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DUNE is a next-generation long baseline neutrino experiment [1] to perform precision
measurements of neutrino oscillations. The Liquid Argon Time Projection Chamber
(LArTPC) of the DUNE near detector (ND-LAr) characterizes the beam before oscilla-
tions occur and is essential to constrain the systematic uncertainties of most DUNE
measurements. ND-LAr will be a modular LArTPC with pixelated charge and high-cov-
erage light readout systems.
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Neutrons are invisible in the DUNE detec-
tor. They carry away up to 30% of the
energy from the neutrino interactions.
Missing energy has a large effect on
measurements, e.g. OCP [2].
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®» We need to find the invisible neutrons

io Expect ~50 beam-related interactions per
los spill in ND-LAr. Extremely hard to find in-
s Visible neutrons. Optical segmentation of
the detector into 70 TPCs reduces pileup

to ~5 interactions per beam spill per TPC.

WHAT HAPPENED HERE??
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» Optical segmentation to the rescue
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100 Need dedicated proton reconstruction
80 software, good time and spatial resolu-
60 tion, and background mitigation.
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E.g. the demand of a track length >2 cm,
halves our statistics in the 2x2!
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®) Suppose we can find protons, we find neutrons
PDS Timing Resolution: 3 ns and their energy!
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A measurement of the n-Ar cross-section with the 2x2 will allow us to cover the
few-hundred MeV neutron energy region, on which no previous measurements exist.
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2x2 DEMONSTRATOR

Prototype at Fermilab in the Neutrinos at Main
Injector (NuMI) beam to test effectiveness of
optical segmentation. Consists of 4 modules [3]
In a 2x2 arrangement.

'
HHHHHH

ArClLignt Tile -

140 m

Resistive Field Shest —

Great for studying the neutron

kinetic energy
* Anti muon neutrino beam
» Less pileup than ND-LAr
= Slightly higher beam energy
» Optical segmentation into 8 TPCs,
with high light sensor coverage
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Events where the neutron produces a proton
in a separate TPC from the neutrino vertex
allow precise timing from the light sensors to
determine the neutron time-of-flight, and
from there the neutron energy
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