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Explore
the Universe and Elementary Particles
with “Multi-Messensgers”
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From the Director

In FY2020 and FY2021, the COVID-19 pandemic
meant that ICRR was only able to accept a limited
number of researchers at the institute. We hope that
we can resume face-to-face collaborative research as
soon as possible.

"Cosmic rays" are particles that travel from the universe
with high energy. Since they were discovered in 1912,
various research has been carried out with the aim of
elucidating their origins and acceleration mechanisms.
In the initial cosmic ray research, "cosmic rays" were
charged particles such as protons and helium nuclei,
but in recent years, uncharged elementary particles
such as neutrinos, gamma rays and gravitational waves
(gravitons) are also considered to be "cosmic rays,"
broadening the scope of cosmic ray research. Since
cosmic rays travel over long distances, larger than the
size of the earth, and are accelerated to extremely high
energies, they facilitate research on elementary particles
that cannot be conducted in accelerator experiments on
the ground. ICRR conducts fundamental research on the
universe and elementary particles using cosmic rays.

The history of ICRR began with a cosmic ray observation
hut called Asahi Hut on Mt. Norikura at an altitude
of 2,770m. This small hut, built in 1950 with science
project funding from the Asahi Shimbun, 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 was then reorganized to
become 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.

ICRR has three research divisions—the Neutrino and
Astroparticle division, the High Energy Cosmic Ray
division, and the Astrophysics and Gravity division—
in order to conduct these scientific activities effectively.
ICRR has four observatories in Japan; Kamioka
Observatory (underground in Kamioka, Gifu Prefecture),
KAGRA Observatory (underground in Kamioka, Gifu
Prefecture), Norikura Observatory (2,770 meters alt.,
Mt. Norikura, Gifu Prefecture) and Akeno Observatory
(Yamanashi Prefecture), and one research center
(Research Center for Cosmic Neutrinos, Kashiwa, Chiba
Prefecture). In addition, there are four observation
facilities outside Japan, located in Utah, USA,
Yangbajing in Tibet, China, High Energy Astrophysics
Facility in Canarias (La Palma, Spain), and Chacaltaya,
Bolivia. ICRR is an “International Joint Research/Usage
Center,” which is a system of the Japanese government,
and over 150 inter-university research programs have
been carried out at ICRR by cosmic ray researchers
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in Japan and other countries. We note that most of the
scientific outcomes from this institute are the results
of the collaborative efforts by researchers from many
institutions around the world. Great results have been
achieved through this joint research.

In recent cosmic ray research at ICRR, observations
using large-scale equipment have been carried out
in order to make highly sensitive observations. At
Kamioka Observatory, observations are being carried
out using a 50,000-ton water Cherenkov detector (Super-
Kamiokande) installed 1000 m underground, observing
neutrinos produced by cosmic ray interactions in the
atmosphere and neutrinos from the sun. In addition, an
artificial neutrino experiment from Tokai to Kamioka
(T2K) is also conducted. In the same mountain at
Kamioka, a laser interferometer (Large-scale Cryogenic
Gravitational Wave Telescope (KAGRA)) with an arm
length of 3 km was constructed for gravitational wave
observation. Large-sized Telescopes (LSTs) with a
diameter of 23 m are being constructed at La Palma, one
of Spain’s Canary Islands for the Cherenkov Telescope
Array (CTA) project for the observation of very high
energy gamma rays. The first telescope has already
started observations. In Utah, USA, particle detectors
are placed on about 700 square kilometers (expanding to
about 3000 square kilometers) to search for the highest
energy cosmic rays. In this way, observations of various
cosmic rays have been conducted with surprisingly
large-scale experimental equipment in ICRR.

Super-Kamiokande (SK) discovered atmospheric
neutrino oscillations in 1998 and Professor Takaaki
Kajita, who led the research, received the Nobel Prize
in Physics in 2015. Since then, SK has achieved results
such as "discovery of solar neutrino oscillation" in 2001
and "discovery of third oscillation by T2K" in 2011, and
has elucidated the mass and mixing of neutrinos. If the
"CP phase angle" is measured, the whole picture of the
neutrino mass-mixing structure will be clarified (except
for the absolute value of mass). This CP phase angle is
more than just a property of elementary particles. If it has
a finite value, it solves the "matter-dominant mystery" of
why "matter" exists but "antimatter" does not exist in the
universe. To measure the CP phase angle requires a next-
generation experiment (Hyper-Kamiokande), which is
about ten times larger than Super-Kamiokande. In order
to realize Hyper-Kamiokande, ICRR and Kavli-IPMU,
the school of Science and the Earthquake Research
Institute of The University of Tokyo, have created a new
organization, called “Next-Generation Neutrino Science
Organization.” In early 2020, the Japanese government
approved the construction of the Hyper-Kamiokande
project, which is co-hosted by The University of Tokyo
and KEK. Hyper-Kamiokande will begin the experiment
in 2027.



It is important for ICRR to continue delivering scientific
results of high standards. For that purpose it is important
to share our scientific achievements with the scientific
community and the general public. This booklet
summarizes the present activities at ICRR for such
readers. We hope that it serves its purpose.

Director of Institute for Cosmic Ray Research
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Masayuki Nakahata
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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.
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Methods of cosmic ray detection

10 | What are cosmic rays?



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, and will increase
its concentration in 2022. 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

== BLRDELERIE

PEESRE ) ) ‘e el ey
KBHEOLD | ol = ALYUVT Y
o2 > . 7 ME 1,568m S
» : - * & 4 .

g
2 [

3 GeV RCS
MHE 348m

2 J-PARC R F&ERIFRERMEER  J-PARC nuclear and particle physics facility © JAEA

18| T2K Group



AVATSUONAVAVAVASVIVAVA

Ve

Vi

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 collaboration
has been formed to carry out the experiment which
consists of about 500 researchers from 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 Hyper-K detector is filled with 260 kilotons of
ultrapure water, which serves an order of magnitude
larger fiducial mass of 190 kilotons than Super-K's. The
inner detector volume is monitored by newly developed
50cm PMTs with twice higher photon detection
sensitivity.

The Hyper-K and J-PARC neutrino beam measurement
of neutrino oscillation is more likely to provide a
5-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.
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Fig. 3 Operation principle of XENON detector. Courtesy of XENON group.
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Fig. 5 The time evolution of the observed event rate (black points) in some
energy ranges. The green lines are the best-fitted modulations assuming

Fig. 2 The schematic view of the detector and the water tank
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Fig. 4 The energy spectrum of observed events at the central part of the
detector. Black dots show experimental data and the blue line is the best-
fitted background estimated by a simulation, and the green band indicates
its uncertainty. The analysis shows that the data are consistent with the
background expectations, and we observed no significant dark matter
signal. The red dashed line indicates the upper limit of the dark matter
contributions.
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Fig. 6 The energy spectrum of the electron recoil event of the XENONIT

dark matter particles cause seasonal variations. We observed no significant

modulations.
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experiment. The black points indicate data, and the red line indicates the
expected background; data has some excess above expected background
around 2-4 keV.



XMASS / XENON

he XMASS program aims at detecting low-energy solar

neutrino, dark matter particles, and neutrino-less double

beta decay. Current evidence indicates that only 5 %
of the mass and energy density of the Universe is composed of
baryonic matter, and dark matter makes up about 27 %. One
of the attractive dark matter candidates is Weakly Interacting
Massive Particles (WIMPs). They may be detectable via rare
elastic scattering interactions that deposit a few tens of keV in
target nuclei.

The advantages of using liquid xenon (LXe) detector are the
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. The LXe target is surrounded by about 642 ultra-low-
radioactivity PMTs suitable for this experiment (Fig. 1). Based
on the full data set over the 5-years operation of XMASS-I from
November 2013 to February 2019, we searched for WIMPs by
the following methods. They provide new constraints on the
WIMP dark matter particles using the single-phase LXe detector.

(1) We searched for any significant excess caused by dark
matter particles by estimating background events
quantitatively and comparing the observed data. Figure 4
shows the comparison and an upper limit of the contri-
bution caused by dark matter particles.

(2) Since we expect an annual variation of dark matter flux
caused by the solar system's movement in the Galaxy and
the earth around the sun, we analyzed the full data to see
if we could observe any seasonal modulation of the event
rate. Figure 5 shows the time evolution of the observed
event rate and fitted curves in some energy ranges. No
significant modulations were observed. These analyses
provide unique results from XMASS-I.

Since the XMASS-I experiment did not show any significant
signal, XMASS members started to join the XENONnT
experiment, which is under operation in Italy and uses about
10 tons of liquid xenon. We expect the liquid xenon TPC(Fig.
3) used in XENONNT further improves sensitivity because it
can distinguish between nuclear recoils caused by dark matter
particles and background events due to radioactive impurities
in the detector. We hope that the technology brought by the
Japanese group will enable us to maximize the detector's
performance by reducing the background caused by neutrons.
Figure 6 shows an excess observed in the former XENONIT
detector. We expect the XENONNT experiment to confirm or
reject the possible interpretations of the excess very soon.
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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. (Excerpted from the Catalogue
of TeVCAT)
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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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Site in Northern Hemisphere
La Palma in Canary Islands, Spain
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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 300 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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Energy spectra of UHECRs measured with the TA surface detector (Il ) and
the TALE telescope (@ ).
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The average Xmax vs. energy of TA ultra-high-energy cosmic-ray events (% ).
The red, purple, orange and blue circles denote proton, helium, nitrogen and
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°.
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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, Czech and Slovenia. 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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Tibet AS y

ur research subjects are: Search for high-energy

O 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.

Tibet-I11, 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-1II+ 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. Subsequently, in 2021, we discovered sub-
PeV diffuse gamma rays from the galactic disk. This is
not only the first detection of sub-PeV gamma rays of
cosmic ray origin, but also gives the first experimental
evidence that cosmic ray accelerators which accelerate
cosmic rays up to PeV energies (PeVatrons) really exist
in our galaxy. In 2021, we also succeeded in the first
detection of sub-PeV gamma rays from an overlapping
region between a supernova remnant G106.3+2.7 and
a molecular cloud as well as in detection of sub-PeV
gamma rays from the Cygnus OB1 and OB2 in the
constellation Cygnus. Thus, G106.3+2.7 is one of the
best candidates of a PeVatron.

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-11I 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.

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.

