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Hyper-K 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]

arXiv:1309.0184 [hep-ex]
13年12月18日水曜日



3

higher intensity ν by 
upgraded J-PARC

Hyper-K

SunSupernova

x25 Larger ν Target
& Proton Decay Source

Proton 
Decays

νν ν

ν

x2 (year 
or power)

x50 for !CP
to T2K

4. Decay volume direction and shape

4.1. Off-axis beam angle

The peak energy of the neutrino beam is tuned at the oscilla-
tion maximum by adjusting the off-axis angle in the T2K experi-
ment. For the various values of Dm2, the neutrino energies at the
oscillation maximum for the baseline length of 295 km and the
corresponding off-axis angles of the beam are summarized in
Table 1. The direction of the decay volume has to be determined
to cover the proper off-axis angle. There is a future plan called
Hyper-Kamiokande (Hyper-K) [11] to further pursue a neutrino
oscillation research program, especially to search for CP violation
in the lepton sector using the neutrino beam from J-PARC. The
candidate site for the Hyper-K is located about 8 km south of
Super-K. Fig. 13 shows the schematic directional view of Super-K
and the Hyper-K candidate site from the target at J-PARC. The T2K
decay volume was designed to cover off-axis angle from 21 to 31
for both Super-K and the Hyper-K candidate site.

4.2. Decay volume shape

The distance from the target to the end of decay volume, i.e.
the surface of the beam dump, is about 109 m. Fig. 14 shows the
distribution of decay positions of pþ 0 , kaons (Kþ and K0

L ) and mþ
along the decay volume. The cross-sectional dimension of the
decay volume was determined so that the fractional loss of flux
per unit length is constant along the volume. Fig. 15 shows the
positions of pþ decays whose daughter neutrino contributes to
the peak energy of the flux. In this figure, the zigzag line indicates
the boundary outside which the fraction of pþ decay is 0.04% per
1 m decay volume length. Although the profile of the pþ flux
becomes wider at the longer flight lengths, the number of
surviving pþ decreases. Therefore at a large distance, it is not
efficient to make the decay volume larger. In the actual design,
the cross-sectional dimension was set at the straight lines of
Fig. 15. So the fractional loss due to the limited size of the decay
volume is about 0.04% per 1 m. With the 109 m-long decay
volume, this number corresponds to 4.3% loss in total. The
horizontal dimension was determined with these conditions.
The vertical dimension was determined to accommodate varying
the off-axis angle from 21 to 31. According to Fig. 13, this means
that the decay volume can accept a beam with a downward angle
between 3.111 and 4.161.

5. Neutrino beam

Finally, Fig. 16 shows the neutrino fluxes expected at Super-K
with various settings of the off-axis angle. The primary proton
energy is 40 GeV.

Fig. 17 shows expected neutrino fluxes at various primary
proton energies normalized to same total beam power. The
spectrum shape is rather independent on the primary proton
beam energy. The 30 GeV proton beam gives about 10% higher
neutrino flux than that of the 50 GeV proton beam. The higher
energy tail in the flux, which produces background to the
oscillation signal, is less at 30 GeV. Therefore, if the primary
proton beam power is same, the 30 GeV beam is preferable
because of its higher efficiency to produce neutrino flux and
smaller high-energy tail.

6. Summary

The design concept of the T2K horn system is described. The key
differences from the conventional existing designs arise from the
required running conditions: very high beam intensity and focus-
ing of relatively low-momentum pions. We adopted the three-horn
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Fig. 14. Distribution of decay positions of pþ , kaons (Kþ and K0
L ) and mþ along

the decay volume. Only those whose daughter neutrinos contribute to the flux at
SK are plotted.

Fig. 13. Schematic directional view of Super-K and Hyper-K from the neutrino beam line target at J-PARC.

A.K. Ichikawa / Nuclear Instruments and Methods in Physics Research A 690 (2012) 27–3332

13年12月18日水曜日



Hyper-K Working Group
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• The most updated member list is found in arXiv:1309.0184 [hep-ex]
• 9 countries: Brazil, Canada, Japan, Korea, Russia, Spain, 
Switzerland, UK, and US.

• 49 institutions and 167 physicists (Ph.D. students only counted in 
Japan)  

• International Working groups are formed, and we have two meetings in 
a year.
• Next meeting: Jan. 27-28, 2014 @ Kavli IPMU, Kashiwa, JAPAN

~100 participants 
(~50% from abroad)

13年12月18日水曜日
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WG1
Shiozawa

Physics WG conveners
Yokoyama

Phys-WG1
Yokoyama

WG1: Cavity and Tank
WG2: Water
WG3: Photo-sensor
WG4: DAQ
WG5: Software
WG6: Calibration
WG7: Accelerator&Near Detectors

Phys-WG1: Accelerator
Phys-WG2: Atmν+Nucleon decays
Phys-WG3: Astroparticle Physics (SN, 
solarν, etc)

Project Leader
Shiozawa

Steering Committee
Nakaya (chair)

Aihara, Nakahata, 
Shiozawa, Yokoyama

+ a few more

Hyper-K Working Group Organization

‣ PL oversees the sub-WGs 
‣ WG conveners may be composed of 
one Japanese plus some non-Japanese. 

‣ oversee the HK group 
‣ channel for contacting to the group
‣ involve non-Japanese in future

WG2
Sekiya, 
Vagins

WG3
Nakayama, 
Nishimura

WG4
Hayato

WG5
Miura
Walter
F.D.Lodovico

WG6
HideTanaka,
HiroTanaka,
Koshio,Mine,

Mccauley

WG7
Hartz

Phys-WG2
Wendell

Phys-WG3
Takeuchi

5

Walter

• More leading physicists are welcome 
from the international community.
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JFY2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

-4 -3 -2 -1 1 2 3 4 5 6 7 8 9

access tunnels, waste rock tunnels

cavity excavation

concrete, liner

PMT support, PMT installation

water filling

Operation

PMT production
preparation for glass valve, PMT production

photo-sensor R&D

Construction to be ready

assuming full budget being approved from JFY2016
6

Target Schedule
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Physics with 
Hyper-Kamiokande
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Physics Potential 
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• x25 more fiducial volume than Super-K.
• x25 more sensitive to
• Proton Decay
• Atmospheric neutrinos
• Solar neutrinos
• Supernova neutrinos
• Cosmic neutrinos (and search for dark matters decaying 
to neutrinos)

• > ~1MW narrow band (off-axis) neutrino beam from J-PARC 
(KEK accelerator group is eager to the more ambitious goal)
• T2K current: 240 kW (design: 750 kW)
• x100 more sensitive neutrino experiment than today’s T2K.

