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What is Hyper-Kamiokande?
Hyper-Kamiokande is a next generation large scale Water 

Cherenkov detector and its associated physics project

Size of Tank 
Diameter: 68 m

Height: 72 m 

total mass: 260 kt 
fiducial mass: 188 kt 

Location: under the

Nijugo mountain, with 

overburden of 650 m

near Kamioka town

Sucessor (3rd generation) of Kamiokande and Super-Kamiokande

(8.4 times Super-K )



Status of Hyper-Kamiokande
Hyper-K is officially approved in Japan

Feb. 2020: 1st year construction budget (about 32MUSD) 
has been approved


May 2020: Univ. of Tokyo and KEK signed MOU

Univ. of Tokyo: In charge of 

Construction and Operation

KEK: In charge of operating JPARC 


accelerator and providing 

Neutrino Beam to Hyper-K


U-TokyoKEK

Hyper-K is now under 
construction, to start 


operation in 2027

access tunnel



Currently existing Hyper-Kamkokande

Proto-Collaboration will be transformed into 

the formal Hyper-Kamioknde Collaboration

18 countries, 82 institutions, about 400 members

Status of Hyper-Kamiokande
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Hyper-Kamiokande

Hyper-K

J-PARC
Accelerator Complex

üGigantic neutrino and nucleon decay detector
ü186 kton fiducial mass : ~10 × Super-K 
ü× 2 higher photon sensitivity than Super-K 
üSuperb detector capability, technology still evolving 
ü2nd oscillation maximum by 2nd tank in Korea under study

üMW-class	world-leading	ν-beam	by	upgraded	J-PARC
üProject	now	is	a	priority	project	by	MEXT’s	Roadmap

üAiming	to	start	construcBon	in	FY2019,	operaBon	in	FY2026

 Longbasline Oscillation Physics

Observation of CP Violation
A Accelerator based neutrinos 205
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FIG. 129. Oscillation probabilities as a function of the neutrino energy for ⌫µ ! ⌫e (left) and ⌫µ ! ⌫e

(right) transitions with L=295 km and sin2 2✓13 = 0.1. Black, red, green, and blue lines correspond to

�CP = 0�, 90�, 180� and �90�, respectively. Solid (dashed) line represents the case for a normal (inverted)

mass hierarchy.
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FIG. 130. Oscillation probabilities of ⌫µ ! ⌫e (left) and ⌫µ ! ⌫e (right) as a function of the neutrino energy

with a baseline of 295 km. sin2 2✓13 = 0.1, �CP = �90�, and normal hierarchy are assumed. Contribution

from each term of the oscillation probability formula is shown separately.

Also shown in Fig. 129 are the case of normal mass hierarchy (�m2
32 > 0) with solid lines and

inverted mass hierarchy (�m2
32 < 0) with dashed lines. There are sets of di↵erent mass hierarchy

and values of �CP which give similar oscillation probabilities, resulting in a potential degeneracy if

the mass hierarchy is unknown. By combining information from experiments currently ongoing [43–

45, 84, 179] and/or planned in the near future [39, 40, 46–48], it is expected that the mass hierarchy

will be determined by the time Hyper-K starts to take data. If not, Hyper-K itself has a sensitivity

to the mass hierarchy by the atmospheric neutrino measurements as described in the next section.

Thus, the mass hierarchy is assumed to be known in this analysis, unless otherwise stated.

Figure 130 shows the contribution from each term of the ⌫µ ! ⌫e and ⌫µ ! ⌫e oscillation

probability formula, Eq.(8), for L = 295 km, sin2 2✓13 = 0.1, sin2 2✓23 = 1.0, �CP = �90�, and

by comparing oscillation probabilities in   and    channels



Expected CP Violation Sensitivities
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FIG. 138. The expected 90% CL allowed regions in the sin2 2✓13-�CP plane. The results for the true values

of �CP = (�90�, 0, 90�, 180�) are shown. Left: normal hierarchy case. Right: inverted hierarchy case. Red

(blue) lines show the result with Hyper-K only (with sin2 2✓13 constraint from reactor experiments).
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FIG. 139. Expected significance to exclude sin �CP = 0 in case of normal hierarchy. Mass hierarchy is

assumed to be known.

contour becomes narrower in the direction of sin2 2✓13, the sensitivity to �CP does not significantly

change because �CP is constrained by the comparison of neutrino and anti-neutrino oscillation

probabilities by Hyper-K and not limited by the uncertainty of ✓13.

