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Motivation

    Insufficient knowledge of the energy carried by undetected particles emerging from these 
interactions, such as neutrons, can skew the reconstructed neutrino energy spectrum and bias 
the extraction of oscillation parameters, and searches for new physics. 

Neutron multiplicity
in accelerator based oscillation experiments is limited, as it is of the order of 1-10 GeVs.

Figure 1: The number of final state neutrons (right) and their kinetic energy (left) for simulated events

inside the MicroBooNE experiment with one muon, one proton and no pions above detection threshold in

the final state. The blue band marks the kinetic energy range of the neutrons which will be measured based

no this proposal.

2.1 LArTPCs

The next generation of neutrino detectors make use of the LArTPC technology. When a

charged particle traverses thorough Argon it generates scintillation light, which is subse-

quently read by an array of PMTs. In addition the charged particle along its path will ionize

the Argon atoms. An electric field produced by an anode composed of multiple planes of

charged wires, and a cathode on the other side, will cause the ionization electrons to drift

towards the wires. The collected charge signal from the wires can then be reconstructed to

form a two-dimensional image of the charged particles paths. The timing of the detected

scintillation light provides additional information that allows transforming this image into a

three-dimensional one.

2.2 Neutrons in LArTPC

Scintillation in LAr has been studied extensively [13]. It is considered to arise mostly from

low excited molecular states, a singlet and a triplate states (1⌃+ and 3⌃+). The decays of

both states are resulting with photons at the vacuum ultraviolet region with wavelength of

128 nm, but they are characterised by di↵erent decay times. Specifically in LAr the decay

times are significantly di↵erent with the singlet having a decay time of the order of 1 nsec

and the triplet of the order of 1 µsec.

It has been shown that those decay times are a↵ected when applying an external electric

field due to recombination processes [7].
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Neutron kinetic energy

Studies show that ~40% of QE events have at least one neutron.
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Potential measurements
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• Runs with DD generator (2.5 MeV) done in LAr cells (see for example JINST 10 (2015) 08, 
P08002). Also some data available for protoDUNE;


• There is DT (~14 MeV) generator operating in Israel;


• Future neutron source in Israel will be able to deliver monochromatic beam of neutrons with 
energies ~30..40 MeV. Also wider energies will be available in mixed-energies beams.

Our group targeting neutron reconstruction for various energies:

10 MeV 20 MeV 30 MeV 40 MeV0 MeV

DD DT Neutron source in Israel

Neutron kinetic energy
AmBe



Simulation
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GEANT4 based simulation to better understand n-Ar interaction for variety of possible  
energies.

Seeing the neutrons in the light
• Identifying 𝑛 emerging from 𝜈 − 𝐴 interaction can improve 𝐸𝜈 reconstruction

• We look for 𝑛 signature in LAr scintillation

• 1𝑠𝑡 stage: LAr scintillation simulation benchmark

• Next: estimate light coverage required

Published data

Our simulation

Simulation of [Creus et al. , JINST 10 (2015)]

And another important task for the simulation is estimation of the required light coverage.

Simple estimation: 


Ar takes 1/40 from the energy of the n, hence 2.2 MeV neutron will give 50 KeV Ar recoil; nuclear 
quenching argon recoil will give 10 times less, which gives 5 KeV;

Would be nice light coverage of at least 10 photoelectron /5 KeV meaning:  2000 photoelectron/ MeV

Aviv Ben Porat, Erez Cohen



Data analysis
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Main goal: Neutrons identification in DUNE with light Pulse Shape Discrimination (PSD) 
technique.
 [JINST 10 (2015) 08, P08002]


[Phys. Rev. B 27, 5279]

	 [JINST 16 (2021) 09, P09027] 


While neutrons are our main goal we are interested in studying PDS response to various 
particles in protoDUNE environment. 



Data analysis
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Neutron source pulse shape
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 ( )400 μs 80 μs × 5 = 400μs

 observed (60 + 20)μs



Data analysis
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At the peak position VS peak amplitude 
plot DD pulse also could clearly be 
seen; 




PNS data:pulse shape discrimination
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Prompt light fraction — 


Full run 25036. Waveforms are pedestal subtracted and aligned by the rising edge.

F′ p =
∫ tmax+0.5

tmax−0.3
A(t)dt

∫ t
t0

A(t)dt
;



Data analysis
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For the selected time 
window one could expect 
the vast of the waveforms 
would be of neutron-Ar 
origin.


However with the current 
setup at the VD Coldbox no 
pulse shape difference to 
cosmic signal observed.