13年12月18日水曜日



Hyper-K presentation by Shiozawa-san at P5
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•The Higgs particle is unlike any other particle we have ever 
encountered. Why is it different? Are there more?
•Neutrinos are very light, elusive particles that change their 
identity as they travel. How do they fit into our 
understanding of nature?
•The known particles constitute one-sixth of all the matter 
in the universe. The rest we call dark matter. But what is it? 
Can we detect these particles in our labs? Are there other 
undiscovered particles in nature?
•There are four known forces in nature. Are these 
manifestations of a single unified force? Are there 
unexpected new forces?
•Are there new hidden dimensions of space and time?
•Both matter and antimatter were produced in the big 
bang, but today our world is composed only of matter. Why?
•Why is the expansion of the universe accelerating?

3

“BIG” questions in Snowmass

✓  

✓  

✓  

✓  ✓  

Neutrino & nucleon decay experiments address many 
“BIG” questions.

ν’s CPV, 

proton 

decays

proton 

decays
, ν’s 

mass &
 

mixing

indirect
DM 
search

ν 
oscilla

tion,

supernova

http://www.symmetrymagazine.org/article/october-2013/the-big-questions
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Measuring CP asymmetry w/ J-PARC ν beam
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• Comparison between P(νμ→νe) and P(νμ→νe)
• as large as ~27% from nominal (at θ23=π/4).
• also sensitive to any CPV (such as >3 neutrinos)

P(νμ→νe) appearance probabilityνμ→νe probability
Normal hierarchy

‣ CPV test by comparing P(νμ→νe) and P(νμ→νe)
‣ sensitive to exotic CPV (non MNS matrix origin)
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TokaiKamioka

Intense ~600 MeV νµ beam for 
neutrino oscillation studies

• High sensitivity search for θ13

• Precision measurement of θ23, Δm223

J-PARC

Super Kamiokande
“far” detector (FD)

295 km

~500 collaborators from
 58 institutions, 12 nations

The XXVth International Symposium on Lepton Photon Interactions at High Energies

see “T2K Experiment”
arXiv:1106.1238 submitted to NIM A

2Thursday, August 25, 2011

J-PARC Accelerator@Tokai
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Rich Physics in 3 generation mixings

HKWG internal note ? 10-01

CP sensitivity study of Hyper-Kamiokande

Masashi Yokoyama

December 13, 2010
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where Cij , Sij , ∆ij are cos θij , sin θij , ∆m2
ijL/4Eν , respectively, and a[eV2] = 7.56 ×

10−5 × ρ[g/cm3] × Eν [GeV ].

1

CP violating (flips sign for ν)Leading

Solar

Matter effect
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13

• No magic for the 2nd maximum. 
• Energy dependence is important.
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The ν beam (ν:ν=3:7)
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Expected neutrino flux at Hyper-K (unoscillated)

νμ
νμ νe νe

ν/5
0M

eV
/c

m
2 /

10
21

PO
T

Eν (GeV) Eν (GeV)

ν mode ν modeνμ
νμ

νe νe

2.5o off-axis beam from J-APRC
Peaked at oscillation maximum

Suppress BG from high energy component (ντ negligible)

x30
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CP measurement with Hyper-K

• Strength of water Cherenkov detector

• LARGE mass – statistics is always critical

• Excellent reconstruction/PID performance
especially in sub-GeV region (quasi-elastic→single 
ring)

• Best matched with low energy, narrow band beam

• Off-axis beam with relatively short baseline

• Sensitive to CPV with less matter effect

• Complementary to other > ~1000km baseline 
experiments planned w/ Lq. Ar

13

(natural extension of technique proved by T2K)

13年12月18日水曜日



Signal
(νμ→νe CC)

Wrong sign 
appearance

νμ/νμ 
CC

beam νe/νe 
contamination NC

ν (2.25MW·107s) 3,560 46 35 880 649

ν (5.25MW·107s) 1,959 380 23 878 678

100

200

300

400

500

100

200

300

0 00 1 2 0 1 2
ES

rec (GeV) ES
rec (GeV)

S mode S mode
Total

BG all

BG from�SR

Total

BG from�SR

BG from�SR+ SR

BG from Se��SR�SR

BG Se�Se�SR�SR

SR�q�Se + BG

νe candidate events after selection

14

2.25MW·107s
= 0.75MW×3yrs
(1.5MW×1.5yrs)

5.25MW·107s
= 0.75MW×7yrs
(1.5MW×3.5yrs)

1year=107s

sin22θ13=0.1,δ=0, normal MH

NC background can be further reduced by FiTQun.
13年12月18日水曜日



LARGE !13 => good for Hyper-K

• High Signal (νμ→νe) and Low Background (π0, beam νe, etc..)

• Systematic error is more reliable (under control) for the νe 
signal than BG (example, π0)

• Assuming 5% sys. error for both νe signal and background 
(beam νe and NC π0 dominant).

• >10% larger asymmetry is expected for δ between 20 and 
160 degrees (200 and 340) which corresponds to ~77% 
region of δ.

15
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sin22θ23=1

sin22θ13

δ C
P
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δ resolution
Normal mass hierarchy (known)

‣δ precision < 20° (δ=90°)
                   < 10° (δ= 0°)
‣modest dependence on θ13
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Solar term�

Interference term (δCP)�
 θ13 resonance term�

Complementarity with atmospheric neutrinos

NuclPhysB680,479(2004)

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

P2 = |Aeµ|2 : 2ν transition probability νe  νµτ in matter!

