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T T 2010 FICEBR/D B SNICENRERE
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Since 2020, the world has been terribly influenced
and confused by the new corona-virus COVID-19. In
order to give priority to preventing the spread of the
infection to our faculty and staff members, postdoc
researchers, graduate students and everyone, the
Institute for Cosmic Ray Research has decided to
cancel or postpone various meetings and events, and
to suspend some observational activities. We hope
that the spread of the new corona-virus will end, and
the normal research activities of our Institute can be
resumed soon.

Cosmic ray was discovered around 1912. By the early
1900s, it was already known that there were radiations at
the Earth’s surface. To investigate if all radiations came
from the ground or there were other sources, Victor
F. Hess took a balloon flight and studied the change
of the radiation intensity with respect to the altitude.
Surprisingly, the result showed that radiation intensity
went up at high altitudes. The observation brought about
the discovery of "cosmic ray" radiation. This was the
discovery that the universe is “shining” not only with the
visible light, but also with high energy particles.

Various experiments followed to understand the nature
of cosmic rays. Muons, © and K mesons were discovered
through these activities by the middle of the 20th century.
They contributed to the development of the elementary
particle physics. However, due to the advancement of
accelerator technologies, main research activities in
the elementary particle physics shifted from the studies
of cosmic rays to experiments with accelerators. On
the other hand, there remained important questions in
cosmic ray physics; such as, where the cosmic rays are
generated, and how they reach to the Earth. Since the
cosmic ray particles have electric charges, the directional
information of a cosmic ray at the origin is completely
lost when it arrives at the Earth. Hence, there has been
little progress in understanding the astrophysical puzzles
of cosmic rays such as the acceleration mechanism of
cosmic ray particles.

However, because of the rapid advancement of the
experimental technologies in recent years, cosmic ray
research has also progressed rapidly. It is indeed the
golden age for cosmic ray researchers. Observation of
high energy gamma rays and cosmic neutrinos, carrying
no electrical charges, are very important probes to
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explore the origin of cosmic rays. The progresses that
the gamma ray observation experiments have made in
recent years are truly astonishing. Recently, the evidence
for high energy cosmic neutrinos has been found as well.
Furthermore, there has been a significant improvement
in the sensitivity in the gravitational wave detection. On
Feb. 11, 2016, the LIGO collaboration announced the
observation of gravitational waves. The gravitational
wave astronomy is about to begin. Recently, studies of
cosmic rays have contributed to the field of elementary
particle physics again. For example, the studies of
neutrinos produced by cosmic ray interactions in the
atmosphere have led to the discovery of neutrino
oscillations between muon-neutrinos and tau-neutrinos,
namely establishing the non-zero masses of neutrinos.
Solar neutrino experiments have solved the long-
standing solar neutrino problem attributing it to neutrino
oscillations between electron-neutrino and other neutrino
flavors. These studies were recognized by the 2015
Nobel Prize in physics. It is well known that the total
mass of “dark matter” is several times larger than that of
the normal matter. However, the natures of dark matter
particles are unknown. Dark matters are searched for and
studied actively by various means.

The history of the Institute for Cosmic Ray Research
(ICRR) began with an experimental hut in Mt. Norikura
at the altitude of 2,770m, called Asahi hut, built in
1950 with the Asahi Bounty for Science. This small hut
developed into the Cosmic Ray Observatory (commonly
called Norikura Observatory) of The University of
Tokyo in 1953. It was the first inter-university research
facility in Japan. The Cosmic Ray Observatory, together
with cosmic ray divisions of the Institute for Nuclear
Study, was reorganized to the Institute for Cosmic Ray
Research (ICRR) of The University of Tokyo in 1976.
Since then, ICRR has carried out various research
activities on cosmic rays as an inter-university research
institute. In 2010, ICRR has been selected as one of the
Japanese government's “Joint Usage/Research Center”,
then in 2018, as one of the "International Joint Usage/
Research Center". ICRR is continuing inter-university
research activities under the new system.

The mission of Institute for Cosmic Ray Research
(ICRR) is to lead the world community of cosmic ray
researches. The world's largest neutrino detector Super-
Kamiokande has discovered neutrino oscillations and
been contributing to the studies of oscillations. It is
expected that Super-Kamiokande will continue to get
important scientific results. However, the research
activities in the world advance quickly. Therefore,
continuing and lasting efforts to create new attractive
fields of research are required at ICRR. As one of such
activities, ICRR will construct the Hyper-Kamiokande
detector as the successor of Super-Kamiokande. The
highest energy cosmic ray project called Telescope Array
(TA), completed in 2008, has been conducting various



studies on the highest energy cosmic rays. The highest
energy cosmic rays of energy at 10’eV deviate by
only a few degrees from their original paths when they
travel through the Milky Way galaxy. TA has observed
indication that the highest energy cosmic rays arrive from
a particular direction of the sky. The data may suggest
the birth of a new research field, the highest energy
cosmic ray astronomy. In addition, the gravitational
wave telescope (KAGRA) whose construction began in
2010, completed in 2019. The initial observation run of
KAGRA has started in 2020. We are looking forward to
seeing the signals of gravitational waves and promoting
the gravitational wave astronomy. Finally, participating
in CTA (Cherenkov Telescope Array) for high-energy
gamma-ray astronomy as a key partner of the global
project is also one of the very important missions for
ICRR.

Not to mention, delivering scientific results of high
standards is an important mission to ICRR. However, it is
also very important to share our scientific achievements
with the scientific community and the general public.
This booklet summarizes the present activities at ICRR
for readers of such backgrounds. We hope that it serves
its purpose.

Director of Institute for Cosmic Ray Research

Takaaki Kajita
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Austrian physicist Victor Hess ascended in a balloon up to the sky and measured radiations.
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Radiations originating from space (primary cosmic ray) produce air

showers, as secondary cosmic ray, in collisions with air molecules.
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High-Energy Particles from Space

In 1912, an Austrian physicist, Victor Hess took a
balloon flight in order to investigate radiation intensity
in the sky. In those days, high-energy radiation was
thought to be coming from the Earth and he predicted
radiation intensity would decrease with altitude. But his
experiment showed that radiation intensity increased
as he went up to the sky. Then the question arose: Is
radiation entering the atmosphere from above as well?
This is the very beginning of cosmic ray research.

Cosmic rays are high-energy particles that strike the
Earth from all directions. They are likely to originate
somewhere in outer space and travel to the Earth at
almost the speed of light. Cosmic rays pass through our
bodies every second and some of them even penetrate
deep into solid rock.

They are the same nuclei and particles which compose
the matter we can see every day. About 90 percent of
the cosmic rays are hydrogen nuclei (namely protons),
9 percent of them are helium nuclei, and the rest are
heavier nuclei and elementary particles such as electrons
and positrons.

=a2—-FY/ ; ,, % /g i
Neutrino L. sDark matter, ©% Gravitational wave Gamma ray Cosmic ray
BEEBRCABLE  BEMSATVINE  TA 141 0N it T 200km-
DEOH, HEOAR ~ CTHBEATIEVERS  SHERICL->TRE « | “’ = _
PRBLE, SESE THOYHE, ££E = ShEBROR i T = gz
RECATHEUDEE  BRESHKEZENE  VRBYTIvIH— N Z|E
F. ABBEHETE V. FHEHEETEE  LRLOARPEHE & "1 2

T3YEBYEGT.  HEShIDEOKE HBREE. BEFAR f
BEAERTHOES  EEHTVE, o CETBERCAE |
AROES, L PR s . BEPEL B, 30 km

P b S

L 4
Neutring

FTHREZBATISESELTR

Methods of cosmic ray detection
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Rain of Hundred Billions of Particles, “Air Shower”

In 1936, it was found that the intensity of cosmic
radiation reached a peak at about 15 kilometers in
altitude and dropped sharply with increasing altitude.
Why did it happen? In fact, the detected radiation turned
out to be secondary particles produced by collisions
between high-energy cosmic rays from space and the
atmosphere of the Earth. Cosmic rays originating in
space are called “primary cosmic rays,” and the others
are called “secondary cosmic rays.”

A primary cosmic ray arriving at the Earth's atmosphere
to the Earth collides with an air molecule, which breaks
apart the nucleus of the molecule and produces multiple
high-energy particles called “mesons.” Then these
particles fly apart at almost the speed of light, and further
strike the surrounding air molecules, producing more
particles. The chain reaction quickly grows and most
of the product particles soon decay into many types of
lighter particles such as muons, neutrinos, gamma-rays,
electrons, and positrons. Finally, the primary cosmic ray
develops into hundreds of billions of secondary particles,
pouring down on an area covering several hundred
square meters on the ground. This cascade of particles
is called an “air shower.” Muons, mesons, and positrons
were discovered in air showers. Cosmic ray research
made a great contribution to elementary particle physics
in its early history.

Messenger from Space

High-energy primary cosmic rays come from outside the
solar system. Observation of air shower tells us the fact
that primary cosmic rays striking the Earth’s atmosphere
have a very wide energy spectrum, ranging from 10° to
10” electron volts. Extremely high energy cosmic rays
have ten million times as much energy as the largest
man-made particle accelerator can produce (14 TeV).
How cosmic rays can be accelerated to such extremely
high energy is still a mystery.

Before arriving at the Earth, low-energy cosmic rays
are bent many times by galactic magnetic fields. On the
other hand, extremely high-energy cosmic rays arriving
at the Earth experience less bending in the magnetic
fields, and therefore they travel straight to the Earth.
That’s the reason why we can find out the right directions
from which they arrive. The Ultra-High-Energy cosmic
rays (>10" eV) are coming only about once a year on an
area covering hundred square kilometers on the Earth. Just
for comparison, the area inside the JR Yamanote Line in
Tokyo is approximately 63 square kilometers.

What are cosmic rays?

According to the recent studies, a supernova explosions,
which occurs during the last stellar evolutionary stages
of the life of a massive star, is likely to be among such
sources of cosmic rays. One of the main purposes of
cosmic ray research is to understand the mechanisms
of very high-energy astrophysical events far from the
Earth, with which we might be able to uncover the
mysteries of the evolution of the Universe. Cosmic rays
are “messenger’’ that convey messages from the universe
out of our reach, with a great potential to bring answers
to questions that are asked in a wide range of fields in
physics and astronomy.

Gamma-rays, Neutrinos, and Gravitational Waves,
A Unique Research Institute Exploring Universe
with “Multi-Messenger”

Not only the nucleus is a messenger with information
from space, but also the followings are such messengers:
gamma-rays (high energy photons), neutrinos (elusive
particles most of which pass through matter without
interaction), gravitational waves (ripples in the fabric
of space-time), and dark matter (as-yet-unidentified
matter). Many technologies have been developed for the
detection of gamma-rays and neutrinos, and new fields
of gamma-ray astronomy and neutrino astronomy have
been opened to researchers.

The existence of gravitational waves was predicted by
Albert Einstein 100 years ago in his theory of general
relativity and has long been the final missing piece that
completes the discovery of what he predicted on the
basis of this theory. In 2015, LIGO (USA) and Virgo
(Europe) detected gravitational waves for the first time in
human history. It was a giant step for humankind because
we acquired a novel probe for astronomical observations
in addition to electromagnetic waves and particles.
Also in Japan, Large-scale Cryogenic Gravitational
Wave Telescope “KAGRA”, hosted by ICRR, KEK and
NAOJ, was completed in October 2019 after 10 years of
construction and started its operation in February 2020.
Gravitational waves are ripples in space-time which
propagate at the speed of light. Detection of gravitational
waves will reveal aspects of the Universe that are, with
the traditional probes, unobservable such as mergers of
black-holes and the birth of the Universe. We are looking
forward to seeing the signals of gravitational waves and
promoting gravitational wave astronomy hand in hand
with researchers of both LIGO and Virgo.

ICRR explores the frontier of the cosmic ray physics,
astrophysics and elementary particle physics based on
the coordinated observation and interpretation of "multi-
messenger" signals such as cosmic rays, gamma rays,
neutrinos, gravitational waves, and dark matter. ICRR
at The University of Tokyo continues to be a unique
research institute that hosts a comprehensive array of
leading cosmic ray research programs.

What are cosmic rays? | 11
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Super-Kamiokande

he purpose of Super-Kamiokande (SK) is

to study elementary particle physics and

astrophysics through neutrino detection and
nucleon decay searches.

SK is a 50,000-ton cylindrical water Cherenkov detector
40m in height and 40m in diameter. It is equipped with
over 11,000 50-cm photomultiplier tubes (PMTs) in
order to observe various elementary particle interactions
in the detector. Detector operations began in 1996. SK
observes neutrinos produced both in the Sun (solar
neutrinos) and by the interactions of cosmic rays in
the atmosphere (atmospheric neutrinos). In 1998,
SK observed a clear anisotropy in the zenith angle
distribution of its atmospheric neutrino data, thereby
establishing the existence of neutrino masses and
mixing, a phenomenon known as “neutrino oscillations.”
For this result, the Nobel Prize in physics was awarded
to Prof. Takaaki Kajita in 2015. Furthermore, accurate
measurements of the solar neutrino flux using neutrino-
electron scattering data in SK, in conjunction with
results from the SNO experiment in Canada, led to the
discovery of oscillations among neutrinos produced in
the center of the Sun.

All materials in the universe are made of atoms, which
consist of nucleus and electrons. Furthermore, nucleus
is a composite of protons and neutrons. It has been
thought that proton is stable, however Grand Unified
Theory, which unifies strong, weak, and electromagnetic
interactions, predicts proton will decay into lighter
particles like mesons and leptons. SK uses 50,000
tons of pure water and its fiducial volume contains
7x10* protons. (We are measuring proton lifetime with
huge number of protons!) SK is running more than 20
years, however, any evidence of proton decay has not
been observed yet. From this result, proton lifetime
is estimated to be more than 10* years. SK will keep
running towards a new horizon of the world of particle
physics.

The neutrinos emitted from all of the supernovae since
the onset of stellar formation have suffused the universe.
This thusfar unobserved flux is referred as the “relic”
supernova neutrinos. The flux of the supernova relic
neutrinos is expected to be several tens per square
centimeter per second. In order to separate these signals
from the much more common solar and atmospheric
neutrinos and other backgrounds, SK added water
soluble gadolinium (Gd) salt in 2020. This upgrade
enables it to identify low energy anti-neutrinos for the
world's first observation of the relic supernova neutrinos
via inverse beta-decay. Also, this upgrade helps in
improving the capability to study the ordering of the
neutrino mass, matter-antimatter asymmetry and proton
decay.
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Super-Kamiokande IV
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An electron neutrino event candidate observed at Super-Kamiokande. A diffusing ring produced by electron-positron shower is observed
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T2K

he T2K experiment is studying the oscillation of

neutrinos using a beam of neutrinos produced by

an accelerator. The main goal of the experiment
is the precise measurement of the appearance of electron
neutrinos through the oscillations of the muon neutrinos
from the beam, initially to realize the first measurement of
the appearance of a flavor of neutrino through oscillation,
and at the same time measure one of the parameters
describing neutrino oscillations, 6,;. The study of the
differences between the appearance of electron neutrinos
and antineutrinos then allows to search for CP violation
in the leptonic sector. A second important goal of the
experiment is the precise measurement of the parameters
0,, and Am’;, via the disappearance of muon neutrinos
through oscillations.

An intense neutrino beam is produced using the high
intensity proton accelerator complex (JPARC) constructed
at the JAEA site in Tokai village. The neutrinos travel for
295km before reaching Super-Kamiokande (SK), where
they can be detected after oscillations. T2K uses the off-
axis beam technique, allowing to produce efficiently a
neutrino beam with narrow energy spread from a 30GeV
proton beam. The peak of the neutrino beam energy is
adjusted to ~650 MeV by setting the off-axis angle to 2.5°,
which maximizes the neutrino oscillation effects at the
SK detector while reducing background. The beamline
settings can be changed to produce either a mainly
neutrino or mainly anti-neutrino beam, which allows to
study the differences between the oscillations of neutrinos
and antineutrinos. The timing of the neutrino beam is
transmitted to SK using a GPS based system, and used to
select the T2K events in the detector.

T2K started taking data in January 2010, and the first
neutrino event from the J-PARC beam was observed in
SK on February 24th 2010. Data taking was interrupted
by the March 11th 2011 earthquake, but at this time T2K
had already recorded 88 neutrino events, including 6
electron neutrino candidates (Figure 1) which allowed to
publish the first indication of electron neutrino appearance
in June 2011. Data taking resumed in January 2012, and
T2K established the existence of the electron neutrino
appearance in 2013 after having accumulated 28 candidate
events.

From 2014, T2K started taking data using an anti-
neutrino beam, and confirmed the disappearance of muon
antineutrinos through oscillations. Candidate events for the
appearance of electron anti-neutrinos were also found.
Additionally, T2K published in 2020 an indication that CP
symmetry is not conserved in neutrino oscillations, with
the probability of the observations being the results of a
random fluctuation if CP symmetry was conserved being
less than 5%.