Figure 139 shows the expected significance to exclude sin �CP = 0 (the CP conserved case).

The significance is calculated as
p
��2, where ��2 is the di↵erence of �2 for the trial value of

�CP and for �CP = 0� or 180� (the smaller value of di↵erence is taken). We have also studied the

case with a reactor constraint, but the result changes only slightly. Figure 140 shows the fraction

of �CP for which sin �CP = 0 is excluded with more than 3� and 5� of significance as a function of

the integrated beam power. The ratio of integrated beam power for the neutrino and anti-neutrino

mode is fixed to 1:3. The normal mass hierarchy is assumed. The results for the inverted hierarchy

A Accelerator based neutrinos 217
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FIG. 140. Fraction of �CP for which sin �CP = 0 can be excluded with more than 3� (red) and 5� (blue)

significance as a function of the running time. For the normal hierarchy case, and mass hierarchy is assumed

to be known. The ratio of neutrino and anti-neutrino mode is fixed to 1:3.
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FIG. 141. Expected 68% CL uncertainty of �CP as a function of running time. For the normal hierarchy

case, and mass hierarchy is assumed to be known.

are almost the same. CP violation in the lepton sector can be observed with more than 3(5)�

significance for 76(57)% of the possible values of �CP .

Figure 141 shows the 68% CL uncertainty of �CP as a function of the integrated beam power.

The value of �CP can be determined with an uncertainty of 7.2� for �CP = 0� or 180�, and 23� for

�CP = ±90�.

As the nominal value we use sin2 ✓23 = 0.5, but the sensitivity to CP violation depends on the

value of ✓23. Figure 142 shows the fraction of �CP for which sin �CP = 0 is excluded with more than

A Accelerator based neutrinos 217

0 2 4 6 8 10

 (%
)

δ
Fr

ac
tio

n 
of

 

0
10
20
30
40
50
60
70
80
90

100

Running time (year)

1.3MW beam
1year = 107s

3σ
5σ

FIG. 140. Fraction of �CP for which sin �CP = 0 can be excluded with more than 3� (red) and 5� (blue)

significance as a function of the running time. For the normal hierarchy case, and mass hierarchy is assumed

to be known. The ratio of neutrino and anti-neutrino mode is fixed to 1:3.

 (d
eg

re
e)

δ
Er

ro
r o

f 

0

10

20

30

40

50

60

0 2 4 6 8 10
Running time (year)

1.3MW beam
1year = 107s δCP=90°

δCP=0°

FIG. 141. Expected 68% CL uncertainty of �CP as a function of running time. For the normal hierarchy

case, and mass hierarchy is assumed to be known.

are almost the same. CP violation in the lepton sector can be observed with more than 3(5)�

significance for 76(57)% of the possible values of �CP .

Figure 141 shows the 68% CL uncertainty of �CP as a function of the integrated beam power.

The value of �CP can be determined with an uncertainty of 7.2� for �CP = 0� or 180�, and 23� for

�CP = ±90�.

As the nominal value we use sin2 ✓23 = 0.5, but the sensitivity to CP violation depends on the

value of ✓23. Figure 142 shows the fraction of �CP for which sin �CP = 0 is excluded with more than

CPV significance as a 
function of true value of δCP

Fraction of δCP for which  sin δCP = 0

 is excluded

Expected error of δCP  as a function of time

Hyper-K Design Report, 

arXiv:1805.04163v2 [hep-ex]

Physics Goals of Hyper-Kamiokande



Nucleon Decay Search
Study stability of proton to probe GUT physics

Due to larger fiducial mass, current limits 

can be significantly improved

2 major decay modes predicted by many models

Hyper-K Design Report, arXiv1805.04163v2 [hep-ex]

Physics Goals of Hyper-Kamiokande



Physics Goals of Hyper-Kamiokande
 Programs for Neutrino Astrophysics

Observations of a galactic (nearby) supernova neutrinos
A Supernova 267
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FIG. 177. Total energy spectrum for each interaction for a supernova at 10 kpc with 1 tank. Black, red,

purple, and light blue curves show event rates for interactions of inverse beta decay, ⌫e-scattering, ⌫e+16O

