


FINYSICS OT Fliyper—naimonanrace

® Neutrino oscillation

O Atmospheric, solar,
accelerator v
OV mixing parameters
» Leptonic CP, etc.
® Nucleon decay

® Astronomy

OSupernova, sun, etc.
® Neutrino geophysics

® Dark matter (wimp, ... L

Details of Hyper-K physics and overall will be presénted later in

29 Oct (Thu)16:45 “Hyper-K Strategy for Controlling Systematic Uncertainties” (Sam SHORT, QMUL)
30 Oct (Fri) 16:30 “Hyper-Kamiokande” (Hidekazu TANAKA, ICRR Univ-Tokyo).
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Hyper-Kamiokande Project
Super-Kamiokande Hyper-Kamiokande Large water Cherenkov detector
(since 1995) B _ 1" Kamioka an
0.56 (0.99) Mton

Electrical Ma ery Room

YKA

0.0225 (0.05) Mton

Fiducial (Total)

Based on established
technologies

+ Improvement g

with new technologies

......

Photo-sensor Super-K Hyper-K
Inner detector 11,129 99,000
(for v detection) (50cm®)  (50cm®)
Outer detector 1,885 25,000
i n® PMTs (for cosmic-ray veto) (20cm®) (20cm®)
: inside S;Ser—K Photo-coverage 40% 20% ki |
| Sensor efficiency 18% 29% =
s A N (Quantum x Collection Eff.) (22%x80%) (30%x95%) c Expected in new photo-sensor R&D
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R&D topics In Ayper-namiokande

Construction : Super-K 1993 — 1996 -~25yrs = Hyper-K 2018 — 2023 (?)

e Studying Hyper-K design based on well-established Super-K
by 8 Detector R&D working groups to construct Hyper-K.

1. Cavity & Tank 3. Photo-sensor 5. Software

and physics working groups

Various R&D groups are actively working for further improvement. T =
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Flyper-namlioranae Froto~Lollaporation

International working group was formed since 2012, and proto-collaboration since 2015.

Hyper-Kamiokande open meeting series
(1st) http://indico.ipmu.jp/indico/conferenceTimeTable.py?confld=7
(2nd) http://indico.ipmu.jp/indico/conferenceTimeTable.py?confld=10

st & :
At 1%t proto coIIabb,_‘

€
X |
W' ) Y. 1

Hyper-Kamiokande Proto-Colaboration meeting (closed)

(3rd) http://indico.ipmu.jp/indico/conferenceTimeTable.py?confld=23
(4th) http://indico.ipmu.jp/indico/conferenceTimeTable.py?confld=29
(5th) http://indico.ipmu.jp/indico/conferenceTimeTable.py?confld=34
(6th) http://indico.ipmu.jp/indico/conferenceTimeTable.py?confld=52

(1st) http://indico.ipmu.jp/indico/conferenceTimeTable.py?confld=67

Next meeting on 1/Jan-2/Feb 2016 at Kashiwa IPMU, Japan.
(Registration is not yet opened, will open only for proto-collaborator)
(2nd) http://indico.ipmu.jp/indico/conferenceTimeTable.py?confld=79

I

s‘

<O L 0§ EREH™  rmi oS =6

23 countrles, 261 people (Oct.2015)
Hyper-Kamiokande Research and Development (Y. Nishimura) 5

2015/0ct/28



Cavern and Uptimization

)
. .1 © B-class (4.5% volume)
Geological survey ssification
at Tochibora candidate site 3 e
m far from Super = ==Hyper< =- |
7 L
Q é I ‘/9 B /\
e % 8 £ / o™
Q g_ % -
® 3| @cH
146 4 6.4 £ | E@cH
168, H; = v
: - g rof | &
: 5 i i Ll R oKk /% 7
Boring rock mass/initial stress obtained Egg—shape caverns R g e

can be constructed Plasticity regln depth by stability analysis

in all region by the existing technologies (pre-stressed anchors, etc.).

ﬁor further cost reduction,

tuning of cavern and tank Wall optimization | -
is ongoing by in 250m long caverns|

® Possibility of SK-like tank | ggo_shape is more stable |-
® Thin Outer Detector layer | than straight walls.
® Photocoverage tuning
® Photosensor options
\ with better performance/ =>» Find the best tank design soon with optimized.
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Dase Idea oOoT | ank LoNnstruction

. (Case study of long egg-shape tanks)
Excavation step

Wl \\\\\\: u/// \\\\\\ 1,
N\ N\ .
N ' N ///: S //4/: € Pre-Stressed anchor,
Stability analysis - s = — as well as shotcrete,
by each excavation step —> — . rock-bolt, ..

