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From the Director

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

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

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

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

The mission of Institute for Cosmic Ray Research (ICRR)
is to lead the world community of cosmic ray researches.
The world's largest neutrino detector Super-Kamiokande
has discovered neutrino oscillations and been
contributing to the studies of oscillations. It is expected
that Super-Kamiokande will continue to get important
scientific results. However, the research activities in
the world advance quickly. Therefore, continuing and
lasting efforts to create new attractive fields of research
are required at ICRR. As one of such activities, ICRR is
planning the Hyper-Kamiokande project as the successor
of Super-Kamiokande. The highest energy cosmic ray
project called Telescope Array (TA), completed in 2008,
has been conducting various studies on the highest
energy cosmic rays. The highest energy cosmic rays of
energy at 10°°¢V deviate by only a few degrees from
their original paths when they travel through the Milky
Way galaxy. TA has observed indication that the highest
energy cosmic rays arrive from a particular direction
of the sky. The data may suggest the birth of a new
research field, the highest energy cosmic ray astronomy.
In addition, the construction of the gravitational wave
telescope (KAGRA) began in 2010. The construction of
KAGRA has finished in the spring of 2019. The initial
observation run is planned at the end of 2019. We are
looking forward to seeing the signals of gravitational
waves and promoting the gravitational wave astronomy.
Finally, constructing CTA (Cherenkov Telescope Array)
for high-energy gamma-ray astronomy as a key partner
of the global project is also one of the very important
missions for ICRR.



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

Director of Institute for Cosmic Ray Research

Takaaki Kajita
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Austrian physicist Victor Hess ascended in a balloon up to the sky and measured radiations.
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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 and Virgo 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. 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 niverse. Construction
of the Large-scale Cryogenic Gravitational wave
Telescope, named “KAGRA,” has been completed in
April 2019. Full-scale operation of KAGRA is planned
to start from the end of 2019. We are looking forward to
seeing the signals of gravitational waves and promoting
gravitational wave astronomy.

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.
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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 enormous amounts of 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 this space 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 eternally stable, however Grand Unified
Theory, which unifies strong, weak, and electromagnetic
interactions, predicts proton will decay into lighter
particle 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 needs a new
detection method. The SK Collaboration approved the
SK-Gd project. It is the upgrade of the SK detector via
the addition of water-soluble gadolinium (Gd) salt. This
modification will enable it to identify low energy anti-
neutrinos for the world's first observation of the relic
supernova neutrinos via inverse beta decay.
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An electron neutrino event candidate observed at Super-Kamiokande. A diffusing ring produced by electron-positron shower is observed
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T2K

he one of main goals of the T2K is precise

measurement of electron neutrino appearance

phenomena in muon neutrino beam in order to
measure 0,; value and search for leptonic CP violation.
Another important purpose of this experiment is precise
measurement of 6,; and Am’,, parameters via muon
neutrino disappearance.

The intense neutrino beam is produced by using a
high intensity proton synchrotron accelerator complex
(J-PARC) constructed at JAEA site in Tokai village. As
a far detector to study neutrino oscillation phenomena,
the T2K experiment utilizes the Super-Kamiokande (SK)
detector, which is located at 295 km away from the beam
production target. In designing the neutrino beam line for
T2K, the idea of off-axis beam (Long Baseline Neutrino
Oscillation Experiment BNL E889 proposal, (1995))
is conducted. With this method, we can produce sub-
GeV energy neutrino beam with narrow energy spread
efficiently from a 30 GeV proton beam. In the T2K
experiment, the peak position of the neutrino beam energy
is adjusted to ~650 MeV by setting the off-axis angle to
2.5° to maximize the neutrino oscillation effects at the SK
detector. The generated neutrino beam is primarily muon
neutrino with a small contamination of electron neutrino,
which is estimated to be 0.4% at the flux peak. The T2K
neutrino beam is expected to become almost two orders
of magnitude more intense compared to the K2K neutrino
beam. In Super-Kamiokande, the front-end electronics
were replaced in 2008 and we have achieved very stable
data taking. The beam timing transfer system and Super-
Kamiokande event selection by using the beam timing
have been established.