CC, and ⌫̄e+16O CC, respectively. Solid, dashed, and dotted curves correspond to no oscillation, N.H., and

I.H., respectively.

and inverted hierarchy, respectively. Colored curves in the figure show event rates for inverse beta

decay (⌫̄e+p ! e++n), ⌫e-scattering(⌫+ e� ! ⌫+ e�), ⌫e+16O CC(⌫e+ 16O ! e�+ 16F(⇤)), and

⌫̄e+16O CC (⌫̄e+ 16O ! e++ 16N(⇤)). The burst time period is about 10 s and the peak event rate

of inverse beta decay events reaches about 50 kHz at 10 kpc. The DAQ and its bu↵ering system of

Hyper-K will be designed to accept the broad range of rates, for a galactic SN closer than 10 kpc.

A sharp timing spike is expected for ⌫e-scattering events at the time of neutronization. Fig. 176

shows the expanded plot around the neutronization burst peak region. We expect ⇠9, ⇠23 and

⇠55 ⌫e-scattering events in this region for a supernova at 10 kpc, for N.H., I.H., and no oscillation

respectively. Although the number of inverse beta events is ⇠100 (N.H.), ⇠210 (I.H.), and ⇠60

(no oscillation) in the 10ms bin of the neutronization burst, the number of events in the direction

of the supernova is typically 1/10 of the total events. So, the ratio of signal events (⌫e-scattering)

to other events (inverse beta) is expected to be about 9/10 (N.H.), 23/21 (I.H.) and 55/6 (no

oscillation).

The energy distributions of each interaction are shown in Fig. 177, where the energy is the

electron-equivalent total energy measured by a Cherenkov detector. The energy spectrum of ⌫̄e

can be extracted from the distribution.

Figure 178 shows the expected number of supernova neutrino events at Hyper-K versus the
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distance to a supernova. At the Hyper-Kamiokande detector, we expect to see about 50,000 to
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FIG. 178. 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.

75,000 inverse beta decay events, 3,400 to 3,600 ⌫e-scattering events, 80 to 7,900 ⌫e+16O CC events,

and 660 to 5,900 ⌫̄e+ 16O CC events, in total 54,000 to 90,000 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 10 to 16

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

was located, about 2,200 to 3,600 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 179 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 [252].

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

D = 10 kpc

Hyper-K Design Report, arXiv:1805.04163v2 [hep-ex]

For example,

For more detailed studies of SN explosion menchanism, 

formation of neutron star and/or black hole
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Time Schedule of Hyper-Kamiokande

From talk given by M. Ishitsuka at Neutrino 2020



Currently, 3 people (theorists) from PUC-Rio 


2 faculty members + 1 Pos-doc = 3


Hiroshi Nunokawa (Faculty)

Arman Esmaili (Faculty)


Alexander A. Quiroga (Pos-doc)

Current members of Hyper-Kamiokande

Proto-Collaboration in Brazil

Recently, from Latin America, new grupos from Mexico (Univ. de 
Guadalajara and Univ. Autonoma de Sinaloa) joined Hyper-K



Possible Contributions

For example, probe new physics not expected in 𝜈SM (SM + 3 
massive neutrinos) such as neutrino decay, sterile neutrino, non-
standard interactions, etc, using various sources including solar, 

atmospheric, supernova neutrinos

Explore (study) as much as possible 

Physics Potential Hyper-Kamioknde

Explore (study) synergy of Hyper-K

with other experiments, such as DUNE and JUNO

Theory (or Analysis) Oriented Contributions

Possible contribution to computing and 

storage through GRID 

Discussions and/or collaboration with people from other groups 

such as from DUNE, JUNO can be very interesting



Just an example of our current activity
By extending the work published by HK proto-collab. in 


PTEP 2018, 063C01 (arXiv:1611.06118[hep-ex])

PTEP 2018, 063C01 K. Abe et al.

Fig. 1. Map showing the baseline and off-axis angle of the J-PARC beam in Japan and Korea [8,9].

this as T2HKK in contrast to one detector in Kamioka with 295 km baseline (T2HK). The second
detector in Korea provides the opportunity for Hyper-K to probe oscillation physics at both the first
and second oscillation maxima.

