Hyper-Kamiokande

A gigantic detector to confront
elementary particle unification theories
and the mysteries of the Universe’s evolufior

A multi-PMT photodetector system for the
Hyper-Kamiokande experiment

Vincenzo Berardi
INFN — Sezione di Bari and Politecnico di Bari (Italy)

On behalf of the Hyper-Kamiokande Proto-Collaboration

Vincenzo.berardi@ba.infn.it




Hyper-Kamiokande

Water Cherenkov detector in Kamioka, Japan

New high-QE 50 cm Box&Line PMT Hyper-Kamiokande (HK)

x2 high pressure bearing for 60 m depth

X i i el Planned 40,000 photosensors A
2 high det.ectlon efficiency | mealine ootion: 207 PATS D \
and half time&charge resolutions

Alternative option:
50% 20" MPTs and 50% mPMTs
° ° (187 kton

Fiducial

_ 60 m
compared to Super-K PMT (up to ~40m depth) s

258 kton

About 7,000 PMTs
for Outer Veto Detector

Requirements

Rich thV?CS programs - Wide dynamic range
Vv osciliations — High time&charge resolutions,

high detection efficiency, ..
- ~nsec time resolution,

— Clear photon counting,
— High rate tolerance
® Large aperture photodetectors are essential for physics sensitivities.

o Leptonic CP violation, v mass hierarchy, ...
> Nucleon decay discovery

> v astrophysics low background

o Supernova burst v, ...
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Multi-PMT Option for Hyper-K

® Multi-channel optical module

Photodetectors and " (Almost) uniform

: coverage by PMTs
electronics arranged . . :
o = Directionality
inside a pressure
. = Several
resistent vessel .
manifacturers

Based on KM3NeT
optical module

(Concept design)
3-inch PMTx33
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MPMT Prototype

Main limits of KM3NeT solution for HK project:

= Vessel:
Km3Net experience demonstrated that glass spheres are
characterized by high 4°K and other radioactive
contamination.

= PMT Read-Out:
In Km3Net the time over threshold (ToT) strategy is
exploited; this is not a good solution for HyperK project in
which charge measurement is important
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Large PMT vs mPMT?

Directional
Detector o TTS Dark rate
sensitivity

mPMT (3" PMT) 1/6 of solid angle 1.3 ns 27% (35% super- 10 kHz
alkaline PhotoC.)
20”7 PMT 1/2 of solid angle 2.7 ns 30% 8 kHz
* CClm:
* Increase in acceptance for long baseline neutrinos * More physics
* currently, large background from r® with 1y missed justifications for
> missed 1y may be tagged with finer granularity with mPMT.
mPMT. * Many efforts how
 Exclusive multi-ring event reconstruction: to manage mPMT
* Important for mass hierarchy study tasks (photosensor,
> Reduces the systematics from T contributions. reado“: et'e“'tronics'
. - . . . . . support structure,
multi-ring efficiency can be improved by finer granularity calibration, (DAQ,
software))
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3" PMT by Hamamatsu

PMT R-12199 Hamamatsu

QE: 21% (@470nm); 26.9% (@390nm) Gain: 5-10°
TTS:1.67 ns Peak-to-valley ratio: 3.3 @ 1.1 kV

Dark Counts: 86% tested for KM3NeT < 2 kHz

« Hamamatsu R14374 new 3-inch PMT
- modified version of R12199 used by Km3net
- QE=28% @400nm
- TTS(FWHM) = 1.3nsec (4.5nsec for R12199)
- Dark rate = 500-1000Hz
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PressureVessel

The acrylic vessel of the first prototype will be a sphere with a diameter of
about 17 (432 mm, like in Km3NeT) and a thickness of 18 mm.

A-A

A preliminary sketch for
acrylic spherical vessel +
cooling (seal) system

A seal will be used
between the acrylic
hemispheres and metal
support.

p
\Inside:

* Read-out system
* PMT support =, '

A mechanical closure guarantees:

e 3” PMTs
* longer endurance ~
* Easier and better assembling L 4
* Good cooling system by a metallic flange @;@}‘ =4
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Requirements (from SK)

wavelength (nm) mmimum(%) maximum(%)

300 76.5 83.8
310 80.0 86.0
320 81.7 87.0
325 83.0 87.5
340 85.0 89.3
350 86.5 90.3
360 87.5 91.0
375 89.0 92.0
380 89.2 92.3
400 90.0 93.0
800 91.0 94.0

Table 1: Transparency of Super-Kamiokande acrylic
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PressureVessel

Several acrylics tested: PLEXIGLAS® GS UV Transmitting by Evonik choosen for the
construction of the first mPMT prototype for Hyper-K

Reflectance - Evonik

Transmittance - Evonik
1 R S 100 . . .

10 - ] 80 -

40 +

T(%)

R (%) [WRT Alluminium Reflectance]

7 20
6 0
| 1 1 | 1 -2 1 | 1 |
5200 300 400 500 600 700 800 %OO 300 400 500 600 700 800
Wavelength (nm) Wavelength (nm)

Transmittance - Evonik
100 T T T

Checked compatibility between optical gel
and acrylic and measuread the transparency
of acrylic+optical gel.

