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Three generations of 
“Kamiokande”

Kamiokande 
(1983-1995)

3kton 
20% coverage 
with 20’ PMT

Super-Kamiokande 
(1996-)

50k (22.5k) ton 
40% coverage 
with 20’ PMT

Hyper-Kamiokande (~2027-)

SK-Gd 
(2019-)

260k (190k) ton 
40% coverage 

with high-QE 20’ PMT



22nd October, 2018 DBD18 !3

Hyper-Kamiokande

60m

74m

Next generation of large water Cherenkov detector 
for neutrino physics, astrophysics, nucleon decay, etc.

•190kton Fiducial volume : 
~10 x Super-K 
• 40% photo coverage with 
high-efficicency PMTs :  
~2 x Super-K 
(~40000 for inner detector) 
• >MW J-PARC beam :  
~3 x current power.

(See also “Hyper-Kamiokande Design Report”, arXiv : 1805.04163 )
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A birds-eye view of the Hyper-K site
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SK

HK

1000m

650m

Wasabo

Mt. Nijyugo-yama

Maruyama

Excavated rock
disposal site

Tunnel
Entrance

Kamioka town

Route 41

N

Funatsu
Bridge

Mt. Ikeno-yama

Tunnel entrance yard at Wasabo

n A 10,000m2 construction yard is necessary at the 
entrance of the access tunnel
n At least during the excavation (tunnels/cavern)

n Planning to prepare the yard by filling up a part of 
“Wasabo tailings dam” owned by KMS
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Wasabo tailings dam
owned by KMS

Prefectural
Road 484

Access tunnel

Entrance
Yard

20m

For safety reasons (and by 
regulation), the access tunnel
shouldn’t pass under the road
Considering of changing the 
route of Prefectural Road 484
in advance (green), and 
discussing w/ Gifu prefecture

Modified route of
Road 484 (a plan)

Maruyama rock disposal site

n There’s a large sinkhole at Maruyama, which was induced 
by the past underground block caving

n Planning to pile up all the Hyper-K excavated rock (with a 
soil volume of 570,000 m3) on top of the sinkhole
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Capacity :
>2 million m3

Kamioka Town

 

-1- 
 

1㸬Hyper Kamiokande Ỉᵴ✵Ὕࡢᵝ 

  

௨ୗᆅୗ✵Ὕ㸯ᇶࡢᵝࠋࡿࡵࡲࢆ 

 

(1)ᆅୗ✵Ὕࡢࡉࡁ㸸㧗ࡉ 78m×┤ᚄ 76m×1 ᇶ㸦ᅗ 1-1 ཧ↷㸧 

㸦ཧ⪃㸸Ỉᵴ㸸㧗ࡉ 61m�┤ᚄ 74m㸧 

 (2)ᆅୗ✵Ὕࡢᙧ≧㸸⟄ᆺ࣭࣒࣮ࢻᆺ 

(3)ᆅୗ✵Ὕయ✚㸸342,976㹫3 

(4)ᘓタᮇ㛫㸸5㹼6 ᖺ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ᅗ 1-1 HK Ỉᵴ✵Ὕࢪ࣮࣓ 

 

 

ୖẁࢫࢭࢡᆙ㐨 

ୗẁࢫࢭࢡᆙ㐨 
 ᆙ㐨ࢫࢭࢡ

1 ḟ⣧Ỉᐊ 

2 ḟ 
⣧Ỉᐊ 

እ࿘ࣉ࣮ࣟࢫ 
ᆙ㐨 

⣧Ỉᐊᆙ㐨 

4 ẁ㺏㺪㺽㺹㺎㺟ᆙ㐨 

2 ẁ㺏㺪㺽㺹㺎㺟ᆙ㐨 

⣧Ỉᐊࢫࢭࢡᆙ㐨 
ኳ㡬㒊㺏㺪㺽㺹㺎㺟ᆙ㐨 

外周坑道

外周
坑道



22nd October, 2018 DBD18 !5

New developed photo-sensor
96 III HYPER-KAMIOKANDE DETECTOR

2.1.3. Performance of Single Photoelectron Detection1

The single photoelectron pulse in a HQE B&L PMT has a 6.7 ns rise time (10% – 90%) and 13.02

ns FWHM without ringing, which is faster than the 10.6 ns rise time and 18.5 ns FWHM in the3

