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Comments
1. In ~15 years, we have great progress on neutrino 

physics, especially neutrino oscillations.
2. Even so, we cannot describe the neutrino mass 

term in Lagrangian because we do not know the 
origin of very light neutrino mass yet (Dirac or 
Majorana, how to couple with a Higgs boson).

3. It is an exciting time to explore a symmetry 
between quark and lepton and to understand the 
hierarchy of mass orders and the mixing 
patterns. Some theorists predict that the 
measured quark/neutrino parameters (masses 
and mixings) support SU(5) GUT.
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1. Unifications
1. Gauge Interactions (w/ SUSY)

2.  Matter

• 10i(Qi) has a stronger hierarchy than 5i(L)

• Hierarchies

• Mixing: lepton (large) >> quark (small)

• Masses: Up >> Down, Electrons >> Neutrinos

a GUT
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Comments 2
• In the next-generation neutrino facilities, we should address

• Proton Decay

• Direct evidence of GUT

• Neutrino CP violation

• Discovery: the first measurement

• Relation between CKM and PMNS

• Another CP violation in Leptogenesis w/ heavy right-
handed Majorana neutrinos. Is there a link?

• Neutrino Mass (and the order)

• Neutrino is Majorana or NOT.

• and more .. (Are right-handed neutrinos dark matters?  
Right-handed neutrino may not be too heavy and decay..)
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Proton Decay



Hyper-Kamiokande Overview
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Total Volume       0.99 Megaton
Inner Volume      0.74 Mton
Fiducial Volume   0.56 Mton (0.056 Mton × 10 compartments)                                        
Outer Volume     0.2 Megaton
Photo-sensors    99,000 20”Φ PMTs for Inner Det.
                         (20% photo-coverage)
                         25,000 8”Φ PMTs for Outer Det.

×25 of Super-K

arXiv:1109.3262 [hep-ex]



Proton Decay in Hyper-Kamiokande
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Super-Kamiokande LAr 34kton
p→νK+

p→νK+

p→e+π0

560kton

22kton

Nucleon Decay 90% CL sensitivity
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Invariant mass (MeV/c2)
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(d) 1.0x1035 year‣Discovery reach (3σ)  
‣τ(p→e+π0)~5.4×1034years（HK 10yrs）

‣Limit (90%CL)            
‣τ(p→e+π0)>1.3×1035years（HK 10yrs） 

p→e+π0

τproton=1.2×1034years
（SK 90% CL limit）

proton mass peak
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K + lifetime

                   (& monochromatic μ +)

‣Discovery reach (3σ)  
‣τ(p→νK+)~1.2×1034years（HK 10yrs）

‣Limit (90%CL)         
‣τ(p→νK+)>3.2×1034years（HK 10yrs） 

K+ decay time (nsec)
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Good discovery potential, 90% CL sensitivity of 1034~1035 yrs

GUT tests by Proton Decay Search
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J-PARC

Super-K

Hyper-K

RENO

Approved projects under INO   

•   Come up with an underground lab & 

     surface facilities near Pottipuram  

     village in Theni district of Tamil Nadu 

•    Build massive 50 kt magnetized Iron 

     calorimeter (ICAL) detector to study 

     properties of neutrinos 

•   Construction of INO centre at Madurai: 

     Inter-Institutional Centre for  

     High Energy Physics (IICHEP) 

•    Human Resource Development  

    (INO Graduate Training Program) 

•   Completely in-house Detector R&D 

    with substantial INO-Industry interface 

•   Time Frame for 1st module: 2018  

Module 3 

Module 2 

Module 1 

Electronics Racks 

Tunnel End Side 

  S. K. Agarwalla, NNN13, Kavli, IPMU, Japan, 13th November, 2013   7/32 

RENO50

Daya BayJUNO

INO

Neutrino experiments 
in Asia

KamLAND



ICFA Neutrino Panel: Asian Neutrino 
Community Meeting (2013/11/13) 

http://indico.ipmu.jp/indico/conferenceDisplay.py?ovw=True&confId=26

10

K.K. Joo

Chonnam National University

November 13, 2013 

2013-11-13 Kavli, IPMU, Japan  

Neutrino Program in Korea 
(RENO/RENO-50/AMoRE/SBL)  

ICFA  Neutrino Panel (Asian Neutrino Community Meeting)  Neutrino)Program)in)China�

Jingyu)Tang))
Ins5tute)of)High)Energy)Physics,)CAS)

)
ICFA)Neutrino)Panel)–)Asian)Community)Mee5ng)

Nov.13,)2013,)Kashiwa)City,)Chiba,)Japan�

Neutrino Program in India                         

                    Sanjib Kumar Agarwalla 
      sanjib@iopb.res.in 

       Institute of Physics, Bhubaneswar, Orissa, India 

  S. K. Agarwalla, NNN13, Kavli, IPMU, Japan, 13th November, 2013  

Neutrino Program
in Japan

T. Nakaya (Kyoto) 

1

Nov. 13, 2013
ICFA Neutrino Panel (Asian meeting) 

@IPMU

13年11月14日木曜日

http://indico.ipmu.jp/indico/conferenceDisplay.py?ovw=True&confId=26
http://indico.ipmu.jp/indico/conferenceDisplay.py?ovw=True&confId=26


Neutrino Experiments in Asia
1. China
1. Daya Bay (reactor): θ13, Δmee2 
2. JUNO (reactor): θ12, Δm212, sign(m312)
3. MOMENT (muon decay): δCP

2. India
1. INO-ICAL (atmospheric): sign(m312), θ23, Δm322

3. Japan
1. T2K (beam): θ13, θ23, Δm322, δCP
2. Super-K (atmospheric, solar, astro): θ12, Δm212, θ23, Δm322
3. KamLAND (reactor, Xe ββ): θ12, Δm212, ν-less ββ
4. Hyper-K (beam, atmospheric, solar, astro-origin): θ13, θ23, 
Δm322, δCP, sign(m312)

4. Korea
1. RENO: θ13, reactor Eν spectrum (~5MeV)
2. RENO-50: θ12, Δm212, sign(m312)
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 ( running experiments and future experiments)



Neutrino Experiments in Asia
1. China
1. Daya Bay: running
2. JUNO: under construction
3. MOMENT: under planning

2. India
1. INO-ICAL: under construction

3. Japan
1. T2K: running (w/ accelerator upgrade planned)
2. Super-K: running
3. KamLAND: running
4. Hyper-K: Funding for R&D is available. A full proposal is being 
prepared for negotiation with funding agency

4. Korea
1. RENO: running
2. RENO-50: a proposal for R&D is submitted. A full funding is 
under request.
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 ( running experiments and future experiments)



Neutrino Experiments in Asia
1.There are several running and future 
neutrino projects in Asia.

2.  A strategy of Asia stands on rich and well-
balanced INTERNATIONAL programs 
hosted in individual countries. We will 
support each other.
1.China: Daya Bay -> JUNO, MOMENT
2. India: INO-ICAL
3.Japan: SK/T2K -> Hyper-K, KamLAND
4.Korea: RENO -> RENO50
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Neutrino Experiments in Asia
1. China
1. Daya Bay
2. JUNO
3. MOMENT

2. India
1. INO-ICAL

3. Japan
1. T2K
2. Super-K
3. KamLAND
4. Hyper-K

4. Korea
1. RENO
2. RENO-50
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CP violation in neutrinos represents a significant opportunity for discovery over the next 7-to-25-years. The

effects of matter on neutrino oscillations mimicing CP violation are relatively small for ∼ 600 MeV neutrinos

from J-PARC over the 300 km Hyper-K baseline. Using well established water Cherenkov technology Hyper-

K consequently offers an experimentally clean and promising way to approach the question of neutrino CP

violation. Moreover, this technology is the only known realistic detector option that can probe proton lifetimes

of the order of 1035 years. High statistics measurements of atmospheric neutrinos at Hyper-K and ICAL, as

well as measurements of reactor neutrinos over moderate baselines at JUNO and RENO-50, each have the po-

tential to determine the mass hierarchy with > 3σ significance. These measurements, in conjunction with high

precision measurements of the neutrino mixing and mass parameters by these projects, highlight the strength

and versatility of the neutrino program in Asia.

