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Explore
the Universe and Elementary Particles

with “Multi-Messensgers”
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From the Director

"Cosmic rays" are particles that travel across 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" had a
narrow definition; 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
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
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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.” The construction of Hyper-Kamiokande
facilities is steadily in progress lead by The University of
Tokyo and KEK. We will start the experiment in 2027.

In October 2023, the Next-Generation Neutrino Science
Organization was reorganized into the “Next-generation
Neutrino Science and Multi-messenger Astronomy
Organization” to expand our research activities into the
field of multi-messenger astronomy. The new NNSO is
going to promote the multi-messenger astronomy with
our colleagues to coordinate collaborative research with
disparate “messengers”, multi-wavelength and multi-



-particle signals such as neutrino, gamma rays,
gravitational wave, cosmic rays and electro-magnetic
waves (Radio, Optical/Infrared, X Ray)..

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.
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Austrian physicist Victor Hess ascended in a balloon up to the sky and measured radiations.
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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
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Rain of Hundred Billions of Particles, “Air Shower”

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

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

Messenger from Space

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

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

What are cosmic rays?

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

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

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

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

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

What are cosmic rays? | 11
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Zenith-angle distribution of atmospheric neutrinos, showing evidence of oscillation for upward-going neutrinos
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Track of the Sun seen by neutrinos
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A proton decays to a positron and a neutron pion
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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 to the pure water and 0.03%
Gd concentration has achieved 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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An electron neutrino event candidate observed at Super-Kamiokande. A diffusing ring produced by electron-positron shower is observed

~
\\
,'
_ 4
""’ " =
et —a—hJ/E—L
Cd
s’ \\
(._(_.a-—---\\
MHE 348m \

!
\
\
\
\
\
\

o)

2 J-PARC RFIZFHIFRERIER

18| T2K Group

J-PARC nuclear and particle physics facility © JAEA



LN CANAVAVAYRVS VAT

>

4

~

J

¥

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 upgrading 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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K1 NAIN—HhZFHhYTEBEOHIR Schematic view of the Hyper-Kamiokande
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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 22 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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1 AEFEEENLIMRHUBONT (FEL)
X l\/l A S S / X E N O N Fig. 1 Inside of the XMASS Detector
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2 KMEHRY—IVFOBIZR () LRETE/ VREEE ()
Fig.2 The schematic view of the water shield (left) and liquid xenon detector (right).

3 XENON #&HiZRDEMFREE, XENON J/L— TiRfH,
Fig. 3 Operation principle of XENON detector. Courtesy of XENON group.

5 AEVITH&TFE L L WIMP- R FAEEAERAND 90% {SHEE D _EIR(E
(BER) RONVF (1 o) PEBVWNYF Q20 ) 3REEZTRL. &
VWEOHEFIZHADOEIIC K > THINGHRELY LY SVERHT
BHEEZETR LTINS,

Fig. 5 Upper limit on spin-independent WIMP-nucleon cross section at
90% confidence level (full black line) as a function of the WIMP mass. The
1o (green) and 26 (yellow) sensitivity bands are shown as shaded regions,
with lighter colors indicating the range of possible downward fluctuations.
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& 4 XMASS D7 —2BHD 5B 5 N4 — U2 — LRFOHEE
YERITERNDFHIR, RRSBIFFENTORRER (K). RF
BRHEICK D GeV ZBAHEEDFEHEHICLHFFER (F )
ST HIVHR (IR ) PHRES (%) 2B LT GeV U TNEENE
ZEEIC L DFRBERETT, RIRZPHT—2E2AVAED
Fig.4 Limits obtained from the various XMASS analyses. Solid lines
show the new results using the full XMASS-I data sets and consist
of the fiducial volume analysis (purple), the multi-GeV modulation
analysis via nuclear recoil (blue), and the sub-GeV modulation
analysis via Migdal effect (red) and Bremsstrahlung (green). The
dotted lines show our earlier results.



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 fol-
lowings, 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-ra-
dioactivity 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. As we
could not find any excess, we obtained a limit shown in
Figure 4 with a magenta solid line.

(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. Since no significant modulations were observed in
any energy ranges, the limits with blue, green, and red
solid lines in Figure 4 were obtained. These analysis
results provided unique and final 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
through the neutron veto (NV).

The XENONNT experiment started to provide the world’s
best quality of data and results, as shown in Fig. 5. XENONnT
continues to take data with a further reduced *’Rn background.
Subsequent data taking is planned with NV operating as
designed, with Gd-sulphate-octahydrate loaded into the water to
increase the neutron tagging efficiency to 87%.
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Cherenkov Telescope Array
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The current generation VHE gamma ray observatories, the MAGIC,
VERITAS, and H.E.S.S. telescopes
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2 BRIRIVF—AVTRIR (>100GeV) Z RABIERITR LIcH D,
200 U EDSAR., WARNDH >V BEHEREETN TS (TeVCAT A
205 &Y3IA),

Very High Energy Gamma Ray Sky (>100GeV). More than 200 Galactic and
extragalactic sources have been discovered. (Excerpted from the Catalogue
of TeVCAT)

4 BRI IV-THREGEBMFRIBYE LA ASISRAEZ—EI 21—,
7 ADREFHEABFERGE. RERR. 7V7 Y7 AO—HIfHERE.
B DRSA AZEi M LEIRE. FUA—D5%5%, 265 BEZEHTAO
EEEBOH A ST D,

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.

3 KAEEEE 3mO%). BRIV —TRRDREAA—IVT
AXS. BREHRAMHLER. SREIHEOT 1. AFHEEE
DEEEZTTHTND,

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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EN8KE, S 5—1360mm EDQ7IVINZHL%E3mm OHSATIEE
ATV B4y FIBETH B, HRRMEIE Si02, HO2 DEERERICK Y
REdH. aRHEERRT S,

Prototype of the high precision segmented mirror for the LST developed
by CTA-Japan in cooperation with Sanko Co.LTD. The mirror is made of a
60mm thick aluminum honeycomb sandwiched by 3mm thin glass on both
sides. A surface protection coat consisting of the materials SiO2 and HfO2
will be applied to enhance the reflectivity and to elongate the lifetime.
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uring the past few years, Very High Energy

(VHE) gamma ray astronomy has made

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

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

CTA is designed to achieve superior sensitivity and
performance, utilizing established technologies and
experience gained from the current IACTs. The project
is presently in its preparatory phase, with international
efforts from Japan, US and the EU. It will consist of
several 10s of IACTs of three different sizes (Large
Size Telescopes, Mid Size Telescopes, and Small Size
Telescopes). With a factor of 10 increase in sensitivity
(Im Crab ~ 10 erg/s cm”®), together with much broader
energy coverage from 20 GeV up to 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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FILVERTREL. TADMRRYSZREET 5EEZH
468 (33000 LHFFOA—=FJL) ICHETBHPECTT
(TAXA)o CNICKYT—ROEEN—RZNRL T, Av
RRRY FOIEESHET CHREICERL, FBlCRST
RIF-—FERORRERDDHIBENTT. COBHKEF
2016 EELBHBFEY. &T2019F2/E3AIC2H7E
DFREZTL. FHRT —FZRELTVET, =HIC2

B1 © RITENS TAx4 DRI FTHICREBSN MR FIRHBOV LD, ® TA KAQENEEE &2,

HBFEEEILLBAASZRVTERY ¥ 7L 50EN RN ZTE - RRETEL I 3.

(Top) One of the TAx4 ground array detectors newly deployed in the field. (Bottom) TA air fluorescence telescopes.
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DRARICKRENERGEREL. BRZTO>TOET,
TAYA L TRFLOLFHREAEEDRE D ZT2T
LW&ET, AR BBEIRVF—FEROEIY vD—%
XFBHRAT—Y3aVHLERAT 5 JEM-EUSO stEOH
RPN BREBOFREVAE TA Y R TIT2>TOE T,
SHOICEROMEE LT, TAYA HCRELICBRES
TRELICBSEFMLTEALIC TA DMRRPBOT —
B2ANT, BREOFBEMRZT>TOET,

2 TA. TALE. TAx4 @ E2ER,

FRAENH TA HERIZHERT L 1, REND TALE HFRIZHEE T L 1, FHED
DERE LT TAX4 IRERHERT L1 (FREHRRELS) . BOXHH
AKJEERFET 1 b,

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.

3 202145 A 27 Bic TA RER#tRRHEE (SD) 7 L1 THRAIT I
TARBRE LSRRI RIVF—AXY b, (A)TARERSD 7 L1 DR, & Ky
b3 SD DfiEZTY. BLKEIE, i EICRREThEY v T7—DHERA%
RY. BOMWADKEEIIE SD TREThFHRERL, BIER
LREVRHBDL S DENEFEZTRY, (B) & SD TRHEINRHBES
BREY v T —#MDSOEET ISR,

The highest energy particle event observed by TA SD array on 27 May 2021.
(A) A map of the TA SD. Each dot indicates the location of a SD station. The
size of the colored circles is proportional to the number of particles detected
by each station and the color denotes the relative time from the earliest
detector. (B) The corresponding detector waveforms for each station are
shown with distance from the shower axis indicated.

4 244 EeV DBREIXIVF—ARY FDERAR (O) LEBIBICEK
BREZERLIGEDRNAR (BlF. KE KE VIV, HOR
FRERELLES), BRICHDFT LY IBORKIE. EFELZRIZEHR
EH SEFENSFEFENE,

The arrival direction of the highest energy event at 244 EeV (o) and the
direction of the source when deflection by the Galactic magnetic field is taken
into account (colors assume hydrogen, carbon, silicon and iron nuclei). The
orange shading in the background is the cosmic ray relative abundance
expected from candidate nearby source sources.

5 FHEHEDRABAO 100 2. TARR 14 FORALSHELE (@) & YIal—YaVIick>THELLE (BFEMHER ., BERORIKIE.
EFA Ok&E. B3R, V3, #) CHETRELBIMESOBRE (RE=t0. RR=#EIEBL (1.7n6) Z2RLTWVS, BRI
50 EeV U T CTIREBWRFZE. 100 EeV U ETIE#HD L SHEVRFZELLKEO>TWS,

Cosmic ray deflection angle 0,,, estimated from observations from 14 years of TA experiments (e) and from simulations (coloured horizontal lines). The
colours and line shapes represent the nuclear composition (hydrogen, oxygen, silicon and iron) and the strength of the intergalactic magnetic field assumed in
the calculations (solid line = zero, dotted line = very strong (1.7 nG)). The observations fit well with lighter nuclei below 50 EeV and with heavier nuclei such as

iron above 100 EeV.
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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, Slovenia and Poland.
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 10 TALE telescopes are in
operation and the array of 130 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.

Since the TA experiment started routine observations
in 2008, the results of observations of energy spectra,
nuclear composition and direction-of-arrival anisotropy
of extremely high-energy cosmic rays above 10"
eV have been published. Furthermore, the TALE
experiment, an extension of the sensitivity to the low-
energy, started observations in 2018, and its results have
also been presented at international conferences. In the
following, two recent results are presented.

A cosmic ray air shower of 2.44 x 10 eV (244 exa-
electron volts = 244 EeV, called “Amaterasu” particle)
was detected at dawn on 27 May 2021. This was the
largest energy event in the 15 years of operation of the
TA experiment and was comparable to the highest energy
cosmic ray detected in 1991 (“Oh My God” particle,
320 EeV) in the history of observations. If cosmic
rays of such extreme high energy are of astronomical
origin, the candidates are expected to be limited to
intense astronomical phenomena such as supermassive
black holes of Active Galactic Nuclei and/or Star-
Burst Galaxies, and to the vicinity of the Earth (within
about 150 million light years). However, the Amaterasu
particles arrived from a direction where there are no
nearby candidate objects, called Local Void in the large-
scale structure of the Universe, and from a different
direction from the cosmic ray excess above 57 EeV
reported by the TA experiment (called “Hot Spot™) and
from the elliptical galaxy (M87) in the Virgo cluster.