Super-K PMT. The time resolution for single PEs is 1.1 ns in � for the fast left side of the transit4

time peak in Figure 59 and 7.3 ns at FWHM, which is about half of the Super-K PMTs. This5

would be an important factor to improve the reconstruction performance of events in Hyper-K.6

The nominal gain is 107 and can be adjusted for several factors in a range between 1500 V to7

2200 V. Figure 60 shows the charge distribution, where the 35% resolution in � of the single PE is8

better compared to the 50% of the Super-K PMT. The peak-to-valley ratio is about 4, defined by9

the ratio of the height of the single PE peak to that of the valley between peaks.10
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FIG. 59. Transit time distribution at single pho-

toelectron, compared with the Super-K PMT in

dotted line.
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FIG. 60. Single photoelectron distribution with

pedestal, compared with the Super-K PMT in

dotted line.

2.1.4. Gain Stability11

Because the Hyper-K detector is sensitive to a wide energy range of physics, the PMT is required12

to have a wide dynamic range. The Super-K PMTs have an output linearity up to 250 PEs in charge13

by the specifications and about 700 PEs measured in Super-K (with up to 5% distortion)[117],14

while the linearity of the HQE B&L PMT was measured to be within 5% up to 340 PEs as seen in15

Figure 61. Even with more than 1,000 PEs, the output is not saturated and the number of PEs can16

be calculated by correcting the non-linear response. The linearity range depends on the dynode17

current, and can be optimized with changing the resistor values in the bleeder circuit. This result18

demonstrates su�cient detection capabilities in the wide MeV – GeV region as in Super-K, as long19

as it is corrected according to the response curve.20

ー Hyper-Kー Super-K
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• Efficiency x 2, Timing resolution x 1/2
• Pressure tolerance x 2 (>100m)
• The impact is large to physics sensitivities 
and detector design optimization

• enhance p→νK+ signal, solar ν, neutron 
signature of np→d+γ(2.2MeV) 

New 50cmΦ PMT

Super-K PMT

Hyper-K PMT
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96 III HYPER-KAMIOKANDE DETECTOR

2.1.3. Performance of Single Photoelectron Detection1

The single photoelectron pulse in a HQE B&L PMT has a 6.7 ns rise time (10% – 90%) and 13.02

ns FWHM without ringing, which is faster than the 10.6 ns rise time and 18.5 ns FWHM in the3

Super-K PMT. The time resolution for single PEs is 1.1 ns in � for the fast left side of the transit4

time peak in Figure 59 and 7.3 ns at FWHM, which is about half of the Super-K PMTs. This5

would be an important factor to improve the reconstruction performance of events in Hyper-K.6

The nominal gain is 107 and can be adjusted for several factors in a range between 1500 V to7

2200 V. Figure 60 shows the charge distribution, where the 35% resolution in � of the single PE is8

better compared to the 50% of the Super-K PMT. The peak-to-valley ratio is about 4, defined by9

the ratio of the height of the single PE peak to that of the valley between peaks.10
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FIG. 59. Transit time distribution at single pho-

toelectron, compared with the Super-K PMT in

dotted line.
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FIG. 60. Single photoelectron distribution with

pedestal, compared with the Super-K PMT in

dotted line.

2.1.4. Gain Stability11

Because the Hyper-K detector is sensitive to a wide energy range of physics, the PMT is required12

to have a wide dynamic range. The Super-K PMTs have an output linearity up to 250 PEs in charge13

by the specifications and about 700 PEs measured in Super-K (with up to 5% distortion)[117],14

while the linearity of the HQE B&L PMT was measured to be within 5% up to 340 PEs as seen in15

Figure 61. Even with more than 1,000 PEs, the output is not saturated and the number of PEs can16

be calculated by correcting the non-linear response. The linearity range depends on the dynode17

current, and can be optimized with changing the resistor values in the bleeder circuit. This result18

demonstrates su�cient detection capabilities in the wide MeV – GeV region as in Super-K, as long19

as it is corrected according to the response curve.20
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• 1光子感度２倍、時間精度２倍を達成。
• 検出器の性能・物理感度に非常に大きな
インパクト。
• 感度を変えずに検出器を小さくできる可
能性が出てきた。

