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Multi-PMT detectors
Key features:

ÅComposite detector built from 19 PMTs (Hamamatsu R14374)

ÅSealed in a waterproof container 

ÅGel to improve optical contact between PMT and acrylic dome

ÅWeight approximately50 kg, diameter 0.5 m

ÅIntegrated HV (Cockcroft-Walton base) & readout electronics

mPMTbenefits comparedto 50 cm PMTs:

Å Better time and charge resolution 

Å Directionality

Å Increasedgranularity

Å Low dark rate per channel 
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Hamamatsu R14374 PMT
Spectral response: 300 to 660 nm
Maximum response: 420 nm
Photocathode: Bialkali
Typical gain: 5×106

TTS: 600 ps(sigma)
Dark rate: 200-300 Hz



Where will we use mPMTs?
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Where will we use mPMTs?
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Hyper- Kamiokande Far Detector

Intermediate detector:
Å Main photosensors
Å Optimised for high rate 
Å Flash ADCs with full waveforms readout
Å Less strict reliability requirements
Å Relaxed restriction on power 

consumption
Å Around 360 mPMTs

Far detector:
Å Complementary detectors for calibration
Å Optimised for low power
Å Need high reliability 

(at least 10 years of operation)
Å High-pressure working conditions (~1 MPa)
Å Only Charge and Time 
Å Expecting 800 mPMTs

Intermediate Water Cherenkov Detector (IWCD)

20k 50cm PMTs



Water Cherenkov Test Experiment
Å.ŜŀƳ ƭƛƴŜ ŜȄǇŜǊƛƳŜƴǘ ŀǘ ¢ф ƛƴ /9wb 
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Å²ƻǊƪƛƴƎ ǇŜǊƛƻŘ млΦнлнп ςлсΦнлнр
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ŘŜǘŜŎǘƻǊ ϧ ƛƴǘŜǊŀŎǘƛƻƴ ǎȅǎǘŜƳŀǘƛŎǎ ǊŜƭŜǾŀƴǘ ŦƻǊ IȅǇŜǊπY /t 
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ÅtǊƻǘƻǘȅǇŜ ŦƻǊ L²/5Υ ǘŜǎǘǎ Ƴta¢ƎǊŀƴǳƭŀǊƛǘȅΣ ǊŜŎƻƴǎǘǊǳŎǘƛƻƴΣ 
ŀƴŘ ŎŀƭƛōǊŀǘƛƻƴ ǳƴŘŜǊ ōŜŀƳπƭƛƪŜ ŎƻƴŘƛǘƛƻƴǎΦ
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IWCD Multi-PMT assembly variants 
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Ex-situ In-situ
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L²/5 aǳƭǘƛπta¢ ƳƻŘǳƭŜǎ ŜƭŜŎǘǊƻƴƛŎǎ
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Multi-PMT assembly steps
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1.

2.

3. пΦ
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Quality assurance 
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ÅHV+FE testing:
ÅDedicated test device
Å C˃ programming, HV calibration, 

signal check

ÅMainboard testing:
ÅAnalog path, acquisition, clocks, 

power supply

Å3" PMT assemblies:
ÅAssembly = PMT + HV + FE card
ÅVerification before gelling and 

mounting in the mPMTmodules
ÅA set of 20 PMTs is tested in parallel
ÅChecks:gain, dark rate

ÅmPMTmodules:
ÅCheck operation in dark box using 

final DAQ
ÅSelected mPMTschecked in XYZ 

test stand using a picosecond laser



WCTE mPMTProduction 

03.09.2025 мл

ÅTotally assembled 100 IWDC-style 
mPMTsin Canada and Poland 

ÅFull production started in January 
of 2024 and was finished in June 
2024 with a production rate of 5 
mPMTmodules per week

