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Les oscillations des neutrinos
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Vers une physique au-dela du modele standard
Hiérarchie de masse des particules élémentaires
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Hiérarchie de masse des particules élementaires
Mécanisme de Higgs
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Hiérarchie de masse des particules élementaires
Mécanisme de la « balancgoire »
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Ordre pour les masses des neutrinos

~ 7.6 x 10° eV?
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The Nobel Prize in Physics 2008

Yoichiro Nambu, Makoto Kobayashi, Toshihide Maskawa
"for the discovery of the origin of the broken
symmetry which predicts the existence of at
least three families of quarks in nature”.

Une violation de la symétrie matiere - antimatiere
n’est possible que si nous avons :

des états propres de masses # états propre de saveurs

3 familles de fermions

3 angles de mélange tous non nuls

une matrice de mélange complexe Mesure de la violation CP

T2R\-I]

YPER

Hyper Kamiokande

niokande




e Le contexte physique (trés rapide)

e Nos expériences en cours
- T2K
- WAGASCI
- JUNO

¢ Nos perspectives

- Extended T2K
- Hyper - Kamiokande

- Super - Kamiokande (basse énergie)
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Le groupe Neutrinos du LLR
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Nos expeériences en cours
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Nos expériences en cours
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Events/100MeV

Prise de données antineutrinos
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Contributions du LLR

TZ/R\ Runl-7 Oscillation Analysis

T2K only
e ‘_ \.':‘ ' =22 68.3% Cred. Int

* Run7 increased antineutrino S — s s ieacior

mode POT by 86% 7 B
-lé' = — 90;‘/0 Cred. |l"ll. |

 First appearance + R ., 3
disappearance analysis T o
using both neutrino + T2K Run1-7 Sensitivity .-
antineutrino data Credible Intervals PAMIL 1 8 O O O O

(Marginalising over the 16 18 20 \ 22 24 26 28 30 32 :i:fe 36
hierarchy) B e | "
- Y e _ 68.3%

» New results produced for ~ %c=10 g v =
Neutrino2016 using updated sin'8,,=0.217 Ny W ;
dataset (further updates for Ny N :
ICHEP2016 in preparation) { /

-3 1 0 1 8;1



T2K-SK Data Quality & Reduction

« Semi-realtime event monitoring Neutrino FC events All FC events Runs 1-6
a 2w RUNS 1-6 L.
 Detector stability : : B P oo
E tt- . /GPS .t . 1500 70'_ -Ruusummn"von
vent timing monitoring " 300
« Event Rate - é“?
- \Vertex distribution > o Sa0 ‘
« Non-beam background oo, g
» Final sample production/validation 1000 ]
10
* Run7 data sets prepared for Neutrino2016 R man R .l\ —
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T2K-SK Detector Systematic Uncertainties

Updated detector uncertainties for the summer 2016
oscillation analyses.

Added uncertainties for new samples

FHC —Forward Horn Current = “neutrino beam”
RHC — Reverse Horn Current = “antineulrino beam”

P Y Y i b
Uncertainties will ,/{R”C}“‘~:-j?? caaleid :'ij ”
be Updated again W [1R wlike e = ' .)..- _____ q ______ ' 0.4
following adoption CEEEE P el  [0
Of event SeleCtiOn ARHC & @‘;L “““ 2Fosy g ot f'. """ = -‘(—’().2
exclusively using ey M R e W
new reconstruction el A Jﬂ b
algorithm e i a®e el i M

Already In Use | Scheduled 2016 | | Possible 2017 | |Very Low Stats |

Wil include imprevements to reduce e s1ze ofthe encr



Evaluation des erreurs systématiques liées aux bruits de
fond 10 pour I'apparition des v, a Super-Kamiokande