新型光センサー

Super-K PMT

Hyper-K PMT

1光
子
検
出
効
率

光入射位置（度）
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2.1.3. Performance of Single Photoelectron Detection1

The single photoelectron pulse in a HQE B&L PMT has a 6.7 ns rise time (10% – 90%) and 13.02

ns FWHM without ringing, which is faster than the 10.6 ns rise time and 18.5 ns FWHM in the3

Super-K PMT. The time resolution for single PEs is 1.1 ns in � for the fast left side of the transit4

time peak in Figure 59 and 7.3 ns at FWHM, which is about half of the Super-K PMTs. This5

would be an important factor to improve the reconstruction performance of events in Hyper-K.6

The nominal gain is 107 and can be adjusted for several factors in a range between 1500 V to7

2200 V. Figure 60 shows the charge distribution, where the 35% resolution in � of the single PE is8

better compared to the 50% of the Super-K PMT. The peak-to-valley ratio is about 4, defined by9

the ratio of the height of the single PE peak to that of the valley between peaks.10
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FIG. 59. Transit time distribution at single pho-

toelectron, compared with the Super-K PMT in

dotted line.
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2.1.4. Gain Stability11

Because the Hyper-K detector is sensitive to a wide energy range of physics, the PMT is required12

to have a wide dynamic range. The Super-K PMTs have an output linearity up to 250 PEs in charge13

by the specifications and about 700 PEs measured in Super-K (with up to 5% distortion)[117],14

while the linearity of the HQE B&L PMT was measured to be within 5% up to 340 PEs as seen in15

Figure 61. Even with more than 1,000 PEs, the output is not saturated and the number of PEs can16

be calculated by correcting the non-linear response. The linearity range depends on the dynode17

current, and can be optimized with changing the resistor values in the bleeder circuit. This result18

demonstrates su�cient detection capabilities in the wide MeV – GeV region as in Super-K, as long19

as it is corrected according to the response curve.20
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FIG. 60. Single photoelectron distribution with

pedestal, compared with the Super-K PMT in

dotted line.

2.1.4. Gain Stability11

Because the Hyper-K detector is sensitive to a wide energy range of physics, the PMT is required12

to have a wide dynamic range. The Super-K PMTs have an output linearity up to 250 PEs in charge13

by the specifications and about 700 PEs measured in Super-K (with up to 5% distortion)[117],14

while the linearity of the HQE B&L PMT was measured to be within 5% up to 340 PEs as seen in15

Figure 61. Even with more than 1,000 PEs, the output is not saturated and the number of PEs can16

be calculated by correcting the non-linear response. The linearity range depends on the dynode17

current, and can be optimized with changing the resistor values in the bleeder circuit. This result18

demonstrates su�cient detection capabilities in the wide MeV – GeV region as in Super-K, as long19

as it is corrected according to the response curve.20

ー Hyper-Kー Super-K

Time [nsec]

~140 new PMTs have been 
installed in SK this summer. 
Performance will be checked 
with Cherenkov light for years.

• Sensitivity:  
       2 x SK 
• Time resolution:  
       1/2 x SK 
• Pressure:  
        2 x SK

Continuous effort for improvements, e.g. noise reduction, 
cover design, light concentrator, etc.
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Hyper-K 

SN ν @ G.C. 

Solar ν 

Atmospheric ν 

MeV GeV TeV 

J-PARC ν 

Relic SN ν 

Astrophysical ν 

ν from DM? 