Telescope Array

Conventionally, the particle species (nuclear species) of
cosmic rays have been determined using observations
of the longitudinal development of air showers with
atmospheric fluorescence detectors (FDs). This
method has the disadvantage that observations with
FDs are limited to clear nights with no moon, and the
observation statistics are only about 10% of those of
the SD array method. A new method for determining
nuclear composition was therefore developed using the
abundance of data from the SD array, which is ten times
richer than FD observations, and applied to 14 years
of TA observations to determine nuclear composition.
The results show that, above 10 eV (100 EeV), the
deflection of the highest energy cosmic rays from their
source by the cosmic magnetic field may be very large,
and that this is consistent with the highest energy cosmic
rays being heavy nuclei with large electric charges.

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 UHECRSs 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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HZEOEHN

QEIRINF—HUIHBERFE L TVWBXGEEFRL, F
HIEOIREFEZHESHITT S

QBEIRIVF——RFHEBOLFHEMR
(EDFEFZIEDODH) %fEET S

QESIXINF——RFEEHEDIXIVF—IANY bV
(97%6) ZEHAIL. FHEOIREIBERRATS

QEIXRIVF—FHBICKY KBRERMICHLD D HHEE
AN

QEIXIVF—FHEORKAMICEHTZHENE (BHY)
N

RERELTDUR

PEFNY FEBRKOENFSR (PUN—-FUBR.
25 4,300m) 12, PEHEHEFTERY v D —BREE%R
BBL. FEHNESRKIBZZSITRIVF— (1 Tev=10"58
FARIE =1 KBFRIEHS 100PeV=10" EF R +
=10 REFRNIE) FER RIMREAVVIE) D&%
To>TVWET, FEBELT ISRFVHIVFL—R—
EHEND, ABHFIIBBT D ERKNTDRMAEAOV
I O—BRAEE (EEL) 2FALEFT., EAFBICE.
BEOS M DTSRAFVHIYVFL—A—%, 7.5 m &R
TIFFEBRBRICHA, 37,000 m®> DBEEICHRKT BLS
VrD—%=ERALET, B TICLKDIREAERL v —
THANEFBEETRERBICERESICERSN. XD
HMUBANERAE (B 27— RELTIRELET, 8
BERBDIZELRY +D—DOIRIVF—DTREITH 3 KEF
AIVETY,

FIRAHDECNCFEHEE Knee TRIVF—FEZHE T
MRT 2RODFEHEMREBHNBEL. FHREEDFEHD
REBDEFET 100TeV FBEOAVXIEHEARLF T, HAL
(F¢D 100TeV @G AY VIgOHRMER =B L T, =
[+ D—ERIEB O TICH 4000m? DABEIKF T LV
D782 —FAVERAREE (MD) #BFLF L1, &1
Knee TRJIVF—HEIHOBFPANY D LERBI L TEDIx
JVFE=ZING FILDOIFNEHIPUMNBE SSICERBICAET
B EICKY, FEROBERNRY U X Z2RET D1
HOICFHELKY+DO—IPERESE (YAC) 2R LF L1
TSV +D—EREEE MD RO YAC DEBHEEEH I
26 FICBHIA . FHEBRDERE NREEREBICOITTK
SRBEHEIFEENTOET,

ESASEN

BIXIVF—AHUTROBKRE

XYY D—BREE T, NNIEEHD TeV(=1 kEF
NUE)BEOAYVRERELELLE (B1), BRY ¥
D—EAREEICLDEIRIVF—AVVRBROBRBEHERT
MHTTY, Fioo BBIRIRLD Mrkd21 ¥ Mrk501 7
EDBDAVIBREICEMINLTOE T, =5IC. 2019
FEIZIF DNNCEENDS 100 TeV 2BA DAY NEORY
[CHRTHMDOTHEIML. FILOIRIVF—1 (sub-PeV)
DAVNBRNZOFEZESE LIS, SISks, 2021 &

FANw b

(CIEERI@IT38 > T sub-PeV SBE DI Vg% HKR
LELIC(H2). INEF. FHFERIRD sub-PeV 8157
VUNBOURMBE THY . FEIEE PeV IR)VF 1T
FTHRL TOWBFHEINESS (PeVatron) HNEIRTIZRA
IChB_EaRTOTORBIFIHITT ., 2021 FIZIF
BHERY G106.3+2.7 ENFEDER > I-HEEH BHER
THHT sub-PeV SEEAVVBERETDEEEHIC, B
BEFmO Cygnus OB 1 & OB 2 838, HESS J1843-
033. J1849-000 A@H 5 sub-PeV f8IEi A Vigx &Y
FTBEICAHIHLE LTe G106.3+2.7 & PeVatron M—
BEVMRBO—DEB>TVED,

Knee TXIVF—EHO—RFERDIRIVF—ANYT M IVOEH
Knee T F—588E (1000 KBFRIV L~ 1 REFR
W) O—RFERDIRIVF—IND FVAEXERVE
ETEALE LI (®3), Knee TR F—FFHOI =R
F—2ND MLOIFNEHHU . BHREEROEERICL
BDRIFINRDBRRYY. SIRDSDFHERDARLEE B % R
<EBRREEBO>TCOVET, —AELKV+D—FALES
EDPOICBDINICELSY ¥ D—IF7REBEFENDE
BEDESNERN S FHGEZEMT DRIZAD DA,
BFPANUDLICEBTBEIRIVF—INS RUHBENT
WEIH. 4 HBEIRIVF—DELRBDICRLT. F
HREERT DRFIUADICERIFANDIAET<SEN
BEDTEO>TVBIEHDBRTEHNE T,

KIZEE L IRAFHERICE S TKBOR OEH
K558 (R B 11 F/8 (M1H)) TELET
BCENNOENTHY, 2008 FEHLABY A O)U 24 ICA
Ugkllce FNY EDOERY v O —ERHEBIRBIDICHES
NTLaiceH, WIFERICEDABEA (WIThERE
B 05°) OExHEBICEASIEHEHEET, RIFH
WPDABDOEE. ABBFBNCEK > TE(LT EABRED
DOWBOFEEZZIT T, YORSPUBHIELLE T, ¥
5 FCDEE THRASNIC[ABOE ) DRSDEFZELTTY,
FEEPOABOEDER%Z 1996 FH5 2009 FICHHTF
THOWKBYA O 23 % FFHhN- LIl &ICBYET,
NE ABEEZERLICYIal—Y3aVER<ED
TOWBIEDDHVET, COERICKY, SETEAR
SEDED D ICABREBOWSBEIC OV TLEELRT —
APRBONBELDEMBHTENTOE T,

R FHEOES

FEEAVICRKT D, BIKEFRILVE ETeV) HH
BBEKBFANE BEETeV) OIRNVF—AFDOFSH
BOBEBRAMUZSBET2 ATHITAELZ L. B
<HbNIc02 % RRBEDIB2ERE S M (Tail-in 4 Loss
Cone) DI, BBEADG (Y5 RHEED (ICHLOIEDY
FHREEHIUERILELIC (B6), =HIZ. YT+ RHE
BICEBORY FRRY R BT EHHBL. HLWOH
VNBHARAEOIARESEINTRBSNE Lic, ¥ LTENE
KEDISHVORBRICKL > THERSN. HLOERDIEL
IHREISNF Lo, &, RIDEGESICRZEIZDED
FTOEBEFEAM (10.1 %) NERlchh >l &I
KU, RIFHERHDBANLETHSZEE HQEZL TOB
EPREnE L,
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Energy spectrum of very high energy gamma rays from the Crab Nebla.

2 FRY PERY P T —BRARBEEMTI 1 —F VEARBEOEHE
BRI K WEIRIE NIz 400 TeV U LDV TIGORKA R (Fh: FEERE) .
ERiQIIIRAIE. FXENIEND TeV vV —RADMBETRYT, KEBITHFHN
Projection of Gamma ray events with energy more than 400TeV observed
jointly by the Tibet AS and underground muon detector (blue spot: equatorial
cordinates) . Black solid line : Galactic Plane, red x point : known sources
with energy more than 1 TeV, gray zone : out of sight.

B3 Knee TRV F—REUEDOFHFRBEMFIRILF-ANI bV
All-particle energy spectrum of primary cosmic rays above “Knee” energy
region.

38| Tibet AS y Group

i

T

[ -# This work(QGSJET+HD)
[ This work(QGSJET+PD)
.8F-@-This work(SIBYLL+HD)
F-@ This work(SIBYLL+PD)
-7; KASCADE(QGSJET)
F-¥-KASCADE(SIBYLL)

Lol vl
10"  10°
Energy (GeV)

10°

Ot -
10

10*

4 Knee TRIVF—RBE—RFERPTAI VAKXV EVEFZHETD
BEDIRIVF—IRTFMHE

Energy dependence of fraction of nuclei heavier than helium in primary
cosmic rays around “Knee” enegy region.

5 BRENFERTPORBORDOFRE BT EZT—223a1L—3
YOUBOE. KERAROEERED

Comparison of Sun shadow depth in cosmic rays between MC and simulation
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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-I11I+ 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.

Tibet AS y

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-III 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-1II measures high-energy galactic cosmic-ray
anisotropies with high statistics. We made precise
2-dimensional maps of high-energy (a few TeV to a
few hundred TeV) galactic cosmic-ray anisotropies
at sidereal time frame. Besides the established "Tail-
in" and "Loss-cone" anisotropies, we discovered a new
anisotropy in the Cygnus region. We found some hot
spots in the Cygnus region, which would be celestial
sources emitting TeV gamma rays. They were recently
confirmed by the Milagro experiment in U.S.A. On the
other hand, the corotation of cosmic rays with our galaxy
was shown as well, as we observed no big (1% level)
apparent anisotropy due to galactic rotation which would
have been observed otherwise.
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HEOEHN

Q5 IRIVF—RETORFIE L RGBSR
EREICHEBY S
OHENHIT Ty FDER - IEEIEEAFAT B

FHICEFHRISEVRS TROO> TOLBHFHHEEL.
(OIRVF—F 100 A~ 10 BEBF R SKBNS 1%
(1D 1B EFRVBE T +EMHULIOEYE T,
INEREFERE L OHRICREKLEERASNS D
DN, ENSOHDOIT VORI, HVUVE Za—hkU
J OBRICKVBENICEED ASNns&stdbUE T,
COULIEFERNF I IRIVF-RERRICHODR -
ERSNTOBEZEABNTOE TN COFBICIETHRAD
DR HARWE> THY  BL [BITRIVF-—XRET)I—T ]
DRRR—7 Y FZB2TOE T,

R

FHETONRBEEF. BRORHNTS XY -
WHSOIRIVF D DPEOSITRIVF—HFITER
B - EPRICSISESNBHBIRETHY., CDEREDTC
WICIE TSIAVYBZOEBCEDVICHFEEER
DRBEEBYET. RIS, HFIRBREOHEE B
LT, TSRAVYRZRFYXOABTZESICLTEEL
foo FHERMROERBREEEA SN TOVSEERR
STRIFIDREBOMEDERSEDH THY, DH
BEHE LT, BRIIRNVF—DEXENERZLIZS
THNHRBREEBONEOERI DY E T, XDT
BICHBVT, BEROMRBBHDEHS TE1oEENL
KN [BIRVF—KEIIN—T] OFBDERTT,

MERS

BIXIVF-KERRICE ZFHEDILEBREDRER

FERONRBRE - BEEEDEES LSS I RIF—
REBRELT, BFEEE - NV —HIB (1), ¥
TxrA— (BRESPEFE) ODEXTLFP. #BAPLT
SVOR—IHASEBEEIY IV H EEMEE. EER
BOAUIYEN—R b, IR EZEFHENTEZE
To HFED Fermi HEWYH EF T LY I VERBOEREIC
KU, TOLIERGEDDOAVVRERIE BEFLOE
BEZEFTOET, &1clceCube DK SBFEXRBDIRED
PE>TZa—hY/ DREHEDDBDY. XDERK
FERB DA TTREBEDY VY TIVHAENBBIEITNT
W&ETs

BIRIVF—KE

BLDTI—T TR GHREVIEERICKL BHFIORE
BIEFTEE <, BLRICKDHEBEGEVIDRBIEZE A,
BB TV FPHU VBN - bR EITERT B
REeEDOTVET, &fc. IOLIEREDSHESNS S
VN FER Ta—-hU/RBEOBEESNICRES
CETERAEENSGE (B2), RLYDAENRISFER
IR TEDLENTVBERATOY 5 h EBHEICERL
TOWET,

EHERAR. A= b NIV -, B2
Va#%75 £ TORBEREE
SLRIVF-XEFICHIT D5k FERITOIMRIT
TRBYEE A BERIDSEEE L TO BB HEY
BITYREEDEDICNRSNTVBDH? AV VIR
N=RHEOIFBICHEBVAYVERS G EDLD73
BETHINTOBZDHL? NV —RREDLDICHS
ITRIF—%=BHTRIF—(Ca&L, BAENHIIAN
ERBLTOLDOHL? BHFEERFEPAVIYRN-ZEOD
BRICOTBFEERTIE. EDXDICHEBENMEIBSNTL
DN ? RETEINIBHBOFLFE. HLDRTR
ADEBZEEZ EDLDICEHEL. BIRINKFTOL
DH? IHOLICRBERBRAEHEE L TRSNTHY.,
ROOHMRT -V EQG>TOLET, INIFEEREVSERPS
DOMPSNTOBOFERENEE IR ETHR - REE<S
NTOBERICEFIBOTL LD, AIDTZOVTAPELT.
LEHRORBICHMUMBET CEFXRERFROEEATOET,

1 BIRVF—HFIERE LTHNSNS M EES (EIAXERE ). 1054 FOBHERRORICHEBETNEEGREFE (BMT/IVF—) B
BEEDHRDIcH Y, BEELEKICTRIVF—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 AYRBN—R FORBGER, EEHZOFRICEY ., PORDENBRELRI L, IS5V IR—IVERRT %, ZTINEDHADKEEL. MR
SNIEMRIGEI Ty b2, Vv MNIBEREZRERY . EREHAARCEY. T THBREREL. B RBISE> TAVIBRER V.
BRRICBELBDZERDS XIRTOIENZER>TY §%, 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.