T2K is now preparing for an upgrade of its beam line and
near detector complex, which will allow it to keep playing
a leading role in the study of the full picture of neutrino
oscillations.
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CPV significance for 6=-90°, normal hierarchy
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Hyper-Kamiokande

yper-Kamiokande or Hyper-K is a

straightforward extension of successful

water Cherenkov detector experiment Super-
Kamiokande. It employs well-proven and high-
performance water Cherenkov detector technology
with established capabilities of neutrino oscillation
studies by accelerator neutrinos, proton decay searches,
and precision measurements of solar and Supernova
neutrinos. Hyper-Kamiokande will provide major new
capabilities to make new discoveries in particle and
astroparticle physics thanks to an order of magnitude
increase in detector mass and improvements in photon-
detection system along with the envisioned J-PARC
Megawatt-class neutrino beam.

An international Hyper-Kamiokande proto-collaboration
has been formed to carry out the experiment which
consists of more than 400 researchers from about 20
countries. The University of Tokyo and the High Energy
Accelerator Research Organization KEK have signed a
MoU affirming cooperative promotion of the Hyper-K
project.

The proto-collaboration has succeeded in developing
new 50-cm PMTs with double single-photon-sensitivity
and has re-optimised the detector configuration. The new
detector design successfully reduces the total project cost
while preserving compelling and strong physics cases.
Hyper-K is built as a tank with 187 kiloton fiducial
volume with about 40,000 50-cm PMTs giving 40%
photo cathode coverage.

The Hyper-K and J-PARC neutrino beam measurement
of neutrino oscillation is more likely to provide a
S-sigma discovery of CP violation than any other existing
experiment. Hyper-K will also be the world leader for
nucleon decays. The sensitivity to the partial lifetime
of protons for the decay modes of p—e'n’is expected
to exceed 10” years. This is the only known, realistic
detector option capable of reaching such a sensitivity
for the p—e'n” mode. Finally, the astrophysical
neutrino program involves precision measurement of
solar neutrinos and their matter effects, high-statistical
Supernova burst and Supernova relic neutrinos.

Hyper-Kamiokande Group | 23

Uanass - I

P
-

ImwsENCT—p IHEY A

UOISIAI(] Yd1B3sAY d[o11ed01)Sy PpUE OuLnnoN



1 REFHEEEIPESKHBOAR (FEL)
Fig. 1 Inside of the XMASS Detector
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Fig. 3 The red line shows the result of bremsstrahlung analysis carried
out by XMASS for 0.32-1 GeV/c’ DM mass and the black line for result of
the nuclear recoil search. Several searched by other experiments are also
shown for comparison. The green and yellow bands are the+ 16 and 2 ¢
expected sensitivity of 90% CL upper limits, respectively.
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Fig. 5 90% CL upper limits for the tiny charge of neutrinos for each flavor
in ours and other experiments. We improved the constraints by many
orders of magnitude.
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Fig. 2 The schematic view of the detector and the water tank

_ gx10°
> E e Data
L 7F The best-fit signal + BG MC
S~ E
036:_ 1o errors
< E . o
3, 5 E = | signal MC at 90% CL limit
© 4E
S AF
5 3
> E
2.25
1=
E \ | CER LT PTG
o2 "4 6 T8 10 12794

Reconstructed energy [keV]

4 Za— MU/ IChTHEERNF H B FREM & HREE L @I R,
BHEBB SN AEFEROI XX —, BB ShHEET -2 B
) B AXORGEHREAN () TEE-BLTVWSEH, Za—KY
JIENBERP HBFEBIBFON G, > FEABBLERI» &7
ELEBE. BRAFFSh3H5ERT,

Fig. 4 Energy distribution of observed events (black) and a fitted result
with background plus signal caused by small electric charges of neutrinos
(blue with 1-sigma systematic uncertainty indicated by green). As the fitted
result of the signal is consistent with zero, its upper limit is shown by the
red dotted histogram.
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Fig. 6 90% CL exclusion limits and allowed region on the coupling constant g, , as
a function of the dark photon mass M,.. The allowed region from the muon (g — 2)
experiment is shown as the red-meshed region. This region was mostly excluded by
the black-solid line indicating the exclusion limit of our analysis (XMASS).



XMASS

energy solar neutrino, dark matter particle, and neutrino-

less double beta decay. Current evidence indicates
that only 5 % of the mass energy density of the Universe is
composed of baryonic matter and dark matter has made up about
27 %. One of the attractive dark matter candidates is Weakly
interacting massive particle (WIMP) and it may be detectable via
rare elastic scattering interactions that deposit a few tens of keV
in target nuclei.

T he aims of the XMASS program are to detect low

The advantages to use liquid xenon (LXe) detector are
followings, 1) high light yield, 2) scalability of the size up to
tons of mass, and 3) large atomic number to shield radiations
from outside of the detector. Figure 2 shows the schematic view
of the detector and its water shield. The LXe target is surrounded
by about 642 “ultra-low-radioactivity” PMTs suitable for this
experiment (Fig. 1). Based on the data from XMASS-I, we
obtained following results:

(1) A search for dark matter (DM) with mass in the sub-
GeV region (0.32-1 GeV) was conducted by looking for an
annual modulation signal in XMASS, a single-phase liquid
xenon detector. Inelastic nuclear scattering accompanied by
bremsstrahlung emission was used to search down to an electron
equivalent energy of 1 keV. The data was taken for 3.5 years in
calendar time, resulting in a total exposure of 2.38 ton-years. No
significant modulation signal was observed and 90% confidence
level upper limits of 1.6 x 107* cm” at 0.5 GeV was set for the
DM-nucleon cross section. This is the first experimental result of
a search for DM mediated by the bremsstrahlung effect. (Fig. 3)

(2) In the standard model of particle physics, neutrinos are
expected to interact with matter only through electroweak
interactions. If neutrinos have some exotic properties, such as
possessing small electrical charges (millicharges) or magnetic
moments, they can interact more strongly with matter. Similar
effects are expected if unknown vector particles referred to as
dark photons mediate new interactions. These exotic neutrinos
interactions enhance the neutrino-electron interactions with
low-energy depositions (~ keV). Discovering the enhancement
reveals new physics behind them.

We have searched for those exotic neutrino-electron interactions
that could be observed in the XMASS-I liquid xenon detector
using solar neutrinos because XMASS is highly sensitive to
rare events with low-energy depositions. Although we did not
observe any significant signal in the 711-day data, the world-
best limit for the electric charges of neutrinos was obtained as
shown in Figs. 4 and 5. For the magnetic moment and unknown
vector bosons, we obtained an upper limit of 1.8 x 10™"° y  and
coupling constant g, ; as a function of the mass of the vector
boson shown in Fig. 6, respectively. We could exclude the red
parameter space that may explain a deviation of the muon g — 2
constant from theoretical predictions.

This study demonstrated the discovery potential of dark matter
detectors for unknown physics beyond dark matter physics.
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The current generation VHE gamma ray observatories, the MAGIC,
VERITAS, and H.E.S.S. telescopes
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Very High Energy Gamma Ray Sky (>100GeV). More than 200 Galactic and
extragalactic sources have been discovered.
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Large Size Telescope (23m diameter) designed by Max Planck Institute
for Physics. CTA Japan is contributing to the design and production of
the imaging camera at the focal plane, ultrafast readout electronics, high
precision segmented mirrors and active mirror control system for Large Size
Telescopes.
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Camera cluster for the Large Size Telescope (LST) developed by CTA-Japan.
This cluster consists of seven high quantum efficiency photomultipliers
(R11920-100), CW High Voltages, pre-amplifier, Slow Control Board, DRS4
Ultra fast waveform recording system and Trigger. The LST camera can be
assembled with 265 of these clusters, cooling plates and camera housing.
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Prototype of the high precision segmented mirror for the LST developed
by CTA-Japan in cooperation with Sanko Co.LTD. The mirror is made of a
60mm thick aluminum honeycomb sandwiched by 3mm thin glass on both
sides. A surface protection coat consisting of the materials SiO2 and HfO2
will be applied to enhance the reflectivity and to elongate the lifetime.
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uring the past few years, Very High Energy

(VHE) gamma ray astronomy has made

spectacular progress and has established itself
as a vital branch of astrophysics. To advance this field
even further, we propose the Cherenkov Telescope Array
(CTA), the next generation VHE gamma ray observatory,
in the framework of a worldwide, international
collaboration. CTA is the ultimate VHE gamma ray
observatory, whose sensitivity and broad energy
coverage will attain an order of magnitude improvement
above those of current Imaging Atmospheric Cherenkov
Telescopes (IACTs). By observing the highest energy
photons known, CTA will clarify many aspects of the
extreme Universe, including the origin of the highest
energy cosmic rays in our Galaxy and beyond, the
physics of energetic particle generation in neutron stars
and black holes, as well as the star formation history of
the Universe. CTA will also address critical issues in
fundamental physics, such as the identity of dark matter
particles and the nature of quantum gravity.

VHE gamma rays from 100 GeV to 10 TeV can be
observed with ground-based IACTs. The history of
VHE gamma ray astronomy begun with the discovery of
VHE gamma rays from the Crab Nebula by the Whipple
Observatory in 1989. The current generation IACTs
featuring new technologies, such as H.E.S.S., MAGIC,
and VERITAS, have discovered more than 200 Galactic
and extragalactic sources of various types to date.

CTA is designed to achieve superior sensitivity and
performance, utilizing established technologies and
experience gained from the current IACTs. The project
is presently in its preparatory phase, with international
efforts from Japan, US and the EU. It will consist of
several 10s of IACTs of three different sizes (Large
Size Telescopes, Mid Size Telescopes, and Small Size
Telescopes). With a factor of 10 increase in sensitivity
(Im Crab ~ 10" erg/s cm®), together with much broader
energy coverage from 20 GeV up to 100 TeV, CTA
will bring forth further dramatic advances for VHE
gamma ray astronomy. The discovery of more than 1000
Galactic and extragalactic sources is anticipated with
CTA.

CTA will allow us to explore numerous, diverse topics
in physics and astrophysics. The century-old question of
the origin of cosmic rays is expected to be finally settled
through detailed observations of supernova remnants
and other Galactic objects along with the diffuse
Galactic gamma ray emission, which will also shed light
on the physics of the interstellar medium. Observing
pulsars and associated pulsar wind nebulae will clarify
physical processes in the vicinity of neutron stars and
extreme magnetic fields. The physics of accretion onto
supermassive black holes, the long-stand puzzle of the
origin of ultrarelativistic jets emanating from them, as
well as their cosmological evolution will be addressed
by extensive studies of active galactic nuclei (AGN).

Cherenkov Cosmic Gamma Ray

Through dedicated observing strategies, CTA will also
elucidate many aspects of the mysterious nature of
gamma ray bursts (GRBs), the most energetic explosions
in the Universe. Detailed studies of both AGNs and
GRBs can also reveal the origin of the highest energy
cosmic rays in the Universe, probe the cosmic history
of star formation including the very first stars, as well
as provide high precision tests of theories of quantum
gravity. Finally, CTA will search for signatures from
elementary particles constituting dark matter with the
highest sensitivity yet. Realization of the rich scientific
potential of CTA is very much feasible, thanks to the
positive experience gained from the current [ACTs.

The CTA-Japan consortium is making a significant
contribution to the construction of the Large Size
Telescopes (LSTs). In October 2018, construction of the
first LST completed at La Palma in Canaries and made
the first light in December. Operation with the four LST
array will be realized in the first half of 2020s. The LST
covers the low energy domain from 20 GeV to 1000
GeV and is especially important for studies of high
redshift AGNs and GRBs. The diameter and area of the
mirror is respectively 23 m and 400 m’ to achieve the
lowest possible energy threshold of 20 GeV. All optical
elements / detectors require high specifications, for
example, high reflectivity, high collection efficiency, high
quantum efficiency and ultra fast digitization of signal
and etc. For the first telescope construction, CTA-Japan
is producing high quantum efficiency photomultipliers,
ultrafast readout electronics, high precision segmented
mirrors and active mirror control system.

On the strength of their experience gained from
construction of the MAGIC telescope, the Max-Planck-
Institute for Physics in Munich is responsible for the
construction of the 23 m diameter telescope structure,
based on a carbon fiber tube space frame. The LSTs
require very fast rotation (180 degrees/20 seconds) for
promptly observing GRBs.
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(Top) One of the TAx4 ground array detectors newly deployed in the field. (Bottom) TA air fluorescence telescopes.
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Layout of TA, TALE and TAx4

Red circles denote the TA surface detectors. Green circles represent TALE
surface detectors. Blue circles and dots denote TAx4 surface detectors that
have already been deployed and have not yet been deployed, respectively.
Three black cross marks represent the fluorescence telescope sites.
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The average Xmax vs. energy of TA ultra-high-energy cosmic-ray events (% ).
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iron models, respectively.
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Hammer projection of the statistical significance of TA cosmic ray events with energies greater than 5.7x10" eV with 25°-radius circle oversampling in the
equatorial coordinates. The maximum excess appears as a hotspot centered at right ascension of 144.3° and declination of 40.3°.

34 | Telescope Array Group



Telescope Array

he Telescope Array (TA) was built to study the

origin and nature of Ultra-High Energy Cosmic

Rays (UHECRs) in Utah, USA. It is composed
of a ground array of 507 scintillation counters and three
batteries of air fluorescence telescopes overlooking the
array from the periphery. The accuracy of measurements
is greatly improved by observing the same event by
the telescope and the ground array at the same time.
The sensitivity of TA is an order of magnitude larger
than that of AGASA, a predecessor of TA, which had
been operated until 2004 in the Akeno observatory
in Yamanashi, Japan. The large sensitivity and the
precision of TA help to improve the association of high
energy cosmic rays with the potential astronomical
sources in the universe. The TA has been operated by
the international collaboration of Japan, USA, Korea,
Russia, Belgium and Czech. Observations by TA began
in the spring of 2008. The TALE is the TA Low-Energy
Extension down to 10"~ electron volts (eV), which
aims at studying the transition of galactic cosmic rays
to extragalactic cosmic rays. On the northern TA side,
the TALE telescopes are in operation and the array of
80 TALE surface detectors is in stable operation. The
important subject of the TALE surface detector is to
provide the information near the shower core position
on the ground to determine the shower axis better for the
precise measurement of Xmax.

Fig.3 shows the energy spectrum with 11 years of the
TA surface detector data and that with 4 years of the
TALE fluorescence detector data. TA confirmed flux
suppression above 10"*' eV, which is consistent with the
prediction of the collision of the highest energy cosmic
rays with cosmic microwave background photons by
Greisen, Zatsepin and Kuzmin (GZK). TA confirmed
a break at 10'"*” eV (ankle), and there are breaks at
10'* eV and ~10"" eV in the spectrum by TALE. The
composition by TA is consistent with light composition
as shown in Xmax vs energy plot (Fig.4). Using 168
cosmic-ray events with energies greater than 5.7x10" eV
for 11 years of the TA surface detector data, TA obtained
evidence for a cluster of events (hotspot), centered at
right ascension of 144.3° and declination of 40.3° (Fig.5).

The TA extension (TAx4), which will quadruple the TA
effective area, aims at confirming the above-mentioned
hotspot and studying energy spectrum, composition and
other anisotropies of arrival directions of UHECRS in
the highest-energy region precisely. Totally 257 surface
detectors were deployed in February and March of 2019.
Two telescope stations were constructed and they started
cosmic-ray observations.
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gamma-ray (a few TeV) celestial point sources;

The measurement of the energy spectrum and
the composition of very high-energy primary cosmic
rays; The study of 3-dimensional global structure in the
solar and interplanetary magnetic fields by means of
high-energy galactic cosmic rays; The measurement of
high-energy galactic cosmic-ray anisotropies.

O ur research subjects are: Search for high-energy

Tibet-II1, 37,000 m’ in area, consists of 789 scintillation
counters that are placed at a lattice with 7.5m spacing.
Each counter has a plate for a plastic scintillator, 0.5
m’ in area and 3cm in thickness, and equipped with a
2-inch-in-diameter photomultiplier tube. The detection
threshold energy is approximately a few TeV.

We constructed large underground muon detectors (MD:
approximately 4000 m®) under Tibet-III to locate yet-
unknown cosmic ray accelerator (PeVatron) producing
gamma rays at 100 TeV energies. We also set up new air
shower core detectors (YAC) in order to more precisely
measure the knee position of proton and helium energy
spectra. The hybrid experiment (Tibet-III+ MD+ YAC)
started data-taking in 2014. New and interesting results
from them are expected as regards the origin and
acceleration mechanism of comic rays.

