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The experiment
A next-generation neutrino experiment

The long-baseline scheme [1]

• Powerful (anti)neutrino beam
• Wide spectrum, peak ∼ 3 GeV 
• Intensity > 2 MW

• Near Detector
• Argon target and movable detectors
• Pixelated readout and optical modularity
• Flux constraints (spectra and composition)

• Far Detector
• Massive underground LAr-TPCs
• Charge and light readouts
• Oscillated spectra, astroparticle studies



Mass hierarchy

Normal or inverted ordering? 

CP violation

Do neutrinos and antineutrinos
oscillate the same?

Solar neutrinos

Day-night asymmetry
hep-chain

Atmospheric neutrinos

A single detector, infinite baselines

3

Supernova neutrinos

Multi messanger astronomy

Barion number violation

Do protons dacay?
Just smile

                 and oscillate

Credit: sysmmetry magazine

Physics program
Not to scale : )
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Beam program
Complete the three-flavour frame

Analysis of the (dis)apprearence spectra:

!! → !!  !! → !"
!̅! → !̅!  !̅! → !̅"

• Mass Ordering
• > 5" sensitivity for any #!" value
• From 1 to 3 years according to the scenario
• Exploit the matter effect

• CP-violation
• Exp 5" for 50% of values in ∼10 years
• Sub-leading distortion in the oscillated spectra

Ref: [2]



Federico Galizzi 5

Beam program
Precise measurements [3]

• Δ%# resolution ∼ 10 $% eV #

• '&' within to 6°-16° (depending on true value)

• (() comptetive with reactor experiments

• (#) octant determination

Constraint the three-flavour frame
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Natural sources
Atmospheric, solar and supernova neutrinos

Far Detector as standalone experiment for 
astroparticle studies

• Supernova neutrinos
• Trigger, pointing, mass ordering [4]

• Solar neutrinos
• hep chain and day-night asymmetry [5]

• Atmospheric neutrinos 
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BSM program
... and beyond!

• Non-standard oscillation
• Sterile neutrino mixing
• PMNS non-unitarity
• CPT violation
• $# appearance

• Baryon number violation
• Proton decay
• Golden channel  %$ → '$ $̅
• ) → *)

• Dark matter searches
• Heavy Neutral Lepton

Ref: [6]
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PROTOTYPING
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ProtoDUNE-I
Single- and dual-phase era

The first Far Detector prototipes run 
• ProtoDUNE-SP

• Multiwire chamber technology, confirmed for the Horizontal Drift 
module

• Explored different Photon Detection System technologies
Articles:
Reconstruction of interactions in the ProtoDUNE-SP detector with Pandora
Identification and reconstruction of low-energy electrons in the ProtoDUNE-SP 
detector
Doping liquid argon with xenon in ProtoDUNE Single-Phase: effects on scintillation 
light
First Measurement of a Positively Charged Kaon on Argon Total Inelastic Cross 
Section at Total Energies of Approximately 5 to 7.5 GeV

• ProtoDUNE-DP
• Single drift volume, liquid and gaseous phases
• Xenon doping effects
Articles:
Scintillation light detection in the 6-m drift-length ProtoDUNE
Dual Phase liquid argon TPC
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ProtoDUNE-II
The DUNE-FD now

• ProtoDUNE-HD
• Operation in 2024, April-October
• 10 weeks of beam: ± 1, 2, 3, 5, 7 GeV
• New CE, PDS, and DAQ

• ProtoDUNE-VD
• Commissioning
• Completely re-designed
• Two drift-volumes, one phase, CRPs as anodes
• X-ARAPUCA with Signal and Power Over Fiber 

Refs: [7] [8] [9]

Beam spot reconstruction
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ND-LAr 2x2
First neutrino canidate!

The first detector in a neutrino beam

• Modularised LAr-TPC to sustain high rate
• Module dimensions: 0.5 m x 1 m x 3 m 

• Pixelated charge readout
• 4mm granularity
• Native 3D imaging

• High-performance light readout
• 25% photocoverage
• WLS materials coupled with SiPMs

First accelerator neutrino record on July 8th!

• 5 days of Physics data-taking ~1k CC evt/day

Ref: [10]
Anode plane, and two light guide technologies employed
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DUNE Phase-II
Forseen upgrades

Near Detector 

• ND-Gar: a new high-pressurized gas Argon TPC

Far Detector

• FD3: APEX
• CRP optimization, pixel base option
• PDS embedded into the field cage

• FD4: Moldule of Opportunity
• SoLAr: light-charge pixel readout on anode

• VUV SiPMs
• Q-Pix: light-charge readout through photo-conductive material
 Refs: [11] [12] [13] [14] [15]
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Summary
Ø DUNE as a long-baseline 

experiment
Ø DUNE as a neutrino observatory
Ø Exciting results from DUNE’s 

prototypes
Ø The Phase-II effort is begun
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Grazie
T
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Back-up
Mass Ordering
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Back-up
CPV
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Back-up
Nu_e appearance
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Back-up
PMNS

NuFIT 5.3 (2024)
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Back-up
PMNS
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Back-up
Supernovae
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Back-up
Solar nu
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Back-up
SAND

By Luca Stanco