T (%)

-2 I I I I
%00 300 400 600 700 800

500
Wavelength (nm)
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Radioactivity

» Radioactivity measurements (at LNGS)

. Requirements:
o Contamination results are here reported U_e2q38 <0.3 ppb
Isotope Activity Contamination Evonik acrylic. Th-232 < 1 ppb
I2Th: Thorium series LWenght ‘.32-;5:: kg: K-40 < 0.3 ppm
Ra-228  <0.11 mByka 20,027 ppb fve time: 22 days
Th-228 <93 puBy/kg < 0.023 ppb
i ""‘6‘;: Ul;:’;;"m series 00052 ot This positive concentration of
a-2 <65 pu g <. pp i i .
Th23d <46 mBoke <0.38 ppb U-235 has been investigated in
Pa-234m <25 mBykg <0.20 ppb detail.
U-235  (0.15 + 0.0T) mBg/kg (3 4 1)-107" ppb
K-40 < 0.69 mBy/ke <0.022 ppm The Evonik acrylic is very clean,
Cs-137 < 25 uBo/ke § no radioactivity contamination
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Pressure Tests

Pressure Curve - 15mm-thick vessel
Resinex Company (ltaly)
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mPMT electronics

|
F
= E (" Power
E i: ; Ethernet
— Clock
| -
\ J -
Y
PMT electronics x 26

Requ.itement: Total Power oonsumgtion <4W
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HY Board Caracteristics

HV circut power consumption
Bectindes | K ]0,' o oo |05 DE | Oy | 0¥ | DS |Ogi0] P

Rubo | E N | ¢ 1
K Gahage, Dy, DPmode. P Ade

Total power dissipated for HV
in mPMT module 1s about:

26 x 125 mW = 325 mW
17x 125 mW =213 mW

16 +—yonsner
. .
® Fapecrad o ¢

6 July 2018

V BERARDI - ICHEP 2018 - SEOUL




PMT Read-out

» System integrated with the
HV board

» Same MCU for both
boards and only one
connection

» Very compact system
thanks to te design of HV
board

Ready and under test
at INFN-Na
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mPMT R&D is well advanced and a mPMT module prototype will be ready by fall 2018.

6 July 2018

Conclusions

English ~ Login

New and Enhanced Photosensor Technologies

for Underground/underwater Neutrino
Experiments (NEPTUNE)

18-21 July 2018 Centro Congressi Federico II

forcpaRame trraone

Over the Rst years some of the most Important discoveries In particle (discovery of neutrino
mdllwons) and astro-particie phvslcs (discovery of extra-galactic high-energy neutrinas) have been

d by scintiliation or Ch light, pr by the ped partides
proce 4 In the I by means of p ..t‘ ¥, several prog are
for the of the faciities or the anes. Also in

MBMM@MMMMormmWwW
particies. Therefore, the development of new and enhanced photosensors &5 3 key step towards the
construction of new and more sensitive experiments both in particie and astro-particie physics.

mwlamumummuwmmdmnwmnmmmmma
photosensors, with particular attention to the high h using small
"ﬂsandmdr The prop of u&mmlmumwonhudm
and the will be some of the topics of the workshop. The calibration of the
devices a5 well 25 the event reconstruction and Monte Carfo technigue will be also acdressed.

This workshop &5 co-funded by INFN - Sezione & Napol, University of Naples Federico [T and by the
Department of Physics "E. Pancini™ of University of Naples Federico IT

. G
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Backup Slides (mechanical)
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Stochastic Pattem
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Digital Cameras
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6 July 2018 V BERARDI - ICHEP 2018 - SEOUL




Stress and Strain

As
F<«—4{ \‘I —>F

Force - F
Cross-Sectional Area A,

- |
L, o AL

Elongation . AL
Orininal Length Lo

Stress, o =

Strain =
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Stress and Strain 3D
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Mechanical tests: simulation

@ Az

* All shear stresses are zero T, = T, =
Oand 1, =Ty =0

* The normal stress o,, varies from
zero on the inner free surface to
the the pressure p.

* The normal stresses 0gq and o,
are equal and constant over the
entire vessel, equal to o.
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Mechanical tests: simulation

* Wall Thickness.The wall is assumed to be very thin compared to the other
dimensions of the vessel. As a result, we may assume that stresses are uniform
across the wall.

* Symmetries. In spherical vessels, the geometry and the loading are spherically
symmetric. Therefore the stresses may be assumed to be independent from the
two angular coordinates of the spherical coordinate system.

e Uniform Internal Pressure.

* lIgnoring End Effects. This includes supports and cylinder end caps. The
assumption is that disturbances of the basic stress state are confined to local
regions and may be ignored.
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®— Test 01
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Evolution of displacement
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50.0

Stress (MPa)

thickness = 10 mm

0.0

‘ thickness = 15 mm

thickness = 15 mm

0.50

thickness = 10 mm

Displacement (mm)

o
o
IS
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ickness equal to 18 mm 0.4 mm
Thickness equal to |0 mm
0.0 mm
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Backup slides (electronics)




Voltage Multiplier Circuit

DAC, OPAMP and 1.3V in
ASIC

1
e

On/Off, controlled by ASIC
4 kC A basic Cockcroft-Walton (CW) voltage
[ H—<DAcle— L .
3va multiplier circuit design developed by
Km3Net Collaboration (See P. Timmer, E.

On/Off i
% A Heine, H. Peek, JINST 5 (2010) C12049)

£ ? L1al: d2 used to generate multiple voltages to drive
o T i Pre Amp the dynodes of the photomultiplier tube.
L3 i . . Comparatorand
. ,ADP1111—[E]— E : : k\sl‘,[l)(? orern
1av| = — i J_ \-L a8
1 T UDIE ) a9 10 different voltages from 5 volt supply
T { I E d10
I
T a TT—

Similar HV circuit developed at INFN-Na
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