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Atmospheric Neutrino Oscillations with
ANTARES

Status & Prospects for KM3NeT /ORCA

llenia Salvadori
(on behalf of the ANTARES & KM3NeT collaborations)
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The ANTARES neutrino telescope;
Neutrino Oscillations with ANTARES:
Sterile neutrino constraints with ANTARES;

KM3NeT: the new generation of neutrino telescopes in the
Mediterranean Sea;

KM3NeT /ORCA.
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The /ANTARES neutrino telescope

ANTARES
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The /ANTARES neutrino telescope

€ . T

Optimized for detection of high PR oo LT
energy neutrinos; ' )

Searches for (extra-)galactic
sources;

Multimessenger astronomy.

Low energy threshold

Neutrino Oscillations
100% muon neutrino o/ 20 GeV,
First oscillation minimum for
0%t e vertically up-going v, is
detectable;
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Neutrino Oscillations with ANTARES

) 2830 days ofi lifetime
(2007-2016);

> Track channel only;
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) 2 track reconstructions
combined;

O Ereco €stimated from muon
range; )

L LGL0 selected events;
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This work
—— DeepCore (2017) ANTARES PRELIMINARY

ANTARES PRELIMINARY
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KM3NeT: the new generation of neutrino
telescopes in the Mediterranean Sea
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KM3NeT: the new generation of neutrino
telescopes in the Mediterranean Sea

& KM3NeT:HQJ
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The KM3NeT Research Infrastructure

3 Installation Sites in the Mediterranea
Py KM3NeT-Data Centre

o Collaboration;

o Technology;
o Management
~ @ B8 Multiple...
KM3NeT-Gr. )
‘KM3Ne‘T-Il
High-Energy

o Sites (France, Italy,
Greece);

o Purposes
o ORCA: low-energy studies (~ mass hierarchy, oscillations, SN)
o ARCA: high-energy studies (origin of cosmic neutrinos).
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KM3NeT: the new generation of neutrino
telescopes in the Mediterranean Sea

ORCA ARCA
STRINGS 115 2x115
DOMs/STRING 18 18
PMTs/DOM 31 31
STRING SPACING 23m 90 m
DOMs SPACING O9m 36 m
DEPTH 2470 m 3500 m
INSTRUMENTED MASS 8Mton 0.6x2 Gton
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KM3NeT/ORCA - Effective Mass

After trigger, atmospheric p  _, KM3NeT Preliminary
rejection and soft
containment cuts;
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Energy threshold determined
by DOMs spacing;

8 Mton @10 GeV for v, CC;
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KM3NeT/ORCA - Angular and Energy Resolutions

v,-CC, classified as tracks

KM3NeT Preliminary v, &V

&

KM3NeT/ORCA
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o Median angular error < 5° @ 10 GeV;
o Energy resolution better than 30% in relevant range;

0 The shape is close to Gaussian.
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Fraction of events classified as Track

KM3NeT/ORCA - Shower/Track ldentification

Classified as Track

! KMSNeT Preliminary N Q Discrimination based on
il il M bl il Random Decision Forest;

o 90% corrected identification
of ve CC @10 GeV;

v, CC

I o 70% corrected identification
of v, CC @10 GeV.

5 10 15 20 25 30 35 40
Neutrino energy [GeV]
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KM3NeT/ORCA - Neutrino Oscillations
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KM3NeT/ORCA - Neutrino Mass Hierarchy

Asimov and LLR median sensitivity after 3 years, 8., =0
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o After 3 years of data taking;

Median sensitivity

Asimov-LLR comparison: Median sensitivity (3, = 0)

T T
,,,,,,, 10, Asimov sensitivity
—— 10, LLR median sensitivity
[ 10, LLR 68% CL (stat.)

KM3NeT

40 45

o Two methods tested: Asimov approach and LLR;

50

o >30 for the most optimistic scenario (NO, 6,3 > 45°).
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KM3NeT/ORCA - v. APPEARANCE

OPERA[PL 120, 211601 (2015)] bt
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v, normalisation

o ~ 3000 v, CC events/year detected;

o Rate constrained within 10% after 1 year.
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KM3NeT/ORCA - Super Novae Detection
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o Look for an excess of coincidence signals on individual OMs;

o >80% of galactic SN with single building block.
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KM3NeT/ORCA - Status

o Construction has started;

O The first line has been deployed
in 2017,

O Several new lines are expected
to be deployed after summer.
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KM3NeT/ORCA - Status

Subatech-Nantes

0 2 dedicated sites in France for DOMs production;
o First French KM3NeT DOMs produced.
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KM3NeT/ORCA - Status

KM3NeT preliminary KM3NeT preliminary
Ir
— Run 2827 -e- Run 2827
MC Lo MC
0.5k
T 04 .
= g8
10 B
£ 03
2 @ .
= 3
z X o
P
I 0.2
-
0.1 4
10 -
-
W
. 0 .
-20 0 20 40 60 80 100 1 -08-06-04-02 0 02 04 06 08 1
Time Residual [ns) cos(0)

Very good data/MC agreement from first data/MC comparisons!
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KM3NeT/ORCA - Status

cos >0 cosf > 0.5 EE h"' — cata
DR s TEE T N e
MC ATM 4 1 0 i

MC v 8.33 7.36 i3 W

MC v, 5.44 4.89 I'I |
MC v, 1.36 1.17 ] Lol
MC v, 0.96 0.83 '°'E|r' i mm| i ‘ ‘ i ‘ ‘
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o First analysis made with 82 days of data taking with 1 string of
ORCA;
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KM3NeT/ORCA - Summary

o First ORCA line successfully deployed;

o First data allowed to test MC and showed a good agreement;
> First neutrino analysis has been performed;

O Large scientific program will be covered;

o Several new lines expected after summer.

Stay tuned!
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Thank you for your attention!

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE
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Workshop on supernova neutrino detection
IPN Orsay — July 4 and 5, 2018

https://indico.in2p3.fr/event/17490/timetable/
(part of a longer program on GRBs and CCSNs taking place in Orsay in
June/July)

registration: coleiro@apc.univ-paris7.fr
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KM3NeT/ORCA - Neutrino Mass Hierarchy
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KM3NeT/ORCA - Super Novae Detection

100
—— ARCA+ORCA, 27Msun
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Expected sensitivity as a function of SN distance for ARCA+ORCA

combined.
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