R2 = Re(A*
eeAeµ)!

I2  = Im(A*
eeAeµ)!

Aee : survival amplitude of the 2ν system!

Aeµ : transition amplitude of the 2ν system!

NuclPhysB669,255(2003)

νe appearance (and νμ distortion) is 
expected due to MSW effect in the 
Earth’s matter
- happens in ν in the case of normal 
mass hierarchy
- in anti-ν in inverted mass hierarchy

Large θ13 value gives us a good 
chance to discriminate mass 
hierarchy.

19

2012.8.22 Roger Wendell  
4 

Pure oscillation probabilities  

  In the presences of the now large 13 resonant enhancement of the 
P(eoscillation probability occurs via matter interactions 

Resonance occurs only for (anti-)neutrinos under the Normal (Inverted) 
Hierarchy
Effects are roughly halved going to the IH 

P()   P(e)   

~10,000 km 

~100 km 

“Multi-GeV” “Sub-GeV” 

13年12月18日水曜日



• Through matter effect (MSW), we study

• Mass hierarchy  ⇨ Asymmetry between neutrinos and antineutrinos.

• Octant of θ23  ⇨ Magnitude of resonance effect

  Appearance (and νμ→νμ disappearance) interplay

• δCP (and θ13)  ⇨ Interference effects in ~GeV energy region
20

54 III PHYSICS POTENTIAL
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FIG. 34. Oscillated ⌫e flux relative to the non-oscillated flux as a function of neutrino energy for the

upward-going neutrinos with zenith angle cos⇥⌫ = �0.8. ⌫̄e is not included in the plots. Thin solid

lines, dashed lines, and dotted lines correspond to the solar term, the interference term, and the ✓13

resonance term, respectively (see Eq. 5). Thick solid lines are total fluxes. Parameters are set as

(sin2 ✓12, sin
2 ✓13, sin

2 ✓23, �,�m2
21,�m2

32) = (0.31, 0.025, 0.6, 40�, 7.6⇥10�5eV2,+2.4⇥10�3eV2) unless oth-

erwise noted. The ✓23 octant e↵ect can be seen by comparing (a) (sin2 ✓23 = 0.4) and (b) (sin2 ✓23 = 0.6). �

value is changed to 220� in (c) to be compared with 40� in (b). The mass hierarchy is inverted only in (d)

so ✓13 resonance (MSW) e↵ect disappears in this plot. For the inverted hierarchy the MSW e↵ect should

appear in the ⌫̄e flux, which is not shown in the plot.

happens with neutrinos in the case of normal mass hierarchy (�m2

32

> 0), and with anti-neutrinos

in the case of inverted mass hierarchy (�m2

32

< 0).

In order to demonstrate the behavior of these three terms, Fig. 34 shows how the ⌫e flux changes

as a function of neutrino energy based on a numerical calculation of oscillation probabilities, in

which the matter density profile in the Earth is taken into account [25, 68]. We adopted an

Earth model constructed by the median density in each of the dominant regions of the preliminary

reference Earth model (PREM) [69]: inner core (0  r < 1220km) 13.0 g/cm3, outer core (1220 

r < 3480km) 11.3 g/cm3, mantle (3480  r < 5701km) 5.0 g/cm3, and the crust (5701  r <

6371km) 3.3 g/cm3. In Fig. 34 dotted lines correspond to the ✓
13

resonance term (the third term

in Eq. 5), which could make a significant contribution in the 5 ⇠ 10 GeV region if sin2 ✓
13

is a few

sin2θ23 = 0.4 vs 0.6

m
as

s 
h

ie
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y
: N

H
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s 
IH

δCP =
 40° vs 220°
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Mass Hierarchy Sensitivity

• Sensitivity depends on θ23, δ and 
mass hierarch (a little).

• 3σ mass hierarchy determination for 
sin2θ23>0.42 (0.43) in the case of 
normal (inverted) hierarchy.

21

2012.8.22 Roger Wendell  9 

Expected Effects : electron-like samples 

Equivalent MC Effect of the 23 octant can be larger than that from  cp 
on electron appearance   

Effect of the latter is smaller than the expected statistical 
uncertainty in each bin 

2012.8.22 Roger Wendell  15 

Hierarchy Sensitivity :  Normal Hierarchy  

 Intensity of the matter effect  and hence electron appearance scales with the size 
of 13   

 By the time Hyper-K is running, the value of 13 should be very well known 
 However this sensitivity is a function of both the 23  octant and true value of cp  

   

sin23 = 0.6 

 0.5 

 0.4 

cp = 40 deg. 

Fix 13 

3  

2012.8.22 Roger Wendell  16 

NH, unknown IH, Unknown 13 is fixed : sin2213 = 0.10 

Hierarchy sensitivity, 10 years of Atmospheric neutrino data  

 Thickness of the band corresponds to range of cp  
Weakest sensitivity overall in the tail of the first octant 

3  3  

Multi-GeV e-like events

normal hierarchy case

normal hierarchy case

10 years

normal hierarchy case

10 years
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Recent Super-K result and the new T2K result

22

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

8
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FIG. 6. The −2∆ lnL value as a function of δCP for
normal hierarchy (solid line) and inverted hierarchy (dotted
line). The likelihood is marginalized over sin22θ13, sin2θ23

and ∆m2
32. The solid (dotted) line with markers corresponds

to the 90% CL limits for normal (inverted) hierarchy, evalu-
ated by using the Feldman-Cousins method. The δCP regions
with values above the lines are excluded at 90% CL.
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Sensitivity for !23 octant and CPV

23

2012.8.22 Roger Wendell  17 

NH, unknown IH, Unknown 13 is fixed : sin2213 = 0.10 

 Thickness of the band corresponds to the uncertainty from cp  

 Best value of cp = 40 degrees 
Worst value of cp = 140 (260) degrees, for 1st (2nd ) octant 

23 Octant sensitivity , 10 year Exposure 

3  

2  

3  

2  

2012.8.22 Roger Wendell  19 

Fraction of cp excluded at 3 for a fixed value of cp  

NH IH 

 For this particular input, the constraint atmospheric neutrinos can place on 
dcp  is about 50% of  

sin23 = 0.6 

 0.4 

sin23 = 0.6 

 0.4 

10 years 10 years

θ23 octant
sensitivity

•  (band depends on δ)

 Fraction of 
δCP excluded

(3 σ)
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Combination of 
Beam and Atmospheric

Neutrinos

Resolve mass hierarchy and the regeneracy 
w/ >3σ!

