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3’’ Outer Detector (OD) PMTs

19×3’’ multi-PMTs
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Advantages:
● Superior photon counting
● Improved angular acceptance
● Extension of dynamic range
● Intrinsic directional sensitivity
● Local coincidences 

5MeV electrons generated 
with dwall < 2m

HK FD preliminaryHK FD Simulation studies 

Preliminary results:
● Vertex and angular resolution 

better for low energy 
● At high energy: muon/electron 

separation improved near the 
wall; vertex resolution improved

● Improvements strongest near 
edges of FV

FD mPMTs mPMT:
 19 3’’ PMTs and electronics arranged 

inside a pressure resistant vessel

HK FD preliminary
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mPMTs in HK – synergies

FD mPMT

Common R&D but :

FD mPMT different from IWCD mPMT:
● Withstand pressure → robust backplate, POM-C cylinder
● Low radioactive contamination
● Different (slower, low power) electronics

LED-mPMT:
● 5 PMTs replaced with LED
● Mechanics: same as FD mPMT except for PMT support
● Electronics: same as FD mPMT

800 mPMTs for the Hyper-K FD assembled in different sites: 
● Italy: 300 mPMTs (part of Jennifer3)
● Poland: 300 mPMTs
● Canada: 200 LED-mPMT

400 mPMTs for IWCD

LED-mPMT
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WCTE experiment

● The 4 FD mPMTs installed in the bottom frame of WCTE
● We developed an alternative DAQ based on a hybrid Midas-ToolDAQsystem
● All the boards have network connections. Firmware of both Main Boards and Front Ends have been 

updated remotely many times without problems
● Large set of data collected during the beam time

 100 mPMTs installed at CERN

4 FD mPMTs  built in Naples
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10 days log

● All the systems are very stable
● No pressure or humidity increase/decrease
● ZYNQ temperature as expected is less than 10 

degrees over the PCB temperature

Pressure, temperature and humidity

No apparently water leaks or degassing in WCTE up to now. History data are recorded 24/7 so we will 
investigate the data even in the future to check for possible trends. 
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Trend of beam spill clearly visible

Ratemeter monitoring
● Real time monitoring of ratemeters
● Substantial light leaks in the tanks and also possibly a bad LED generating light in the tank gave 

high rate for weeks.

● Pushed a lot of work on DAQ, firmware finalization and testing.
● Preliminary analysis of data shows good performance of mPMT and DAQ system. 
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FD mPMT Schedule

Procurement of the 
elements for the 
construction will be 
completed in the first half of 
2025

mPMT production will 
start in October, 2025. 



In 2025 and 2026 the participation in person to HK and FD2 meetings of the different FD2 tasks 
responsible involved in Jennifer 3 (Task 3.2) foresees to 2 meeting per year:

● Gianfranca De Rosa (INFN-NA): WG leader
● Aurora Langella (INFN-NA): PMT
● Roberto Spina (INFN-BA):  Mechanics
● Davide Bianco (INFN-BA): QA Manager
● Beranrdino Spisso (INFN-BA):  Shipment

The preparation and calibration activities will be organized before or after the collaboration meetings 
and will involve also other members of the Jennifer3 collaborations. 

At the beginning of 2026 technicians and responsible of transportation will travel for preparing the 
Storage site for the mPMT and from 2027 the presence in Japan increases for installation and final tests 
in loco.

Travels – to Japan of FD mPMT participants
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Outer Detector 3’’ PMTs



 Veto cosmic muons based on PMT hits and aid event selection
 Requires high collection efficiency of low intensity light
 3600 3’’ Photomultiplier Tubes (PMTs)
 Walls line with reflective Tyvek
 Wavelength-shifting (WLS) plates enable collection of UV photons

Outer Detector
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 Tendering at University of Tokyo now in progress
 OD PMTs observe <5 p.e. for majority of muons

 Single-photon sensitivity is important
 Main requirements:

 Waterproof and resistant to high pressure (10 bar)
 Low dark rate (< 2 kHz)
 High Quantum Efficiency across Cherenkov spectrum
 High collection efficiency including at high angles (WLS plates)

Two candidate OD PMTs

Hamamatsu (HPK)
 R14374-31

NNVT N2031
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● Both PMTs meet basic requirements (in KCL, Glasgow, RAL, Kamioka)
● HV at target gain, Charge and time resolution, Dark rate at 25°C, 

Peak-to-Valley ratio, power consumption
● Pure water and high pressure (10 bar) resilience (KCL, Prague)
● Continuing angular dependence and quantum efficiency at KCL

● Previous measurements saw variation at 40° polar angle
● Important due to WLS plate connections

● Hamamatsu is adding damping resistor to reduce PMT ringing
● NNVT is finalizing their waterproof design with an RG58 cable

Measurements in the UK laboratories

Measurements at KCL

45∘
60∘

75∘

0∘
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Evaluation metric
● Hamamatsu PMT has superior performance in most metrics - 

except price

● Tender in process - receiving PMT samples and continuing 
testing

● Evaluation based on quantum efficiency at 0° for Cherenkov 
light and 50° for shifted light from WLS plates (with relative 
weighting factor ΓP)

NNVT quote HPK quote
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OD PMT Quality Assurance
 Milestone, EMD: 36

”Complete quality assurance of the OD photosensing system.”
 Selecting space for the QA – several candidates (Summer 2025)
 Developing methods and DAQ systems in the UK
 Moving to Japan for testing at site in the end of the year
 Start of QA together with start of PMT delivery – March 2026
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Schedule

We are here

1st PMTs Arrive

All PMTs  
Delivered

Contingency now 
eaten up

On track to deliver 
1st PMT in Feb 2026
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Thank you!


