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Missing dynodes & drift ambiguity
→ less collection efficiency & charge

tail & worse time response

Super-K PMT (Photomultiplier tube) Hyper-K PMT

+2kV, 107gain +2kV, 107gain
Venetian blind Box & Line

High collection
efficiency (CE)

Uniform path
→ High charge&time resolutions

High Quantum Efficiency

BoxLi
ne

e-

Established in Super-K
Hamamatsu 

R3600
Hamamatsu 

R12860

Soft PE (polyethylene)

Hard & semisphere PPS 
(Poly Phenylene Sulfide Resin)

Installed 136 HK PMTs in Super-K (2018).

Hyper-K PMT

Single Photoelectron Detection

Performance Validation in Water

Φ68 m × H72 m

260k ton of
ultrapure water

3600 Outer Detector
Photosensors

800 Multi-PMTs
(50 cm mPMTs)
19 of 8-cm
PMTs and
electronics

40k slots max for
photosensors

Installation
in 2027

Hamamatsu Photonics K.K.

NIKKEN SEKKEI

22.5 (50) kton

Super-Kamiokande
(Super-K) since 1996

Wavelength
shifting plate 

+ 8-cm PMT
(Hamamatsu R14374)

φ39.3m  
H41.4m

Inner detector
50 cm Φ PMTs × 11,129

Outer detector
20 cm Φ PMTs × 1,885

Hyper-K

Super-K

Time [nsec]

Ev
en

ts

Hyper-K
Super-K

Photoelectrons

Ev
en

ts

53% →
35% σ

Time Charge

[p.e.]

×2 high detection efficiency

Super-K
PMT

Hyper-K
PMT

1±0.08 1.97±0.10

Evaluated with Cherenkov single photons

Time resolution at 1 p.e. [σ]

1.5±0.07 ns
Super-K

PMT

3.0±0.2 ns

Gain was calibrated to 1.7×107 for all PMTs, with longer 70 m cable length than Hyper-K’s.

Hyper-K
PMT Super-K PMT

1 p.e. resolution (σ/Mean)

27±4%  54±9%
Hyper-K

PMT

Evaluated performance of each HK PMT
compared with many Super-K PMTs in 2019.
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R3600
(Super-K)

R12860
(Hyper-K)photocathode

neck

Water-
proofed

Cover for Chain-
Implosion prevention 

(Acrylic + Stainless Steel)×8 Fiducial mass of Super-K

Deep-Water Tolerance
1. Bulb shape optimization

3. Glass thickness control

Stress at 
0.75 MPa

2. Waterproofing
improved

Glass bulb 3.1 ns →
1.7ns σ

Response uniformity is presented in Poster ID 443 (S. Horiuchi).

Quality Assurance
Visual InspectionSignal Check

Mass Test for Stability Monitoring
100 PMTs x 2 rooms

16 PMTs
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Sampling date during the mass production

About (5.5, 1.8, 18.2) Bq/kg in Super-K PMT glass
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After pulse rate [%]

Performance of PMTs sampled monthly Relative hit count of
after pulse to light signal

First results presented in Neutrino 2024 (C. Bronner)

surrounded by many Super-K PMTs

× 1/2 time & charge resolutions

Relative detection efficiency

× 2 high-pressure resistance (1.25 MPa max) 

Super-K

Quantum Efficiency Spectra

×1/2 iron (Fe2O3)
contamination

in glass brought
higher QE.QE at peak 

22% à 30% à 32%

Hyper-K PMTsQuality was monitored in 2021-2026.

• Bulb thickness scan
• Hydrostatic test (0.85 MPa)

à No rejected PMTs so far
• 1-week rate monitor

Individual control by manufacturer

8 PMTs x 2 cold rooms
with light sources

Performance Evaluation

LASER
Pulse

Glass sampling to monitor the Radio purity and Transparency

× 1/2 U and Th, 1/10 for K (and radon)

Prototypes

↓Due to
light leak

Dark hit rate by production lot

|          2023    |        2024    | 2025

After pulse by production lot 

|           2023     |         2024 | 2025

↓Due to
light leak

NOTE : Rate will be reduced
further in Hyper-K.

20000 50-cm PMTs

Hyper-Kamiokande
(Hyper-K) Detector

Monthly monitoring

New 50 cm PMTs were developed with significantly improved performance. All 20000 PMTs were purchased and covers are in production for the start of operation in 2028.

• New 50 cm PMTs were developed with significantly improved performance. 
• All 20k PMTs purchased, covers are in production for the start of Hyper-K operation in 2028.

• Cover assembly on the PMTs and their installation in Hyper-K are planned in 2027. 
• Functionality checks of all PMTs before and after installation will be conducted. 

compared to the Super-K PMT

Charge resolution σ [%]

23.1±1.0 % 3.5±0.9 %1.25
±0.06 ns

Timing resolution σ [ns]Monthly replacements to monitor the production stability.

At 1 p.e. At 1 p.e.