ÅA total of ¬2000 3-inch PMTs were 
used in Poland and Canada

ÅProduced 38 Ex-situ and 62 In-situ 
mPMTs

ÅMore details: 
άAssembly, testing, and installation of 
mPMT photosensor for the Water 
/ƘŜǊŜƴƪƻǾ ¢Ŝǎǘ 9ȄǇŜǊƛƳŜƴǘέ 

https://arxiv.org/abs/2504.07216

mPMTs

PMTs

https://arxiv.org/abs/2504.07216


IWCD Multi-PMT Signal shaping 
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Signal shaping 
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FWHM =18.11 ns

PMT signal shaping circuit

ÅPhotomultiplier gain set to 5×106, which corresponds to 60 
LSB (least significant bit) for one photoelectron

ÅLow-pass 9th-order Gaussian filter (fcҒ нмΦт aIȊύ
Å12-bit 125 MSPS ADC 
ÅShaped signal parameters:
ÅRising time = 13.0 ns
ÅFalling time = 9.2 ns
ÅFWHM = 18.1 ns

ÅApproximately 4 samples per pulse
ÅWith a known signal shape and with a proper signal-to-noise 

ratio, we can calculate time and charge with high accuracy



IWCD Multi-PMT FPGA
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aǳƭǘƛπta¢ CtD! ŀƭƎƻǊƛǘƘƳǎ

14

FPGA implementation algorithms on :
Å Triggering:
Å Self based on pulse height and charge
Å Hardware trigger 
Å Software trigger at the designed time 

Å Pulse time calculation:
Å Digital CFD (constant fraction discriminator) with linear 

interpolation and correction
Å Pulse quality factor (0-best, 255-worst), computed as the Sum of 

Absolute Differences (SAD) between the signal with a hit and the 
selected waveform model

Å Lossless waveform compression reduces waveform size up to 60% 



IWCD Multi-PMT Fast LEDs
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Assembled Multi-PMT ςFast LEDs
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с ǎƭƻǿ [95ǎ ŦƛōǊŜǎ  ƻǳǘǇǳǘ 
ǿƛǘƘ ŘƛŦŦǳǎŜǊǎ

3 fast LEDs fibres output: 
diffuser, 15 or 30 degcollimators

Anodized aluminium reflectors 
around each PMT

2.09.2025

Å Each mPMThas three fast LEDs(wavelengths 365/405/470 
nm) used for timing calibration, gain equalisation, and 
monitoring; ex-situ optics: two 15° collimated + one diffuse; 
in-situ: two 30° collimated + one diffuse. 



Calibration procedures in WCTE 

2.09.2025 17

tǊƻŎŜŘǳǊŜ ǎǘŜǇǎ  Υ

Å {Ŝǘ ŦƛȄŜŘ I± ŦƻǊ ŀƭƭ ta¢ǎ 

Å CƭŀǎƘ ŀƭƭ ŘƛŦŦǳǎŜŘ [95ǎ ƛƴ ǎŜǉǳŜƴŎŜ  ŀƴŘ ǊŜŎƻǊŘ 
ǿŀǾŜŦƻǊƳǎ

Å /ŀƭŎǳƭŀǘŜ ŀƳǇƭƛǘǳŘŜǎ πҔ ƘƛǎǘƻƎǊŀƳǎ πҔ DŀǳǎǎƛŀƴŦƛǘ  

Å Cƛǘ ƳŜŀƴ ǾŀƭǳŜǎ ǿƛǘƘ ŀƴ ŜȄǇƻƴŜƴǘƛŀƭŦǳƴŎǘƛƻƴ

Å /ŀƭŎǳƭŀǘŜ ƴƻƳƛƴŀƭ I± ŦƻǊ Ǝŀƛƴ Ґ сл [{. 

