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Multi-PMT detectors

Key features:
A Composite detector built from 19 PMTs (Hamamatsu R14374)

A Sealed in a waterproof container

A Gel to improve optical contact between PMT and acrylic dome
A Weightapproximately50 kg, diameter 0.5 m

A Integrated HV (Cockcrefalton base) & readout electronics
mPMTbenefitscomparedto 50 cm PMTs:

A Better time and charge resolution

A Directionality Hamamatsu R14374 PMT

A Increasedgranularity Spectral response: 300 to 660 nm

A Low dark rate per channel Maximum response: 420 nm
PhotocathodeBialkali

Typical gain: €1.0°
TTS: 60@s(sigma)
Dark rate: 206800 Hz
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Where will we usenPMT®

Intermediate detector

Hvper Kamiokande Near Detector

Mt. Noguchi-Goro
2924 m

Mt. Ikeno-Yaima
1360 m
W

water equiv.

Neutrino beam

295 km
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Where will we usenPMT® Warsaw University i~

of Technology Jo Hyper-Kamiokande
Hyper- Kamiokande Far Detector Intermediate Water Cherenkov Detector (IWCD)

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

Around 360mMPMTs

o Io I Io o Do

| Buffer tank

Far detector:
A Complementary detectors for calibration
A Optimised for low power
A Need high reliability
(at least 10 years of operation)
A Highpressure working conditions (~1 MP& 3 .
A Only Charge and Time / '
A Expecting 80MPMTs : N LTS

2.09.2025

Water tank
(detector)




Water Cherenkov Test Experiment i}
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IWCD MultPMT assembly variants ~ rsaw Uhiversity

of Technology J< Hyper-Kamiokande
Exsitu In-situ
Q Clamp ring Clamp ring
Acrylic dome : Acrylic dome
- PVC Cylinder ] r | Optical Gel
Optical Gel PVC Cylinder

3D Printed Matrix Q @ w

PU Foam Matrix

#;FP> - e -
>

- - Stainless Steel Pillars

Stainless Steel Pillars

- 2 Stainless Steel Backplate | i | i | Stainless Steel Backplate

2.09.2025



+18 more PMT channels

uuu PMT channel

Main Board

Light Pulser Card L\‘
Readout : .
+4 more ADCs Control Hit Packing ‘ St EEnE I
F 3
4 ADC channels Processing

[ Fiber switch I

1G‘;ps 1Gbps

Package compression

PMT signal AnaloF PMT signal

L MCCs
] I t_ﬁ mPMT
%T ! : ‘ Power ‘__M Concentrator Card
| : Clock /
Cockcroft-Walton | , L
mPMT

| Shaping

Electronics

125 MSPS Digital Pulse :

Communication
HV generator : 48V Power Supply

————————————————————————————————— +7 more mPMTs
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Quality assurance of Technology

A HV+FE testing:
A Dedicated test device
A >C programming, HV calibration,
signal check
A Mainboard testing:
A Analog path, acquisition, clocks,
power supply
A 3" PMT assemblies: ,
A Assembly = PMT + HV + FE card

A Verification before gelling and |
mounting in themPMTmodules

A Checksgain, dark rate

A mPMTmodules:

A Check operation in dark box using
final DAQ

A SelectednPMTschecked in XYZ ;
test stand using a picosecond lase =

[mm]

2.09.2025 9



WCTEn PMTP rOd UCthn WVarsaw University

of |echnology :E;-é:fi?:f;-.i:lyper-Kamiokande
ATotally assembled 100 IWBG/le |, "
mPMTsn Canada and Poland MPMTs e o
AFull production started in Januar *’ —— At CERN
of 2024 and was finished In June e
2024 with a production rate of 5
mPMTmodules per week 40
AA total of =2000 3nch PMTs were 20
used in Poland and Canada .
AProduced 38 Egitu and 62 Irsitu Jan 2024 Apr 2024 Jul 2024 Oct 2024
mPMTS 1000 s —— TRIUMF
A More details: PMTs ! o
0Assembly, testing, and installation of ~ &° F
MmPMT photosensor for the Water  _ ] 7
| KSNBY 120 ¢Said 9ELIBNAYSYI(E g

400

https://arxiv.org/abs/2504.07216

200

0

Jul 2023 Sep 2023 Nov 2023 Jan 2024 Mar 2024 May 2024 Jul 2024
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https://arxiv.org/abs/2504.07216