The construction of the J-PARC accelerator complex
for the T2K experiment was completed and physics run
were started in January 2010. On February 24th 2010,
we succeeded in observing the first J-PARC neutrino
interaction event at Super-Kamiokande. Of the 88 neutrino
events accumulated until just before the big earthquake on
March 11th 2011, 6 electron neutrino candidates has been
found (Figure 1). The indication of this electron neutrino
appearance was published in June 2011. We resumed
neutrino beam data taking in January 2012 and established
the electron neutrino appearance phenomena by observed
28 candidate events in the updated analysis by using data
taken by 2013. From 2014, we have started data taking
with muon anti-neutrino beam. We have confirmed the
disappearance of muon anti-neutrino and found candidates
of anti electron neutrino appearance. We have accumulated
90 electron neutrino appearance candidates and 9 anti
electron neutrino candidates by spring 2018. The latest
results of electron and anti electron neutrinos seem to favor
the CP violation and the probability that this observation
is a result of random statistical fluctuation which would
mimic a neutrino-anti-neutrino asymmetry when none
exists is about 5 in 100. T2K continue to take further data
and play the leading role in the study of full picture of
neutrino oscillations.
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1 NAN—HIFHTFTEBOBER  Schematic view of the Hyper-Kamiokande
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CPV significance for 6=-90°, normal hierarchy

10¢
5 E
[ 8 =
o E
c E
& F
L 6F
£ 6F
S
g, Tokl
?T?V
2f,
= NOVA
C_. | L | L L | L | L | L | L L | L
02022 2026 2030 2034 2038

H3 CPOEIhDOFEREN (FEE) eNAN—H3IFH>2TF (HK)
EKEFTE (DUNE). HRITXE (T2K. NOvA) THEL =60, #
1[5

Expected significance of CP violation observation for Hyper-Kamiokande
(HK), US-based project (DUNE), running experiments (T2K, NOvA).
X-axis is year.

Frejus IMB Super-K

Hyper=K : (20 yr)

p—retn® ¢ 1 1
o minimal SU(5) minimal SUSY SU(5) 36 90%CL
;ﬁ'e;::;\;:s flipped SU(5)
SUSY 50(10)
non-SUSY S0(10) 6 2 O S0010)
Hyper-K : (20: yr)
p— K| ¢ [ ] el
mininal SUSY SU(S) e S S
p— K+ non-minimal SUSY SU(5)
predictions
SUSY S0(10)
L .......I32 F ......I33 F ......I34 L
31 35
10 10 10 10 10

T/B (years)

4 BFHBEORRFGHE @POFVEN) & Z—N—H3F
HoTREEEICLDTRE, /N> NEXBE—EROFSHE, #H#5.
BHRT-FTORFHES BFFDEHKLB TE-60) TH 5,
Hyper-K’s discovery reaches for nucleon decays (red stars) compared with
the experimental limits obtained by Super-K and other past experiments.
Bands show predictions by various grand unified theories. X-axis shows
nucleon lifetime divided by the branching ratio.

Hyper-Kamiokande

yper-Kamiokande or Hyper-K is a

straightforward extension of successful

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

An international Hyper-Kamiokande proto-collaboration
has been formed to carry out the experiment which
consists of about 300 researchers from 15 countries. The
Institute for Cosmic Ray Research of The University of
Tokyo and the Institute of Particle and Nuclear Studies
of the High Energy Accelerator Research Organization
KEK have signed a MoU affirming cooperation in the
Hyper-K project to review and develop the program.