Tibet AS y Group | 39

W
7

IdE - I

NC IR

B S S — v H i

UOISIAI(] Y2.1BISIY Ay d1wiso) A319uy YSiyg



High Energy Astrophysics




HZEOEHN

Q= IRIVF—RETORTFIE L RGHEIESE
ERMICHEIRY 3
QHEIHIT Ty b DER - IEEIBEAFAT 2
OTHTFEEEDSHBIEEZRATS
Flc, ENREJUEHKMSAZFATS
SENRZRVWTFEDEN ML ZRAT S

FHICEERISEVRE TROO > TOHLBRFHEEL.
YOIRF—IF 100 A~ 10 BEF RV SKBNLS 1%
(1D 1B EFAUVFBET, +BMULIOEYE T,
ENORE>FERE L THKICRELEEBR NS D
HNIE ENDOMDI VORI AVYER Z2—FY
J OBRICKYBENICEED W6NBZEELHYET,
COULIEFERAFESIRIVF—RERRICH VIR -
ERSNTVBEZEABNTOET D, COFFBICIETKR
DA HMRWE> THY L [ ITRIVF—XKETI—T |
DUIRR—7 Y FZE>TOE T,

EI=R
B>

FHEHFEAFONRBELE (F. BRORNTS XY -
WHEDTRIVF—D DPBOSTRIVF—HRFIER
B) - EPRICSISESNBSBETHY., X DBREDTC
WICIE TIRAVYBZOEBCEDVICHBLER
DPRBERYE T, RIS, FHFINRBEOHR% R
LT, TSRAVYBREXOABTZESICLTEFL
2o FHRMROERBIEEEA SN TODEERM
SHRFIDREBONEDERISEDH THY, DB
BRHIELT, BRIRIVF-DERNER DTS
THNHEBREERBOMEDERD DY T, XDT
BICHBVT, BEROHMREBBDES TS ITERIAL
N BIRVF-—KEIIN—T] OFBHDEKTT,

HERAE

BIRIVF—KREBRRICLZFHEDINFBIZDIER

FHEDINRBIE - HHBRDESELE S IRIVF—
KAERRELT, BHEEHE NV —HEB (1), ¥
IRA— (BREIZDPUEFE) OEXT L P, RIAPLT
SVHR—UHASBEETI TV~ EEMAET. EER
BOHYVEN—R b, IR EAEF BRI ENTESE
To SHED Fermi HE P EF T LY I TEERBOFRIC
&U, THLIEXREDSDOAVVEERL BEFLOZE
BAEZFTTOET, F1olceCube D&LOBEARBOBRE)
MEE>TZa—rY ./ ORESHESNGHY, ¥DREK
FEZRDIIATTRBREDY Y TIVHIENDBHEDTNT
W&,

SIXIVF—KMHF

HLDTI—T TR CHAEERICKDHFINRE
RICHTEB <L, BURICKDERIVEOVIIERBIZA £ A
SEEIRIMY TV VAV TN R MR EEB Y B
REEDTVET, Floo THLICKELSHESND S
VN FER Za—hrU/RBREDEEXTENICRTES
o ETEREENDRE (B2), RLYOMBHIRIEFEHR
AR TEDOSNTOBER TOI T H b EBEICERL
TOE T,

EENERA. AN b NIV —R. B2
VaR%75 £ TOREREE
SIRIVF-XECHIT D5h(F FERITDIRIT
TRBYEE A BERIHDSEEW L TO BB FHEY
BITYREEDEDICNRSNTVBDH? AUV
N=RDEOFBICHEBVAYVERSE. EDLD7B
BETHINTOBZDHL? NV —RRBEDELDICHS
IRNVF—%BEIRIVF—IC&HRL. BBRREVIAN
ERBLTLBOHL? BHFEERFEPAVIYRN-ZEO
BRICOTBHEERTIE. EDOLDICHEBENMEIBSNTL
DN ? RETEINIBHBIVFLFE. AL DIRTIR
ADEBZE/Z EDLDICEEL. WIRINEFTOL
DOH? CHOUICREAFRBREBE L THRSNTHY,
ROOMRT -V EQBT>TOET . INIFEERENSERPS
DOMPASNTOBOERENEE IR ETHR - RS
NTVBBRICIFIBVTLE D, IDTZOYT4PELT,
LERORABICHMUMBS CEFXERFROEEATOET,

PEFEEESERICHEIENE. EMEEROME
PUFEPTSVIR—IVNERDEZFENFERBIC
KO TRBICHBIRVF—=KL, PHTEFRTBEE
ABNTHY, ¥YOEIPREFHRMEAM TEDSNTL
3 KAGRA R EDM FEIPRIRHSBD XA VA= w k&
BOTVWET, COLICEEEHEEERENRRTCH D
EEBIHLDEIRIF—KAERRODREL TEESN
TVET, FIAEFERADERBERDOEDTHDHY
NEN—XFDO—8RE. PUTFELSTCEEEEDORICTE
MESNBT SV OR—IVEERBEIRERET>TLBD
TRBODEVDERDBAICTONTOE T, 201748
B17BIC2DODPUFEN SR DEESHOERICHES
NICBNBEHEASN. SHICBRHN DAY VIRE TR
OREBOBHRIRRHAER ICEAShAKEREREBY
F L1

PUIEBESHEOBRBEBEN 10" g/cc. BED
10" K EVSBBROTRTT, HLANDTIV—TTld. &N
BEEFENSIRIF—RAERROEAD SREEDHIRIC
BAINL, —BRBOBRZMY ANTCHEBEREY I 2
L—y3 aN—RELICHAELT>TLET (B3).

BIRKRF
SH. WM ESREBAESICLY. TovoR—)LEag

1 BIRIVF—HFINERE LTHNSNSNMCEES (EIAXERE ). 1054 FOBHEFREORICERETNEEGREFE (BMI/IVT—) B
BEDOHRDICH Y, BEELEKICIRIVF—EHIGLTWVB T EHMSN TS, ONAO)

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 AVIIRN—R FDOEER, BEEDZOEGICEY., FORHENFEERI L. 75V I R—IVERRT 5, ZINEDHADEEL, HIK
SNIER@RIGEI Ty FZKD, Yy MNIEREAZRERY . EREEAANRCEY. T THBREZEA L. B RBISE> TAVIRER V.
RRICELEREEDS X IR TOERNEKR>T=Y §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.

373V IR—IVERUFEDEREHY I 1L —Y a3V 0, EAR
ZH LBET RV F—ERVREICEEMERZ RO, PHTEET S,
BEEFCIE—FOMED T Z v 7R—IVEEEMABZERM L. & 5IE—8H
REMCEREEND, 75 v U R—IVEERBPREMEIS RN ERIRIR
KOREGDBTeSH, T5 LEENREBHRZFATZ2ETHAL SERE
BEOMEIGESEH RS,

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.
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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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KAGRA installed underground at Kamioka
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3 PREEER. 2507 —LDORERMNE
. . . Around the crossing of two arm ducts in the KAGRA's central laboratory hall
B2 L—H—&L——%Z&MNT 5 I150Class1 YU —>YT—X

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 HIHZRN CTEREIREEESHRE
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 128 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, 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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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.

6 BT DT IES HSC BIEHE 7 « )L 2 — (Materion [ |H Barr
Associates] ¥t & 1#%77 ).

Subaru/HSC narrow band filter under development (collaboration with
Barr Associates Inc.)



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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Overseas

Telescope Array
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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 52,370 m’ Building 5,018 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 400 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 872 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 1500 researchers from 25
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

SOBRBICBABSEVDETHEIMD -AICESHYO0R —
oEIThNnE LI

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.

Since 2009, ICRR and Kavli Institute for the Physics and
Mathematics of the Universe (Kavli IPMU) have held two public
lectures a year, one in the spring and one in the summer. The
lecture was broadcast in real time and archived on YouTube, and
was viewed approximately 3,800 times in total. The lecture was
titled "The Mysteries of a Universe Full of Matter," and invited
Associate Professor Asaoka and Professor Murayama of Kavli
IPMU to give lectures on the Hyper-Kamiokande project and
neutrinos, respectively. The two lecturers also cross-talked with
the participants to answer their questions.
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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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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.




N EREMME OSSN Facilities

Facilities | 67



RZRFRICDULNT
Information




—
o

b ARl

rﬁ\\\\\\‘h_ \




nE

RRAEFERVRAITEHROEA MR E 2R TABE
DBEIT>TVBHIRT T, BIE(E 1950 (8870 25) FICEB
FMEREICL > TRTONLCRBEDHB/NETT . N
1953 (6810 28) FICRRAFFHREAPAEBU T LI O
ORI ENOEEHEF BAEHE T LI

1957 (B8R0 32) £ICIFIGY (B MIKERATE) DtREBE
OESRICBIL. B<EERNEES I EY E LI, JDEIC
LR+ D—DERIZ A, 1958 (BBF033) EICIFIT VIV 3
VFIVN—ICEBEREBDFE LI, YDBRLIESDRE,
NS DERIEEICL BIERERD R 5N F LI

1972 (B4 FILBB L, #HLICT2— 0V (BHWH
AND FOA—R) OREPIBEY. ERBFBHE S TITEE
Lfce 1973 (6870 48) FICIF, EMEBEDEXTH 2122
DOEBRARHMRAOEEE LTRRSNE LIZ, —DIEA
VE - OS-BORBTRRT. ©O—DEFRIET - Fv
HIAPUDEUERTT, 1975 (BRI 50) FllFIa—hF
OVh'ZakL, MOTHEBAMORROBEYE LI

1976 (B 51) FIC, RRARFFEEEAFMERRIAZF
BT EBYU & Lo JZICIE 1956 (B8BR031) 05
BL&LD6MHEE L TOCRRAZR T AT HRID 3
BPIN'TRINE N, £BFT 6 8P 1 MERDATATE L TEHEHR
L& Lice 1977 (8830 52) EICIERBERMAERICEZD
fiEHEER &Y, 1979 (8370 54) EICIFHEBO 1 A5 km 2L
[+ D—H#BELZSTUDOINILYIY - FIUN-HTE,
1981 (BBf056) EICFIVILY3Y - FUN—-(CLB8D
HEMZEHSWEY & Uiz, 1983 (BBH058) FICIFHBEREE
L TEEOBTREERNMBEY., —RFERARRHEE TE
F LI