We successfully observed TeV gamma-ray signals from
the Crab Nebula for the first time in the world as an
air-shower array. TeV gamma-ray signals from active
galactic nuclei, Markarians 501 and 421, were also
observed. In 2019, we announced successful detection
of photons beyond 100 TeV from Crab for the first time,
openning a new energy window (sub-PeV) in gamma ray
astronomy.

We made a precise measurement of the energy spectrum
of primary cosmic rays in the "knee" (10" — 10'°eV)
region. The chemical composition in the "knee" region
is a crucial key to clarify the mechanism of how cosmic
rays are generated, accelerated and propagated to Earth.
The hybrid experiment with the air shower core detectors
and Tibet-III demonstrates that the fraction of nuclei
heavier than helium increases in primary cosmic rays
as energies go up and that the "knee" is composed of
nuclei heavier than helium, supporting the shock-wave
acceleration scenario in supernova remnants.

Tibet AS y

Because a charged particle is bent by a magnetic field,
the apparent position of the Sun's shadow in the galactic
cosmic rays shifts from its expected location due to the
solar and interplanetary magnetic fields. It is expected
that Tibet-1II will provide important data to study the
global structure of the solar and interplanetary magnetic
fields correlated with 11-year-period solar activities.
Covering mostly the solar cycle 23 (our data from 1996
to 2009), we show that yearly change in the Sun’s
shadow depth in cosmic rays is well explained by a
simulation model taking into account the solar activities.

Tibet-III measures high-energy galactic cosmic-ray
anisotropies with high statistics. We made precise
2-dimensional maps of high-energy (a few TeV to a
few hundred TeV) galactic cosmic-ray anisotropies
at sidereal time frame. Besides the established "Tail-
in" and "Loss-cone" anisotropies, we discovered a new
anisotropy in the Cygnus region. We found some hot
spots in the Cygnus region, which would be celestial
sources emitting TeV gamma rays. They were recently
confirmed by the Milagro experiment in U.S.A. On the
other hand, the corotation of cosmic rays with our galaxy
was shown as well, as we observed no big (1% level)
apparent anisotropy due to galactic rotation which would
have been observed otherwise.
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A Subaru image of the Crab nebula, which is known as an efficient particle accelerator. A rotating neutron star, the Crab pulsar, which was created after the
supernova explosion in 1054 A.D, is at the center of the nebula and known to provide energy throughout the nebula.
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2 HURBPN—X FOBER, EEF ZOFGICEY ., ROBDPENEREELEL. 779 7K IEWRT 2, TAEDHAPEEL. #<K
SHh-AMMINEY T v FERD, Yy MNIBREERZIWY . EATEANROET, 2 TEHBREFR L BTHECE > TH YREK -7V,
BRIEC EDIBERIPO XIBTOEXEK>7-V)§ 5, ONASA's Goddard Space Flight Center

Description of gamma-ray burst. When the collapse of a very massive star at the end of its life forms a black hole. Gas in the star accretes onto the black hole.
Then, the black hole produces well-collimated relativistic jets. The jets break out the surface of the star, and propagate in the interstellar space. Shocks formed
in the jets or interstellar medium are considered to be responsible for the prompt gamma-ray emission and the afterglow emission, respectively.

3TV IKR—IWERETFEDERAHRY I2L—2 308, EHK
EHRHUBEI XV —ZROREICEEFERZHO. PHTEEFT 3,
ARSI —BOMEN Ty VR —IVEBEABEHE L. & 5IC—8N
ROHHE I B, 7oy 7 FR—IVEREASPHENE I RENEH KR
ROBFELBH. O VEENREERKEZ FATIETHAN» SEE
AHEOYIRITEZIENERK S,

Numerical simulation for a black-hole neutron star merger. The orbital
separation shrinks gradually via the gravitational-radiation reaction, and
eventually the two objects merge. A black-hole accretion disk is formed and a
fraction of neutron-star material is ejected from the system after the merger.
These black-hole accretion disk and ejected material will be the sources of
transient electromagnetic phenomenon. Simultaneous detection of gravitational
and electromagnetic waves from binary mergers enables us to study physics in
the extreme environment.

42 | High Energy Astrophysics Group



he high energy astrophysics group aims at

making theoretical and observational studies

of violent astrophysical phenomena, in which
energies of background plasma/magnetic field are
transported into selected particles, namely, non-thermal
cosmic ray particles. The standard theory of cosmic
ray acceleration process invokes effective diffusive-
shock-acceleration (DSA) mechanism working around
collisionless astrophysical shocks and their turbulent
environment. The magnetic reconnection (MRX)
mechanism is another candidate for effective particle
acceleration processes. Understanding of transport/
selection processes involved in the DSA and MRX
mechanisms requires deep consideration based on
microscopic plasma physics. Research tradition in Japan
for studies of DSA and MRX mechanisms provides
the background for the activity of our high energy
astrophysics group.

Targets of our current study include supernova
explosions/pulsar magnetospheres (Fig. 1), giant flares
of magnetars, jets from active galactic nuclei, star-burst
galaxies, mysterious gamma ray bursts, and galaxy
clusters. We have studied not only the models based
on standard DSA theory, but also a relatively slow
acceleration model via plasma turbulences, which has
been applied to the relativistic jets from active galactic
nuclei, or gamma-ray bursts. We have also estimated
emissions of gamma-rays, cosmic-rays, and neutrinos
from high-energy astronomical objects, and compare our
results with observational constraints (Fig. 2).

The open problems in high-energy astrophysics are
not only the acceleration mechanism of cosmic rays.
How are relativistic jets from active galactic nuclei
accelerated? How are very bright gamma-ray emissions
emitted in gamma-ray bursts? How is the magnetic
energy of the pulsar winds converted into the kinetic
energy to form ultra-relativistic outflows? How are
magnetic fields amplified in shocks in supernova
remnants or afterglows of gamma-ray bursts? How do
relativistic particles propagate in interstellar space and

High Energy Astrophysics

escape from the galactic plane? Those problems remain
unsolved, and are our research themes. In phenomena
observed or experimented on earth, there may be no
research field that is not fundamentally understood like
high-energy astrophysical phenomena. Thus, study of
the above unsolved problems are very exciting and
important to expand our knowledge of the universe.
Another study we have been conducting is gravitational-
wave emission and electromagnetic wave counterparts
of binary neutron star mergers. Binary mergers
composed of neutron stars and/or black holes are
known as efficient emitters of gravitational waves, and
they are main targets of ground-based gravitational
detectors. Binary mergers including a neutron star are in
particular of interest, since they also cause high-energy
astrophysical phenomena in electromagnetic waves.
Extreme environment, for example density of ~10'* g/
cc and temperature of ~10"°K, is realized in a neutron
star binary merger. The observation of binary mergers
via gravitational waves, electromagnetic waves, and
neutrinos enable us to study physics in such an extreme
environment. Our theoretical research targets mentioned
above are closely related to the observational projects in
ICRR.

We are now at the dawn of gravitational-wave
astronomy, which is also in our research field. Massive
stars, which are progenitors of black holes and neutron
stars, are relatively rare objects in the universe. There
remain many mysteries in the massive star evolution
and the supernova explosions triggered by the core-
collapse, in which a black hole or a neutron star is
formed. Furthermore, it takes a very long time for binary
stars to coalesce via gravitational-wave emission, so
that present-day instruments can detect even the binary
mergers originated from massive stars formed in the
early universe. Gravitational-astronomy will tell us
the formation history of massive stars from the early
universe to the present time. We already have observed a
merger of black holes, which are about 30 times heavier
than the Sun. This event is remarkable because they were
probably born as the first stars in the very early universe.
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1 #HEORTICFKRE S N7z KAGRA
KAGRA installed underground at Kamioka
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3 FREREN. 2KDT — LD ERM
N . . Around the crossing of two arm ducts in the KAGRA's central laboratory hall
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Laser system and ISO class 1 clean room for housing it
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A cryostat which contains a sapphire mirror A transparent sapphire mirror 22 ¢cm in diameter

62020 £ 2 A 25 H. KAGRA HIHIERN CEHAIRIEZ ESHRE
February 25, 2020, Researchers celebrating KAGRA's observation start
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Gravitational Waves

he gravitational wave group conducts the construction

of the Large-scale Cryogenic Gravitational wave

Telescope, KAGRA, for the detection of gravitational
waves predicted by Einstein. On September 14th in 2015,
the LIGO gravitational wave observatory finally detected
gravitational waves from the binary black hole coalescence. The
gravitational wave astronomy has started to observe the dynamic
behavior of compact stars, such as neutron stars and black holes.

A gravitational wave should cause a relative change (strain)
between two displaced points in proportion to their distance.
Even if we take a 3 km baseline length, the effect is so tiny
that extensive R&D is needed to detect it. Based on technical
achievements of a 300 m TAMA interferometer and a 100
m interferometer CLIO (Cryogenic Laser Interferometer
Observatory), the KAGRA project started as one of Strategic Fund
for Strengthening Leading-edge Research and Development of
Ministry of Education, Culture, Sports, Science and Technology-
Japan in 2010. The tunnel construction has been finished in FY
2013. In FY 2014, the construction of facilities and setting of
almost vacuum tubes and tanks have been done. In parallel, the
laser source and its frequency and transverse mode stabilization
system using a mode cleaner cavities and several optics for
forming a Michelson interferometer were installed. In March
2016, the first interferometer operation was demonstrated (named
iKAGRA), and its engineering run finished on April 25th in 2016.
All the interferometer instruments were installed in 2019 and after
subsequent commissioning works, KAGRA started gravitational
wave observation in February 2020.

The collaboration research between the European Gravitational
Observatory (EGO) and KAGRA has been conducted to
explore the further technical enhancement about a cryogenic
interferometer and to share the profound knowledge about the
underground environment. In addition to this, KSC (KAGRA
Scientific Congress) was established to accelerate KAGRA to
produce scientific results for gravitational wave detections.

KAGRA is designed to detect at the quantum limit a strain on the
order of h~107 in terms of the metric perturbations at a frequency
of around 140 Hz. This would enable to detect coalescing binary
neutron stars of 1.4 solar mass to 250 Mpc at its optimum
configuration, for which one expects a few events per year, on
average. To satisfy this objective, KAGRA adopts a power-
recycled Fabry-Perot Michelson interferometer with resonant-
sideband extraction scheme, the main mirrors of which are cooled
down to cryogenic temperature, 20 K, for reducing the thermal
noise; they are located in a quiet underground site in Kamioka
mine.

KAGRA project is collaborating with foreign GW detection
projects, such as advanced-LIGO (USA), advance-VIRGO
(Italy-France-Netherland), GEO (UK-Germany) to explore the
gravitational wave astronomy and multi-messenger astronomy
with other astronomical observation channels.
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Subaru telescope at the summit of Mauna-Kea, Hawaii Island
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History of cosmic reionization, so far, understood. Red symbols denote
constraints from our Suprime-Cam survey. Four lines represent
different theoretical predictions. The epoch and process of cosmic
reionization are unknown.
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Subaru telescope, NAOJ, with an 8.2m primary mirror at the summit of
Mauna-Kea, Hawaii Island
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Suprime-Cam installed on the top ring of Subaru telescope
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Subaru/HSC narrow band filter under development (collaboration with
Barr Associates Inc.)
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Observational Cosmology

e study the early universe by deep multi-

wavelength observations. Armed with the

state-of-the art telescopes such as Subaru,
Hubble, Keck, and ALMA, we aim to push the today's
observational frontier towards the very high redshift
universe that no one has ever seen by observations.
Our goal is understanding physical processes of galaxy
formation at the early stage and the relevant event of
cosmic reionization.

We have recently completed our large survey for Lya
emitting galaxies (LAEs) at z~7 with Subaru Prime
Focus Camera (Suprime-Cam) and Keck DEIMOS
spectrograph, and reported the results of the survey
widely in the world. Our results indicate that there are
clear signatures of increasing neutral hydrogen fraction
towards z~7, but that the universe is still highly ionized at
z~T7. These results cast a riddle for the physics of cosmic
reionization. It is known that ionizing photons produced
by stars and galaxies are less than 1/3 of the amount of
ionizing photons necessary for ionized universe at z~7.
The question is why the universe is ionized with the little
ionizing photons. It would be possible that the accuracy
of our neutral hydrogen fraction measurement is not
high enough, or that the previous studies miss a large
population of galaxies in the Suprime-Cam observations.
In fact, we have discovered a giant bright Lya emitter,
and the total ionizing photons produced by this kind of
object are unknown.

We plan to address these issues with the next generation
Subaru wide-field camera, Hyper Suprime-Cam (HSC),
that has the survey speed about an order of magnitude
faster than Suprime-Cam. HSC is developed by the
University of Tokyo, National Astronomical Observatory
of Japan, Princeton University, and Taiwanese institutes.
HSC saw first light in the fiscal year 2012, and the survey
observations have been started since 2014. Using the
narrowband filters that our group develops, we conduct
an order of magnitude larger survey for galaxies at z~7
with HSC than our previous surveys with Suprime-Cam.
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Mass distribution of primordial black holes (PBHs). Solid curves represent the theoretical prediction and the orange shadows show the present observational
constraints. Light PBHs can account for dark matter of the universe and heavy PBHs can explain the gravitational wave events discovered by LIGO.
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Sensitivity lines of CTA for Wino dark matter annihilating into two photons. Here, we assume 50 hours observation for the ultra-faint dwarf spheroidal
galaxies, Ursa Major 11, Coma Berenices, Seque 1, and Ursa Major 1. (Black line: the predicted annihilation cross section. Colored lines : The sensitivity lines
of CTA for given upper bounds on the member star magnitude used to estimate the dark matter density in the dwarf spheroidal galaxies.)
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Theory

he theory group is studying various theoretical aspects
I in elementary particle physics and cosmology.

The aim of particle physics is to give a unified view on the
various interactions around us. To date, all the known interactions
around us are successfully reduced into only four

fundamental interactions; the electromagnetic interaction, the
weak interaction, the strong interaction, and the gravitational
interaction. The Standard Model of particle physics further unifies
the electromagnetic and the weak interactions and has passes
stringent experimental tests for more than two decades since the
discovery of the W and Z bosons.

With the success of the Standard Model as a unified theory, the
next big leap in particle physics will be the theory which unifies
the electroweak and the strong interactions, i.e. the grand unified
theory. In fact, the precise measurements of the strengths of the
interactions strongly suggest the grand unification at the very
high energy scale which we have not reached experimentally yet.
At present, the grand unification theories are mere theoretical
hypotheses, but the grand unified theories predict a lot of
interesting physics, such as the decay of protons, the mass
relations between quarks and leptons and the structure of the
neutrino masses. Theory group is studying theoretical aspects
of those phenomena related to the grand unified theory by
combining the results of the observations at collider experiments
and cosmological observations in a comprehensive manner.

The laws of particle physics are known to be strongly interrelated
to symmetries in nature. There are expectations that some new
symmetries would provide novel solutions to the unsolved
problems in the Standard Model. Supersymmetry is one of the
most promising symmetries in this respect. Supersymmetry allows
a separation of the laws of physics at a low energy scale from
those at a high energy scale, which solves the so-called hierarchy
problem of the Standard Model. The axion model based on the
Peccei-Quinn symmetry is also expected to solve the so-called
strong CP problem. The phenomenological and cosmological
aspects of physics with new symmetries are one of the most
important subjects for the Theory group.

The universe was created by a Big Bang fourteen billion years
ago. Immediately after its creation, the universe is considered to
be extremely hot and dense, and various elementary particles,
even those difficult to produce by present-day accelerators, have
been present at this early epoch. The four forces were almost
indiscernible and higher symmetries should have emerged at that
time. Theory group is attempting to check the elementary particle
physics and/or cosmology by studying effects from interactions
of the elementary particles that have taken place at the early
universe.

The dark side of the universe is also an important subject of
particle physics and cosmology. Recently, the existence of the
dark side of the universe, i.e. dark energy and dark matter, has
been revealed by cosmological observations. Theory group is
studying what are the candidates for those dark unknown material
from theoretical, phenomenological and cosmological point of
view.
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High Energy Astrophysics Facility in Canarias
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Kamioka Observatory

Kamioka Observatory is located in Gifu prefecture, Japan.
The observatory was established in 1995 to operate Super-
Kamiokande, a 50,000-ton water Cherenkov detector located
1000m underground (2700m.w.e) in the Kamioka Mine. Super-
Kamiokande discovered evidence for neutrino oscillations using
atmospheric neutrinos in 1998. Because of this discovery Prof.
Takaaki Kajita was awarded the Nobel Prize in Physics in 2015.
By comparing solar neutrino measurements at Super-Kamiokande
with the results from the SNO experiment in Canada, neutrino
oscillations were further established in 2001. In 2004 neutrino
oscillations were confirmed using manmade neutrinos produced by
a proton accelerator at KEK. The T2K experiment, which utilizes
a new accelerator facility in Tokai village (J-PARC) for precision
neutrino studies, started in 2009 and observed the world’s first
indication of muon neutrinos oscillating into electron neutrinos in
2011.

