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Neutrino Telescopes: Science Scope

Dark matter
particles )

O

Neutrinos produced from
. o decays of annihilation
10 i 2 products may be detected.

Neutriro Energy (CeV)

Low Energy: Intermediate Energy: High Energy:
MeV < Ep < 100 GeV 10 GeV <Ep <1 TeV Epy > 1 TeV

v oscillations, Dark Matter search, U from extra-

Supernovae... Monopoles... terrestrial sources...
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NEUTRINO TELESCOPES OVERVIEW &%
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Higher Sensitivity to Sensitivity at 2EeV:

neutrino sources: el “cnergy frontier”
7] o .o o I
recision frontier ——
precision frontie @ PIERRE

AUGER

Present neutrino
detectors

' Sensitivity at PeV
fenergies:

ARA, ARIANNA, EVA,
GRAND

See Talk of
Sergio Navas

IceCube gen 2

Credits: M. Ackerman
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Why KM3NeT?

Tracks: vy, CC, v£C (T—p) Showers: v.CC, UNC . CC (t—e)
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Why KM3NeT?

Resolution for v, | Resolution for v
ANTARES © | ANTARES

KM3NeT ° KM3NeT

u

Eq. (J2000)

017)




KM3NeT COLLABORATION @
0] {07

(Oscillation Research

with Cosmics in the Abyss)

ARCA e e sns] Y,

-3500
(Astroparticle Research ERA m

with Cosmics in the Abyss)
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https://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1088%2F0954-3899%2F43%2F8%2F084001&v=8e10f295

DETECTION TECHNOLOGY

3 Building Blocks (BB):
* 115 Detection Units (DUs) per
BB
* 18 Digital Optical Modules
(DOMs) per DU
* 31 PMTs (3") per DOM (194,
1271)
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ORCA/ARCA DETECTORS :

X [m]

String spacing 23 m 90 m

Vertical spacing 9 m 36 m

Depth 2470 m 3500 m

Instrumented 1x 8 Mton  2x 0.6 Gton
mass

1 DENSE BUILDING BLOCK
OPTIMISED FOR
INTERMEDIATE ENERGIES
(1-100 GEV)

TOTAL OF 64170 PMTS
2 SPARSE BUILDING BLOCKS

OPTIMISED FOR HIGH
ENERGIES (>1 TEV)




ORCA: Neutrino Mass Ordering 2

Impact on:

Magnitude and nature of neutrino mass.
Distinguish between different theoretical

Solar~7x 10 ;c\’:
A4

atmospheric mOde|S-
~2x 10 e V? .
| amospheric Impact on ovfp studies.
~2x 10 7eV-
§ solar~7x10"eV 1, Core-collapse supernovae.

Normal
Ref:W. Winter, DOI:

10.1063/1.4915577

Degenerate Dirac Majorana Dirac
Majorana neulrinos or neutrinos or neutrinos

neutrinos or strong new physics

new physics hierarchy

Majorana Cirac ’ Majcrana Hierarchical
neutrinos neutrinos neutrinos case
< 4 New Strong Vass

physics? hierarchy measured
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ORCA: Measuring Mass Ordering with T
Atmospheric Neutrinos

Free, Natural Beam of known

composition (Ve, V).
V. interaction with electrons.

Oscillation pattern distorted by Earth’s
matter effects: I0 - NO difference.

COSnTIC

neutrinos F=1.01 GeV
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Approach: measure E, and 0, of upgoing neutrinos.
X°=(Nno-Nio)*INNo-Niol/Nyo

Signed %%, tracks 3y. Total 4= 12.9
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Ref: S. Bourret, L. Quinn:
PoS Neutrino 2018
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Alba Domi, VHE

SM v_ appearance exclusion [o]

2 4

Tau Neutrino Appearance »

V¢ appearance tests unitarity of 3v mixing matrix and BSM

theories.
20% deviation from unitarity can be detected with 56 in 5 years.

~3000 v;*¢ events/year with full ORCA.

vt events predominantly shower-like.

oz t—4 1

=X

B (10%¢) T—>C -
es% T—had.

Confirm exclusion of non-appearance (=0) already with 2 months
of data

ke

shower

Ref: S. Hallmann PoS (ICRC 2017) 1025
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Tracks (NH) - 5.7 Mton-years Showers (NH) - 5.7 Mton-years

T

KM3NeT Preliminary KM3NeT Preliminary !10
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ORCA Sensitivity to 1 sterile neutrino for
of data taking!
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ORCA: Non Standard Interactions (NSI)

ORCA sensitive to NSI effects of order 10% of the Fermi int.
Direct bounds are more than 10x larger in some cases.
ORCA improves over current atmospheric scale bounds.

Limits competitive with global limits from oscillation.