« Les événements incluant un 1 mal reconstruit

' . . Final state Signal v, BG all
sont la source d'erreur systématique ). CC 1o 2101 (96.8) 0,950 (513)
dominante pour l'apparition des v, au niveau be CCuther  0137(32)  0.101(54)
) v, CC 0.000 (0.0)  0.032 (1.7)
du détecteur SK v, CC 7° other ~ 0.000 (0.0)  0.012 (0.6)
NC 17" 0.000 (0.0)  0.567 (30.6)
L . R . ) NC 7 other 0.000 (0.0) 0.081 (4.4)
» Pas d'échantillon de contréle disponible NC 1 0.000 (0.0) 0040 (2.1)
o oy ; : . a2 5 s 5 NC 17 0.000 (0.0)  0.039 (2.1)
« — création d'un échantillon dit “hybride e e 0.000 (0.0) 0032 (18)
mélant données électrons et y obtenus par Exqrectssymuty;and Fackions o v selectedravents

Runl+Run2 (1.431 x 10%° POT), beam flux 10dv3.1

MC (NC 1%, NC m%+other, v, CC m+other)

por-Xamickando IV

« Evaluation des erreurs systématiques s, ’
associés a ces événements “hybrides”

. — utilisé dans toutes les publications
concernant |'apparition des nue (PRL
107&112, PRD 88&91)

« Développement et optimisation des

algorithmes de détection des événements
incliiant nin 0 PO fit at fiTOHIN




Mesure des sections efficaces par courant charge des
neutrinos avec les détecteurs INGRID et Module Proton
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« Amélioration de la simulation Monte-Carlo des détecteurs et des algorithmes de
reconstruction

« Participation a | 'exploitation des données



T2K/ND280: O
cross section analysis

Uncertainties on neutrino cross sections are
the major sources of systematics in T2K
oscillation analysis. This is frue also for future . ]
experiments as HyperKamiokande and Dune. | SOOI Downstrear
: ¥ PODECal ECal
We try to exploit T2K near detector data to ,
improve our knowledge of neutrino x-sec '. e
(INGRID, ND280 + Wagasci) ! pop| | TEE

UAI Magnet

TPC |

Neutrino intferactions in water are reconstructed
as having a first hitin x layers: in FGD2, X layers
will contain a majority of neutrino-Oxygen
interaction events. By separating «X» and «Y»

events we can simultaneously extract the | plastic scintillators
Oxygen only and the Oxygen/Carbon ratio
cross sections through a likelihood fit approach
in p, and cose,, bins.
Presently blind analysis on MC data: event
selection, statistics and systematics
evaluations,...

Fécus on FGD2,
alternating water

modules and

Water x vy



TZ/E\ T2K Cross Sections

v, CCinclusive CH PRD 87, 092003 (2013) ND280, Tracker
v, CCQE CH Accepted by PRD ND280, Tracker
ve CCinclusive CH PRL 113, 241803 (2014) ND280, Tracker
v, NC 70 CH/Water Publicationin progress ND280, POD

v, NC elastic Water PRD 90, 072012 (2014) SK

v, CCinclusive CH/Fe PRD 90, 052010 (2014) INGRID

v, CCQE CH PRD 91, 112002 (2015) INGRID + PM
v, CC coherent CH Publication in progress INGRID + PM Benjamin
v, CC coherent CH Publication in progress  ND280, Tracker
v, CCm* Water Publication in progress  ND280, Tracker
v, CCOrm CH Publication in progress  ND280, Tracker

WAGASCI

Matthieu

Note : 48 KE de I’X pour WAGASCI
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Contributions du LLR ~! e

Conception mécanique (A. Bonnemaison & O. Ferrreira)
Conception et production de la DAQ (F. Gastaldi)

charge_withHits_chip0_channel15

nnnnnnnnnnnnnnnnnnnnnnn

Mean 585
RMS 34.89

Zone where we introduce

the mechanic structure

Boxes are put in temperature controlled
chamber

= ]
Nota : for the test: just used for the light 450 500 550 600 650 700 750 iﬂDDC Bf:sﬂ
isolation CCC board coun