24
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2012.8.22 Roger Wendell  22 

Combination of Beam and Atmospheric Neutrinos : Allowed cp 

 
 Hierarchy is unknown, but NH is true   
 True cp = 0.0  
 True sin2213 = 0.10  
Maximal mixing , sin2223 = 1.0 
 Degenerate solution exists at 3 in the beam only case - just add the 2 maps  
 In the real world, something more sophisticated is in order  

3  

Beam Map Atm.  Map  

3  

Atm.  + Beam  

Add 
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2012.8.22 Roger Wendell  23 

Beam Map Atm.  Map  

 Hierarchy is unknown, but the NH is true  
 True sin2213 = 0.10  
 Using sin223  = 0.4  
 Even under a conservative assumption its possible to achiev ~3  

discrimination or all values of cp  if the true hierarchy is normal   
 

Hierarchy sensitivity : Combination of Beam and Atm. Neutrinos  

3  3  

Add 

Atm.  + Beam  

δCP=40 degree
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Nucleon Decays
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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

K+ lifetime
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p→νK+

τproton=4×1033y
（SK 90% CL limit）

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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BG

BG

Good discovery potential, 90% CL sensitivity of 1034~1035 yrs

GUT tests by Nucleon Decay Searches

13年12月18日水曜日



Search for nucleon decays
- 10 times better sensitivity than Super-K.

- only realistic plan to go beyond 1035 years for p→e++π0

- >3σ discovery is possible for lifetime beyond Super-K limits.

10
32

10
33

10
34

Soudan Frejus Kamiokande IMB

o/B (years)

Super-K

p A e+ /0

p A ++ l0

n A i t

p A e+ K 0

n A e+ K -

n A ++ K -

p A i K +

n A i K 0

p A e+ K*(892)0

n A i K*(892)0

p A i K*(892)+

p A ++ /0

n A ++ /-

p A i /+

n A i /0

p A e+ d

p A ++ d

n A i d

p A e+ l0

n A e+ l-

n A i l0

p A e+ t

p A ++ t

n A e+ /-

n A ++ l-

p A i l+

p A ++ K 0

21

10
35

3 4

n A e- K +

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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Cosmic Neutrinos

30

ν burst @ Milky way (10kpc)

7

- High statistical observation by 200,000 ν events
- Time variation of (ν luminosity, temperature, flavor) 
- Explore core collapse and cooling mechanism (model)

- exp’d νe from neutronization is 20(NH) or 56(IH) 
in 10msec duration→precise moment when a 
neutron start is born.
- Precise time determination~1ms→combined study 
w/ optical and gravitational wave observation

- Absolute ν mass (ν’s TOF)→0.3~1.3eV/c2

- Energy spectrum transition by ν mass hierarchy

12
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• We should advance R&D more and complete many R&D 
subjects on schedule.
•  (Personal opinions)
• It is necessary for the full budget approval with reliable 
cost estimates.

• [Japanese] Scientists in other fields recognize/
understand/support neutrino physics in Japan. We 
have to convince them for Hyper-K with many global 
activities.

Status of R&D

13年12月18日水曜日



Development works
• Detector design optimization

• tank shape, segmentation wall, tank 
liner, PMT support structure

• Water purification system, water 
quality control

• DAQ electronics (under water?) 

• Calibration source deployment 
system

• automated, 3D control

• Software development

• Detector geometry optimization, 
enhance physics capabilities

• Physics potential studies

• requirements for near detectors

32
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FIG. 15. Schematic diagram of the data acquisition system.

the order of timing and send it out to the merger computers. The merger computers each collect all

the hit information from a compartment and apply a software trigger to remove noise hits. Then,

the organizer computer collects the event from the mergers, eliminates overlapping events, and

send them to the o⇥ine computer system. This system reads out all the digitized hit information

from the PMTs and selects the events with software. This system has been working without any

problem in Super-K for more than 2 years. Therefore, it is safe to say that there are no serious

technical di�culties in preparing the DAQ system for this new detector with the currently available

and well established tools at hand. The expected data rate from the entire Hyper-K detector is

about 5 GB/s before applying the software trigger. After the first level software trigger, it will

be reduced by 1/50 and another factor of five reduction could be achieved with Super-K-style

intelligent vertex fitters applied in the o⇥ine computer system. In the end, the data rate written

to disk is expected to be less than 100 MB/sec in total.

1. R&D items for the DAQ system

A possible di�culty which could arise would involve physically running over 100,000 cables from
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Cavern Analysis Overview
• Elastic, static analysis was conduced and reported at the 

last meeting
- one calculation for the whole cavern. 
- evaluate the plasticity region based on elastic analysis

- Mohr-Coulomb’s criterion as failure criteria, general (mean) 
values for Young’s modulus 

- design PS anchors, rockbolts, and shotcrete to support the 
loosened area.

- elastic limit of the supports themselves not taken into account

11

• Elasto-plastic, static analysis
- step-by-step calculations for each excavation benches.
- perform calculation even after the stress exceeds the elastic limit.

- Hoek-Brown’s criterion as failure criteria, revised Young’s 
modulus

- strain softening calculation
- Designed supports are considered in the calculation 
- elastic limit of the supports also taken into account.
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- design PS anchors, rockbolts, and shotcrete to support the 
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11

• Elasto-plastic, static analysis
- step-by-step calculations for each excavation benches.
- perform calculation even after the stress exceeds the elastic limit.