South Korea covers a range of angles from the axis of the J-PARC neutrino beam from 1◦ to 3◦

(see Fig. 1), which allows for tuning both the baseline and neutrino energy spectrum to maximize the
physics reach of the combined two-baseline experiment. Such a configuration can improve neutrino
oscillation physics sensitivities in Hyper-K in a number of ways: it can break degeneracies related
to the unknown mass ordering, the mixing parameter θ23, and the CP-violating phase δCP; it has
better precision (especially on δCP) in important regions of the parameter space; and it can serve
to mutually reduce the impact of systematic uncertainties (both known and unknown) across all
measurements. It also provides an opportunity to test the preferred oscillation model in a regime not
probed with existing experiments. Constraints on (or evidence of) exotic neutrino models, such as
non-standard interactions with matter, are also expected to be significantly enhanced by the use of a
longer baseline configuration for a second detector.

Although the use of a longer baseline in conjunction with the J-PARC beam is the primary feature
distinguishing the use of a detector in Korea from a second detector at Kamioka, there are several
mountains over 1 km in height that could provide suitable sites. This allows for greater overburden
than the site selected for the first Hyper-K detector and would enhance the program of low-energy
physics that are impacted by cosmic-ray backgrounds. This includes solar neutrinos, supernova relic
neutrinos, dark matter neutrino detection studies, and neutrino geophysics. In the case of supernova
neutrinos there is some benefit from the separation of detector locations.

Further enhancements are possible but not considered in this document. Recent developments in
gadolinium doping of water and water-based liquid scintillators could allow for a program based on
reactor neutrinos if these technologies are deployed in the detector.

There were earlier studies of a large water-Cherenkov detector in Korea using a J-PARC-based
neutrino beam [3,4]. Originally, an idea for a two-baseline experiment with a second detector in
Korea was discussed by several authors, pointing out possible improvements for measurements of
CP violation and mass hierarchy [5– 9]. Three international workshops were held in Korea and Japan
in 2005, 2006, and 2007 [10]. At the time, the mixing angle of θ13 was not yet known, and therefore
the required detector size and mass could not be determined. Now, more realistic studies and a
detector design are possible due to the precisely measured value of θ13 [11– 15,17– 19].

5/65
Downloaded from https://academic.oup.com/ptep/article-abstract/2018/6/063C01/5041972
by Fermilab user
on 06 August 2018

We are studying the physics potential of the possible 2nd HK detector in Korea 
(under discussion), to probe new physics, such as neutrino decay scenario 

J-PARC neutrino bem will 

pass Korea for free!
So why not use it?
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Due to a larger baseline  (>1000 km), 

the impact of neutrino decay would be 

significantly larger (at least at probability 
level) at the 2nd HK detecto in Korea 


 

A. Esmaili et al, in preparation



Contribution to Hardware (Dectectors) ? 
Some direct hardware (instrumental) contribution for 

(near/far) detectors could be possible if we will have some 

more new members from Brazil who have expertise in 

hardware/instrumentation. This possibility must be explored 

if we want to ask for a larger financial support for Hyper-K

Possible Contributions



We believe that the Hyper-K project has strong scientific 
motivations and have a good prospect to obtain some new 
significant scientific results 


Concluding Remarks

It would be very interesting to consider complementarity and/or 
synergy between Hyper-K and different experiments such as 
DUNE and JUNO to maximize the extraction of physics results  


New participations to Hyper-K project is very welcome! 


No real progress can be made without new data coming 
from new experiments

“It doesn't matter how beautiful your theory is, it doesn't matter how smart you are.  
If it doesn't agree with experiment, it's wrong.” by  Richard Feynman

We believe that collboration/interaction between theorists and 
experimentalists can be very fruitful



back up
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FIG. 3. A comparison of historical experimental limits on the rate of nucleon decay for several key modes to

indicative ranges of theoretical prediction. Included in the figure are projected limits for Hyper-Kamiokande

and DUNE based on 10 years of exposure.

The message the reader should conclude from this figure is that 10 years of Hyper-K exposure

is sensitive to lifetimes that are commonly predicted by modern grand unified theories. The key

decay channel p ! e+⇡0 has been emphasized, because it is dominant in a number of models, and

represents a nearly model independent reaction mediated by the exchange of a new heavy gauge

boson with a mass at the GUT scale. The other key channels involve kaons, wherein a final state

containing second generation quarks are generic predictions of GUTs that include supersymmetry.