3RARLT SV I R—ILDOSBHT SRV Iy DY IaL—Y 3y, LRARXEBE. TRESOESRZR
LTW3, ZoOEHEIFRIATZESHLTEY. Vv MIRAFARZANVELE L TR, BRlIRE N,
HIFShTW3, T THEENEARPRIXVF—RFEMEL ERP=1— M/ HEHRHEETNS,

Simulation of a jet from a super massive black hole at the center of a galaxy. The upper panel shows the gas density
and the lower panel shows the magnetic field.The galaxy is moving in a galaxy cluster, so that the jet is swept
and bent to the right by the ram pressure of the intara cluster medium. The turbulence excited here accelerates
energetic particles, which can emit radio waves or neutrinos.
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High Energy Astrophysics

he high energy astrophysics group aims at
I 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
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.
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KAGRA
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KAGRA 5t@ (& 2010 EH B ERZEDRFLEIRATE
BWEED—DELTEEDBIESN. BER>ARBRIM
OVT« PIEESEE L THESNTOE T, 2012 £
IS NICZERIEEIE 2014 & 3 BRICSER L. 2014 FE (S,
BEIS AHKEOREILE  BLEEBOREISIS
% BERERHITTHONE LIS, 2016 EEICG. L—F—
FHEOBRE - VR =D TThN. E—HERHEH%
SERCEICR. 2016 3 BN B 4 RICHEFT. #HTD
L—Y—FHstOEBRBEGma=TO0E LI, ¥LT20194F
[CEITRTOESEH M VR —bshFz Lo BE 108
([ZIE LIGO. Virgo & DA HBEDRBENZFTL), 2020 F 2
B. 8A%zRBlLELIC. ZOO5, LIGO. Virgo &DE
BERENLAOSL. BREAQLSETOEET, &
RETBOHETHY, LENLGHE TELD DM TRIEDF
REEBEERILICEL. BFEOT—YA2£FIZHI—0vV
NORERENREZ=FESTE EGO EDF T 2012 FICE
18 UI-ERRAEME TIFEBOHERRN LA > TOET,
=512, KAGRASBICH T 2B EBEAEFIDIEE= 1D
WSEBIHIC, BEREPIFPDEIEHREIN—T &
DHEBAEEIMAL. KAGRA Scientific Congress(KSC)
MelREN&E L

7 ENFEDEETRET S ENKEHZBIEYT

KAGRASTE T, KD 5#) 7 RAFOHREARTHRE
THENROBHEREZBEEBL. PXUNHPI—0OVND
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TVET,

1 #EOHTITERE S Nz KAGRA
KAGRA installed underground at Kamioka
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K3 PREBREAN. 2AKD7 —LDORERME
. . . Around the crossing of two arm ducts in the KAGRA's central laboratory hall
2 L=Y—&,L—H—%RNT 5 150Class1 ) —>T—=2

Laser system and ISO class 1 clean room for housing it

AT T7ATHRERNT BARER (VSAFAEY k) 5 Bf% 22 cm OEEFEADY 7 71 7 DH
A cryostat which contains a sapphire mirror A transparent sapphire mirror 22 cm in diameter

62020 % 2 A 25 H. KAGRA FIfZRTERMEEZESHRE
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~10 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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1 TIX 2 EEFOERNRS X FIRGIIEERE (MOIRCS)

O b S e r\/ a t I O n a | C O S m O | O 8 y MOIRCS (Multi-Object Infrared Camera and Spectrograph) of

Subaru telescope
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2 N\NTABRVF7 7 ILBICRBE T NI TIE 5 LR ONAOJ

Subaru telescope at the summit of Mauna-Kea, Hawaii Island
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FRDTEBEBRBEBEESH XS Suprime-Cam $ &0
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5 TNETOMETHSHICENEFHBEHDESE, KA RS
(&%) |cxfd 2HtEksRLE (Gtsh) (b, FRENH Suprime-Cam
DEED ST SITFIR, 4 DOGIZEEZERETIL, LD,
ED&LS ICFHBEMNEATERDRELEAEDID >TLEL,
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.

3N\TABRIFT7LAIRETNEIXXENOE 82 m Y
EBEEH

Subaru telescope, NAOJ, with an 8.2m primary mirror at the summit of
Mauna-Kea, Hawaii Island

4 TIRBEEBED by T VT ElcEE Tz Suprime-Cam

Suprime-Cam installed on the top ring of Subaru telescope

6 FRPDYIES HSC AT 7 « /U2 — (Materion [ |H Barr
Associates] ¥t & 177 ).

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

e study the early universe by deep multi-

wavelength observations. Armed with the

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

We have recently completed our large survey for Lya
emitting galaxies (LAEs) at z~7 with Subaru Prime
Focus Camera (Suprime-Cam) and Keck DEIMOS
spectrograph, and reported the results of the survey
widely in the world. Our results indicate that there are
clear signatures of increasing neutral hydrogen fraction
towards z~7, but that the universe is still highly ionized at
z~7. 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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Theory
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18I A2T7L—2aVTERTNBFEIRT Sy I R—IL (PBH) DEE5H. RGHERNFEERL. FL VI OEHHIHADHIRERY,
B2 PBH 3IFHOBEMEEHAL. BEHKES PBH IFENHIELEE LIGO TROD 2feA/ XY FEHBETES,

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.

2 HA B ERIMERICED K HE Higgsino DEE L EMICTT B LHC RERICK BHIRR, FRORIHRIE ATLAS IZ& B 95%PRFE (Eur. Phys. J. C 82,
606 (2022)), 7RL I Higgsino DERMERD 1 0 DAEL EETRY ., FMEOEEFFHIEBATATNS, BVRRE=Z1— S —/ICHET S
MGy Jo—/ D NLO BERICE D F, KREDFIEY Y —LANIVOFHEZDFRELE,

The LHC constraint on the charged Higgsino mass and lifetime based on the disappearing charged track search, where Am= ~ 300 MeV.

The red solid line shows the 95%. limit by the ATLAS (Eur. Phys. J. C 82, 606 (2022)). The red band shows 1o uncertainty of the production cross section of
the Higgsino. The upper-left region of the red line has been excluded. The blue solid line is the lifetime based on the NLO decay rate for the pure Higgsino,
which decays into neutralinos. The gray band shows the tree-level prediction with its uncertainty.
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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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Experimental Facilities
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CTA (North Site) High Energy Astrophysics Facility in Canarias
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Kamioka Observatory
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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.

Construction of the Hyper-Kamiokande, larger than the Super-
Kamiokande, has been started since 2020, with an aim to begin
the observation in 2027.

<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
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The Research Center for Cosmic Neutrinos (RCCN) was
established in 1999 with the aim of conducting research
on neutrino and related topics. Members of this center are
participating in the Super-Kamiokande experiment, and exploring
the properties of neutrinos using data of atmospheric neutrinos
and accelerator neutrinos, and search for neutrino emissions from
high-energy celestial objects in the universe. We have provided
the occasion to discuss theoretical ideas and experimental results
on neutrino physics. Additionally, we are involved in the project
of next-generation neutrino experiment, Hyper-Kamiokande,
conducting research and development on the 50-cm diameter
photomultiplier tube, and advancing preparations for the
construction of the detector scheduled for 2026, with the ongoing
goal of advancing neutrino research into the future.

The center also plays a role in the joint research program of ICRR.
In addition to accepting research on neutrinos, as the facility
utilization, in collaboration with the Computer Committee, the
center manages a large-scale computer system used for joint
research at this research institute by cosmic ray researchers
nationwide. This computer system has a total of approximately
3,300 CPU cores, 9 petabytes of large capacity disk, and data
transfer performance of 18 gigabytes per second. It is capable
of analyzing large amounts of data obtained from cosmic ray
observation experiments and generating simulation data that
require high CPU capability. Since its update in the fiscal year
2020, it has been operated stably. Additionally, the center serves as
the acceptance for joint research program by primary cosmic ray
group, and operates the low-background experimental laboratory
underground. Furthermore, it accepts joint research solely for
computer usage and research meetings related to future plans,
among other activities.

The center also supports outreach activities for the general public
regarding cosmic ray research. Since 2009, ICRR has jointly held
public lecture events twice a year in spring and summer with the
Kavli Institute for the Physics and Mathematics of the Universe
(Kavli IPMU). Specifically, for the spring event, the center
collaborates with the public relations office to plan and implement
it. In the fiscal year 2023, on April 22nd (Sat), a public lecture
event titled “Astronomy and Medicine through Gamma-ray
Observations” was held at the Kashiwa-no-ha Conference Center.
The event featured Professor Masato Takita from our research
institute and Associate Professor Shinichiro Takeda from Kavli
IPMU as speakers. They discussed the exploration of PeVatron, a
cosmic ray source believed to originate within our galaxy, and the
application of gamma-ray observations in the field of medicine.
Additionally, a cross-talk session between the two speakers was
conducted to address questions from the audience. Approximately
150 people attended the event in person, and the lecture was also
streamed on YouTube, attracting about 500 viewers with around
1000 views.
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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.)

Facilities | 65

ey NS URHSZNE N I



F v AIVZ Y FEIESR AR

MERS

Fr RIEPFEYRERFRE. AR EPEILYY
PV R URXREYIBFHRAOMERSR T /N
30 km OF v AR YWL (MR 16° 21 Rk 68° 08\
2= 5300 m) REMAICAE Y ot RESSEDFEHRE
RpTE LT, BBR37 FLK. BA - RUEPHEZERY +
-2 (BASJIEER & BAR-TSIYVHBIVILY 3
VFIVN-ERDMTONTEX LIS

BELFER 17T ESDICRY L& LD 71F (BASJE
R BEIY v D —BAEEEBH LD SER Z M
LTEOWUE LI, ¢OMEBRIE. 10%eV U EDIRIL
FREEICHOTEEMMAEEZ LTV, FERLERE
BATBETT, ¥OMBE LT, knee 888 (~ 107
eV) DT, —RFBREBUADDERD SERNER
TLTOWBZEZRLE LIS, BEG AENRIRIVF—
BlEA 10 eV U EICHEL. RIARNERFHROLIR
WF—LROEEZBIBL TR LICH, EM28F3 B
Ret>TERYWIZLE LIS,

BASJE 28D A2 T, 100 TeV (10" eV) 48D
FHAVVEOLEBEREANZEENE T B ALPACA
(Andes Large area PArticle detector for Cosmic ray
physics and Astronomy) E8HF v AL A2 PUDE
(254740 m) TFY F LTI, knee E & TR
NICERTFHIRD. CONRBRTH D RANDFHIRES
(PeVatron) BAOYMEERILT BERICERSNDPMHEN
A PEBFHPEBELTETEIH Y VROIRIF—(F 100
TeVREBICRUE T, LIcH>T. 100 TeV @AV~
ORI KRNDFHEINRSBOATEE T OBRDORELGBDE
RICYUFT,

WEF/NED ALPACA. ALPAQUITA #8589 T,

66 | Experimetal Facilities

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

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

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

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

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

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

History

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

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

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

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

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

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

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

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

KAGRA, completed in October 2019, started its observation
for gravitational waves in February 2020. In February
2020, the budget for the first-year construction of Hyper-
Kamiokande was approved by the Japanese Diet, and the
construction of Hyper-Kamiokande began.
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PHEFMEMEIC L > TEEEICHBO/NED
2D (E 158D
Asahi Hut (wooden structure; about 50 sq. meters)
was constructed on Mt. Norikura based on the Asahi
Bounty for Science.