In order to achieve these goals, several essential R&D studies were discussed at the meeting. Improvements

on the neutrino detection technology are necessary in the following areas: the development of fast, high quan-

tum efficiency photo-sensors and gadolinium loading technology for large water Cherenkov detectors, the de-

velopment of advanced liquid scintillators for scintillator experiments, and the development of other advanced

detector technologies such as the liquid argon TPC. To achieve a high intensity neutrino beam, upgrades to

the J-PARC beamline to allow for 750 kW and multi-MW operation must be developed and as a part of that

program research into high power targetry is needed. Additionally, both the development of a 15 MW proton

driver and advances in muon transportation are essential for the success of the MOMENT concept. Central to

all upcoming measurements is the reduction of systematic errors and accordingly, improved hadron production

and cross section measurements are critical.

Finally, all participants agreed that the Asian program can be successful and strengthened by the mutual

support and participation.

13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37
J-PARCν

w/ 750kW

T2K accumulates 
approved POT 

(7.8x1021)

J-PARCν
w/ 220kW

Hyper-K CPV>3σ
MH>3σθ23 octant
Proton decay to 1035 years

CPV,MH~2-3σ w/Nova
10% of sin2θ23

Super-K MH~2σ

Daya Bay, RENO

Δ(sin2θ13)=3%

J-PARCν w/ >1MW

JUNO, RENO-50
MH
<1% of Δm221, Δm232, sin2θ12

??MOMENT??

INO-ICAL MH

Figure 1: Working timeline of neutrino oscillation experiments in Asia and their expected sensitivities.
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From Report on ICFA Asian Neutrino Community Meeting (2014/2/15)

 ( running experiments and future experiments w/ accelerators )



Large "13 opens the window to study CPV
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of which are shown in Table III. From the best fit we obtain
a contribution from 9Li reduced by !19% and with an
uncertainty decreased from 52% to 26%. The fast neutron
value is decreased by 5% with almost unchanged
uncertainty.

Figure 4 shows the measured positron spectrum super-
imposed on the expected spectra for the no-oscillation
hypothesis and for the best fit (including fitted
backgrounds).

Combining our result with the T2K [11] and MINOS
[12] measurements leads to 0:003< sin22!13 < 0:219 at
the 3" level.

In summary, Double Chooz has searched for !#e disap-
pearance by using a 10 m3 detector located 1050 m from
two reactors. A total of 4121 events were observed where
4344" 165 were expected for no oscillation, with a signal
to background ratio of # 11:1. In the context of neutrino
oscillations, this deficit leads to sin22!13 ¼ 0:086"
0:041ðstatÞ " 0:030ðsystÞ, based on an analysis using rate

and energy spectrum information. The no-oscillation hy-
pothesis is ruled out at the 94.6% C.L. Double Chooz
continues to run, to reduce statistical and background
systematic uncertainties. A near detector will soon lead
to reduced reactor and detector systematic uncertainties
and to an estimated 1" precision on sin22!13 of !0:02.
We thank all the technical and administrative people

who helped build the experiment and the CCIN2P3 com-
puter center for their help and availability. We thank, for
their participation, the French electricity company EDF,
the European fund FEDER, the Région de Champagne
Ardenne, the Département des Ardennes, and the
Communauté des Communes Rives de Meuse. We ac-
knowledge the support of CEA and CNRS/IN2P3 in
France, MEXT and JSPS of Japan, the Department of
Energy and the National Science Foundation of the
United States, the Ministerio de Ciencia e Innovación
(MICINN) of Spain, the Max Planck Gesellschaft and the
Deutsche Forschungsgemeinschaft DFG (SBH WI 2152),
the Transregional Collaborative Research Center TR27,
the Excellence Cluster ‘‘Origin and Structure of the
Universe’’ and the Maier-Leibnitz-Laboratorium
Garching, the Russian Academy of Science, the
Kurchatov Institute and RFBR (the Russian Foundation
for Basic Research), the Brazilian Ministry of Science,
Technology and Innovation (MCTI), the Financiadora de
Estudos e Projetos (FINEP), the Conselho Nacional de
Desenvolvimento Cientı́fico e Tecnológico (CNPq), the
São Paulo Research Foundation (FAPESP), and the
Brazilian Network for High Energy Physics (RENAFAE)
in Brazil.
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TABLE III. Summary of the effect of a pulls term approach on
the fast neutron and 9Li backgrounds and on the energy scale.
Uncertainty values are in parentheses.

