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Hyper-Kamiokande & &

o CROSS SECTION

Electronics Hut

‘WaterDepth 48m
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BT Y1 > Super-Kamiokande Hyper-Kamiokande
R EXEE 275 D RTEI R DI
2ER Lo 1 0f& D /X8| [ 73 &
PMT®#(Inner/Outer Det.) 11,129 / 1,885 ~99,000 / ~25,000
KEEIC & 5 AR 40% ( 25f&! )~20% (to be optimized)
WiTE / BWIEE 50 kt / 22.5 kt = 0.99 Mt / 0.56 Mt
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HKIZ @A i fz# HE2sMonte-Carlo Simulation WCsimb 5 EE o

Super-K. Hyper-K w/, w/o Compartment L REHETY I 2L —Y 3 VAR
« WCsim&fiAHahbt., ERBEN7ILTY XLADNEREEH .
T2KRADHFHREFE 7« v hZILTU XA fiTQun (O(10) MeV ~ 10 GeV )
SKARBEIZR/ILF—vE#ER7I/ILTY XA Bonsai (# MeV ~ O(10) MeV )

WCsim Super-K mode Hyper-K mode w/ Compartment
Photo coverage:
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Hyper-KIC[alt, & D BEHEE - (BIG1E DT 75 Z FRH,

S/ —~/L(SK) PMT Box&Line PMT (new!) HPD
PMT THPD
©
;
“-‘. ‘ 0 -
" &b ') A }£)
y s ’ |
N /\ Box and | N *Avalanche
= blind dynode High QE! line dynode High QE! diode
Model R3600 (Used for 2-30yrs) R12860 R12850
Amplification  Venetian inndéiyptode Box and line dynode 20mm®O® Avalanche diode
QE NZZ% e ~30% ~30% Calculated values
s) 0 Y in simulation
C.E. 80% Better >93% Better 95% lati
T.T.S. (FwHM) | 5.5 ns — | 2.7 NS — 0.75ns (w/o Preamp.)
Bias voltage 2 kV bias 2 kV bias 8 kV bias + AD bias
Status HQE type under test = Proof test just started, Electronics and avalanche

Report  still some modifications diode under development
10
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— Better !

- BFEDEREE - 1p.e. BRIOH
HQE SK PMT < Box&Line < 8" HPD
— Better !

« HBRHEKDF7 75 —/NLR
Box&Line > HQE SK PMT > 20" HPD* EetaafEspEse  (-metal shield
" Prototype — Better | QHIEHEIIA0 _, ,ﬁ{ .

« Y—UL—h
Box&Line > HQE SK PMT > 8" HPD

— Better !
. L — MR =
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RAAEEER in EGADS

Long run test at EGADS 200t Dete
My o Lt : .‘:,. 5 B . <N . . V : \\
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()
$ 1%t test with

5 HQE PMTs and
8 20cm HPDs
over half a year so far

2 A
.
Y i

High QE New PMT ke
for SK PMT w/ box&line dynode

/.

2014FE. HQE Box&Line PMT 34K %
EGADSt&RHgsIC1 > A M=),
2nd phase test% FAB,

50cm® HPD

@ » (Under preparation)

Determine HK photosensor in 2016
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USA : DAQ system & Trigger Scheme (UK)

v
24PMTs 24 PMTs

_ New PMT R&D \_

coincidence ' coincidence Stage 2: Regional
(0BC) (OBC) <> processing Node (RPN)

Europe & Canada: 24PMTs | 24PMTs | 24PMTs  24PMTs I 56 PMTs

On board On board On board On board
coincidence = coincidence ' coincidence | coincidence

— New T2HK near detectors wfc) (Oiq wfc) (Oiq s
Algorithm Node (TAN
Canada : Stage 2: Regional Processing Node (RPN)
96 PMTs
— Photo sensor test facility | ! L
—_ NeW DAQ SyStem Stage 3: Trigger Algorithm Node (TAN) e BE;T;;

UK : LED Pulse Lnght Source (UK)
— DAQ system ‘ Photosensor test facnllty (TRIUMF)
— New 5" HPD y/ == 29t I >Ny
— Calibration system "

e, HKICH T 2YERETE Ll &8
EBNTHSHED S DY | AT

Response;: Tf'; eflection in water
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Neutrino physics of LBL J-PARC & HK
~ Measurements of | Am?;, | and sin?20,,

a 2-6)_<'l'0'-3]"'I"'l"'l"'I‘"l"'l"'l"'l"'l"'- o 2‘6?'10'3""""'"""""""""":
E 2555 True sin2023=0.5  — Hyper 3 E 2-55;_True sin2023=0.45 — Hyper-K + reactor “
< 25;_ m— Hyper-K + reactor _i <] 2'5;_ _;

245F . 2455 =
Y I > B B B O
235 3 235F -
23F ( 7.5x 10" MW:sec) - 23F 3
2251 3 225F c
247042044 046 048 05 052054056058 06 0.62  2fa3s 04 045 05 05 06 065
s sin’6,, sin’0
Expected precisions | 7.5 x 107 MW-sec ) 2
True Am2,,= 2.5x1073 eV? +0.015 x 1073 eV? (0.6% )
(0.55 4+0.009 (1.6% )
True sin0,; = 10.50 ( Full mixing)  +£0.015 (3%)
0.45 +0.006 ( 1.3% )
( T2K 2014 results AmZ, =2.51+0.10%x 1073 eV?
sin’0,; =0.514 + 0.055 )

Large improvements & good chance to identify non-maximal mixing.



Lifetime limit 90%CL (years)

10

b
o

b
o

< = I IS AT A T 5
0
2010 2015 2020 2025 2030 2035 2040 9

36

W
a

w
H

Hyper-K @ %38

o Hyper-Kamlokande
| 560kton'

'Super-Kamlokande ------ SR

; K
= GBI 1. RS /,' """"""""""""""""""""""""""" =]
Aot AR s SN ::fz:::;:::;_:::::‘_;:::;::::%:;:ii-i-::i::ff:::if
NSRRI SOOI =~ vsssebi £ SIS W —
o SR e ol e e e T
- i i | .
P S/ GRS | N —— —
IR, S _—— XSS SRR SN S
i ' :
| | f | | |

| o LAr 34kton

p—VK*



All is possible for high QE option, 22%—>30%
Photomultiplier tube (PMT) Hybrid photodetector (HPD)

Venetian blind dynde New Box & Line dynode New Avalanche diode (AD)
(KamLAND 43cm O, etc.) N (Not yet used with large aperture)

50cm®

+ preamp

® Photoelectron might miss 1t / : . .
gntr High collection efficiency Symmetric and

dynode - less collection eff. _ _
° Ambiguity of drift path Uniform drift path (& high 15t dynode gain)

resulted in losing uniform — High charge&time resolution

charge and time response. Uniformity improved to achieve large aperture
1l ]

fast response,
high S/N, low cost

. .. ! .
No experience using in water for a long time Low cost, }
High performance

— Proof test planned in Kamioka 20

«Reliability
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