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1. The Japan Neutrino Program

From KamiokaNDE to our days
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The beginnings

Start of the 
KamiokaNDE
experiment

First neutrino 
observation from a  

supernova explosion

1983

1987
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Second Generation

Start of the
Super-Kamiokande

experiment

Discovery of 
atmospheric neutrino 

oscillations

1996

1998
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Pioneering Discoveries and the T2K Era
Nobel prize for the 

neutrino observation 
from SN1987A

Start of the
T2K experiment

2002

2009
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Astrophysical Observations

Nobel prize for the 
observation of

neutrino oscillations

T2K observs for the 
firts time CP violation 

in leptonic sector

2015

2019
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Third Generation

Beginning of the
Hyper-Kamiokande

construction

Start of the
Hyper-Kamiokande 

experiment

2020

2027
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Next Milestone

Possible measure 
of CP violation in 
leptonic sector?

2035
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2. The Hyper-Kamiokande Experiment

The new fronteer
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The Hyper-Kamiokande Experiment

Near detectors

Ingrid ND280

Intermediate 
detector

IWCD
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Hyper-Kamiokande physics

Astrophysical neutrinos Solar neutrinos

Accelerator neutrinos

Atmospheric 
neutrinos

Proton decay
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Hyper-Kamiokande physics
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Experiment objectives:
Å Investigate CP-violation in leptonic sector

Å Study neutrino oscillations (from atmospheric, 

accelerator and solar neutrinos)

Å Study of the neutrino mass ordering

Å Study of proton decay

Å Observe and study astrophysical neutrinos

Astrophysical neutrinos Solar neutrinos

Accelerator neutrinos

Atmospheric 
neutrinos

Proton decay
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Hyper-Kamiokande Far Detector

ÅWorld largest detector for nucleon decay and neutrino experiment , ~8.5x fiducial volume of Super-K

ÅWorld most intense neutrino beam, J-PARC beam intensity upgrade up to 1.3 MW

Å New and upgraded near detectors to control systematic errors (see talks of S. Levorato & T. Kikawa)
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Hyper-K characteristics

Depth 650 m

Diameter 68 m

Height 71 m

Fiducial volume 188 kton

Total volume 256 kton

# internal PMTs 20,000

ΞΜќќШÂ~Ñ

ΟќќШÂ~Ñ

Outer veto 
Detector

Inner 
DetectormPMT



A new detector for Hyper-K

3. The mPMT module



20%
photo-coverage
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ID Photodetectors

20" R12860-HQE B&L PMT

mPMT module

Hyper-K will be also equipped with 
808 multi -photomultiplier modules
called mPMTs

EeachmPMT is equipped with 19 
Hamamatsu R14374 PMTs

Main focus of this talk

mPMTs will be the only 
photodetector in IWCD
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3" R14374 PMT

Hyper-Kamiokande will be instrumented 
with 20,000 42ҲҲ"rjqvqownvkrnkgtu

The PMT are the newly developed 
Hamamatsu R12860

PMT improvements compared to SK:
Å higher pressure resistance
Å double detection efficiency
Å half time&charge resolutions



O-ring 2

O-ring 3 
(cable penetrator)

Transparent top cover:
Å Low radioactivity 
Å Refraction index similar to ultra -pure water
Å Ease of manufacture and low cost

Acrylic Dome

Optical Gel

Transparent silicone rubber gel for optical coupling:
Å High optical transparency
Å Refraction index close to water 
Å High stiffness and elasticity
Å Long-term stability (20 years)
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Top Side
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O-ring 2

O-ring 3 
(cable penetrator)

19 Hamamatsu R14374 
with an isolation coating

Front-End Board

Å 1-100 p.e. dinamyc range
Å Acquisition up to 1 MHz (19 

channels)
Å 40 mW power consumption
Å Low noise (~0,01 p.e.)
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Single Channel Electronics

Å Cockroft -Walton generates up 
to 1500 V

Å I/V measuring circuit
Å 3 mW ultra-low power 

consumption

High-Voltage Board
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Electronics tested
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HV switching noise on trigger line HV stability for 24 hours

Charge linearity HV noise on charge resolution
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Å Power-over-Ethernet power supply 48V
Å 2 - 48V to 5V DC-DC converter (redounded in OR)
Å AMD ZYNQ SoC + SAMA5D27 (redoundancy) 
Å Temperature, Humidity and Pressure sensors
Å Low power consumption ( < 3W)

mPMT MainBoard

PMT 
connectors

Power EN
OVC Prot.

