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KM3NeT is a distributed research infrastructure with 2 main physics topics:

Oscillations and Astroparticle Research with Cosmics in the Abyss

Cities and Sites of KM3NeT
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- multi-PMT Digital Optical Module
-31x3” PMTs

- Enhanced detection &
reconstruction performances:

~4 11 Sr coverage
photon counting
directional information

atmospheric muon detection at
single — DOM level



Same technology for both detectors (multi-PMT DOM) ARCA | ORCA
Layout optimised for specific neutrino energy ranges/science goals:
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time, position & duration of hits

el

energy & arrival directionof v o

a4 ..

TRACK TOPOLOGY
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Large lever arm

- Good angular resolution
<0.4° @ 10 TeV (ARCA)
~7° @ 10 GeV (ORCA)

—> Limited energy resol.
- AE/E;~30% (ARCA)
AE/E,~35% (ORCA)
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Large lever arm
—> Angular resolution

<0.4° @ 10 TeV (ARCA)
~7° @ 10 GeV (ORCA)

- Energy resolution
- AE/E;~30% (ARCA)
AE/E,~35% (ORCA)

—> Angular resolution
<1°@ 30 TeV (ARCA)
~7° @ 10 GeV (ORCA)

- Energy resolution
AE/E~5% (ARCA)
AE/E~25% (ORCA)
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First data with ARCA6 — 20 days:

Main background: down-going atmospheric
KM3NeT Coll., PoS(ICRC2021) 1134

muons (some reconstructed as up-going)
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https://pos.sissa.it/395/1134

First data with ARCA6 — 20 days:

KM3NeT Coll., PoS(ICRC2021) 1134
107

Main background: down-going atmospheric
muons (some reconstructed as up-going)
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15 upgoing track events(expected: 7 Wi + 4 Vatm)
v' Good data/Monte Carlo agreement

v’ validation of technology

» More results with ARCA6+9 to be presented at summer conferences (ICRC2023)
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Full simulation chain: 3.
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Full simulation chain: 5
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Preliminary studies (all based on simulations w/full detector) : L. Maderer, Ph. D thesis (link)
¢ Hypothesis testing: PREM 5-layers vs 42-layers
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Preliminary studies (all based on simulations w/full detector) : L. Maderer, Ph. D thesis (link)
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Compatible with 10 yr projections for IceCube (from Donini et al.)

- Provides a complementary measurement of the matter content/profile of Earth
- (much) more statistics needed to reach < few % uncertainty level

- main systematics: neutrino flux & cross-section, detector effects



https://theses.hal.science/tel-03859695

L. Maderer, Ph. D thesis (link)

Preliminary studies (all based on simulations w/full detector) :
¢ LLSVP-like inhomogeneity in the mantle
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For 10% overdensity in LLSVP,
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Atmospheric neutrino measurement above 1 GeV: 4 -,

¢ Probe neutrino oscillations in the atmospheric sector: —

ege e s nl L —
sensitivity to mixing angle 0,5 and Am? 3; = m%;- m2; (+ 043, 8¢cp) | g
atmospheric

. . . . ~2x1073eV?
+* Determine the neutrino mass ordering (inverted/normal) )

by exploiting matter effects in neutrino oscillations:

atmospheric
~2x107%eV?2

5 [ 4 solar~7x10-%eV?2
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- extra potential proportional to electron density in medium:

A= :t\,/iGpNe

- Resonance energy for neutrino oscillations:

Am3, cos 203
2 \/§GF Ne P

for neutrinos if Am?;3> 0 / antineutrinos if Am?;3< 0
- depends on the neutrino mass hierarchy — not yet measured...
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First results with ORCA6 — 1 year

KM3NeT prelimina e .
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v Oscillation favoured at 5.9 ¢ over no-oscillations
v’ Sensitivity to mixing parameters already in the ballpark of other experiments
» More results with ORCAB6 (full sample) to be presented at summer conferences (ICRC2023)
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Preliminary studies (all based on simulations w/full detector) :

+» fit of 5-layer density model
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v" Higher sensitivity than with absorption
v" Results improve with external constraints on Earth mass & inertia

v' Possibility to constrain more detailed models
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Preliminary studies (all based on simulations w/full detector) : L. Maderer, Ph. D thesis (link)
¢ LLSVP-like inhomogeneity in the mantle

For 10% overdensity in LLSVP,
most favourable azimuth:
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Preliminary studies (all based on simulations w/full detector)

+» Constraining the core & mantle composition
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% KM3NeT now in mass production stage with stable expansion rate
>10% of expected building blocks deployed as of Jan. 2023

¢ Data taking possible from the very first lines;
Preliminary results validate the multi-PMT DOM technology
& already bring meaninful physical results

s KM3NeT expected to bring competitive contributions on neutrino tomography:

- ARCA-high energy (TeV-PeV)
km3-scale instrumented volume with unprecedented angular resolution
neutrino absorption tomography: matter density profile, LLSVPs,...

- ORCA-low energy (1-100 GeV)
7 Mton-detector, quick measurement of neutrino mass hierarchy (3o in 1.5/5 yr)
then oscillation tomography: matter density profile & composition: core, LLSVPs,...

** Interest to combine KM3NeT data with other detectors for 3D Earth tomography
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Neutrino mass ordering . .
¢ Favourable scenario: Normal Ordering

- measurement at 5o after 4 years
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ORCA Performance
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Energy Resolution:

- AE/E ~ 25% for v. CC events at E=10 GeV

(dominated by intrinsic light yield fluctuations in hadronic shower)

- AE/E ~ 35% for v, CC events

(outgoing muon often not fully contained)



ARCA Performance
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