Hyper-Kamiokande project

Masato Shiozawa

Kamioka Observatory, Institute for Cosmic Ray Research, U of Tokyo, and
Kamioka Satellite, Institute for the Mathematics and Physics of the Universe, U of Tokyo

Kashiwa, March-29-201 2



Conditions for measuring CP 0
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V'sin02~0.5, Am?,~7.6x10°eV2 2001 solar-v(LMA), reactor-v
v sinB,3~O(0.1) 2011 ~2.50(T2K),2012 >50(Daya Bay), others

Nature gives us an opportunity of leptonic CPV measurement.
— Need larger detector.
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— Detector Design and Physics Potential —
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Hyper-K WG,
arXiv:1109.3262 [hep-ex]

Multi-purpose detector, Hyper—K

Total (fiducial) volume is | (0.56) million ton
— 25 X Super-K

Explore full picture of neutrino oscillation
parameters.

— Discovery of leptonic CP violation (Dirac 0)

— V mass hierarchy determination(Am?2,,>0 or <0)

— 0,5 octant determination (0,,<T1/4 or >T1/4)

Extend nucleon decay search sensitivity - e

— T, ...=103*~10% years

proton

Neutrinos from astrophysical objects
— 200 V’s / day from Sun

— 250,000 (50) V’s from Supernova @Galactic-
center (Andromeda) ,-:-ﬂ_:z-:m |

glyf

— 830 V’s / 10 years Supernova relic v
— WIMP v, solar flare v, etc




V physics targets of Hyper-K

Daya Bay: sin22813 = 0.092 + 0.016(stat) + 0.005(syst))

» Leptonic CP violation, Dirac phase O
» V mass hierarchy, Am?3;>0 or Am?3,<0
» 023 octant, 0:3<T1/4 or B,3>T11/4

Proposal to explore full picture of neutrino
oscillation parameters.



Schematic V per-Kamiokande
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Inner detector 99,000 20-inch ¢ PMTs
20% photo-coverage

Outer detector 25,000 8inch ¢ PMTSs
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Hyper-Kamiokande candidate site

4 8km south from Super-K e v 5
4 same T2K beam off-axis angle (2.5 degree) T oupe
4 same baseline length (295km)

<4 2.6km horizontal drive from entrance
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Cavern excavati
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Tank Design

liner

PMT support structure
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More on develo

:
:

sensors [_
—20 inch Hybrid PD

—New 20inch PMT

proof test by 8inch HPD
under preparation

water-proof system for DAQ
electronics

water purification system,
water quality control

design optimization for lower
cost, shorter construction
period

pments
Y




Construction start —

Schedule
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Vu— Ve probability

Normal hierarchy

0.1

neutrino

‘ sin22043=0.1

0=0
M — d=1/2n
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anti-neutrino

Sin22613=0.1

» CPV test by comparing P(Vu—Ve) and P(Vy—Ve)
» sensitive to exotic CPV (non MNS matrix origin)



Selected V. CC candidates

sin220,3=0.1, =0
N v mode 0.75MW=x3yrs V mode 0.75MWx7yrs
= 400k Total 300F Total
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Ve+V.CC :880 Ve+V.CC :878
NC :649 NC :678

Ve signal efficiency < remaining BG
64% vyut+antiv,CC <0.1%, NCT1% <5%

(0.1<Erec, < 1.25 GeV)
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Contours T2K90%CL

Normal mass hierarchy (known) 7.5MW - years DayaBay | cCL
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Good sensitivity in whole 0,3 allowed region!



O resolution

Normal mass hierarchy (known) sin2203=0.1
: —— 5-000
3 f — 5=0°
> o 3.75 MW - yrs
O!;, : (750kWx5yrs) 76 Mmw . yrs
5 (750kWx10yrs/
S |.SMWX5yrs)
o 20 |
E : \
0 :....|....|....|...E.|....|....|....|..:..|....|....
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Integrated beam power (MW-year)
»d precision < 20° (0=90°)
< 10° (5= 0°)
» modest dependence on 0,3 value



mass hierarchy determination

discrimination power of mass hierarchy T2K90%CL
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Chance to determine MH by HK-JPARC experiment !