Fast n. bkg (%) 9Li (%) EScale (value)

Rate only 100 (46) 100 (52) 0.997 (0.007)
Rateþ shape 95.2 (38) 81.5 (25.5) 0.998 (0.005)
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FIG. 4 (color online). Top: Expected prompt energy spectra,
including backgrounds, for the no-oscillation case and for the
best fit sin22!13, superimposed on the measured spectrum. Inset:
Stacked histogram of backgrounds. Bottom: Difference between
data and the no-oscillation spectrum (data points) and difference
between the best fit and no-oscillation expectations (curve).
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131801-6

The value of sin22!13 was determined with a "2 con-
structed with pull terms accounting for the correlation of
the systematic errors [28],

"2 ¼
X6

d¼1

½Md # Tdð1þ "þP
r
!d

r#r þ "dÞ þ $d'2

Md þ Bd

þ
X

r

#2
r

%2
r
þ

X6

d¼1

!
"2d
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d

þ $2
d

%2
B

"
; (2)

whereMd are the measured IBD events of the dth AD with
backgrounds subtracted, Bd is the corresponding back-
ground, Td is the prediction from neutrino flux, MC, and
neutrino oscillations [29], !d

r is the fraction of IBD con-
tribution of the rth reactor to the dth AD determined by
baselines and reactor fluxes. The uncertainties are listed in
Table III. The uncorrelated reactor uncertainty is %r

(0.8%), %d (0.2%) is the uncorrelated detection uncer-
tainty, and %B is the background uncertainty listed in
Table II. The corresponding pull parameters are
(#r,"d,$d). The detector- and reactor-related correlated
uncertainties were not included in the analysis; the abso-
lute normalization " was determined from the fit to the
data. The best-fit value is

sin 22!13 ¼ 0:092( 0:016ðstat:Þ ( 0:005ðsyst:Þ;

with a "2=NDF of 4:26=4 (where NDF is the number of
degrees of freedom). All best estimates of pull parameters
are within its 1 standard deviation based on the correspond-

ing systematic uncertainties. The no-oscillation hypothesis
is excluded at 5.2 standard deviations.
The accidental backgrounds were uncorrelated while the

Am-C and (#,n) backgrounds were correlated among ADs.
The fast-neutron and 9Li–8He backgrounds were site-wide
correlated. In the worst case where they were correlated in
the same hall and uncorrelated among different halls, we
found the best-fit value unchanged while the systematic
uncertainty increased by 0.001.
Figure 4 shows the measured numbers of events in each

detector, relative to those expected assuming no oscilla-
tion. The 6.0% rate deficit is obvious for EH3 in compari-
son with the other EHs, providing clear evidence of a
nonzero !13. The oscillation survival probability at the
best-fit values is given by the smooth curve. The "2 versus
sin22!13 is shown in the inset.
The observed !&e spectrum in the far hall is compared to a

prediction based on the near-hall measurements in Fig. 5.
The disagreement of the spectra provides further evidence
of neutrino oscillation. The ratio of the spectra is consistent
with the best-fit oscillation solution of sin22!13 ¼ 0:092
obtained from the rate-only analysis [31].
In summary, with a 43 000 ton–GWth–day live-time ex-

posure, 10 416 reactor antineutrinos were observed at the
far hall. Comparing with the prediction based on
the near-hall measurements, a deficit of 6.0% was
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HKWG internal note ? 10-01

CP sensitivity study of Hyper-Kamiokande

Masashi Yokoyama

December 13, 2010

P (νµ → νµ) = 1 − 4(C2
12C2

23 + S2
12S2

13S2
23 − 2C12C23S12S13S23 cos δ)S2

23C2
13 · sin2 ∆23

−4(S2
12C2

23 + C2
12S2

13S2
23 + 2C12C23S12S13S23 cos δ)S2

23C2
13 · sin2 ∆13

−4(C2
12C2

23 + S2
12S2

13S2
23 − 2C12C23S12S13S23 cos δ)