Nos expeériences en cours
Location of JUNO

I I i [

Status  Operational Planned  Planned
Power 174GW  174GW 174GW

Overburden ~ 700 m

Kaiping, Guang Zon +*
Jiang Men city, "
Guangdong Province S8/ SEERS

Under construction Under construction
174GW 18.4GW

R s &
A=
¥ ShenZhen 'y

Lufeng

NPP

/7 Hai A ¢

;/‘ g HongKong

4 ) Y ——————————————————
Pl Maca Cores YICI YIC2 YICY YRCH YICS YIC6
$ 929
251 5212

29
5221
HZ
174
265

Power (GW) 29
Baseline (km) 5275

Cores TS-CI TS-C2 TS-C3 TS-C4 DYB

Power (GW) 46 46 46 46 174
Baseline (km) 5276 5263 5232 5220 215

29 29
5284 5242

Neutrino rates

SN v 5000/10s (10kpc)

/ ~
Atmospheric v
several/day

Muon ~ 250k/day
215GeV
10% multi-muon

el

52.5km, 36GW

- ‘17\ l!r‘ﬁf.: ,i’

Reactor ¥, ~ 60/day

20kt LS Geo-v, 1~2/day

Calendrier

¢ Préparation: 2013-2014
o état actuel: sondage sur site fini
—design de I'ingénierie civile en cours
¢ CDR, proposal et MoU: 2015
¢ Construction du site: 2015-2017

¢ cérémonie le 10 janvier 2015

¢ R&D détecteur: 2013-2016

+ Construction des composants du détecteur: 2016-2017
¢ Production des PMT: 2016-2019

¢ Assemblage et installation du détecteur: 2018-2019

¢ Remplissage du détecteur et prise de données: 2020



Nos expériences en cours

5 08 SN e Non oscillation
E‘ —— 0, oscillation

g 0.5 / —— Normal hierarchy
p —— Inverted hierarchy

L ”
v

Nprmol A, Inverted

Hierarchy Hierarchy AE,

N
zﬁm Am§0| V3_:- 0 ' 1 L I 1 ' ' L l L 1 1 ' l L 1 ' ' I L L 1 1

5) g,
5. § B 5. B O 10 15 20 25 30

L/E (km/MeV)

Objectif : détermination de Pordre pour les masses des neutrinos




@ Contributions du LLR

* Important bruit de fond cosmogénique e S ——
* 9Li et 8He créés par p-spallation de 12C .
*t~0.1-0.2s, decay B+ n, miment v (IBD)
* Par jour : ~ 2 candidats / ~ 40 IBD

* Veto p impossible sur tout le détecteur :
* Taux de p cosmiques : = 4 Hz
* Temps de veto : = 1s

* Solution : veto d’un tube (= 1m) autour des

 Reconstruction des W par

+ Détecteur veto (cherenkov a eau)
* Détecteur central

" ' ‘A

* Top Tracker : échantillonnage des traces

de muons pour améliorer la précision de la
reconstruction des muons




@") Top Tracker de JUNO : OPERA Target Tracker

% .6 m >
cables PMT < 40 cm >

light injection
Y system

L v, electronic and PMT
DAQ boards

64 WLS fibers

T6m

4 E/ Fig. 2. Schematic view of an end-cap of a scintillator strip module.

Fig. 3. Schematic view of a plastic scintillator strip wall
6.86 m

2 b 4

* 62 « Murs » répartis en 3 couches (3x20 + 2)
« Chaque mur : 16 « modules » (4X + 4Y)
* Chaque module a 64 canaux
* Lus par 2 PMTs multi-anodes (H7546)

* 63488 canaux au total



@ Electronique du Top Tracker de JUNO

* Bruit de fond cosmique (1) ~ 4 Hz
total mais

- Radioactivité ambiante importante
* Pas de béton sur les parois

0.3 p.e. OR 1 p.e. OR

Rate (Hz/m?) 7400 4990

Rate (Hz/PMT) 50781 34640

* Bruit de fond de radioactivité
ambiante : 35 KHz / PMT
* Trop élevé pour le chip MAROC
 Coincidences X.Y : 8 KHz : OK