Unnatural Models
. : - 95% C.L. (NH) - 5.7 Mton-years

B Direct:1: . <_< T T T T
Glgb'a‘lfi?sc.‘ ; KM3NeT Preliminary

—
—
WS

<_I KM3NeT Preliminary — ORCA: Stats Only

- OQRCA: Stats+Syst
~— <—‘

Super-K + K2K*
<<| Not Accessible via Osc.

)

10— 10° 10
90% CL

NSI| Parameter
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ORCA: SUPERNOVAE

ORCA bckg before filter
ORCA bckg after filter
SN 10kpe, 27M::

SN 10kpe, 11M:;

KM3NeT Preliminary

Low energy neutrinos
(1-100 MeV) 12 14

multiplicity

Event by event reconstruction impossible

due to low energy v. KM3NeT Preliminary ORCA, 2/Msun

ORCA, 11Msun

Really high v flux from SN = overall rise on

i
(&

PMTs counting rate!
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Background from K40, bioluminescence,
muons =

[
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15 20
distance (kpc)
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vclo city

distnbubon

DM annihilation in the Sun.
v production (E > GeV).
Constrain DM-DM cross section.

M
S ¢ ,
ANTARES W'W

XENON1CO

. ANTARES W'W
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ORCA: EARTH TOMOGRAPHY

2 4

Atmospheric v crossing the Earth.

the standard geophysics methods.

geophysics measure p,

E, and 0, of upgoing neutrinos also provide

tomographic information complementary to

ORCA: sensitive to electron density Ng while

Density (g/cm®)

Ref:V. Van Elewyck, S. Bourret, J. Coelho ' - 045 050 055
Model Z/A

PoS(ICRC2017)1020

0.60
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POSSIBLE EXTENSIONS: b
P20 -> Protvino20RCA Beam

Lietuva - A
S‘szl‘gy‘C.
Protvino U70 proton accelerator: et a B
2-7 GeV Neutrino Beam (to be SEE pocaline:

constructed). = 0590 km b
Sensitivity to Mass Ordering at least -

after 1 year of beam.
Sensitivity to measure CP phase.

FAAAr

Protvina to ORCA KM3NeT/P20 preliminary
Normal mass hierarchy

Neutrino beam '

12-1G° POT

CP violation sensitivity [o]

Ref: Brunner, arXiv:1304.6230
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POSSIBLE EXTENSIONS:
Super-ORCA

Task: Measure 6cp with atmospheric neutrinos.

Possible with v energies <3 GeV ~ below ORCA's energy

threshold!

Precise flavour identification, better energy and direction

resolution needed.
5-10x denser detector.
Assumed ~115k 3" PMTs/Mton

~1% density of SuperK

Ref: J. Hofestadt, T. Eberl, M. Bruchner, Neutrino 2018

Possible Super-ORCA detector layout
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ORCA: CONSTRUCTION STATUS

Main Cable, 2015 Node deployment: 29 Sept 2016

5 -. y
T e =T

Tn

*Data taking currently interrupted: replacement of deep sea part of main cable.

*Phase 1 (funded): 7 string array at KM3NeT-France site to demonstrate
technology/detection methods in the GeV range = deployment of 4 lines planned
after summer 2018!

*Phase 2: Deploy 1 building block (115 strings).
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https://tiny.cc/OrcaDeployment

ORCA: FIRST EVENTS WITH SINGLE LINE ™
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Upward going

A Muon Bundle .
neutrino

Alba Domi, VHEPU 2018 - Quy Nhon

21



ORCA: FIRST NEUTRINO ANALYSIS

82 days of data taken with first ORCA line!

— data
observed:

— atm. muons

— atm. neutrino

number of events

atm. muon

KM3NeT Preliminary

atm. neutrino
VY
- ve
- VT
- v NC
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Events in cos(8)<0

13

1
8.33
5.44
1.36
0.96
ST
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Atmospheric Muons

Rate of 8+ PMTs hit in coincidence (25 ns)
KM3NeT Preliminar

«+ ARCA L1: Data
»  ARCA L2: Data
+ QORCA L2: Data
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v  Simulations

" Simulations Excellent data-MC
v Simulations
agreement.

Fewer muons seen
at larger depths.

3 3.5

Depth [i( 1;1]
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SUMMARY .

KM3NeT/ORCA intermediate energy neutrino telescope
Main purpose: NMH determination
Big multi-search potential in other physics topics: sterile
neutrinos, NSI, Dark Matter, Supernovae...

Construction has started

Alba Domi, VHEPU 2018 - Quy Nhon 24



Alba Domi, VHEPU 2018 - Quy Nhon

Thank youlll
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Backup slides
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Resolution for ORCA »

ORCA Tracks reconstruction performance = ORCA Showers reconstruction performance

KM3NeT Preliminary
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b

KM3NeT Preliminary
ve &7, CC

Median directional resolution [deqg]
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