Support frame construction
Movable scaffold between compartments

hotodet_ector maintenance

By floating boat,

TR Construction of 1 1| with changing
o t(;!«i Sioe support frame | % water level.
by crane \
ﬁf—“?‘ 7 To install photodetectors
A by each segmentation.
Orderlng of installation By 5 segmentations / 1 tank
Fast and safe scenario I . | Construction procedure
\ is also considered
“ I . Support  \ to estimate cost and period
pmT  Lining _ :
‘ — to optimize the tank design.
PMT | Lining [ [ | Slow (Long egg-shape tanks have
Support by 1 tank difficulty in construction
For 23 months in this case PMT Support construction \ compared with SK-like tank.)

2015/0ct/28 Hyper-Kamiokande Research and Development (Y.Nishimura) 7



QUCMYP FNnotosenor Candlidates

By Hamamatsu Photonics K.K.
® 2 types of new 50 cmm @ photodetectors are developed.

Model
Amplification
Q.E.

C.E. ®46 (050)
T.T.S. (FWHM)
Bias voltage

Proof test

2015/0ct/28

R3600 (Established)
Venetian blind dynode

~22% (or ~30% in HQE)
67% (61%)

5.5ns

2 kV bias

2 yrs for HQE (19yrs in sk)

LiF )
Box and
line dynode

R12860

Box and line dynode

~30%

95% (85%)*

2.7 ns

2 kV bias

1 yrs now from Sep.2014

Box&Line PMT TNeW

®Avalanche
diode

t still in R&D

R12850
20mm@® Avalanche diode

~30%

93% (76%) w/ 5¢ch AD'
0.75ns (w/o Preamp.)

8 kV bias + AD bias (<1kV)
> 0.5 yrs expected

C.E. = Collection efficiency of 1 photoelectron, T.T.S. = Transit Time Spread, by calculation
Hyper-Kamiokande Research and Development (Y. Nishimura) 8
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U

E Detection in 50em® Photodetector

. . Regults shown in NNN14
Charge resolution Time resolution

Multi-PE

Measured
(Calculated)

7.3 (5.5) ns
4.1(2.7) ns

3.4 (0.75) ns

~Pedestal - FWHM

:[cér/:oeaék] é
SK  53%

BL 35%
HPD 16%

&
- ey

0 - 1 | | 2 3 -20 -15 -10 -5 0 5 10 15 20 25
Photoelectron Time [ns]
Charge Time More details will be
o / peak o (Ieft) FWHM reported by D.Fukuda
in poster presentation.
Super-K PMT 53% 2.1ns 7.3 ns
T 20mm® Avalanche Diode
Box&Line PMT 35% 1.1ns 4.1ns| "ITE
HPD (w/5mm® ADY) 16% 1.4 ns 3.4 ns |w/ preamplifier
(intrinsic resolution is
(20cm® HPD) (12%) (1.1 ns) (3.3 ns) | petter, less than 1ns)

Single p.e. charge and time resolutions are better for both new photodetectors.
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Detection Efficiency

Simulation R3600 SK PMT HQE Box&Line PMT
(Hamamatsu)
10Dvnode Along (X) 10Dvnode Cross (Y) 10Dvno,de Along (X) 1UDvno_de Cross (Y)
' : Rl Y Ly '
argrn,mﬁjﬂ'ﬂ— MWM\/\[ /'q‘** g r“»uf P‘P{]h
Gain x CE uniformity (IR 05l 490mm | I | 492mm sl 492mm
0.0 0.0 0.0 0.0

Total detection efficiency
was measured
at single photoelectron.

N
T I T

‘ High—QE box—and-line PMT

! (Hamamatsu R12860) - -
: QE = 31% sample e
! Top View

A+

Detection efficiency is doubled | SuperK PMT average / N
] ] K ;.'/,‘ (Hamamatsu R3600, QE = 22%) N . &,
in HQE Box&Line PMT . View\\J Y

compared with Super-K PMT

Relative single photoelectron hit efficiency
—
T
|

o

1 1 1 1 1 1 1 1 1 1 1 1 1 1
-90 -80 -70 -60 -50 -40 -30-20-10 0 10 20 30 40 50 60 70 80 90
Position angle [degree]
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EGADS 200t tank 2015