RRAXZFEREAPNETD
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.

RRASZRF AR FHRBOFER (B> v
D—8BE TV 3 8)

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

FHEAFTD ICY (ERRMIREVAF) ORI
BL. ZBRY+D—DERAI%EE18T S

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

IRNY3VF I N—DERARBLT S
The emulsion chambers at Norikura Observatory
started operation.

RRASZRIMMAEMHEL Y + O —DE&E R %
BT S

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

RRAFZRIEALAIVILY 3 VA KRR
k7% BEFE

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

FMREBSOBMMGRIEE (1R TSI,
RUEPOERRBAOMRE) H'6Ed
International projects of the Japan Society for
the Promotion of Science started (international
collaboration with India, Brazil and Bolivia).

REICTE 7 OFERERRZZHETS
The 7th International Cosmic Ray Conference was
held in Kyoto.

RRAZFRIGAEMICIVY 3 VEIDK[IKSE
EHNFEMEARAICBESND

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.

RRAXFRIZMAFMIVILY 3 VEHE LW
TIRIVY 3 VF T UN—DERA B

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

SERMENBEET S

A full-time director was appointed.

T2 FOVOEBRDSWBED

The construction of MUTRON was commenced.

RRAXFRFIEZARAAFERBICFEMENRR
WHFEE

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

B IRIF-SBEEABFINF RSN
The ultra-high energy weak-interaction division was
newly established.
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FRESOBMIBIEE (VR TSI,
N EPOEBRHBHAR ) DBESND

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

SESHRNBETS

A full-time chief administrator was appointed.

21— FOVHEHRT D
MUTRON was completed.

BASFERIPT DR D18 E D
The construction of the Akeno Observatory started.

BE LR F @B EREFIINHRSND
The ultra-high energy strong-interaction division was
newly established.

EINUFREBEENEICK YURRAZFEHIRME
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—B8GEABPIN'E—5E 58P
CAPN, BRAZRFIEARMHASI 21—
BFAE - PEATMESER  FHEESIBEL.
6 BP9 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.

BB ERIPT DB E 2D
The Akeno observatory was established as one of the
ICRR facilities.

RESAPDREARZTD
The Akeno Observatory performed the opening
ceremony.

BHICRIY rD—EB (1km?) H'EMT D

The Akeno 1km’ air shower detector was completed.

ETWINIWY 3V F T UN—RRIE T B
The special facility for emulsion chamber on Mt. Fuji
was constructed.

REWICTE 16 OFFREFSZ=RHET S
The 16th International Cosmic Ray Conference was
held in Kyoto.

IXRNWYaVFIUN-ICLBDEBDPHEREZ
BT 5

Japan-China joint research on emulsion chamber
observations started.

FERSHABI (F8) PSS
The cosmic ray detection division (for guest
researchers) was newly established.

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

BRIRLTHETEEER (NWIAHVTER) =
HEERRELTRHEBI S

The nucleon decay experiment, Kamiokande, started
in the Kamioka Mine as a collaborative research
project.
BENSBE PO E LIC—RFBRARR M
RET D

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

FRStERVI\EES () PRESNS

The first committee for future projects was organized.

FHRERIPT R
FHERERAPFDBFN

FERAEAT



FR
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1989

1990

1991

1992

1993

1994

1995. 4

NIA DV TRBHHR THO TBHFEH 5D
ZTa—hFYUIN-R+EHEAD

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

BBFEAFT CILEY v+ D —ERIZE AGASA DEE
RI6F B

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

FKstERI\EESR () DBBHES
The first committee for future projects submitted an
evaluation report.

NIANVTEBRIABHNSO_2—F~V /RB
%= &8

The Kamiokande detector observed a deficit in solar
neutrino flux.

FEERPT CABRS 7 L P —[CHDFHROKISIE
K7 &A

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

BBEESARTICLE Y » D —ERIZEE AGASA B
et

EIDA )

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

A=N=AI AT OEXN1FED
The construction of Super-Kamiokande was
commenced.

WREt@ERsI\EES () PRESNS
The second committee for future projects was
organized.

—a— R/ FEYPBIEPIDFER SN
REHAIBERS (B8 ) DBl

The neutrino astrophysics division was newly
established, and the cosmic ray detection division (for
guest researchers) was discontinued.

SR —THE 2 —PEFREBFCDH B
The gravitational wave group joined in muon
measurement division at ICRR.

F—RAESUPTHYHI—5TEDWBFE D

The Cangaroo project started in Australia.

HYHI—5tEH PSR1706-44 H5D TeV 5
UNREERAT B

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

FANY FTIPY v D—HYVBREBREBEDE
=n N

7% BB

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

BRI EMRD LK S

A computer center was built at Kamioka Observatory.

égﬂ-hiﬁﬁ)?@k@@%ﬁﬁ%ﬁ%?

The excavation for Super-Kamiokande was completed.

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

SRS DRSNS

An external evaluation of ICRR was conducted.

NEFANAYTTREZ2—FU/ OXBEBEKE
=808

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

Za—hU/FEYVBFHPINEILSN, BT
FHRNTFIRERDFRSNDS

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

FH

11

1996. 4
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1998. 6

11

1999. 4

2000. 2

3

2001.11

2002.12

12

2003. 8

2004. 4

Timeline

A=N=HNZIA NV TOZEAN%BET S
The completion ceremony of Super-Kamiokande was
held.

A=N=NZF NI TOFISEANIBZE B

The full-scale operation of Super-Kamiokande began.

FANY FDIPY v D—HYVBREBREBH'T
AR

The air shower gamma ray detector in Tibet was
completed.

R=N=hIAHAVTICLBZa—FU /BED
EKEPERICHKEZEND

The Super-Kamiokande collaboration officially
announced the discovery of none-zero neutrino mass.
BF vV NROBEERN18E D

The construction of the Kashiwa Campus was
commenced.

FHE_21— kY /FBUERRE N —E R
5@A8)

The Research Center for Cosmic Neutrinos was
established.

A—RAESUPTAHYVHI—5TE 2 H'16&E S

The Cangaroo-2 began operation in Australia.

A—RALSUPTAHYAI—5E 3 HERE R
169 %

Preparation of the Cangaroo-3 began in Australia.

BfE COElaER 7052 AlICKUBSI®R
=1 VTSN TR T B

Ultra high energy gamma ray research foothold was
established.

HBREHBA RSN D

An external evaluation of ICRR was conducted.

BFErVNRCEBHET S
ICRR moved to the Kashiwa Campus.

R=N=HIFHYTTEHHTRIY. FH
LTOXREFBEENENDS

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

NIANVTOFRREELEIC, FEZa2—KY/
BENDNA A ZPHERICEY, NEERZE
HED ) —N)VHBZEASETD

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=NIXNWVTHERE|IBLT. ER%HE
HID

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

%?8@$§ﬁﬁm§%%9<ﬁT%%§é®

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

TURD—TPLADEERNWBFD
The construction of the Telescope Array was
commenced.

HYAI—5TE 3 D 4 BOLREDTHT D
Four telescopes for the Cangaroo-3 were completed.
BIUXEAEMEEND

Japanese national universities became independent
administrative agencies.

FHE_a2—k~U/AEERY. SIRIVF-FEHR
BRITERPY. SR EEMIBIAICIRPID 3 BFZTERPT
ERB

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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A=—N=RNIA NV THELEIB=NS
The restoration of the Super-Kamiokande was
completed.

SABRSHI RS NS (10 B)

An external evaluation of ICRR was conducted.

HHRStBRIZES () PRESNS

The Committee on Future Projects I1I was established.
ERETERNERSES () OEBHES B8 A)
The Committee on Future Projects III submitted its
report.

TUROD=TPLARROEA =0T S

The Telescope Array experiment started observation.

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

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

FHEMEADHEFA - HEMENLE L TH
1CB T CHEFRDHEZFHILT B

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

REVERE IR ERE (BIC [KAGRAJ &88)
DBRFEOREMAREREED—DIEE
SN, BERHBES

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

BIRHEENRESND

The Gravitational Wave Project Office was established.
T2KEBRNPEF =2 — Y/ BREROIREZ
RS

The T2K experiment caught a sign of electron neutrino
appearance.
W¥BERIEER (V) HRESND

The Committee on Future Projects IV was established.

F—=RAESUPDOOYHN—ERHIKET IS
The Cangaroo experiment ended its operation.
HEBRSHB DRSNS

An external evaluation of ICRR was conducted.
HHRSTBRIZES (V) DBEBHES

The Committee on Future Projects IV submitted its
report.

KAGRA M1=sb® > R JUBEINE Y I B
The excavation of KAGRA tunnel was completed.

CTA RORERE 1 SEOERN18FD
The construction of the first CTA Large Size Telescope
(LST) was commenced.

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

—a—hU/NBEEEHDEERI_a1—F/
RBRROERICLY, IRORBESHRD
J —NIVPESEERET S

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

BIRHEERE DR S NEIVREDAATT 5D
I

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

Wk BERIEER (V) HRESND

The Committee on Future Projects V was established.
HWHEBERIZESR (V) DBBHED

The Committee on Future Projects V submitted its report.

11

2018. 6
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11

12

2019.2
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2020. 2

2021. 4

2021.12

2023.10

Timeline

FEGAEPAODPOERDERY, RRASREA
Za—FY /B BERTEENRE TS
Next-generation Neutrino Science Organization was
established. ICRR acts as the host institution.

R=N—=—HWZ A HhYTH SK-Gd £RICEIF. D
K¥ 6 HADMEIE#EHT D

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

FILYID - FURI-TPLA (CTA) X
ORE=E | SEHRANAVBAHF Y PESSN
JURICTERNT B

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

FHERVRADEFEHLEFB - HEAFRARUER
EESNd

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

TLRI=TPLa (TA) 2RO 1 0AEZ=
AHTRRAFOF v+ /NI TEET S

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

FUROD—=TFP LA (TA) OIETE (TAXD)
DKRELZINTIBES

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

HF ) PBIRVF—FEMEEAARIHERDFE
BI5

High Energy Astrophysics Facility in Canarias was
established.

SNBRSHI DRSNS

An external evaluation of ICRR was conducted.

KAGRA DFepkECRz 8% KT S
KAGRA celebrated its completion.

NAN—=HZA AV TEHE%EEBT S
The Hyper-Kamiokande project is officially approved.

KAGRA A'E/ROERIICaT 1o 8nz R T B
KAGRA started operation for observation of
gravitational waves.

RA=N=HIZIAHFTIZ001% DRET G %
BAL. SK-Gd E=BHNRAE—F

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

FANY L~ AS y EBRHRD)ID 5L ERSITRIU
F—0 y REAl, XN EOYDORECGHLDDG
The highest energy gamma rays from the Galactic disk
was detected by Tibet ASy experiment: Evidence for
the existance of Pevatrons in our Galaxy.

BEFERANINEBRDT T 51 FA T4 X%
R BEIREEEFEPTCSRE

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

CNRS ERRAZFICK BDFE - FHNF DB
TR Z D+ v 2 )NRITERAL

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

NANR—=NIAHYTOBET LI 8% R
Groundbreaking ceremony for Hyper-Kamiokande
was held.

FHEIRI AT S IR T2 Bk
Opening ceremony of Kamioka Research Complex
was held.

