outlook

Thank you for your attention!
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Backup
● Definition efficiency, accuracy
● SiPM, PMT
● Coincidence of gammas and neutrons for the new setup
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● Efficiency

- TP / (TP + FN)

● Purity

- TP / (TP + FP)

● Accuracy

- (TP + TN) / (TP + FP + TN + FN)

Efficiency, Purity, Accuracy
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Log-likelihood ratio times (example)
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wikipedia SiPM

SiPM (Silicon Photo  Multiplier)
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wikipedia PMT

PMT (Photo Multiplier Tube)
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● Detailed summary of AmBe decay characteristics on next three slides 

● Short summary:

- α from Am ‘triggers’ decay of Be that gives the neutron
● Am decay contains low-energy γ (not detectable)

- Two main decay modes of Be
● n + γ: 4.4 MeV gamma from Carbon decay occurs about 60% of the time

● Both independently isotropic in space (without correlation)
● n

Coincidence of gammas and neutrons
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