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NEUTRINOS



NEUTRINOS

Some particular elementary particle Ve Vu Vi

# LZero electric charge

# One state of helicity “left-handed”
# Very small masses compared to masses of other fermions

# Do not interact with matter and are very abundant on Earth and
in our Universe

fermions # Mass states # flavor states



Mass Hierarchy of Elementary Particles
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Disappearance of antimatter at the very beginning of our Universe

Possible explanation

strong violation of matter-antimatter
symmetry (CP) in the lepton sector

Not the case for quarks
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Appearance of electron neutrinos
Quantum flavor oscillations
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Number of events
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of flavor appearance

Vp == Ve

Reconstructed neutrino

4 T2
< Discoveryin 2013

energy spec
T

7r T B L B T ]
- —+ T2K Run 1-4 data

°L — Best fit v

5F _—| Background e
- component

4 :_ -

3 . e

TTTT[TTTT
=
’_I_I_Iﬁ

I

- -;|r|_:--t_l’-\_| !

o

=

0.6

0.8

1

1.2

Reconstructed E, (GeV)

Ratio to no

oscillations Number of events/(.1GeV

tra

of
80~

v, =Y)

disappearance channel

sin’20,,= 1.0
sin’20,,=0.1
Amy=24x 107 eV?

PR [ S W R |

1 2 E
(for L=295km
and maximal mixing) (Gev)

un

v, and v, candidate events

¥ e~ T2K Run 1-4 data
| — Best fit
- No oscillations

=

2% 3 35 4 45 5
Reconstructed E, (GeV)



Perspectives pourles 1 0 prochaines annees

FE electronics of SFGD

12K\
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2019 - 2026




Contributions techniques du LLR T2K

WAGASCI (first T2K upgrade)

Goal: measurement of cross sections on carbon and water to reduce systematic
errors for T2K and futures “long baseline experiments”

* Mechanical design

* Monte-Carlo physics studles

* Installation and commissioning in Japan

* Design et testing of the FE + DAQ electronics

WAGASCI
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Nobel Prize 2002 (Kamiokande) for the detection of 11 neutrinos

Neutrino Astronomy

Explosion of the supernova SN 1987A

997% of the energy
emitted in form
of neutrinos !

" ©" Anglo-Australian Observatory .

Feb. 25t 1987: A fax was sent to Univ. of Tokyo
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12 events within 13sec
11 of them are higher
energy events
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* at 16:35:35 on Feb.23, 1987



Renovation et “upgrade” de la cuve Super-Kamiokande en 2016




Gadolinium sulfate
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Vertices within 50cm

Physics targets:

(1) Supernova relic neutrino

(2) Enhance directional signals for
supernova burst

(3) Reactor neutrinos
(4) Proton decay background |D
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Neutrino Astronomy *

Diffuse Slupernovas Neutrinos
Background emitted by the sum of all
explosions of Supernovas

»

Time-integrated neutrino spectra

Early explosion

—— Late explosion

— SN 1987A

enerey [MeV



Une fusion de deux étoiles a neutrons
Emission d'ondes gravitationnelles

2 events left in relic sample in 14days
after GW170817

75°

12h ’fo“ gh

/GW source

20" 18h 16" 14"

-75°
equatorial coordinate system
Points 1&2: R.A. and Dec of the 2 events
Shadow Area : angle solution

Both 2 events are far away from GW170817 source.



Perspectives pourles 1 0 prochaines annees

.'mnw

g
3
7
)
‘D
as




Mt lkeno-yama 1000m T2K +2.5° ,/

SK 77

7’
- T2HK -25° &
-

Excavatad [ ﬁ Mt Nijyugo-yama
fhspuﬁgbsma 2
"B
650 m : > 4

m s
-

HK

Tunnel .
Entrance

& I-PARC accelerator
FiHR

Narita Airport
(Intnl Flights)

Kamu::im t:::wn




events/10years/2MeV

Neutrino Astronomy

Supernova relic neutrinos

Diffuse Supernova Neutrino Background (DSNB)

Accumulation since the beginning of the Universe of past Supernova burst
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Super-Kamiokande is expected to discover DONB

Hvﬁ

Hyper Kamiokande
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Supernova burst neutrinos
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Hyper-Kamiokande
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11evts (1987) . ~ 250 . ~3000

~ 8000 events in Super-K for an explosion in the center of our galaxy
An explosion expected every 40 years |
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Contrlbutlons techm ues duLLR Hy ’ er-K

Our proposal for Hyper—Kamlokande

* Electronic expertise on Front-End development for v-detectors.

‘ * Long-standing collaboration between () and LLR engineers on various
projects : WAGASCI, ND280-upgrade for T2K, CMS/HGCAL etc.

* Omega and LLR are physically on same site (Ecole polytechnique)
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De la symétrie matiére - antimatiére
aux explosions de supernovas

Un programme de physique incroyable pour les
dix prochaines années avec un potentiel
extraordinaire de découvertes de premier plan,

Une opportunité de visibilité pour '’X a ne’
pas rater !
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