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Hyper-Kamiokande Proto-Collaboration

® International proto-collaboration was formed in 2015
® ~300 members from |5+2 countries, ~80 institutes,

® including 16 Korean members
® [wo host institutes: ™~

Based on Design

® University of Tokyo / ICRR Fopo
o KEK /IPNS -

Documentation: , 30 Hyper-Kamiokande

K. Abe et al. (Hyper-Kamiokande Collaboration),
Hyper-Kamiokande Design Report, Design Report
arXiv:1805.04163 (Dated: May 9, 2018,

s-det] 9 May 2018

K. Abe et al. (Hyper-Kamiokande Collaboration),
Physics potentials with the Second Hyper-Kamiokande detector in Korea,
PTEP 2018(2018) 6, 063CO01

arXiv:1805.04163v1 [physics

K. Abe et al. (Hyper-Kamiokande Working Group),

A Long Baseline Neutrino Oscillation Experiment Using J-PARC Neutrino
Beam and Hyper-Kamiokande,

arXiv:1412.4673 [physics.ins-det]

K. Abe et al. Letter of Intent: The Hyper-Kamiokande Experiment,
arXiv:1109.3262 [hep-ex]
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The Hyper-Kamiokande Project

- Size: 60 m(H)x74m(D)
Photo-Sensors Total volume: 260 kt
| ' Fiducial volume: 190 kt
(~10xSuper-K)

; 3333@333

POSSS999O
QOO'@@@ ® Inner detector (ID):
L EEEEL) 40,000 x 20” PMTs

40% photocoverage

Outer detector (OD):

6700 x 8” PMTs

1% photocoverage

OD water thickness: 1m barrel,
2 m top and bottom

2nd tank construction

Construction of 2nd tank in Korea

(1-3 deg off axis, 2nd 0scill. maximum) is
under study
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VVater tank
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o z; Badrock b Water Tork ( Cavern
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|74m|

ID surface area : 20,063 m?

Total . 258.1 kt/tank 1 ID-PMT/0.5m?2 (40% coverage)
Inner Detector : 215.7 kt/tank > ~40,000 ID-PMTs/tank
Fiducial Volume: 187.0 kt/tank ol 7‘00 OD-PMTs/tank
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Alternative designs being discussed using multi-

PMT modules, photon traps, ...
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m Summary of Hyper-K parameters

i mi
e A o,
W L AN . aner

Kamiokande Super-K Hyper-K

Depth 1,000 m 1,000 m 650 m
Dimensions of water tank
diameter 156 m o 39m o 4 m o
height 16 m 42 m 60 m
Total volume 4.5 kton 50 kton 258 kton
Fiducial volume .68 kton 22.5 kton 187 kton
Outer detector thickness ~ 1.5 m ~ 2m Il ~2m §§
Number of PMTs

inner detector (ID) 048 (50 ecm @)  [11,129 (50 em @) | 40,000 (50 cm @)
outer detector (OD) 123 (50 cm @) 1,885 (20 ecm o) 6,700 (20 cm @)

Photo-sensitive coverage 20% 40% 40%
Single-photon detection unknown 12% 24%

efficiency of ID PMT

Single-photon timing ~ 4 nsec 2-3 nsec 1 nsec

resolution of ID PMT
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_ Tokai-to-Hyper-K Beam

N 40t BIUTE ZERRIN ey €201

& — ;‘ 4 , 4 ‘I‘)— .- ] . . -
STareVess Terms Nwno. o B
Off-axis neutrino beam : - :
_ Neutrino monitor Off-axis Decay tunnel
. "r\‘ R = INGRID near neutrino detector |

\ i "l

Amj, =24 x W 'eV?

............

B, (GeV) - Near neutrino detector at 280 m from target
J-PARC neutrino beam

2.5°0ff-axis, peak energy 600 MeV (oscillation maximum), current beam power 485 kW
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Hik Tokai-to-Hyper-K Beam

Power upgrade from ~0.5 to 1.3 MW
1st priority among projects which require new funding
requests in KEK Project Implementation Plan (KEK-PIP)

® Increase repetition rate: (Achieved) (940
Funding started Power (kW) +257 )

#p/p(1012) 250 250 310

® MR magnet power supply

upgrade Rep T (S) 2.48 1.28 1.16
® MR RF upgrade (High grad/ \' ed W ""’
PS) J-PARC Main Ring (30 GeV) operates beyond 1 MW
® MR Fast Extraction Kicker gwoo;m i
upgrade g‘xz
® Higher #p/p (protons/pulse) 3 2 — Jmm;,';:;
o MR RF upgrade (PS) 200 Schedule to be updated
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ence Program

Nucleon decays /

Comprehensive Neutrino Properties measurement program
using Solar, Atm, and Accelerator V’s

e 03 023, 03, Am2), Am23;, CPO
BSM Physics

® Dark matter, ...