+18 more PMT channels

““U PMT channel

Main Board

eMMC FLASH‘ ‘ SDRAM ‘

-

I

Readout

+4 more ADCs e Hit Packing

‘ DAQ server I

125 MSPS Digital Pulse
4 ADC channels Processing

[ Fiber switch I

1Gl;'p6 1Gbps

Package compression

Shaping
Electronics

: MCCS
-6 . mPMT
| : ‘ Power ‘ ?_,ﬁ’a’r“ Concentrator Card
Cockcroft-Walto | : ‘ Clock / 1 :
ockcroft-Walton A __ Communication ' l
‘ HV generator Sied : : ‘ Slow control : l 48V Power Supply
HV control (UART) :

--------------------------------- ' " +7 more mPMTs
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Signal waveform (8 ns/sample)

A Photomultiplier gain set to L0, which corresponds to 60

— Interpolated signal

LSB (least significant bit) for one photoelectron & R

A Lowpass 9thorder Gaussian filter(f  wm®T al I 7]
A 12-bit 125 MSPS ADC
A Shaped signal parameters: -

A Rising time = 13.0 ns -

A Falling time = 9.2 ns 5

A FWHM = 18.1 ns
A Approximately 4 samples per pulse 0-

A With a known signal shape and with a proper signahoise .|
ratio, we can calculate time and charge with high accura

T T T T T T
0 50 100 150 200 250

Time [ns]
Analog Devices glllt fgk
T 0603 0402
R4 RS ADA493-1IVCPZ VW W— AMP_Out p >
5 33k vamp 12| DISARIE Vs
160 v‘v“r‘“j Av_'umu - 1 FB1 Vs llg’R
® €2 5.6PF 0603 +VS 0402
onF 2N — OUTL- |
2] 1 AMP Vocm 9 v CI12
I 3 ocml 4.7pF
-IN — OUT1+ | oz
r €27 S5.6PF 0603 VS RIS
0. 0603 )61 4 . R
Y 603 ",\I 603 : '1 < +FB Vs }SIII{:
Tl ci3 R12 RI3 MT +V§ -VS
1onE IR 33k S 2 vs PAD (-VS§ W—e AMP_OUT n»
WBC4-4L 8 R17 —
15R
0402
HONMOH N H P PMT signal shaping circuit
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IWCDMuUlti-PMT FPGA

+18 more PMT channels
Main Board

Light Pulser Card eMMC FLASH ‘ ‘

i
i

Readout

+4 more ADCs Control ‘ DAQ server I

Hit Packing

125 MSPS Digital Pulse
4 ADC channels Processing

[ Fiber switch I

Package compression

PMT signal Analog PMT signal 1cbos 1Gbps
| | Shaping
"
3" PMT : \ Electronics
Z L
T . |

‘ Cockcroft—Walton

Communication
HV generator 48V Power Supply

MCCs
6 . mPMT
‘ Power ‘ e . Concentrator Card
‘ Clock / } |
ll mPMT

————————————————————————————————— ' " +7 more mPMTs
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FPGA implementation algorithms on :
A Triggering:

£ 32 NRA G

~
Eﬁll CMch linear interpolation

;! -§- F"I'ﬂ'l'sign.a-.ll -
t“ -§- Delaygd inversed signal
o :.-’é ‘1 : Eltgilr?:ussilng@lﬂ.?ﬁ samp (86.07 ns)

A Self based on pulse height and charge $i

A Hardware trigger _— foi

A Software trigger at the designed time < (Al L Ree-s.

: ) 2 . R AR R E R s = T e
A Pulse time calculation: AR SRR By SEpereese 2o L S
A Digital CFD (constant fraction discriminator) with linear 5 __| N
interpolation and correction A
A Pulse quality factor (Best, 255worst), computed as the Sum of -+ NS,
Absolute Differences (SAD) between the signal with a hit and the
—60 A R |
selected waveform model | | | | | | |
. . 5 10 15 20 25 30
A Lossless waveform compression reduces waveform size up to 60% Sample no

ADC Deserialization | QIECCy 0 g Waveform Compression g -

® ® [J ® [] ®

. 4 . . . . Packetization
ADC » Deserialization | @Il

~ »{Time &Charge Estimator |
w Processor
.[,”;i',f_ Hardware t Parameter
& PPS Triggering

Configuration Registers g

14



IWCDMulti-PMT Fast LEDs

Main Board

eMMC FLASH ‘

T
)