ニュートリノ

陽子の崩壊

超新星爆発 太陽大気J-PARC大強度加速器による
高品質ニュートリノビーム

ハイパーカミオカンデ装置
スーパーカミオカンデの
約10倍の有効質量と2倍の光感度

水槽（超純水）
直径74m × 高さ60m

写真提供：JAEA/KEK J-PARCセンター

新型光センサー
（従来の2倍の感度）
4万本

総質量 26万トン
有効質量 19万トン

Multi-purpose detector
Broad scientific program 
with wide energy range 

(MeV~TeV)
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Mixing angle : Maki-Nakagawa-Sakata Matrix

Atm. and Acc. Solar and KamLANDReactor and Acc.
✓13 ⇠ 9�

δcp and Mass hierarchy of 2-3 are not determined 
Atmospheric, Accelerator, Reactor

Neutrino oscillation

Accelerator, Atmospheric and Solar neutrinos 
are main targets of Hyper-Kamiokande



Accelerator neutrino
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Neutrino beam from J-PARC

(KEK-JAEA, Tokai)(KEK-JAEA, Tokai)

Neutrino Facility
 at J-PARC

Neutrino Facility
 at J-PARC

Hyper-KamiokandeHyper-Kamiokande

295km

295km

eiδ ?eiδ ?  Same?

Anti-neutrinoAnti-neutrino

NeutrinoNeutrino

νeμν

eνμν

T2HK: Future LBL plan using J-PARC

LoI: The Hyper-Kamiokande Experiment [arXiv:1109.3262v1]

295km295km

TOKAITOKAI

KAMIOKAKAMIOKA

ND280  
Near DetectorsHyper-Kamiokande

Same beamline as T2K
30GeV, 485kW in 2018

>1.3MW by upgrade
Reduce rep. cycle with new power supplies

Near detectors
•Based on experience in T2K, with new ideas 
•Upgrade ND280 off-axis detectors 
•Upgrade proceeding for T2K-II 
• Intermediate (1~2km) Water Cherenkov Detector 
•Off-axis spanning, with Gd loading
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Search for CP violation

0
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anti-neutrino

L=295km, sin22θ13=0.1
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P(
ν µ

→
ν e
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δ = 1/2π
δ = π
δ = -1/2π

L=295km, sin22θ13=0.1

neutrinoNeutrino Anti-Neutrino

11 September 2018 Y.Kudenko            Hype-K Project            14 

For  G = - S/2  
Æ    CP violation effect  ACP a 28%,   matter effect a8% 

E = 0.6 GeV,  'm2
32L/4E | 1  

ACP = 

Search for CP violation 

T2K 

Hint on maximal CP violation, G a -S/2 
•Hint on maximal CP violation, however, need more statistics, O(1000), 
for definite measurement,  
cf. current T2K : 89 νe and 7 νe 
•Control of systematics is crucial, 
•Neutrino beam, interaction and detector. 
•Assigned 6-7% in current T2K.
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Expected events at HK
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νμ disappearance

for δ=0
Signal

(νμ→νe CC)
Wrong sign 
appearance

νμ/νμ 
CC

beam νe/νe 
contamination NC

ν beam 1,643 15 7 159 134
ν beam 1,183 206 4 317 196

νμ+νμ
CCQE

νμCC  
nonQE

Others

ν beam 6,391 3175 515

ν beam 8,798 4315 614

10 years (10yrs×1.3MW×107s), ν : νbar = 2.5yrs : 7.5yrs
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CP violation sensitivity
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•Exclusion of sinδCP=0 
•8σ (6σ) for δ=-90° (±45° ) 
•76% (58%) coverage of 
parameter space for CPV 
discovery w/ >3σ (>5σ) 

•δCP precision measurement 
•22° for δ=±90° 
•7° for δ=0° or 180° 
•Enhanced further by 
combination with atmospheric ν



Atmospheric neutrino



22nd October, 2018 DBD18 !14

Atmospheric neutrinos
Cosmic rays strike air nuclei and 
the decay of the out-going 
hadrons gives neutrinos.

✓Flux measurement by SK 
✓Model calculation is consistent with data.
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 µν  Frejus 

eν  IceCube/DeepCore 2013 

eν  IceCube 2014 
 unfolding µν  IceCube 
 forward foldingµν  IceCube 

 unfoldingµν  AMANDA-II 
 forward foldingµν  AMANDA-II 
 (w/ osc.)eν+eν  HKKM11  
 (w/ osc.) µν+µν  HKKM11  

Cosmic ray (p,He,...) 