- Hoek-Brown’s criterion as failure criteria, revised Young’s 
modulus

- strain softening calculation
- Designed supports are considered in the calculation 
- elastic limit of the supports also taken into account.

NEW

Excavation steps & supporting method

Geological survey & Cavern stability
• Detailed geological surveys at the 

candidates site vicinity

• Cavern stability and its supporting 
method has been studied

• Confirmed that the HK cavern can 
be constructed with the existing 
techniques

13

 19 

 

  
The above results were obtained by averaging data measured at three out of four 

points, eliminating outlying data. 
 

 

Table 3.2 Initial Stresses Calibrated to be  
    Equivalent to the ï370 mL Depth (1.08 times)  

Stress 
component 

(MPa) 

Stress component 
compensated to the 

analytical coordinate 
system (MPa) 

ǔx 12.42 8.10 
ǔy 8.10 12.42 
ǔz 16.31 16.31 
Ǖxy ï2.59 2.59 
Ǖyz ï3.67 6.26 
Ǖzx 6.26 3.67 

 

 

Table 3.1 Initial Stress Measurements Taken at ï300 mL  

 

Schmidt Net: Lower Hemisphere Projection 

East-west section (z-x plane) North-south section (y-z plane) Horizontal plane (x-y plane) 

Horizontal plane projection  
Six Stress Components (MPa) 3D principal stress (MPa) 

In-plane principal stress (MPa) 

 
nel axis 

Initial stress (in-situ meas.)

• elasto-plastic analysis and adopt Hoek-Brown failure criteria

Cavern stability
Cavern Stability

• Plasticity region ~10m at most (CM class) → affordable level  
• Proved in existing underground facilities (ex. power plants)

• For all rock mass classes (B, CH, CM), HK caverns can be 
constructed by existing excavation/support techniques. 14

CH class (relatively solid rock mass)

12

Affordable cable tension and plasticity region depth 
for B and CH class. 

2 
 

（２）PS アンカー検討解析   
 

ケース CH-900+1200： 許容アンカー力 900kN+1200kN 

  
主応力（kPa) 最大せん断ひずみ 

  
塑性域分布 変位分布(m) 

4m 
3m 

5m 
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ケース CH-900+1200： 許容アンカー力 900kN+1200kN 

  
PS アンカー軸力（kN) 作用軸力の最小～最大値 PS アンカー軸力（kN) 黒色 PS アンカー：許容アンカー力以上作用 

 

  Plasticity region depth~5m PS anchor tension
(black is over tension)

CM class (somewhat soft rock mass)

13

- Affordable cable tension and plasticity region depth even 
for CM class. 
- Need more long anchors than the past elastic analysis.
- Cost and schedule are to be revised in January.

Plasticity region depth~10m
PS anchor tension

(black is over tension)7 
 

①ＰＳアンカー パターン２ 
ケース CM： 許容アンカー力 900-2400kN 

  
主応力（kPa) 最大せん断ひずみ 

  
塑性域分布 変位分布(m) 
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9m 

13m 
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Fig. 6.3 Division of a Tunnel Face of an Excavated Side-Wall Section of a Tank 
Cavern 

 
 
 
 
6.2 Construction Process 

The process of constructing the tank cavern was evaluated based on references to 
the process estimation standards in Japan. The results are shown in Table 6.1. It 
will take a little over two years to excavate the new and additional sections, 
approach tunnels, belt conveyor tunnels, etc. After constructing these tunnels, a 
little less than three years will be required to excavate the tank cavern. Thus, the 
total process is expected to be completed in just less than five years. 

As described in Section 3.4, displacements and loosened zones can change, 
depending on the results of the further detailed analyses. Although anchors and 
other supports could control such changes, the cost and excavation process will have 
to be modified depending on actual site conditions. 
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Survey in the Mozumi 
(Super-K) area  is on-going.

13年12月18日水曜日
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Housing

Mounting Photo-sensor
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Photo-sensor
support

Tank and photo-sensor support
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Water Containment System
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Concrete lining
HDPE lining

Rock
Shotcrete

Waterproof sheet

Drain pipes
(for sump water)

Drain pipe
(for leak water from tank)

• Tank lining consists of concrete (60cm) 
and Polyethylene (5mm) linings

• Drain lines are separated for sump 
water and leak-water from tank.

Polyethylene 
sheet

 1
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Polyethylene sheet

Lining & drain system

Photo-sensor Support
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•PMT    
• ID:    99,000 20” PMTs (20% photo-coverage)
• OD:  25,000 8” PMTs (same coverage as SK)

Outer PMT (8”)

Inner PMT (20”)

• Number of photo-sensors
• Inner Detector: ~99,000 of 20” (20% photo coverage)

• Outer Detector: ~25,000 of 8” (identical coverage to SK) 

• Stainless-steel supporting structure holds photo-
sensors

Monday, May 27, 13

• Baseline designs of the water 
containment system and photo-
sensor support are ready

• Build a prototype detector (1kt)
• Funding request approved

Water Containment System

1817

Concrete lining
HDPE lining

Rock
Shotcrete

Waterproof sheet

Drain pipes
(for sump water)

Drain pipe
(for leak water from tank)

• Tank lining consists of concrete (60cm) 
and Polyethylene (5mm) linings

• Drain lines are separated for sump 
water and leak-water from tank.

