
Directions for Neutrino 
Physics in Asia

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

Fundamental Physics at the Intensity Frontier Workshop
Rockville, November-30-2011

1



Outline

• Neutrino Oscillation experiments
– Ongoing experiments: Super-Kamiokande, T2K (J-PARC

+SK)

– Next generation detectors: Hyper-Kamiokande, Liquid 
Argon TPC

• Double beta decay searches
–KamLAND-Zen, CANDLES, DCBA...

• absolute ν mass by cosmological observation
–Subaru, not covered by this talk...
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Summary of neutrino experiments (ongoing, planned, under 
discussion) in Japan.



Neutrino Oscillation Experiments
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Super-Kamiokande IV
T2K Beam Run 0 Spill 1039222
Run 67969 Sub 921 Event 218931934 
10-12-22:14:15:18
T2K beam dt =  1782.6 ns
Inner: 4804 hits, 9970 pe
Outer: 4 hits, 3 pe
Trigger: 0x80000007
D_wall: 244.2 cm
e-like, p = 1049.0 MeV/c

Charge(pe)
    >26.7
23.3-26.7
20.2-23.3
17.3-20.2
14.7-17.3
12.2-14.7
10.0-12.2
 8.0-10.0
 6.2- 8.0
 4.7- 6.2
 3.3- 4.7
 2.2- 3.3
 1.3- 2.2
 0.7- 1.3
 0.2- 0.7
    < 0.2
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T2K (Tokai to Kamioka)  experiment

High intensity beam from J-PARC MR to Super-Kamiokande @ 
295km

Discovery of e appearance Determine 13
Last unknown mixing angle
Open possibility to explore CPV in lepton sector

Precise meas. of disappearance 23, m23
2

Really maximum mixing? Any symmetry? Anytihng unexpected?

132312sin ssse prob.  in term odd CP sin 12~0.5, sin 23~0.7, 
sin <0.2)
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6 candidate events w/ 
2.7 σ!!
(Nexp = 1.5 ± 0.3  at sin22θ13=0)

(MC w/ sin22θ13 = 0.1)

visible energy : 1049 MeV
# of decay-e   : 0 
2γ Inv. mass   : 0.04 MeV/c2

recon. energy : 1120.9 MeV

Observed indication of νμ→νe,
2.7σ significance of nonzero θ13

T2K’s next step: establish νe appearance (in a few year?)

T2K collaboration, PRL107,041801(2011)

Next generation experiments aiming CPδ is urgent.
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J-PARC

• 2011 shutdown
• Replacement of injection kicker to MR
• Higher capacity of collimator for beam loss
• Adding more RF
• Tuning of MR power (rep rate 3sec to 2.2sec)
• further upgrade toward design power and beyond
• LINAC upgrade in 2013 (180 to 400MeV)
• new ion source (30mA to 50mA)
• R&D on high rep. rate MR power supply
• R&D on high gradient RF core
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0.145MW achieved

RCS

(KEK Roadmap)

Efforts to 
increase 

beam power



Letter of Intent:

The Hyper-Kamiokande Experiment

— Detector Design and Physics Potential —

K. Abe,12, 14 T. Abe,10 H. Aihara,10, 14 Y. Fukuda,5 Y. Hayato,12, 14 K. Huang,4

A. K. Ichikawa,4 M. Ikeda,4 K. Inoue,8, 14 H. Ishino,7 Y. Itow,6 T. Kajita,13, 14 J. Kameda,12, 14

Y. Kishimoto,12, 14 M. Koga,8, 14 Y. Koshio,12, 14 K. P. Lee,13 A. Minamino,4 M. Miura,12, 14

S. Moriyama,12, 14 M. Nakahata,12, 14 K. Nakamura,2, 14 T. Nakaya,4, 14 S. Nakayama,12, 14

K. Nishijima,9 Y. Nishimura,12 Y. Obayashi,12, 14 K. Okumura,13 M. Sakuda,7 H. Sekiya,12, 14

M. Shiozawa,12, 14, ∗ A. T. Suzuki,3 Y. Suzuki,12, 14 A. Takeda,12, 14 Y. Takeuchi,3, 14

H. K. M. Tanaka,11 S. Tasaka,1 T. Tomura,12 M. R. Vagins,14 J. Wang,10 and M. Yokoyama10, 14

(Hyper-Kamiokande working group)