L=10~20 km 
π±, K± 

µ± 

νµ
e± 

νµ
νe 

νµ
νe 

L~ up to13000 km 

 (PRD 94, 052001 (2016))



22nd October, 2018 DBD18 !15

Consider all the sub-leading effects (Δm221, matter) 
•Mass hierarchy : resonance in multi-GeV νe or νe 
•Octant θ23 : magnitude of the resonance 
•δCP : interference btw two Δm2 driven oscillation

Fractional change of upward νe flux (cosθzenith = -0.8)

9
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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, �,�m

2
21,�m

2
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 (�m
2
32 > 0), and with anti-neutrinos

in the case of inverted mass hierarchy (�m
2
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

“Fractional change of upward νe flux (cosΘzenith=-0.8)”

sin2θ23=0.4 or 0.6

CP=40o or 220o

Hierarchy is 
NH or IH

Resonance in νe 
(not shown) in the 

case of IH.

Through the matter effect in the Earth, we study on
• Mass hierarchy : resonance in multi-GeV νe or νe 
• CP δ               : interference btw two Δm2 driven oscill.
• θ23 octant        : magnitude of the resonance

3-flavor oscillation study
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happens with neutrinos in the case of normal mass hierarchy (�m
2
32 > 0), and with anti-neutrinos

in the case of inverted mass hierarchy (�m
2
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

CP=40o or 220o

sin2θ23=0.4 or 0.6

Hierarchy is 
NH or IH

Resonance in νe 
(not shown) in the 

case of IH.

Neutrino oscillation in Atm. ν
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Sensitivity

Determination possible by ~5 years (sin2θ23=0.5) 

Band	for	CP	values
10years

6years

1years

Mass hierarchy



Solar neutrino
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Solar neutrinos

Hyper-Kamiokande

Solar neutrino energy spectrum
Serenelli, Haxton, Pena-Garay ApJ, 743, 24 (2011)
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Neutrino oscillation in Solar ν
~2σ tension between solar global 
and KamLAND in Δm221

�m2
21 = 7.54+0.19

�0.18

The unit of Δm221 is 10-5 eV2

sin2 ✓12 = 0.316+0.034
�0.026

sin2 ✓12 = 0.308± 0.014

�m2
21 = 4.85+1.33

�0.59

sin2 ✓12 = 0.307+0.013
�0.012

�m2
21 = 7.49+0.19

�0.18

Solar global

KamLANDSolar+ 
KamLAND

sin2θ13=0.0219±0.00148B flux is constraint by SNO NC data

PRD94, 052010 (2016)
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Neutrino oscillation in HK
See the neutrino oscillation MSW effect directly
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Regenerate νe by 
earth matter effect5

Spectrum distortion

Super-K can search for the spectrum “upturn” 
expected by neutrino oscillation MSW effect
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Sensitivity
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Nucleon decay
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Motivation

Only possible to directly prove the grand unification
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p -> e+π0 discovery potential

HK 3σ
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•Look at an invariant 
proton mass 
•Possible BG free search 
(0.06 BG/Mton year) 
•Discovery potential reach 
to 1035 years

ptot<100MeV/c 100<ptot<250MeV/c

Sig. 
ε(%) Bkg (/Mtyr) Sig. 

ε(%) Bkg (/Mtyr)

18.7 0.06 19.4 0.62
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p -> νK+ discovery potential
•K is invisible, so it is identified by 
daughter particles; 
•Monochromatic muon (236 MeV/c) 
for K->μν 
•K->π+π0 
•Possible BG free search 
(0.06 BG/Mton year) 
•Discovery potential reach to  
> 3 x1034 years

M.Yokoyama (U.Tokyo) Hyper-Kamiokande

p→νK̅ discovery potential
• K is below Ch. threshold, 

identified by daughter particles 
(established by SK)

• Monochromatic muon (K→ µν)

• K → π+π0

• Enhanced sensitivity thanks to 
improved photosensors (photon 
efficiency and timing)

• Discovery reach >3×1034 years

 19

Prompt γ π+π0

Eff(%) BG
(/Mtyr)

Eff(%) BG
(/Mtyr)