1985 (BBF0 60) FRICB B ERELERBERI LD, =
BEBOLFTESHBICTONDEDICRYE LI, 1987 (88
62 FICFWE T, ERTHOTBHENONDZ2—H Y
/7 EBRFLIC, BUEICHE T, 100 E73 km L +
D—HARBOERNELTYE LIc, 1988 (8370 63) FIC
BB TAB=1— Y/ REZEAIL. 1989 (EMiT) F
ICEEETAB U7 —ICHOFEPEFROKBSIEKX = &
BILE LT 1990 (Epk 2) FICHBOLEY v O —8RIE
BASEAL. 1991 (E3) FEICR—N—AIA AV TDE
|HBE YU E LIS 1992 (Eak ) EICIFHERBROA —R
FSUPT, BEFERTRERTNOTBSIRVF AR
BRI & LI BUEIC IRPRICHTCICEIDROERI T —
THI0HY & Uice 1993 (kb)) FICIE FANY FTIPY v
D—AUNBEREEDORINEE Y E LIS, 1994 (F6)
FILRREF T, BRLHYBEOLERDNTOLERSIRV
F-ORY P D—%&RAL. BEHTE KR=21—+~U/ DR
BEERALE LI 1995 (¥ 7) FEICITHEDE=DHIE
MR & L THICICEHR L, SRFERNFIRRREGUEL
2o 1996 (Epk 8) FEICER—N—AIA NV THEHRLT
FERAID I E Y. 1998 (£ 10) FICIF 2 FRDEARER
ELT Za—hU/ICEEN BB ERERLE LIS
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1999 (¥ 1) FENS, Za—hU/DEERSHICE
L<BENBIEHIC, SIRIVF—IIRSHAFTHEDN SR —/N—
NAIFAVTICAF TAIZ2 -~/ 2K L TANDER
LFUE LI, FEZ2 -~/ O8RIBERERE L THIC
BZa—hU/ARDBEBLOD, FE=—2—HV /A
BEREEVA—EFEELE LI, SbIC, A—XLSUPD
BeEIRVF—ADNREAZ KIBICRES T SICOORSH
RE COE RMIRLIROENE LT,

2003 (¥pe 16) EFEDS., BREIRVF-—FEROLRE
FHL<SBRNBIHIC, XKEIANTO TAZRBIZBOONEL
120 AI8BYREERIE 2006 (Epk 17) FELE 2006 (F5k 18)
FEICTON, 2007 (L 19) EEDSBANEE Y LI,

2004 (¥R 16) F 4 B 1 BICIE. RRAFODEAMEz#IC
Mgz EL, SHRBPINSBBMRMAHI Y & LT
2010 (Epk22) £ 4 B 1 BICIE FHICICHBFA - HEMRE
WL LRESN, HEFBARZEICHEL TOLIEIIR
U LTz 2010 (Epk22) 7 BICE. FEHRITAMOTR
SHBOFE L THEREI AN TOCKBUERE DR E =R
(&IZ [KAGRAJ tahd) NNERFEDREHRITERSE
XD 1 DICEESN, BRDBILEYE LI, CNeREHT.
2011 (¥ 23) F 4 RICIENRIEEEzRE L T2z #
EITBHIEIBYFE LIS

2010 (EpL22) FICIF, BBHO J-PARC ER—/N—=7
SANVTEOZ2—FV /BEBHERTK HELEY, 2011
(¥ HE6BICEIa—Za—tY/PEFZ2—-FU/
ICIREN T BB IRENE— RO ET DNMR%E. ¥ LT 2012
(Epk 26) F&F TICIIEDN RN Z TS Lo

2012 (¥ 24) F£3 BICIE. A—R T U PDBBEIRIV
FHNUNBRERER [HoH—] 2T L& LI ¥LT
BEIRVF—HUNRERCSOTIE 2015 (EE27) &
[ CTA (Cherenkov Telescope Array) 70¥ x4 bDAO
BFIVVITVERED | SEORER ANA VBAFY P
&SNV TEBIT D &EICRYE LI,

2016 (WY 28) F 4 BICIF. KAGRA O&FHIILR &0 5E
TIRERMRER NI ERRBEAICKRBLF LIz, 2018 (E
A 30) E 11 B, FEGMRHANIHIICERLRFA - R
TR E L TRESN. BRHNEGERFIAMRAEEL THL
CElTRYE LIS, 2018 (EpL30)&E 108, CTA7OY T
HROROREEE 1 SHED. AXA VEHF Y PESSI/N
WRICTBRLE LIz, 2019 (EpL 31D E4 BIC. 7OYIH
FOBRERSRERD [HF Y PERIRIVE-FEYRE AR
5% (Z/VLV) PERLE LIS

2019 (5707t ) & 10 B.KAGRA A58k L. 2020 ($702)
F2 AP SEIREAICOT ICERAEE A BRI L& L1z, &2
2020 (570 2) ERBAOBAEKF T LY ITEAES [\
AN=NIFHhYT] SABHERICRAE—FL. BERDWmEY
FL1



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.

History | 71

uoBWLIOyU]



FX

1950

1953. 8

1955.8

1956

1957

1958

1959

1960

1961

1966

1968

1972

1973

72 | Timeline

PHEEMEMEIC L > TEEEICHBO/NED
2D (K& 1510
Asahi Hut (wooden structure; about 50 sq. meters)
was constructed on Mt. Norikura based on the Asahi
Bounty for Science.

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

FEHEAPTOARBD L UARRBHTRT B
The main building and research facilities of the
Norikura Observatory were constructed.

RRARFRFEARAFEREBOFEE (> v
D—8E IV 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.

FEREAFD' IGY (BFIKERF) ORI
B0L. RV D—DESAIZREIBT S

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

IRNY3VF T N—DERARBLTS
The emulsion chambers at Norikura Observatory
started operation.

RAKXBRIZAFEAMHAEIY v O — O %
BT

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

RRAFZRFIAERAIVILY 3 VA KRR
Tkx BRF

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

FMREBSOBMTRIEE (1R TSI,
RYUEPOERRBAOMRE) H'6E D
International projects of the Japan Society for
the Promotion of Science started (international
collaboration with India, Brazil and Bolivia).

RBICTCE 7 OFBRERSZZHETS
The 7th International Cosmic Ray Conference was
held in Kyoto.

RRAZRIARFALICIVY 3 VEBDSRIKE
EDFEMERATPTICHRESND

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.

RAKXFRIZAFMIVILY 3 VEHE LW
TIRNWY3VF T UN—0OER=RR0

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

SERENBET S

A full-time director was appointed.

S2—FOVOEERDSBED

The construction of MUTRON was commenced.

RRAAXZRIEMEMFEELICFENEMR
WHFHE

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

BeITRF—SHBEFEABFINHFRSNDS
The ultra-high energy weak-interaction division was
newly established.

1974

1975

1976. 5

1977. 4

1978.10

1979

1981

1982

1983

1986

Timeline

FRESOBMIBIEE (VR TSI,
RN ETPOERRHBHAR ) DBESND

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

SESHRNBEETS

A full-time chief administrator was appointed.

T2—-FOVHRRT D
MUTRON was completed.

BEEAPTORR DB S

The construction of the Akeno Observatory started.

Be IR F @B EREFINHRSND
The ultra-high energy strong-interaction division was
newly established.

BUSZRBELEHEICKYRRAZFEHIEHIE
e d

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

BaLx/)UF—aBaEABPPIN'E—5E 58P
[CADN, RERAFRIZARAHLSI 21—
BTAE  PEFMIETERR FHEEZNIBEL.
6 BFI 1 ERAIFT 8B

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.

PEERPTHOBIEIER 3D
The Akeno observatory was established as one of the
ICRR facilities.

BAEBERP DB 217D
The Akeno Observatory performed the opening
ceremony.

RATFICZRY +» D—RE (1km?) D'l T S
The Akeno 1km’ air shower detector was completed.

ELTWIVILY 3V F T UN—H5R%mE B
The special facility for emulsion chamber on Mt. Fuji
was constructed.

REICTE 16 OFFREFSZ=RET S
The 16th International Cosmic Ray Conference was
held in Kyoto.

IV VYFIUN—ICLDEDPHREMEZ
B89 B

Japan-China joint research on emulsion chamber
observations started.

FHFSTHEPT (B8 ) P'FRchs
The cosmic ray detection division (for guest
researchers) was newly established.

PR TEARDRISNS (4 B)
The Kamioka Underground Observatory was
established (April).

I TR FAHIEERR (WIAHVTER) %
HERRE L THEBIS

The nucleon decay experiment, Kamiokande, started
in the Kamioka Mine as a collaborative research
project.
BENMsseP e LIc—RFEFRMERFE~E
HEIT D

The primary cosmic ray research facility (i.e.
massspectrometer etc.) was installed.

FRStBRVIEES () PRESNS

The first committee for future projects was organized.
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1987

1989

1990

1991

1992

1993

1994

1995. 4

NIANVTEBRHIMRTHO TBHFENHD
ZTa—hFYUIN-R-EHEAD

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

B ERRIPT CILE Y + O —EDHIZEE AGASA D2
RIBFED

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

WRstERI\EES () DBBHES
The first committee for future projects submitted an
evaluation report.

NIANVTEBRIABHNSO_2—FY /RB
= &8

The Kamiokande detector observed a deficit in solar
neutrino flux.

FEEDRIPT CARG 7 L P —[CHOFHRO KBS
A

A significant increase of cosmic ray intensity

coincident with a solar flare was observed at the

Norikura Observatory.

B ERIPTIC LY + D —8RIEE AGASA B
AT B

The wide area air shower detector, AGASA, was
completed at Akeno Observatory.

A=N=HAIA YT OEXRDIBESD
The construction of Super-Kamiokande was
commenced.

REt@ERsI\EES () ERESNS
The second committee for future projects was
organized.

Za—FhU/FHEYBSIBIDHRSN. FH
RSTRIERPI (B8 ) DELESNS
The neutrino astrophysics division was newly
established, and the cosmic ray detection division (for
guest researchers) was discontinued.

BRI IN—TH T 2 —PEF RTINS
The gravitational wave group joined in muon
measurement division at ICRR.

A—RAESUPTHYHI—ETEDWBE D

The Cangaroo project started in Australia.

HYHI—5t@H PSR1706-44 H 5D TeV 5
VNIRRT B

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

FANY R TIPY P D—HYVBREBEBDIE
=n N

597 B9h0

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

BT ERD LK S

A computer center was built at Kamioka Observatory.

_z:%/f—jj SAAVTOICODERBEHIDT T

The excavation for Super-Kamiokande was completed.

BRABEART T 2x10° eV DAY+ D—AERT B
A giant air shower with energy of 2x10%° eV was
observed at Akeno Observatory.

SNERSH A RIES D

An external evaluation of ICRR was conducted.

AIAAVTTRR=Z21— U/ OXREAKE
=88

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

“a—KU/FEYEBFHPINFELS N, 18
FERNFARER DRSNS

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

11

1996. 4

1997

1998. 6

11

1999. 4

2000. 2

3

2001.11

2002.12

12

2003. 8

2004. 4

Timeline

A=N=—AZIFNVTOTHA=ZBRET S
The completion ceremony of Super-Kamiokande was
held.