1Gifu University, Department of Physics, Gifu, Gifu 501-1193, Japan

2High Energy Accelerator Research Organization (KEK), Tsukuba, Ibaraki, Japan

3Kobe University, Department of Physics, Kobe, Hyogo 657-8501, Japan

4Kyoto University, Department of Physics, Kyoto, Kyoto 606-8502, Japan

5Miyagi University of Education, Department of Physics, Sendai, Miyagi 980-0845, Japan

6Nagoya University, Solar Terrestrial Environment Laboratory, Nagoya, Aichi 464-8602, Japan

7Okayama University, Department of Physics, Okayama, Okayama 700-8530, Japan

8Tohoku University, Research Center for Neutrino Science, Sendai 980-8578, Japan

9Tokai University, Department of Physics, Hiratsuka, Kanagawa 259-1292, Japan

10University of Tokyo, Department of Physics, Bunkyo, Tokyo 113-0033, Japan

11University of Tokyo, Earthquake Research Institute, Bunkyo, Tokyo 113-0032, Japan

12University of Tokyo, Institute for Cosmic Ray Research,

Kamioka Observatory, Kamioka, Gifu 506-1205, Japan

13University of Tokyo, Institute for Cosmic Ray Research,

Research Center for Cosmic Neutrinos, Kashiwa, Chiba 277-8582, Japan

14University of Tokyo, Institute for the Physics and Math-

ematics of the Universe, Kashiwa, Chiba 277-8583, Japan

(Dated: September 16, 2011)
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Hyper-K WG, 
arXiv:1109.3262 [hep-ex]
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Multi-purpose detector, Hyper-K
• Total (fiducial) volume is 1 (0.56) million ton
– 25 × Super-K

• Explore full picture of neutrino oscillation 
parameters.
– Discovery of leptonic CP violation (Dirac δ)
– ν mass hierarchy determination(Δm2

32>0 or <0) 

– θ23 octant determination (θ23<π/4 or >π/4)

• Extend nucleon decay search sensitivity
– τproton=1034~1035 years

• Neutrinos from astrophysical objects
– 200 ν’s / day from Sun
– 250,000 (50) ν’s from Supernova @Galactic-

center (Andromeda)
– 830 ν’s / 10 years Supernova relic ν

Hyper-K WG, 
arXiv:1109.3262 [hep-ex]

Proton 
Decays

7

Sun

Supernova

accelerator



~0.6GeV !µ"
295km Higher Intensity

>1.66MW (KEK roadmap)

Quest for CP Violation 

see talk by M.Yokoyama
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x25 Larger ν Target
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Good sensitivity in whole T2K’s θ13 allowed region!
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Normal mass hierarchy
HK fiducial mass: 560 kTon
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Mass hierarchy discrimination power

>3σ

‣expect to discriminate normal 
from inverted hierarchy w/ 3σ 
significance by ~5years data.
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θ23 octant
sin22θ23=0.96

↓
sin2θ23=0.4 or 0.6

sin22θ23=0.99
↓

sin2θ23=0.45 or 0.55

If sin22θ23<0.99, θ23 octant can be determined.

No fake solutions

True

10



Searches for Nucleon Decays
- various nucleon decay modes (and models) can be tested.
- >1.3×1035 years for p→e++π0, >2.5×1034 years for p→ν+K+

- only known realistic option being reachable to such a sensitivity for p→e+

+π0 (thanks to the large detector volume)

Hyper-K sensitivities

‣p→e++π0

‣τproton/Br > 1.3 ×1035 years 
@90%CL
‣5.6Mton×years (10 Hyper-K 
years)

‣p,n→(e+,μ+)+(π,ρ,ω,η)
‣O(1034~35)years

‣SUSY favored p→ν+K+

‣2.5×1034 years

‣K0 modes, νπ0, νπ+ possible

‣Other various decay modes.
‣(B-L) violated modes
‣radiative decays  p→e+γ, μ+γ
‣neutron-antineutron 
oscillation (|ΔB|=2)
‣di-nucleon decays (|ΔB|=2)

‣pp→XX..., nn→XX...