REKZ 21—k / BFEERTEED REA
—a—hU/RIBERIF ALY —KFE
BRI SN D

Next-generation Neutrino Science Organization was
reorganized into Next-generation Neutrino Science and
Multi-messenger Organization
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WER

FHIEWEFOERFMABIC DOV THET 55T, IRD
BEICE>TEFVE T, FIRDOM MWI14BDERETHE
BeNEd, ZEDBRIFUTORY TY, OHEHRDOH
BRIIEHFZD OB THRAG UIcE QR AIEZRMER
R BTAESBXEESR (EEY) OHIXIER. S
IRNVF—IDRBALEERAN T RIEHARAR. RAE
BYMEBSIMBIR OXZRIDZBRBEDOEH SR
HERLICE,

IR
REFFEDPHEABICOV TEBHER TRENEE LI
U, BIEFOEBRFECOVTEET S TT, AFED
th, BIEREEORRIE - ERBCERSNE T,

EEEER

FERFARAOEZICONT, STEEREMFHLEBRIC
RBETIRERTI. HRAROBRREHN 148 RR
ASSHOBEENLHLIL) THERESNET,

HEHAHREEEZES R
£EABRAREBRICED B ONBHEL, BEEE
KICREPHRELTHEERTT. FNTEENLERE
AN BOFEREBRE THRENET RRAPHDOES
DL,

HEHAMFERERREZEES
HERAFRPBERBICOVT, WROBESEBEL &
9. #EANBAHRRBHBEORE L BEEERICIEHTS
Z82TY. FATRRINICEE M SOFHRHRE
TERSNFT CRRAFHIOERENHMHLIL).

Organization

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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VN ;
#3:&4 Board of Councilors as of April 1, 2024

RRKF FHEMEPT iR RE &—
Institute for Cosmic Ray Research, The University of Tokyo Director OGIO, Shoichi
RRKF FHENEPT % AW 7RR
Institute for Cosmic Ray Research, The University of Tokyo Professor MORIYAMA, Shigetaka
le REKS FHRHRMH 6L 2 557
Institute for Cosmic Ray Research, The University of Tokyo Professor KUBO, Hidetoshi
RRKSF FHEARPT 60 B 517
Institute for Cosmic Ray Research, The University of Tokyo Professor TAGOSH]I, Hideyuki
RRAFAZF e BRI E HHERE A 18—
2 Graduate School of Science, The University of Tokyo Dean OHKOSHI, Shinichi
RRKF B - ¥R R JEA
The University of Tokyo Executive Vice President SAITO, Nobuhito
BLRVF DRSNS JH T R FZAFRN P R BA
Institute of Particle and Nuclear Studies, KEK Director SAITO, Naohito
3c  SEKS BRI e BA M5t
Yukawa Institute for Theoretical Physics, Kyoto University Director AOKI, Shinya
BRI STIRMIE EIR TS a8 L 5
National Astronomical Observatory of Japan Director General DOI, Mamoru
PEAS BTHY BEHRER B8 &
Faculty of Science and Engineering, Konan University Professor Emeritus KAJINO, Fumiyoshi
REAF B3 BEHE 7ls 759
School of Science, Tokai University Visiting Professor NISHIJIMA, Kyoshi
RRAKRFERSFHFEA AT B ST H TS BiER U JE—
4c Kavli Institute for the Physics and Mathematics of the Universe, The University of Tokyo Director YOKOYAMA, Junichi
FEMZEHERFEEETER S 3% B =
Institute of Space and Astronautical Science,Japan Aerospace Exploration Agency Professor YAMADA,Toru
RRKZ FHNTEERAR Y 54— tVA—F o8 Jtth
International Center for Elementary Particle Physics, The University of Tokyo  Director ISHINO, Masaya
BEEKRS FHUIKIRIBHZRT [Hik=3 182)1| #0K
Institute for Space-Earth Environmental Research, Nagoya University Director SHIOKAWA, Kazuo

1E =8 E Advisory Committee
as of April 1, 2024

RRKST FHEAFEPT Frf RE &—
Institute for Cosmic Ray Research, The University of Tokyo Director OGIO, Shoichi
y y y
RIEXF XS RIBFHI AR 1% =it £H
Graduage School of Science, Tohoku University Professor TAKAHASHI, Fuminobu
RIEXSESSHREESERSZ T 0T « PHI%ERR % S8 8"
Frontier Research Institute for Interdisciplinary Sciences, Tohoku University Professor TOMA, Kenji
SRENAFIBRTHE % A8 &R
RN (=] 4
College of Engineering Science, Yokohama National University Professor MINAMINO, Akihiro
KBRARSZALIIBIAR 2> & — 6L BEH =
Research Center for Nuclear Physics, Osaka University Professor TAMII, Atsushi
RRAFAF R B RATEHR R PE R
Graduate School of Science, The University of Tokyo Associate Professor NAKAJIMA, Yasuhiro
FEM AR F BT ER IR 6 28 BiF
Institute of Space and Astronautical Science, Japan Aerospace Exploration Agency Professor DOTANI, Tadayasu
BEAZ BT3E 4% W B2
Faculty of Science and Engineering, Konan University Professor YAMAMOTO, Tokonatsu
BEERF FEMBIRBHATERT % PER 3%
Institute for Space-Earth Environmental Research, Nagoya University Professor ITOW, Yoshitaka
KBRAIKXF KSR IBFHAFER 6 8 E17
Graduate School of Science, Osaka Metropolitan University Professor KANDA, Nobuyuki
@R/ IR THEB 6 BEEF ikt
Faculty of Engineering, Kanagawa University Professor HIBINO, Kinya
RRKTF FHEATPT 4% HUW xR
Institute for Cosmic Ray Research, The University of Tokyo Professor MORIYAMA, Shigetaka
y y y g
RRKRST FHEMIEPT 3% £ !
Institute for Cosmic Ray Research, The University of Tokyo Professor KUBO, Hidetoshi
RRKT FHRVIRH % Bi# 517
Institute for Cosmic Ray Research, The University of Tokyo Professor TAGOSHI, Hideyuki
RRKSF: FEHERVIRPT % 2F BA
Institute for Cosmic Ray Research, The University of Tokyo Professor SHIOZAWA, Masato
RRKF FHEMAT 3045 =R B
Institute for Cosmic Ray Research, The University of Tokyo Professor MIYOKI, Shinji
RS FHRMERT 3% JIis FEAS
Institute for Cosmic Ray Research, The University of Tokyo Professor KAWASAKI, Masahiro
RRKSF FHRVIRH % R 55T
Institute for Cosmic Ray Research, The University of Tokyo Professor ASANO, Katsuaki
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HEFIAHIEEZE S Inter-University Research Advisory Committee

C

OB

HEF A REEREIRZE & Inter-University Research Program Selection Committee

C

OB

OB

BR)IXF T

Faculty of Engineering, Kanagawa University

REAF B3

School of Science, Tokai University

BEHELREAR N BT 24

Faculty of Science and Engineering, Keio University
KERAIKF RSP PSR

Graduate School of Science,Osaka Metropolitan University

PREAS BTFES

Faculty of Science and Engineering, Konan University
KRS KRS PeIB S50

Graduate School of Science, Osaka University

TEXS BifsEUiRES

Institute for Advanced Academic Research, Chiba University
BREIFHIEE BIIRASE

National Astronomical Observatory of Japan

RRKE: FEHRVIRPT

Institute for Cosmic Ray Research, The University of Tokyo
SERAY FEBHRAR

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

Institute for Cosmic Ray Research, The University of Tokyo
HRAY PR

Institute for Cosmic Ray Research, The University of Tokyo

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

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

RRAKT FEHRFAT
Institute for Cosmic Ray Research, The University of Tokyo

WIEXRFIRSES

Faculty of Science, Yamagata University

RIEXZ Za—~Y/BEMELV A —

Tohoku University Research Center for Neutrino Science
KIRAITASKSE: BHHRR

Graduate School of Science, Osaka Metropolitan University
RRAF RS BIBFRTFER

Graduate School of Science, The University of Tokyo
RRKRST FHEMEPT

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

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

Institute for Cosmic Ray Research, The University of Tokyo
RRAKE FERMREM

Institute for Cosmic Ray Research, The University of Tokyo

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

Z8E Chairperson lc z158
=S Organizer e =058
BI8=  Assistant Organizer 3¢ £3%ES8
Z 74 —/\— Observer 4 H4EE

£
Professor
S

Professor

R

Associate Professor
sy
Professor

g%

Professor

R

Associate Professor

A%

Professor

AR

Associate Professor

%

Professor

IR

Associate Professor
IR

Associate Professor

AR

Associate Professor

AR

Associate Professor

AR

Associate Professor
P

Director

%
Professor
H%

Professor

AR

Associate Professor
R

Associate Professor
%

Professor

H%

Professor

&G

Professor

S5

Professor

R

Associate Professor

The First Committee Member

The Second Committee Member

The Third Committee Member

The Fourth Committee Member

Committees

as of April 1, 2024
BEE it
HIBINO, Kinya
BB 23
KUSHIDA, Junko
o R
NISHIMURA, Yasuhiro
BT HE
TSUNESADA, Yoshiki
W B8
YAMAMOTO, Tokonatsu
H Lt BE
INOUE, Yoshiyuki
BR 7%
ISHIHARA, Aya
FRE SF—
ASO, Yoichi
W xR
MORIYAMA, Shigetaka
Hig &=
USHIBA, Takafumi
B AR
OKUMURA, Kimihiro
=1
HAYATO, Yoshinari
SAKO, Takashi
TERE [
SAITO, Takayuki
T B—
OGIO, Shoichi

as of April 1, 2024

ik B2
NAKAJIMA, Takeshi
= NIE Y/
KISHIMOTO, Yasuhiro

B 818
FUIII, Toshihiro

LR IEE

ANDO, Masaki

E NN
MORIYAMA, Shigetaka
NE &—

OGIO, Shoichi

I HE
KAWASAKI, Masahiro
Z FH

KUBO, Hidetoshi

20 15

SAWADA, Takahiro
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BEE
BERAAERE

Past Representatives

FHIGELARR

Cosmic Ray Observatory

s T8 H=
Director HIRATA, Morizo
(g 0t E+
Director KIKUCHI, Seishi
(E=23:0809) Fp F|

(Acting) NONAKA, Itaru
(€=23:0509) R BX
(Acting) KUMAGAL Hiroo
[Zige Fcp F

Director NONAKA, Itaru
[ZES B E—

Director SUGA, Kouichi
(g =% =
Director MIYAKE, Saburo

1953.8.1~1955.8.31

1955.9.1~1959.9.21

1959.9.22~1960.7.31

1960.8.1~1960.11.30

1960.12.1~1970.3.31

1970.4.1~1972.3.31

1972.4.1~1976.5.24

FEHRZERR
Institute for Cosmic Ray Research
[ZiEes =E£ =8
Director MIYAKE, Saburo 1976.5.25~1984.3.31
[PiE] B B—
Director KAMATA, Kouichi 1984.4.1~1986.3.31
e AR —80 ~
S ROEO T 1986.4.1~1987.3.31
(BFEEER) HitE AL ~
(Acting) TANAHASHI, Goro 1987.4.1~1987.4.30
P& St OREB ~
Ditector ARAFUNE, Jiro 1987.5.1~1997.3.31
i P& FZ
Director TOTSUKA, Yoji 1997.4.1~2001.3 31
P& . NES
Director YOSHIMURA, Motohiko 200 141~2004.3.31
[Zigs AR E—RB
Director SUZUKI, Yoichiro 2004.4.1~2008.3.31
8lpT 268 098
Vice Director  KURODA, Kazuaki 2004.4.1~2008.3.31
Sl B8 2
Vice Director  FUKUSHIMA. Masaki 0084172012331
[Zigss =W BEE
Director AT T 2008.4.1~2022.3 31
gFR 5% X
Vice Director  TERASAWA, Toshio 2012.4.1~2016.3.31
gFrE U FAT
Vice Director NAKAHATA, Masayuki 2015.12.1~2022.3.31
g8 I FEAS
Vice Director KAWASAKI, Masahiro 2016.4.1~2020.3.31
Sl &I 7517
Vice Director SAGAWA, Hiroyuki 2020.4.1-2022.3.31
[PiE3 IR HST
Director NAKAHATA, Masayuki 2022412024331
8lpr BB EA
Vice Director  TAKITA, Masato 2022.4.1~2024.331
& RE E—
Director OGIO, Shoichi 2024.4.1~
il L 2024.4.1~
Vice Director MORIYAMA, Shigetaka o
B S 24 Number of Staff
r R BhE I A=}
4% !
Professor Associate Research Research
Professor Associate Fellow
13 16 31 17

