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v_appearance in LBL experiment

Oscillation probability:

Interference
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contain information of CPV phase and the mass hierarchy

One can access those information through precise measurement of
V_appearance



Recent Indication of non-zero 6 "
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Next generation LBL experiment beyond T2K
become more realistic after June 2011
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MR Power Improvement scenario

Achieved!

Technically feasible upgrade of J-PARC



MR power improvement
scenario(cont'd)

Increase rep. rate and/or increase # of protons
toward high power (~1.66MW)
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Studies and R&D on Power supply, RF configuration, etc are being made
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Off-axis angle and Baseline
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Kamioka L=295km OA=2.5deg
Huge water Cherenkov

Okinoshima L=658km OA=0.78deg
Almost On-Axis

Liquid Ar TPC

Resonm

P32 proposal (Lar TPC R&D)
Recommended by J-PARC PAC ;
(Jan 2010), arXiv:0804.2111 ¥ i‘i



Kamioka L=295km OA=2.5deg Two choices
Huge water Cherenkov

Okinoshima L=658km OA=0.78deg
Almost On-Axis

Liquid Ar TPC

P32 proposal (Lar TPC R&D)
Recommended by J-PARC PAC
(Jan 2010), arXiv:0804.2111



Hyper Kamiokande(HK

vH +vurun at the first oscillation maximum
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Hyper Kamiokande candidate site
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R&Ds toward Hyper-K

For usage in water Cherenkov/liquid scintillatior
3D analysis with
Readout
measured rock stress HV supply
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J-PARC HK CPV effect

Compare electron appearance (number
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J-PARC HK CPV sensitivity

Hyper-K (540kt FV) / 1.5yrs v + 3.5yrs v /1.66MW
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- 5% of systematic uncertainty is assumed
- mass hierarchy is assumed to be unknown
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Atmospheric v studies .
(mass hierarchy)
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® Normal mass hierarchy = resonance in v, appearance
® Inverted mass hierarchy — resonance in anti-ve

Good chance if 8,3 and 013 are large
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J-PARC HK CPV sensitivity

CP 0 value for which we can exclude CP conserving hypothesis.

Large chance
fo determine o
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- 5% of systematic uncertainty is assumed
- mass hierarchy is assumed to be known
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Kamioka L=295km OA=2.5deg
Huge water Cherenkov

Okinoshima L=658km OA=0.78deg
Almost On-Axis

Liquid Ar TPC

P32 proposal (Lar TPC R&D)
Recommended by J-PARC PAC
(Jan 2010), arXiv:0804.2111



P32 proposal (Lar TPC R&D)
J-PARC to Okinoshima i
(Jan 2010), arXiv:0804.2111

Distance = 658 km

Off-axis angle = 0.76° :m Oldnoshima
(2.5° @ SK) il

100 kton liquid Argon

Good Energy resolution of
T || Good e/1’ separation
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> Extract Ocp from fit of 15t & 2" maximum



P32 proposal (Lar TPC R&D)
J-PARC to Okinoshima i
(Jan 2010), arXiv:0804.2111
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Okinoshima:
Geology and Geography

A conceptual design

Site No.1

AshHI Quarry

A single layer of the gneiss

| e

LS. E.L53.0

- T —760n . .

Shallow depth (>600 m.w.e.) is enough

to suppress cosmogenic background
=00 (A.Bueno et.al., JHEP 0704,041 (2007))

_ If more overburden is necessary,
PENTA-OCEAN construction co., Ltd., inclined access tunnel is also possible




100kt Liquid Ar TPC "GLACIER”

- Extremely high performance
“Electronic Bubble Chamber”

- 3D tracking of all charged particle
from very low energy threshold

- Precise resolution of ~mm

- Fully active homogeneous 4Tt
detecotor (as WC)

- Good PID w/ dE/dx, 1 rejection

- Double phase w/ Gas amplification
<10ppt purity needed

- LEM readout (~106c¢ch)

- 600ton detector realized and working

* Single module non-evacuable cryo-tank based on industrial LNG

* Cylindrical shape with excellent surface / volume ratio

* Simple, scalable detector design, possibly up to 100 kton

* Single very long vertical drift with full active mass

* Double phase, large area LAr LEM-TPC for long drift paths

* Possibly immersed visible light readout for Cerenkov imaging

* Possibly immersed (high Tc) superconducting solenoid to obtain

* Reasonable excavation requirements (<250‘000 m?3)

Giant Liquid Argon Charge Imaging ExpeRiment
A scalable detector with a non-evacuable dewar and ionization charge
detection with amplification

Electronic crates
_

mass = 100 kton
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technology -
A. Rubbia hep-ph/04023110

Venice, Nov 2003

We have developed an
R&D roadmap to address
magnetized detector this des,'gn

A Rubbia OPERA Collaboration meeting, June 201 1, LNGS = 46

-
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@J-PARC K1.1BR
(24-31 Oct, 2010)
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Two-phase readout w/ amplification
Presently under test at CERN
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beam test was successful

- R&D of Two-phase readout is in progress




Number of events

Number of events

J-PARC to Okinoshima:
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J-PARC to Okinoshima: Sensitivities

CP Violation

GLACIER 100 kt @ Okinoshima,

e I.6!MW !
08|
06
04
"“‘I: 02
M
o 0F
0
0.2
04
0.6
0.8
_1 1 | | | | | |
0 I 005 0.1 0.15 0.2 o2s T o3 0.35

sin2203

Mass hierarchy is assumed to be unknown
Perfect detector resolution is assumed
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Summary

Next generation LBL experiment project in Japan

- Upgrade of J-PARC accelerator (target: >1.66MW)
- Upgrade of far detector:
Two candidate of far detector:

- Hyper Kamiokande
Study of CPV:

v, +Vv run @2.5° off-axis (optimum to 1* osc. max.)
— measure difference b/w v_and v_appearance
- Liquid Ar TPC

Study of CPV:
v_appearance study @ on-axis wide band beam

— fit energy spectrum for both 1% & 2" osc. makx.
- Far detector upgrade is not only for CPV but also:

- study of neutrino mass hierarchy

- search for nucleon decay
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Proton decay search

One of the conditions needed to explain Matter-Anti-Matter Asymmetry

High sensitivity huge detector for future v physics should also have high sensitivit
y to detect proton decay
- LigAr’ superior efficiency for low energy particle enable drastic improvement o
n sensitivity on modes such as vK
- Water Charenkov is very good at “total absorption” modes with relatively high
energy (low mass) particles, such as et

10#¢ SUSY GUT prediction
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Proton Decay REHR

- explore quark/lepton unification -

{z e}

p—>eta’
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