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Super-K Gadolinium 2019 -

T2K  J-PARC  470 KW beam

T2K–II   J-PARC  > 750 KW beam

Une stratégie de groupe exceptionnelle 
pour un potentiel de découvertes hors du commun

2028
2030



Nos expériences en cours  
Physique des oscillations 



Matrices de mélanges  

Réduction progressive des 

incertitudes pour les leptons 



Les oscillations des neutrinos      



Faisceaux de neutrinos muons 



Oscillation results 
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Oscillation results 



Nos expériences en cours  
Mesures des sections efficaces à basse énergie 
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WAGASCI

50 K€ de l’X



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

Contributions du LLR   



WAGASCI



Nos expériences en cours  

Astronomie neutrinos avec Super-Kamiokande



Nos expériences en cours  

Astronomie neutrinos avec Super-Kamiokande

140 K€ de l’X



LLR group is the only French group in SK (since November 2016)

The goal of the upcoming upgrade is to improve neutron tagging for :

● anti electron-neutrino high efficiency detection
● background reduction at low energy

Upgrade for the experiment  



Supernova relic neutrinos 

Neutrino Astronomy     

Diffuse Supernova Neutrino Background (DSNB)   
Accumulation since the beginning of the Universe of past Supernova burst

Super-Kamiokande is expected to discover DSNB 



Nos expériences en cours  
Astronomie neutrinos avec Super-Kamiokande
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Astronomie neutrinos avec Super-Kamiokande



1.  Nos expériences en cours  

2.  Les upgrades T2K II  



Step by step 

● Decrease bunch intervals from 
2.48 sec to 1.3 sec, then 1.16 sec

● Increase protons/bunch from 
2.7 1014 to 3.2 1014

● Increase horn current form 
250 kA to 320 kA

Beam Upgrades (MR power supply, upgrade MR RF, …) 

Proposal for T2K phase II  @ 1.3 MW   (funded) 

Increase total delivered protons from  7.8 x 1021 to  20.0 x 1021

450

PHASE II

JPARC and Near Detectors     



Systematic errors for oscillation analysis    

Estimations and simulations will be based 
on T2K and SK studies with real data 

Goal
Reduction from  ~ 6-7% in T2K  to ~  3-4%  in T2K II  and  T2HK  

for the expected number of events.   

Beam flux,  XSections,  HK Detector,  New Near Detectors.    



Beam flux  and  Xsections

for T2K-II

T. Nakaya , LNI, KEK 2016

a) Sections efficaces neutrinos dans l’eau

b) Améliorations de l’identification des

neutrinos électrons à basse énergie

c) Détections à grand angle des muons

d) Détections des protons de faible énergie.

WAGASCI
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ND280 upgrades @ +2.5°
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Contribution technique du LLR 
électronique de lecture du SFGD



Contraintes
• Dimensions : ~ 200 x 180 x 60 cm3 ~ 2 m3

• De 60 000 à 90 000 canaux selon géométrie exacte (quadrants)

• Bilan matière aussi petit que possible entre SFGD et TPC
• et sur le trajet du faisceau

• Pas de lecture dessous

• Plus de place sur les côtés
• Front-end chips sur toutes les

faces sauf dessous

• DIFs sur les côtés, GDCC hors aimant

• Intégration mécanique non 
prise en charge 
actuellement
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Schéma de principe de la DAQ proposée
Développée pour CALICE/ILC et déjà adaptée dans T2K pour WAGASCI

Vue d’un module 
WAGASCI

RJ45 & sfp fiber VME USB 

Main 
part 

Mezzanine part 

Carte GDCC



Implémentation

• Environ 1700 à 2500 SPIROC2E (Omega) front end chips
• ADC 12 bits, TDC ~300 ps

• Environ 400 à 600 cartes front-end 

• 7 cartes DIF + 1 GDCC par quadrant

• Total de 700 W de dissipation / 8m²

• Coût approximatif : 600 k€



CS IN2P3  28 juin



1.  Nos expériences en cours  

2.  Les upgrades T2K-II  

3.  Le projet Hyper-Kamiokande  



CPV  studies     

Hyper-Kamiokande



JPARC Beam   +   Atmospheric  neutrinos  

M.H. determination ~ 5.       Good performance for octant determination  

Physics performance for oscillation 
parameter measurements      

Normal  Hierarchy

10 years 10 years

5 years



Proton Decay Sensitivity    

Great potential for discovery



Proton Decay Sensitivity    

Great potential 
for discovery





Nobel 2002            Nobel 2015                   Nobel 2028 ?              