[7] <> [2] () <5> Q) <5>

78 | staff

Staff
SEERERAIFR
Norikura Observatory
AL = =
((iii})ﬁ&) B_AF;AEE?Saburo 1976.5.25~1977.2.28
. am
Efctor EﬁS;;IDOE,BIChiro 1977.3.1~1987.3.31
7 =20
FDﬁifctor ?LE]I%I,J %)shinori LA AUL RE
}]:Dﬁifctor i%%&gl—?IMA, Masaki 2000.4.1-2003.3.31
= w
FDﬁifctor ?i%l]%&Masato 2L Lok
_ N
PDﬁifctor éil%(l)f Takashi 2022.4.1~
BREFERBIRR
Akeno Observatory
FDﬁifctor iElli/IfTX, Kouichi 1977.4.18-1984.3.31
D S
Dretor  TANAMASHLGoro 19411988331
PDﬁifctor ﬁiﬁ%, Motohiko 1988.4.1~1998.3.31
FDﬁifctor ]?EWS%HEISIE/I%, Masahiro 1998.4.1~2002.12.31
)jDﬁifctor ItEIEJ%I}EI?_IMA, Masaki 2003.1.1-2012.3.31
gimr ZIX(! ZEWK Hiroyuki 2012.4.1~2022.3.31
FDﬁifctor gk(%o%szoichi e
MHEFHRN TR
Kamioka Observatory
=n, SR S —
ggis:ctor "}F:O%S/IfK_A, Yoji 1995.4.1-2002.9.30
e=n, fa
lﬁ)ﬁi;’:ctor Z}?Z(I;il, EEichiro 2002.10.1~2014.3.31
e T S
I@Eifcjf)r ?ﬁiﬁ%{TXTA, Masayuki 2014.4.1-2022.3.31
=g =N
ﬁDmiE:ctor éﬂii)\\)\%’ Masato 202241~

FH-21— M/ BRABERRES 2

Research Center for Cosmic Neutrinos

tVA—F 1= BEE

Director KAIJITA, Takaaki 2R A0
eVE—R BN AR 201641

Director OKUMURA, Kimihiro o

B EAIR RS

KAGRA Observatory

MR K4S B2

Director OHASHI, Masatake AU R el el
MR =K B

Director MIYOKI, Shinji 202441~

AF V7 BIFRIVF—FEYER TR
High Energy Astrophysics facility in Canarias

ijibstaa Flg HE
Director TESHIMA, Masahiro 2019.4.1~2022.3.31
o % %7
Director KUBO, Hidetoshi 2022.4.1~
BE FEBS  FEPES o
Technical Administrative Adjunct Totnal
Staff Staff Staff
7 26 49 159
M ®) (37) [9] (50) <11>
[ 1:&8 () ()& (R ) ABA (RED

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

as of April 1, 2024



FE Budget

RHREE
Annual Expenditures F thousand yen
C Bxsy FY2019 FY2020 FY2021 FY2022 FY2023
ategory
e 872,000 898,000 898,000 1,048,000 1,068,000
ersonal Expenses
W&
N 1,611,000 1,173,000 2,078,000 1,990,000 1,974,000
on-personal Expenses
A
E)?Jl 2,483,000 2,071,000 2,976,000 3,038,000 3,042,000
%Eﬂﬁﬁ%w F&)\ﬁgﬁ FH thousand yen
External Funds, etc. () 132 A The number of () represents quantity
C Bxsy FY2019 FY2020 FY2021 FY2022 FY2023
ategory
RE%EDOHEAE
Joint Research with the Private Sector 0 (0) 0 (O) 0 (O) 47.871 (2) 283,128 (2)
T3S
Entrusted Research 1,966 (1) 340 (0) 231 (1) 0(0) 0 (0)
RBEHMe
Donation for Scholarly Development 3.387(2) 1,600 (1) 0(0) 0(0) 3,180 (4)
B
Foundation 22,728 (141) 22,654 (141) 17,739 (171) 19,449 (238) 15,511 (232)
*4?6%;%%%525%@ &]\ﬁgﬁ F M thousand yen
Grants-in-aid for Scientific Research () 1FZ AL The number of () represents quantity
C e FY2019 FY2020 FY2021 FY2022 FY2023
ategory
HFBIHEERTE
Specially Promoted Research 17,800 (1) 0(0) 0(0) 27,300 (1) 221,300 (1)
M PRIEHZE

165,700 (7) 158,300 (9) 154,000 (5) 123,500 (4) 57,700 (2)

Scientific Research on Priority Area
SME D BEAE (A)

Grant-in-Aid for Transformative Research Areas (A)
EARBAE (S)

Scientific Research (S)

EARHIZE (A)

- - - - 15,100 (1)
29,700 (1) 71,100 2) 174,000 3) 50,200 (2) 51,300 (3)

49,700 (4) 50,300 (4) 37,600 (4) 11,700 (4) 8,100 (2)

Scientific Research (A)

S ® 16,400 (4)  9,400(1)  7.410(3)  11,0004) 12,200 (3)
SEURO © 8300(7)  4500(8)  6300(8) 13.400(10) 8,800 (11)
Rl Young Scintis (4 0 (0)xomey 0 (0)*amer 0 (0)xamey 0 (0)=amur 0 (0)xamiy
AT — 200()  0@)amT 0O 0O 0 (0)smer
AR 6,900(6)  6,700(9)  9,660(8)  7,300(7) 7,800 (8)

Grant-in-Aid for Young Scientist

PreaobizE ()

Challenging Research (Pioneering)
PREBIEAZT O TE

Challenging Exploratory Research
PrEaOBIE (853

Challenging Research (Exploratory)

HITEE R — F24E
Research Activity Start-up

EfHEVIRIRES (ERARIRRI (B)
Fund for Promotion of Joint International Research 6,700 (2) 9,800 (3) 5,500 (2) 6,700 (2) 2,800 (1)

(Fostering Joint International Research (B))

UBBEAESDESATYR ; 200 (1) 0 (0) 0 (0) 290 (1)

Té';t:l 310,100 (37) 317,400 (41) 398,670 (36) 256,500 (38) 388,590 (36)

5,700 (1) 3,100 (1) 0 (0) 0 (0) 0 (0)
0 (0) =asey 0 (0) =amsey 0 (0) =amsey 0 (0) #amey 0 (0) =amey
- 2,000 (1) 3,300 (2) 3,200 (2) 1,100 (1)

3,000 (3) 2,000 (2) 200 (1) 2,200 (2) 2,100 (2)
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HEF B - HE
HEIF IS

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

RRKRFFERUIEM

B+ vV NR, BEFERAFHENMES,
BHE?%E/EJPJ?Q&CDH Eﬂz T#ﬂﬂﬁﬁ

sk, FRELEVAIPR.
PRZFTOTHKELIS =HBIC

BFR-HBEGRLRE LT,
BIREANIR

HEMEALRE L/’(D,L\Eéﬂé\t L1 pnb@#\ﬁﬂﬁﬁﬁﬂ
HREFRR

RIEECEICERAIDHARBDNSREL.
ZESRUORBEREZEESDERETVLE T,

DEE

2023 FE BAXE FIBRR
FY2023 Results of Domestic Application

FHE-1— kU ./ HIEET

Neutrino and Astroparticle Research Division

B LRI)IF—FHRMAIEELPT

High Energy Cosmic Ray Research Division

FHEEYIBF IR

Astrophysics and Gravity Research Division

FHE-2—F U/ BAERRE 8 —

Research Center for Cosmic Neutrinos

2023 FE ERAE AR

FY2023 Results of International Application

FHE 21—k ./ HIEET

Neutrino and Astroparticle Research Division

SLRIF—FHRMFEELPT

High Energy Cosmic Ray Research Division

RIS T ERPT

Astrophysws and Gravity Research Division

FHE-2— LU/ BAERRE 82—

FB—=
Research Center for Cosmic Neutrinos

BB
Applications

41 (41)
60 [8]
27 <25>

9

BB
Applications

5(5)
9[0]
10 <10>

2

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.

BRER WRANBFFEE R
Successful Applications Total Researchers
41 (41) 1918 (1706)
60 [8] 1280 [90]
27 <25> 743 <694>
9 78
BERHEE PUINAN A=
Successful Applications Total Researchers
5(5) 95 (95)
9 [0] 315 [0]
10 <10> 189 <189>
2 60

O) 3HEF m?*u%EﬁnBﬁaQO)Wi% [1I3REBEAFONE. <> FEREREATIER DAL

AFREE

Education

() : Kamioka Observatory, [ ] :

RRREFHRVIRAE. RRAFEZ R R YIES

RORNEBLEREO—IRE L TKFR
REROBZEBIL TOET,
EFBHECLIF—IBERL

REEEZITBEEBHIT
HEFEZEZIRIC

FEER

AN

TOET, FLREAREXRZERO—IRELT. BARIOM
REOKRZbEZ., FHRHELE. FRIVMIRE SEAUR

EELTRIANZDBHEOLTOE T, RRKF

RADARERFEZAKESUTOEHSYTY,

(Emuy
Master’s Course
B1+ERE
Doctor’s Course

&5t
Total

80 | Inter-University Research and Education

FY2020
37(3)

23 (1)

60 (4)

FERU

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.

FY2021 FY2022 FY2023 FY2024
37 (4) 30 (3) 21 (1) 22(0)
28 (0) 27 (1) 30 (2) 26 (3)
65 (4) 57 (4) 51(3) 48 (3)
() @35k

The number of () represents female students.
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International Project

PINATOY x5 b (ALPACA Project)

RUEPOF v HUAPWUETE By +DO—GAREZAOICEIR
WF—FHEEBRIHESNTOET,

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

FANY BRI+ D—TJOI 15 b (Tibet ASy Experiment)

FANYEDENHF (PUN=FV) BRTEERY v D—8REEZRL
TBIRVF-FHEEREZTO>TOLET,

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

FTURI=TPLA7OI 15 b (Telescope Array Project)

PAUNDIZTE, RARPSBERARTEXERBEZAOTESTRIVF—
DFEROER - RZTO>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—HhZAH>FTTOI 15 |k (Super-Kamiokande Project)

BEFERMFWARMER Tl R—N—HhIFHVTE2AVT, Za—k
U/ IRENPIB T REIEDRFRS EOMRZTo>TOWE T, 11 HhEOHEED
HEAERICEWOL TO&E T,

At Kamioka observatory, studies on neutrino oscillation and proton decay are
conducted with Super-Kamiokande detector. Researchers from 11 countries have
joined the project.

NAN—=AIAHh>T IO 14 I~ (Hyper-Kamiokande Project)

BREFHRATHERRTE. Z2—H)/ - BRFBERROICOORE AL
BORHZEDTOE T, 22 hEOHRBEHNHEHAEICSOL TOET,

At Kamioka Observatory, the next generation detector for neutrino and nucleon
decay experiment, Hyper-Kamiokande is under construction. Researchers from
about 22 countries join the project.

XMASS 70O 14 k (XMASS Project)

BEFERNTARER T, BiEF£/ VREEE XMASS TRICT—&
ZRANT. =0V —RUPRIOBROERZBHLLTOLE T, BAR
#EE, PEOREENSMLTOET,

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 14 I (XENON Project)

ARUTPODLZHwVEIMEMTIE, XENONNT &iPEsz RO TR
MEBEOBHERRERZTO>TOVET, 12 hEBOHEEHNEEHNZI SR
L=y L 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 7OY 14 k (KAGRA Project)

BHREANAEIER TE KBEERENHRERE [KAGRA] Z&E L.
BARALTVLET, 13 HBEOHEELIHBARICENLTOET,

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

Gravitational wave Telescope (KAGRA). Researchers from 13 countries are
involved in the international research project.

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

ANAY - WhFUPREEDSNIVREF) - NSFIUTE. aIRIVF—
NYBREYPBSZOWR AT OIHIC, FLYITITLRI-TPL
1 (CTA) DRHRZEDTOE T, 25 hEOHRBEHNHEREICSML
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.