Several inter-university collaborative research projects, including
a double beta decay experiment using calcium-48 (CANDLES),
a direction-sensitive dark matter search experiment (NEWAGE),
R&D for a dark matter search experiment (XENONnT), R&D for
the next generation of dark matter experiments, a 100m long laser
interferometer gravitational wave experiment and geophysical
measurements are underway as well.

Research offices, a computing facility and a dormitory for
researchers are located near the observatory allowing easy access
to the experimental facilities within the mine.

In 2021, the satellite office was established in the Hida-city office
(Kamioka Promotion Office). The Hyper-Kamiokande started
construction in 2020 and other research activities use this office as

a base.

<Information>

Address 456 Higashi-Mozumi, Kamioka-cho, Hida-shi,
Gifu Prefecture 506-1205 Japan

TEL 0578-85-2116 FAX 0578-85-9640

Land 95,523 m’ Building 2,195 m’

Altitude 350 m

<Access>
+ TOYAMA Sta. — JR Takayama line(50 min.) — INOTANI Sta.
— Bus(10 min.) - MOZUMI Bus Stop — Walk(1 min.)
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KAGRA Observatory

KAGRA Observatory is located in Gifu prefecture, Japan.
The observatory was established in 2016 to operate KAGRA
gravitational-wave telescope, which is a 3 km laser interferometer
with cryogenic sapphire mirrors, located 200 m underground site
in Mt. Ikenoyama.

The main features of this gravitational wave telescope are that
it is located in an underground with low ground vibration to
avoid disturbances and that the sapphire mirror is cooled down
to cryogenic temperatures (20 K) to suppress thermal noise.
We aim to achieve the sensitivity to observe binary neutron star
coalescence events up to 700 million light years away.

In 2015, exactly 100 years after Einstein predicted gravitational
waves in the theory of general relativity, LIGO in the United States
detected gravitational waves from a binary black hole coalescence
event. KAGRA was completed in 2019, and observations started
in February 2020. A new goal is to create a gravitational wave
astronomy with an international collaboration. It is important to
determine the direction of the gravitational wave source with high
accuracy by the simultaneous observation by the international
network of Japan, USA, and Europe.

<Information>

Address 238 Higashi-Mozumi, Kamioka-cho, Hida-shi,
Gifu Prefecture 506-1205 Japan

TEL 0578-85-2343 FAX 0578-85-2346

Land 39,327 m’ Building 832 m’

Altitude 350 m

<Access>
+ TOYAMA Sta. — JR Takayama line(50 min.) — INOTANI Sta.
— Bus(10 min.) - MOZUMI Bus Stop — Walk(5 min.)
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High Energy Astrophysics Facility in Canarias

High Energy Astrophysics Facility in Canarias, established on
April 1, 2019 in La Palma, Canary Islands, Spain is the actual
base of international collaborations on CTA (Cherenkov Telescope
Array) project co-hosted by CTA group of ICRR.

The Cherenkov Telescope Array (CTA) is the next generation
ground-based observatory for gamma-ray astronomy at very-high
energies, participated by more than 1400 researchers from 31
countries. With more than 100 telescopes located in the northern
and southern hemispheres, CTA will be the world’s largest and
most sensitive high-energy gamma-ray observatory. The CTA-
Japan consortium is making a significant contribution to the
construction of Large-sized Telescopes (LSTs), four proto types of
which are planned to construct at northern hemisphere site in La
Palma. The first LST was completed and made the first light at the
end of December in 2018.

Establishment of the local corporation assets were needed for
daily activities such as local procurement and employment to
manage and operate the site. High Energy Astrophysics Facility in

Canarias was established as a room inside the building of CALP
(The Centro de Astrofisica en La Palma), a branch of IAC (Instituto
de Astrofisca de Canarias),
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Research Center for Cosmic Neutrinos

The Research Center for Cosmic Neutrinos (RCCN) was
established in April 1999. The main mission of this center is
to promote researches related to neutrinos based on data from
various observations and experiments, and we have provided the
occasion to discuss theoretical ideas and experimental results on
neutrino physics. Members of this center have been involved in
the Super-Kamiokande and T2K experiments, and contributing
precise measurements of neutrino oscillations. Also, we have
been involved in Hyper-Kamiokande project, and worked on
the calculation of the atmospheric neutrino flux to have better
predictions of the neutrino flux.

RCCN, together with the computer committee, oversees the
operation of the central computer system in ICRR. The computer
facility has high performance to analyze huge amount of data,
and has been operated without any serious trouble since it was
upgraded in 2020. Since 2004, RCCN has been accepted inter-
university programs related to activities in the low-background
underground facility also.

We have also contributed holding public lectures. Since JFY2009,
ICRR and the Kavli Institute for the Physics and Mathematics of
the Universe (Kavli-IPMU) have co-sponsored two public lectures
each year. The public lecture held in Spring is co-organized by
RCCN and the Public Relation Office of ICRR.

In 2020, the lecture scheduled for April was postponed due to the
spread of coronavirus infection, but it was held on August 8th due
to the change to online. Many audiences listened to the talks given
by two scientists entitled as "Gamma-ray bursts finally seen from
the ground with gamma rays" and "Belle II Experiment-Electron-
Positron Accelerator teaches a new world of elementary particles".
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Norikura Observatory

Cosmic ray research in Mt.Norikura started with an experiment
conducted by Osaka City University in Tatamidaira in 1949.
In the next year, the four institutions, Osaka City University,
Nagoya University, Kobe University, and Institute of Physical
and Chemical Research, established a lodge for cosmic-ray
experiments, called “Asahi Hut”, in Iwaitani based on the Asahi
Academic Grant. In August 1953, the Cosmic Ray Observatory
of The University of Tokyo was formally established as the first
Japanese joint-use research institute for universities. In 1976, the
observatory was reborn as the Institute for Cosmic Ray Research
(ICRR), and the Norikura observatory became one of facilities of
ICRR.

The observatory has been hosting cutting-edge cosmic ray
researches, including the study of particle and nuclear interactions
in ultra-high energy regions, cosmic ray modulations by magnetic
fields and solar activities in the galaxy and the interplanetary
space, observation of solar neutrons and study of cosmic-ray
acceleration mechanism in thunderclouds. In addition, recent
activities include researches related to the Earth environments. For
examples, aerosols are observed in the unpolluted high mountain
to study their transport mechanisms and their effect to air pollution
and cloud generation, and the green-house effect and acid rain are
studied by surveying alpine vegetation. Moreover, the observatory
is used for prototype experiments to search for very-high-energy
gamma-rays from the sky, and performance tests of cosmic-ray
telescopes, utilizing its high altitude and night-sky darkness. Thus
the Norikura observatory is working as a multi-purpose laboratory
used by researchers in various fields with its unique features.

Information
Address Norikuradake, Nyukawa-cho, Takayama-shi,
Gifu Prefecture 506-2100 Japan
TEL +81-263-88-6668, +81-90-7408-6224, +81-90-7721-5674
Altitude 2,770 m (average atmospheric pressure: 720 hPa)

Access

+ Matsumoto Sta. of JR Chuo Line — Matsumoto Dentetsu
(30 min.) — Shinshimashima Sta. — Alpico Group Bus
(2 hrs) — Bus terminal at the summit of Mt.Norikura

— Walk (25 min.) (Bus service: Jul. to early Oct.)

+ Takayama Sta. of JR — Nohi Bus via Hirayu Onsen (2 hrs)
— Bus terminal at the summit of Mt.Norikura
— Walk (25 min.) (Bus service: Jul. to early Oct.)
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Akeno Observatory

The Akeno Observatory started in April 1977. At the Akeno
Observatory, extremely high-energy cosmic rays with energies
exceeding 10*" eV were observed by the AGASA (Akeno
Giant Air Shower Array) experiment. The AGASA had been in
operation as the world's largest air-shower array for 13 years
since 1990, but was terminated in January 2004, while handing
over the observation to its larger scale hybrid successor Telescope
Array (TA) in Utah, USA. The Akeno Observatory is now used
for observations of candidate sources of high-energy cosmic-
ray acceleration such as Gamma Ray Bursts and Active Galactic
Nuclei, research for variation of intensity of galactic cosmic
rays, the support of TA, the tests of new devices related to the
observations of high energy cosmic rays/gamma rays and the use
by university collaborators in associated fields.

Information

Address 5259-440 Asao, Akeno-cho, Hokuto-shi, Yamanashi,
408-0201 Japan

TEL +81-551-25-2301

FAX +81-551-25-2303

Land 18,469 m’

Building 2,843 m’

Altitude 900m (average atmospheric pressure: 910 hPa)

Access
» Nirasaki Sta. of JR Chuo Line — Taxi (25 min.)
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F v HN e Y FEYIEHAMR

MAANE

FrRIEPFEYRERFRS. BRI EPEILYY
PV R URXREYIBFHRAOMBERESR T /N
30 km @OF v AR YL (B 16° 21 R 68° 08\
25 5300 m) BEMEICUBET s RRSSEDFHRE
RPFE LT, BR037 FLUK. BA - RUEPHBERY +
D—%% (BASJIEER & BAR-TSIYUVHBTIVILY 3
VFIUN—EBRHTONTER LIS

BBEIBICKRTYLE LD, 51E (BASIEERR) 3%
[V Y DO—BALBZEH LD SBEAEZMEL TEOY
F U1, ¥OMEBHIE 107 eV UEDITRIVF -5
ICHITBESHEMATEZEICTO, FHEERZHPIS
ZETT, ¥OMBELT, knee #i8 (~ 10" eV) ICH
FT. —RFERBRADDBRDSERNEBTLTH
Bl EmRLE LIS, mEG HRENRIRIVF—ElE%
10°eV U EICREL. RBIRNRRFEEROIRIVF—
ERRDHEE=BILBL TRELICH, Ea 28 F3 AREE D
YW cLa LI

BASJE 2BND#EAZ(H T, 100 TeV (10" eV) 48O
FHAVVEOLEBEREA = EENET B ALPACA
(Andes Large area PArticle detector for Cosmic ray
physics and Astronomy) ERStBOEBH'F + IR ¥
WOE (8& 4740 m) Tiad U & Ui, knee f8I=& THO
RSNICIRTFEIRD. ¢ DMRR T DRNDFHINR
g (PeVatron) BLHOOMEERIGT BERICERSN DD
NA DPEFHBRIBELTET DAV NVROIRIF—(E 100
TeVREBICRUE T, LIcH>T. 100 TeV @AV~
ROERFKNDFHENRSBOAEZ T OBRDORELTBDE
RICYUFT,

RTE/NEID ALPACA. ALPAQUITA #&5PTT,

Chacaltaya Observatory

Chacaltaya Observatory of Cosmic Physics has been jointly
operated with Bolivia since 1962 at Mt.Chacaltaya, Bolivia, as the
world-highest cosmic-ray laboratory (16°21°S, 68°08’W, 5300m
a.s.l.).

The air-shower experiment, BASJE (Bolivia Air Shower Joint
Experiment), aims to investigate the origin of primary cosmic rays
around and above the knee region (~ 10" eV) by measuring the
mass composition, the energy spectrum and the arrival direction
distribution. As a result, the mass composition of primary cosmic
rays becomes heavier with the increasing energy up to the knee
region. This project is finished at the end of March, 2016.

After the BASJE experiment, preparation of the ALPACA
(Andes Large area PArticle detector for Cosmic ray physics
and Astronomy) experiment, which aims at wide field-of-view
observation of cosmic gamma rays in the 100 TeV region, started
at the foot of Mt. Chacaltaya (4740 m above sea level). The 100
TeV gamma rays are decay product of neutral pions produced
by primary cosmic rays accelerated up to the knee energy region
interacting with matter surrounding a yet-unidentified cosmic ray
accelerator (PeVatron). Therefore, observation of 100 TeV gamma
rays will be a key experiment to locate an unknown PeVatron.

Prototype of ALPACA, ALPAQUITA, is now under construction.
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The Institute for Cosmic Ray Research (ICRR) conducts
observational studies of cosmic rays from various aspects.
Its predecessor was an experimental hut called Asahi Hut,
on Mt. Norikura built on an Asahi Academic Grant. In
1953, it developed into the Cosmic Ray Observatory of the
University of Tokyo. This observatory was the Japan's first
inter-university research facility.

In 1957, the observatory took a pioneering initiative to
internationalize, and participated in worldwide observation
experiments of the International Geophysical Year (IGY).
In the same year, the observatory started the air shower
observation, and in the following year, it started utilizing
an emulsion chamber for cosmic ray observations. Since
then, the observatory has operated observation experiments
steadily with these instruments.

In 1972, the construction of Mutron (an electromagnetic
spectrometer) was commenced, improving the experimental
facilities. In 1973, two international projects of the Japan
Society for the Promotion of Science—a deep underground
experiment at Kolar Gold Mine in India and a high-
altitude experiment on Mt. Chacaltaya in Bolivia—were
incorporated into the activities of the observatory. In 1975,
the construction of Mutron was completed. In the same year,
the construction of Akeno Observatory began.

In 1976, the Cosmic Ray Observatory was reorganized to
become the Institute for Cosmic Ray Research (ICRR).
ICRR absorbed the 3 sections of the Cosmic Ray Division of
the Institute for Nuclear Study of The University of Tokyo,
which had conducted similar research since 1956, to become
an institute comprising 6 divisions and 1 facility. In 1977,
the Akeno Observatory was formally recognized as a second
adjunct facility. In 1979, a square kilometer scale air-shower
detector array was installed at the Akeno Observatory, and
an emulsion chamber on Mt. Fuji. In 1981, Japan-China
joint research was initiated using the emulsion chamber. In
1983, a proton decay experiment was started as a joint use
experiment in Kamioka, and the construction of facilities for
studying primary cosmic rays was completed.

From 1985 on, ICRR started to produce increasingly
significant experimental results, and further improved its
experimental equipment. In 1987, the Kamioka Observatory
succeeded to detect neutrinos from a supernova for the
first time in the world. In the same year, the construction
of a 100-square kilometer scale wide-area air-shower
detector was commenced at the Akeno Observatory. In
1988, the Kamioka Observatory observed a deficit of solar
neutrinos, and in 1989, the Norikura observatory observed
a considerable increase in cosmic neutrons in solar flares. In
1990, the construction of the wide-area air-shower detector
at the Akeno Observatory was completed. In 1991, the
construction of Super-Kamiokande started. In 1992, the
joint use experiment in Australia observed ultra-high-energy
gamma rays for the first time in the southern hemisphere. In
the same year, a gravitational wave group joined ICRR. In
1993, the construction of the air-shower gamma-ray detector
started in Tibet. In 1994, the Akeno Observatory observed
a significant shower with its energy beyond the theoretical
limit, and the Kamioka Observatory detected an anomaly in
atmospheric neutrinos. In 1995, the Kamioka Observatory

History

became the third adjunct facility of ICRR. In 1996, the
construction of Super-Kamiokande was completed, and the
full-scale observation began. In 1998, the Super-Kamiokande
group reported, after two-year observation, that neutrinos
have masses.

In 1999, in order to further study the masses of neutrinos,
ICRR started a long-baseline neutrino experiment in which
the Super-Kamiokande detected the neutrinos artificially
produced by an accelerator at the High Energy Accelerator
Research Organization. ICRR also established the Research
Center for Cosmic Neutrinos in the aim of paving the way
for new fields of neutrino research by integrating data and
scientific ideas. Further, ICRR was granted a Scientific
Research Fund for a COE (Center of Excellence), which
helped significantly improve the ultra-high-energy gamma-
ray telescopes in Australia.

In 2003, ICRR was granted a Scientific Research Fund to
construct the Telescope Array(TA) experiment to investigate
the origin of extremely high-energy cosmic rays. After five
years of construction, TA started observation in 2008.

On April 1, 2004, The University of Tokyo became an
independent administrative entity, and ICRR was reorganized
to house 3 research divisions. On April 1, 2010, ICRR
renewed its inter-university research activities as a new "Joint
Usage/Research Center." In July 2010, the Large Cryogenic
Gravitational wave Telescope project named "KAGRA"
was approved by the "Leading-edge Research Infrastructure
Program" of MEXT. The construction of KAGRA began
in the same year. ICRR established the Gravitational Wave
Project Office on April 1, 2011 to promote the construction
of KAGRA.

In 2010, T2K, or Tokai to Kamioka Long Baseline Neutrino
Oscillation Experiment, started its operation, and in June
2011 observed the indication of a new type of neutrino
oscillation in which a muon neutrino transform into an
electron neutrino. The data from T2K show clear evidence
for muon-neutrino to electron neutrino oscillations by 2014.

In March 2012, very high-energy gamma-ray observatory in
Australia, the CANGAROO experiment, ended its operation.
The gamma-ray studies were taken over by the CTA
(Cherenkov Telescope Array) project.