Polyethylene 
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Water Quality Control and 
Purification system

35

純水製造・循環システム開発
 １、HK水槽内の水流、配管設計

　１−１、シミュレーションによる配管設計

　１−２、SK、HKプロトタイプ検出器による試験
２、コスト削減のための設計変更、試験
　設計のベースはSK。adhocに改良を重ねて来ているため、HKに対してはオ
ーバースペックの可能性。 SK、HKプロトタイプ検出器による試験を行う。
　　

SKでの問題
　水の流れを考慮せず設計された
　→上部の水は滞留、下部の水は対流
　→透過率やバックグラウンド悪化の原因と
なり物理解析に対する制限となっている。

��
�	�� �����

純水製造・循環システム開発
 １、HK水槽内の水流、配管設計

　１−１、シミュレーションによる配管設計

　１−２、SK、HKプロトタイプ検出器による試験
２、コスト削減のための設計変更、試験
　設計のベースはSK。adhocに改良を重ねて来ているため、HKに対してはオ
ーバースペックの可能性。 SK、HKプロトタイプ検出器による試験を行う。
　　

SKでの問題
　水の流れを考慮せず設計された
　→上部の水は滞留、下部の水は対流
　→透過率やバックグラウンド悪化の原因と
なり物理解析に対する制限となっている。

��
�	�� �����water flow temparature

Water Simulation is under 
development

13年12月18日水曜日



• 複数の候補
• 20” Super-K PMT（既存）
• [NEW] 20” 高効率ハイブリッド光検出器（HPD）
• [NEW] 20” 高効率改良型PMT（開発リスク小）

• 8” HPDと20” 高量子効率PMTの水チェレンコフ検出
器での試験を夏から

• 20” HPDプロトタイプを今年度製作
• 2015年に200本程度試作し2年程で水タンクでの実証

16

新型光検出器の開発

Pre3calibra=on!and!performance!evalua=on!!
!  !Calibrate!gain!before!test!in!water!
!  !Detailed!evalua=on!of!performance!and!!
!check!long3term!stability!

!  !Study!of!reflector!and!light!collector,!etc.!
!
Proof!test!in!water!by!EGADS!tank!!
!  !Measure!Cherenkov!light!

! ! !!with!wide!dynamic!p.e.!range!
!  !Compare!with!20”!PMT!
!  !Start!since!this!summer!

17/May/2012� Hyper3K!photo3sensor!and!DAQ!(Nishimura)� ��

→!83inch!HPD!is!measured!at!first.!

EGADS!20”PMT!case�

EGADS!200!ton!tank�
@Kamioka

20ྟග㟁㠃㧗䠭䠡໬(R3600-02)

CONFIDENTIAL

20” Quantum Efficiency

-高量子効率
-高電界光電子加速＋半導体電子検出器
-高効率1pe検出、時間分解能
-構造単純化によるコスト減

8inch HPD Prototype
8kV HV 
PowerSupply

5mmΦ Avalanche Detector

Pre-amplifier

-高量子効率
-ダイノード改良
-構造設計見直し

36

New PhotoSensor Development
• High QE 20’ PMT (baseline)

• High QE 20’ HPD (desired option)

• Installing the new sensors (8’ HPD 
and 20’ High-QE PMT) in EGADS 
200 ton tank for a long term test as 
a Water Cherenkov Detector

July 2013

young physicists
13年12月18日水曜日



8kV$ Avalanche)Diode)
)))))))

Candidate(of(HK(photo/sensor((50cmφ)(

�#3�

Gain 107 107 104~105(

T.T.S.(FWHM) ~5.5ns' ~2.7ns ~0.75ns

C.E. 80% 93% 95%
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Simple-structure!
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PMT-R3600
(Hamamatsu-Photonics-K.K.)

PMT-R12860
(Hamamatsu-Photonics-K.K.)

HPD-R12850
(Hamamatsu-Photonics-K.K.)

13年12月18日水曜日
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The$prototype$of$20cmφ$HPD�
Prototype$of$20cmφ$HPD� 90ns�
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TTS...Transit Time Spread

10

ベースラインから波高の
２５％に到達するまでの
時間(Transit Time)を測定

1p.e. TTS
σ=1.185ns

（Super-K 20” PMT ~2.2ns）
優れた時間分解能

を持つ

オシロスコープで波形を取得して解析

25%

精度の良いvertex再構成のために高い時間分解能が必要

光源と同期し
たトリガー

8”HPD

光源から光子が放出されてから信号として出力されるまでの時間ゆらぎ

Transit Time

TTSが小さい⇒時間分解能◎

-4 -2 0 2 4 ns

HPD単体では0.62ns、アンプでなまる
13年5月29日水曜日

1p.e.$TTS$

σ=1.2ns�

10V$(power$supply)$

0~4V$(HV$control)$

Tuning$by$LV(0~4V)� �
�����	�
�����

30cm�
Avalanche,
Diode,,
5mmφ�

20cm�

13年12月18日水曜日
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• 50cmφ3HPD3and3new3type3PMT3is3start3with3HQE3opKon3

→We(will(select(photo/sensor(for(HK(by(2016.

• We3start3with320cmφ3HPD3and3HQE3R36003(HQE3cathode3+33SK3PMT).
• We3have3started3the3first3proofJtest3from3autumn32013.New 20 inch Box&Line PMT : R12860

New 20 inch Box&Line PMT䛿ᆺྡR12860䛸䛺䜚䜎䛩䚹

Box$and$line!dynode�

new$50cmφ$HQE$PMT(R12860)$

!
!
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Need more contributions to  

40

• Electronics R&D and proto-type building

• working in the water with reasonable cost

• DAQ R&D and proto-type building

• Software development

• Automated Calibration technique

• Verify all the system with a proto-type detector.

• also consider the neutrino beam exposure in the T2K 
neutrino beam line

• These are the important inputs to the next stage document.

• LOI (2011)  → DONE

• CDR (2013-2014)

• J-PARC PAC Proposal for T2HK (by May 2014)

• TDR 

13年12月18日水曜日



Status of the Hyper-K project

41

• NOTE :  

• In Japan, we do not have the US system of CD1, CD2, ....

• The government official approval is very serious.   CD3 in US?

• The project must be construed with the fixed term within 
the allocated budget w/o contingency. 

• Community consensus is very important and necessary.

• Bottom Up approach (not top-down like US)

• R&D budget (including a proto-type detector) for Hyper-K is 
approved in 2013.