* TRIGGER LVL1 coincidence X.Y

* « intelligente » (géométrie plausible ou
pas selon signaux aux 2 extrémités de
la fibre)

* FPGA dans une carte « concentrateur »

PMT
HIGH ANALOG
VO LTAGE ouT
' ANALOG
IN
MARO C BOARD

FAST ANALOG FAST
LOW SERIAL ouT OR

I
I
I
I
I
I
I
I
I VOLTAGE LINKS (CHARGE) (TIME)

CONTROL
SGNALS

SN

1 |

HIGH LOW FAST  ANALOG FAST CONTROL PULSER
VOLTAGE VOLTAGE SERIAL  OUT OR SGNALS
LINKS (CHARGE) (TIME)
READOUT BOARD
FAST FAST
SRIAL OR LOW
LINK CLK (TRIGGER) VOLTAGE
CONCENTRATOR BOARD




@ Carte GDCC développée pour CALICE au I_/I/L

7.6 m

=

E =
cables

PM3

,{\ '\ 4

CONCENTRATOR
BOARD
(GDCC)

LB

10

ARCHITECTURE POUR 1 MUR

EAPE A

B

PM4

N

o

™
>

i
A

N

7

2

o,
N
>

HIT

PM1

!

IPHC Strasbourg

MAROC1

ANALOG
ouT

(CHARGE) DATA  RST CLK

Y V

INFN Frascati
READ OUT1

FAST OR
DATA  RST CLK

(TRIGGER)

N N

CONCENTRATOR
BOARD

LU

DAQ : DUBNA




&

* USB pour debug

VME

La carte GDCC

* Format : VME 6U (connecteur J1 pour tensions)
* 1/3 mezzanine avec connections vers cartes Read-out
* 2/3 carte mére avec Xilinx Spartan XC6SLX75 + Marvell

uSB

RJ45 & sfp fiber

Main
board

7 x DIFs HDMI

Mezzanine board

CCC HDMI

* Adaptation principale : MEZZANINE pour 16

connections

*Révision du routage de la carte mere
*Upgrade du FPGA pour performances et
approvisionnement



Contributions du LLR (APC)

JUNO light read-out system: Margeria

1. ~17k 20-inch PMTs (LPMTs)
2. and ~34k 3-inch PMTs (SPMTs)

SPMT physics concept was approved by
JUNO collaboration in July 2015. The project
design was approved in January 2016

The dynamic range for LPMT is very
different between events @detector
center and @edge, while SPMTs work in
photon counting regime for all events

o B AR AN 1P ML il
2 0O 50 60 70 80 90 100

« 1t goal: use SPMT to calibrate the LPMT N_pe per PMT
energy response, reduce systematics and improve energy resolution
« 2nd goal: natural extension to high energy physics (as muon reconstruction)

« 3rd goal: supernova neutrinos
+ 4 goal: oscillation analysis with SPMT system only
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The reconstructed energy with SPMT represents the truth while with LPMT

Is biased.



Light Concentrators

Example of Detection  Collection Efficiency
Efficiency for a 20” PMT decreases + PMT-to-
4os ‘ PMT spread

L
02— — Single PMT RS LC \
¢ Average \ \
N

PMT

20 25
Photocathode p (mm]

Presently LCs are an option for:

1. Occulling the PMT edge, where the
CE decreases

2. More uniform light collection across
the detector

3. Recovering (good) light if the
number of PMTs is fo be reduced
(clearance between PMTs still to be
defined)

\ \&
Margherita

Originally proposed to mask
the photocathode edge and
to transmit light fowards the
center (better performing) of
the photocathode.

Simulation studies performed in
collaboration with APC, INFN
and IHEP.

Proposed to the collaboration
in January 201 6.