Neutrino astronomy and astrophysics

® Supernova burst neutrinos

® DSNB - Diffuse supernova neutrino background
Earth Science

® Earth tomography

" M.Yokoyama (U.Tokyo) | ) ) ]

o ' O 66(,'81 = MeV to TeV with
M <" asingle detector

go\"%er(
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Accelerato
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‘ ’CLH’F“CS

”IQK Run 1 9 Prehmmary

® T2K observed a hint of CP-violation o Nomal
® Current T2K statistics: 90 Ve and 15 Ve § 2\
candidates o

® HK can study further with O(1000) v,— Ve R )
and Vy— V. appearance events: ~3%
statistical precision!

® Better control of systematics is crucial

® Current T2K systematics: 6-7%

® Upgraded near-detector and new
intermediate detector to constrain Intermediate
ﬂ UX+inte raCtion S)’Stematics to <4cy detector at 1-2 km  Upgrader near detector at 280 m
(o)

® A second detector in Korea would
significantly enhance the sensitivity
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Hype- CP sensitivity

Integrated beam power 1.3 MW x 108 s
— 2.7 x 1022 POT with 30 GeV proton beam

viv=1:3 sin220,=0.1

_ Normal mass hierarchy HK 1tank 10years
- 5in%28,3=0.1

Q‘ - . Hyper-K: uncertainties of
1 8
D

expected number events

lIlllIll

=)}
[T T T 77T

. S aneEEEEEE LR T2K
4 . systematic

- . uncertainties
P . 5-6 %

11 I L1 11 I L1 1 1 I L1 11 1 L1 1 I L1 11 I L1 1 1 I L1
-150  -100  -50 0 50 100 150
6cr [degree]

Exclusion of =0 at 8c (for &= -n/2)
50 (30) significance for 57 (80)% of possible & values
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Hyper-KK CP sensitivity
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_CPV Global Picture

arXiv:1805.04163

Hyper-K
- Single tank
- Normal hierarchy
- Systematics 3-4%
viv=1:3
YeBV 182290 deg, 56)
— 1.3MW x 4 years

arXiv:1807.10334

DUNE
- Staging plan
- Normal hierarchy
v:v =50%:50%
- CPV (6 =-90 deg, 5c) 253 kt-MW-year
— 6.5 years

Combination T2K-Il and NOVA can reach
~4.5¢ for 6 =-90 deg by 2026

Significance [0]

I N

LRL llllllllllllllIll]llllllllllllll”llllllllll

©

(o)}

Significance for & = 0 exclusion

- Normal mass hierarchy

-

/> T2K+NOVA ™\
730200 O NS

150 -100  -50

: 50..

Significance for 6 =-90 deg

nE EW. 1
150
Ocp [degree]

T
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0AB 2.5 at SK
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2nd tank in Korea

® 2nd oscillation maximum covered

Beam center

® CP asymmetry for Ve/Ve appearance is 3x larger
than at |st maximum

Sea

" : Kamioka
® larger CP effect — less sensitive to systematic
errors JAPAN
® |arger matter effect for longer baseline KOREA

® Results in improved sensitivity for mass

hierarchy, however smaller number of events

because of flux reduction J-PARC

V,—>V, at 1100 km V,—V, at 1100 km
_80.3_'| I[|:]15°lfluxl— ..80.3_"1' I [I:]15°'I'fluxl—
- DV i - J v i
> 0250 —— 8,p=0° NH . = 025k — 8,,=0°,'NH =
8 » P 6cp=90°, NH B 8 ’ 5 S 6(:p=900’ NH -
O . — 8,,=180°, NH 1 O — 80,=180°, NH :
02 — 8,,=270° NH = 0.2 — 8.,=270°, NH =
‘ --- 6cp=0°’ IH : e 6cp=00, IH :
0.15§ -~ 85,=90°, IH c 0.15F -~ 85,=90°, IH =
--- §.,=180° IH ] } --- 0,,=180° IH ]
0.1 mmeeillgg =l Dkl - 0.1§ e Sgpmieill i -
0.05| : ‘ 0.05 e LT
0 ll ;/A. A e A P S S s 0w, v vrs o O ‘ 7> 3 — AT o
0.5 1 15 2 2.5 3 0.5 1 1.5 2 25 3
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® |Improved
sensitivity to mass

hierarchy 6-8C
(true NH) 5.5-70
(true IH) for all dcp

CP violation
— known hierarchy

— unknown hierarchy

e | /\ =\
y < @ -ﬂ- ‘-k U "ﬂj ‘ Nv

True Normal Hierarchy True Inverted Hierarchy
E 12:llllIllll];H]lelzlllllll]llllll: § lz:lllllllll];ll_l]leéll]llll]llllll:
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Neutrino O
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\/ Ax? Wrong Hierarchy Rejection