In April 2016, KAGRA Observatory was established in Hida
City, Gifu Prefecture as a base for the KAGRA project.

In November 2018, ICRR renewed its inter-university
research activities as an "International Joint Usage/Research
Center." In October 2018, the first Large Size Telescope (LST)
of CTA project was completed at La Palma in Canary Islands,
Spain. High Energy Astrophysics Facility in Canarias was
established as a base for the project in April, 2019.

KAGRA, completed in October 2019, started its observation
for gravitational waves in February 2020. In February
2020, the budget for the first-year construction of Hyper-
Kamiokande was approved by the Japanese Diet, and the
construction of Hyper-Kamiokande began.
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PEZMEME(C L > TEZSICHBOD/NED
BD (K& 15180
Asahi Hut (wooden structure; about 50 sq. meters)
was constructed on Mt. Norikura based on the Asahi
Bounty for Science.

RRARFFEREAPTEED
Asahi Hut was incorporated into the Cosmic Ray
Observatory, The University of Tokyo.

EHEAPTORBS K OARHRBHTLT B
The main building and research facilities of the
Norikura Observatory were constructed.

RAASZRF AR FEREOFER (B> v
D—BE TV 3 VED)

The Cosmic Ray Division (composed of Air Shower
Section and Emulsion Section) was inaugurated at the
Institute for Nuclear Study, The University of Tokyo.

TEEAPTD ICY (BREMIREVAIF) D&
0L, 2Ry DO—DEAZEEIBT 3

The Norikura Observatory participated in IGY
(International Geophysical Year) activities, and began
air shower observation.

IXRNWY3VF T UN=—DERABRBT S
The emulsion chambers at Norikura Observatory
started operation.

RRAZRIFAERDEL Y + O — D&%
EEHoYC IS

Air shower observation started at the Institute for
Nuclear Study, The University of Tokyo.

BRAZRIMMRAIVIVY 3 VEHARE
Ik B

The Emulsion Section of the Institute for Nuclear
Study, The University of Tokyo, developed a large-
size balloon.

PMRESOBIMFRIER (VR TSI,
N ETPOERBHNRE) H'ieEs
International projects of the Japan Society for
the Promotion of Science started (international
collaboration with India, Brazil and Bolivia).

RBICTE 7 OFBHEERSEZZHETS
The 7th International Cosmic Ray Conference was
held in Kyoto.

RRAZERFIEARAIVIVY 3 VEDKIKE
ENFEMEAERFICHESND

The balloon project of Emulsion group of Institute
for Nuclear Study, The University of Tokyo, was
transferred to the Institute of Space and Aeronautical
Science.

RRASZRIEATRIVIVY 3 VEHEL
TINNWYa>yF T N—0O&R% B30

The Emulsion Section of the Institute for Nuclear
Study, The University of Tokyo, started observation on
Mt. Fuji with emulsion chambers.

BEMKRDBET S

A full-time director was appointed.

21— +OVORERNIBED

The construction of MUTRON was commenced.

RRAFZFRTEARAFERBICFENENR
BOFER

The cosmic material research section was established
in the Cosmic Ray Division of the Institute for Nuclear
Study.

BE IR+ —SBEEREPIDFHRSND
The ultra-high energy weak-interaction division was
newly established.
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Timeline

FRRESOBMIBIBE (1 F TSI,
N EPOERBHR ) HBESND

The international projects of the Japan Society for the
Promotion of Science (with India, Brazil and Bolivia)
were incorporated.

SESBRNBETS

A full-time chief administrator was appointed.

Ta2—-hOVHRRTD
MUTRON was completed.

BEEAPTORR DB S
The construction of the Akeno Observatory started.

BeIRIF— B EREPFINHRIND
The ultra-high energy strong-interaction division was
newly established.

EUFREFREENEICK YURRASZFEHIRME
e s

In the wake of the amendment of the National School
Establishment Law, the observatory was reorganized
into the Institute for Cosmic Ray Research (ICRR)

B LU+ —818 G EABFIN S —5 3BT
[CAPN, RRAFRIZARAHSI 12—
BFAE - PEATMIESER  FEESIBEL.
6 B3PI 1 ERIFT 0B

The ultra-high energy strong-interaction division was
divided into two divisions, and the three divisions
of the Institute for Nuclear Study, The University
of Tokyo (muon measurement, experimental meson
physics and cosmic ray study) were transferred to
ICRR. As the result, ICRR started out with 6 divisions
and 1 observatory.

RS EVAIPTDBIEIER 2 D
The Akeno observatory was established as one of the
ICRR facilities.

RESAPDREARZTD
The Akeno Observatory performed the opening
ceremony.

BAHICEIY +I—EB (1km?) H'EMT D
The Akeno 1km’ air shower detector was completed.

ETWINIY3VF T N3R5 % 2%
The special facility for emulsion chamber on Mt. Fuji
was constructed.

RECTE 16 OFHRERZHZHET S
The 16th International Cosmic Ray Conference was
held in Kyoto.

IVNWYavFIIN—ICLBEPHEBME %
BT 5

Japan-China joint research on emulsion chamber
observations started.

FERSHABI (T8 ) H'HFsRSND
The cosmic ray detection division (for guest
researchers) was newly established.

R T EAPTARISNSD (4 B)
The Kamioka Underground Observatory was
established (April).

BB T FAHIEER (NWIA AV TER) %
HEERE L THKT S

The nucleon decay experiment, Kamiokande, started
in the Kamioka Mine as a collaborative research
project.

BENMSsePLE LIc—RFEFRMERFEE
REIT D
The primary cosmic ray research facility (i.e.
massspectrometer etc.) was installed.
FEREARTLAE
FEREAFTOEK

FEHREAZERT
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1986

1987

1989

1990

1991

1992

1993

1994

TREtERSVIERER () PRESNS

The first committee for future projects was organized.

NIFAHYTERIVMRTHNO TBHFENHD
Za—rUIN-R+EHFAD

The Kamiokande detector observed a neutrino burst
from a supernova for the first time in history.

BBBERIPT CIAE Y + D —EDRIZEE AGASA D2
RIBFED

The construction of the wide-area air shower detector,
AGASA, started at the Akeno Observatory.

RSTBRENESS () OBBHLS
The first committee for future projects submitted an
evaluation report.

NIA DY TREDABDSD=2—kY /Ri8
=&

The Kamiokande detector observed a deficit in solar
neutrino flux.

ﬁﬂﬁﬂﬁ?K@?b?—[#i?@ﬁ@kﬁ%
H

A significant increase of cosmic ray intensity
coincident with a solar flare was observed at the
Norikura Observatory.

BABEAPTICAEY v O —&8HIZEE ACGASA B
SEAT B

The wide area air shower detector, AGASA, was
completed at Akeno Observatory.
A=N=HNIA NV TOEERIWBES

The construction of Super-Kamiokande was
commenced.
fFkstERINEER () HRESND

The second committee for future projects was
organized.

Za—F~U/FEHYBIPFIVFRSN. FH
RSDRIERPI (B8 ) DEElESNS
The neutrino astrophysics division was newly
established, and the cosmic ray detection division (for
guest researchers) was discontinued.

%ﬁﬁﬁw—7ﬁ31—¢%¥ﬂ$%ﬁEMB

The gravitational wave group joined in muon
measurement division at ICRR.

F—RESUPTHYHI—5tED8BE D

The Cangaroo project started in Australia.

HYHI—5t@ N PSR1706-44 H 5D TeV 73
UNRE AT B

The Cangaroo project observed TeV gamma rays
from a pulsar (PSR1706-44).

FANY R TIPY v D—HYUNBREREEDRZ
= N

=7z FEhs

The construction of air shower gamma ray detector in
Tibet started.

BRI ERD LR S

A computer center was built at Kamioka Observatory.

é—m—bsﬁby?wtwwﬁﬁ%ﬂﬁ%T
2

The excavation for Super-Kamiokande was completed.
BHEAFR T2 X 107 eV DAY + D —% &3
CES

A giant air shower with energy of 2x10* eV was
observed at Akeno Observatory.

SNBRSHI DRSNS

An external evaluation of ICRR was conducted.
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NIFAVTTRR-2— U/ OXREBKE
7= 8D

The zenith angle dependence of the atmospheric
neutrinos was observed at Kamiokande.

Za—r~U/FEYBRSFHPINEELLS N, 1B
FHRNTARMERDFRSND

The neutrino astrophysics division was discontinued,
and the Kamioka Observatory for Cosmic Elementary
Particle Research was established.

A=N=—HNIANVTOEAN%BET S
The completion ceremony of Super-Kamiokande was
held.

A=N=NZF NI TOFISEANIBZF B

The full-scale operation of Super-Kamiokande began.

FANY FDIPY v D—HYVBREBRESH 5
T B

The air shower gamma ray detector in Tibet was
completed.

R=N=hIAHAVTICLBEZ2—FU /BED
EKEPNERICHEZEND

The Super-Kamiokande collaboration officially
announced the discovery of none-zero neutrino mass.
BF vV NAOERDIBFE D

The construction of the Kashiwa Campus was
commenced.

FHE_a1— MU/ EBABRRE AN — TR
50@A8)

The Research Center for Cosmic Neutrinos was
established.

A—RAESUPTHYHI—ETE 2 H'185 S

The Cangaroo-2 began operation in Australia.

A—RSYUPTHYHI—51E 3 H' % BE
1895

Preparation of the Cangaroo-3 began in Australia.

A& COEURER TO IS ALK UBBIR
= BTSN TR T B

Ultra high energy gamma ray research foothold was
established.

SRR ES N D

An external evaluation of ICRR was conducted.

BF v NRCEEBHEGI B
ICRR moved to the Kashiwa Campus.

RA=N=AZIFANTTEHHTRRIY, FH
L OHBFIEBENEND

An accident occurred at the Super-Kamiokande,
destroying more than half of the photomultipliers.

HIAHDVTOFREEEIC, FEZa—KY/
BRENONAF ZPHERICLY, \EEBIE
D/ —N)VBSZEASET D

Professor Emeritus Masatoshi Koshiba won the Novel
Prize in Physics for his pioneering contributions to the
detection of cosmic neutrinos, based on outcomes of
the Kamiokande experiment.

RA—=N—=RAIAAVTHEEAEBL T, EB%H
RS

The Super-Kamiokande was partially restored, and
observation resumed.

%gS@?@ﬁE%%%%D<@T%ﬁ@é@

The 28th International Cosmic Ray Conference was
held in Tsukuba.

TURD-TP LA DEENI8F D
The construction of the Telescope Array was
commenced.
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NUAI—58 3 O 4 EOBREFEHTHT D
Four telescopes for the Cangaroo-3 were completed.
BiUXEIEAMEEND

Japanese national universities became independent
administrative agencies.

FH-1—k~YU /HIREPS. STRIVF-FEHR
BIRERFT. FEHERYIBHREFID 3 HTFR BT
RN

The research divisions of ICRR were reorganized
into the three divisions: Neutrino and Astroparticle
Division, High Energy Cosmic Ray Division, and
Astrophysics and Gravity Division.
RA=N—hIFhrThmeEB=NS

The restoration of the Super-Kamiokande was
completed.

HBRFEmAEE=NS (10 B)
An external evaluation of ICRR was conducted.
FeREtERIRER () HRESND

The Committee on Future Projects III was established.

FRTERFIERES () DBLEHES (8 B)
The Committee on Future Projects III submitted its
report.

TUROD=TP LA ERROEN=R10I S

The Telescope Array experiment started observation.

T2KEROJAD =2 —hFU /ZRXR=N=h=
FAVTTERT B

The Super-Kamiokande detected the first neutrino
from the T2K experiment.

FHEMTADHEFR - HENTEURE L TH
R THEFBOREZFIT S

ICRR became a Joint Usage Research / Center,
renewing its existing function as an inter-university
research institute.

AEUERS R EREE (RIC [KAGRA] i)
D ERSF B ORTHATEBRSED—DIEE
SH. BEDE S

The Large Cryogenic Gravitational Wave Telescope
(LCGT) was approved as a Leading-edge Research
Infrastructure Program by MEXT. The construction
started.

SRHEEEDRESND

The Gravitational Wave Project Office was established.
TeKERHPEF a2 —F U/ BRBROKESE
A D

The T2K experiment caught a sign of electron neutrino
appearance.

kBRI EER (V) HRESND

The Committee on Future Projects IV was established.
A—REZUPDOAVHI—RRIHETY T2

The Cangaroo experiment ended its operation.
HBREHBD RSN D

An external evaluation of ICRR was conducted.
EREStERSEES (V) OBRHES

The Committee on Future Projects IV submitted its
report.

KAGRA D1=d®D ~ > R JVIBEINE Y I3
The excavation of KAGRA tunnel was completed.

CTA RORLERE | SEOEHRNBE S

The construction of the first CTA Large Size Telescope
(LST) was commenced.

KAGRA $—HiRERE= DT T D

The construction for iKAGRA((initial KAGRA) was
completed.
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2016. 4
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2017.10
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2018. 6

10

11
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2019.2

10

2020. 2

2021. 4

Timeline

—a—hU/PWBEERHDEERI—_1—F1/
RBRFDER(ICLY, PIRORBEEHRD
/ —NIVBSFEZRET S

Director and Prof. Takaaki Kajita received the
Nobel Prize in Physics for the discovery of neutrino
oscillation, which shows neutrinos have mass.

ERHEERED S NEIPREVAIATE B2 H'FE
93

The Gravitational Wave Project Office was reorganized
into the KAGRA observatory.
FRstERFIEE R (V) H'BRESNS

The Committee on Future Projects V was established.

FRstERFIEES (V) DBBHYES
The Committee on Future Projects V submitted its
report.

FHEAEMDDLEFEBY, RRAFREA
“a—hU /RS BERTEBEDFHET B
Next-generation Neutrino Science Organization was
established. ICRR acts as the host institution.

A=N—RNIAHVTHSK-Gd RRICAF. &
K6 HADHETSAEHT D

Refurbishment work of Super-Kamiokande for SK-Gd
had been conducted for 6 months.

FLY37 - FUROD-=TPLA (CTA) X
ORERTE 1 SHEHANAVBEHF Y PESS/N
JUNICERT B

The first Large Size Telescope (LST-1) of CTA project
was completed at La Palma in Canary Islands, Spain.

FEIRWEPMDEERHEEFE - AR
ESND

ICRR was selected as one of the “International Joint
Usage Research / Centers”.

TLRI=TPL+ (TA) 28D 1 0BAELR
HEERRAFIBF v /NI THET S

The 10th anniversary ceremony of Telescope Array
Project was held in Kashiwa Campus, The University
of Tokyo.

TLRO=TPLA (TA) OIKRIE (TAXA)
DKREIZINTBE S

Extended construction of Telescope Array, named
TAx4, began in Utah State, USA.

?t ; U PBIRIVF—FEYIREAN R D'F
)

High Energy Astrophysics Facility in Canarias was

established.

SETMH R EENS

An external evaluation of ICRR was conducted.

KAGRA DFepkiCRz 8z Rt T 5

KAGRA celebrated its completion.

NAN=NIFA I THBZRBT D
The Hyper-Kamiokande project is officially approved.

KAGRA H'&1ROEAIZ 16T 5

KAGRA started observation for gravitational waves.

FANY R AS y ERHARD)D SR EFRSI RV
F—0 r 8. XNFDOYORERZH DD
The highest energy gamma rays from the Galactic disk
was detected by Tibet ASy experiment: Evidence for
the existance of Pevatrons in our Galaxy.

BEFERH THEHRDY TS5 b AT 1 X%
AREE B IREESEF5PT SR E

Satellite office of Kamioka Observatory was opened in
the Kamioka branch of Hida City.

CNRS ERRAFICKBDFH - RAFDEHFRH
TR Z D+ v 2 /NRITEAL

International research laboratory for astrophysics and
particle physics was established in Kashiwa Campus
by CNRS and The University of Tokyo.

NAN=NIAHYTDBET LRI E8% B
The groundbreaking ceremony for the Hyper-
Kamiokande was held in Hida City.
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FERVITAMOABFBICOVTRET SR T, FIRD
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HE=

REFARPHEBABICDNTEBRER TRRARBLIL
U, BRFOEBLBEICOVTBERIBRTT. MED
th. PARMEEDSHER - ERH CHEBENE T,

BEEZRS
FHEATAMOBEZICONT, STEERZEL LEES(C
BEITBHRESTI. VIRMARIOMEEN 148 (RR
REHDESNHFHIAL) TRERSNE T,

HEFARRESESS
HEF)AREADBICEDDICODEZA L, BEEE
SICEEDPREATIEESTI, IR TCREINICERE S
FiohD B DOFFRBE THEASNE T (BRAFIHIDES
DRI ),

AEHRAMARERIREZRS
HEFABHFPERBICOVT, BROBEZEZEL &
T HEFNBUIRERFITBOREZEEZERICIRETS
E82TY. FINTEINICEE EFHID S DFHRRE
TRRSNET (RRAFHIDEEDHFHIAL).