OLC cut for clearance 60mm OLC cut for clearance 45m

120" PMT 120" PMT

Prototyping under study in China
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Extended

Proposal for an Extended Run of T2K to 20 x 10*! POT

K. Abe,% H, Aihara, 19 J. Amey,'® C. Andreopoulos,*»% M. Antonova,'® 8. Aoki,20
D. Auticro,® S. Ban,2! F.C.T. Barbato,'® M.Barbi.% G.J. Barker,” G.Barr,?
P. Bartet-Friburg,®® M. Batkiewicz.” V. Berardi,"* S. Bhadra,”® J. Bian.? S. Bienstock,™
A.Blondel® S. Bolognesi,® S. Bordoni,'" $.B. Boyd,* D. Brailsford,? A. Bravar,®
C. Bronner,'9 M. Buizza Avanzini” J. Caleutt. 26 R.G. Calland,'® D. Calvet3
T.Camphell,® S. Cao?* S.L. Cartwright,*! R. Castillo,'! M.G. Catanesi,"* A. Cervera,”?
D. Cherdack.® N. Chikuma,* G. Christodoulou, A. Clifton,* J. Coleman,
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Abstract

Recent measurements at T2K indicate that CP violation in neutrino mixing may be
observed in the future by long-baseline neutrino cscillation experiments. We propose
an extension to the currently approved T2K running from 7.8 x 10% protons-on-target to
20 x 10! protons-on-target, aiming st initial observation of CP violation with 3 & or higher
significance for the case of maximum CP violation. The program also contains a measure-
ment of mixing parameters, fog and Am3,, with a precision of 1.7° or better and 1%,
respectively. With accelerator and beamline upgrades, as well as analysis improvements,
this program would occur before the next generation of long-baseline neutrino oscillation
experiments that are expeeted to start operation in 2026.

MR Power Supply upgrade
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Extended T2

TABLE I: Number of events expected to be observed at the far detector for

0.1
21 21 - : 0 fetinal 3 "
10 x 10** POT v- 4 10 x 10** POT 7-mode with a 50% statistical improvement. | L=295km, Sm22e13=0.1
Assumed relevant oscillation parameters are: sin” 2613 = 0.085, sin” flp3 = 0.5, 0.08 H#Ml =0
AmZ, = 2.5 x 1073 €V2, and normal mass hierarchy (NH). ? — 5=1/21
ignal | Signal |Beam CC|Beam CC TOOG iy
Signal | Signal |Beam CC|Beam CC >:L = -1/21
True dcp|Total Vp = Ve |Vp—Ve| Vet Ve | Up+ Ty NC E 0.04 normal mass
ordering
v-mode 0 467.6 356.3 4.0 73.3 1.8 32.3 »+ inverted mass
002 H ordering
v sample| —m/2 |558.7| 448.6 2.8 73:3 1.8 32.3 N
7-mode 0 133.9| 16.7 73.6 29.2 04 14.1 0_
7, sample| —m/2 [115.8] 19.8 | 52.3 29.2 04 141 0 1 2
E, (GeV)
Beam CC|Beam CC|Beam CC|v, — v+
Total | v, I Ve+Pe | By =7 | NC
- — 0m————T—rrr
vmode v, sample[2735.0] 23030 | 1582 | 16 [ 72 im0 e cl? AP0 Wl sl B, vt ]
7-mode 7, samplo|1283.5| 507.8 | 707.9 | 0.6 | 1.0 |66‘2 ? [ = 20x10'POT wl eff. stat. & sys. improvements q E-) - === 7.8x107'POT w/ 2018 sys. ems. i
a L === 7.8x10°'POT wi 2016 sys. errs. . ‘@ {5 — True sin', =043 _
Q {5f— Tuesii 04 i B[ Tmesn,08 1
B I s Tr00 sin:93=0.50 - ) | == True sin8,;=0.60 4
- 5 SR -1 'U - -
| == True sin",,=0.80 4 i -
8 i = i 3 10rac
0 LY S /i, \ VRS | 1 00 1 S N
2 10— = X R i
Q B 7 Q FeencL ¥ N e
X g 0 L ]
o ] & b R
9 5_ 7 NN - Q0% CL s DN e Gz 1]
® 1 a [/ . X
4 0|.1|.|..|r PREERTIN BETRRT. Y |
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True Oc()

() Assuming the MH is unk (b) Assuming the MH is known — measured by
a) Assuming the MH is unknown.

an outside experiment.



