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INTRODUCTION

Hyper-Kamiokande (HK) is a next-generation water cherenkov detector.
The effective volume of the detector will be approximately five times that of

Super-Kamiokande. The physics goals of HK include measurements of the
leptonic CP phase, searches for proton decay, and observations of atmospheric
neutrinos as well as neutrinos from solar and supernova explosions.
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PRE-CALIBRATION OF ID SENSOR:

= Box (Efficient collection) & Line
(Uniform drift path) dynode
= High Quantum Efficiency (30%)

(PMT Response (Time, Pulse Height, Charge)]
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= SPE:1.593 £ 0.006 [pC]
= Charge Resolution: 30.1%

= Transit time: 1.535 + 0.01 [ns]
= [ate pulse: Main + 100 [ns]
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UNIFORMITY MEASUREMENT

Comparison with Hamamatsu J

= =

s 1.05E-

zZ 1E-

e —

;3 0.95E-
0.9
0.85 5_ ——— ED3290-D Anode X
0.8 Cathode X
075;_ . Dala
0.7
0.65=

o 0'6:—1 1 1 1 1 1 1 1

= -

o LOSE——

Y —

.g ]E—

>'_, 0.955—
0.9
0.85E-
0.8
0755 Anode Y
0.7E- = (Cathode Y ..
0.655- ..
0'6%111111i111111111111111111111111111[111

-80 -60 -40 =20 0 20 40 60 80
Position angle [degree]

X-axis; a.u.

Y-axis: a.u.

1.05
1
0.95
0.9
0.85
0.8
0.75
0.7

— ED3540-A Anode X

Cathode X

1.05
1
0.95
0.9
0.85
0.8
0.75
0.7

IIIIIlllllllllIIIIIIIIHII[IIIIIIIIIIIl_IIIlllllllllllll]lllllllll]lIIIIHIIIII

o

~—— Anode Y
— Cathode Y
« Data

1 l L1 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 1 1 1 1 l

1 L l 1 1 v 1 1 1 l L 1 1
-80 -60 -40 =20 0 20 40 60 80
Position angle [degree]

Comparison with 3 PMTs j
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= Korean group developed the PMT rotation system to measure the uniformity of cathode.
* The measurement result of relative QE shows the similar tendency with cathode and

anode current provided by company.

= This system was sent to HK site and test will be started from this November.

TEST OF OD SENSOR CANDIDATE
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* The 3-inch PMT for the Outer detector are currently in a bidding
competition between Hamamatsu and NNVT, and the properties of NNVT
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3-inch PMT have been measured.
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LASER CALIBRATION
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monitor 20inch PMT via 20 % output fiber [pe]
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HK 20inch PMT via 80 % output fiber [pe]

[Laser Coupler Tested]

= Korea laser system will measure the water parameters to monitor water quality with

[Charge Linearity of LI Monitor PMT] [LI Monitor PMT Gain curve]
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systematic error less than1 %.

* The performance of all components are tested and the design will be completed by the
end of 2024 and the production and installation are scheduled in 2025.
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ELECTRONICS

{ 16-Channel Switching System ]
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[Digitizer Calibration]
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[Function Generator + Oscilloscope]:

g:; worst CH
< Set #4
» CH 12

Noise added by Signal Switcher:

Tz;"‘ﬁi‘ 24 < 92 0« o6 &8 1 USS =\/(0° 1164 mV)z + (0- 1063 mV)z - 47 "V
vl

i i o = 0.1063 mV

[Function Generator + Switcher+ Oscilloscope]:
0=0.1164 m

Pulse: amplitude = 2mV, duration = 20 ns, &:
Rising & Falling time = 4 ns . ﬁ

a5 o = 0.1383 ns
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[Function Generator + Oscilloscopel]:
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[Function Generator + Switcher+ Oscilloscope]:
o = 0.1692 ns

CH

Jitter added by Signal Switcher:
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Vema: Maximum value of cross-talk’s positive peak
Veamia: Minimum value of cross-talk’s negative peak

: Cross-talk at
Set #2 CH 1 5V Input Set #2 CH 5

Vimax & Vomia might S
be just the system worst CH
i ; Vomin < 0.6mV
noise, not cross- ol
talks.

worst CH
Vemax < 0.64 mV
Set #2 CH 8 5V Input

© Cross-talk at
Set #2/CH 1
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[Noise Test]

= We have confirmed through various tests that it can be used for digitizer calibration.
= We are currently producing 15 new sets necessary for the HK electronics mass test.

[Time Jitter Test]

[Cross-talk Test]

= The Korean group is leading various main projects (Pre-calibration of ID sensor, Test of
OD sensor, Laser calibration, Electronics R&D) of HK construction.
= HK s under construction and planning to start at the end of 2027.

SUMMARY




