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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
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Long-Baseline Neutrino Facility
South Dakota Site

Ross Shaft
1.5 km to surface
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Sanford Underground
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Neutrinos from

Fermi National
Accelerator Laboratory
in lllinois

Facility
and cryogenic
support systems

One of four
detector modules of the
Deep Underground
Neutrino Experiment
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Solar neutrinos
Day-night asymmetry

PhVSics program Mass hierarchy

Not to scale:) Normal or inverted ordering?

hep-chain
\\\\N// Supernova neutrinos o
—== f)§ Multi messanger astronomy qV.y,,‘ s
N ) e
Barion number violation CP violation

Do protons dacay? Do neutrinos and antineutrinos

oscillate the same?

Atmospheric neutrinos
A single detector, infinite baselines

Credit: sysmmetry magazine



Beam program

Complete the three-flavour frame
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Beam program
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Natural sources

Atmospheric, solar and supernova neutrinos
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Non-standard oscillation
Sterile neutrino mixing
PMNS non-unitarity
CPT violation

vV, appearance

Baryon number violation
Proton decay

Golden channel p™ - Kt v

n-n

Dark matter searches

Heavy Neutral Lepton

Ref: [6]
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l ro to D U N E o l DUNE:ProtoDUNE-SP
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ProtoDUNE-II

The DUNE-FD now

* ProtoDUNE-HD

* Operationin 2024, April-October

* 10 weeks of beam:+1,2,3,5,7 GeV
. New CE, PDS, and DAQ

°* ProtoDUNE-VD
* Commissioning
* Completely re-designed

Entries/ event/ 1 keV

DUNE: protoDUNE-HD work in progress

1 run 28086: 542019 events (36 min)
2 and 3 views coincidences

107" 3 views coincidences only
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*  Two drift-volumes, one phase, CRPs as anodes

*  X-ARAPUCA with Signal and Power Over Fiber
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ND-LAr 2x2

First neutrino canidate!

Event 1051, ID 1051 - 2024-07-08 00:26:19 UTC

The First detector in a neutrino beam T
* Modularised LAr-TPC to sustain high rate gh. _____ N

* Moduledimensions:0.5mxTmx3m

* Pixelated charge readout

* 4mm granularity

1.40m

fww] A

* Native 3D imaging

* High-performance light readout
* 25% photocoverage <l
*  WLS materials coupled with SiPMs

Resistive Field Sheet -~

ND-LAr Prototype TPC #

-500

. . LAr scintillation ligh TPB on fibers shift 128 n
First accelerator neutrino record on July 8th! -

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

DF-PA dichroic film

SiPMs

12
LAr scintillation light

WLS-fibers shift 425 nm -> 510 nm,

Mirror 510 nm light is detected by SiPM

Ref: [10]

Anode plane, and two light guide technologies employed
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DUNE Phase-Il

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

* SolLAr:light-charge pixel readout on anode
*  VUVSIiPMs

*  Q-Pix: light-charge readout through photo-conductive material

Refs: [11] [12] [13] 141 [15]

=<t =
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> DUNE as a neutrino observatory —1—-' O
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Inverted Ordering
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sin,, = 0.580

3.5 years (staged)

—— Signal (v, + v¢) CC

B Beam (v, + v,) CC
NC

B (v, + v,) CC

(v.+Vv;)CC

5 6 7 8

Reconstructed Energy (GeV)

70

60

50

Events per 0.25 GeV

40

30

20

10

Federico Galizzi

DUNE v, Appearance
Normal Ordering
8cp = 0, sin®20,, = 0.088
sine,, = 0.580
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Back-up

| NUFIT 5.3 (2024) |
Normal Ordering (best fit) Inverted Ordering (Ax? = 2.3)
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Back-up

Supernovae

Channel

Ve +40 Ar — e~ +40 K*

Ve +40 Ar — et 440 CI*

vx +e —-vx +e”
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Back-up

Solar nu

DUNE Work In Progress Norm.
100
— Night Survival Pee
— Day Survival Pee 0.02
80 ~——log(B8) (Norm.)
g — log(HEP) (Norm.)
2 0.015 )
= 2 — 102 = Ga = Cl = Kamiokande
i _Q.50 n T T T T T TT] T T T T T T T
= o DUNE asymmetry: 651 ~
= o ; |
=1 =
© 40 b=
z <
1010 PP
0.005 g 10
20 =
— mmmme]
0 =6 lst"- '_4-—'—"
0 5 10 15 20 25 30 5 10 15 20 25 =, 108 — 15 =
- —-=°0
Neutrino Energy (MeV) Neutrino Energy (MeV) |
- -
lo+6 Fiducial 20 (cm), min#Hits 1, min#OpHits 8, max#AdjC| 5 4.0 Significance § i | B
DUNE Work In Progress  signal "I DUNE Work In Progress - ]06 S Vi
- — 8B | omer
le+5 — hep = @
3 99.73% CL ﬁ]l
= Background |  30F----- - - - o mm e o e o
L le+d - i
© — neutron - o 4
q_>". — gamma o = 10 -‘-7Be-.p
S 1e+3 8 -]
- 1
> S «,
< & A 3 —
Qle+2 _-|~_.-H_'—‘_\—L~\_‘_L_ = Fiducial Cut » 2
w ° —0 (cm) @ 10
3 () — 20 (cm) P
21e+1 —— 40 (cm) 2
E Other bkg. — 60 (cm) [ 0.1 0.2 0.5
sources —— 80 (cm) i
O le+0
S il Neutrino energy (MeV)
— 120 (cm)
le-1 0.0
5.0 10.0 15.0 20.0 0.0 20.0 40.0 60.0 80.0 100.0
Reconstructed Neutrino Energy (MeV) HD Exposure (kT-year)
EUE(;LIS'IUL}_I
¥ DEEP UNDERGROUND ] o 22
m— NEUTRINO EXPERIMENT Federico Galizzi INFN
BICOCCA MILANO BICOCCA



Back-up

SAND

DEEP UNDERGROUND NEUTRINO EXPERIMENT

DUNE-SAND: prototyping activities

Luca Stanco

R&D for:

 ECAL electronics
* Tracker

* GRAIN

NEAR Hall

MAGNET - KLOE 0.6T superconductive coil
+ Fe Yoke

ECAL - KLOE Lead Scintillating Fibers
calorimeter (Barrel ~85 t + EndCaps ~40 t)

TRACKER - STT: ~5 ton Straw-Tube tracker
with “solid-H” target CH, and C interleaved
foils (Drift Chamber, DCH, similar)

GRAIN - 1 ton liquid Argon target with VUV
imaging system (fully optical read-out)

SAND, a multipurpose detector with a
high-performant ECAL, light-targeted
tracker, LAr target, all of them in a
magnetic field

Our commitment: be ready to start installation as soon as ND hall available, and be ready as soon as Beamline ready

1 27/01/25

A

INFN IUVE

By Luca Stanco
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