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Super-Kamiokande Design of Hyper-Kamiokande
(since 1995) 48(W) X 250(L) X 54(H) m3 x 2 tanks
10.0225 (0.05) Mton 0.56 (0.99) MUON e S———
g - Fiducial (total) mass

- 39.3m ¢ x41.4m

Next plan of a large water

In Kamioka, Japan Cherenkov detector |

Photodetectors ‘
Inner detector (50 cm @) 11,129 99,000
Outer detector (20cm @) 1,885 25,000
Photo-coverage 40% 20%

New photodetectors with high performance and low cost are de5|red

» Poster ID89 “Hyper-Kamiokande detector ™ (Hidekazu TANAKA)
> See activities in the 5t Hyper-Kamiokande open meeting on 19-22 Jul, 2014 [http://bit.ly/5th-hyperk]
» arXiv:1109.3262 [hep-ex] “Letter of Intent : The Hyper-Kamiokande Experiment - Detector Design and Physics Potential —”
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Bombardment gain AD gain \ Total gain 5 mm-® Avalanche Diode (AD) Pre-amplifier ,
< ™Y > x ~1600 x 100~200\ ~3x105
_ Typical values in §-inch HPD prototype | Operated by 10V power / control lines (< 5V)
Fast drift Good resolution Simple

N Simp :
High resolution in both charge and time Low cost is expected. [8 kV for phOtO-electron collection

High and uniform collection efficiency (98%) 2-300 V biased in Avalanche Diode
HPD electronics (built-in)

HV Power HPD I-V inverted amplifier
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eeteeeeees e = ;' | . used for old Super-K electronics
No prior experience using in water for a long time B 3. Charge + Time DAQ 400 s integraion ange
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Durability was tested before installation. 12;_ 22% - 30% QE (&lﬁ'?ir;_t#crc) \‘ Coaxial signal cable
I:Long running test for 1 moeth 5_ applied for 20” PMT for Super-K. A Control power supply —— = ? PMTS
HV power cycle test > 30k times oE s > | = Same performance is expected 1 Low voltage cable < 10V 5 R )
Proof test is required for Hyper-Kamiokande 300 960 400 450 500 550W36\9£Leﬁg?h [r?r?]? except for efficiency and dark noise. ¥ Cha rge + Time DAQ
so that it should work over ten years. Study on dark noise rate is especially required. | Coaxial signal cable

. . All hits over threshold are
Pretest for 50 cm high-QE HPD, and could be candidates. taken with charge and time

in each photodetector.

Contact : ynisi@icrr.u-tokyo.ac.jp

A 50 cm-® photomultiplier tube (PMT) had been developed for Kamiokande and improved for
Super-Kamiokande. It shows a good performance and is well established for a few tens of years.
New photodetectors with high performance and low cost are expected in Hyper-Kamiokande,
however, it should be confirmed that they work for a long period without any troubles.

R&D of photodetectors and viability test started recently on the new photodetectors.

Two types of new photodetectors are under test since 2013 summer.

_ Use tank in Kamioka (Japan) for Evaluating Gadolinium's
Action on Detector Systems
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Poster ID89 : Recent Progress of EGADS (Atsuko KIBAYASHI)

® 8 20cm HPDs and
® 5 50cm high-QE PMTs
were installed.

8 Photodetector map
in 1%t viability test

Compared with
227 50 cm PMTs
used in Super-K.

1 of HPDs got a trouble by an over current
in the built-in HV module. New HV module is
ready to fix it for the next version.

Construction finished in Aug. 2013.

» Measurement started from Sep. 2014.
» Total DAQ time : 50 days so far

» Calibration sources : Laser diode, LED, Xe lamp, Niy, Am/Be, etc.

