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New photo-detector covers
were tested in deep water.

Efficient
wniform path © collection ©
Ready for mass production.
Over 100 PMTs were prepared

for operation.
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HPD was installed in a small water
tank with improved preamplifier.
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FlIgN ResolutTions
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IMmprovement on the oxacling Fivl |

Dynamic range was improved to detect
wide energy range of MeV-GeV v.
Optimized voltage dividing ratios
without loosing performance.
5.2V = 7.5V max (~6 mV/PE)

— Confirmed sufficient high rate tolerance

for supernova burst detection (10MHz at max in low PE)

— Increased voltage Rate Tolerance of Gain
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Study on the Boxecline PM T Dark Rate

Optimizing photocathode production to minimize the dark ratex5°E
O 20 kHz > 10 kHz > 8 kHz (1) > (27) > (31) > (4%) > . ;
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FrooT

e Testing initial type of 3 Box&Line PMTs

O in a 200-ton water Cherenkov detector
(EGADS) since 2014.

® Working for ~3 years stably!

lest Ih a Water Cherenkov betector
50 cm ¢ HPD

From 2013
Super-K PMT
® (Normal QE)
® (High QE)
* 20cm HPD
» (2014 removed)
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&10'8__ E with preamplifier

0'7—_ Smooth shift of gain was always monitored. E 4 improved for
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xxUall'ty Ol DOXoceLINE Fivil FroaucCtion

~150 Box&Line PMTs were manufactured. Mar-Jun 2018, in dark room

All PMTs were screened at high E\

ggE Spectra of %150 PMTs QE at peak pressure water up to 0.95 MPa.

2 2 e O No damage found in the bulb.

S sape 75| @ Calibrated all PMTs at Kamioka, JP.

g 3 O Gain, resolutions, dark count rate, etc.

° b O No rejected PMTs by performance in our
5 tentative criteria for Hyper-K.
I )

Resolutions at single photoelectron peak

Q
29 30 31 32 _ 33

34 35 36
Wavelength [nm] Quantum Efficiency [/]

HV at 1.4e7 Gain FWHM at 1.4e7 Gain TTS at 1.4e7 Gain
- Entries 145 30 Entries 145 22FAt 1mV threshold, Entries 145
251 Mean 1952 o5 Mean 69.98 20pno time walk Mean 2.649
C Std Dev  109.6 c Std Dev  7.948 18/~  correction Std Dev 0.1482
201 20F 16?
HV_ e Typical volt. g (70.0£7.9)% 1;: (2.6£0.1)ns
calibrated to at 2kV s at FWHM 1ok at FWHM
°C . C % = nclu
1 _4)( 107 g: 10; (29.7i3.i4|:])é 8; Isss Edr(:s(by nojse) ~ 0.2 ns
5C 5F E + Dependenceg by HV ~ 0.2 ns
o 1600 1800 2000 2200 2400 ot
. Bias Voltage [V] 50 00 7O B0 M Podk 1ob] 22 B it Time Sproad o}
Within reasonable operation range Around 10% varlatlon for single PE detection
Ready for mass production with a %oo quality control.
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Photo-detector Covers

® Accidental implosion of bulb | = Usual case B Implosion
in water might cause a chain \ f\-

. . Imploded
implosion by a shock pulse. B0, ater flow
O A shockwave prevention cover . dee > through cover holes
P Gf
made of FRP was developed for water \A the hockaave. ERP
Su per-K for 40m depth (fiber reinforced plastic)

® New covers were developed for a deep Hyper-K tank up to 60 m with clean materials.
O A cover made of stainless steel was developed for Hyper-K and established with tests in 2016.
O Further improvement with light weight or low cost for several designs

In 2016 1. Improved cover 2. Resin cover 3 St‘?‘?'?'ss steel tube cover
~ Stainless steel C S =) 7 PPS re f,
- (2.5mm) over ] 1enylene Sulfide)
F pressurized  EEE—. bon fiber

test in water |

—~ 1 MpPa 0.7 MPa

0.5-0.57 MPa
Cheap and
simple,

Developed

Light weight,
fast and easy

Stainless steel (3 mm)

ducti ' . -
Weight 22kg 17kg 6.4kg Mass production 30kg in Spain

WOEELS New 3 covers were also tested with bulb implosion inside in 2018.
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valigation oT the Covers

In Hokkaido, JP

The covers were tested in a deep shaft at 40-80m depth with the buIb |mpI05|on

Procedure 1.PMT isimploded in the cover by a hitting tool
with surrounding PMTs without cover.