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

The Hyper-K and J-PARC neutrino beam measurement
of neutrino oscillation is more likely to provide a
S-sigma discovery of CP violation than any other existing
experiment. Hyper-K will also be the world leader for
nucleon decays. The sensitivity to the partial lifetime
of protons for the decay modes of p—e'n’is expected
to exceed 10* years. This is the only known, realistic
detector option capable of reaching such a sensitivity
for the p—e'n’ mode. Finally, the astrophysical
neutrino program involves precision measurement of
solar neutrinos and their matter effects, high-statistical
Supernova burst and Supernova relic neutrinos.
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ETE ENENEBIIC2.1 X 1075, 1.9 x 107 &
EODRVBLOTREZRBTOLE T, HLDHERE, O
<ONDERETNVDFRT BHFMELBRETSHE. TA
ZBABDTRETHDDZEHDHUET (B5),

BahEFEE AV - WIMP #3158

XMASS Z)—TTlE. XMASS-I #B8(Ck>T 2013
FENBHB2016FE3 BICHIHFTEHEBSNIZ705.98
DOT—R%EBTL. BENEOBNHEHNDOEDTHS
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ARBROEEAN—ALEXDEBZSREICTMIT S
EICRIL. WIMPs DESZSREICRRTIBDENT
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DRBETODCEDNTEFLIC(HB), Floo /M XBR
DEEANZALDPASNMNIR I ETSREDR R
TOZENTREERY, WIMPs Z([ELO2ETEENE
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The red line shows the result of bremsstrahlung analysis carried out by
XMASS for 0.32-1 GeV/c’ DM mass and the black line for result of the
nuclear recoil search. Several searched by other experiments are also
shown for comparison. The green and yellow bands are the+t1cand 2 ¢
expected sensitivity of 90% CL upper limits, respectively.
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The energy spectrum of data after the selection of events (black) and the
best fit of background model (blue) are shown together with a 2.2 x 107
em’ cross section at the 90% CL (red).
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The schematic view of the detector and the water tank
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Comparison of the experimental limit on '*Xe two-neutrino double-
electron-capture half-live with some theoretical predictions. The
experimental result excluded some of the theoretical calculations.
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The spin-independent WIMP-nucleon cross section limit as a function of
the WIMP mass at the 90% CL for this work is the solid red line. Limits as
well as allowed regions from other experimental results are also shown.



XMASS

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

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

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

(2) XMASS-I conducted not only dark matter search but also
rare nuclear decay process, two-neutrino double electron
capture, on '**Xe and '*Xe. No significant excess over the
expected background is found in the signal region, and we
set a lower limit on its half-life of 2.1(1.9)x10* years for
"**Xe (**Xe). The obtained limit has ruled out parts of some
theoretical expectations (Fig. 5).

(3) A search for Weakly Interacting Massive Particles (WIMPs)
as a dark matter candidate using an underground single-
phase liquid xenon detector was conducted at the Kamioka
Observatory in Japan. We have used 705.9 live days of data in
a fiducial volume containing 97kg of liquid xenon at the center

of the detector. All the remaining events are consistent with
our background evaluation, mostly of the “mis-reconstructed
events” originated from *'’Pb in the copper plates lining the
detector’s inner surface (Fig.5). The obtained upper limit on
a spin-independent WIMP- nucleon cross section was 2.2 %
107 cm” for a WIMP mass of 60 GeV/c” at the 90% confidence
level, which was the most stringent limit among results from
single-phase liquid xenon detectors. (Fig.6)
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Cherenkov Telescope Array
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% (1 mCrab ~ 107 erg/s cm? &3Em ) & &6, &8
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B, COFTEHERIRINE. 1000 #8BA 2B LIRIF—
HUNBREDEINEFTND,

1 BEBBFOBESIRNX AL YREER. TELLS
MAGIC, VERITAS, H.E.S.S.

The current generation VHE gamma ray observatories, the MAGIC,
VERITAS, and H.E.S.S. telescopes
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2 BEIRIVX—H>TFIRE(>100GeV) & tRAEZERISRLZHD,
200 L EDIRAA. RARNDH > TREFER SN TV S,

Very High Energy Gamma Ray Sky (>100GeV). More than 200 Galactic and
extragalactic sources have been discovered.