Hyper-K proto-collaboration

Inaugural Symposmm@Kashlwanoha January 2015

NOT FOR DISTRIBUTION
ONLY FOR INTERNAL USE

Inaugural of the H;
.

~(\C

)O Hyper-Kamlokande

Design Report

Version 2 (Dated: February 7, 2016 )

* International Hyper-K group has been established
* International interests to the project
¢ ~250 members, ~70% from abroad

* MoU between UTokyo/ICRR and KEK/IPNS
¢ Int. Hyper-K Advisory Committee has been launched.

& Vous avez retweeté
vper Hyper Kamiokande (@ HyperKamiokande - 1 juin Voir la traduction &
K "J-PARC upgrade for HK is the highest priority”, KEK Project

VPER Implementation Plan, N. Saito, kds.kek.jp/indico/event/2...
KEK Project Implementation Plan Review
* Priority of new projects to be promoted with a major

budget request was discussed.

KEK-PIP Advisory Committee Meeting Project to be prioritized:

P to Monday, 23 Mey 20 COMET
J-PARC upgrade for Hyper Kamiokande
Hadron Hall Extension

Nanace (Lasarre;

H-line and g-2/EDM
LHC and ATLAS
Super Computer
RNB

Hyper Kam i°kande m:";“ Separate prioritization

ight S
@HyperKamiokande Light Source

Go to day L3

PIP review concluded that “J-PARC upgrade
for HK is the highest priority”.



Nouveau design (et cout)

e \VVertical tank a la SK
¢ 2 Tanks with staging

| 1Tank
¢ Cylindrical Tank: 60m(H)*x74m(D)

* VVolume: Total 260 kton

* Fiducial volume(FV): 190 kton

~10x SKFV

~ 5 x DUNE ‘

~ 1/3 x original HK design
* PMT coverage 40%, 40,000 ID-PMT, 6,700 OD-PMT
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Single Photon Detection
Efficiency (arbitrary)
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Injection position (degree)

e Efficiency x 2, Timing resolution x 1/2
* Pressure tolerance x 2 (>100m)
* The impact is large to physics sensitivities
and detector design optimization
* enhance p—VvK+ signal, solar v, neutron
signature of np—d+y(2.2MeV)
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CPV sensitivity

J-PARC v beam + Hyper-K

® Exclusion of sindcp=0
e 80 for 0=-90° (T2K best fit)

® 80% coverage of 0
parameter space for CPV
discovery w/ >30

® Ocp precision measurement
e 20° for 6=-90°
e 7° for 5=0°

sindcp=0 exclusion
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ZE)TS 201612017 | 2018 | 2019|2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026

tailed

C Operation )

Cavity [excavatjon

Access|tunnels

witer

filing

senspr installation |

DUNE non-beam

— Hhoto-sqnsor Pr

bvelopmient

o o

2018~2025 HK construction DUNE beam
e 2026~ CPV study
Atm - Solar - Supernova v study, Proton decay searches

(Note) In the physics potential study, assumed are start of 2nd tank
operation 6 years after the start of 1st tank.



Le prix Nobel 2015

N -/

Kamiokande SNO
a a Torn between identities - tau-, electron- or myon-neutrino?

SUPER-
KAMIOKANDE
KAMIOKA, JAPAN

SUDBURY NEUTRINO OBSERVATORY (SNO)
ONTARIO, CANADA

PROTECTING ROCK

Both electron neutrinos
alone and all three types of
neutrinos together give sig-
nals in the heavy water tank.

PROTECTING 2100 m

1000 m ROCK EOI5

Muon-neutrinos
arriving directly
from the
atmosphere

\!

Light detectors
measuring Cherenkov
radiation

Muon-neutrinos
give signals in
the water tank.