Atmospheric Neutrinos

Joint analysis of atmospheric and accelerator neutrinos

Sensitivity to mass hierarchy

——— Atm + Beam (True Normal) sirfe,,=0.4

[=2]
T 1

—@— Atm+ Beam (True Normal) sirfo,,=0.5
—ll— Atm + Beam (True Normal) sirfa,,=0.6
——k— Atm + Beam (True Inverted) sirfo ,=0.4
—@— Atm + Beam (True Inverted) sirfa,,=0.5
—— Atm + Beam (True Inverted) sirfa,,=0.6

O
T

L
1 2 3 4 5 6 7 8 9 10
Running Time (Years)

1 Hyper-K tank 3o rejection of
wrong hierarchy with 10 year data

\/ Ax* Wrong Octant Rejection

Octant sensitivity

e*
Ld
Py
L

-l—lllllllllllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII—I-

Atm + Beam (True Normal) silf9n=0.45

Atm + Beam (True Normal) silf9”=0.55

|Illl|llll|l||l|||ll|lll||l

Atm + Beam (True Inverted) sin'e”=0.45

S|

Atm + Beam (True Inverted) sirf6,,=0.55

1

2

|
3 4 5 6 7 8 9 10
Running Time (Years)

1 Hyper-K tank
can resolve octant at 3¢,
for |45°-0,,]|> 2.3 deg
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ucleon Decay

World- Ieadlng searches from Super-K to Hyper-K

Cherenkov ring image in Super-K

Super-Kamiokande IV

Expected signal for p— er® channel

—h

O—-NWPLOIOONOOOO

T ! ’ I ) i l ! . I .
Tproton=1.7% 1034years (SK limit) S i g Nna I

0<p,. <100 MeV/c
10 years /
background+
-+I_|_|

600 800 1000 1200
Invariant Proton Mass (MeV/c?2)

30 reach to 1035 yrs

IIIIIII

Number of Events

0 o X 150 <

Neutron tagging is a key to further reduce the
atmospheric neutrino backgrounds
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Nucleon Decay

Hyper-K 3o discovery potential

Soudan  Frejus
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predictions
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22

Water

190

Argon

Lig. Scinti

20

» Proton decay discovery potential for many decay mode
e p—e*m? ; 1x1035 yrs with 30 CL
e p—VK*; 3%1034 yrs
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® Supernova burst

® Sensitive to SNe in Andromeda

® 50-80 k events / SN @10 kpc

® Time and energy profile with high

statistics

® Explore dynamics of SN central

engine

® Explosion mechanism, NS/BH
formation

® |o pointing for SN alerts - Multi-
messenger (Optical, GW, ...)

® DSNB - Diffuse Supernova v

® Super-K-Gd expected to observe
first

® HK will measure the spectrum

® History of star/BH formation

events/0.22Mt/MeV
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_ Solar Neutrinos

Cherenkov ring image in Super-K survival probability of electron solar neutrinos

0 PR §

.
Y-
’»
-
.
.
-

Superdamiokande

Pz 104 Bt L0
N33 0713 13

W Mt e e

Setar o0 Mie. B R il
™o w W)

DRRTTE S RLE - TR
Pale Wi

Tinelww)
. L

(color: time) - Precision measurements of spectrum

N and day/night flux asymmetry (test of
[ 5;:9:: .1 m] i standard matter effect or exotic
- e gtel e ol scenario?)