Research Division

Research Facilities

Organization

—— FHIa— MR
Neutrino and Astroparticle Research Division

——— BI X - FEFHREHM

High Energy Cosmic Ray Research Division

—— FEHERYIELM R

Astrophysics and Gravity Research Division

—— MR E R TR

Kamioka Observatory

i

—— BEFREBAI R

KAGRA Observatory

——— AT U TEI XX —FEYER B R R
High Energy Astrophysics facility in Canarias

—— FEZa—- M) BARRRE S —
Research Center for Cosmic Neutrinos

e

Norikura Observatory

o5

—— BAEFELBIFR

Akeno Observatory

EFE  Administration Division
Ffi5e R — hE  Research Support Office

J5%RZ  Public Relations Office
HEFAMREERER

HEFAHAREEFRIRZES Inter-University Research Program Selection Committee

Inter-University Research Advisory Committee

Board of Councilors

This is a board for having discussion about the joint use of ICRR,
and is summoned to meet upon the director’s request for advice.
This board is composed of the Director and about 14 other

members.

Faculty Council

This is a board for deliberating important issues of ICRR, such as
the recommendation of an incoming director to the Chancellor of
the University of Tokyo and the appointment of staff members.
The council is composed of the director and all full-time

professors and associate professors of ICRR.

Advisory Committee

This is a committee for drawing up schemes for operating ICRR
and submitting them to the Faculty council. This committee is
composed of about 14 researchers from both inside and outside
ICRR (more than half are from outside the University of Tokyo).

Inter-University Research Advisory Committee

This is a committee for having discussions to facilitate inter-
university researches, and suggesting or reporting the results to the
Advisory Committee. This committee is composed of members
selected from inside ICRR, and outside members who have
academic careers (more than half are from outside the University
of Tokyo).

Inter-University Research Program Selection Committee

This is a committee for having discussions to select Inter-
University research programs from applications. This committee
is composed of members selected from inside ICRR, and outside
members who have academic careers (more than half are from

outside the University of Tokyo).
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OB

RRAS FHRREA

Institute for Cosmic Ray Research, The University of Tokyo
RRAS FHRVIREHR

Institute for Cosmic Ray Research, The University of Tokyo
RRKF FERUIEH

Institute for Cosmic Ray Research, The University of Tokyo
RRKSF FHEHATPT

Institute for Cosmic Ray Research, The University of Tokyo
RRASZKF IRIBS RFEAR

Graduate School of Science, The University of Tokyo

RRKF
The University of Tokyo

B LRIVF—IDREBHAFEHENE R TIR T LR
Institute of Particle and Nuclear Studies, KEK

REKS ERYIBF R

Yukawa Institute for Theoretical Physics, Kyoto University
BRBZHIEEE B RS

National Astronomical Observatory of Japan
SRWBEKRFIB T SH1MTAR

Faculty of Science and Engineering, Waseda University
IUGEERS BTSE

College of Science and Engineering, Ritsumeikan University
RRAFAFIRBSLRGERME £V INVFEERIE Y 2 —
Research Center for the Early Universe, The University of Tokyo
SRR

Institute of Space and Astronautical Science

RRKZ RAFYIEERAR Y &2 —

International Center for Elementary Particle Physics, The University of Tokyo
BEERF FEMIKIRBATERT

Institute for Space-Earth Environmental Research, Nagoya University

RRKS FHIRUIZERR
Institute for Cosmic Ray Research, The University of Tokyo

RRKT FERVIEM
Institute for Cosmic Ray Research, The University of Tokyo

BEEZEZEBL Advisory Committee

RRKF FERUIEH

Institute for Cosmic Ray Research, The University of Tokyo
BIRUF DRSBTS BR 2 —

KEK Theory Center

REKRS BRYIBSHIRR

Yukawa Institute for Theoretical Physics, Kyoto University
REUBRAS BTSY

Faculty of Science and Technology, Tokyo University of Science
BLRIVF—I0REVIFHANE KA FRFZBIFEPT
Institute of Particle and Nuclear Studies, KEK
RRAFAF e B R0RR

Graduate School of Science, The University of Tokyo
BEXS BTSHRR

Graduate School of Science and Engineering, Saitama University
KBRAIKZ RS e BFHRR

Graduate School of Science, Osaka City University
REART B

School of Science, Tokai University

BEEAS FEHMIKIRIBAZE

Institute for Space-Earth Environmental Research, Nagoya University
RBRAIIRFE RS e IR

Graduate School of Science, Osaka City University
RRAKE FERUER

Institute for Cosmic Ray Research, The University of Tokyo
RRKS FHRZ

Institute for Cosmic Ray Research, The University of Tokyo
RRAS FERUVIER

Institute for Cosmic Ray Research, The University of Tokyo
RRAS FHRVZE

Institute for Cosmic Ray Research, The University of Tokyo
RRKE: FEHRMIRPT

Institute for Cosmic Ray Research, The University of Tokyo
RRAS FHRUIZEPT

Institute for Cosmic Ray Research, The University of Tokyo
RKS FHRUIZERR

Institute for Cosmic Ray Research, The University of Tokyo
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P
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BEHK - BEYIRHER

Professor Emeritus, Distiguished

Guest Research Professor
0
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k6

Professor

£

Professor
ttVA—K
Director
P
Director
RIpT R

Vice Director
gIpfT

Vice Director

P&
Director
i
Professor

=
Professor
ESEs
Professor

AR

Associate Professor
EE

Professor

sy

Professor

e

Professor

A%

Professor

AR

Professor

AR

Professor
g

Vice Director
glFE

Vice Director
k6

Professor

AR

Professor
Sy
Professor
%
Professor
H%

Professor

Committees
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=B BRE

KAIJITA, Takaaki
BEEA
SHIOZAWA, Masato

BED EA
TAKITA, Masato

NI Hexs
KAWASAKI, Masahiro

£ 55,
HOSHINO, Masahiro

BERE IEA

SAITO, Nobuhito

BB FoX
TOKUSHUKU, Katsuo
B 1Eh

AOKI, Shinya

BB ER

TSUNETA, Saku

BB #Z
TORTI, Shoji

#* 1Ef

MORI, Masaki

&l IE—
YOKOYAMA, Junichi
e =

YAMADA, Toru
S

ASAI, Shoji

2% 5t

KUSANO, Kanya
I HTT
NAKAHATA, Masayuki
)| 357

SAGAWA, Hiroyuki

as of April 1, 2021

=6 PEE

KAIJITA, Takaaki
168 BE—EB
KITANO, Ryuichiro
HiE B

IOKA, Kunihito
BE EE
ISHITSUKA, Masaki
JJUR #5—88
OZAWA, Kyoichiro
Al W&
YOKOYAMA, Masashi
BR

TASHIRO, Makoto
NE &—

OGIO, Shoichi

7ols 759
NISHIJIMA, Kyoshi

Pk 3%
ITOW, Yoshitaka

B E1T

KANDA, Nobuyuki
hUAB HEfT
NAKAHATA, Masayuki
)| BT

SAGAWA, Hiroyuki
JIIg Hers
KAWASAKI, Masahiro
2%F BA
SHIOZAWA, Masato

BB EEA
TAKITA, Masato

KAB EfE
OHASHI, Masatake

IS BUE
TESHIMA, Masahiro
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BEERXSZFE KRBT

Institute for Space-Earth Environmental Research, Nagoya University
BXRBFURME BiIIXYSE

National Astronomical Observatory of Japan

IEEAS BT SES
College of Science and Engineering, Ritsumeikan University

BEEAFFHMIKIRIBEAILAT

Institute for Space-Earth Environmental Research, Nagoya University
REARSFIBSHR

Faculty of Science, Kyoto University

BR/NIKFITFES

Faculty of Engineering, Kanagawa University
BRAFAS IR

Graduate School of Science, Kobe University

KR AZ RSB

Graduate School of Science, Osaka City University
RRAS FERHRA

Institute for Cosmic Ray Research, The University of Tokyo

RRKSF: FEHRIRPT
Institute for Cosmic Ray Research, The University of Tokyo

RRKS FHRIZEPR
Institute for Cosmic Ray Research, The University of Tokyo

RRKT FHRVRH
Institute for Cosmic Ray Research, The University of Tokyo
RRKF FERZERR
Institute for Cosmic Ray Research, The University of Tokyo

RRKE: FHRVIRA
Institute for Cosmic Ray Research, The University of Tokyo

IAHMEEEZE L Inter-University Research Advisory Committee

Committees

as of April 1, 2021

K% Pk 3%

Professor ITOW, Yoshitaka
SR FRAE SE—

Associate Professor ASO, Yoichi

G & £

Professor MORI, Masaki

4% B8 RE

Professor TAJIMA, Hiroyasu
IR 5

Associate Professor KUBO, Hidetoshi
ESES BLEE itk
Professor HIBINO, Kinya
IR 5N BAR
Associate Professor MIUCHI, Kentaro
IR BT HE

Associate Professor TUNESADA, Yoshiki
E65 PIE AT

Professor NAKAHATA, Masayuki
Sy ReB EA

Professor TAKITA, Masato

B 6] B F17

Professor TAGOSHI, Hideyuki
3 % 55
Associate Professor NODA, Koji

R AL &

Associate Professor UCHIYAMA, Takashi
e 1EB BRE

Director KAJITA, Takaaki

HEFIAMEEEZINEZES L Inter-University Research Program Selection Committee

€

OB

OB

as of April 1, 2021

RBRAIIKZ RIS 0T TR R BE S

Graduate School of Science, Osaka City University Associate Professor TUNESADA, Yoshiki
RREHAEF % 515 5hE%

Tokyo City University Professor TAKAHASHI, Hiroki
BEEFAFIBTSE AR m R

Faculty of Science and Technology, Keio University Associate Professor NISHIMURA, Yasuhiro
BERAFFH MR BT I £ XY

Institute for Space-Earth Environmental Research, Nagoya University Associate Professor MIYAKE, Fusa
RRKRSFERNR 6 DEBA

Institute for Cosmic Ray Research, The University of Tokyo Professor SHIOZAWA, Masato
RRKFFERIEA % BB EA

Institute for Cosmic Ray Research, The University of Tokyo Professor TAKITA, Masato
RRAKRSZFERNE 34 JIls FE4S

Institute for Cosmic Ray Research, The University of Tokyo Professor KAWASAKI, Masahiro
RRKREFERNEA R U &

Institute for Cosmic Ray Research, The University of Tokyo Associate Professor NAKAYAMA, Shoei
RRASFERNR R =2PE

Institute for Cosmic Ray Research, The University of Tokyo

Associate Professor

MIYAKAWA, Osamu

Z8E Chairperson lc #1358
®E Organizer e =058
ZJ88E  Assistant Organizer 3¢ Z3E8
Z 74 —/\— Observer 4 H4EE

The First Committee Member
The Second Committee Member
The Third Committee Member

The Fourth Committee Member
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#HER

ERARKERE
Past Representatives
FHEARE BT
Cosmic Ray Observatory
miE T8 H=
Director HIRATA, Morizo 1953.8.1~1955.8.31
Frf ot E+
Director KIKUCHL Seishi 1955.9.1~1959.9.21
(BB g |
i) NONAKA, Ttaru 1959.9.22~1960.7.31
(EBER REE BX
(Acting) KUMAGAL Hiroo 1960.8.1~1960.11.30
P 2Fcp F
Director NONAKA, Ttaru 1960.12.1~1970.3.31
i B 5
Director SUGA. Kouichi 1970.4.1~1972.3.31
e =% =88
Director MIYAKE, Saburo 1972.4.1~1976.5.24
IR TERR
Institute for Cosmic Ray Research
PR == =&
Director MIYAKE, Saburo 1976.5.25~1984.3.31
(e B F—
Director KAMATA. Kouichi 1984.4.1~1986.3.31
P JEE —BB ~
Director KONDO, Ichiro 1986.4.1~1987.3.31
(EBEHR s 8B ~
(Acting) TANAHASHI, Goro 1987.4.1-1987.4.30
PR Fefit RES ~
Director ARAFUNE. Jiro 1987.5.1~1997.3.31
(e P& FZ
Director TOTSUKA. Yoji 1997.4.1~2001.3.31
i S AE
Director YOSHIMURA, Motohiko 2001.4.1-2004.3.31
PR EHA SFE—RB
Director SUZUKI, Yoichiro 2004.4.1~2008.3.31
gl £ 7093
Vice Director  KURODA, Kazuaki 2004.4.1~2008.3.31
ElRIES B85 2
Vice Director  FUKUSHIMA, Masaki ~ 2008:41-2012.3.31
PR 1EE S
Director KAJITA, Takaaki 2008.4.1~
8IFrf= SHE 8K
Vice Director  TERASAWA, Toshio 2012.4.1~2016.3.31
s el A 2015.12.1~
Vice Director NAKAHATA, Masayuki o
gk NI Hers
Vice Director KAWASAKI, Masahiro 2016.4.1~2020.3.31
8IFr = PN AT
Vice Director SAGAWA, Hiroyuki 2020.4.1~
HEEH
Number of Staff
1% AR B Hea
P Associate Research Research
Professor Associate Fellow
(8] 3] <I> Q) <4> Q) <5>

78 | Staff

Staff

SEREBIER
Norikura Observatory

A - =
(fiii})@&) ﬁﬁAEE,BSaburo 1976.5.25~1977.2.28
B =20
PDﬁifctor ?I,E]Igi} "glf)shinori LA U
PDﬁifctor i%ul%(l}gl—?IMA, Masaki 2000.4.1-2003.3.31
of s
FDﬁifctor il'?ifl"ll"rzi,AMasato 2003.4.1~
BAFERBIFR
Akeno Observatory
FDFrifctor ialz\'/lfTX, Kouichi 1977:4.18-1984.3.31
3 =
Efctor TE’TEAEE}F{EABSHI, Goro 1984.4.1~1988.3.31
FDﬁifctor ﬁfzg\%_, Motohiko LRGSR
}jDﬁifctor "?_Emé%HLﬁ/[%, Masahiro 1998.4.1-2002.12.31
PDﬁifctor ItEEJ‘?%(IJIEI?IMA, Masaki 2003.1.1-2012.3.31
PDﬁifctor gﬂg@i Hiroyuki 2012:4.1~

I T SRR F AT ST AR

Kamioka Observatory

MR P& FEZ

Director TOTSUKA, Yoji 1995.4.1-2002.9.30
MR AR SF—ES

Director SUZUKI, Yoichiro 2002.10.1~2014.3.31
s B 13 olad L

Director NAKAHATA, Masayuki o

FH-_a—- M/ BAERREE 42—
Research Center for Cosmic Neutrinos

e 1260 R

Director KAJITA, Takaaki 1999.4.1~2016.3.31
S S 2016.4.1~

Director OKUMURA, Kimihiro o

BR BRI R REE

KAGRA Observatory

ks A8 1Ef

Director OHASHI, Masatake A0t

HFUVTEI RIVF —FHYEBEATF TR
High Energy Astrophysics facility in Canarias

i
Director

FATERE
Technical
Staff

15
@

[ 1:F8 18D

FIS BUE

TESHIMA, Masahiro

()& (RE)

2019.4.1~

as of May 1, 2021

E 1] FREEE ast
Administrative Adjunct ,E) tDal
Staff Staff
19 39 154
) (26) [11] (39) <10>

) SEAN (RE)

The numbers shown inside [ ],( ),<> are numbers of guest members, female staff and foreign staff respectively.