HK 12.7 0.9 10.8 0.7
SK 4 8.5 1.0 9.0 0.9
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on the solar parameter space.
Figure 33 shows the allowed region in (θ12, θ13) space

obtained from the global solar analysis and our Kam-
LAND analysis. As shown in the figure, in the global
solar contour, the larger value of θ13 prefers the larger
value of θ12, while in the KamLAND contour the larger
value of θ13 prefers the smaller value of θ12. The
global solar analysis finds that the best fit values at
sin2 θ12 = 0.31±0.03 (tan2 θ12 = 0.44±0.06) and∆m2

21 =
6.0+2.2

−2.5 × 10−5eV2. Combined with the KamLAND re-
sult, the best-fit oscillation parameters are found to be
sin2 θ12 = 0.31+0.03

−0.02 (tan2 θ12 = 0.44+0.06
−0.04) and ∆m2

21 =

7.7± 0.3× 10−5eV2. The best fit value of sin2 θ13 is 0.01,
and an upper bound is obtained, sin2 θ13 < 0.060 at the
95% C.L., for the global solar analysis. Combining with
the KamLAND contour, the best fit value of sin2 θ13 is
0.025+0.018

−0.016 and the 95% C.L. upper limit of the sin2 θ13
is found to be 0.059.
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FIG. 32: Allowed region in solar parameter space (θ12,∆m2)
obtained by the three-flavor analysis. The thick lines and
the star mark show the allowed regions and the best fit point
of the global solar analysis. The thin lines and the square
mark show the allowed regions and the best fit point of our
KamLAND analysis. The filled areas and the filled circle
mark show the allowed regions and the best fit point of the
combined analysis. For all regions, the innermost area (red),
the middle area (green) and the outermost area (blue) show
68.3, 95, 99.7 % C.L. respectively.

The flux value of 8B neutrinos can be extracted using
the oscillation parameters obtained from the fitting of
the global solar and KamLAND result. As in Equation
4.1, β is a free parameter to minimize the χ2 and there
is no constraint from the SSM prediction in χ2

SK+SNO.
Table VII summarizes the scaled 8B flux values by us-
ing βm at the best fit point obtained by the global solar
analysis and the global solar + KamLAND analyses in
both two and three flavor analyses. The size of the error
corresponds to the maximum and minimum flux values
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FIG. 33: Allowed region in (θ12, θ13) space obtained by the
three-flavor analysis. The definitions of marks and lines are
same as in Figure 32.

8B flux (×106cm−2s−1)
Global solar (2 flavor) 5.3 ±0.2
Global solar + KamLAND (2 flavor) 5.1 ±0.1
Global solar (3 flavor) 5.3 ±0.2
Global solar + KamLAND (3 flavor) 5.3 +0.1

−0.2

TABLE VII: 8B neutrino flux obtained from the oscillation
parameter fitting.

among the 1σ oscillation parameter region. As shown in
the table, the 8B flux agrees well with the latest SSM
prediction [32], and the size of the uncertainty is 2 ∼ 3%
which is consistent with the SNO result [20].

V. CONCLUSION

Super-Kamiokande has measured the solar 8B flux to
be (2.32± 0.04(stat.)± 0.05(sys.))× 106 cm−2sec−1 dur-
ing its third phase; the systematic uncertainty is smaller
than for SK-I. Combining all solar experiments in a
two flavor fit, the best fit is found to favor the LMA
region at sin2 θ12 = 0.30+0.02

−0.01 (tan2 θ12 = 0.42+0.04
−0.02)

and ∆m2
21 = 6.2+1.1

−1.9 × 10−5eV2. Combined with the
KamLAND result, the best-fit oscillation parameters are
found to be sin2 θ12 = 0.31±0.01 (tan2 θ12 = 0.44±0.03)
and ∆m2

21 = 7.6± 0.2× 10−5eV2, in excellent agreement
with previous solar neutrino oscillation measurements.
In a three-flavor analysis combining all solar neutrino ex-
periments and the KamLAND result, the best fit value
of sin2 θ13 is found to be 0.025+0.018

−0.016 and an upper bound
is obtained as sin2 θ13 < 0.059 at 95% C. L..