® Solar physics

- First observation of Hep

x (3He+p—4He+e*+ve) neutrinos

3

2
= Low energy threshold,
high resolution reconstruction, and

exsbibizo hencey: Tl low background are critical
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Solar Neutrines

e Unresolved tension between solarand  ——— ~]  PRDSS, 052010 (2016)

~2 0 tension between solar global
2 . N
reactor (KamLAND) Am?221 values and KamLAND in A m?» GnZ 0,5 = 0.316700%

Am3, = 754713
7 N\ sin f1» = 0.308 £ 0.014

. \ ) 3 33
\ Amsy = J.bvf(l).sf)

* Super-K’s sensitivity to Am221 come
from spectrum distortion around a few

2 5
am?in 10%eV*
[ A G G N —-—— N
. WLEDONOOOCaaNDWAEODND

\ \KamLAND| . - .
. Solar+ | 4 3 hatt <in2 f.a — () 207+0.013
MeV and day-night flux asymmetry KamLAND {95 e |si0° 012 = 0.3072 001
. ] m Amjy = 749753
. _ - Solar globali \ i, | The unitof Am2is 105 eV2,
’ Hyp.er-K C.an mdepepdently te.St .thIS %8 flux is constraintby SNONC data | 1 ., J sin*813=0.0219:0.0014
tension with much higher statistics 0.1 02 03 04 e
sin’(8,,)
“ﬁ_s T pp' ,.Bo. T pepl Cﬂb . .B'|.bp 10 :0
10
07 o .
Vacuum oscillation 10
06 inant 107
— 10°
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04 10‘ Regenerate Ve by
102 earth matter effect
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OE......I o 2
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ht sensitivity;

— Significance for non-zero day/night asymmetry with current solar Am?24
— Significance to distinguish current solar and KamLAND Am?2;,

0 1 1 — 1 1 1 1
— ] ] ] ] 1 ] ] ] ] -
E ol b1 Systematic error
- b i o 0.3 %
~ 1 1 1 1 1 1 1 :
> r b ! P
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- o et [01% is
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- 1 1 1 1 1 ‘ ..... L 1 1 1 1
1 ! o 1 1 1 11
w 10
i 9
8
g 7
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With ~10 years of data capable to distinguish the current solar and
KamLAND best fit Am224 values with 4-5¢ significance
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_more science...

Searches for Dark Matter and Physics Beyond the Standard Model

g “*IceCube, bb -'-IW_*W' S 10°% = ,
= 102 é _____ ___—BAKSAN‘IT‘IZ mEEiph  tUWIWS - leit;lco-a- sinll'(':r::ND(ttkTrK)
s " [ | msweez 5 P, hmmany | = Searches for Dark
S 10 b oama Solar Ddrk Matter 108 —OWERATLR )
g 1 §3§t\\—8uper-Kamiokande Spln_dependerﬁ- SCGTTZI"IH § ’ DAMA/LIBRA —nyr-K(&:OkT;r: K) Matter Captured In the
BN e B Tyr, * .y
g RN 0% S . Sun. Most sensitive
10- e =3 ..‘-_ e & E . .
o b Te——— : E ol f indirect search for
@D 402 b e =10 ;
S L F | i T v F WIMP nucleon
'§ 103 \\ . e -38 :_ 5 I
5 E ' 0t 2 scattering
107 [ e 7 :
= A - %
=S 10" | bk 10%: &
== HK10yrs sensitivity, vt we0:bb *i=ww E m
10-6 i | | bands showingiastrophysical uncertainties : | 1040 - 7 C.Rott, §.In, J Kumar, D. Yaylali JCAP11(2015)039
2
10 WIMP mass[GeV/c] 2 4 10 10°
m, [GeV]
Neutrino Oscillation Tomograph / Studv of the inner Earth composition
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| : . - Sensitivity to the outer
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Hyper-K Status

® |nternational Hyper-Kamiokande proto-collaboration has been formed

e Two host institutions: U Tokyo/ICRR and KEK/IPNS

e U Tokyo has created a new institution for Hyper-K construction: Next generation
Neutrino Science Organization (NNSO)

e Hyper-Kamiokande was selected to be listed on the Large Projects Roadmap of the
Japanese Ministry of Education, Culture, Sports, Science (MEXT) (August 4,2017)

® |n the end of Aug. 2018, MEXT has decided to request the budget to Ministry of
Finance for “funding for feasibility study.”

e Statement from the President of The University of Tokyo Concerning the Start of
Hyper-Kamiokande (September 12,2018)

® Hyper-Kamiokande Experiment to begin construction in April 2020

Hyper-K construction to start in 2020 !
(Aiming to start operations in 2027)
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Conclusions

® Hyper-Kamiokande will offer an extremely broad science
program with the prospects of major breakthrough discoveries

® Search for CP violation in neutrino oscillations
® Proton decay
® Rich program with atmospheric and solar neutrinos
® Supernova neutrinos
® Timeline & Status
® Hyper-Kamiokande construction to start in April 2020
® Seed funding provided by MEXT
® Formation of the international collaboration

® Expect to start operations in 2027
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