×(C2
12C2

23 + S2
12S2

13S2
23 + 2C12C23S12S13S23 cos δ) · sin2 ∆12

P (νµ → νe) = 4C2
13S2

13S2
23 · sin2 ∆31

+8C2
13S12S13S23(C12C23 cos δ − S12S13S23) · cos∆32 · sin∆31 · sin∆21

−8C2
13C12C23S12S13S23 sin δ · sin∆32 · sin∆31 · sin∆21

+4S2
12C2

13(C
2
12C2

23 + S2
12S2

23S2
13 − 2C12C23S12S23S13 cos δ) · sin2 ∆21

−8C2
13S2

12S2
23 ·

aL

4Eν
(1 − 2S2

13) · cos∆32 · sin ∆31

+8C2
13S2

13S2
23

a

∆m2
13

(1 − 2S2
13) sin2 ∆31

P (νe → νe) = 1 − 4C2
13S

2
13 · (C2

12 sin2 ∆13 + S2
12 sin2 ∆23) − 4S2

12C
2
12C

4
13 sin2 ∆12

where Cij , Sij , ∆ij are cos θij , sin θij , ∆m2
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10−5 × ρ[g/cm3] × Eν [GeV ].
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#CP~-$/2? from SK/T2K
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T2K (PRL 112, 061802 (2014))

Normal MH 
Inverted MH 

!min
2 (NH )! !min

2 (IH ) =1.51

*sin2θ13 : fixed to 0.025 

 Δχ2=2.3 expected by sensitivity study�

MH, θ23 octant, δCP 

November 11, 2013 J. Raaf, NNN 2013 17 

SK data show slight 
preference for 
inverted hierarchy, 
not significant 
#
δCP ~ 220° preferred 
 
Favor 2nd octant of 
θ23, regardless of 
hierarchy 
 
 

See poster #27 by K. Iyogi 
“Three-flavor oscillation analysis with atmospheric neutrinos in SK” 

Super-K atm. ν 
by Jen Raaf@NNN13

reactor θ13 2012



Accelerator based Neutrino 
Experiments in Asia

1. China
1. MOMENT

1. a muon-decay medium baseline neutrino beam
2. RENO50

1. Can detect the J-PARC neutrino beam.
3. Japan

1. T2K (on-going)
1. J-PARC to Super-K

2. Hyper-K and future projects
1. 1 Mton Water Cherenkov Detector at Kamioka w/ J-PARC
2. Accelerator R&D, and Advanced detector R&D

18



MOMENT: A muon-decay medium baseline neutrino 
beam facility

19

• MOMENT is still a concept.
• Design studies are on-gong.
• May be the first Neutrino Factory.
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Hyper-K

ν

J-PARC (2009-)

Super-Kamiokande
(1996-)

Hyper-Kamiokande (202x-)

In addition to these experiments, there 
are some small neutrino experiments
for ν-less ββ decay and sterile.

 in Japan
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J-PARC and T2K neutrino beam
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J-PARC and T2K neutrino beam
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J-PARC and T2K neutrino beam
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J-PARC and T2K neutrino beam



J-PARC  (High Power Proton Accelerator)
1. LINAC (400 MeV, 25Hz, 50mA peak current)

1. 30 mA peak current now.  -> upgrade in 2014
2. RCS (3 GeV, 25Hz, 1.0 MW)

1. 600 kW operation demonstrated with 180 MeV injection.
2. 300kW stable operation

3. MR (30 GeV, 1.3Hz, 0.75MW)
1. 230 kW achieved with 1.2E14 protons/pulse
2. In 2017, the magnet power supply and high gradient RF core upgrade 

are planned for 750 kW design.

22

•>750kW can be reached 
in simulation with 
measurement inputs and 
realistic assumption.
•Seeking yet better 
operation point.

By Y.Sato, Feb.2014



T2K future sensitivity for #CP

• Expect >10 times more data.
• In some cases, the CPV 

sensitivity will reach ~2σ 
level.

23

Impact of ν- vs. ν̄-Mode Running
90% C.L. Solid: no sys. err., Dashed: with 2012 sys. err.

True MH is NH; contours drawn for two MH assumptions
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Appearance 90% C.L. Sensitivity at
7.8× 1021 POT, True δCP = −90◦

Solid: no sys. err., Dashed: with 2012 sys. err.
True MH is NH; contours drawn for two MH assumptions
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T2K Sensitivity for Resolving sin δCP != 0
vs. POT

Solid: no sys. err., Dashed: with sys. err.
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→ Running with combined ν + ν̄ data gives better sensitivity in
more cases, particularly when systematic errors are included
→ Improved π0 (fiTQun) cuts further enhances these sensitivities

Assuming luckiest case for values of δCP and MH, correlated ν-ν̄ errors
Assuming true: sin2 2θ13 = 0.1, δCP = 90◦, ∆m2