13年12月18日水曜日



Hyper-K status in Japan
• Recommenda*on+by+HEP+community

• hLp://www.jahep.org/office/doc/201202_hecsubc_report.pdf

• Recommenda?ons(for(two(large/scale(projects

• Linear(Collider

• Large7scale+Neutrino+&+Nucleon+decay+Detector

• KEK+roadmap+includes+Hyper7K
• hLp://kds.kek.jp/getFile.py/access?sessionId=1&resId=0&materialId=0&confId=11728

• Cosmic+Ray+community+endorses+Hyper7K+as+a+next+large7scale+project

• The+master+plan+for+large+scale+projects+in+Science+Council+of+Japan

• A(proposal(of(large(neutrino/nucleon/decay(detector(is(submiLed(
with(Hyper/K.(J/PARC(neutrino(beam(opera?on(w(~>1MW(and(a(near(
detector(complex(are(also(packaged.(We(expect(the(result(soon.

• (Ref.)((the(master(plan(in(2010,(Hyper/K(was(described(in(page(20

• hLp://www.scj.go.jp/ja/info/kohyo/pdf/kohyo/21/t90/e2.pdf
42

13年12月18日水曜日

http://www.jahep.org/office/doc/201202_hecsubc_report.pdf
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• http://www.scj.go.jp/ja/info/kohyo/pdf/kohyo-21-t90-e2.pdf
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Recommendations

The committee makes the following recommendations concerning large-scale projects, which 
comprise the core of future high energy physics research in Japan.  

• Should a new particle such as a Higgs boson with a mass below approximately 1 TeV 
be confirmed at LHC, Japan should take the leadership role in an early realization of 
an e+e- linear collider.  In particular, if the particle is light, experiments at low collision 
energy should be started at the earliest possible time.  In parallel, continuous studies on new 
physics should be pursued for both LHC and the upgraded LHC version.  Should the energy 
scale of new particles/physics be higher, accelerator R&D should be strengthened in order 
to realize the necessary collision energy.

• Should the neutrino mixing angle θ13 be confirmed as large, Japan should aim to 
realize a large-scale neutrino detector through international cooperation, accompanied 
by the necessary reinforcement of accelerator intensity, so allowing studies on CP 
symmetry through neutrino oscillations.  This new large-scale neutrino detector should 
have sufficient sensitivity to allow the search for proton decays, which would be direct 
evidence of Grand Unified Theories.  

It is expected that the Committee on Future Projects, which includes the High Energy Physics 
Committee members as its core, should be able to swiftly and flexibly update the strategies for these 
key, large-scale projects according to newly obtained knowledge from LHC and other sources. 

It is important to complete and start the SuperKEKB including the detector, as scheduled.  Some 
of the medium/small scale projects currently under consideration have the implicit potential to 
develop into important research fields in the future, such as neutrino physics and as such, should be 
promoted in parallel to pursue new physics in various directions.  Flavour physics experiments such 
as muon experiments at J-PARC, searches for dark matter and neutrinoless double beta decays or 
observations of CMB B-mode polarization and dark energy are considered as projects that have 
such potential.

4

• hFp://www.jahep.org/office/doc/201202_hecsubc_report.pdf
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systematic uncertainty is calculated to be 1.6% for signal
events and 7.3% for background events. The total SK
selection uncertainty is 2.1% for the νe candidate events
assuming sin22θ13 = 0.1.
Additional SK systematic uncertainties are due to

final-state interactions (FSI) of pions that occur inside
the target nucleus, as well as secondary interactions (SI)
of pions and photo-nuclear (PN) interactions of photons
that occur outside of the target nucleus. The treatment
of the FSI and SI uncertainties is the same as in the pre-
vious analysis [26]. For this analysis, a new simulation of
PN interactions has been added to the SK MC. In the fi-
nal νe event sample, 15% of the remaining π0 background
is due to events where one of the π0 decay photons is ab-
sorbed in a PN interaction. A systematic uncertainty of
100% is assumed for the normalization of the PN cross
section.
Oscillation Analysis—The neutrino oscillation param-

eters are evaluated using a binned extended maximum-
likelihood fit. The likelihood consists of four components:
a normalization term (Lnorm), a term for the spectrum
shape (Lshape), a systematics term (Lsyst), and a con-
straint term (Lconst) from other measurements,

L(Nobs, $x,$o, $f) = Lnorm(Nobs;$o, $f)× Lshape($x;$o, $f)

×Lsyst($f)× Lconst($o), (3)

where Nobs is the number of observed events, $x is a set of
kinematic variables, $o represents oscillation parameters,
and $f describes systematic uncertainties.
Lnorm is calculated from a Poisson distribution us-

ing the mean value from the predicted number of MC
events. Lsyst($f) constrains the 27 systematic parameters
from the ND280 fit, the SK-only cross section parame-
ters, and the SK selection efficiencies. Table II shows
the uncertainties on the predicted number of signal νe
events. The Lshape term uses x=(pe, θe) to distinguish

TABLE II. The uncertainty (RMS/mean in %) on the pre-
dicted number of signal νe events for each group of systematic
uncertainties for sin22θ13 = 0.1 and 0.

Error source [%] sin22θ13 = 0.1 sin22θ13 = 0
Beam flux and near detector 2.9 4.8
(w/o ND280 constraint) (25.9) (21.7)
ν interaction (external data) 7.5 6.8
Far detector and FSI+SI+PN 3.5 7.3
Total 8.8 11.1

the νe signal from backgrounds. An alternative analysis
uses x = Erec

ν , the reconstructed neutrino energy. In or-
der to combine the results presented in this letter with
other measurements to better constrain sin22θ13 and δCP,
the Lconst term can also be used to apply additional con-
straints on sin22θ13, sin2θ23 and ∆m2

32.
The following oscillation parameters are fixed in the

analysis: sin2θ12 = 0.306, ∆m2
21 = 7.6 × 10−5 eV2 [27],
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ν distribution for νe candidate events with

the MC prediction at the best fit of sin22θ13 = 0.144 (normal
hierarchy) by the alternative binned Erec

ν analysis.

sin2θ23 = 0.5, |∆m2
32| = 2.4 × 10−3 eV2 [28] and

δCP = 0. For the normal (inverted) hierarchy case,
the best-fit value with a 68% confidence level (CL) is
sin22θ13 = 0.140+0.038

−0.032 (0.170+0.045
−0.037). Figure 3 shows the

best-fit result, with the 28 observed νe events. The al-
ternative analysis using Erec

ν produces consistent best-fit
values and nearly identical confidence regions. Figure 4
shows the Erec

ν distribution with the MC prediction for
the best-fit θ13 value in the alternative analysis.