ZANEAAEREE

The Number of Accepted Foreign Researchers

2019 2020 2021 2022 2023
P I (Asia) 48 1 1 10 14

International Exchange

EIFRF T3 E A A RS %

Academic Exchange Agreement

1981

1995

1995

1995

2001

2001

2009

2011

2011

2011

2012

2012

2013

2017

2017

2017

2018

2018

2018

2018

2019

2019

2020

2021

2022

2022

2023

2023

2023

RUEPHYPYRURRE (RUEP)

Universidad Mayor de San Andrés (Bolivia)

IR KRFEBFE CKED

College of Science, University of Utah (US)

DY T VZPRZTP—N\A URYIBRISFE CKE)

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

Graduate School of Art and Sciences, Boston University (US)
OYPREPHTI—RI”MAFEH (O 7F)

INR, Russian Academy of Science (Russia)

BA—R S UPRSZEHYBRFE (-3 UP)
Faculty of Life and Physical Sciences, the University of Western
Australia (Australia)

AU T V=P ITHRKF LIGO BZErT CKE)

CIT LIGO Laboratory, California Institute of Technology (US)
N—TIHEHAEAEE (127

European Gravitational Observatory / The Virgo Collaboration (Italy)
LBEEXS (PE)

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

PSR I-KEENMER (EE)
Institute for Gravitational Research, University of Glasgow (US)
PIARZIEE (1&UP)

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

PERFRERKNS (PE)

National Astronomical Observatories, Chinese Academy of Sciences
(China)

YRV FBBRFESE (ANAY)

The Faculty Sciences, Autonomous University of Madrid (Spain)
PRI YIRIRZERT (B5E)

Institute of Physics Academia Sinia (Taiwan)
NVORTSVHYBEREEH (R1Y)

Max Plank Institute for Physics(Germany)
RIPBEASRERBZKEFERIR V42— BB
Sungkyunkwan University, College of Science, Center for Cosmic Ray
Research (Korea)

A=Y RENIRFIMHAR LY Z— (K= F)
National Centre for Nuclear Research, Poland

H+ U —FEYBFHAE (A1)

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

TRIUMF (Canada)

BEASYETSER (PE)

Tsinghua University (China)

PERFREEYIE - KFHAEH (PE)

Wuhan Institute of Physics and Mathematics,Chinese Academy of
Sciences (China)
BLFYIFNVR—)N=OVEa1—R—EVR—

- EBRERMFER (&F
National Center for High-performance Computing(NCHC), National
Applied Research Laboratories (NARLabs) (Taiwan)

ERHDRZRINF VIZHIBHASERT (D7)
Scobeltsyn Nuclear Physics Research Institute, Moscow State
University (Russia)

75V AENMBSRE LA — (TSR

The French National Centre for Scientific Research (France)
2B (12 F )

Tata Institute of Fundamental Research (India)
OPRINZTKZ(AF2T)

Universidad de Guadalajara (Mexico)

YT —RPv TR (EE)

Rutherford Appleton Laboratory (England)
NW—Y v K% (A RI7P) - BUXNE

The University of Perugia (Italy),National Astronomical Observatory of Japan
BiIZHERBARS (BZ)

National Yang Ming Chiao Tung University (Taiwan)

77 =7 (Oceania) 0 0 0 0 (0]
EIK (Latin America) 0 0 2 1 5 HEFBHAEICSNL TOBDHIBEAMEEL. 2023 FET
JE2K (North America) 40 0 0 2 10 ENT81T AN LY ET,

i Total number of foreign researchers who joined ICRR inter-
3—0w /Y (Europe) 31 2 11 14 11 university research projects was 1,811 in 2023.
&5t Total 119 3 14 27 40 International Exchange | 8 1
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%R

AR+
Events

77V IPMU L DER—GEER
ICRRxKavli IPMU Public Lecture

FERIAEAD. 17 SIESETEHREBE BN T,
BEBEINBELTLS F—H1 XY T,

aF vV INZA—HRAR
Open Campus

510 BICEAIMNB BT+ VNN IA—MBARICEDLE, ¥
AIVRRATIVO—HI3vTIRERBELTOET,

FH - BUNFRATYVITRI—IV
Spring School

RERESEERALCKFIFED. 4585 BOBRETES
TV PETCH & —HEICRBPETICIRU A E T FE-
SHFRARODERTOT S LTI,

82 | Public Relations

Public Relations

1T
Publication

ICRR=Z21—X
ICRR NEWS

FEEARFDO LEY O RZ LA BFTEGH. FIC4OEE
BASBTHRITLTOLE T,

ICRREE
ICRR CATALOGUE

FHEEARAMOMAELTOY 20 b PREEER. X DO
BB EOERE X EOICMFTY, F-O3T. BREMEC.

7=a7ILLR—=F
ANNUAL REPORT

FEERWEAOSAE IOV H LD 1 FREDELZHFEK
ReFOIMF. F-OFT. RIBRTT,



[L¥R

Web O>572vy
Web Contents

FHIEMIFF Web News
ICRR Latest News

FERVNEMDOFEY O R%RA S Web Z2— R, B
FLOEBEZEHLTOET,

FERFAZEFT VR
ICRR Virtual Reality

I SRRSO EILLICDH DERES % 360 ED/N/ S
NERTHRRTEE T,

PR BR{g
PR Video

HRPICHS [ B FERFIEFAOEFERIBAE BN LI
EFATT, BETTH, BABIENBYET,

Public Relations

FVIFIVG Yy X
ICRR Goods

A=IN—HZFAHAVTDIT5YV—I\XIV

Jigsaw Puzzle of Super-Kamiokande

300 E—X 1530 @ (#HA) 500 E—2R:2040 B (FHA)

FVIFIVRTAY T
Original Mug with "Air Shower"

1100 M (B3 )o BEBAFOELPR—/S—HSARY
FRE SRR A RRT 3FEENENOTT,

FILYaATZUVITAYVD/ -+
Original Notebook with Cherenkov Ring

680 B (KA ) ABHA X, 64 X—Y

Public Relations | 83
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FURFER

ER=ES L UERARER DRE

International Conferences and Workshops

REXEFTERIRAS. BRSFVPERVIRERZX
NENE 1 ORERELTOET. AIDOBSBBEEYH
MOEFMREBZBOTRIOMRICOOTELTESS
IXF—5, B OBEGTOTLET, BE 10 £BICH
ELICERSEROBERMRESRE. UMTOEHYTY,

NAN=NZF N TERHEBERAR I V- TRy VR D ARUBEHR
The Inaugural Symposium of the Hyper-Kamiokande Proto-Collaboration and
Signing Ceremony

2015.1.31 (F2£ Chiba) 108 A

% 3 0 EITES EfREESE
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

8 4 O EITES ENRERSE
4th EiTES General Meeting
2015.12.2-3 (BRR Tokyo) 38 A

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

KB 12—/ EsRICET SEREE
Third International Meeting for Large Neutrino Infrastructure
2016.5.30-6.1 (SR 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 (3£ Chiba) 170 A

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 ( IR Tokyo) 120 A
NAN—RAZIANVTE | OFPERFIRE

The First Meeting of Hyper Kamiokande Financial Forum
2019.1.11 ( R Tokyo) 50 A
NAN=NIFHVTE2 OFERFISE

The Second Meeting of Hyper Kamiokande Financial Forum
2019.6.27 ( RR Tokyo) 45 A

% 16 OFBFRALT - T HIBEFFRSE (TAUP2019)
Topics in Astr'qgarticle and Underground Physics
2019.9.9-13 ( Z L Toyama) %7 540 A

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

&

Academic Papers

HBEFBALDORRE. AIDSZELETREIIT DM, @
ELTRIDBMMEF ETEREKLE T, IRFAREY
TDHIDA, L7V —EMst. ICRR Report (%&32)
RUBEBRSZED Proceedings (CHREXSNICEDOE A EE
AL TIUTFICRLE 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.

BIRIVF-—HY VR THBERFEH 2019
The extreme Universe viewed in very-high-energy gamma rays 2019
2019.11.14-15 (FZ Chiba) 83 A

KASHIWA DARK MATTER SYMPOSIUM
2020.11.16-19 ( 7+ >/ 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 Era
2021.1.18-20 (FZE Chiba and Online) 80 A

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

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

UTokyoNY A XYV |k [RIVF A VLY I v —TFEEZ=<S ]
UTokyoNY Event "Exploring the Universe with Multi-Messengers"
2022.2.12 (4> > > Online) 300 A

LIGO-Virgo-KAGRA collaboration meeting at Louisiana
2022.3.14-17 ( KE USA) 808 A

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

21st International Workshop on Next generation Nucleon Decay and Neutrino
Detectors (NNN2022)
2022.9.28-30 ( UzE2 Gifu and Online) 111 A

Hyper-Kamiokande Collaboration meeting
2023.3.6-11 ( ELU Toyama and Online) 223 A

LIGO-Virgo-KAGRA collaboration meeting at Northwestern University
2023.3.13-16 ( 2KE USA and Online) 677 A

£ 38 0 FHEREESZE (ICRC2023)
38th International Cosmic Ray Conference (ICRC2023)
2023.7.26-8.3 ( 2 5= Nagoya and Online) 1429 A

LIGO-Virgo-KAGRA collaboration meeting
2023.9.11-15 ( EL Toyama and Online) 936 A

NNSO SR VIRI DL [WIVF Xy S v —KRIFORER]

Symposium of Reorganized NNSO, “New Development of Multi-messenger
Astronomy” 2023.11.1-2 ( F# Chiba and Online) 114 A

FHRITAAEE DR RHIE (2019-2023)
Papers and proceedings published by ICRR researchers



RER

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

CRERE

Nishina Memorial Award

CHERE

Nishina Memorial Award

RRRS
Medal of Honor with Purple Ribbon

N/ D2F—8
W.K.H. Panofsky Prize

ERE

Fujiwara Award

XAEThHE

Person of Cultural Merit

J —=NI)IViEEE

Nobel Prize in Physics
TW—/ R FIRE

Bruno Pontecorvo Prize

fcEhE
The Order of Culture

NI PIVTSVHUV AR
Benjamin Franklin Medal in physics
FRF AR

Particle Physics Medal

# i

Inoue Prize for Science

WAL AR BSERHE

Young Scientist Award of the
Geochemistry Research Association

H EOAREGFHE

Inoue Research Award for Young Scientist
PH*"E

Yoji Totsuka Prize

W=/ - R>TIJVRE

Bruno Pontecorvo Prize

PE*"8

Yoji Totsuka Prize
BAYIESSETFERNE

Young Scientist Award of the
Physical Society of Japan

PHF_&

Yoji Totsuka Prize

BASLRE

Japan Academy Prize

TN AS RS TR EY
MEXT Young Scientists' Prize

R F A VEGFHE

Particle Physics Medal: Youn%ﬁci¢ntist 88

Award in Theoretical Particle Physics
TAVRY)— - RP5—-PIO—F
Extragalactic Tinsley Scholar Award
3NE

Yodh Prize
JatyN-Jrrr - IIH
Giuseppe and Vanna Cocconi Prize
1UDHR - JIRE

Julius Wess Award

2L RHE - AF RIBZHRY
il

Yukawa-Kimura Prize
VERFAEXREEFRFEE
MEXT Young Scientists’ Prize
PEE_E

Yoji Totsuka Prize

BAXR ISR RHE

The Astronomical Society of Japan
Young Astronomer Award

50
=1
=]

BERyes 7 U—o )-8
Breakthrough Prize in Fundamental
Physics

Xft&E
The Order of Culture

XALhHE
Person of Cultural Merit

Awards

120 pES AR-21— LU/ BRBOER

KAIJITA, Takaaki Discovery of the atmospheric neutrino anomaly

$3K 32— )

SUZUKI, Yoichiro AB5=21— U/ OBEBERAICEID =1 — U /ERHDHKR

DB HETT Discovery of neutrino oscillation by precise observation of solar neutrinos
NAKAHATA, Masayuki

P& F— FEHEME - TNTYIESHRING
TOTSUKA, Yoji For contribution to Cosmic Ray Physics and Elementary Particle Physics Research

5 S

KOSHIBA, Masatoshi ~

0 pEE ARZ2—hU/ICEBZa— kU /IREND RREVRILIC K BHETE

IiAJITg, Takaaki For compelling experimental evidence for neutrino oscillations using atmospheric neutrinos
P& *—

