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Looking for neutrino nature : Dirac or Majorana

The neutrino is the only fundamental fermion for wich the nature is not know : Dirac / Majorana

Neutrinoless double beta decay (f),, is the best way to test the Majorana
nature of neutrinos

SuperNEMO uses a tracko-
calorimeter technique to measure
the full kinematics of (Bp),,

Neutrinoless Double Beta Deca

SuperNEMO is a demonstrator for future tracko-calorimetric
detectors capable of studying not only the nature of
neutrinos but also the existence of new interactions (RHC).

SuperNEMO demonstrator @ LSM
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KM3NeT and ANTARES

® CPPM pioneered very large neutrino telescopes using sea water

® ANTARES demonstrated the concept feasibility (>10years of operation)

® The next generation is under construction with the two detectors
® ORCA [France] for to low energy (3-100GeV)
@ ARCA [ltaly] for high energy (TeV-PeV)
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Neutrinos as cosmic messengers

® Neutrino astronomy

e [ink with CR production,

¢ ¢ ¢

¢

@® Link with ANTARES/KM3NeT,
HESSICTA, SVOM, COLIBRI,

Time-domain astronomy
Multi-messenger studies

Core-collapse CCSN (MeV
neutrinos, SNEWS)

Link with physics beyond LIV

acceleration, propagation)

ZTFILSST, LVKC...
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Neutrinos as cosmic messengers

® Solid measurements of the diffuse high-energy v flux by IceCube and
ANTARES. We are touching the top of the iceberg of the v sources.
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® High radio flux (PKS 1502+106
PKS B1424-418, 3C403)

® High and hard X-ray activity
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Simultaneous MWL/MM follow-up: key to resolve the v sources (too few v stat.)
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Indirect detection of WIMPS in a neutrino telescope

Relic WIMPs

captured in -~

T  celestial bodies
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Potential XX=> v sources are
Sun, Earth ¢ Galactic Centre
Signal less affected by astrophysical

XX self-annihilations into
¢,b,t quarks, T leptons or W,Z,%H bosons
can produce significant
high-energy neutrinos flux

Complementary and competitive limits with ANTARES & KM3NeT
for WIMP masses in [50, 3000] GeV (Sun) and > few TeV (GC)

uncertainties than Y-ray indirect detection




Oscillation with Atmospheric v

® Up-going v covers a wide range of baselines,
and are subject to very strong matter effects

® neutrino mass ordering

® PMS unitarity using vu->vt appearance
® /Amz2,; 0,, measurment

@ Exotic (NSI, sterile etc...)

Results for ICRC-2021
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The next step: Protvino to ORCA - P20

® Use U70 accelerator in Protvino
(Russia) to generate a v beam

crust

upper mantle

® Baseline is ~2600 km

= st I
1st osc. max. Is at 5 GeV _— e
et A "e,_‘
Riga ) '
_ 92 Latvia [
North Sea = T 3
® Allows to measure oCP oy e
o Do r ST
Ve Denmark Lithuania |~ o
nite: :
f Ki J . Vilnius?
i ingdom - { @5 1 Minsk:
. isleafMan S D Mk
9 100 ! ! | Dublin Manchester Hamburg ; o | @
O] H : : —=CC vy ===== - Ireland g g Belarus
— - : 1] : H CC vu 6CP = 0 Birmingham Pt Berlin'. Poland : ; <
b - H & : : R ® 5, LAy Warsaw g T e e Voronezh
i : : Netherlands ) SR - PR
e |  —CCve-+-3CP =90 g R et ﬁ_ s R
0 gol o f g P oty 1 ST
: : : ~ “Belgium = Dragiel A re ® ot
Y— L H H —CC yr e = B e b ¥ g Ui, ). Xapkis
- | 7 —CCvr - 5CP = 180 S ¢y =
o ~ .~ -NC  —3CP=270 S ‘ o
: : : = I e 3
: : : So. ST
Z 60 : 1 : : : : . "Moldova
: : : : : . Odesa
- : : : : : ] Chiginaus
L : : ol | : | France P~
B : Romania |~ Al Krasnodar]
B : : : : ] Yoy Kpachonap
40 : P | H : Bucharest )
: H H : : =
H LT : : H CL oy
: y ‘Sofia = Black Sea
. T, Copn
Andorra, Bulgaria
Y | sRome North | o
20 Rorto. Eefccloly acedonial- . 01 |stanbul
1 Madrid g 2
7 i 4 Tyrhenian Sea 4 s LT
iPDI’h.Igﬂlk‘ Spain Valencia R
L\sgon > Athens Bt Turkey
AbAva o
/" Seville Algi Tunis: :
O e -bﬁu‘ifh erirs Antalya

29/06/2021 Mathieu PERRIN-TERRIN (CPPM) 9/12



Neutrino tagging

® P20 offers an alternative to conventional LBL's
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® ORCA huge mass (Mton) allows collect large stat. with modest beam power

® beam line can be instrumented with trackers (TAGGER)
e v properties precisely known from 1t=>pv kine. for each and all v -

. . ) no systematics
e one-to-one association between =>pv and interacting v } y

@ v followed from creation (tagger) to detection 2600km away
e any use in quantum mechanics?
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Thanks for listening
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vV at NAG2

@ v tagging implemented at NA62 (rare K decays) as a by-product

@ Calorimeters act also as v detectors and with O(1012-13) K decays /y:
~1400v/y from K->pv + Ku3 interact in Lkr+MUV (20 + 66 ton)

® K and p properties (t,p,*) precisely measured
thanks to GTK (Si-Pixel) and STRAW trackers

® Dedicated trigger line will collect these events
from July 2021
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