Hit Packing

Readout

+4 more ADCs Control ‘ DAQ server I

F

125 MSPS Digital Pulse
4 ADC channels Processing

[ Fiber switch I

lG‘;ps 1Gbps

e =
Concentrator Card

‘ Clock / } |
Communication : r
i l 48V Power Supply

--------------------------------- ' " +7 more mPMTs
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Shaping
Electronics

|
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HV generator




Assembled MUI{PMTC Fast LEDs \WVarsaw University

of Technology
A EachmPMThasthree fast LED$wavelength865/405/470
nm) used fortiming calibration, gain equalisation, and
monitoring; exsitu optics:two 15° collimated + one diffuse
in-situ: two 30° collimated + one diffuse

Hyper- Kamiokande

3 fast LEDs fibres output: Anodized aluminium reflectors
diffuser, 15 or 3@legcollimators around each PMT

2.09.2025 16



Calibration procedures in WCTE
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MPMT HVY Woltage

— pmt0_hwwolval
— pmtl_hwvolval
— pmt2_hvvolval
I ﬁaﬁ'—l

— pmt3_hwvvolval
— pmt4

hwwolval

1050

—— pmt5_hwvolval

Oc U ¢
o +H xR -+
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pmits_hwvalval
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12:24 12:25 12:28
Mar 10, 2025
Time/ UTC
Channel[0] nominal hv = 1083
(rmse = 1.00)
ChO gain: 85 lambd: 0.01 Ch1 gain: 106 lambd: 0.02 »

ped: -11.0, fit r2: 0.87 ped: -14.0, fit r2: 0.75 175 7
200 250 - 150

150 - 200 - @ 1251 a

= =

150 4 c 100 - c

100 + 3 =
100 H 75 1
50 4 50 = 50
. T T Ll — 0 T T T T 2 1
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[tage [W]
w o oE
2 |8
._“J(|
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— pmt7_hvvolval

pmitS_hwvaolval
—— pmt3_hwwolval
— pmtl0_hwvvolval
— pmtil_hwvvolval
— pmit12_hwvvolval

— pmitl3_hwvolval

—— pmtid_hwvvolval
— pmitl5_hwvolval

e & s leas]

12:30 12:32 12:34

Channel[1] nominal hv = 1067

(rmse = 1.00)
175 +
150 —
125
100 —
75 1
—————————————
50 A
25 '
|
T T T T T T
950 1000 1050 1100 1150 1200
HV [V]
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HV EQ reSUItS \Varsaw University =\

of Technology ﬁ@%lyper-“amiokande
AAIl 1 PE amplitudes values centred around 60 LSB
AMean:60.07 LSB

AStandard DeviatiorD.74 LSB

Hamamatsu vs Set Voltages

Histogram of mean values of 1 PE for each PMT

l : — 13001 Rty = 1.017x + 30.0 =
| : B 1 PE distribution =4 o
] : l —— Mean = 60.07 L & |
70 : I
. I -+ Mean - 5td = 59.32 1250 1 » z
| «« Mean + 5td = 60 81 o o
| amo® 00 P
&0 - < o LX) o -
‘© 1200 s ece o c=0 -
o @ @ o ®0 00 o R
~ e o coee® ° -
< oceumes -0 -7
o ®e o ) g
~ 1150 - o ¢ oo @ -
) o ) ® o -8 o
o eo oo -
$ [ee) L] //’ ao
o e o emo - o) "0 o
T 1100 - , cC ommmmmm—pk T L B
A= L) paoco © o.-” o
S - ! ) @ ."0/’0 )
®o @ o o
2 o o .—»-:L o
‘© 1050 - e :
€ ] | 8 e © o
© ° B0 [}
= © e gub@wce
© 00 epcomif® c® 0O
T 1000 oo oo
00 e emdio® @0
o ammOe o
o 00 Gmoo® o
) 70 0
950 -+ »Zes
-6
,/
&0 61 : oy
950 1000 1050 1100 1150 1200

ADC channels
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AData from the LED is also used to apply timing calibration

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

AAfter applying constants, the eventhitA YS A &4 | NRPdzyR ° F ™M VYa
ATiming constants are stable to < 1 nser days/weeks

Uncalibrated Hit Times for Beam Event Calibrated Hit Times
120 100 - — Gaussian fit
100 - Each entry is a single
. ] G std 96ns
PMT hit time 80 aussian std: 1.196n
Calibration constants applied
60 -
—-
‘10 -
20 1
D T T T =
1000 2000 3000 4000 5000 1680 1685 1690 1695 1700 1705 1710 1715 1720
Hit Time (ns) Hit Time (ns)

2.09.2025 M



Run 1703, muon

WCTE result,i

oooooo
9:0000000 0060
oooooo

AExamples of RCIRE St
events after B £+ A

gain and time
calibration

APlots are the ————————

12

14

16

accumulated s
number of
counts for each ..
channel inthe .
event N

Run 1793, pion
l.“.l L 1]
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Summary

AWCTE was the opportunity to testPMTsn real
experiment conditions
AValidatedmPMTsunder beam running conditions
A Selfequalised gains and achield ns timing

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

AConstruction of IWCD has already started. Full
production ofmPMTswill begin in 2026.