32 = 2.4× 10−3 eV2, IH

θ13 constrained by δ(sin2 2θ13) = 0.005 13 / 18

w/ reactor θ13 

go
al

sin2θ13=0.1, δCP=-90°, sin2θ23=0.5, Δm232=2.4E-3eV2
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Far Detector 

Near Detector 

RENO-50 
10 kton LS Detector       

~47 km from YG reactors  

Mt. Guemseong (450 m) 
~900 m.w.e. overburden 

(NEAR Detector) 

(FAR Detector) 

  
P Qe oQe� �| 1� cos4T13 sin2 2T12 sin2 1.27'm12

2 L
EQ

§

©
¨

·

¹
¸ � sin2 2T13 sin2 1.27'm13

2 L
EQ

§

©
¨

·

¹
¸

Reactor Neutrino Oscillations 

J-PARC neutrino beam 
Dr. Okamura & Prof. Hagiwara  

Soo-Bong Kim
@2nd J-PARC symposium, July 13, 2014

Neutrino beam in Korea



Toward Neutrino CPV with 
mass hierarchy

1. Mass Hierarchy (many projects)
1. JUNO
2. RENO50
3. INO-ICAL
4. Hyper-Kamiokande

2. CP Violation (beam experiments)
1. Hyper-Kamiokande w/ J-PARC neutrino beam 

of ~1MW power.

25
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Reactor  neutrinos for mass hierarchy
JUNO%Experiment

Daya Bay Daya Bay II ! 20 kton LS detector
! 3%/√E̅  resolution
! Rich physics 

" Mass hierarchy
" Precision measurement of 4 

oscillation parameters to 
<1%

" Supernovae neutrino
" Geoneutrino
" Sterile neutrino
" Atmospheric neutrinos
" Exotic searches 

Talk%by%Y.F.%Wang%at%ICFA%seminar%2008...NuFact%2012;%%by%J.%Cao%at%Nutel%2009...NPB%2012%(ShenZhen);%
Paper%by%L.%Zhan,%Y.F.%Wang,%J.%Cao,%L.J.%Wen,%%PRD78:111103,2008;%%PRD79:073007,2009

JUNO%(DYB*II)%has%been%approved%in%China%in%Feb.%2013%
Equivalent+to+CD1+of+US+DOE

and RENO50

by Jingyu Tang 
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Approved projects under INO   

•   Come up with an underground lab & 

     surface facilities near Pottipuram  

     village in Theni district of Tamil Nadu 

•    Build massive 50 kt magnetized Iron 

     calorimeter (ICAL) detector to study 

     properties of neutrinos 

•   Construction of INO centre at Madurai: 

     Inter-Institutional Centre for  

     High Energy Physics (IICHEP) 

•    Human Resource Development  

    (INO Graduate Training Program) 

•   Completely in-house Detector R&D 

    with substantial INO-Industry interface 

•   Time Frame for 1st module: 2018  

Module 3 

Module 2 

Module 1 

Electronics Racks 

Tunnel End Side 

  S. K. Agarwalla, NNN13, Kavli, IPMU, Japan, 13th November, 2013   7/32 

Atmospheric neutrinos for mass hierarchy 
 Mass Ordering with ICAL-INO   

Only ICAL 
ICAL + T2K + 

NOvA + Reactors 

Ghosh, Thakore, Choubey, JHEP 1304 (2013) 009 

    Events generated with NUANCE! Two Dimensional Muon analysis with ICAL resolutions!  

 Eµ = 20 energy bins in the range 1 GeV to 11 GeV, Cosθµ = 80 angular bins in the range -1 to +1 

For sin22θ13 = 0.1 & sin2θ23 = 0.5, Only ICAL with 500 kt-years exposure: 2.5σ MH discovery 

            ICAL + T2K + NOvA + Double Chooz + RENO + Daya Bay: 3.4σ MH discovery 

                    Interesting synergy between atmospheric, accelerator, and reactor data! 

All systematic uncertainties are included! 

Results: Insensitive to CP phase! 

