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Overview

® [Ne next generation water CV)erenkvov detectors: RHyper-Kamiokande
(HK) and the intermediate Water Cerenkov Detector (IWCD)

e Photosensors options for HK and IWCD: 20-inch PMTs and multi-PMTs
(MPMT)

e Simulation studies
e MPMIT components
e Present and future activities on mPMT

e Conclusions
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Future Japanese Neutrino Program

Start construction in April 2020

71 m

Diameter T4m

187 kton

Wide range of phenomena investigated:

e Far detector for the LBL program: T2HK

e Atmospheric, solar and supernova neutrinos
e Nucleon decay search

Intermediate Cerenkov detector for the L

IIIIII

program 12HK

e Movable Water Ce

nner diameter 8 Ir
nner detector height 6-8 m
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New 20-inch PMT

e New Hamamatsu PMTs:

e Better single photon detection efficiency

e Better charge and timing resolutions
e Operate under higher pressures

! - Shape Hemispherical
2 - _ Photocathode area 50cm diameter (207) <+
> i : ) Bulb material Borosilicate glass (~ 3mm)
QQ) High—QE box—and-line PMT Photocathode material |Bialkali (Sbh-K-Cs)
§ (Hamamatsu R12860) Quantum efficiency 30% typical at A = 390nm +—
= - QE = 31% sample - ;
L'Q_)‘ ' P Collection efficiency 95% at 10" gain <+—
g L Dynodes 10stage box-and-line type
- - - .
9 1 T oo Gain 107 at ~ 2000V
- K _ Venetian N ' 3 - o
Cll< ¥ Super-K PMT average blind B-.. ) Dark count rate ~ 8kHz at 107 gain and 13°C (after stabilization)
k> ¢! .4 (Hamamatsu R3600, QE = 22%) _ . N o o o
h N A A U Transit time spread 2.7ns FWHM for 1PE
' . D
%% " 5 Too Viev\J o Weight Okg (without cable)
Lo A - - Volume 61,000cm®
O | | I 1 I ] ! I ] I I I 1 I I 1 I Pressure tolerance 1.25MPa water S e
90 80 70 60 50 40 30 20 10 O 10 20 30 40 50 60 70 80 90

. .. TABLE XXXVI. Specifications of the 50cm R12860-HQE B&L PMT by Hamamatsu,
Incident Position
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An alternative option: mPMT

Original mPMT design from KM3Net experiment.

Optimised for IWCD

Stainless steel backplate
- Optical gel

Acrylic dome PMT holder

Reflector
PMT

Optical gel
PMT support matrix

echanicalupprt Support for — High voltage ,;aL-,ghter board
electronics | | Hamamatsy Scintillator panel ain board
— [ R12199:02 - - -
Working prototype Working prototype ready
based on this design by the end on the year
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Motivation for mPMT modules in HK

e Smaller size can improve reconstruction for events happening near the wall
@ Increase fiducial volume
® Improve ring counting ability
@ Better directionality
e Twice better time resolution: Better vertex resolution
@ Better vertex resolution
@ Improved PID close to the wall

* Improvements for low energies and proton decay
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Hybrid configuration for HK

Hybrid configuration: 20% PMT coverage + 5k or 10k mPMT
This configurations has been compared with 40% PMT coverage

Particle gun generated at the center of the tank
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Simulation studies for HK

Vertex resolution (cm)
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Better vertex resolution in case of 20% PMT + 5k mPMT

Current limit related to dark rate: 100 Hz allow to explore low energy
range; actual 3-inch PMT DR about 200 Hz
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Impact on IWCD

Better vertex resolution and PID

MPMT are also the primary candidates for = 40—
O, 35| 10x6m 20inch PMT 40%
the |WCD ,§ 30 b 10x8m Binch PMT 40%
. 3 \ .
L ocate at ~1-2 km away from JPARC beam line & 2
% oOF- et T
>
15} . i -
10 . ~
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Acrylic vessel: optical tests

Optical tests done by using a Perkin

Lamda 900 UV/VIS/NIR spectrophotometer

-
-

-
o

-

Waker SilGel 612 A + B (the

/

Reflectance [%]

=imer same used by the KM3NeT)

A layer of optical gel was
set down onto the 5mm-
thick Evonik and 0.18"-thick
Poly One samples and
transmittance was