TOTSUKA, Yoji

P& *_ AEROABZ2—F U /BAICEDZ2— KU /IREDHESR

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

TOTSUKA, Yoji For Contribution to Cosmic Ray Astoronomy

I\5E S KEMBS, HICFE—21— Y/ DREANDNA 4 Z PSR

KOSHIBA, Masatoshi For pioneering contributions to astrophysics, in particular for the detection of cosmic neutrinos
P& F_ ARZa— kU DRBEFKRE LIES

TOTSUKA, Yoji  For his outstanding contribution to the discovery of atmospheric muon neutrino oscillations
Sgx—  BELORUTTRWESOUE, HAICHD. WEFOELIHSSHLIEEE D,

FORSURA. Yoji S ONBORRE( 5L i Uico

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

P& FE_ Za—hU/ICBEEN DB EOHER

TOTSUKA, Yoji Discovery of the neutrino mass

Fefit JREB AT —VEBRICHBIT BT/ A—ID F RO Y —BIEE D
ARAFUNE, Jiro  Topological property of monopole in non-commutative gauge theories
PIB AT ABZ2—FY/OBRIEZ 21—~/ REBDR

NAKAHATA, Masayuki Solar neutrino detection and research of neutrino oscillation

SR 05F FEHIGEMZIEIC L DA EEL DT

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

B K5 A=N=NIA NV TICBHFB[EL T L2 & XY IN\DOZFRIBOFRR
NISHINO, Haruki Search for Nucleon Decay into Charged Antilepton plus Meson in Super-Kamiokande

0 pEE AR=a21—F U/ REDER

KAJITA, Takaaki Discovery of atmospheric neutrino oscillation

AR F—ER R=N—NZIANVTERICBTEAR[=1—FJ/ BLOAB=21— LU /IRBORKR
SUZUKI, Yoichiro Discovery of atmospheric and solar neutrino oscillations in the Super-Kamiokande experiment
PUB T REICEZABZ21— KV / SIRBDHAR

NAKAHATA, Masayuki Study of the solar neutrino and its oscillations

e 5 FARY FEIY DT UAICHET BB IRIVF—FEHERHIEDHE

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

Bk EF L7 h VR ROFEDNY 7 VBIERHMEE DR

FUKUGITA, Masataka Pointing out a mechanism to generate cosmological baryon number violation originated by lepton
120 pEE ARZa— R U/ IREOER

KAIJITA, Takaaki Discovery of atmospheric neutrino oscillations
BR O05F ABEENS L OFERDSURICRIT T EZEDHRE
MIYAHARA, Hiroko Study for solar activities and its effects

o Er BRTMEDENICHE T BIRRANFHROFRZ BRI DH LV F U X OBREARTE
IBE, Masahiro Sweet Spot Supersymmetry

AA IES EHFEERC & B ILEESHE
OUCHI, Masami Extensive work on distant galaxies and cosmological events in the early universe
XE TTE B IRVF—FERDEICHT 5EWOIHZ

NAGANO, Motohiko Pioneering leadership in the experimental study of the highest energy cosmic rays
S ABZa—r U/ D2TUV—N—RAEICLDAB=1—FU ./ DHOEHA

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

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

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

JI|UEs FeE46 ENF TSHIABEEROH—IBRDBRICHT 5018
KAWASAKI, Masahiro Supergravity and nucleosynthesis

KA IES JBRNIRREIC L BFEELDHE

OUCHI, Masami Pioneering studies into the early universe through wide-field multi-wavelength observations
BE BA MRBI2——21—hU/E-LLCEBEFZ2— L/ PRBROXER
SHIOZAWA, Masato Observation of electron neutrino appearance in an accelerator muon neutrino beam

N\ 568 TELE FEHEROERIBIIE

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

120 pES

KAJITA, Takaaki —2— kY /#REIE VWOSABNQRHRE % L. RATYIRS DIRERHRE EDICBADHL
AR F—ER WI0VT « P LICERIE
SUZUKI, Yoichiro The fundamental discovery and exploration of neutrino oscillations
Super-K Collaboration
—a2— b U/ PBRICBOVTELORERRZES, RNFIVESLOFERICDKEE
120 pEE e 5A 1208
KAIJITA, Takaaki Outstanding contributions to particle physics and cosmology by the remarkable achievements for
researches in Neutrino physics
—a2— b U/ PBRCBVTELORERRZES, RNFPVESLOFERICZKREE
Tl e E% 5 A12IhHE
KAIJITA, Takaaki Outstanding contributions to particle physics and cosmology by the remarkable achievements for
researches in Neutrino physics
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REFE Awards

2015

2016

2016

2017

2017

2017

2017

2017

2017

2018

2018

2018

2019

2019

2020

2021

2021

2021

2021

2021

2022

2022

2022

2023

2023

2023

2023

J —N)VBSE =B BE —a—-hU/HEEEFHDSEERT. —a1— U/ RBBROER

Nobel Prize in Physics KAIJITA, Takaaki The discovery of neutrino oscillations, which shows that neutrinos have mass

PP EE =B BE FHFZa—LV/ICEBEN DB EART Za— ) /IRBIDFERDINE
Chunichi Cultural Award KAIJITA, Takaaki The discovery of neutrino oscillations, which shows that neutrinos have mass

Harvard Foundation Scientist of the #26B f2E MO LICET BRFNB TOEZBINGEERUMH T LT

Year KAIJITA, Takaaki Remarkable achievements and initiatives that serve to increase diversity in the area of science
FHF X VB P

Particle Physics Medal: Young Scientist =) R .. Component action of nilpotent multiplet coupled to matter in 4 dimensional N=1 supergravity
. ' . : HASEGAWA, Fuminori
Award in Theoretical Particle Physics

e e 208 KR SEBHRFAFES LT A— A~ hS AN FHER COERICRUEA, BEOTHE
FEREFWHE ARAFUNE, Jiro #1585, JEI0RESTH USSR DERA B - IhBlH LT
GITAM foundation Annual Award 1o FEE HPNG COBRSBIRI AL T

KAIJITA, Takaaki Outstanding contributions in the field of science
ALh AN e g et tner L . . B
R e B AW ASENBESAROESIRUE-FERANS FUOE

Young Scientist Award of the . . . .
Physical Society of Japan FUIII, Toshihiro  Study on the energy spectrum of ultrahigh-energy cosmic rays with the fluorescence detectors

N—=oL—BXE 0 pEE BIMNCHTF BBADIL - BIZRMDOER EREICEBMUICIRICHL T
Berkeley Japan Prize KAJITA, Takaaki Significant contributions in furthering the understanding of Japan on the global stage
B Oy TEOENSOEBELHELEETS v HR— A SOESRRLE

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

Inoue Research Award for Young Scientists KINUGAWA, Tomoya from the binary black holes

BASHRESE XA ES SANY - P P e E BT E O
JSPS Prize OUCHI, Masami Observational Studies of the Early Universe with Lyo Emitters
BAS TR E XA ES AN - P07 P REHRE RO AT E DRI
Japan Academy Medal OUCHI, Masami Observational Studies of the Early Universe with Lyo Emitters
VERFABXREEFAFEE K/ &5 MRERFEE TSV OR— D BDEINEIC DO TDHRE
MEXT Young Scientists' Prize KINUGAWA, Tomoya Research for gravitational waves from binary system of black holes of the the first star
21 7o/ 0Y—82019 FISHE CTA ROBRLRE | SHD5SH & X DIEmRAMBIFE
The 21st Century Technology Award TESHIMA, Masahiro Construction of the prototype of Large-Sized Telescope (LST) equipped with cutting-edge technologies
IUPAP-TIFR Homi Bhabha Medal 12 p&& Za— R~/ EBRIIET 5EHNARE STCFHEMENDS LOEBRICE L T
and Prize KAIJITA, Takaaki Outstanding contributions to Cosmic Ray physics including path breaking work in neutrino physics
H O ERHE Be B— T3 BLEREE F > ICFEORENBSTEALICHD T DRI DM —BIHZ
Inoue Research Award for Young Scientists HARIKANE, Yuichi Subaru Census of Early Galaxies in the Hierarchical Structure Formation of the Universe
CHERE JBEEB IFA ¥ PeV HY VIRKF DA & RTFHRDRROAER
Nishina Memorial Award TAKITA, Masato  Establishment of the sub-PeV gamma ray astronomy and elucidation of the origin of galactic cosmic rays
BASfiifREIS B )59 AUNBN—R D BEDT SEFNI RS IRIVF—HY VRS DHZ
JSPS Prize Noda, Koji Study of Very High Energy Gamma Ray Emission from Gamma Ray Burst
iR sk e ALMA TEERLTE : SMROBIEINE D STEOBES TOMHIE
FUEINE Demographics of the Cold Universe with ALMA: From Inter-Stellar and Circum-Galactic Media to
Inoue Research Award for Young Scientists FUIIMOTO, Seiji :
Cosmic Structures
SHEBFE ) || &R &k Il 2D 5 DEFPRDRE
Kozai Yoshihide Research Award KINUGAWA, Tomoya Research on Gravitational Waves from Population III stars
Mo/ 0Y—8 2021 U8 BUE CTA ROBRLBRE | SHOEImIRMBEFE
The 21st Century Technology Award TESHIMA, Masahiro Technological Milestone of LST-1 Telescope
=) = — SIEFHE e NN NN = TN
BIRLE WESRRE BB EO)ETDDCHY SEENEOERAIC & BBIRE Y T REHOESR
A \k%ar d gy Fhy g INADA, Tomohiro Search for High-Energy Gamma Ray Line emission from Dark Matter annihilation in the Galactic Center
A A Yy heth e
RS ST R i IDRTE  DUIREROSEKI A SBHTHNCET SEROHIZR

Young Scientist Award of the Physical KAWAGUCHL Kyohei

. Theoretical studies on electromagnetic radiation from binary neutron star mergers
Society of Japan

BAX VS ESHIREHE BRA AESR TR ARNERC K SAIHRIRT & TEMB DHHERDIZER &L
The ASJ Young Astronomer Award  FUJIMOTO, Seiji Establishing a New Physical Picture of Early Galaxies and the Circum-Galactic Medium by Radio and Optical Observations
BT RBRSHLERE (\L8) KFIULYIDT7Ia—FVRESBERALICELRY v O—REBICLDY T PeV HY

BB IEA NRRNFDR0
TAKITA, Masato  Pioneering sub-PeV gamma-ray astronomy in application of water Cherenkov muon detectors to an air
shower array

VERISFAERERFRME FUS K= ROBF T LI IEREFOFEFKE N NIERLF DR

Koshiba Award (Foundation for High %
Energy Accelerator Science)

MEXT Science and Technology Prize TESHIMA, Masahiro Development of LST(Large-Sized Telescope) of CTA and Research for Gamma-Ray Astronomy
o . _ T I BLERBED KRR T — 2% 6> 1o HRTDZE
ﬁEgg}iﬁéﬁSﬁienﬁ iﬁg‘?é Iﬁﬁl{/IIg%ANE, Yuichi ?;seesiroc;]egor Early Galaxies using Large Observational /Datasets Obtained with Subaru and Other
BAX NS SHEEHE #Ee B— SR RBEDAIRRSC ST 5580 AT AT

The ASJ Young Astronomer Award  HARIKANE, Yuichi Pioneering Studies of Galaxy Formation at the Observational Redshift Limit
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FEHRAZEFRORRTEM
T 277-8582 FERUGMIBNDE 5-1-5
04-7136-3102 (#3347

7IER
* EZEELS (FERF )

AEBZEEILBNR (757 - 1800 M) THDEF v /N
RERNo BOEF vV NRRHSRENR (103170 )
TEUNAME LR —TFELES 3 D

- PHZEELS
RENRFICEFREST/NR (854 - 1600 H) THII
DARRLR—TTFBELES3 D

- RREREBRD S

DLFIORTURTIBOES v INZAERN (B304 -
690 M), BDEF &+ V/NRERAOHNBER/NR (105 -
170 @) TEMNANAARLYA—TFELESI D

« EEFERDS

JRBER TR (304 - 490 @) BRMEBOH SRE
NR (2593 - 300 @) TENMHAME LY A—TTFELAE
539

Access

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

Access
» From Narita Airport (currently out of service)

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, 1,600
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, 490 JPY (one-way)
Kashiwa Station (West Exit) - National Cancer Center: around 25
min, 300 JPY (one-way)
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