Å !ŎƘƛŜǾŜŘ ŀ ŘȅƴŀƳƛŎ ǊŀƴƎŜ ŦǊƻƳ м ǘƻ оп tƘƻǘƻŜƭŜŎǘǊƻƴǎ 

Hamamatsu HV



HV EQ results
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ÅAll 1 PE amplitudes values centred around 60 LSB

ÅMean: 60.07 LSB

ÅStandard Deviation: 0.74 LSB



Timing calibration
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ÅData from the LED is also used to apply timing calibration 

ÅWe use a digital constant fraction discriminator to get PMT hit times; build a linear system to 
solve for PMT/electronics delays and produce timing constants for each channel

ÅAfter applying constants, the event hit-ǘƛƳŜ ƛǎ ŀǊƻǳƴŘ ˋ Ғ м ƴǎ   

ÅTiming constants are stable to < 1 ns over days/weeks
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WCTE results

ÅExamples of 
events after 
gain and time 
calibration 

ÅPlots are the 
accumulated 
number of 
counts for each 
channel in the 
event

˃

ˉ Ŝπ

ˉ



Summary
ÅWCTE was the opportunity to test mPMTsin real 

experiment conditions
ÅValidated mPMTsunder beam running conditions

ÅSelf-equalised gains and achieve Ḑ1 ns timing 

ÅMade a significant step forward in the development 
of DAQ for IWCD

ÅConstruction of IWCD has already started. Full 
production of mPMTswill begin in 2026.
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Thank You for Your attention
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mPMTelectronic components
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1. Photodetector R14374 PMT

2. HV Cockcroft-Walton generator:

A. High Voltage supply board (HV)

B. Front End board (FE)

3. Light Pulser Card

4. Mainboard - Big Red Board (BRB) 
mounted on backplate with twisted pair 
ribbon cables terminated with micro-
match connectors

4.

оΦ

Hamamatsu R14374 PMT
Spectral response: 300 to 660 nm
Maximum response: 420 nm
Photocathode: Bialkali
Typical gain: 5 ×106

TTS: 600 ps(sigma)
Dark rate: 200-300 1/s

A.
1. B.A.

B.



Multi-PMT scanning
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Tester for Multi-PMT with 3-axis robot:
ÅLaser scans with programable step size 
ÅPicosecond laser 405 nm
ÅCollimation < 1mm spot
Å1000 waveforms/position
ÅScan speed 7 steps/minute
ÅFull scan time: 23 hours
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LED DAC for HV scan

ÅTo calculate 1PE response, we need to set LED power at correct value, 
not too low (need proper statistics), not too high (multi-PE response)

26

LED2
LED1

[95о

ÅProcedure 
Å Flash diffused LEDs on mPMT-4, mPMT-5 and mPMT-37
Å LED power 600:50:900
Å/ŀƭŎǳƭŀǘŜ tƻƛǎǎƻƴ ˂ 
Å5ŜǘŜǊƳƛƴŜ 5!/ ŦƻǊ [95ǎ ŦƻǊ ˂ ғ лΦлр 

ÅResult: DAC 850 for LED 1 and 2, DAC 700 for LED 3 (UV)

˂ Ґ лΦлр 

Direct photons

LED flashing legend:
mPMT-4   LED1 (470 nm) red
mPMT-5   LED2 (405 nm) green
mPMT-37 LED3 (365 nm) blue
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²/¢9 ŀǎǎŜƳōƭȅ 
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WCTE Beamline monitor
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Hardwaretrigger SYNC and MCC
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MCC layout

MCC 0

SAS_IN SAS_OUT

MCC 1

SAS_IN SAS_OUT

MCC 2

SAS_IN SAS_OUT

MCC 11

SAS_IN SAS_OUT
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Trigger & Clock Fan-OutINFN Box

LEMO_IN_0

LEMO_IN_1

LEMO_IN_2

25 MHz

PPS

Trigger 25 MHz
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TRIG

25 MHz
PPS
TRIG
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TRIG
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TRIG

...

CLK0_IN
TRIG_IN
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(backup)

Å Red= previous setup
Å Black= updated setup

Å Previous setup causeddelays between 
MCCsҦ ǘƛƳƛƴƎ ƳƛǎƳŀǘŎƘ ƛƴ ŜȄǘŜǊƴŀƭ 
trigger mode

Å New setup usestrigger 
boardwith shared clockҦ ƴƻ ŘŜƭŀȅǎ

Å External trigger mode fully functional

Å Firmware supports both setups ςswitch 
via flag

Å All connections remain in place
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