RA=N=NIF NI TOFISEANIBE B

The full-scale operation of Super-Kamiokande began.

FANY EDOIPY v D—HYNBRERESN'T
Y B

The air shower gamma ray detector in Tibet was
completed.

A=N=HNIAHVTICELBZ2—FJ /BED
EEPERICHKEZIND

The Super-Kamiokande collaboration officially
announced the discovery of none-zero neutrino mass.
BFErVNRAOERD1BFED

The construction of the Kashiwa Campus was
commenced.

FHEZ21— Y /EAERRE N —E
54 A/)

The Research Center for Cosmic Neutrinos was
established.

A—RAESUPTHYHI—ETE 2 H'18& S

The Cangaroo-2 began operation in Australia.

F—RESUPTHYA—5E 3 HEfH% B
1695

Preparation of the Cangaroo-3 began in Australia.

BEfE COE UIEX 70T S AlCKUBRIR
=1 BTSN R T B

Ultra high energy gamma ray research foothold was
established.

HBRSHB DRSNS

An external evaluation of ICRR was conducted.

BFE v+ VNRCEBHEIT S
ICRR moved to the Kashiwa Campus.

R=N=RAZIFHVTTEHHTRIY. ¥
LTOXREFIBEENENDS

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

NIANVTOREZLEIC, FE-2—KYU/
BRENONA AZPRIEBICE Y, I\EERZE
HED /) —N)BSE=ZET S

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.

A=N=NIFHVTHERE|IBLT. EReHE
HID

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

%)28 OFBEREFREE DO THET S (8

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

TLURD=TP LA DEEBHWEE D
The construction of the Telescope Array was
commenced.

NYHN—5tE 3 D 4 BOBRENTHT B
Four telescopes for the Cangaroo-3 were completed.
BIUXEAEAMEEND

Japanese national universities became independent
administrative agencies.

FH 21—~ U /R, STRVF-FEHE
BRIEERPY. FHEERIRAITERPID 3 HFIEERPT
E2B

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.
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R=N—=hIHHhVTHELEB=ND
The restoration of the Super-Kamiokande was
completed.

BRSO RES NS (10 B)

An external evaluation of ICRR was conducted.

FRSERSIRES (D) NRESND

The Committee on Future Projects III was established.

fREt@RIEas () DBBHES (8 A)
The Committee on Future Projects III submitted its
report.

TURD=TPLARROEA =0T S

The Telescope Array experiment started observation.

T2KERORND—a2—hF Y /2 RXA—=/N=HZX
ARV TTEATS

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

FHEMXADEEFA - HEHRLRE L TH
13T CHEFRDHEZ LT B

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

KEUERE IR ERE (BIC [KAGRAJ &88)
D BRZEDOREMATEBEED—DITEE
SN, BERDBED

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

BNRHEENRESND

The Gravitational Wave Project Office was established.
T2KEBRNPEF =21 — Y/ BREROIEZ
A

The T2K experiment caught a sign of electron neutrino
appearance.

EREtERSEES (V) DRESNS

The Committee on Future Projects IV was established.

FA—RESUPOAVHI—RRIET TS

The Cangaroo experiment ended its operation.
HEBRSHB DRSNS

An external evaluation of ICRR was conducted.
HHRStBRIZES (V) DEBHES

The Committee on Future Projects IV submitted its
report.

KAGRA D1cb® > R JBHINTZEY T 3

The excavation of KAGRA tunnel was completed.

CTA RORLB=E 1 SEOEEN18F D
The construction of the first CTA Large Size Telescope
(LST) was commenced.

KAGRA $—HRERRIEsR D'5TA T B
The construction for iKAGRA (initial KAGRA) was
completed.

—a—hU/NBEE/HDSEERI 21—/
RBRRDERICLY, IRORBESHRD
J —NIVBSFEZTET S

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

BHRHEER DR S NEIREDAATT 52 DFE
EID

The Gravitational Wave Project Office was reorganized
into the KAGRA observatory.

HHRStBRIZES (V) PRESNS

The Committee on Future Projects V was established.
EREtERSEES (V) DBBHES

The Committee on Future Projects V submitted its
report.
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2021.12

Timeline

FHEAEMDPLOEBHEFY, RRAZREAR
Za— kU /RSEERTEBDRET S
Next-generation Neutrino Science Organization was
established. ICRR acts as the host institution.

R=N=—HWZAHh>TH SK-Gd ZRICEF. D
KB NADHNETISAEHRT S

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

Fr L7 - 7LROD-=TJPLA (CTA) K
ORBERE 1 SN AN VEHFY PESS /N
JUNIZ5ERT B

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

FHRUFEMOEEREEEFA - HEMFEIRICER
ESND

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

TLRO=TPL4 (TA) 2RO 1 0@AEZ=
AE% RRAFIOF + /NI TEET B

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

TLRO=TPLA (TA) O#IKRIZE (TAXA)
MKRELZINTIBES

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

N+ U PEIRIVF—FEYIREAIRT I H'FE
B95

High Energy Astrophysics Facility in Canarias was
established.

HBRSHI DRSNS

An external evaluation of ICRR was conducted.

KAGRA OFeptsemt e 2T 5
KAGRA celebrated its completion.

NAN=NIA N THBZREBT D
The Hyper-Kamiokande project is officially approved.

KAGRA H'&ROEAIICaS 1o B8z 86T B
KAGRA started operation for observation of
gravitational waves.

R=N=HIZIAHFTIZ001% DRETGI %
BAL., SK-Gd =8N RAE—F

Gd was loaded to Super-Kamiokande with 0.01%
concentration and SK-Gd was started.

FAY R AS y EREHXRD)HDSL ERSTRIV
F—0 y 188, XN\ EDOYORENGHL 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.

BEFHRN TSRO Y T 51 b A T« X%
REEBIREEFSPTCRE

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

CNRS ERRAZRICK DFE - FHFDEERU
TR =10+ v > NRITERIL

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

NAN=—ANZIA AV TOBIL A% B
Groundbreaking ceremony for Hyper-Kamiokande
was held.

FEIRIFTPT IR S I RDIR TSR3 Bkt
Opening ceremony of Kamioka Research Complex
was held.
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Research Division

Research Facilities

Organization

—— FEIa— M JHARERM

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

—— BAEFELBIFR

Akeno Observatory

o5

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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#:%4 Board of Councilors
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2¢

3¢

4c

RRKSF FHEMTPT

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

Institute for Cosmic Ray Research, The University of Tokyo
RRAKS FHERREA

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

Institute for Cosmic Ray Research, The University of Tokyo
RRAF K RIRS SRR

Graduate School of Science, The University of Tokyo
RRKF

The University of Tokyo

B LRIVF—IIRESATHEE T RT LR
Institute of Particle and Nuclear Studies, KEK

REKRSF BRYIES I

Yukawa Institute for Theoretical Physics, Kyoto University
BRBZHIEEE B RS

National Astronomical Observatory of Japan

PEAFIETSER
Faculty of Science and Engineering, Konan University

IHEEARS IBTHE

College of Science and Engineering, Ritsumeikan University
RRARFAFIRIBS RARRME £V TNV FEERAE 2 —
Research Center for the Early Universe, The University of Tokyo
FERSHIZERT

Institute of Space and Astronautical Science

RRKF AT YEERAE 52—

International Center for Elementary Particle Physics, The University of Tokyo
BEEARS FHEUMIIREHIRA

Institute for Space-Earth Environmental Research, Nagoya University

RRKE FEHRUITPR
Institute for Cosmic Ray Research, The University of Tokyo

1E =28 E Advisory Committee

REKT FHERUIE

Institute for Cosmic Ray Research, The University of Tokyo
BIRIVF— DRSS Bt X —

KEK Theory Center

BUFHRAS BTSY

College of Science and Engineering, Aoyama Gakuin University
KERAIKF RS e IBFHRA

Graduate School of Science, Osaka Metropolitan University

BLRIVF—IDRSBHIFHIE RN FRFEARPFTARI VRS VA —

Wako Nuclear Science Center, Institute of Particle and Nuclear Studies, KEK
RRAZAZIRIBS R

Graduate School of Science, The University of Tokyo
RERFAF e B HIER

Graduate School of Science, Kyoto University
BEERFFHMIKIR B

Institute for Space-Earth Environmental Research, Nagoya University
BEERS FEHMBIREHTE

Institute for Space-Earth Environmental Research, Nagoya University
KBRAIXFKFPr IBFHAFER

Graduate School of Science, Osaka Metropolitan University
RERF B

School of Science, Tokai University

RRKS: FHERRPT

Institute for Cosmic Ray Research, The University of Tokyo
RRAKS FHEEUREM

Institute for Cosmic Ray Research, The University of Tokyo
RRKST FHETPT

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

Institute for Cosmic Ray Research, The University of Tokyo
RRKS: FEEIRPT

Institute for Cosmic Ray Research, The University of Tokyo

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

RRKS FERVIER
Institute for Cosmic Ray Research, The University of Tokyo
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P
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£
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Vice Director
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6
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ESER

Professor

%

Professor
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hUB HET
NAKAHATA, Masayuki
AW IR
MORIYAMA, Shegetaka
NE &—
OGIO, Shoichi

NI Hexs
KAWASAKI, Masahiro

£ 55,
HOSHINO, Masahiro
PR JEA
SAITO, Nobuhito
B BA
SAITO, Naohito
B4 Mt

AOKI, Shinya

BB ER
TSUNETA, Saku
ERVES
KAJINO, Fumiyoshi
% 8

MORI, Masaki

B E—
YOKOYAMA, Junichi
e =
YAMADA,Toru

b Zad =

ASAL, Shoji

S5 St
KUSANO, Kanya
E EA
TAKITA, Masato

as of April 1, 2022
hUB HETT
NAKAHATA, Masayuki
1% Be—E8
KITANO, Ryuichiro
Wwis 5y
YAMAZAKI, Ryo
BE RS
SEIIYA, Yoshihiro
08B &8
WADA, Michiharu
PE RIS
NAKAIJIMA, Yasuhiro

&S 8

TSURU, Takeshi
BS LR
TAJIMA, Hiroyasu
Pk 3E

ITOW, Yoshitaka
B B’
KANDA, Nobuyuki

7S 753
NISHIJIMA, Kyoshi

BB IEA

TAKITA, Masato

W RR
MORIYAMA, Shegetaka
NE B—

OGIO, Shoichi

s 7S
KAWASAKI, Masahiro
BEEA
SHIOZAWA, Masato
XS 1Efg

OHASHI, Masatake

=z 757

KUBO, Hidetoshi
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HEF]AZEEZ B S Inter-University Research Advisory Committee