2.09.2025
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mPMTelectronic components @&

1. Photodetector R14374 PMT o 7

2. HV CockcroftValton generator: g Er¥ e
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

Hamamatsu R14374 PMT
Spectral response: 300 to 660 nr
Maximum response: 420 nm
PhotocathodeBialkali

Typical gain5 x10°

TTS: 60@s(sigma)

Dark rate: 206800 1/s

2.09.2025



MultiI-PMT scanning

Tester for MuliPMT with 3axis robot:
Laser scans with programable step size
Picosecond laser 405 nm
Collimation < 1mm spot
1000 waveforms/position
Scan speed 7 steps/minute
Full scan time: 23 hours

Too oo oo oo o o

300

n z [mm]

2 250
200
150

100

2.09.2025

Scan mPMT-WUT-00011, step 5.00 mm

150 200 250 300
Position x [mm]

Hits for 1000 pulses
— 400

= 350

= 300

250

200

100

\Varsaw University HYQ

Position y [mm)]

220 240 260 280 300 320
Position x [mm]
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LED DAC for HV scan \Varsaw University

of Technology Hyper-Kamiokande

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

For A = 0.05, the probabilities are:
e P(X =0)=0.9512

The ratio pyx—y) X 100 is 2.5%. (-]
e P(X =1)~0.0476 -
LED 1 (470nm) Direct photons
- ~ Coordinate id: 0
y P(X o 2) ~ 0.00119 [)-J Collimator type: 30deg %J
%9676 %9676 _E -2
% I_ E D 1 % LED 2 .(405n.m) © 3
; mputs LED2 mPMT4 ; Coordinate id: 1 = §, %
% 905 % Collimator type: 30deg e} _g :
% mPMT37 % 2 o -
% % LED 3 (365nm) o -
%%% %%% Coo‘rdinate id: 2 ~ g ,
A Procedure Collimator type: Diffuser 'E
A Flash diffused LEDs on mP¥{TmPMT5 and mPM137 >
A LED pquer 60050}\900 GOOI - ‘650‘ o ‘700‘ | 750 800 850
Al tFtOdA 68 t2arazaazy < Led power
S (i S G | 3 .
AS5SGSNNYAYS 51/ F2NI[95a F2N < ¥ ”q)”pLEDﬂashmgIegend:
A Result: DAC 850 for LED 1 and 2, DAC 700 for LED 3 (UV) mPMTE4 LED1 (470 nITQd

MmPMT5 LED2 (405 nmj)een
2.09.2025 MPMT37 LED3 (365 nnijjue 26
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WCTE Beamline monitor

Suite of beamline monitor
detectors:

Time-of-flight

Halbach array
l [riggers permanent magnet -~

03.09.2025
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MCC layout

Red= previous setup 25 MHz

A
A Black= updated setup opS

N\ =T0)4

Trigger

A Previous setup causedklays between
MCCdh GAYAY3I YAaYl {
trigger mode

A New setup usesigger

boardwith shared clockh y 2 RSt

A External trigger mode fully functional

A Firmware supports both setupsswitch
via flag

A All connections remain in place

2.09.2025

LEMO_IN_O
LEMO_IN_1
LEMO_IN 2

CLKO_IN CLKO_OU
TRIGIN TRIG_OUNMEK

e a

BRB trigger (x3)

25MHz | 125 MHz

PPS

IPPS
: (backup)

~ ANY Ve
| i

25

[l
o

mMPMT (x5)

!I.

TRIGIN TRIG_ OUNMM TRIG N TRIG OU

\Varsaw University
of Technology

Trigger & Clock Fabut

25 MHz
PPS
TRIG

SAS_ IN  3AS OUNM SAS IN  SAS_OU

MCC 1 MCC 2

25 MHz

CLKO_IN CLKO_OUBME c| Ko [N CLKO O

A

)O Hyper-Kamiokande

25 MHz

PPS

ol
o

MPMT (x8)
MPMT (x8)

PPS

25 MHz
PPS
TRIG

SAS_IN SAS OU

MCC 11

CLKO_IN CLKO_OU
TRIG_IN TRIG_OU

)
e
=
=
o
S
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