FE Budget

wI

JriSss

~N<

R
Annual Expenditures FH thousand yen
C B % FY2016 FY2017 FY2018 FY2019 FY2020
ategory
A 683,000 779,000 823,000 872,000 898,000
ersonal Expenses
G 1,288,000 1514000 1729000 1,611,000 1,173,000
on-personal Expenses
T%oi:rl 1,971,000 2,293,000 2,552,000 2,483,000 2,071,000
NBELENSALE £ thousand yen
External Funds, etc. () (3ZAHH The number of () represents quantity
C Bs> FY2016 FY2017 FY2018 FY2019 FY2020
ategory
RE%EOHEAZE
Joint Research with the Private Sector 300 (1) 1300 (2) 0 (O) 0 (0) 0 (0)
T3
Entrusted Research 0 (O) 0(0) 0(0) 1,966 (1) 340 (0)
BEFMS
Donation for Scholarly Development 0(0) 17,765 (2) 1,960 (3) 3.387(2) 1,600 (1)
e
o e 18,182 (2) 62,421 (410) 49,911 (184) 22,728 (141) 22,654 (141)
MEMARMREEOSALH g vt sen
Grants-in-aid for Scientific Research () (2ZALE2 The number of () represents quantity
C da FY2016 FY2017 FY2018 FY2019 FY2020
ategory
HERIHEERRZE
Someially Promoted Research 432,600 (4) 287,900 (3) 102,100 (3) 17,800 (1) 0(0)
M PRIEHAZE
N 116,100 3) 89,400 (5) 134,000 (7) 165,700 (7) 158,300 (9)
EHBATE (S)
Scientifc Rescarch (S) 0(0)  34700(1)  35600(1)  29,700(1) 71,100 (2)
BT (A)
Scientife Research (A) 21,200(2)  10,400(2)  13,200(2) 49,700 (4) 50,300 (4)
ERHITE (B)
Scientife Research (5) 17,100 (5)  22,100(5) 14,700 (4) 16,400 (4) 9,400 (1)
B (C)
Seientfhe Research (C) 10,100 (7) 8,100 (8) 11,200 (9) 8,300 (7) 4,500 (8)
BFHE (A) A .
Grant-in-Aid for Young Scientist (A) 16,500 (3) 8,300 (3) 2,700 (1) 0 (0) =amiey 0 (0) =2
EFHE B) i
Grant-in-Aid for Young Scientist (B) 9,000 (%) 6,600 (9) 3,500 (4) 200 (1) 0 (0) xamse
BFME
Grant-in-Aid for Young Scientist - B 6,000 3) 6,900 (6) 6,700 (9)
PEpopis (B
Challenging Research (Pioneering) B 6,600 (1) 4,400 (1) 5,700 (1) 3,100 (1)
HBBVERIFAR B, e -
Challenging Exploratory Research 2’300 (3) 900 (2) 0 (0) AR 0 (O) AR 0 (0) HAERT
PREBIBRE (853
Challenging Research (Exploratory) : : B B 2,000 (1)
WHZeEEN RN — F 21
Revcareh Actvity Startun 1,200 (1) 800 (1) 2,300 (2) 3,000 (3) 2,000 (2)
EfEEMRIRES (ERAEMZRRIL (B)
Fund for Promotion of Joint International Research = = 3,300 (1) 6,700 (2) 9,800 (3)
(Fostering Joint International Research (B))
UBhEAEEDESATUR - - - - 200 (1)
as
5 ;:1 626,100 (37) 475,800 (40) 333,000 (38) 310,100 (37) 317,400 (41)
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HEFIRAMAE - BE

HEFIRAMR
Inter-University Research Program
(Joint Usage/Research Center)

RRARFEFHRUEAE. HEFE- KRVIRALE LT,
BF v NR BEFERIUTIIRES. ETREVAIE
sk, REBEVAPT, RABERPRS EDONEMHER CHREFNA
MRZT > TRE LIz, =HIC. 2018 FICIFEFRARFIA-
HEMRARE LTRESNE LIce INHSDOHEF B
RIEECEICERIDHARBDNORE L. HEFIAHE
DESEESERUOREFREZESDEREZTOE T,

Inter-University Research and Education

ICRR, as one of the "Joint Usage/Research Centers," has
hosted Inter-University Research at Kamioka Observatory,
KAGRA Observatory, Norikura Observatory, Akeno
Observatory, and Kashiwa Campus. In 2018, ICRR was
selected as one of the "International Joint Usage/Research
Centers", and started to accept applications from international
researchers. The Joint Usage/Research programs are selected
by the Advisory Committee and the Program Selection
Committee.

2020 £ EAASE FIRKE EBSEH BARHE WANBFZEE R
FY2020 Results of Domestic Application Applications Successful Applications Total Researchers
FE-—a2— kU /AT
Neutrino and Astroparticle Research Division 46 (46) 46 (46) 1211 (1211)
BIRF—FHRHITELRT
I?igh Energy Cosmic Ray Research Division 60 [11] 60 [11] 1253 [93]
FEHER MBS RICEPI
Astrophysics and Gravity Research Division 25<23> 25<23> 659 <598>
Research Center for Cosmic Neutrinos
2020 £ E EFFASE FIRAKER EBEEH BARER DUINAN =g
FY2020 Results of International Application Applications Successful Applications Total Researchers
FE-a2—k /BRI
Neutrino and Astropartjizle Research Division 10 (9) 10 (9) 59 (49)
BILRVF—FEHRHZTELFT
th Energy Cosmic Ra}ﬂiesearch Division 10 [0] 10 [0] 83 [0]
FHERMIESHRICEPI
Astrophysics and Gravity Research Division 9 <9> 9 <9> 70 <70>

Research Center for Cosmic Neutrinos

() FHEAFERNFAREROAY. [1 ERBRBAFOAR. <> BEHRBARTRROAY
() : Kamioka Observatory, [ | : Norikura Observatory, and < > : KAGRA Obsevatory

KEREE
Education

REXEZERVRMNE. KRRAFPEZRUITRIES
ROXNEEHREO—RE L TAFRZE % 2T AN
REEZITDEEHLIC KEROFZLEBILTOLET,
HEFPFEZHARIC, 2F—MBABLIF—IVEERL
TLET, FCRRAZKRFBRO-RELT. BRI
REOKRZbrE %, FRMEE BRVIRE SBEAHR
EELTRIANBELEVTOE T RRAFFEHRM
RARDKERFERABISUATOESY TT,

ICRR accepts graduate students, and also delivers lectures
for them as a part of the Graduate School of Science, The
University of Tokyo. ICRR also conducts liberal seminars
for undergraduate students. ICRR also accepts graduate
students from other universities inside and outside Japan as
special listeners, special researchers, and foreign researchers,
as the graduate school of The University of Tokyo. The

table lists the number of graduate students accepted by
ICRR in recent years.

FY2017 FY2018 FY2019 FY2020 FY2021

M couse 32(0) 34.(1) 350) 373) 37 )

Do Coure 3@) 37G3) 31 23 (1) 28 (0)

%iii 65 (3) 71 (4) 68 (3) 60 (4) 65 (4)
() 156k
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EExxR7O°17 b
International Project

PINATOY x5 b (ALPACA Project)

RNIEPDF v HIVAPURETE ZRY+DO—8A%E
IRVF-—FHEERIHESN TOET,

On the Mt. Chacaltaya plateau, studies on high-energy cosmic rays are
promoted, using an air shower array.

FANY BRI+ D—TJOI 1o b (Tibet ASy Experiment)

FANYROFENH (PUN—FV) BRTEZEIY vDO—8HES%
AOTEIRVF-—FERERZTOTOET,

On Yangbajing Plateau in Tibet, experimental studies on high energy cosmic
rays are conducted using air-shower detector.

FTURI=TPLA7OY 15 k (Telescope Array Project)

PAYADIA T, RBRPB[EARTENLERBZABOTRSIR
WFE—DOFHROEH - BiRZT>TOET,

In Utah, USA, observational studies of ultra high-energy cosmic rays are
conducted by ground array detectors and air fluorescence telescopes.

R=N—=hZIAH>VFTTOJ 15 bk (Super-Kamiokande Project)

%ﬂ??ﬁ?ﬁ?ﬂiﬂnﬁm TlF R=N=HZFHhYTZAVT. Za—
U/ IREPEE T BRIEDRRB EDHEET>TOE T, 10 hED

WMREHHEHARKICEMLTOE T,

At Kamioka observatory, studies on neutrino oscillation and proton decay are

conducted with Super-Kamiokande detector. Researchers from 10 countries

have joined the project.

NAN=AZAHh>T IO 14 |~ (Hyper-Kamiokande Project)

BEFERAFTARMERTIE. Za—~Y/ - BRI FBRRDIHO
RUREBORFEZEDTVE T, 20 hBEOHRE D HBEHEICES
WLTOET,

At Kamioka Observatory, the next generation detector for neutrino and
nucleon decay experiment, Hyper-Kamiokande is under construction.
Researchers from about 20 countries join the project.

XMASS 7O 14 k (XMASS Project)

@ﬂ??ﬁiﬁ?—ﬁﬂnﬁm T RiEFt/ Ve XMASS TR1C
T=REMALT. F—OXA—REPROBROERZBHELTOE
T, A BE PEOWARSENBNLTOET,

At Kamioka Observatory, searches for dark matter and other unknown
phenomena using XMASS data are ongoing. Researchers from Japan, Korea
and China have joined the project.

KAGRA 7O T4 K (KAGRA Project)

BIREVARTFESS Tl RKEUDEE DRE RS [KACGRA] Z 5%
BRALTLET, 9 HBOARBNHBEMREICSHOLTOET,

The KAGRA observatory has constructed and operates the Large-scale
Cryogenic Gravitational wave Telescope (KAGRA). Researchers from 9
countries are involved in the international research project.

CTA 7O T k (Cherenkov Telescope Array Project)

ARNAY - AFUPESOSNIVNYEFY - NSFHIVTIE IR
F-HAYVBREYBZORARZTOICOHIC, FTUYITTUR
J—T7PLA (CTA) DEFBEEDTOET, 31 AEOHFEEHH
BAEICEINLTOE T,

On Canary Islands, Spain and at Paranal, Chile, construction of the
Cherenkov Telescope Array (CTA) is proceeding to study about very high
energy gamma-ray astrophysics. Researchers from 31 countries have joined
the project.

ZANBEARREEH

BzRLIcE

The Number of Accepted Foreign Researchers

2016 2017 2018 2019 2020

PIT (Asia) 35 26 29 48
#+t P =7 (Oceania) 1 0 1 0
PEIK (Latin America) 1 0 0
46K (North America) 46 37 32 40
3—0w /Y (Europe) 19 13 22 31
&5t Total 102 76 84 119
HEF B

1
0
0
0
2

3

International Exchange

] &% 22 47 38 ik 00 E S A5 1R &
Academic Exchange Agreement

1981

1995

1995

1995

2001

2001

2009

2011

2011

2011

2011

2012

2012

2012

2013

2015

2017

2017

2017

2018

2018

2018

2018

2018

2018

2019

2019

2020

2021

RNIEPHYPYRURKRZE (RUET)

Universidad Mayor de San Andrés (Bolivia)

ARKRFIBFE CKED

College of Science, University of Utah (US)

DU T H VZPRZTP—N\A URYIBRISFE CKE)

School of Physical Sciences, the University of California, Irvine (US)
RR Y KFXFRIBZHAER CKE)

Graduate School of Art and Sciences, Boston University (US)

OYPREPHTI—RFIZARE (OVF)
INR, Russian Academy of Science (Russia)

BEA—R S U PREEDYEBRFE (F—XSU7)
Faculty of Life and Physical Sciences, the University of Western
Australia (Australia)

DT+ V=ZPITHKRZ LIGO BiZErT CKE)

CIT LIGO Laboratory, California Institute of Technology (US)
N—TJHEFEAE (12U TP)

European Gravitational Observatory / The Virgo Collaboration (Italy)
LBREXS (fE)

The Shanghai United Center for Astrophysics Shanghai Normal
University (China)

552 I—KRSFENHRF CKE)

Institute for Gravitational Research, University of Glasgow (US)
BIREAFESE (85

College of Science, National Tsing Hua University (Taiwan)
PERFR DBt STV OMEMATBENR & — (PE)
The SICCAS-GCL Research & Development Center,

The Shanghai Institute of Ceramics, Chinese Academy of Sciences
(China)

PIARFTEE (1&UP)

Department of Engineering, The University of Sannio at Benevento
(Italy)

PERFRERKNE (PE)

National Astronomical Observatories, Chinese Academy of Sciences
(China)

Y REUY EBBERFESE (ANA2)

The Faculty Sciences, Autonomous University of Madrid (Spain)
H+ U —FEYBSZHAE (A1)

Instituto de Astrofisica de Canarias (Spain)
PREFFEEMIBHIFE (&5

Institute of Physics Academia Sinia (Taiwan)

NVORT SV OMIBRRRER (RAY)

Max Plank Institute for Physics(Germany)

BB ASRERBZAZFERMAR LS — (EBE)
Sungkyunkwan University, College of Science, Center for Cosmic Ray

Research (Korea)
RN—SYV FEIURTIEHAE LY X — GR—52F)
National Centre for Nuclear Research, Poland
HhF U —FEYWBFRER (RNA2)
Instituto de Astrofisica de Canarias (Spain)
RSAPYT (HhFH)
TRIUMF (Canada)
BUPRAFYIBZE (BE)
Physics Department, National Central University (Taiwan)
BEEASYRTER (PE)
Tsinghua University (China)
RIo— 0 KB - HESE (2 UP)
The University of Perugia (Italy)
PERFIRECEMIR - KPR (PE)
Wauhan Institute of Physics and Mathematics,Chinese Academy of
Sciences (China)
BBV 3F)VR— /\\ JVEa2a—&"—tVA—
- ERERMATELR (EZ)
National Center for High-performance Computing(NCHC), National

Applied Research Laboratories (NARLabs) (Taiwan)
FERODKXBZRINVF VRYIERAF (O 7 )

Scobeltsyn Nuclear Physics Research Institute, Moscow State
University (Russia)

75V RAEMBERR LV A—(TSVR)
The French National Centre for Scientific Research (France)

ZNLTOBHBEAMEEZEDSDE, 2020 FETEN 1,217 ACEYE T,

Adding up the number of foreign researchers joined ICRR inter-university research projects, the total

comes to 1,217 in 2020.
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L3R Public Relations

ANV b SUEREY]
Events Publication

ATV IPMU EDER—MREES ICRR=-21—2X
ICRR NEWS

ICRRxKavli IPMU Public Lecture

—— - &

A,

FHEVITAD, Hh7UEYBHEFENREEERNHL T FEEARFDO FEY S RZ LA BFEG. FIC4OEFE
BEBSCMCHELTOLB F—HANY FTT, BAZBTHITLTOE T,

¥ v IS A —RE AR
Open Campus

ICRR E&
ICRR CATALOGUE

R

FEIRUIZCAT

Institute for Cosmic Ray Research
ICRR CATALOGUE 2020

BF 10 BICEAMNBBF v U NI—MABICEHE, ¥ FEEMEPIOME TOY T H HPRENHSE. X DMOER
ATIVRAT IO —OY3vIRE%ERELTOE T, BB EOERE X EOICMFTY, F—O3T. BEMHEC.

FH - RNFRATIVTZXI—-
Spring School

F—aFIVLER—b
ANNUAL REPORT

ICRR
ANNUAL
REPORT
2019

L.
AERESHZATCASZIFELED, 485 BDBRETEE FHEEARMOBMAR IOV TH O 1 EFEDOERHIEE
ZIVAPEICE E—BICRBPRITICRUEHF T, FF- REFEDICMT. F—OHT. RBERTI,.
SRR FHAROEEFETOSIS LT,

82 | Public Relations



L%

Web 7Y
Web Contents

FEIEHTFT Web News
ICRR Latest News

® Bsu | Egih Q

ICRR
Latest News

BRILE (ARVF)

(#E&D) FWEBF A<V F (2
—R=NSANVF—BER) LR
LET

FERHRA AFREFOLHOTR
ROBNEBRIOVT

[5551) ICRRxIPMU B/E—#418
RE IFEOMEDIOVTERS)

FLRA-T7 LA (TARBOBRR
MBNORAE N

FEEAERDLEY O R%ZIEAD Web Z2—2R, M.
HLOEBZBHLTOET,

FHEFA VR
ICRR Virtual Reality

] 4

I R EREEMOMBILICDH 5 RRIEsE = 360 ED/N/ S
NBERTHRRTEE T,

PR BR{&
PR Video

You[ID

Institute for Cosmic Ray Research (ICRR), the University of Tokyo
HRPICHS [ BFERFIEFAOES ERIBRAE BN LI
EFATT, BETTH, BABIHNHYET,

Public Relations

FVIOFNGTy X
ICRR Goods

RA=IN=HIAHLTDITI—INZI
Jigsaw Puzzle of Super-Kamiokande

300 E—X 1630 @ (#HA) 500 E—2R:2040 B (FHA)

FUVSFNRTHYT
Original Mug with "Air Shower"

Institute for .,
W Cosmic Ray ok
i ol 1f

i he Universt

1100 @ (#d ). RBERAFMOEZPYRA—N—HhIFHhY
TR CFERMRERBIT 5TENENNOTT,

FIL2ATVTAYD/ — b
Original Notebook with Cherenkov Ring

680 B (KA ) ABHA X, 64 X—=Y
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BRER

EESES SUOEBMAES DR
International Conferences and Workshops

RERXEFTERVIEMS. BRESZVPERVIRESZ X
NENE 1 OREBELTOLET. RIDBSBRFEH
MOEFMREZBOTRHIOMRICOOTELTESS
IS5 A1 OREGTO>TOVET, B 10 F-ICH
ELICERSZROERMRESRE. MTOEHYTY,

BRHERD—H Y3V T
Italy-Japan workshop
2011.10.4-5 (-F%£ Chiba) 39 A

%2088 KAGRAD—oY3v
2nd Japan Korea workshop on KAGRA
2012.5.28-29 (F2E Chiba) 26 A

% 1 O EITES ENRERFSE
1st EiTES General Meeting
2012.10.3-4 (BRI Tokyo) 80 A

¥ 3088 KAGRAD—HY3v T
3rd Japan Korea workshop on KAGRA
2012.12.21-22 (88E Korea) 20 A

%4088 KAGRAD—HY3v T
4th Japan Korea workshop on KAGRA
2013.6.10-11 (KBR Osaka) 34 A

%5088 KAGRAD—HY3v T
5th Japan Korea workshop on KAGRA
2013.11.29-30 (32 Korea) 36 A

55 2 [0 EITES ENRERSZ
2nd ENiTES General Meeting
2013.12.4-5 (Hi5{ Tokyo) 80 A

CTA LST EiF=iE
CTA LST General Meeting
2014.1.14-17 (F2E Chiba) 83 A

556 OB8 KAGRA D—o>3v
6th Japan Korea workshop in KAGRA
2014.6.20-21 (35t Tokyo) 49 A

7 0B8KAGRA D—o> 3y
7th Japan Korea workshop in KAGRA
2014.12.19-20 (&l Toyama) 34 A

NAN=NZA N TERERRAR I V- Ty VRS D ARUHEHLR
The Inaugural Symposium of the Hyper-Kamiokande Proto-Collaboration and
Signing Ceremony

2015.1.31 (T3 Chiba) 108 A

& 3 @ EITES ENRERSE

3rd EliTES General Meeting

2015.2.9-10 (BRR Tokyo) 42 A

TeV Particle Astrophysics (TeVPA) 2015
2015.10.26-30 (- Chiba) 169 A

34
Academic Papers

HEFBAXDRRIE. RIDZEETRET 5. B
TELTRDSMMEE L TCERELE T, ARARE Y
TDHIDA, L7V —EMst. ICRR Report (%237)
RUOEBRESEOD Proceedings (ICHRRSNICEDOE % FE
AL TIUATFICRLE T,

Reports of joint-use research are presented at academic
conferences in Japan and overseas, and also published in Japanese
and foreign academic journals. The plot shows the numbers of
papers authored by ICRR members that are published each fiscal
year in ICRR Reports, refereed journals, and proceedings of
international conferences.