2. Confirm the cover and surrounding PMTs
have no damage with monitoring the shock.

Chain implosion was

reproduced when no
cover was attached in
2016.

w/o cover,
only 1 PMT at center

~ 6 MPa peak

shock wave
in 60m water

Shaft filled with water

The second test was performed in Mar 2018. T .
1. Improved cover —>Success at 80 m three times  Z
NSinTo . Shock wave monitor (70 cm front) £ £
w/cover g 2—

1/100 suppression x

L E

a g

1
0

| 1. Improved SUS cover

| (1%t test) at 80m

I 2. Resin cover at 40m

3}. Stainljess stegl tube cover alt 60m

20 40 60 80 100
Time [msec]

k 1
0

New stainless steel cover was established!

2. Resin cover

Success at 40 m (1 test only),
but failed at 60 m

Next: To be reinforced with
optimizing design and injection material.

1 1
80 100
Time [msec]

1 1 1
20 40 60

3. Stainless steel tube cover
Success at 60 m (1 test only)

Next: Reduce weight,
reach easy mass production
/assembly design

22kg - 17kg, 15mm—>13mm acrylic thickness |:> Hyper-K Photo-detector system is ready.
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10 Hyper-K covers, made of clean materials with low backgrounds, are installed in SK top/bottom.
Stainless Steel Cover FRP cover in Super-K increases dark rate a little.. PPS Resin Cover

T
] . .
3 v ~
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& 4
.

View from oute tector oh top of WA Super-K tank
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ONICIUSIVN

® Box&Line PMT design is ready for production.
O We confirmed sufficient quality in the ~150 PMTs’ production.
O Installed in Super-K, some of them with the improved covers for Hyper-K.

® HPD brings the best resolutions.
O Operation in the 200-ton water tank started.

® Aiming for start of construction in JFY2019 and operation in JFY2026
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I:xample OT FITtInhg on Sihgle PE UISTributions

[ PMT Ch4 EA4022-E

o °
2 »2/ ndf 59.78/9
e ° Gain tuni
s Factor 2.097e-28 = 2.22e-29 ain tunin
o 7
Index o 8.256 = 0.01048
6
Voltage Offset —-699.5 = 10.34
5
a
3
- Run , 1590, 1591, 1592, 1593, 1594, 1595, 1596, 1597, 1598, 1599, 1600, 1601
2 HV at 1.4e7 gain : 1783.22 [V]
E e T HV at1e7 gain =" 1684.05TV] ]
L N N S T N B R
1600 1700 1800 1900 2000 2100 2200 2300
HV [V]
- 2 7 ndf 1571/115
Ch3 EA4022-E 1783.2V Run01788 S o
- Peak, 0.03452 = 0.00032
u % 0.1411 = 0.0002
H Scale, 1803 = 12.4
3000 Peak, 2.353 = 0.004
B o, 0.5299 = 0.0042
u Scale 174.6 = 2.8
25004 | Peak, 4.582 = 0.024
H 2 - = .
u Slngle PE Charge o, 0.8174 = 0.0300
N 1pe BS ratio 0.2705 = 0.0047
2000 1~ Single PE RESULT
i Gain 1.42e+07
H Peak 2.27 [pC]
1500 — Sigma 25.9 [%]
H P/V ratio 4.16
N FWHM 61.1 [%]
1000 [}~
500(f— -3
F [
b
o w‘.J¢‘LJL‘k¢J,Ap
9 10 12 T2
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Dark rate [kHz]

Ch3 EA4022-E 1783.2V

! Date 2018/04/23 Mon 06:57:10
1 03 = Run1792,1793,1794,1795,1796,1797,1798,1799,1800,1801,
E 1802,1803,1804,1805,1806,1807,1808,1809,1810,1811,
' 1812,1813,1814,1815,1816,
102 Dark rate at 1.0 mV = 13.57 kHz=z
e Dark rate scan by thresholds
1 ?
C [ -
o 5 10 15 20 25
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Ch3 EA4022-E 1783.2V Run1789 x2 / ndf 406.7 / 208

= - w -1.807 = 0.015
«dransit time spread N 80+ 100
800~ ‘ o 0.8958 = 0.0103
700~ ; Y 0.6642 = 0.0085
s00E- Single PE RESULT
500 ; Relative Peak —0.55 [ns]

E Upper Sigma 1.31 [ns]
400

E FWHM 3.1 [ns]
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200
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