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® Excellent performance
® From ~MeV to ~TeV

® Scalability to ~Mton (and beyond)
® Established technology

® 50 kton Super-K running for >|5years
® Still evolving!!

® Improved reconstruction algorithm
(used for the latest T2K Ve result)

® Sensitivity improvement in p—VK
® Gd R&D in progress (as you heard)
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Three generations of
Water Cherenkov Detectors at Kamioka

Kamiokande Super-Kamiokande  Hyper-Kamiokande
(1983-1996) ( 996) (20?22-)
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50kton | Mton=1000kton

\j V(SéOkton fiducial)
x17

(x25 fiducial mass)
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LK Hyper-Kamiokande

Total Volume 0.99 Megaton
Inner Volume  0.74 Mton
Fiducial Volume 0.56 Mton (0.056 Mton x |0 compartments)
Outer Volume 0.2 Megaton

Photo-sensors 99,000 20”® PMTs for Inner Det.

(20% photo-coverage)

25,000 8”® PMTs for Outer Det.

. Electrical Machinery Room| = = =

Access




Selected as one of 27 top projects
In Japanese Master Plan
for Large Scale Research Projects
by Science Council of Japan
(Feb. 2014)
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No. (1billion yen) Proposer
The project aims to The project will explore [Addressing profound questions Total-1.880 Lead by the
construct a one million [CP violation (matter— concerning the elementary C t ’ N Institute for Cosmic
ton—scale water antimatter asymmetry) |structure and evolution of the folr_lls ruc_lon Ray Research,
Nucleon decay |Cherenkov detector, in neutrinos in order to |universe appeals directly to %am?/oplfarnde University of Tokyo
and neutrino [Hyper—-Kamiokande, to |help understand the the inherent intellectual 800, Operating and the High Energy
oscillation succeed Super— evolution of the curiosity mankind harbors for 2015 to cosjc of Hyper— Accelerator
85 | 23-2 [experiment Kamiokande and to universe. Additionally, |comprehension of its origins 9038 Kamiokande Research
with an perform world—leading [with the world’s best and future. Additionally, 450, Operating Organization.
advanced large |neutrino and nucleon nucleon decay searches |dramatic advances in neutrino t of J- Participation from
detector decay research in it also aims to establish |[research with a world—leading (F:’c,)ASRC 600 domestic and foreign
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their forces.

program in basic science.

is anticipated.




A Long Baseline Neutrino Oscillation Experiment
Using J-PARC Neutrino Beam

and Hyper-Kamiokande

(Dated: April 14, 2014)

Abstract

Hyper-Kamiokande will be a next generation underground water Cherenkov detector with a total (fiducial)

mass of 0.99 (0.56) million metric tons, approximately 20 (25) times larger than that of Super-Kamiokande.

A proposal to |-PARC Physics Advisory Committee
just submitted yesterday!

anti-neutrino beams.

In this document, the physics potential of a long baseline neutrino experiment using the Hyper-
Kamiokande detector and a neutrino beam from the J-PARC proton synchrotron is presented. The analysis
has been updated from the previous Letter of Intent [K. Abe et al., arXiv:1109.3262 [hep-ex]|]|, based on
the experience gained from the ongoing T2K experiment. With a total exposure of 7.5 MW x 107 sec

022

integrated proton beam power (corresponding to 1.56 x 10°“ protons on target with a 30 GeV proton beam)

to a 2.5-degree off-axis neutrino beam produced by the J-PARC proton synchrotron, it is expected that the
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Hic International open Hyper-K meetings

Hyper-K is completely open to the international community.

International WG was formed and actively working.

Four meetings (all held @ Kavli IPMU) so far.
Aug.2012,]an.2013,]Jun.2013,Jan.2014

http://indico.ipmu.jp/indico/conferenceDisplay.py?&confld=23

¥~ 100 participants each time|

Next meeting: Jul. 19-21,2014 @TRIUMF, Canada

Open to anyone interested in HK!
Masashi Yokoyama (U.Tokyo) / Hyper-Kamiokande Project


http://indico.ipmu.jp/indico/conferenceTimeTable.py?confId=10

Hic - Candidate site

! GEOLOGY AND ORE DEPOSITS OF KAMIOKA MINE

===__  , | *8km south of Super-K

Mozumi
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K Site and Cavern

Rock mass characterization

Candidate site: - - -
B —=1_ldil: avern stapilit
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GEOLOGY AND ORE DEPOSITS OF KAMIOKA MINE
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HK tank location

Cavity design studied based on the in-situ
measurements of rock quality and stress

HK caverns can be constructed with existing technology.
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YPER

® R&D ongoing in many areas

Data + Control lines
(~ Gb/sec)

Sync. Clock
+ Counter

y

y

Communication Block
t( SITCP? / Rapid I/0?)

