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3” Outer Detector (OD) PMTs
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FD mPMTs

Advantages:

Superior photon counting
Improved angular acceptance
Extension of dynamic range
Intrinsic directional sensitivity
Local coincidences
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mPMTs INn HK — synergies

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

==
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 § g (
* Electronics: same as FD mPMT




WCTE experiment

~ 100 mPMTs installed at CERN
4 FD mPMTs built in Naples

14

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



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

e

degrees over the PCB temperature ,,,,,,,,, B e e —

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. 6



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



FD mPMT Schedule

2024 2025 2026 2027 2028
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> WCTE mPMT A < <

4« FD mPMT Overall design |
Assembly of 5 FD mPMTs for WCTE =T
Engineering Design Review (Mechanics) -
Engineering Design Review (Cables) - Procurement Of the
Electronics system test -Il e|ements for the
Final Electronics Design Review H ) )
Proceed to final prototype { 30/05 construction W|” be
“nalprototype completed in the first half of
Final Design Review (CWR) — =

& 2170 2025

Collaboration Review for cables and connectors

Proceed to contract negoziations for cables and % 04/03

connectors ] ]
«Mcc ! MmPMT production will
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MG Vesaal — . start in October, 2025.
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> Electronics <
> FD mPMT assembly an delivery - <> <
> IWCD mPMT assembly <




Travels — to Japan of FD mPMT participants

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.



Outer Detector 3" PMTs



Outer Detector

Al * Veto cosmic muons based on PMT hits and aid event selection
)<> Hyper-Kamiokande * Requires high collection efficiency of low intensity light
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Two candidate OD PMTs

* 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: ’ D
* Waterproof and resistant to high pressure (10 bar) ams%g 1 )
* Low dark rate (< 2 kHz) -w
* High Quantum Efficiency across Cherenkov spectrum
* High collection efficiency including at high angles (WLS plates)
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Measurements in the UK laboratories

* 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
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Evaluation medtric

* Hamamatsu PMT has superior performance in most metrics - r
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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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Task Name Duration |Start Finish
Q Mo 2025 2026 2027
Q2 | 03 | a4 1 Q1 102! @31 @4l a1l @l a3las ! q1laq2l a3l
17| .y PMT 753daysMon 23/12/18 Mon 26/11/02 1
E.;e.--.-, R&D 130days Mon 23/12/18 Fri 24/06/14
=l PMT Retesting (Dark, P/V, gab4days Thu 24/08/22 Tue 24/11/05 -
200 wm Production tendering and  233days Wed 24/09/11  Fri 25/08/01 I 1
contract
21] wm Request for Information 45davs Wed 24/09/11 Tie 24/10012 -
| v
225 e Request for Comments 45days Mon 24/12/16 _ Fri 25/02/14 i
i Bidding 75days Mon 25/02/17 _ Fri 25/05/30 N
24wy Contracting A5days Mon 25/06/02 Fri 25/08/01 -
hd
2557 Contingency - PMT Contract Odays Fri 25/08/01 Fri 25/08/01 t08/01
26wy PMTs -Proceed to mass Odays Fri 25/08/01 Fri 25/08/01 08/01 ¥
production
ID Task Name Duration |Start
Maas 2024 2025 2026 2027
1 ﬁ e = - 3537007 2nd Half ist Half | 2nd Half ist Half | 2nd Half | istHalf | 2nd Half ‘ 1t Half | 2nd Half |
- Overall design 41.5daWe ‘ I 1
ZE-.'; Engineering Design Review52days Wed 23/09/20 All PMTs
13 s Design Except Tyvek 165daysFri 23/12/01 K> ¥ Deli d
o] - Tyvek Design 321daysWed 23/10/- > L
E - Fundin 458daysMon 24/04/( < <&
8w [PMT 795daysWed 23/10/ o o |
37 . WLS plate 660daysMon 23/11/i > <&
i Bl PMT+WLS QA/Assembly 388daysFri 25/06/20 > b
75 wm Tyvek W/W 298daysWed 25/12/: <
E - Tyvek B/W 440daysThu 25/01/0 <5 S <&
i Bl Installation Targets 174daysWed 26/07/( 1st PMTs Arrive |_
. Top Odays Wed 26/07/C <\ * 07/01
! b Upper Barrel Odays Tue 26/09/0; + 09/01
: b Lower Barrel Odays Sun 26/11/0 ¢ 11/01
109 |2 Bottom Odays Fri27/01/01 ¢ oi/01 16
104 End of PMT Odays Mon 27/03/C ¢ 03/01




Thank you!