+ 5 HQE Super-K PMT
+ 8 HPD (20cm®) + 2 HPD (replaced)

.. ‘ +

(+ 50cm HQE HPD)

by
-/

In total, 240 photodetectors

From 2013
Super-K PMT
® (Normal QE)
® (High QE)
20cm HPD
(2014 removed)

From 2014
Box&Line PMT
2nd 20cm HPD

P, " -

b . & Y .- ¥ S
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Sihgle PE Time in Water

Transit Time Distribution
HQE SK PMT

4
—
Mean 1.623 = 0.07675 c
s (9]
>

221288 Entries 578528

1400 :— Mean 2.324 = 0.07128

(=3
=]

1321967

1203 967

(=3
=]

Scale 7537
3282

24m

(=
(=]

4.447

Number of events
=3 w 8 -~ [+
o

Time resolution at 1 p.e.

Time [ns] Time [nsl£
o
£
20cm HPD o
D120F Entries 36214 -8 HQE Super'K PMT
8 C Mean 4.155 £ 0.2361 E 10 -
Booof o o Super-K PMT
; E o.::: B Zocm HPD
S sof ::: § 3 Box&Line
2 Go: 0.9981 i PMTS

. JR

M e 4 5 6 7 9 10 11
OE 00 e Time resolution [nsec] (FWHM)
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SlNgle PE CLharge In water

HQE 110 Ché6 (ZB8246)

HQE 018 Ch0 (ZP0015)

1

2500 : .
C 2 el 2324717 F / ndf 5448/ 16
.2 - Constant 2224 1 16.1 *23000 - (Xzonnstam 3027 = 224
5 - :eun 2.43?: a.011 @ - Mean 261=0.01
22000 oma 12062 0.010 32500:_ Sigma  1.05= 0.01
S [ S T
A C 22000
21500_ H QE g E
§ §1soo}
21000 SKPMT | 2
i 1000
500 -
:JJ 5001
SV TNIO . SS RV, e el Charge resolution at 1 pLe.
Charge [pC] Charge [pC] (Low resolution of HPD/PMT is due to low gain set)
HPD 158 Ch4 (EHD0078) T T T T T i
£ 400 Entri 12818 » ; : : E E E :
£ o 5 o Super-K PMT
% = 1P Mean 10.8 _.9 N i i
3 HPD |», ..z 3 10F
2 300F Tst Peak Scale 305 = 4.3 © ~ High-QE Super-K:PMT
E o 1st Mean 7.489 = 0.075 o] - !
Z 250 1st Sigma 2502 = 0.031 _.9 - o
- 2PE SabodkSods 072+ 171 g T High-QE Box&Line PMT[:
E 2nd Sigma 2.203 = 0.081 o -
150F 3rd Sigma 3.617 = 0.200 “— 3 :
g Peak offset 0.2949 = 0.0894 @) : Ocm HPD
100F Py : g
s0f- A 3PE \rI}V/ 4|,:th Id 8 - HO:‘E
B L tOresnold S B&LPMTs | |
10 20 30 40 50 zZ : : : :
Charge [pC]
= X
High-QE Box&Line PMTs : IR
. B A0 L R REE i
clearly showed better time and charge ' >
30 40 50 60 70 80 9010

resolutions in water.
Hyper-Kamiokande Research and Development (Y.Nishimura)
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FIEN“"E FivVil Galn oTabllity

Monitoring 1 Hz pulse light from Xe light source around a few tens PEs.
Relative peaks transition referring average of Super-K PMT peaks

1.1 ¢

For 10 months e =<0 :

1.06 e ZIPOOZ2 E
4.0aF ZPOOT 2 E
1 -02 """" “1 ”””” e o oo _7_ """""""""""
0.98 " = A P ss e s i r B i B, o '
0.96 RMS 0.4 - 0 9%
1 -
0.92|

0.9 &

Five High-QE
Super-K PMTs

Relative charge (Corrected)

'o-l
0 =

-06

Three High-QE
Box&Line PMTs

-L-L-L-L

02

Relative charge (corrected)
0000
000
NAOO

o
©

1 I 1 1 1 1 I 1 1 I 1 1 I
Oo1/Jan o2/Mar o2/May 01/Jdul 31/Aug
Date

Similar gradual change was also seen in Super-K, but it’s no problem by correcting it with the monitor.
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FIEN"E FivVil arKk nate