Signal digitization

(Charge + Timing)

— Verification with a prototype (~lkton) d

Masashi Yokoyama (U.Tokyo) / Hyper-Kamiokande Project

® Cavity and tank
® Photosensor (— previous talk)
® Readout electronics
® DAQ system oo
[ocioc e |

® Software development

. . monltor
® Calibration system ey
® Water system Iy ‘

K Detailed detector design in progress

etector
(funded: JFY2013-2017)



YPER

I Strong and broad science program
* Vv oscillation

* Accelerator v beam
* Atmospheric V
*Solar v

* Nucleon decay

* Astrophysics
* Supernova burst V € "\
* SN relic v A_"::s
* Monitoring of Sun > G

* WIMP, GRB,
* Geophysics

bt ‘Proton‘ '

/ el

* Maybe more (unexpected)

Masashi Yokoyama (U.Tokyo) / Hyper-Kamiokande Project 12
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Recent rapid progress on B13 opened a door to the next step!

90% limit 3 years ago

sin°20.,

PDG2013 ‘ ¢ Feb. 2014, MY
SOIar + Kam LAN ' arXiv:1303.4667 (a) Normal hierarchy (b) Inverted hierarchy
m’ m’
N N
\ 2 vy 2 vV,
m; 1 m L] m, 1 I
2 ;Am§1 ~+7.6x107eV? v,
RENO Rate ogly, WIN13 m, 1 —
[
: . v
Day Bay Rate+shape, PRL 112, 061801
Marginalizing 6 A 24x107eV ” Amg, ~=24x107eV?
i 2K 23
NH, =0 PRL 112, 061802 ey .
IH, =0 | 2| L amd ~+7.6x10%ev S T—
m 1 —
|V| | NOS PRL 110, 171aj (2013) 0 0
IH, 5=0
I L [y d I
0.2

All mixing angles measured to be non-zero

Remaining

big unknowns (in v mixing):

Mass hierarchy (sign of Am2s)
CP violation

14



H'ﬁ“ Long baseline experiment
with |-PARC v beam

® Natural extension of technique being proved by T2K
® Off-axis narrow band beam, E,~0.6GeV

® HUGE water Cherenkov detector
® 295km baseline (=less matter effect)
® Main focus on measurement of CP asymmetry

® Complementary to >1000km baseline experiments
planned in other regions (LBNE in US, LBNO in EU)

® Sensitivity (CP/MH), technology (WC/LAr)

® Also rich program with Near Detectors

Masashi Yokoyama (U.Tokyo) / Hyper-Kamiokande: Detector Design and Physics Potential
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K Measurement of CP asymmetry

P(Vu— Ve): Ve appearance probability

(normal hlerarChY) for 295km baseline

0.1 0.1
o N2 —_ o . : _

- Neutrino Sin“26:3=0.1 Anti-neutrino sin“20:=0-1
| S= 0 0.08
/a ° 1 | R o Sy 8= 1/2 — i
T 0.06f T he 0.06]

LT

a B 0 =. [
D_ 004: oooooooooooo 0500;004_
0.02F 0.02}-
ok = oL
0 1 2 0

Ey (GeV) Ey (GeV)

 Comparison of P(Vy—Ve) and P(V,—Ve)
e Max. ~+25% change from 0=0 case
* Sensitive to exotic (non-MNS) CPV source

Masashi Yokoyama (U.Tokyo) / Hyper-Kamiokande: Detector Design and Physics Potential 16



¢ candidate reconstructed energy distributions

7.5MW - years sin2203=0.1,0=0, normal MH
=00 V. mode 225MW- 107s vV mode 5.25MW - 107s
3 = 0.75MWx3yrs = 0.75MWx7yrs
400E Total  (I.5SMWx|5yrs) 300F Total  (I.5MWx3.5yrs)
3 / 3G all _ v, — Ve + BG
3002— a 200F BG ve/Ve/Vy/Vy
200;: BG from VM 100 :_ BG from VH+ \7!4
100E : BG fromv,,
T L of 2
E,"c°¢ (GeV) E,"€¢ (GeV)
Signal Wrong sign — beam Ve/Ve
(Vu—Ve CC) | appearance B I e NC
V (2.25MW - 107s) 3,560 46 35 880 649
V (5.25MW - 107s) 1,959 380 23 878 678