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

100kton Liquid Argon TPC
On-axis 
(θ=0.76o,
 2.5o@SK)
L=658km

Physics potential 
!=0° 

"eSpectrum

Beam "e 
Background

CP Measurement  Potential

!=90° 

!=180° !=270° 

Nu only, 1.66MWx5yr, sin22#13=0.03, NH

3!

3!

3!
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Double Beta Decay Experiments
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400 kg(plan) 136Xe loaded
(1000kg in phase II)

KamLAND-Zen

● 1st phase
      400kg (plan) 136Xe 

● high scalability (2nd phase)
     1000 kg 136Xe,  improvement of energy 
resolution 
     with light concentrators and brighter LS, 
     maybe higher concentration with pressurized 
Xenon

~60 meV in 2 years

~20 meV in 5 years Visible Energy[MeV]
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Conditions
- mini balloon : 
  (U, Th, 40K) = (10-12, 10-12, 10-11)[g/g]
- 10C 90% tag
- QRPA  T1/2(2νββ) > 1022y,    
               T1/2(0νββ) = 5.1×1025y
                        @ <mν> = 150meV

simulation

0ν2β

Data taking started w/ 330kg 136Xe
in September 2011 !

~60 meV in 5 years
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Scintillator
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Tracking

Semi-Conductor

Bolometer

Liquid TPC

based on Neutrino2010 info.

Expected sensitivity of KamLAND-Zen
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KamLAND-Zen

KamLAND2-Zen (partially funded)

light concentrator
brighter LS

(pressurized Xenon)
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CANDLES (Osaka Univ.)

o 
o 

o 

o 
o 

o 
Ca 
ion 

✦ 0ν2β search w/ CaF2 crystal
✦ low BG
✦48Ca, high Q=4.27MeV
✦ water and LS active shields
✦ pulse shape discrimination

✦ phase-III (305kg) running
✦ mββ~0.5eV

✦ next CANDLES (2ton48Ca), goal 
mββ~50mV

48Ca: 0.2% natural abundance
could be enriched by crown ether.
0.26% has been achieved. 

Phase-III commissioning started

CaF2(Pure)!

Liquid Scintillator!
(Veto Counter)!

Pure water!
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DCBA experiment

4

DCBA-T3

DCBA-T2-detector
in T3           (=T2.5)

higher resolution

higher event rates

5

24h operation

2005     DCBA • charge dividing

2007 DCBA-T2 • 6 mm pitch wires (xy + xz)
• 100Mo source (natural Mo 30g)
• 0.6 - 0.8 kG magnetic field
• conducting magnet: 9h/day (Mo. - Fr.)

2011
present

DCBA-T2.5
• 6 mm pitch wires (xy + xz)
• 100Mo source (natural Mo 30g)
• 0.8 kG magnetic field
• super-conducting magnet: 
         24h nonstop operation

2013 DCBA-T3
• 3 mm pitch wires (xy + xz)x6
• 150Nd (natural Nd2O3)
• maximum 3 kG

2017    MTD
(tentative name) • 150Nd (condensed, several 10 kg)

(KEK)
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Summary
- Next generation nucleon decay and neutrino detectors 
will cover rich physics topics. 
- discovery reach for leptonic CP violation.
- good chance to discriminate hierarchy and θ23 octant.
- ~10 times better sensitivity for nucleon decays.
- various astrophysical objects.
- based on well proven technology (water Cherenkov) 
or Liq. Argon technology w/ better resolution.

- Double beta decay searches
–KamLAND-zen, CANDLES, DCBA
–explore inverted hierarchy region in 5~10 years