84 | Achievement Reports

Achievement Report

ICRR holds international conferences and workshops about once
a year, and hosts monthly seminars of renowned scientists and
promising young researchers to discuss cutting-edge research. The
table below lists the international conferences and workshops held
in the past decade, with the number of participants at the end of
each item.

£ 4 O EIITES ENRERSE
4th EliTES General Meeting
2015.12.2-3 (3RR Tokyo) 38 A

The extreme Universe viewed in very-high-energy gamma rays
2016.1.13-14 (-FZE Chiba) 68 A

KB—a— U/ 5ERICET 5ERSE
Third International Meeting for Large Neutrino Infrastructure
2016.5.30-6.1 (GR3, Ibaraki) 80 A

PhyStat-v Workshop on Statistical Issues in Experimental Neutrino Physics
2016.5.30 - 6.1( FZE Chiba) 90 A

CTA Consortium Meeting Kashiwa
2016.6.16-20 (FZE Chiba) 170 A

Extreme Universe viewed with High Energy Gamma Rays
2017.12.18-19 (3 Chiba) 60 i

Tokyo Spring Cosmic Lyman-Alpha Workshop
2018.3.26-30 ( ERR Tokyo) 120 A

NAN=RAZTFNVTE | OFERIEH
The First Meeting of Hyper Kamiokande Financial Forum
2019.1.11 (3R Tokyo) 50 A

NAN=RAZIANVTE2 OFERNEE
The Second Meeting of Hyper Kamiokande Financial Forum
2019.6.27 ( R Tokyo) 45 A

% 10 OFHFRAT - W HIEEFR=E (TAUP2019)
Topics in Astr'qgarticle and Underground Physics
2019.9.9-13 ( 2L Toyama) #J 540 A

Dark Matter Searches in the 2020s
2019.11.11-13 (F2 Chiba) 117 A

BIRIVF—HAY VR THDERFE 2019
The extreme Universe viewed in very-high-energy gamma rays 2019
2019.11.14-15 (FFZE Chiba) 83 A

KASHIWA DARK MATTER SYMPOSIUM
2020.11.16-19 (Online) 290 A

The 7th KAGRA International workshop (KIW?7)
2020.12.18-20 (&3Z Taiwan and Online) 240 A

Black Hole Astrophysics with VLBI: Multi-Wavelength and Multi-Messenger
Era 2021.1.18-20 (-F-%% Chiba and Online) 80 A

FHIRMZEEE O KRR (2016-2020)

Papers and proceedings published by ICRR researchers

[ | BT ERXGEE

Peer reviewed English journal

150 B =ExsmmsEss 143
Proceeding
120 111
9 98 9596
920
60
37 37
30 29
30
o 1 1 1 1
FY2016 FY2017 FY2018 FY2019 FY2020



ZHE

1999

2001

2001

2002

2002

2002

2002

2003

2004

2007

2008

2008

2008

2010

2010

2011

2011

2011

2012

2012

2012

2012

2013

2013

2013

2013

2014

2014

2015

2015

2015

2015

'f *’L DE/LAE

Nishina Memorial Award

CHERE

Nishina Memorial Award

RRRS
Medal of Honor with Purple Ribbon

N/ TRF¥—E
W.K.H. Panofsky Prize

BRE

Fujiwara Award

EThHZE

Person of Cultural Merit

J —N)VyBsE

Nobel Prize in Physics
TW—/R>FIVHRE

Bruno Pontecorvo Prize

=
The Order of Culture

NI IVITSVH VAR
Benjamin Franklin Medal in physics
FRF AR

Particle Physics Medal

HLESME

Inoue Prize for Science
BRSO R EIE RS

Young Scientist Award of the
Geochemistry Research Association

H LB ERHE
Inoue Research Award for Young
Scientist

PE*"8
Yoji Totsuka Prize
JW—/ - R>FI)URE

Bruno Pontecorvo Prize
PEF_8

Yoji Totsuka Prize
BAYIBFREFEHE

Young Scientist Award of the
Physical Society of Japan
PEE"E

Yoji Totsuka Prize

DAY+HIEE

Japan Academy Prize

VBRI AEXRTEEFRAFEE
MEXT Young Scientists' Prize

FHT X NEHE

Particle Physics Medal: Young
Scientist Award in Theoretical Particle
Physics

TAVR)— - RP5— - PO—R
Extragalactic Tinsley Scholar Award
3IrE

Yodh Prize
JatyN-Jrprr -0
Giuseppe and Vanna Cocconi Prize
AUDHR - JIRE

Julius Wess Award

PR - RAF RIBH D
BSE
Yukawa-Kimura Prize

VRS REREETHFZEE
MEXT Young Scientists’ Prize

PFF_"E

Yoji Totsuka Prize
BARNSFSHARERNE

The Astronomical Society of Japan
Young Astronomer Award

ERYESTL—OR—E
Breakthrough Prize in Fundamental
Physics

pogle i
The Order of Culture

Awards
el BE AR=2—FU/RBOXS
KAJITA, Takaaki Discovery of the atmospheric neutrino anomaly
897K 20 B
SUZUKL, Yoichiro K= — U/ DREBEAICLS= 21—~ /RHDER
DIl HETT Discovery of neutrino oscillation by precise observation of solar neutrinos
NAKAHATA, Masayuki
P& *_ FHEVE - RN FYIBF ARG
TOTSUKA, Yoji For contribution to Cosmic Ray Physics and Elementary Particle Physics Research
)J\ll:b E{)‘é
KOSHIBA, Masatoshi -
1260 pas ARZ2—hkU/ICEBDZa— U /RED RROVRSEICK DHEE

IiAJITQ, Takaaki For compelling experimental evidence for neutrino oscillations using atmospheric neutrinos
P& F—
TOTSUKA, Yoji

P& F— ASROAB=21—FJU /BACED =2 — Y/ RBDER

TOTSUKA, Yoji Discovery of Neutrino Oscillation from Observations of Atmospheric and Solar Neutrinos

P& F— FHEXNSZOXREICEB

TOTSUKA, Yoji For Contribution to Cosmic Ray Astoronomy

\5e S RIEEBS, HICFE= 21— U/ DREANDNA 7 = P8ISS

KOSHIBA, Masatoshi For pioneering contributions to astrophysics, in particular for the detection of cosmic neutrinos

P& *_ AR=—a— kU / DREEFHE LICES

TOTSUKA, Yoji For his outstanding contribution to the discovery of atmospheric muon neutrino oscillations

g ZECOICUFERYIBZ DR, HEICED, MBFOERICHSEBLICEKEZ DT

- CONBOXRREICBEESL0INGEZ L.
TOTSUKA, Yoji Significant contribution to the research and education in the field of Cosmic Ray Physics

PR FZ Za—hFU/ICEBENDBEDESR

TOTSUKA, Yoji Discovery of the neutrino mass

T RED IOy —VIBRICET B E/ R—ILD FARDY -8B DT
ARAFUNE, Jiro  Topological property of monopole in non-commutative gauge theories
PUB T AB=a—rU/O8AE=2— kY /IREIDHZR

NAKAHATA, Masayuki Solar neutrino detection and research of neutrino oscillation

BR 05F FHRENLTBIC K A EENL DT

MIYAHARA, Hiroko Study of the long-term solar variations using cosmogenic nuclide

TBEF K5 A=N—NIFAVTIEBTBFEL T 2 E XY UNDRZFEHBEDORR
NISHINO, Haruki Search for Nucleon Decay into Charged Antilepton plus Meson in Super-Kamiokande
R RS AR=—a2— U/ IREOES
KAIJITA, Takaaki Discovery of atmospheric neutrino oscillation
R F—E A=N—HNIFAVTERICBHFBIAR 12—t/ BLOAB 21— /IREHDF
SUZUKI, Yoichiro Discovery of atmospheric and solar neutrino oscillations in the Super-Kamiokande experiment
PIB FEFT RECBZAB=21— kU ./ EREBDHMRE
NAKAHATA, Masayuki Study of the solar neutrino and its oscillations

7 FiE FANY REK[Y P D= LA BT D8I RIVF—FHERFILDHE

SAKO, Takashi  Study on the High-Energy Cosmic Ray Anisotropy with the Tibet Air-Shower Array

Bk EF L7 R VEROFEDNY 7 VBIESHEEDIZE

FUKUGITA, Masataka Pointing out a mechanism to generate cosmological baryon number violation originated by lepton
0 pEE AR=a2—F U/ REOER

KAIJITA, Takaaki Discovery of atmospheric neutrino oscillations

BR 05F ABZEENS L OFHERD KR ICRIT T EEDHR
MIYAHARA, Hiroko Study for solar activities and its effects

= R=V/N BRTEDENICH T DIRRANFHRNOFRZ BRI DHL VDU X DEREARE
IBE, Masahiro Sweet Spot Supersymmetry

XA ES EHFEERC & BLEDEIHE

OUCHI, Masami Extensive work on distant galaxies and cosmological events in the early universe

XEF TTE B IRXVF-—FEHRDBICHT 5LV

NAGANO, Motohiko Pioneering leadership in the experimental study of the highest energy cosmic rays

Ry AB=—a—r U/ D2TU—N—RAEICLDAB=1—FU ./ DHOEHA

Outstanding contributions to the solution of the solar neutrino puzzle by measuring the flux of all
neutrino flavors

20 S A—N=NIANVTERICLDIARZ 21—~ /REBRFDES

KAIJITA, Takaaki Discovery of atmospheric neutrino oscillations with the Super-Kamiokande experiment

JIUE HerS BNETSHICBEERDRIBHMDIBERICHT BIHE
KAWASAKI, Masahiro Supergravity and nucleosynthesis

SUZUKI, Yoichiro

XA IES OIRHILITRIREC L DFHEELDHAZR

OUCHI, Masami Pioneering studles 1nto the early universe through wide-field multi-wavelength observations
BEBA MRBI2——2—hU/E-LLCEBEFZ2— L/ PRBROXER
SHIOZAWA, Masato Observation of electron neutrino appearance in an accelerator muon neutrino beam

\E} 568 DE(LE FTEHBROERIBIE

ONO, Yoshiaki ~ Observational studies of galaxy evolution and cosmic reionization

120 pES

SO, Takaakd — 5 LY/ EBEOSAHNERRAE L. RTHLFORILREED B SHL
;[jJZU/KI Yoichiro L2025 1 P BRBL
SKISHL—Y=Y The fundamental discovery and exploratlon of neutrino oscillations

Super-K Collaboration

BV /RZFICESVTELORRERERED, RHNFVESLOFERICBAGE
W S 5%57»71 Ihié
KAIJITA, Takaaki Outstanding contrlbutlons to particle physics and cosmology by the remarkable achievements for
researches in Neutrino physics
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RBEETIER

so1s AL 1”6 fass
Person of Cultural Merit KAJITA, Takaaki
w5/ —NIREE IR pEE
Nobel Prize in Physics KAJITA, Takaaki
potg POTALE 1R pa
Chunichi Cultural Award KAIJITA, Takaaki
201g Harvard Foundation Scientist of the 12 BRE
Year KAIJITA, Takaaki
e T

Particle Physics Medal: Young £8/|| £8

2017 Scientist Award in Theoretical Particle HASEGAWA, Fuminori
Physics
PYUNN
2017 FEEMBHINHE T RED

ARAFUNE, Jiro

; 0 pEE
2017 GITAM foundation Annual Award KAJITA, Takaaki
BAMBFSEFREHE i
2017 Young Scientist Award of the E%;ﬁlh}ljghihir
Physical Society of Japan > 108 °

sory JN—HL—BEE 176D fass
Berkeley Japan Prize KAJITA, Takaaki
HF LB RRHE
2017 Inoue Research Award for Young %&H;ﬁ%ﬂ; Tomova
Scientists ’ 4
w01y DESHRBEE AR ES,
JSPS Prize OUCHI, Masami
so1g DASTERFIERNE K 2
Japan Academy Medal OUCHI, Masami

sotg 21 BT/ OY—82019  FI8 KR
The 21st Century Technology Award TESHIMA, Masahiro

TUPAP-TIFR Homi Bhabha Medal 1208 [RE

2019 and Prize KAJITA, Takaaki

s020 2019 EDEBSIBALES  AM ES

Highly Cited Researcher 2019 OUCHI, Masami
F LB o E
2021 Inoue Research Award for Young HA\RlIKiNE Yuichi
Scientist » Tuie
e
FHIRAZE OFREH

T 277-8582 FTEROHBDE 5-1-5
04-7136-3102 Gid¥sfR)

Awards and Access

—a2— Y/ PBRCBVTELORRRZETS, RRTVERSLOFERICEABE
B 5A 12018

Outstanding contributions to particle physics and cosmology by the remarkable achievements for
researches in Neutrino physics

Za—hFU/NEEEFDBERT. —1—hFU/IRBIBROESR

The discovery of neutrino oscillations, which shows that neutrinos have mass
FHFY—a—h~U/ICBENDBEAERT —a— kU /IREIDERDINIE
The discovery of neutrino oscillations, which shows that neutrinos have mass

MO LICET DRFENTF CORSLINEEMUMBACHL T

Remarkable achievements and initiatives that serve to increase diversity in the area of science
Component action of nilpotent multiplet coupled to matter in 4 dimensional N=1 supergravity

FERARAATRSE L TR—NN—HWIFHYTHERB EORBICMUMEH, BEODFER
MBS, IFDRSBHA T YIBLRDIEREZEOIINEICT LT
BENB TOESBIMEICH LT

Outstanding contributions in the field of science

AREABREFEA AOVCES IRIVF—FEFRAND S VDBFE

Study on the energy spectrum of ultrahigh-energy cosmic rays with the fluorescence detectors

BINCHTF B BADIL - BSRAMDER EHRICEM USRI LT

Significant contributions in furthering the understanding of Japan on the global stage
FEPIHDODBRE(STEERET 5 v OR—UH SDEIRAREE

The binary population synthesis in the early universe and the detection rate of gravitational waves
from the binary black holes

AN - P77 g BO ST B OIS

Observational Studies of the Early Universe with Lyo Emitters

SANY - P PR E BOCIIFE OEAIIR

Observational Studies of the Early Universe with Lyo Emitters

CTA XORBE=RTE 1 SHDTEE DI

Construction of the prototype of Large-Sized Telescope (LST) equipped with cutting-edge
technologies

Za— LU/ RRICBT 5ENARE STFHRMR DS LOERICH LT

Outstanding contributions to Cosmic Ray physics including path breaking work in neutrino physics

B 10 FEOFERENF CRUFENDHSHRED—AEL T

Recognizing the world's most influential researchers of the past decade in Space Science

T IBLEREZ B> ICFEDREOBSEALICH T DHMHARIDHKE—BITIFR

Subaru Census of Early Galaxies in the Hierarchical Structure Formation of the Universe

Location of ICRR headquarters
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277-8582, Japan
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