C

OB

HEF) AL REEIRZ S £ Inter-University Research Program Selection Committee

€

OB

OB

Committees

as of April 16, 2022

KRBRAIKF KRS BRI SR 6 BE 58

Graduate School of Science,Osaka Metropolitan University Professor TUNESADA, Yoshiki
KRNI KZAFIRIEF AR 4% B E’1T

Graduate School of Science, Osaka Metropolitan University Professor KANDA, Nobuyuki
REAF B 345 7S 755

School of Science, Tokai University Professor NISHIJIMA, Kyoshi
IEREERS BT B0 £ 7 I

College of Science and Engineering, Ritsumeikan University Professor MORI, Masaki
WIERSIESES 4% X 2

Faculty of Science, Yamagata University Professor NAKAMORI, Takeshi
BARFEETSE i= 6 B8 89

College of Industrial Technology, Nihon University Associate Professor SHIOMI, Atsushi
ERB SRS BURE AR FRAE ¥ —

National Astronomical Observatory of Japan Associate Professor ASO, Yoichi

WP RFAFIRIBS AT 4% A B

Graduate School of Science, Kobe University Professor TAKEUCHI, Yasuo
RRKRST FHEMIEPT 4% BB EA

Institute for Cosmic Ray Research, The University of Tokyo Professor TAKITA, Masato
RRKT FHRVIRH 3% =R B

Institute for Cosmic Ray Research, The University of Tokyo Professor MIYOKI, Shinji
RRKSF FEHEVIRPT R B N7

Institute for Cosmic Ray Research, The University of Tokyo Associate Professor OKUMURA, Kimihiro
RPAKF FHRUIEPT AR 56 J&55

Institute for Cosmic Ray Research, The University of Tokyo Associate Professor NODA, Koji
RS FHRMIZERT R e 2

Institute for Cosmic Ray Research, The University of Tokyo Associate Professor SEKIYA, Hiroyuki
RRKT FEHRVIRH R B T

Institute for Cosmic Ray Research, The University of Tokyo Director NAKAHATA, Masayuki

as of April 1, 2022

R IKZITEE 3% BEE mtb

Faculty of Engineering, Kanagawa University Professor HIBINO, Kinya
RREBIAS % 515 5hE%

Tokyo City University Professor TAKAHASHI, Hirotaka
BEFDPAFETSY AR o B

Faculty of Science and Technology, Keio University Associate Professor NISHIMURA, Yasuhiro
BERAFFH MR BT R =F XD

Institute for Space-Earth Environmental Research, Nagoya University Associate Professor MIYAKE, Fusa
RRKRSFERNR % 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
RRKRFFE IR R =D

Institute for Cosmic Ray Research, The University of Tokyo Associate Professor MIYAKAWA, Osamu
RRASFERNR R 20 &5

Institute for Cosmic Ray Research, The University of Tokyo Associate Professor NODA, Koji

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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HHE

EftfRE
Past Representatives
FHIGEARR
Cosmic Ray Observatory
s 8 %=
Director HIRATA, Morizo 1953.8.1-1955.831
g 5t IEL
Director KIKUCHI, Seishi 1955.9.1-1959.9.21
(SR Fp F|
(Acting) NONAKA, Itaru 1959.9.22-1960.7.31
(BFEER) RS BX
(Acting) KUMAGAL, Hiroo 1960.8.1~1960.11.30
[Zig= Fcp F|
Director NONAKA, Itaru 1960.12.1-1970.3.31
& B 55—
Director SUGA, Kouichi 1970.4.1~1972.3.31
P& =% =i
Director MIYAKE, Saburo 19724.1-1976.5.24
FHIGHZER
Institute for Cosmic Ray Research
[Zig= =% =8
Director MIYAKE, Saburo LA S B el
P& e B—
Director KAMATA, Kouichi 1984.4.1~1986.3.31
& TRE —EB _
Director KONDO, Ichiro 1986.4.1~1987.3.31
(BFEER) B AES ~
(Acting) TANAHASHI, Goro 1987.4.1-1987.4.30
mE FEAD SRED )
Dhiiostiam ARAFUNE, Jiro 1987.5.1~1997.3.31
& P& EZ
Director TOTSUKA, Yoji 1997:4.1-2001.3.31
[ZiEs W NES
Director YOSHIMURA, Motohiko 2001.4.1-2004.3.31
[PiES AR E—RB
Director SUZUKI, Yoichiro 2004.4.1~2008.3.31
8lprTE 2B 08
Vice Director KURODA, Kazuaki PG S A
& B8 S
Vice Director FUKUSHIMA, Masaki 2008.4.1~2012.3.31
P& =W BEE
Director KAIJITA, Takaaki 2008.4.1-2022.3.31
g S 56N
Vice Director TERASAWA, Toshio 2012.4.1~2016.3.31
giprE U FEAT
Vice Director NAKAHATA, Masayuki 2015.12.1-2022.3.31
8 e FE#S
Vice Director KAWASAKI, Masahiro 2016.4.1~2020.3.31
8lpr B =17
Vice Director SAGAWA, Hiroyuki 2020.4.1-2022.3.31
_ " L
FEE B TEST 02240~
Director NAKAHATA, Masayuki
8lprE BB EA
Vice Director TAKITA, Masato 2022.4.1~
HEEH
Number of Staff
— e e G
Professor Associate Research Research
Professor Associate Fellow

14 18 31 17

[9] [2] <I> 2 <2> 1) <6>
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Staff
SEERERAIFR
Norikura Observatory
fciig%&) ;;’?Aig?sabum 1976.5.25~1977.2.28
B =@ F
PDﬁifctor ?{Ellgi} ?j)shinori LR AU
FDﬁifctor li%%l}gl—?IMA, Masaki 2000.4.1-2003.3.31
of ut
FDﬁifctor il'iEAEI"lJ—:_II:A,AMasato 2003.4.1-2022.3.31
3 N
gfctor ;il%(l)?\Takashi 2022.4.1~
PREFERBIRR
Akeno Observatory
FDFrifctor ialz\'/lfT;, 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%HL;%/I%, Masahiro 1998.4.1-2002.12.31
PDﬁifctor ItEEJ‘?%(IJIEI?IMA, Masaki 2003.1.1-2012.3.31
PDﬁifctor gﬂg@i Hiroyuki 2012.4.1-2022.3.31
FDﬁifctor %IEO?;S;)ichi e
I i R F ISR AR
Kamioka Observatory
=r SR S —
g@i'r::ctor ?O?Sﬁl(_A, Yoji 1995.4.1-2002.9.30
e=n, aofe g
]ﬁ;%;:ctor ?I?qujil, YEEichiro 2002.10.1~2014.3.31
=, ) =
]g)mis:cfr ;PXEJ{E%TZTA, Masayuki 2014.4.1-2022.3.31
o=, 3
])gai;:ctor iSﬂﬂ%)/ZéAé\/A, Masato 2022.4.1~

FH-_21— M/ BRARRRE 7 —

Research Center for Cosmic Neutrinos

VA —K 1ZB BE

Director KAJITA, Takaaki 1999.4.1~2016.3.31
SR BN L 2016.4.1~

Director OKUMURA, Kimihiro o

B EAIRZEhERR

KAGRA Observatory

ifi5°d A8 1B

Director OHASHI, Masatake 2016.4.1~

AT ) TRIRIVF—FEMEEAMARIER
High Energy Astrophysics facility in Canarias

ijifsa g BIE
Director TESHIMA, Masahiro 2019.4.1~2022.3.31
o % 757
Director KUBO, Hidetoshi 2022.4.1~
as of May 1, 2022

L= EHBE FEHHE 2y
Technical Administrative Adjunct TotDal

Staff Staff Staff

8 29 47 164
@ ©) 35) [11] (48) <9>

[ 1:¥8 M0 ()& (%) ) AEAN (R

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



FE
mtRE

Annual Expenditures

X5
Category

AHE

Personal Expenses

whE

Non-personal Expenses
&5t

oo

Total

NBELEFDZAREE
External Funds, etc.
X5
Category

REZE DHBEFE

Joint Research with the Private Sector

ST

Entrusted Research

REHE

Donation for Scholarly Development

28

Foundation

MEARBYPNERDRAZRER

Grants-in-aid for Scientific Research

Eq=)
Category

HERIHEERRZE

Specially Promoted Research
M PRIEHAZE

Scientific Research on Priority Area
EHBATE (S)

Scientific Research (S)

BT (A)

Scientific Research (A)

ERHITE (B)

Scientific Research (B)

EEAZE (O

Scientific Research (C)

BFHE (A)

Grant-in-Aid for Young Scientist (A)
EFHE B)

Grant-in-Aid for Young Scientist (B)
BFME

Grant-in-Aid for Young Scientist
PEpopis (B

Challenging Research (Pioneering)
B0z i

Challenging Exploratory Research
PREBIBRE (853

Challenging Research (Exploratory)
WRFHR 52— I IE
Research Activity Start-up

FY2017

779,000
1,514,000

2,293,000

FY2017

1300 (2)
0 (0)
17,765 (2)

62,421 (410)

FY2017
287,900 (3)
89,400 (5)
34,700 (1)
10,400 (2)
22,100 (5)
8,100 (8)
8,300 (3)

6,600 (9)

6,600 (1)

900 (2)

800 (1)

ERAEVIRIEES (ERABTIRRIE (B)

Fund for Promotion of Joint International Research -

(Fostering Joint International Research (B))
ULHENEEHEYAITUR
it

Total

475,800 (40)

Budget

FF thousand yen

FY2018 FY2019 FY2020 FY2021
823,000 872,000 898,000 898,000
1,729,000 1,611,000 1,173,000 2,078,000
2,552,000 2,483,000 2,071,000 2,976,000

() |¥Z AL The number of () r:ei)':zstel::;lsls(;?:n{s;

FY2018 FY2019 FY2020 FY2021
0 (0) 0 (0) 0 (0) 0 (0)
0 (0) 1,966 (1) 340 (0) 231 (1)
1,960 (3) 3,387 (2) 1,600 (1) 0 (0)
49,911 (184) 22,728 (141) 22,654 (141) 17,739 (171)

FF thousand yen

() 12 AHE The number of () represents quantity

FY2018 FY2019
102,100 (3) 17,800 (1)
134,000 (7) 165,700 (7)

35,600 (1) 29,700 (1)