4 ARTIN—THsEtEREEELE LAV SRAE—ETV 1)l 7K
OEEFHEABEFHEEE. SEERB. U727, 20-HEEE.
¥BE=®E DRS4 A LA, NUH—HSK B, 256 BEEHTK
ORLRFDOH A TIZK B,

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 AORLEH 23mOR). BRITIN—TEEIBEAA -T2 T
HAS, BEERREAHUEAR, SRESEROTY 2, ARHEEE
DNEEZTTHTVS,

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.

5 BXRIJTIV-T. ZRBFHEMICKURMEShAXRORLERAOEHE
EREIE. 37— 60mm EQOT7IVINZHL%EImm ODHFZATIEE
AREYRAy FEETH %, HEREI Si02, HIO2 DHERERICEK
W RFw. BRHEERRT 5,

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

(VHE) gamma ray astronomy has made

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

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

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

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

Cherenkov Cosmic Gamma Ray

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

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

On the strength of their experience gained from
construction of the MAGIC telescope, the Max-Planck-
Institute for Physics in Munich is responsible for the
construction of the 23 m diameter telescope structure,
based on a carbon fiber tube space frame. The LSTs
require very fast rotation (180 degrees/20 seconds) for
promptly observing GRBs.
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Telescope Array
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(Top) One of the TAx4 ground array detectors newly deployed in the field. Four more are seen behind. (Bottom) TA air fluorescence telescopes.
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3 TA DiR#HHE (@) & TALELER (@) CTHEL@SIRI
F—FHEOIRIX—ZNY b,

Energy spectra of UHECRs measured with the TA surface detector ( @ ) and
the TALE telescope (@ ).

2 FLXA-TT7LA (TA) & TAx 4. TALE DR ORESE,
Arrangement area of the detector of TA, TAx4 and TALE experiment

4 TA THIEL ABEI RIVFX —FHEOFH Xmax &I XJLX—0FH
(@) K. & 8B FEOAHNFZhZThBF. NUTL BEFR. #%
EFINTH B,

The average Xmax vs. energy of TA cosmic ray events ( @ ). The red, purple,
orange and blue circles denote proton, helium, nitrogen and iron models,
respectively.

5 TATHEBIL 257 X 10°BFHI A LOFHEEOBRFEE FE25°OHTH—N—H > TU LT U ELGEOHENEEREERL AR Y
7 (GFEEERR), HiE 144.3°, Fi 403 2h e LEECAILHFSEEENDE VR Y XKy MFRS5N B,

Hammer projection of the statistical significance of TA cosmic ray events with energies greater than 5.7x10" eV with 25°-radius circle oversampling in the
equatorial coordinates. The maximum excess appears as a hotspot centered at right ascension of 144.3° and declination of 40.3°.
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Telescope Array

he Telescope Array (TA) was built to study the

origin and nature of Ultra-High Energy Cosmic

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

By May 2017, about 3700 cosmic ray events above
10" electron volts (eV) have been collected by the TA
air shower array. Fig.3 shows the TA energy spectrum.
TA confirmed flux suppression above 10"* eV, which
is consistent with the prediction of the collision of the
highest energy cosmic rays with cosmic microwave
background photons by Greisen, Zatsepin and Kuzmin
(GZK). TA confirmed a break at 10'*”> eV (ankle), and
there are breaks at 10'** eV and 10'"” ¢V in the spectrum
by TALE. The composition by TA is consistent with light
composition as shown in Xmax vs energy plot (Fig.4).
Using 143 cosmic-ray events with energies greater than
5.7x10" eV for 9 years of TA surface detector data,
TA obtained evidence for a cluster of events (hotspot),
centered at right ascension of 144.3° and declination of
40.3° (Fig.5).

