Xll International Conference on New Frontiers in Physics

10-23 July 2023 UNIVERSITA DEGLISTUDI "
DI GENOVA Istituto Nazionale di Fisica Nucleare

<

Latest results and outlook of the KM3NeT
neutrino telescope

Andrey Romanov®? on behalf of the KM3NeT Collaboration

1. Dipartimento di Fisica dell’Universita di Genova
2. INFN — Sezione di Genova



a Neutrino astronomy 2

Unique neutrino properties: AGNs, SNRS, GRBS... = \

* Electrically neutral, stable, and weakly interacting particles. Gamma rays
* No deflection in magnetic field (unlike cosmic rays).

* No absorption in background light/CMB (unlike gamma-rays).

Neutrinos

e Access to dense environments
* Access to cosmological distances
* Astronomy over full energy range

I “Smoking gun” signature for hadronic processes: I
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Q The KM3NeT Collaboration
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*  ~250 members from more than 50 institutes
* Two deep-sea neutrino telescopes

* Single Collaboration and single technology

|§ coi:10.1088/0954-3899/43/8/084001
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http://dx.doi.org/10.1088/0954-3899/43/8/084001

Q Layout of the KM3NeT detectors 4

Digital Optical Module (DOM):
multi-PMT (31x3"”’) pressure-resistant sphere

KM3NeT/ARCA KM3NeT/ORCA . |=dOiZ10.1088/1748-0221/17/07/P07038
#PMTs/DOM 31 31
#DOMs/DU 18 18
DOM vertical 36m 9m
spacing
DU horizontal 80 m 20m
spacing ) \,
#DUs 115x2 115 i | |
Depth 3450 m 2450 m ,’ :
Instrumented ~1 Gton ~7 Mton '
volume :
Deployed DUs 21 18

The data taking is already ongoing!

KM3NeT/ORCA
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https://iopscience.iop.org/article/10.1088/1748-0221/17/07/P07038

a KM3NeT deployment 5

Deployment via ship crane
Sink to the sea floor using an anchor

Reusable launcher modules
Multiple DUs per sea campaign
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a KM3NeT deployment 6

I Autonomous/ROV unfurling Visual inspection of DOMs with ROV I
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a Event topologies in large-scale neutrino telescopes 7

4. Atmospheric muons
Background for neutrino studies
Signal for CR studies

2. Shower-like events
Good energy resolution

1. Track-like events

. 3. “Double bang” events
Good angular resolution

CC Vu

CCv,+ all flavours NC Atmospheric muon
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a Examples of events 8
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a Physics objectives 9

Atmospheric neutrinos

Supernovae Dark matter Cosmic neutrinos

Solar flares Neutrino oscillations Monopoles, Nuclearites Multi-messenger observations
Mass hierarchy

"/
A

Transition probability

MeV GeV GeV - TeV TeV — PeV

M KI\/I3NeT/ORCA ﬁ

M KM3NeT/ARCA —
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a KM3NeT/ARCA performance: direction reconstruction

Track-like events
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I Better than 0.1° for E>100 TeV I
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Timing information — includes additional info on hit times
Aashowerfit — standard shower reconstruction in KM3NeT/ARCA

Shower-like events
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I Better than 1° for E>30 TeV I
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https://pos.sissa.it/395/1077/pdf
https://pos.sissa.it/395/1089/pdf

a KM3NeT/ARCA performance: energy reconstruction 11

Track-like events Shower-like events
KM3NeT
3000 F Gaussian fit: ‘ Ereco/ Ev VS Ev ‘
- 10 TeV <=E, <= 100 PeV Entries 19569 1.5 T 1]
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I ~0.27 in 10810(E,eco/ Etrue) I I Better than 10% I
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http://dx.doi.org/10.1088/0954-3899/43/8/084001

¢ KM3NeT/ORCA performance: direction reconstruction 12

shower class, selected v, CC|
shower class, selected v, CC} -
track class, selected v, CC |
track class, selected v, CC |

median angular error [deg]

8 910 20 30 40 50
neutrino energy [GeV]

I Better than 15° for E>5 GeV I

|= Eur. Phys. J. C 82, 26 (2022)
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https://doi.org/10.1140/epjc/s10052-021-09893-0

* KM3NeT/ORCA performance: energy reconstruction

reconstructed energy [GeV]

Track-like events
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https://doi.org/10.1140/epjc/s10052-021-09893-0

@ Atmospheric muon flux 14

e KM3NeT
= ANTARES
——- Model

* Underwater muon flux as a function of depth.

