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DUNE - Deep Underground Neutrino Experiment
b O*++, -"J01"23$

Far detector (FD): Near detector (ND)
- LArTPC - 3 components:
§ - 1.5 km underground : LA‘rTPC, GArTIIDC, non-TPC
- 4 1 17-kt modules |
(10 kt fiducial) 456/70,"588:;<"=">?@4A
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Physics Requirements

Performance drivers
I Oscillation physics: CP-violation and neutrino mass ordering
- Energies O(GeV)
- Uncertainty on energy scale < 2% (5%) for leptons (hadrons)
| Supernova neutrino burst
- Energies O(MeV)
- Energy resolution 20-30%
Other considerations under study

- Baryon number violation and other BSM
- Atmospheric neutrinos 1"#$%(C2(4,D(+5%2*E/,FPhI3HP65-.1%>A>
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LArTPC - Liquid Argon Time Projection Chamber

i \@ Major inputs on detector response for TPC calibration

Recombination Electron-ion recombine after ionisation

Drift velocity/E -field Essential for drift coordinate

Three Anode Wire Planes
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Strategy

Establish connection between physics measurement sensitivities
requirements

Develop procedures to:

- Determine detector parameters
I Drift velocity, electron lifetime, ... (previous slide)
- Measure detector response to Ostandard candlesO
I Stopping power of through-going muons
I Stopping muons
I Michel electrons
I Delta-ray electrons
I 10 decay
I Neutron capture

I Natural radioactivity

and calibration
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Sources for Calibration

Cosmogenic/ -beam/intrinsic sources
I Cosmic muons

I Beam neutrino events

I Atmospheric neutrinos

I Intrinsic radioactive isotopes

Dedicated calibration devices
I lonisation laser system
|  Pulsed neutron source

I Cf/Ni source (9 MeV ! ) under consideration
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10? £ Preliminary DUNE simulation

Cosmic Muons

Far detector
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39Ar

I Naturally present ~1 Bg/kg
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lonisation Laser System

box

peedthrongs 01234544#6
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I Multiple periscopes ! coverage
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I Aperture in field cage considered

I Test in ProtoDUNE Run 2 end of next year
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Pulsed Neutron Source B/+C;C/.,"))'D,+ E/.5E

I Neutron anti-resonance at 57 keV ! LAr nearly transparent ! | T

travel far Kstarfre e
I Neutron capture: n + 4°Ar ! 41Ar + 6.1-MeV | Os
| Dedicated measurements at Los Alamos

- ACED b n-capture gamma spectrum
- ARTIE D neutron elastic scattering anti-resonance
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ProtoDUNE and SBN Programme

ProtoDUNE on test beam at CERN +#)#-10  12"34%7(&%

| 2 prototype modules: Single-/Dual-phase

I Development of techniques to be used in ND and FD .
I DUNE FD calibrations already being informed by ProtoDUNE SPT

I Measure LAr properties at same E-field & drift distance

" Space charge build-up due to cosmics (no problem for ND
and FD) see 4("455+,F-"./01"23G

789

SBN at Fermilab
I LArTPCs: SBND, MicroBooNE, ICARUS

I Benefit of development of calibration techniques before
DUNE starts
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Summary

I Requirements on performance driven by # oscillation physics and low-energy
astrophysical neutrino physics

I Outlined strategy to develop calibration techniques
I Combined use of intrinsic sources and dedicated devices

I DUNE will benefit from robust LArTPC calibration programme
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