Nobel

CHERENKOV
RADIATION

Muon-neutrinos
that have travelled
through the Earth

CHERENKOV
RADIATION




Explosion de la supernova SN 1987A
Prix Nobel 2002 (Kamiokande) pour la détection de 11 neutrinos émis
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La collaboration Super-Kamiokande (SK) a décidé tres
récemment de rajouter du gadolinium (Gd) dans sa cuve d’eau
pour élargir son domaine de recherche a la cosmologie. L'objectif
de ce projet sera d’identifier les antineutrinos de basse énergie
grace a la capture des neutrons produits par l'interaction faible
des antineutrinos électrons avec I'eau.

Cette nouvelle technique doit améliorer considérablement,
environ d’un facteur mille, la sensibilité du détecteur SK pour la
détection du Fond Diffus des Neutrinos de Supernovas
(DSNB) émis lors des explosions de supernovas.
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~ 5-6 evts/an

Notre projet : rejoindre la collaboration SK pour la physique « basse énergie » dés la fin de I'année.




EGADS Hall =
(2500 m?)

L +=-| Gadolinium Water
J 17| System Hall

(4000 m?)

EGADS Gd2z(S0a)s + x - H20 concentration

— 1500
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.g Sampling position:
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o
Q - Centre
S - Top
500
0 ‘l- 2014 2015 2016
25iDec 23Feb 24Apr 23Jun 22/Aug 210ct 20/Dec 18Feb 18/Apr
25/Nov 243an 25/Mar 24May 20/Nov 190an 19/Mar 18/May

Sampling date’
Our Gd-capable water system really is lossless (>99.99%) — the
fully-loaded EGADS tank has been turned over 250 times so far.



Cherenkov Light Left (%)

] Cherenkov light left at 15 m for EGADS detector
90

Blue band: SK-IIT and SK-IV values.
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New gadolinium Water system hall (“Hall G”); ; _HaII G ready for-occupancy;

September 10%t, 2015 [photo by M. Nakahata] é April 22", 2016 [photo by M. Ikeda]
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Next topic: reduction of introduced background

Intrinsic radioisotopes in Gd,(SO,), could add low
energy background in 8B solar v region of spectrum

* BG reduction =¥ Purification of 100 tons of Gd,(SO,),

Typical Gd,(SO,); on the market For DSNB

Expected signal ~5 events/year/FV
238 Spontaneous Fission:

" '_‘ - % ~5.5 [ y(Ey>10.5 MeV) + 1n] / year / FV

oy 2381 50 1 order reduction

226Ra 5 For solar neutrino

228R3g 10 Current BG ~200 events/day/FV
232Th

228Th 100 * U(n) ~320events/day/ FV

2354 32 1 order reduction
= 222277'_0;;/ 300 * Th/Ra (B,y)~3 x 10 ®events/day/ FV

3 orders reduction




NOvVA
2% Fermilab

HYPER-K DUNE

Kamiokande
(1983-1996)

Electronics

X17

(x25 fiducial mass)



events/10years/2MeV

V, reactor
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) Juin 2016 : Participation du LLR tres encouragée
s ra.,t_mfff!'.';.k; .............. par PIN2P3
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Novembre 2016 : Réponse de la collaboration SK

2018 : Vidange compleéte de SK

2019 - 2020 : premieére prises de données

~ 2028 fin des prises de données SK



T2K, WAGASCI, JUNO, T2K-ll. Un programme de physique
neutrinos « oscillations » cohérent. Potentiel de découverte trés
important

Super- Kamiokande. Ouverture vers une nouvelle physique pour
nous. Programme trés ambitieux (technologiquement) avec la
aussi un potentiel de découverte trés important

Hyper- Kamiokande. Sans doute le prochain projet a moyen
terme. Physique de « précision ». Coit raisonnable & technologie
connue.

Besoin de renforcer le groupe, CR2 ou CR1.

Déja un des groupes neutrinos le plus important de PIN2P?
(3 thésards par exemple, unique en France) mais cela n’est
pas suffisant!