The significance for a non-zero θ13 is calculated to be
7.3σ, using the difference of log likelihood values between
the best-fit θ13 value and θ13 = 0. An alternative method
of calculating the significance, by generating a large num-
ber of toy MC experiments assuming θ13 = 0, also returns

The condition is satisfied. 
The νe appearance channel 
is firmly observed.

13年12月18日水曜日
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• Submitted a proposal of R&D to Grant-in-Aid 
($2.3M/5year).

Budget requestプロトタイプ検出器
• プロトタイプ検出器はHK水槽とほぼ同じ構造
• プロトタイプでは以下の項目の実証・試験をする
• ライニングの施工性、止水性の実証
• 漏水検知・漏水回収システムの性能試験
• 光検出器支持構造体
• 現行設計の施工性の実証
• 別の光検出器支持方法の実現可能性・施工性の試験

4
Thursday, April 18, 13

• Prototypical Detector
• ~1kton (10x10x10m3)
• Feasibility test of 

• Liners
• Leak water collection (drain), detection
• photo-sensor support structure
• DAQ system
• Calibration system

• Including development of Water system, Photo-sensor, Electronics, 
Calibration system, Software ... 

13年6月21日金曜日

Approved budget for the Hyper-K prototype 
w/ several R&D subjects

Grant-in-Aid →$1.7M/5 year

13年12月18日水曜日
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Budget: $11.2 M
Term:  2013-2017
Main items:
• T2K/J-PARC (~$1.8M)
• Reactor ν (~$2.1M)
• Hyper-K (~$1.7M)
• Ice-Cube (~$1.4M)
• other basic ν R&D

NOTE:  
Neutrino-less double β decay experiments (KamLAND-Zen) is not 
included because it is already supported by another Grant-i-Aud

20 proposals are selected every 
year in all science area  

13年12月18日水曜日
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• US status
• Under discussion in P5.

• Canada status
• Proposal to Canadian Foundation for Innovation under 
preparation

• Green light from TRIUMF to proceed
• Final proposal some time in June 2014

• EU situation
• We hear the status at this meeting.
• In UK, Statement-of-Interest (SoI) to STFC for 
Hyper-K is approved. Full proposal is under 
preparation to be submitted in 2014.

13年12月18日水曜日
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US participation history
• There is long and successful US-Japan partnership

• Merged IMB and Kamiokande forces on Super-K and we also 
collaborated on K2K and T2K

• US contributions to SK, K2K and T2K:
• outer detector
• calibration
• electronics
• low energy trigger system
• radon free air system
• T2K near detector and horns
• K2K near detectors and water system

• successful collaboration in KamLAND

• Major US participation and leadership in the Hyper-K are 
welcome and indispensable

15

US status discussed in P5

13年12月18日水曜日
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University of Toronto (Canada): J.F. Martin

University of California, Davis (USA): M. Askins, M.Bergevin, R. Svoboda

University of California, Irvine (USA): G. Carminati, S. Horiuchi, W.R. Kropp, S. Mine,
M.B. Smy, H.W. Sobel

University of Liverpool (UK): N. McCauley, C. Touramanis

University of Oxford (UK): G. Barr, D. Wark, A. Weber

University of Pittsburgh (USA): V. Paolone

University of She�eld (UK): J.D. Perkin, L.F. Thompson

University of Washington (USA): J. Detwiler, N. Tolich, R. J. Wilkes

University of Warwick (UK): G.J. Barker, S. Boyd, D.R. Hadley, M.D. Haigh

University of Winnipeg (Canada): B. Jamieson

Virginia Tech (USA): S. M. Manecki, C. Mariani, S. D. Rountree, R. B. Vogelaar

York University (Canada): S. Bhadra

*
*

**
*

*

*

**

*
*

*

*

* interests from US

Snowmass whitepaper “Hyper-Kamiokande Physics 
Opportunities” (arXiv:1309.0184)

• 167 authors from 49 institutes, 9 countries
•  59 authors from 14 institutes in Japan
•  43 authors from 13 institutes in US
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Cost Estimate

19

Total 800M USD*

Cavern 300M USD
Tank & structure 200M USD
Photo-sensors 200M USD High QE HPD
Near Detector 30M USD @Tokai

• Contribution from each country is under discussion in the 
Hyper-K WG
• Proportional sharing in an international project is ideal.

• The target for international contribution is 30% to 50% of the 
cost.

*The cost of rock disposal and water purification system to be added in the future
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Possible foreign contributions
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• Cavity and structure (500M USD)
• contribution of innovative design and materials welcome 
e.g. LBNE WC liner & PMT mounting

• Photosensors (200M USD)
• open to manufacturers other than Hamamatsu. 
Competition helps reduce cost.
• Innovative ideas like MPC PMT welcome.

• Electronics, Calibration
• This is an area where foreign contributions are expected.

• Other systems of modest scope
• outer detector
• water system
• near detector

• Accelerator (J-PARC) and beamline intensity upgrade.  
• history of accelerator lab collaboration.

A conceptual design exists.  
We are open to ideas toward a full design.
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• Hyper-Kamiokande project has strong physics cases with the J-
PARC neutrino beam

• Exploring neutrino mass, mixing and CP violation

• Aiming to establish the unification of forces.

• More understanding the history of Universe.

• Major European participation and leadership in Hyper-
Kamiokande are indispensable for the success of the project.

• The Hyper-K group is seeking more contributions (and 
more man powers) to complete R&D and Technical Design 
on time w/ a proto-type detector construction.
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