13,200 (2) 49,700 (4)

14,700 (4) 16,400 (4)

11,200 (9) 8,300 (7)

2,700 (1) 0 (0) =asey
3,500 (4) 200 (1)
6,000 (3) 6,900 (6)
4,400 (1) 5,700 (1)
0 (0) zamey 0 (0) =amey
2,300 (2) 3,000 (3)
3,300 (1) 6,700 (2)

333,000 (38) 310,100 (37)

FY2020 FY2021
0 (0) 0 (0)
158,300 (9) 154,000 (5)
71,100 2) 174,000 (3)
50,300 (4) 37,600 (4)
9,400 (1) 7,410 (3)
4,500 (8) 6,300 (8)

0 (()) HABRT 0 (0) HARIET

0 (0) xameT 0 (0) #ame7
6,700 (9) 9,660 (8)
3,100 (1) 0 (0)

0 (0) xamsey 0 (0) =amey

2,000 (1) 3,300 (2)
2,000 (2) 200 (1)
9,800 (3) 5,500 (2)

200 (1) 0 (0)

317,400 (41) 398,670 (36)
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HEF AR - HE
R RS

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

RRKRFFERUIEM, F

B+ v VNR, BEFERAFHRER.
PBEERPS E DN EIESR THEFA
2018 FEICIERABHA

Mgk, FEEREVAIPT.
MEETOTRFLI, =HIC

BHA - HEMEARE LT,
BIREAR

I__lﬁﬁj'u&‘b_t b?nrh\ﬁéni L/f\_o Lnb@'ﬁ\:ﬁiﬂjﬁﬁﬁﬂ
HEF B

RFFECEICEBRIOHREDSREL.
ZESDERZTOLET,

DESEEERUREHF

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.

2021 F£E BARE FIRRKR
FY2021 Results of Domestic Application

FHE-1—k U/ HIEET

Neutrino and Astroparticle Research Division

B LRI)IVF—FEHFMIEELPT
High Energy Cosmic Ray Research Division

FHERYIBS IR
Astrophysics and Gravity Research Division
FHE 21—+ /BAERRE Y —

Research Center for Cosmic Neutrinos

2021 FE ERAE AR

FY2021 Results of International Application

FHE 21—k /BB

Neutrino and Astroparticle Research Division

B LRIVF—FEHRMEELPT
High Energy Cosmic Ray Research Division

FEHEEYIRF IO
Astrophysics and Gravity Research Division
FHE-2—F U/ BAERRE 8 —

Research Center for Cosmic Neutrinos

BB BARHE MNERZEEEL
Applications Successful Applications Total Researchers
45 (45) 45 (45) 1755 (1755)
60 [11] 60 [11] 1306 [82]
25 <23> 25<23> 687 <619>
6 6 62
BB BIRHE U A=
Applications Successful Applications Total Researchers
10 (9) 10 (9) 58 (48)
9 [0] 9 [0] 74 [0]
6 <6> 6 <6> 27 <27>
0 0 0

O T mi*u¥ﬁﬁnﬁﬁm0)?§§k\ [1 I3REZEVAFRDAEK. <> IFEFREBIFASE R DL

AEREE

Education

() : Kamioka Observatory, | ] :

RRREFHRVIRE, RRAFEZ R R YIES

RORYESHREO—IRE LTSRS
RERODFZLESLTOE T,
E2FHBHECLIF—IBERBL

RI\EBETHEEDIC
HEFEZEZHTRIC

7%

PPN

TOET, FLRIAFEXRERO—IRELT. BRI
REOKRFbr&E %z, HFHEE. HRVIRE SIEAVR
ELLTRFANDBHEVTOE T, RRAZFEHEM

BAADKZRZESZARISIUATOESY T,

FY2018

ELRE

Mastcr’sECOurse 34 (1 )

B1ER1E

Doctor’sECourse 37 (3)

&t

Total 71 (4)

80 | Inter-University Research and Education

Norikura Observatory, and < > : KAGRA Obsevatory

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.

FY2019 FY2020 FY2021 FY2022
35(2) 37(3) 37 (4) 30 (3)
33 (1) 23 (1) 28 (0) 27 (1)
68 (3) 60 (4) 65 (4) 57 (4)
() 5Bk

The number of () represents female students.
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International Project

FIIXHhT O 15 L (ALPACA Project)

RUEPOF v HUAPWLETE By +D—BAREZAVICEIR
WF-—FHEERMHEESNTOE T,

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)
FRY FOENH (PUN—FV) BRTEFEIY v D —BAEEZAL
TBIRNVF—FHERERZTO>TLET,

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

FURD—TP LA FOY I k (Telescope Array Project)

PAUNDIRTE, AP BE AR EXERBEAOTESIRIVF—
DFEFROER - FRZTO>TOE T,

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

R=N—hZAH>FTTOJ 15 |k (Super-Kamiokande Project)

BEFERMFWARMER TlE. R—N—HhIFHYTEZAVT, Za—k
U/ REPBFBRIEORBREDHARZT>TOET. 10 hEOHEED
HEAEICENL TO&ET,

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—=RAZIAHhYT IO 14 b (Hyper-Kamiokande Project)

BEFHRATHEERTE. Z2—hJ/ - BFBERROICODORE AL
BORBTEDTOE T, 20 hEOHRBEHNHEHAEICSNL TOET,

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 70 14 | (XMASS Project)

HEFERN T HEMHESR TlE, SRIEF L/ VRPE XMASS THRICT—4
ZRAVWT. =X —RUPRIOBROFERZBHLBLLTOLET, B
8EE, PEOREZE/SMLTOET,

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.

XENON O x4 I (XENON Project)

ARUFPODLSHwVEIMEMTIE, XENONNT P&z B TR
MEBEOBHERRERZTO>TOET, 12 hBOREEHNEENZI SR
L=Vl TOET,

The XENONNT experiment at LNGS in Italy is going on to discover dark matter
particles directly. Researchers from 12 countries are organizing an international
collaboration.

KAGRA 7O 1 k (KAGRA Project)

BHREAAEIES TE XBEERBNHRERE [KAGRA] Z&E L.
BRALTLET, 11 HBEORARENHBHAEICSNLTOET,

The KAGRA observatory has constructed and operates the Large-scale Cryogenic

Gravitational wave Telescope (KAGRA). Researchers from 11 countries are
involved in the international research project.

CTA 7O 1 & k (Cherenkov Telescope Array Project)

ANAY - hFUPEEDSNIVREF) - NSFIVTE. IRIVF—
B RBREPBRSZOWRZTOIOIC, FLYITTFLRI-TFPL
1 (CTA) DEHRZEDTVE T, 25 hEOWHERBEHNHEMREICESML
V&Y,

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 25 countries have joined the project.

ZANEAAEEE

The Number of Accepted Foreign Researchers

2017 2018 2019 2020 2021

FPIT (Asia) 26 29 48 1 1
Z 77 =7 (Oceania) 0 1 0 0 0
EEK (Latin America) 0 0 2
JEK (North America) 37 32 40 0 0
3—0w/\ (Europe) 13 22 31 2 11
&5t Total 76 84 119 3 14

International Exchange

A4 2= —de > — +
EFRSF T3 R E MR 4
Academic Exchange Agreement
RNIEPHYPYRURKRZE (RUET)
Universidad Mayor de San Andrés (Bolivia)
ARKRFIBFE CKE)
College of Science, University of Utah (US)
DY T H VZPRZTP—IN\A URYIBESFE CKE)
School of Physical Sciences, the University of California, Irvine (US)
RR Y RKFXFRIBZHAEE CKE)
Graduate School of Art and Sciences, Boston University (US)
OYPREPHTI—RFIZARE (OVF)
INR, Russian Academy of Science (Russia)
BEA—R S U PREEDYBRZE (F—X-S5U7)
Faculty of Life and Physical Sciences, the University of Western
Australia (Australia)

DT+ V=PITHXZ LIGO BiZErT CKE)

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

European Gravitational Observatory / The Virgo Collaboration (Italy)
LB8EXS (fE)

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

PSR T-KFENHAEH (&RE)

Institute for Gravitational Research, University of Glasgow (US)
PIARZIEE (1&2UP)

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

PERFRERKYS (PE)

National Astronomical Observatories, Chinese Academy of Sciences
(China)

Y RUwY RBBRFESE (ANA2)

The Faculty Sciences, Autonomous University of Madrid (Spain)
PR YIRIAERT (B7D)

Institute of Physics Academia Sinia (Taiwan)

NVORTS VMBS ERR (FAWY)

Max Plank Institute for Physics(Germany)
RIPBEASRERBZKEFERIR L2 — (BB
Sungkyunkwan University, College of Science, Center for Cosmic Ray
Research (Korea)

K-S REIEIHHIRLY A— (K-S F)
National Centre for Nuclear Research, Poland

HF Y —FEMERSAR (A1)

Instituto de Astrofisica de Canarias (Spain)
~SAPYT (HFHH)

TRIUMF (Canada)

BiUPRKFYBFE (BE)

Physics Department, National Central University (Taiwan)
BEEAFYRTZR (PE)

Tsinghua University (China)

NIV— » KSYIL - ESH (12U 7)

The University of Perugia (Italy)
PERSFIRECEYIR - KSR (PE)

Wauhan Institute of Physics and Mathematics,Chinese Academy of
Sciences (China)

BEFYIFVRA—N—D 1Bt E—

- BRERMER (B8Z)

National Center for High-performance Computing(NCHC), National
Applied Research Laboratories (NARLabs) (Taiwan)
ERHDKRZRINF VIZIBAFRT (O 7 )

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

ISV REMBERE LA —(TIVR)

The French National Centre for Scientific Research (France)
RREGRRH (A2 F)

Tata Institute of Fundamental Research (India)

1981
1995
1995
1995

2001
2001

2009

2011
2011
2011

2012

2012

2013
2017

2017
2017

2018
2018
2018
2018
2018

2018

2019

2019

2020

2021

2022

HEFMAARICENL TOBHEARESE, 2021 FET
FEN 1,645 AICEUZE T,

Total number of foreign researchers who joined ICRR inter-
university research projects was 1,645 in 2021.
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[LER Public Relations