%Further BG suppression expected with reconstruction improvement

2000-4000 signal events for each of Vv and Vv

Masashi Yokoyama (U.Tokyo) / Hyper-Kamiokande: Detector Design and Physics Potential
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K Expected sensitivity to CP asymmetry
7.5MW - years 5% systematics on signal, V, BG, Ve BG, V/V

1 VM o —g——— Normal mass higrarchy (known®)
- Hyper-K *Mass hierarchy
- 7.5MWyear determination with
- <in220, = Hyper-K atm. v:
— 23 >30 in 5-10 years
& £
w OF
- 1o
- 20
— 30
—1 : ] ] ] ] | ] | ] |m ] (- ] ] ] I\l\l ] ] ]
0 0.05 0.1 Reactor 1 0.15
sin220,3

Good sensitivity for currently allowed values

Masashi Yokoyama (U.Tokyo) / Hyper-Kamiokande: Detector Design and Physics Potential 18



MK Expected uncertainty of 0 (10)

5% systematics on signal, Vi BG, Ve BG, V/V

60

sin22013=0.1 — 0=900°

Normal Hierarchy — 0=00°

N
-

7.5 MW - 10’s

N
o

10 error of 0 (degree)

-

Integrated beam power (MW-10"s)
<20° (5=90°), <10° (6=0°)
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Atmospheric neutrinos

Wide range of E,,
flavor, V/V available

Complementary to
accelerator v

BT
Za=pU/18

Masashi Yokoyama (U.Tokyo) / Hyper-Kamiokande: Detector Design and Physics Potential
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Atmospheric neutrino

Vu— Ve appearance resonance in earth’s core
either V or V depending on mass hierarchy

(v (v,

sin’0,,=0.5, sin’6,,=0.04, solar on

P(ve)

— 1~ Py (r-cos®fy3 —1
(I)()(Ve) 2 (7“ COS 23 )

Oscillated Ve flux

—r - sin ;3 - cos® B3 - sin 2053 - (cosd - Ry —sind - Is) N TRy
on-oscillation

+25in2 03 - (7 - sin? O3 — 1) 0.2 i;

, 04 |

Sensitive to s |
 Mass hierarchy >

* 0,3 octant o

e CP asymmetry a X

larger 0,3 gives better sensitivity

Masashi Yokoyama (U.Tokyo) / Hyper-Kamiokande: Detector Design and Physics Potential 21



H”E" Mass hierarchy determination with
atmospheric neutrinos

30

1.2 B —— s2,=0.4, Inverted hlerarchy

e -Normal hierarchy
115 S L ot mormat meraeny -
— E E S§:=0.5. normal hlerarchy 25: Slnzze I 3:0. I
1.1 normal hierarchy case N>< B
o0 i """" 10 years <] 20¢
e =mr Ll 15
5 1T14L:f } I Hyper-K 10 years
0.95] . . 10 30
L Multi-GeV e-like events -
Dlg_lII|III|III|III|III|III|III|III|III|III :
1 -0.8 -0.6 -0.4 0.2002 E)'U.2 04 06 08 1 5 ZG
MSWV effect in Earth’s core I B S R I
: 0.4 0.45 0.5 0.55 0.6
— resonance effect on either sin? 6,

s a2
V or anti-V SIn 623

30 determination with <|0 year observation
(better sensitivity depending on the value of 023)

Masashi Yokoyama (U.Tokyo) / Hyper-Kamiokande: Detector Design and Physics Potential
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H VEQ

023 octant
sensitivity

(band depends on d)

Fraction of
Ocp excluded

(3 0)

d.p excluded at 3-c [%]

atm V: 023 octant and CPV

NH, unknown | 9, is fixed : sin220,; = 0.10 IH, Unknown
30> 10 years 301 10 years
= 250 . 25
8 c I
I~ o ] -
8 20 g
© 20r S 201
c C o
E B g C
3 15
= [ ~ C
4 - = -
1{]_36 <0k 30
5026 5[ 20
0_ Io|4| : : Io|45| : : |0|5| : : I0|55| I I |0|6| o: 1 | | | | | | | | 1 | ! 1 | | 1 | | 1 | | | |
. . sinz.et""e . . 0.4 0.45 l:i.5tr 0.55 0.6
23 sin’ 05,°
1 1
0.9F 0.9~
0.8 0.8
0.70 S 070
- o -
0.6 sin2 023 = 0.6 : 0.6
C © C in? =
0.50 / 2 .55 sin® 023 =0.6
0.4 . S 0.4
u 5 o 0.4
0.3 a 0.3F
- o -
0.2 0.2
0.1- 0.1
0:| [ I R NN T N N R B R B 0:| [ I TR N R R SR N N