Enable

OVC

P
M
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Single channel x 19

512MB DDR

Quad SPI 8GB

DCDC 
48 to 5

Ethernet 

Ethernet PHY

DCDC 
48 to 5

FTDI
USB

A
C

Q

JT
A

G

SAMA5D27

CLK + TRG

Redundancy
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5V to
1,1.35,1,8,2.5,3.3

POE

POE



O-ring 2

O-ring 3 
(cable penetrator)

Cable 
Penetrator

Submarine industrial cable:
Å Polyurethane jacket
Å Ethernet communication
Å Sealed with resin
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Bottom Side
Backplate and

MainBoard
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mPMT features

Improved reconstruction

Better reconstruction for Low Energy Events

Failure rate reduction

A single channel failure does not 
compromise the entire detector

Extension of dynamic range

Each channel can detect up to 100 
photoelectrons

Intrinsic directional sensitivity

Reconstruction of the directions from 
which photons come from the study 
of charge distribution

Dark rate reduction

Dark rate can be reduced studying 
local coincidences
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Better timing resolution

Lower Transit Time Spread of PMTs
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mPMT for Calibration
Water absorption assumed ±10%
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mPMTs will be fundamental for water 
calibration  as showed by simulations

Statistical uncertainty:

Å  > 5% w/o mPMTs 

Å ~2% with ~300 mPMTs

Using even more mPMT also:

1. Increases the vertex reconstruction capabilities at low energy

2. Increases vertex reconstruction near the wall at high energy

3. Makes the fiducial volume bigger removing noise from walls
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Multi -ToT
Charge measure with ADC: 800 ns

vs
ToT measure with comparator: few ns

Keep taking data during ADC deadtime

Reconstruct charge from ToTMain Hit event (Charge + ToT)

Sub-Hit event (ToT)

Sub-Hit event (ToT)

Sub-Hit event (ToT)

Sub-Hit event (ToT)

Main Hit event (Charge + ToT)

800 ns
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ToT vs Charge matrix



Charge reconstructed vs ToT
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Multi -ToT Results
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Advantages of the multi -ToT technique:

Charge measured vs charge reconstructed

1. Deadtime reduction from 800 ns to ~50 ns

2. Doubled the charge dynamic range 



PMT tests during mass production
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The first  batches of PMTs will be tested to ensure 
compliance with the collaboration requirements.

These tests will then be carried out on a sample basis 
during the entire assembly process.

Basic features like TTS, dark counts and gain will be 
measured.

After assembly, each mPMT module will be tested to 
ensure that the channels are working correctly.

Time (ns)
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Transit Time Spread (TTS)
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Darkrate monitoring
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Electronic tests during mass production
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The single-channel electronic boards will be tested by the manufacturers. 
The test is done by automatic testing stations/boards developed in Naples.

These stations will test the most sensitive components of the board and 
make some data acquisitions.

The results of these tests will be stored in JSON files in order to have a 
complete database of all the electronics of all the mPMTs.

HVB testing system

FEB testing system
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Current and Voltage automatic monitoring
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The first experience with mPMTs

4. WCTE@CERN
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Water Cherenkov Test Experiment
The WCTE acts as a technology demonstrator for water 
Cherenkov detector technologies developed for
Hyper-Kamiokande and IWCD.

Hyper-K and IWCD need to be calibrated and their responses 
understood with about 1% accuracy. This involves precise 
modeling of various factors like energy scale and detection 
efficiency. WCTE will help develop these calibration techniques 
and study key physics processes.

Hyper-K mPMTs
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mPMT in WCTE
Results after the first run:

ÅAll the mPMT worked fine until beam shutdown

ÅThe assembly procedure for mPMTs is correct

ÅThe vessels are watertight, not water inside

ÅNo data loss, even during beam spills

Trend of beam spill clearly visible

Rate mPMT 01
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Coincidences rate mPMT 01 ҭCH8 vs All
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WCTE Data
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The data looks really promising, an initial analysis was performed to check the detectors performances:

Å Rates of coincidences 1 Channel vs All reduced intrinsic noise

Å ToT vs Charge matrix to control possible PMT afterpulse/prepulse (malfunctioning channel found)

mPMT 1 ҭChannel 1 ҭToT vs Charge

Possible afterpulse zone
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mPMT 1 ҭChannel 12 ҭToT vs Charge

Working channel Broken channel
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Summary

ÅConstruction phase extended by 6 months, due to changes to the top structure

ÅEnd of detector construction and start water filling May 2027

ÅStart of operations expected in Dec. 2027
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Cavern, Tank, Installation

Photosensors

Near detectors, IWCD, beam



Thanks for your attention



Backup



Physics performances
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ÅDiscovery of CP violation at > 5„ for > 60% of ‏  
Å1„ resolution of ‏  in 10 yrs

CP violation

ÅMajor improvement in supernova burst 
neutrinos measurements

Astrophysical neutrinos

Time window 10 kpc (galactic center) 200 pc (Betelgeuse)

0-1 sec 24,000-30,000 events 60,000,000-75,000,000 events

0-10 sec 47,000-72,000 events 117,500,000-180,000,000 events
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Supernova Discrimination
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Data from neutrino events in supernovas can be used to discriminate 
various models of supernovas.

Simulations show that 300 events (first 500 ms from explosion) are 
enough to identify the model.

This ability will be a powerful tool for accurate simulations of the 
explosions observed in nature.

Source: https://doi.org/10.3847/1538 -4357/abf7c4

Hyper-Kamiokande has been designed to take data to the rate of the 
Betelgeuse explosion.
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