Dark rate stability of High-QE PMTs in water t}ank For recent 8 months

35 ;_Ef;%%g .............. - 1 -/2—--ye—a-r- ............................................. = HQE Box&Line PMTs
E 30 ;__—égéé% ........... / .................................................................................................................................. 1 PMT get‘ting hlgh rate.
KV Y- SRR . S B g g i A s LB i | [TNOTE : Recent version
O 20 e et st e A got half reduction similar
+ E - to HQE Super-K PMT’s
8 - 00000000
X 10 P R e T A B o P A it e | HQE Super-K PMT
"DU g BT S T Sl ST TR ARE® 1 Almost stable ~8.4kHz
= L 2014 [ B B 2015 L] (.@l.mv.th:e s Dark rate
01/Dec 31/Dec 30/Jan 29/Feb 30/Mar 29/Apr 29/May 28/Jun %30? ng%?,ge by temperature
® Dark rate was reduced Dark rate as a function of thresholds =% |
from those in water tank, £ | : 6 samples of new £ Mé
as well as after pulses, §1°E) Box&Line PMTs e S
in latest version of - o

A PR P PEES PR PR P F
4 6 8 10 12 14 16 18 20 22

HQE Box&Line PMT.

[

O Now cqmparable level 10E % 1 Stabilization for 3 weeks,
with HQE SK PMT : = EME{ still lowering...
(See poster by D.Fukuda) : Dark noise of N 10\\ @ 2mV thre
Measured in room (~25°C) > '£.i. | Box 3n‘d‘Linée‘P‘=“v"‘=T8 SN T
before sta b|llzat|0n . tmv Threshold [mV] ol 06A1  06/18 . S " 07/02
(Nominal threshold) Date
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SUCM FIFU EIECTroniCs o

Junction capacitance of
avalanche diode (AD)

Noise level by capacitance

10000 20mmao
1 Zomm(D 1800 .
wmm 21222 A — 5mm @ was used in 20 cm HPD
T 1000 | 5mm®_ = o " and initial 50 cm HPD evaluation.
: P o 20mmaQ is required for 50cm HPD.
§ 00 C — —> Amplifier design becomes
0 + - difficult in 50cm HPD.
O T e ae oo Junction capacitance (pF)
Reverse Bias [V] AD blaS [V] ( : \
Two solutions were tried to suppress noise. (B.transformer coupling
4 HV Power .
A. 5 segmented area o [T ol
800 pF > 160 pF/ch %E&sm Ufier} HF— 1 b sgna o
5ch T [ ier] Hs L
protection I

§- — EH—DL
De e

i :| ) ’ : : - : Toff %I
Ch3 ! Se—— .
HV Power * | L] V> W/O trans e o
ch2 i ak - /A
8KV - VAD) i o ! o
r filter ¥ x n"D . " /
i Chit p Z oy
BV = | :
T frer e ¢S sov/ma W trans e ————
/ 5-ch AD Proeeion v inverted amplifier q y A
\3 107
\ 7| \_ )

pd

r

Demonctratuon at 11k\! w/ 15mm® ’\D

# " 1n - 1/n? suppression

Charge Distribution

Waterproof HPD with finalizing design of preamplifier with comblnlng two will be ready by the end of 2015.
Hyper-Kamiokande Research and Development (Y. Nishimura)
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Uther Alternative FU candidates

® Multi-channel optical module Based on

O Explore possibility of cost reduction, Eg/ﬂf;odme
better high-pressure resistance, X A
directional sensitivity, ...

O Implemented in simulation
to study HK performance

® New HQE 11” PMTs from ET Enterprises

O Competition with Hamamatsu small PMTs (8-12 inches)

1PE charge 1PE time peak .
g, and late pulse 35 High-QE spectra

3g2oft avs O

5103 Aver
3 O (y 9 i BSK105 Average ofaxs OF
o 4+ SN106 Average off-axis QF
TR
§°L Ty
| Aty m ("8,
™ | | || ]

20cm PMT for OD

o Bepssnonnd

“ A m:’ 200 250 300 350 400 450 500
Charge () Waveength / nm
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Slmulation