4

6 8

livetime [years]

10

2 4 6 8 10
livetime [years]

Complementary measurements to accelerator v
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Nucleon decays

Sl  1/a | ol - ua | :
AN T s Many GUT models predict
of e > ol decays of protons and
. g (st alge) bound neutrons with
1 N T=0(10%%3°) years
” 1/ay o~ Vo,
0 5 10. "lc"log o 0 510 Llr’?log Q’ |
® Only direct probe of Grand Unified Theory
PDG2012
® [fwo famous modes: )
d > < ef u g ~ . K+
?X p _ u H___§_C____ < SC
P 7 U > < uc ) H 57
T d —>— o<V
8 u > u — VC
p—e"Tr p—VK*

Other modes are also important (we don’t know correct model!)
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K Proton decay sensitivity

~|0 times better sensitivity op—e*TTO:
than current Super-K limits! *|.3x103yrs (90%CL)
Super-K Hypel‘-K ‘5.7)( |O34)’|"S (30-)

2:::0  — —3—»—’ P_’\_,K-l_:
p -u:ﬂ" : : el
e ||| ||| ey ©3.2x10%%yrs (90%CL)
N — v 20 C——
- e Lt °|.2x10%%yrs (30)
n—vn g
p—oc:pf’ - Ty L — . . .
i L. — >30 possible for lifetime
g above current SK limits
e ey L —
pP— e T—g el
p_."wKO Bl | L.
e il *Superb sensitivity for
p—ou'Kf’ Bl— ] o 0
oty — e p—e’TT° due to huge mass
:w IR eComplementary to LAr
T g g in other modes, e.g. p— VK

/B (years)

Masashi Yokoyama (U.Tokyo) / Hyper-Kamiokande: Detector Design and Physics Potential

26



Lifetime limit 90%CL (years)

36 Nucleon Decay 90% CL sensmwty
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H VE

® Supernova burst neutrino

Neutrino astrophysics

® Huge statistics if SN in our Galaxy
® ~200k events @ |0kpc
® Supernova relic neutrino
® History of heavy element synthesis in the universe

® Precision measurements of solar neutrino

® 200V’s / day
® |ndirect WIMP Search

® Neutrino tomography inside the Earth

Masashi Yokoyama (U.Tokyo) / Hyper-Kamiokande: Detector Design and Physics Potential
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HK Supernova neutrinos

Cumulative supernova rate Hyper—K detectlon probablllty
1 — T T T T L R 5 AR R R VAR
: —— No osc.
' 50.9 _____ N. H
081 % 0.8 g e . H 1
< Ny o] L %, o ]
A 3 E 07 @ E
ﬁ; 0.6 § % / gatlalxy_ o 0 6; \\“/) E > 10 |V|€V_
2 al atalog c YU . : . :
A = S a5l W =
2 zﬁ 2 0.5h¢—|' | TIme wmdo?w 10sec.
o4k =t / 2 0.4} | %
& ¥
I 20 Y ‘gég Q03F TV N\
o = v o b\ A N e,
03"—0% 1 v 55 § § - 0.2}
\Z 9lo) .ad
-€— - 2 Continuum 7 0.1 3 ]
= e T ol b e ™
0 2 4 6 8 10 0 1 4 5 6 7 8 9 10

Distance D [Mpc] Distance (Mpc)

* |SN about every 10 years is expected within 2 Mpc
e >50% efficiency is estimated for required signal
multiplicity of 3 for SN at 2 Mpc distance.

* Further study will be performed on E threshold and
expected BG.
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® ~200k Vv events expected

SN VvV burst @ 10kpc

® Detailed measurement as a function of time possible

® Exciting possibility of joint analysis with other methods
(contribution to multi-messenger astronomy!)

0 0.05 0.1 0.15 0.2 0.25 0.3
Time (sec)

Mean energy (MeV)

N DN

N
o
—_

[ Totani et al. (1998)
- Thompson et al. (2003)

[ Sumiyoshi et al.(2005) Shen EOS f
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HK Summary

® Hyper-Kamiokande will provide excellent
opportunity for wide range of physics topics

® Neutrino mixing and CP violation
® Nucleon decays
® Neutrino astrophysics

® International working group is working
towards its realization.

® You are welcome to join!
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