Contmuous operatlon started from Feb 2014
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HV power supply
HV cable 1-2 kV

15 :_ """""""""" gesoessensnannnanena [peneRsnannnnsnnsnnng CTTTTITIITTIT TR gttt pRonBononnRonRonoRepanannannanananansngnanane
= : : : : : : (Gam stabilit
10 . T T T e ad®® T r'ﬁ 'O'ﬁit'(')"r """"

0 - L- P . f 1 1 1 1 1 1 1 1 1 Al
07/Sep 07/Oct 06/Nov 06/Dec 05/Jan 04/Feb 06/Mar 05/Apr 05ﬂ\l|ay

—\ () Date
A ‘ 7 C
Noise nit rate
20cm HPDs s 50cm high-QE PMTs .
T T (valanche gain) 10 ‘ (nodegam) Dark hit rate from noise is scanned by threshold. Dark hit rate
%14;— —223252 . - © gggg;g /) Zocm HPDS Socm hlgh-QE PMTS Before |nSta”at|0n (Beginning and recent distribution) May 2014
ERES . 50 zpoo21 w b - —EHDO0T4 | ren . _ o o T :
g : g : £ Sl :|;:l af <Hit threshold _Eﬁggggi %103-_ <Hit threshold %ﬁggg S - Jul 2013 20cm HPD ] 20cm HPD -
_?J 10:— 72:3222 // _: 40:— ZP0007 .6,10 § at 0-5 p.e. —_ EHDOOTR El ? at 0.25 p.e. T § : Socm ngh QE PMT § SOCm ngh QE PMT :
o 8- . sop 2uper-K PMT -\ EHD00SO | 5 [ 2pP0021 2 | 50cm Super-K PMT 2 50cm Super-K PMT |
5 : - >10°L |\ BHD0091 | = 19°L __7P0012 2 S
S 6 - = S\ — EHD0095 | =< = 1p.e. = o
v B 20__ © N \ 4 4 ~——— ® - —ZPOOO7 o 10 8 10 —
4F - O - | S -\, ~10kHz o I E I 179
2: 10 105— .C. 105— 'g - 3 1 e
OE11.11.111.1111111.111111.1.11”1.1: O_ o TR RN EEI R :_ : < i .
200 220 240 260 280 300 320 340 360 380 1200 1400 1600 1800 2000 2200 2400 1 = 1 = .
Avalanche diode bias voltage [V] HV [V] - = Z?eTeng'ﬁg Bartﬁg%ﬁmss.or
HPD : 7.7 pC/p.e. (~10° gain) HQE PMT : 2.4 pC/p.e. (~107 gain) 107 10" E 1 1 | “ E
Coooc b b b e e T E N R B R R BT R E ]
w/ preamp. w/o preamp. 2 4 6 8 10 12 14 2 4 6 8 10 0 5 10 15 20 25 30 0 5 10 5 20 25 30
Threshold [mV] Threshold [mV] Dark rate [kHz] Dark rate [khz]

Plateau region in HPD indicates good resolution
and efficiency of 1 p.e. detection.

Output linearity (20cm HPD)
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Dark rate is stabilized somewhat after 50 days run and 8 months in dark.
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HPDs show better resolution in both charge and timing, which is still [imited by preampilifier.
High-QE PMTs have same resolution as Super-K PMT, though a little difference comes from different manufacture year.

Plan and Godadl

Viability test is going on to monitor a stability and confirm a long life over a year.

50 cm-® photodetectors are also being developed and tested soon in the tank. In addition,

a protective case, waterproof electronics and photon collector will be tested with photodetectors.
R&D and viability test will continue for a few years to determine the best photodetector in 2016.
A few hundreds of photodetectors adopted for Hyper-K will be tested again in final design.

Still keep monitoring the level for a next year.
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A good gain stability (1% RMS) in recent 1 month.
Long-term stability will be checked for a year.

50cm 0, photodetector R&D and next viability test

PMT (venetian blind dynode)

C.E.
T.T.S. (FWHM)
Bias V

80%
5.5 ns
2 kV bias

Working for 2-30 years

« New New
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| P - Ready for test in tank.
; ), o “‘j r Viability test is planed

\ v ) | with 3 box&line PMTs
R12850 iogeo|  Since summer 2014.
HPK L (50 cm HPD will be
HPD (avalanche diode) PMT (Box&line dynode) also added later in a year.)
95% 93% ] Good performance was confirmed
0.75ns (w/o Preamp.) 2.7 ns - Calclulated in measurement.
values
8 kV bias, 20mm ¢ AD 2 kV bias in simulation @

Poster ID330 : Development of new 50-cm diameter photodetectors for Hyper-Kamiokande (Yuji OKAJIMA).