—_
T

| T T

" ana 120
. 100
Evonik - § mm :
Evonik - 8 mm 5|
Evonik - 12 mm i)
3
3 L
o 60
§ I Hemge——sk PolyOne 0.18 inch + Gel
§ i #—sd—k PolyOne 5mm
= 40 . ' -
PolyOne - 9.53 mm 9 - Femre——ak PolyOne 5mm in water (BG: Quartz+water)
= . w— Evonik 5 mm + Gel
20 — —
Clax - 20 mm e Evonik 5mm in water (BG: Quartz+water)
O jemsemnreeee -
IIIIIIIII | 1 1 1 1 1 1 1 1 | I 1 1 1 1 | 1 1 | | | 1 | | | 1 1 1 | | | 1 1 1 1 | | | 1 1 | 1 | 1 1 1 1 1 | 1
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Acrylic vessel: pressure test

15mm-thick vessel

The 15mm-thick vessel before the first testat

" 20mm-thick vessel
the Resinex Company, in a 25-bar tank

I
Lt o
At
N .

Pressure [bar]

},

g ,
L‘v y: '
& _

Our constrain was to resist up to 1.26 MPa . L -
and our vessel resisted to 18 bar (1.8 MPa). Time [sec]
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Acrylic vessel: contamination

Nuclear contaminations test have been carried out both in the INFN-
Naples, and then at the Laboratori Nazionali del Gran Sasso (LNGS)
on a sample of Evonik acrylic

Requirements for HK:

[sotope Activity Contamination
232Th: Thorium series Th-232 < 1 ppb
Ra-228 < 0.11 mBqg/kg < 0.027 ppb
Th-228 < 93 uBg/kg < 0.023 ppb
238J: Uranium series 1J-238 < 0.3 |O|Ob
Ra-226 < 65 uBg/kg < 0.0052 ppb
Th-234 < 4.6 mBqg/kg < 0.38 ppb
Pa-234m < 2.5 mBg/kg < 0.20 ppb
U-235 (0.15+0.07) mBg/kg (3 +1)-107" ppb
K-40 < 0.69 mBq/k;l ) <0.022 pprrilp K-40 < 0.3 ppm
Cs-137 <25 uBg/kg

Table 5: Results of nuclear contamination of Evonik samples.
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MPMT Electronics

Design for HK mPMT:

Q/T digitisation based on discrete
components (INFN Naples)
Simple, low power, low cost

IN mPMT OUT mPMT

power supply. trigger, clock

FEB board and data in a single cable

Ethernet (data)
cable

Trigger & clk
cable

To Main board
cable

Modified
Ethernet
POE Switch

Only 1 Ethernet cable goes
out of the mPMT 3

Andrea Evangelisti, INFN - Naples

Design for IWCD mPMT:

FADC digitisation, with on-board
signal processing (TRIUMF, WUT)
Noise suppression in FPGA.
+19 more PMTs \ Scintillator Panel + SiPM To Surface
.'""Ina;BZaJ"'("'I"'
SiPM HV Power
" | + discrimator —— Clock/
| daughter carg Calibration Communication
¢ Circuit 4 4

- —_— —— > R

PMT base

[ 125MSPS
I ADC
v
} Analog I
| PMT signal
T i
|
. I
generstor | | vty -
| - Hv contol - HV Control
3 PMT - o=
I

Readout

Control

Digital Pulse
Processing
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Tests of the first prototype

MEMPHYNO @A™ ;a8 Recently a prototype has been assembled

It will be tested In a
water tank located
N the lab
AstroParticule et
Cosmologie in Paris

160 cm k|
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Future tests at CERN

MPMT photodetection system will be finally tested at CERN: Water Cerenkov test
beam planned in 2021/22 at Neutrino Platform

Water Cherenkov detector
LS
wiB K ) 't N I
Tracking planes ).-.-H g )4

Target Collimator wil X )0 L )
t——.-‘-* Dt |

TOF };— '::' . ;;" \ : :'. : |
/ | 0 OIS

Dipole

LA

-/ 68 '
. .

magnet WO SISI® e
Cherenkov ,V F 4
i-»»« - 4.

Lol in preparation for submission at CERN before October SPSC
meeting; proposal by end of 2019

Aerogel
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Conclusions

e HK will be the next generation water Cerenkov in Japan

e \WWCD will be the intermediate water Cerenkov of the LBL program

e [he mPMT has been presented as alternative option to 20-inch PMTs
e Acrylic Vessel tully characterised

e 3-inch PMT fully tested but we need a lower dark rate

e Test in air at INFN Naples of the first mPMT prototype

e Testing the prototype at MEMPHYNO setup at APC

e New prototype based on second design by end 2019
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