Fraction of 0 (%) for CPV discovery

Fraction of d in % for which expected CPV (sind+0) significance is >30
100
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e Effect of unknown mass hierarchy is limited
* Input from atm V and other experiments also expected for MH






cosO®v

B Crust
Mantle
Core

F(vlFo(ve)

sin%0,,=0.5, sin,,=0.04, solar on

Oscillated Ve flux

Non-oscillation

Ev (GeV)

Atmospheric Ve flux

r :u/e flux ratio (~2 at low energy)

P2 = |Aeul?: 2v transition probability ve = v, in matter

NucIPhysB669,255(2003)
R, = Re(A*eeAeu)
NuclPhysB680,479(2004) ;= A

Ace : survival amplitude of the 2v system
Aeu: transition amplitude of the 2v system

‘I)(Ve) 2
— 1 Py(r-cos“fys — 1
Bo() 5 ( 3 —1) Solar term

—r -sinfys - cos? b3 - sin 2093(cosd - Ry —sind - Iy)
Interference term

+2 sin2 élg(’r . SiIl2 923 — 1)
0,5 resonance term

Ve appearance is expected due to Earth’s matter
potential

- happens in V in the case of normal mass hierarchy
- in anti-V in inverted mass hierarchy

Large 0,3 value gives us a good chance to discriminate
mass hierarchy.



ass hierarchy discri

mination power
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Hyper-K years sin” 20, ,

» expect to discriminate normal from inverted hierarchy w/ 30 significance by
~Syears data.
»Large 03 (and 023) values are encouraging.



0,3 octant

sin22023=0.96 sin22023=0.99
sin2023=0.4 or 0.6 sin2023=0.45 or 0.55
0.3~ Normal mass hierarchy 0.3~ Normal mass hierarchy
- Hyper-K 10 years - Hyper-K 10 years
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. 2 s 2
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If sin220,3<0.99, 0,3 octant can be determined.



Super-K cut
® 2 or 3 Cherenkov rings

P —eT+TT 0 searches arrimeem
® No decay electron

® 800 < M,;o0n < 1050 MeV/c?
Piota < 250 MeV/c

Super-K data are well reproduced by BG MC.
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° 400 I . : -g L #+*¢ Signal Box > 10 -1? o Atm.v MC P
£ : [ 3 E -V tot
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0 . .. |signalBox 10 -1 T | . _35 o)
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200 10 A B ¢ D E

Invariant proton mass (MeV/c?) Total invariant mass (MeV/c?) Selection criteria
- detection efficiency = 45%
- atmospheric v BG = 2.1+0.3(stat.)+0.8(syst.) (Mtonxyears)!

PRD77:032003,2008 - Tproton/Br > 1.3 x103% years @ 90%CL

— =5l » BG measurement by accelerator v (K2K)
» BG=1.63+0.42/-0.33(stat.)+0.45/-0.51 (syst.) (Mtxyrs)' (Ev<3GeV)
» Consistent w/ simulation 1.8+0.3(stat.)

Quality of next generation search is guaranteed.
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Search for various decay modes

- many models predicts branching ratio of p—=e*n, e*p, etw are 10~20%
- Flipped SU(5) (Ellis) predicts Br(p—e*n®)~Br(p— pu*n°)
- (B-L) violated mode, e.g. |AB|=2.
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p—e*KO B |
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n—eK* | —y » Other various decay modes.
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p—>vK* — = pradiative decays p—e*y, puty
et - » neutron-antineutroniXE) (|AB|=2)
EZiEZZZZO pdi-nucleon decays (|AB|=2)
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Summary
- Hyper-Kamiokande will cover rich physics topics.
- discovery reach for leptonic CP violation.
- good chance to discriminate hierarchy and 023 octant.
- ~| 0 times better sensitivity for nucleon decays.
- various astrophysical objects.

- Effect of large sin?20,3 (~0.1)

-JPARC-HK
-small effect on CPV test if mass hierarchy is known.
-(0, sign(Am?;3)) degeneracy may happen.
-Chance to determine the mass hierarchy.

-Atmospheric vV
-Good chance to determine the mass hierarchy and
0,3 octant