The TA extension (TAx4), which will quadruple the TA
effective area, aims at confirming the above-mentioned
hotspot and studying energy spectrum, composition and
other anisotropies of arrival directions of UHECRs in the
highest-energy region precisely. Its construction started
in 2015. Totally 257 surface detectors were deployed in
February and March of 2019.
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gamma-ray (a few TeV) celestial point sources;

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

O ur research subjects are: Search for high-energy

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

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

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

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

Tibet AS y

Because a charged particle is bent by a magnetic field,
the apparent position of the Sun's shadow in the galactic
cosmic rays shifts from its expected location due to the
solar and interplanetary magnetic fields. It is expected
that Tibet-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, suggesting that they be celestial sources
emitting TeV gamma rays. They were recently confirmed
by the Milagro experiment in U.S.A. On the other hand,
the corotation of cosmic rays with our galaxy was shown
as well, as we observed no big (1% level) apparent
anisotropy due to galactic rotation which would have
been observed otherwise.
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A Subaru image of the Crab nebula, which is known as an efficient particle accelerator. A rotating neutron star, the Crab pulsar, which was created after the
supernova explosion in 1054 A.D, is at the center of the nebula and known to provide energy throughout the nebula.
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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.
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Numerical simulation for a black-hole neutron star merger. The orbital separation shrinks gradually via the gravitational-radiation reaction, and eventually
the two objects merge. A black-hole accretion disk is formed and a fraction of neutron-star material is ejected from the system after the merger. These
black-hole accretion disk and ejected material will be the sources of transient electromagnetic phenomenon. Simultaneous detection of gravitational and
electromagnetic waves from binary mergers enables us to study physics in the extreme environment.

42 | High Energy Astrophysics Group



High Energy Astrophysics

he high energy astrophysics group aims at making

theoretical and observational studies of violent

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

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

(Fig. 2).

The open problems in high-energy astrophysics are not only the
acceleration mechanism of cosmic rays. How are relativistic jets
from active galactic nuclei accelerated? How are very bright
gamma-ray emissions emitted in gamma-ray bursts? How is the
magnetic energy of the pulsar winds converted into the kinetic
energy to form ultra-relativistic outflows? How are magnetic
fields amplified in shocks in supernova remnants or afterglows
of gamma-ray bursts? How do relativistic particles propagate
in interstellar space and escape from the galactic plane? Those
problems remain unsolved, and are our research themes. In
phenomena observed or experimented on earth, there may be
no research field that is not fundamentally understood like high-
energy astrophysical phenomena. Thus, study of the above
unsolved problems are very exciting and important to expand our
knowledge of the universe.

Another study we have been conducting is gravitational-wave
emission and electromagnetic wave counterparts of binary neutron
star mergers. Binary mergers composed of neutron stars and/or
black holes are known as efficient emitters of gravitational waves,
and they are main targets of ground-based gravitational detectors.
Binary mergers including a neutron star are in particular
of interest, since they also cause high-energy astrophysical
phenomena in electromagnetic waves. Extreme environment,
for example density of ~10" g/cc and temperature of ~10"°K,
is realized in a neutron star binary merger. The observation of
binary mergers via gravitational waves, electromagnetic waves,
and neutrinos enable us to study physics in such an extreme
environment. Our theoretical research targets mentioned above
are closely related to the observational projects in ICRR.
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1 KAGRA DR FHER
Schematic view of KAGRA planed underground at Kamioka
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Laser system and ISO class 1 clean room for housing it A transparent sapphire mirror 22 cm in diameter

5 KAGRA DO EREE % 1T D HlfH=E
Control room in the KAGRA Data Analysis Building

B3 FREREFICRBINALIIAFZXEY PEWBMEES Y b

Cryostat and radiation shield duct set in the corner station

46 | Gravitational Waves Group



Gravitational Waves

he gravitational wave group conducts the construction

of the Large-scale Cryogenic Gravitational wave

Telescope (nicknamed “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.

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 Collaboration) was established and consequently it is
accelerating the KAGRA subsection’s progress with the Korean
gravitational wave research group.

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 250 Mpc at its optimum
configuration, for which one expects a few events per year, on
average. To satisfy this objective, KAGRA adopts a power-
recycled Fabry-Perot Michelson interferometer with resonant-
sideband extraction scheme, the main mirrors of which are cooled
down to cryogenic temperature, 20 K, for reducing the thermal
noise; they are located in a quiet underground site in Kamioka
mine.

KAGRA project is collaborating with foreign GW detection
projects, such as advanced-LIGO (USA), advance-VIRGO
(Italy-France-Netherland), GEO (UK-Germany) to explore the
gravitational wave astronomy and multi-messenger astronomy
with other astronomical observation channels.