ANV b H1T4D
Events Publication

A7) IPMU & DER—AGERS
ICRRxKavli IPMU Public Lecture

ICRR=Z21—X
ICRR NEWS

ICRR NEWS

FHEVITAD, Hh7UEYBHEFENREEERNHL T FEEARFDO FEY S RZ LA BFHE. FIC4O0EFE
BEBSCMCHELTOLB F—HANY FTT, BAZBTHITLTOE T,

MF v 1IN ZA—HRAE ICRREE
Open Campus ICRR CATALOGUE

SFEIREZEPT

Institute for Cosmic Ray Research

ICRR CATALOGUE 2021

S

ey )
g

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

FH - FTUNFRTVVTRAI—IV
Spring School

7=a7ILLR—F
ANNUAL REPORT

ICRR
ANNUAL
REPORT
2020

AERESERACKF 3IFED. 4585 BOBRTES FERWEPAOSAETOITH LD 1 FREDELZHFEMA
IO PETCH & —HEICRBPETICIRU A E T FE- REeFOIMF. F-OFT. RIBRTT,
SHFRARODERTOI S LTI,
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L3R

Web O>572Y
Web Contents

FHIEMISFr Web News
ICRR Latest News

Do ves Q
()
ICRR
Latest News

BRSE (4x¥ )

-~ e

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

FHEIRFAZEFT VR
ICRR Virtual Reality

B - e S N Zixa
I SRR HOEILLICH DERES % 360 ED/N/ S
NERTRRTEE T,

PR BR{&
PR Video

You D

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

Public Relations

FVIFIVG Yy X
ICRR Goods

A=IN—HZFAHVTDI5Y—INXIV

Jigsaw Puzzle of Super-Kamiokande

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

FVIFIVRTAY T
Original Mug with "Air Shower"

Institute for
I\ *Cosmic Ray

ch
o5ealv
- stt{ "
W : ey ol 1°
I'he University ¢

ST .» /’ y
1100 A (BA)e BHEAFROREPR—/I—HIAHY
FRES CFEETEA A RET STEAENOTT,

FILYaATZUVITAYVD/—

680 A (A ) AL HA X 64 X—=
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RURFER

Ef=ES L UERARER DRE

International Conferences and Workshops

REXEFERIRNS. BRSEFVPERVIRERZX
NENE 1 ORERELTOE T, AIDBSZEFEVH
HOEFMRBEZBOLTRHFOURICDOVTHELTESD
TXF—%, B OBREGTO>TLET, BE 10 FBICH
ELICERSEROBERMRESRE. UMTOEHYTY,

%5088 KAGRA D—4oY3v
5th Japan Korea workshop on KAGRA
2013.11.29-30 (28 Korea) 36 A

%2 OEITES ENFEREE
2nd EliTES General Meeting
2013.12.4-5 (337 Tokyo) 80 A

CTA LST EfF=E
CTA LST General Meeting
2014.1.14-17 (7 Chiba) 83 A

%6088 KAGRAD—HY3v T
6th Japan Korea workshop in KAGRA
2014.6.20-21 (B8F Tokyo) 49 A

%7088 KAGRAD—HY3v T
7th Japan Korea workshop in KAGRA
2014.12.19-20 (F 1L Toyama) 34 A

NAN=AZF DY TERERRE SN — TRy Y RI D ARUBENR
The Inaugural Symposium of the Hyper-Kamiokande Proto-Collaboration and
Signing Ceremony

2015.1.31 (FZE Chiba) 108 A

% 30 ElTES ENRERSE
3rd EliTES General Meeting
2015.2.9-10 (B8R Tokyo) 42 A

TeV Particle Astrophysics (TeVPA) 2015
2015.10.26-30 (7% Chiba) 169 A

2 4 0 ElITES ENRERSE
4th EIliTES General Meeting
2015.12.2-3 (BRI Tokyo) 38 A

The extreme Universe viewed in very-high-energy gamma rays
2016.1.13-14 (F2E Chiba) 68 A

KB a2 — U/ RICET BERSE
Third International Meeting for Large Neutrino Infrastructure
2016.5.30-6.1 (k¥ Ibaraki) 80 A

PhyStat-v Workshop on Statistical Issues in Experimental Neutrino Physics
2016.5.30 - 6.1( F2 Chiba) 90 A

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

& X

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.

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

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

NAN=NZAHVTE | OFERTRE
The First Meeting of Hyper Kamiokande Financial Forum
2019.1.11 (3RR Tokyo) 50 A

NAN=NZIA NV TE2 OFPERNRE
The Second Meeting of Hyper Kamiokande Financial Forum
2019.6.27 ( RIR Tokyo) 45 A

% 16 OFHRNF - W NIREFRSE (TAUP2019)
Topics in Astrrqgarticle and Underground Physics
2019.9.9-13 ( £ Toyama) £ 540 A

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

BLRIVF-—AVVETHDBEREFH 2019
The extreme Universe viewed in very-high-energy gamma rays 2019
2019.11.14-15 (F72& Chiba) 83 A

KASHIWA DARK MATTER SYMPOSIUM
2020.11.16-19 ( > 5 > Online) 290 A

The 7th KAGRA International workshop SKIW7)
2020.12.18-20 (&3 Taiwan and Online) 240 A

Black Hole Astrophysics with VLBI: Multi-Wavelength and Multi-Messenger
Era2021.1.18-20 (FZE Chiba and Online) 80 A

KASHIWA DARK MATTER SYMPOSIUM
2021.11.29-12.2 ( >S5+ > Online) 317 A

HFEHZS %S “Black Hole Astrophysics with VLBI 2022”
2022.2.7-9 ( &> 5>/ Online) 92 A

UTokyoNY A XY k [RIVF AVt I v —TFHE=<S ]
UTokyoNY Event "Exploring the Universe with Multi-Messengers"
2022.2.12 ( # > > > Online) 300 A

LIGO-Virgo-KAGRA collaboration meeting at Louisiana
2022.3.14-17 ( 3K[E USA) 808 A

Synergies at New Frontiers at Gamma-rays, Neutrinos and Gravitational Waves
2022.3.24-25 (FZE Chiba) 70 A

FHIRITFAE DRRHIE (2017-2021)
Papers and proceedings published by ICRR researchers

- BT ERGES
Peer reviewed English journal

150 . EREEEESSE 143
Proceeding 129
120 111
98 9596
90
60 52
57 30 29
30
L 1 1 |
FY2017 FY2018 FY2019 FY2020 FY2021



REEF

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

2015

CHERE
Nishina Memorial Award

CRERE
Nishina Memorial Award

FEES , ,
Medal of Honor with Purple Ribbon

N/ TRE—8
W.K.H. Panofsky Prize

ERE

Fujiwara Award

A HE

Person of Cultural Merit

J —N)IVigEE

Nobel Prize in Physics
TW—/RFIVHRE

Bruno Pontecorvo Prize

icEE
The Order of Culture

NI PIVTSVHUV AR
Benjamin Franklin Medal in physics
THRT AL

Particle Physics Medal

HLESME

Inoue Prize for Science

WAL AR BEERHE

Young Scientist Award of the
Geochemistry Research Association

F LR EHE

Inoue Research Award for Young Scientist
PE¥_E

Yoji Totsuka Prize

TW—/ - RYFIIVRE

Bruno Pontecorvo Prize

PB¥_E

Yoji Totsuka Prize
BARYMEBSEEFREHE
Young Scientist Award of the
Physical Society of Japan

PEF_8

Yoji Totsuka Prize

BASLRE

Japan Academy Prize

VRS AEXRTEEFRZEE
MEXT Young Scientists' Prize

KR F A JVEGFHE

Particle Physics Medal: Young Scientist ?

Award in Theoretical Particle Physics
TAVR)— - ZNhZ— - PO—R
Extragalactic Tinsley Scholar Award
3IrE

Yodh Prize
JatyN-Jrrr - II°E
Giuseppe and Vanna Cocconi Prize
2YDHR - T RE

Julius Wess Award

BIERHE - ANHRRRY
EPE

Yukawa-Kimura Prize
VERFAEXREEFRFEE
MEXT Young Scientists’ Prize
PB¥_E

Yoji Totsuka Prize
BAXNSZEHEEHE

The Astronomical Society of Japan
Young Astronomer Award

BE@yes 7L —o V-8
Breakthrough Prize in Fundamental
Physics

gl
The Order of Culture

XAEhHE
Person of Cultural Merit

Awards
=B EE AR-—21— LU/ BRBOXRSR
KAIJITA, Takaaki Discovery of the atmospheric neutrino anomaly
$BAE—B I
SUZUKI, Yoichiro AB5 =2 — kU ./ OBBERAICED 21—~ Y /ERHDHKR
DB FETT Discovery of neutrino oscillation by precise observation of solar neutrinos
NAKAHATA, Masayuki
P& F_ FHEVME - RN FYIRFAITINE

TOTSUKA, Yoji For contribution to Cosmic Ray Physics and Elementary Particle Physics Research

\5e S

KOSHIBA, Masatoshi B

W EE ARZ2—hU/ICEBZa— kY /IREID EREVREEIC K BHET

&AJITQ, Takaaki For compelling experimental evidence for neutrino oscillations using atmospheric neutrinos

P F—

TOTSUKA, Yoji

P& F— AR[ROAB=2—F U /BRICED =2 — U /IRENDER

TOTSUKA, Yoji Discovery of Neutrino Oscillation from Observations of Atmospheric and Solar Neutrinos
P& F— FHERNSZOXEEICER

TOTSUKA, Yoji For Contribution to Cosmic Ray Astoronomy

N\5e S8 REBS, HICFE= 21—~/ ODREADNA 74 = PREB

KOSHIBA, Masatoshi For pioneering contributions to astrophysics, in particular for the detection of cosmic neutrinos
P& F_ KRZa— kY /OB EFERILICER

TOTSUKA, Yoji  For his outstanding contribution to the discovery of atmospheric muon neutrino oscillations
Sgx—  BECOLUTERUBSONE. HECED, NEFOERRSSML RS,

FORSURA. Yoji S ONBORRE( 52 i Lico

Significant contribution to the research and education in the field of Cosmic Ray Physics

P& F— Za—hU/ICEEN DB EOER

TOTSUKA, Yoji Discovery of the neutrino mass

Fefib JRED RS —YBRICHT BT/ R—ID FRO Y —HIMEEDHFE
ARAFUNE, Jiro  Topological property of monopole in non-commutative gauge theories
PIB FETT ABZ2—FYU/OBRIEZ 12—~/ REBDR

NAKAHATA, Masayuki Solar neutrino detection and research of neutrino oscillation

EIE OU5F FEHREMLEIC L SRS TR LD

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

g %50 A=N=NIANVTICBFB[EL T L2 & XY IND%F BIBOFR
NISHINO, Haruki Search for Nucleon Decay into Charged Antilepton plus Meson in Super-Kamiokande
20 pEE AR=a2— kU /REIDESR