Kamiokande

Super-Kamiokande

Hyper-Kamiokande

Neutrino Astronomy     

11 observed events ~ 250 events ~ 3000 events

Much more events … in addition to  reduced  background 



● HK can extend the supernova search   
distance to extra-galaxy such as    
Andromeda

● HK will test the supernova neutrino 
flux modulation

Supernova burst neutrinos 

Hyper-Kamiokande



Supernova relic neutrinos 

Neutrino Astronomy     

Diffuse Supernova Neutrino Background (DSNB)   
Accumulation since the beginning of the Universe of past Supernova burst

Super-Kamiokande is expected to discover DSNB 







Sensitivity goals were 
maintained for HK 
oscillations physics    



HK  photosensors R&D    



• Worldwide studies for new photo sensors detectors (JUNO,   
IceCube, KM3NET, …)  

• Foreseen collaborative efforts of HK with other experiments 



Possible contribution du LLR  (+  LPNHE)



If we locate the front-end electronics modules on the top of the detector, it is 
necessary to run the cable from the PMT to the roof and the detector structure 
has to support the weight of the cables, which is expected to be 800 tons. 

Thus, it would be possible to simplify the detector structure if we can reduce 
the weight of the cables. Also, the maximum length of the cable is ~ 30% longer 
than in the SK case. This not only reduces the signal amplitude, but also degrades 
the quality of the signal – the leading edge is smoothed out due to higher 
attenuation of the cable in the high frequency region. 

Therefore, we plan to place the modules with the front-end electronics and 
power supplies for the photo-sensors in the water, close to the photo-sensors.



Synchronization of the timing of each TDC or FADC is crucial for precise measurement of the timing of
photon arrival. In Hyper-Kamiokande, timing resolution of the photo-sensor is expected to be largely
improved. Therefore, we have to be careful with the synchronization of the modules . The design should
minimize the clock jitter, so that the timing resolution of the whole system is as good as possible. We are
planning to distribute the common system clock and the reference counter to all the modules.

Regarding the communication block, on order to reduce the amount of cables, we are planning to connect the
modules in a mesh topology, with each module connected to its neighbors. Only the top modules would be
connected to the readout computers. Each module will have several communication ports, so that a single
point of failure would be avoided. In case of failure of one of the modules, the data would simply be re-
routed to one of the neighbors, thus ensuring that communication path will be secured. It is expected to
have the following functionalities:

- receive the commands from the DAQ system and control the digitizer,
- return the status of the request from the DAQ system,
- receive the data from digitizer, keep them in the local DRAM buffer, and transmit to the DAQ system,
- receive the commands from the slow control/monitor system and control or monitor the slow control
- return the status of the request from the slow control/monitor system.





Prochaine décennie  

● Un potentiel unique de découvertes  « top niveau »

● Nous sommes le seul groupe français de la collaboration Super-K. 
Forte implication du groupe dans l’upgrade en cours.

● Proposition de participation technique aux upgrades T2K II 

● Hyper-K en voie d’obtenir ses premiers financements pour un début de 
construction. Projet de participation à l’électronique large PMT   

Notre demande au CS du LLR  (& CS IN2P3)

1) Reconnaissance et soutien pour notre programme scientifique

2) Soutien financier et technique (ingénieur) pour l’upgrade SFGD

3) Encouragement pour nous impliquer rapidement 
dans l’électronique R&D Large PMT de H-K 