* The KM3NeT/ARCA detector with 2 working DUs
(23/12/2016-2/3/2017) and KM3NeT/ORCA with 1 DU
(9/11/2017-13/12/2017)

—

KM3NeT/ORCA

* The flux is compared to the ANTARES result and to
the Bugaev model

Integrated muon flux [10° m2 s]

KM3NeT/ARCA
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I8 Eur Phys. 1. € 80 (2020) 99
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https://doi.org/10.1103/PhysRevD.58.054001
https://doi.org/10.1140/epjc/s10052-020-7629-z

a KM3NeT/ORCA pointing accuracy: Moon/Sun shadow

y, [deg]

* The shadow is the deficit in atmospheric muon flux
induced by the absorption of cosmic rays by the 1
Moon/Sun.

* The KM3NeT/ORCA data taken between February 2020
and November 2021 with 6 DUs

15

1o
20

3¢

—i.5 —i1.5
o [ o
* The shadow detection significance is 4.20 and 6.2c for S, 1 e S 1
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https://doi.org/10.1140/epjc/s10052-023-11401-5

¢ Point-like neutrino sources 16

90% CL sensitivity to E neutrino flux Results obtained with the KM3NeT/ARCA
Upgoing/horizontal v,, + v, tracks detector with 6 working DUs
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https://pos.sissa.it/395/1077/pdf
https://zenodo.org/record/6805394

a Sensitivity to strongest Galactic sources 17

Expected v fluxes assuming 100% Sensitivity at 90% confid.ence level (C.DO is the expected flux)
hadronic emission mechanism Several extended Galactic sources will be observable
in a few years of operation of KM3NeT/ARCA with 2 BB.
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https://pos.sissa.it/395/1077/pdf

@ All-sky diffuse flux with ARCAG 18

Final energy distribution obtained with the reduced atmospheric
muon contamination, keeping a high signal efficiency
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https://pos.sissa.it/358/1017/pdf
https://zenodo.org/record/6767724

a Galactic ridge diffuse flux with ARCA6 19

75° ON-OFF definition Arca

*  KM3NeT/ARCA with 6 DUs, lifetime is 101 days 60°

mmm OFF regions
Emm ON region

* ON region is the Galactic ridge: |Lgy | < 40°, |Bgy| < 3°

* OFF regions are shifted in time avoiding the Fermi bubbles
60° 90° 120° 150°
* The simulated signal within the ON region follows

a power-law spectra: 1.2 x 108 (E24/1 GeV) [GeVi cm? st srl]

galactic latitude [deg]
. =]

* No statistically significant excess found.
Upper limit: 6.2 x 10 [GeV! cm™2 s sr] 60°

-75° gaiactic longitude [dég]

|= Poster@Neutrino2022
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https://zenodo.org/record/6767724

a Neutrino oscillation results with ORCA6 20

* The first KM3NeT/ORCA oscillation results with only 6 DUs!

* Clear effect of oscillations observed

Oscillations preferred with 5.90 CL over “no oscillations” Sensitivity contours at 90% CL
KM3NeT preliminary Contours: 90% CL
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https://inspirehep.net/files/0cc7fe9caea3d94721e531a1658bc5cc

a Sensitivity to mass ordering with KM3NeT/ORCA
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* Sensitivity for neutrino mass ordering at
4.40 (normal) and 2.30 (inverted)

* Competitive sensitivity to Am%2 and 0,3 0,5 []
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|H Eur. Phys. J. C 82, 26 (2022)
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https://doi.org/10.1140/epjc/s10052-021-09893-0

a Supernova monitoring 22

* Neutrinos with E<100 MeV expected at several stages of core collapse

* Low-energy neutrino detection is based on the coincidences in single DOMs
thanks to the multi-PMT DOM configuration
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= 103 prellmlnary ORCA background 1004 k=) ORCA+ARCA, 11 Mo
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https://doi.org/10.1140/epjc/s10052-021-09893-0

a Conclusions 23

 The KM3NeT research infrastructure is being built in the Mediterranean Sea and includes two
neutrino telescope: KM3NeT/ORCA (Toulon, France) and KM3NeT/ARCA (Capo Passero, Italy)

* Very broad energy range (MeV — PeV) to explore core-collapse supernovae, neutrino oscillations
and astronomy

* To date, 21/230 DUs were deployed in KM3NeT/ARCA and 18/115 DUs in KM3NeT/ORCA

» Several physics results were already achieved and confirmed the expectations

* New exciting results will be presented at the summer conferences, ICRC2023

Stay tuned!
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