KAIJITA, Takaaki Discovery of atmospheric neutrino oscillation

AR F—ER A=—N=NIANAVTERICBITBEAR[= 21—~/ BLOAB=21— U /IRBOES
SUZUKI, Yoichiro Discovery of atmospheric and solar neutrino oscillations in the Super-Kamiokande experiment
PIB FEST REICBZABZ21— U/ SREDAR

NAKAHATA, Masayuki Study of the solar neutrino and its oscillations

e 5 FANY REQY P D= LACBT 8T RIVF-—FHERTIIEDME

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

Bk EF L7 R VRROFEDNY 7 VHIERHMEEDIZE

FUKUGITA, Masataka Pointing out a mechanism to generate cosmological baryon number violation originated by lepton
1'm s KR-1— U/ RRHORES

KAIJITA, Takaaki Discovery of atmospheric neutrino oscillations

BR O05F ABEEN S L OFERDTIRICRIT T EZEDHZ
MIYAHARA, Hiroko Study for solar activities and its effects

B Er BRTMEDIRNICHIT DIRRBAOFTERNFBIREBE T 5L F U+ DBEREARGE
IBE, Masahiro Sweet Spot Supersymmetry
KA IES EHFEEAC & B LEHEIHE
OUCHI, Masami Extensive work on distant galaxies and cosmological events in the early universe
XEF TTE B IRXVF-—FEHRDBICHT BEWIHZ

NAGANO, Motohiko Pioneering leadership in the experimental study of the highest energy cosmic rays
8K SE—gR ABZa—r U/ DT U—N—REICLBDAB=1—FU ./ DHOEHA

UKL Yoichiro Qutstanding contributions to the solution of the solar neutrino puzzle by measuring the flux of all
SV Vi neutrino flavors

120 pEE A=N=NIANWVTERICEBAR=2— U /RHRROER

KAIJITA, Takaaki Discovery of atmospheric neutrino oscillations with the Super-Kamiokande experiment
JI|UEs FeE46 BNETSHICBEERDREIRRDBRICH T BI1&E

KAWASAKI, Masahiro Supergravity and nucleosynthesis

XA IES JBHLFRREICK DFHELDIAR

OUCHI, Masami Pioneering studies into the early universe through wide-field multi-wavelength observations
BE BA WERBI21—=2—hr U/ E-LICLEEF-2—F /PRBROER
SHIOZAWA, Masato Observation of electron neutrino appearance in an accelerator muon neutrino beam
\ZF T8 DE(LE FEHBROERBIE

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

120 pEE

KAJITA, Takaaki —21— kY /1R8N E VWO ABHQGHRE % L. RATHES DIRERHZEDICBADHL
AR F—ER WI0YV T« P LICERIE
SUZUKI, Yoichiro The fundamental discovery and exploration of neutrino oscillations
Super-K Collaboration
—a— b U/ PBRCBOTELORAERRZES, RNFVESLOFHERICZREE
10 pEE B 5A 12016
KAIJITA, Takaaki Outstanding contributions to particle physics and cosmology by the remarkable achievements for
researches in Neutrino physics
—a2— b U/ PBRCBVTELORERRZES, RNFPVESLOFHERICZKREE
120 pES L% 5 A1CIhiE
KAIJITA, Takaaki Outstanding contributions to particle physics and cosmology by the remarkable achievements for
researches in Neutrino physics
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REBELT VA

So15 J — NI
Nobel Prize in Physics

Awards and Access

W pEE —a—-hU/HEEEHDSIERT. —1— U/ RBBROER
KAJITA, Takaaki The discovery of neutrino oscillations, which shows that neutrinos have mass
2016 POXILE BEES BT a— kU CEBNBBCEART—1— kU EBORROHE
Chunichi Cultural Award KAIJITA, Takaaki The discovery of neutrino oscillations, which shows that neutrinos have mass
Harvard Foundation Scientist of the 1268 p&= ZHMEBLICETBRENBF COBRZLRINBERMUMBA KL T
Year KAIJITA, Takaaki Remarkable achievements and initiatives that serve to increase diversity in the area of science
1T A5 VB 4l oE
2017 Particle Physics Medal: Young Scientist HASEGAWA. Fuminori
Award in Theoretical Particle Physics » FUmino
2017 ISR RS TR FERMIEAARE LCR—N—DIA NV THER CORRICMY MBS, REDTEHR
' = ARAFUNE, Jiro  #I85 JEA0RESTRAF YIRS T DREEEZ B O FCIhfEIC LT
=B B BENEF TOESBINBICH LT
KAIJITA, Takaaki Outstanding contributions in the field of science
BAYIESFSEFHEHE

ot Bt B AREHXBRFEE RO TRIVF—FEERIND VO
207 g}?yl;ﬁxgﬂ ggélz?yt Li‘tjél\)gnard ®ff e FUIII, Toshihiro ~ Study on the energy spectrum of ultrahigh-energy cosmic rays with the fluorescence detectors

So17 J\—PL—DAH REOEE OBHNCST BBRDYE - HSERROBREFBICEMLIINRICHLT
Berkeley Japan Prize KAJITA, Takaaki Significant contributions in furthering the understanding of Japan on the global stage
==l== N =Y N = K = _ N 3 74
ooy R FEPINSDERE(HEEBE2T 5 v HR—IH BDOEIRIRHEE
2017 ﬁﬂéﬁ’;‘;@?ﬂ d for Young Scientists %ﬁ%ﬂg’ Tomoya The binary population synthesis in the early universe and the detection rate of gravitational waves

from the binary black holes
2018 BASMRAZE %P9 2 SR> - 7T PR E RO RS OB
T1Z¢

OUCHI, Masami  Observational Studies of the Early Universe with Lyo Emitters
2018 BASHERSTERE

AA ES AN - P77 BO ST B ORI
Japan Academy Medal OUCHI, Masami Observational Studies of the Early Universe with Lya Emitters
2019 21 T 5/ 0Y—8 2019

FUs HE CTA ROBRLRE | SOk & X DEImRMBIF ) ) )
The 21st Century Technology Award TESHIMA, Masahiro Construction of the prototype of Large-Sized Telescope (LST) equipped with cutting-edge technologies

Za—~U/ERCET 5EHNMARE STFHEMEANDS LOEBICT L T
KAIJITA, Takaaki Outstanding contributions to Cosmic Ray physics including path breaking work in neutrino physics

2020 FTLUIRERE B B— T (I LR 6 ICFHDORBOBEIC DT SHHIRIDH B0

Inoue Research Award for Young Scientists HARIKANE, Yuichi Subaru Census of Early Galaxies in the Hierarchical Structure Formation of the Universe

BEEB IFA Y7 PeV AV YRR FDRE & RIFEROIIRDAESR

TAKITA, Masato  Establishment of the sub-PeV gamma ray astronomy and elucidation of the origin of galactic cosmic rays

2016

Component action of nilpotent multiplet coupled to matter in 4 dimensional N=1 supergravity

2017 GITAM foundation Annual Award

IUPAP-TIFR Homi Bhabha Medal {2 P&

2002 and Prize

CRERE
2021 Nishina Memorial Award

S0y BAFIHEBAY %0 53 HYURBN—R R HBEDT SBIARIN MBS R+ —H > RS DT
JSPS Prize Noda, Koji Study of Very High Energy Gamma Ray Emission from Gamma Ray Burst
P e y ALMA THR2B-VLFE : ERRORIBINED SFBEDEEE TOMSHHE
2021 H LB E B ER Demographics o/f the Cold Universe with ALMA: From Inter-Stellar and Circum-Galactic Media to

Inoue Research Award for Young Scientists FUIIMOTO, Seiji Chogiitte Qe

) 1| &R &k Il 2D S5 DESPROR
KINUGAWA, Tomoya Research on Gravitational Waves from Population III stars

oz BMFS/ OY—8 2021 TSR CTA KDBDES | SHOFEHHIES
The 21st Century Technology Award TESHIMA, Masahiro Technological Milestone of LST-1 Telescope

Sop1 SEGEE
Kozai Yoshihide Research Award

F AR SRR OFRTEM!
T 277-8682 TERMBMBDOEL-1-5
04-7136-3102 (#3547

Location of ICRR headquarters
5-1-5 Kashiwanoha, Kashiwa-shi, Chiba,
277-8582, Japan
+81-4-7136-3102 (General Affairs)

7R

- FREZEEDLS
BREBZEEI®/NR (755 - 1800 @) THOEF v/

RERNG BDEF + U NRRHASERE/NR (1093170 8)

TEINIPAAR X —TCTELESE I D

- PHRZEELS
RENRFICEZESTNR (854 - 1570 8) TEII
DAIR LR —TTFELES 3D

- EERBRD S

DLRIHORTURTHEDESF vV /NRERN 3049 -
690 M), BDEF + V/NZERAONBSRE/NR (105 -
170 @) TEMAAMBE LY R—TCFRELES 3D

© LEFBRHNS

JR BEIRTBRRN (B0 - 480 @) BREO L SRE
NR (2593 - 3008) TEMHLAMRK LY R—TFELE
B350

86 | Awards & Access

Access
+ From Narita Airport

By Airport Bus (Narita Airport Express Bus)

Narita Airport - Kashiwanoha Campus Station: about 75min, 1,800
JPY (one-way)

Kashiwanoha Campus Station (West Exit) - National Cancer
Center: around 10 min, 170 JPY (one-way)

» From Haneda Airport

By Airport Bus (Tobu / Keihin Kyuko Airport Bus)
Haneda Airport - National Cancer Center: around 85min, 1,570
JPY (one-way)

» From Akihabara Station

By Train (Tsukuba Express)

Akihabara Station - Kashiwanoha Campus Station: around 30 min,
690 JPY (one-way)

Kashiwanoha Campus Station (West Exit) - National Cancer
Center: around 10 min, 170 JPY (one-way)

+ From Ueno Station

By Train (JR Joban Line)

Ueno Station - Kashiwa Station: around 30 min, 480 JPY (one-way)
Kashiwa Station (West Exit) - National Cancer Center: around 25
min, 300 JPY (one-way)
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- Institute for Cosmic Ray Research, The University of Tokyo
Q AT T277-8582 TEEHIIIMIDOLE 5-1-5

L Address  5-1-5, Kashiwanoha, Kashiwa-shi, Chiba, 277-8582 Japan
L W 04-7136-3102 (f{3%) / +81-4-7136-3102 (main number)
IB Fax 04-7136-3115 / +81-4-7136-3115
S URL www.icrr.u-tokyo.ac jp
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Public Relations Office, Institute for Cosmic Ray Research, The University of Tokyo
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