ニュートリノ振動
２０００年代
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Super-Kamiokande

νe,x + e- → νe,x + e-
電子弾性散乱 (ES)

入射ニュートリノの方向を保存
高統計、高精度の測定
電子ニュートリノ反応断面積は
他のニュートリノの～７倍

νe + d → e- + p + p

太陽内部で
発生時

ニュートリノの種類を区別できる

荷電カレント (CC)

νx + d → νx + n + p
中性カレント (NC)

νe,x + e- → νe,x + e-
電子弾性散乱 (ES)

ニュートリノ振動パラメータ

Phys. Rev. D 83, 052010 (2011)
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Expected number of event

Livermore simulation 
Totani, Sato, Dalhed, Wilson, ApJ. 496 (1998) 216

49k~68k ev (IBD) 
2.1k~2.5k ev (νe ES) 
(6~40 for neutronization) 
80~4100 ev (νe CC)  
650~3900 ev (νe CC) 

at 10kpc
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FIG. 179. Expected number of supernova burst events for each interaction as a function of the distance

to a supernova with 1 tank. The band of each line shows the possible variation due to the assumption of

neutrino oscillations.

68,000 inverse beta decay events, 2,100 to 2,500 ⌫e-scattering events, 80 to 4,100 ⌫e+16O CC events,

and 650 to 3,900 ⌫̄e+ 16O CC events, in total 52,000 to 79,000 events, for a 10 kpc supernova. The

range of each of these numbers covers possible variations due to the neutrino oscillation scenario

(no oscillation, N.H., or I.H.). Even for a supernova at M31 (Andromeda Galaxy), about 9 to 13

events are expected at Hyper-K. In the case of the Large Magellanic Cloud (LMC) where SN1987a

was located, about 2,100 to 3,200 events are expected.

The observation of supernova burst neutrino and the directional information can provide an

early warning for electromagnetic observation experiments, e.g. optical and x-ray telescopes. Fig-

ure 180 shows expected angular distributions with respect to the direction of the supernova for four

visible energy ranges. The inverse beta decay events have a nearly isotropic angular distribution.

On the other hand, ⌫e-scattering events have a strong peak in the direction coming from the

supernova. Since the visible energy of ⌫e-scattering events are lower than the inverse beta decay

events, the angular distributions for lower energy events show more enhanced peaks. The direction

of a supernova at 10 kpc can be reconstructed with an accuracy of about 1 to 1.3 degrees with

Hyper-K, assuming the performance of event direction reconstruction similar to Super-K [251].

This pointing accuracy will be precise enough for the multi-messenger measurement of supernova

at the center of our galaxy, with the world’s largest class telescopes, i.e. Subaru HSC and future

arXiv : 1805.04163

Supernova burst
expected number of events
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ਤ 107: ϋΠύʔΧϛΦΧϯσʢʣɺSK-Gdʢփ৭ʣɺ JUNOʢࢵʣͰ͖ىΔ৽എܠ
χϡʔτϦϊࣄͷੵࢉΛɺԣ࣠Λྐྵͱͯࣔ͢͠ [4, 5, 6, 7]ɻ͜͜Ͱɺ֤ݕग़ثͷ༗
ޮ࣭ྔͱղੳΤωϧΪʔྖҬͷΈΛྀͨ͠ߟʢ4.6અɺද 6ʣɻ৽ͷχϡʔτϦϊͷ
Թ Teff ɺ6MeVͱԾఆͨ͠ɻ࣮ઢͯ͢ͷ৽രൃ͕Թ Teff ʹରԠ͢ΔΤω
ϧΪʔͷχϡʔτϦϊΛ์ग़͢Δ߹ɺઢͦͷ 30%͕ϒϥοΫϗʔϧΛੜ͠ɺΑΓ
ΤωϧΪʔͷχϡʔτϦϊΛ์ग़͢Δ߹ͷ༧ଌΛࣔ͢ɻ͍ߴ