New photodetector

e Hyper-K with WCSim performance implemented
(The Water Cherenkov Simulator, GEANT4 base) 5 S
. . =* R3600 (SK) ==
O https://github.com/WCSim i
O Parameters imported from SK simulator (SKDetSim) ,f o :
_ oo _ _ £ Timing Resolution
O Trigger / Dlgltlzer 5|mulator is under study. ok
/ Input: Raw photon hits Input: Raw photon hits oz HPD (Sme))‘-‘Ti___-_f\‘———ffh
l 8 1 10 Charae Iu.e‘l.Pz
2 iy =
<O window to raw hits c o« .
Y 8 l Raw photon + noise hits / e 0'05: :mao
@) Pt E . Box and Line
o - Add dark noise hits ) °~°“: SR
8 GC) E voag
E g,JD Digitize hits 8 0-025 . . - ‘
> o : ~ 1p.e. distribution
Z .(2 0.01E k .L\
/ Output: Triggered digits / 2 oy T ;‘ Y- 3(;;,33;2 [p_ej
- / Output: Triggered digits / 8 0.35_ /—\\\HQE |
® F|tter 0.2sE- ‘ ——High QE
0_25_ \ s Normal QE
O fiTQun tuned for HK geometries -~ |
o N | Quantum Efficiency
O Bonsai-fit for low energy “F \
HK tank optimization is ongoing with the tools.gcg,{ ST .- SO

Wave Length [nm]
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Electronics & UAQ

® Digitization
O sub-ns FADC + shaper
» optimization of shaper and digitizer with SPICE and MATLAB in simulation
» hardware test with 4 different shaping time QTC I/O correlation
O QTC by Iwatsu and ICRR\ /' AT
+ FGPA based TDC by Fermilab e

+ Ethernet readout (100M or 1G)/s

¢ Communication Prototype circuit for test
O SiTCP (Ethernet)
O RapidIO ® Cable and connector in water
» 4 RapidlO cores in FPGA O Between photodetectors and waterproof electronics
on each board O Connector mock-up for use in 100m water depth
» each of 4 links at 550Mb/s .;,,,;\‘ s oo N e - for HPD with 8kV lines
= -‘ -7 l =+ ' ¥ Testing to fix design
wa s : 4 supplied with 8-10 kV
! r g T,
g o - — - Soak test

Cable complex available
(1 signal, 3 power, 2 HV)

O Material to be used in pure/Gd water was selected.

for 3 months
was done

2015/0ct/28 Hyper—-Kamiokande Research and Development (Y.Nishimura) 19



callbration e

j=EIRLL
=adlnui BT
=L

O Automated,
for multiple sources,
without opening tank

O Prototype for test

1

Various sources

® Embedded optical calibration system

O Fro multi-purpose -ED

optical and photo
detector calibration

O With many injection points

O Test with LED, laser diode and pulser ongoing ’ " Measured

© uniformity
il of SMDLED

® Photosensor test facility at TRIUMF
O Better understanding of response
O For simulation, reconstruction, ...

A /‘;/ 4 5
50cm Super-K PMI
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g
Near detector concepts at ‘}J-PHHE site

Water Cherenkov detector plans as near detector in v long baseline experiment

"T2K 2 km site lkm

VPRISM

(Neutrino precision reaction independent spectrum measurement)

Multiple beam off-axis angles
with elevating water Cherenkov detector

for narrow energy band selection.
Details in nuPRISM talk tomorrow by Michael WILKING

il

=]

[

[T

o

TITUS

(Tokai Intermediate Tank for Unoscillated Spectrum)

2m

Off-axis angle [

v Energy [GeV]

2 kton Gd-doped (for anti-v separation)
water Cherenkov detector
+ muon range detector

using PMT/LAPPDs (or HPDs) _-
Same angular coverage as HK

® These Design, simulation and survey are going on.
2015/0ct/28 Hyper-Kamiokande Research and Development (Y.Nishimura) 21



Hyper-K Notional Timeline

(Assuming budget approval, not determined yet)

7 years construction
i

2012 12013/20142015|2016|2017|2018/2019|2020|2021|2022 2023|2024 | 2025

—————— D

Survey,|Detajled design Tunnels Cavity excavation Tank construction

Photpdetector pr

Photosensor|installation a

Operation

Photodetector R&D

(% -merc 400, 450, 700, 800, 900 kW and beyond V2NN
(Baseline assumption at 750 kW) (T. Koseki at HINT26i5)
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® Hyper-K working group is actively studying the design.
O On many R&D items, with ~260 researchers

® Promising detector and physics results
O Based on established technologies by Super-K
O With much improvement such as photosensors
O For next after v oscillation discovery and supernova observation

® On 31/Jan —2/Feb 2016,
2nd Hyper-Kamiokande Proto-Collaboration Meeting

2015/0ct/28 Hyper-Kamiokande Research and Development (Y.Nishimura)
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