Example Feynman diagrams are shown in Fig. 4.

Generally, nucleon decay may occur through multiple channels and ideally, experiments would

reveal information about the underlying GUT by measuring branching ratios. It is a strength of

Hyper-K that it is sensitive to a wide range of nucleon decay channels, however the few shown here

are su�cient to discuss the details of the search for nucleon decay by Hyper-Kamiokande later in

this document.

Practically, because of the stringent limits from more than 300 kt·y of Super-K running, the next

generation experiments will have to concentrate on the discovery of nucleon decay, perhaps by one

or a small number of events. The predictions are uncertain to two or three orders of magnitude,

and one should not expect a negative search to definitively rule out the idea of GUTs. To excel

Comparison with the existing limits
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Observations of a galactic (nearby) supernova neutrinos
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FIG. 181. Detection rate modulation induced by SASI in Hyper-K 1 tank. Red line shows the theoretical

event rate estimation for the inverse beta decay reaction. Gray line shows a simulated event rate taking into

account statistical fluctuation. The SN progenitor mass is 27 solar mass. The direction to the detector is

chosen for strong signal modulation. This neutrino flux is adopted from [62].
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FIG. 182. Detection rate modulation produced by a rotating SN model in Hyper-K 1 tank. The SN

progenitor mass is 27 solar mass. The supernova rotational axis is orthogonal (red) and parallel (green)

with the direction to the earth. This figure is adopted from [243].

be ignored, because these neutrinos are emitted only from the very center of the supernova. The

flux is well predicted and hardly a↵ected by the physics modelling of the EOS or the progenitor

mass [268, 269]. The number of event will be about 50% larger in IH case comparing to NH, after

20ms from the core bounce. In the succeeding accretion phase, we will have another chance by

observing the rise-time of neutrino event rate. The mixing of ⌫̄X to ⌫̄e, will result in a 100ms faster

rise time for the inverted hierarchy compared to the normal hierarchy case [270]. We will have fair

chance to investigate it for a supernova at the galactic center, see Fig. 180.

In Hyper-K, it could be possible to detect burst neutrinos from supernovae in nearby galaxies.
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FIG. 179. Angular distributions of a simulation of a 10 kpc supernova with 1 tank. The plots show a

visible energy range of 5-10MeV (left-top), 10-20MeV (right-top), 20-30MeV (left-bottom), and 30-40MeV

(right-bottom). The black dotted line and the red solid histogram (above the black dotted line) are fitted

contributions of inverse beta decay and ⌫e-scattering events. Concerning the neutrino oscillation scenario,

the no oscillation case is shown here.

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

LSST telescope [253].

1.3. Physics impacts The shape of the rising time of supernova neutrino flux and energy

strongly depends on the model. Figure 180 shows inverse beta decay event rates and mean ⌫̄e

energy distributions predicted by various models [251, 254–259] for the first 0.3 sec after the onset

of a burst. The statistical error is much smaller than the di↵erence between the models, and

so Hyper-K should give crucial data for comparing model predictions. The left plot in Fig. 180

shows that about 150-500 events are expected in the first 20 millisecond bin. This means that

the onset time can be determined with an accuracy of about 1 ms. This is precise enough to

allow examination of the infall of the core in conjunction with the signals of neutronization as well

as possible data from future gravitational wave detectors. Our measurement will also provide an

opportunity to observe black hole formation directly, as a sharp drop of the neutrino flux [260].

Determination of SN direction Observation of SASI 

(Standing  Accretion Shock Instability) 
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Physics Goals of Hyper-Kamiokande
 More Programs for Neutrino Astrophysics

Observations of solar neutrinos
More precise measurements of 8B neutrino 


Day-Night Asymmetry, spectra up-turn, hep neutrino, etc. 

Observations of diffuse supernova neutrinos (neutrinos 
coming from the past supernova) to know more about 


past universe and star formation history

HK can play an important role in the context of 

multi-messenger observations, e.g. + Gravitational Wave


Indirect Dark matter search at Galatic Center and in Earth



Physics Goals of Hyper-Kamiokande
 Many other possible studies: 

Atmospheric neutrinos

Earth Tomography

Any New physics effect in oscillation study from 

various sources, artificial and astrophysical ones

neutrinos from solar flare

neutrinos from Gamma Ray Burst Jets/Newborn Pulsar Winds