χϡʔτϦϊఱจֶʹ͓͍ͯɺϋΠύʔΧϛΦΧϯσେ͖͘͜ͷΛݗҾͰ͖Δɻ

ਤ 107ʹɺ֤࣮ݧͰͷ༗ޮମੵͰ͖ىΔ৽എܠχϡʔτϦϊࣄͷੵࢉΛɺԣ࣠

Λྐྵͱͯࣔ͢͠ɻJUNO࣮ݧͷ؍ଌ։࢝Λ 2020ͱԾఆͯ͠ൺֱ͍ͯ͠Δɻݧ࣮ߦݱͰ

͋ΔεʔύʔΧϛΦΧϯσɺݕग़ثʹΨυϦχϜΛ༹ղ͢Δ͜ͱͰ৽എܠχϡʔτ

Ϧϊͷॳ؍ଌΛ͢ࢦվྑܭըΛਐΊ͍ͯΔʢSK-GdܭըʣɻSK-GdͰ৽എܠχϡʔ

τϦϊͷൃݟΛ͛͠ɺதஅͳ͘ϋΠύʔΧϛΦΧϯσʹΑΔ؍ଌʹͭͳ͛ɺͦͷେ࣭ྔ

Λੜ͔ͯ͠৽എܠχϡʔτϦϊͷϑϥοΫεͷਫ਼ີଌఆεϖΫτϧଌఆΛ࣮͢ݱΔͷ

͕ɺ͜ͷͰզ͕ੈ͕ࠃքΛϦʔυ͠ଓ͚ΔͨΊͷຊܭըͷઓུͰ͋Δɻ4.3અͰड़

ͨ௨ΓɺϋΠύʔΧϛΦΧϯσʹΑΔ৽എܠχϡʔτϦϊͷ؍ଌɺϒϥοΫϗʔ

ϧܗͷྺ࢙ͷղ໌ͳͲɺଞͰͰ͖ͳ͍·ͬͨ͘৽͍͠Ӊɺఱମڀݚͷ൶Λ։͘ͷͰ

͋Δɻ

৽രൃ͕ۜՏܥۙͷۜՏͰͨͬ͜ى߹ɺϋΠύʔΧϛΦΧϯσɺ͔ͦ͜Β

์ग़͞ΕΔ৽രൃχϡʔτϦϊͷྔΤωϧΪʔͷ͔ࡉͳؒ࣌มԽΛେ౷ྔܭͰৄࡉʹ

ଌ͠ɺ৽രൃͷϝΧχζϜͷղ໌ʹഭΔ͜ͱ͕Ͱ͖Δɻ·ͨɺͦͷੑΛੜ͔ͯ͠؍

165

!30

expected number of events
(detection efficiency is not considered)

Diffuse Supernova Neutrino background
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International organization
•International Hyper-Kamiokande 
proto-collaboration 
•15 countries, 73 institutes, 
~300 members, ~75% from 
abroad 

•2 host institutes: UTokyo/ICRR 
and KEK/IPNS 
•UTokyo launched an institute for 
HK construction: Next-generation 
Neutrino Science Organization 
(NNSO) 
•External review by Advisory 
Committee

Inaugural Symposium@Kashiwanoha, January 2015

Hyper-K meeting@Madrid, March 2018

NNSO Inaugural Ceremony@Kamioka, October 2017
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Toward construction start
•MEXT (Ministry of Science in Japan) lists the Hyper-K in its 
Roadmap2017 as a priority big project 

• UTokyo is making all efforts to get funded with strong 
leadership of the president Gonokami. 

• Hyper-K is requested to MEXT as a top priority project 
• UTokyo launched “Next-Generation Neutrino Science 
Organization” to host Hyper-K 

• Seed funding has been allocated within MEXT budget request 
for JFY2019 

• It usually led to full funding in the following year, as it was 
the case for the Super-Kamiokande



https://www.u-tokyo.ac.jp/focus/ja/articles/z0208_00006.html
September 12th, 2018

Statement of the president of UTokyo

The University of Tokyo pledges to ensure 
construction of the Hyper-Kamiokande detector 
commences as scheduled in April 2020.
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Summary
•Next generation of the water Cherenkov detector, Hyper-
Kamiokande, has unique opportunities for future physics 
program 

• Neutrino oscillation by beam, atmospheric, solar neutrinos 
• Search for proton decay 
• Neutrino astrophysics 
• Based on the experiences from Kamiokande and  
Super-Kamiokande, also with new ideas and technologies.  

• Many efforts are on going for starting construction in 2020, 
and operation from ~2027.