  S. K. Agarwalla, NNN13, Kavli, IPMU, Japan, 13th November, 2013   18/32 
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Hyper-K CP  Sensitivity w/ J-PARC ν beam
(Mass Hierarchy will be determined by atmospheric ν 

measurements and also by other experiments.)
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Hyper-K Sensitivity to d
CP Letter of Intent to J-PARC, April 2014

76% of δ for 3σ

58% of δ for 5σ

CPV discovery sensitivity 

to d
CP

=0,p w/ MH known

Errors (%) on the expected number of events

n mode n mode

n
e

n
µ

n
e

n
µ

Flux & ND 3.0 2.8 5.6 4.2

ND-independ. xsect 1.2 1.5 2.0 1.4

Far Detector 0.7 1.0 1.7 1.1

Total 3.3 3.3 6.2 4.5

Fractional region of d(%) for CPV (sin d π0) > 3,5 s

d coverage for nominal beam power): 

CPV > 3s (5s) for 76%(58%) of d

Nominal beam power

1s uncertainty of d as a function of the beam 

power:  < 19°(6°) for d = 90°(0°)



Hyper-K Status
• 2011
• The Hyper-K LOI:  arXiv:1109.3262 [hep-ex]

• 2012
• The first open Hyper-K meeting (August 2012).
• HEP and CRC communities endorse Hyper-K.

• 2013
• Budget for Hyper-K R&D is approved.
• building One kton proto-type detector.

• 2014
• The Hyper-K working group
• ~240 physicists from 67 institutes in 13 countries.

• Science Council of Japan announced "Japanese 
Master Plan of Large Research Projects".
• http://www.scj.go.jp/ja/info/kohyo/pdf/kohyo-22-

t188-1.pdf
• Top 27 projects out of 192 are selected in all 

science area. The Hyper-K is one of the top 
projects to be pursued in Japan.

• A full proposal is under preparation for negotiation 
with the funding agency with visible international 
contributions for the next MEXT roadmap.
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the project, please contact the IBR
member of your own Country:

Brazil: H. Nunokawa (Rio de
Janeiro)

Canada: S. Bhadra (York), A.
Konaka (TRIUMF)

France: M. Gonin (Ecole
Polytechnique)

Italy: M.G. Catanesi (INFN-Bari)

Japan: T. Kobayashi (KEK), T. Nakaya (Kyoto), M. Shiozawa (ICRR)

Korea: K.K. Joo (CNU)

Poland: E. Rondio (NCBJ, Warsaw)

Portugal: J. Maneira (LIP, Lisbon)

Russia: Y. Kudenko (INR)

Spain: L. Labarga (Madrid)

Switzerland: A. Blondel (Geneva)

UK: F. Di Lodovico (QM London), D. Wark (STFC, RAL-PPD, Oxford)

USA: E. Kearns (Boston), C. Walter (Duke)

If your Country is not among the ones above, please contact:

T. Nakaya (Kyoto), M. Shiozawa (ICRR)

HomeHome For PublicFor Public For ScientistsFor Scientists For CollaboratorsFor Collaborators

Hyper-K IBR

http://www.scj.go.jp/ja/info/kohyo/pdf/kohyo-22-t188-1.pdf
http://www.scj.go.jp/ja/info/kohyo/pdf/kohyo-22-t188-1.pdf
http://www.scj.go.jp/ja/info/kohyo/pdf/kohyo-22-t188-1.pdf
http://www.scj.go.jp/ja/info/kohyo/pdf/kohyo-22-t188-1.pdf


Dream may come true

30

1. Determination of mass hierarchy 
2. Discovery of Neutrino CP violation
3. Observation of Supernova explosion by neutrinos
4. Discovery of Proton Decay
5. Discovery of neutrino-less ββ decay
6. Finding a role of right-handed neutrinos
7. Prediction of the symmetry between quark and lepton.
8. Leptogenesis as the most probable scenario for matter 

dominant universe.
9. Evidence of dark matter annihilation to a neutrino pair.
10. Discovery of a sterile neutrino
11. any other topics????
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Summary
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1. All neutrino experiments in Asia are important to be pursued.
1. Many active R&D are on-going.

1. Advanced detector technology. 
2. High power proton accelerators
3. High quality and high power neutrino beam.

2. Current status of future projects.
1. China: A constructions of JUNO is ongoing. A concept of 

MOMENT is under studied.
2. India: A constructions of INO-ICAL is ongoing.
3. Japan: Funding for R&D of Hyper-K is approved. A full 

proposal is under preparation for negotiation with the funding 
agency.

4. Korea: A proposal for R&D of RENO50 is submitted. A full 
funding is under request.

2. Interesting results are expected from Asia for the next few decades.