Gravitational Waves Group | 47

UOISIAL( Yo1easay L)aeln) pue soisydonsy THotwspim@mimdl ~<JnmINy - I



1 FTIE3EEROEFIRS K IFREHDILEE (MOIRCS)

O b S e r\/ a t | 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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5 ChETOMRTHS LICEhAFEHBEHOES, FHREE
(HE#R) (X9 2Pk (EEh) DXk, FRENH Suprime-Cam
DREDSFF 5 hI-HIBR. 4 DDMRIEREDERET L. LD,
EDLS ICFHRBERIEATELPRBIEBEAERP >TUEL,
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.

3 NTABYIF S PIURICHEENELIRXAEOOEE2 m
X3 LR K

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

4 FTIEBREEED by T T EICHEE S M- Suprime-Cam
Suprime-Cam installed on the top ring of Subaru telescope

6 BAFHPDT L3 HSC A¥kwiE 7 « JL 2 — (Materion [ |H Barr
Associates] #t &£ 1#77 ).

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

e study the early universe by deep multi-

wavelength observations. Armed with the

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

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

We plan to address these issues with the next generation
Subaru wide-field camera, Hyper Suprime-Cam (HSC),
that has the survey speed about an order of magnitude
faster than Suprime-Cam. HSC is developed by the
University of Tokyo, National Astronomical Observatory
of Japan, Princeton University, and Taiwanese institutes.
HSC saw first light in the fiscal year 2012, and the survey
observations have been started since 2014. Using the
narrowband filters that our group develops, we conduct
an order of magnitude larger survey for galaxies at z~7
with HSC than our previous surveys with Suprime-Cam.
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Theory
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Mass distribution of primordial black holes (PBHs). Solid curves represent the theoretical prediction and the orange shadows show the present observational
constraints. Light PBHs can account for dark matter of the universe and heavy PBHs can explain the gravitational wave events discovered by LIGO.

2 AURBRISHHERT 27« —/ HEEYEICHT S CTA RRTHF SN 2BEMR. C Z TIRE/IEAFERA Ursa Major II, Coma Berenices,
Seque 1, Ursa Major | % 50 B $OBIE T 5 C L £ {RE, (B : EREHBEICLZWHRAMER. F. K. F: ZMEAFRALPSOH L viRICSHT S
CTA REBRRE. imax FEBRYEREAEICAV 322/ RAED _ERER)

Sensitivity lines of CTA for Wino dark matter annihilating into two photons. Here, we assume 50 hours observation for the ultra-faint dwarf spheroidal
galaxies, Ursa Major 11, Coma Berenices, Seque 1, and Ursa Major 1. (Black line: the predicted annihilation cross section. Colored lines : The sensitivity lines
of CTA for given upper bounds on the member star magnitude used to estimate the dark matter density in the dwarf spheroidal galaxies.)
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Theory

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

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

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

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

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

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

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

Information

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

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

Land 95,523 m’ Building 2,195 m’

Altitude 350 m

Access

+ TOYAMA Airport — Bus(40 min.) - MOZUMI Bus Stop
— Walk(1 min.)

+ TOYAMA Sta. — Bus(70 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.

KAGRA had the initial interferometer operation in March-April
2016 and plan to begin operating the interferometer with cryogenic
mirrors by the end of JFY 2017, and the full operation in 2019.
We are looking forward to seeing the signals of gravitational
waves and promoting the gravitational wave astronomy.
KAGRA will contribute to the new field of gravitational wave
astronomy because of its high sensitivity due to underground site
and cryogenic mirrors. KAGRA is particularly suited to study
gravitational wave signals below about 100 Hz, where many
signals from mergers of black hole binaries are expected, as
observed by LIGO.

In addition to the merger of black hole binaries, there are many
astronomical objects to be studied with gravitational waves. For
example, we want to detect a birth of a black hole created by a
coalescence of binary neutron stars, and to resolve the mystery of
short gamma ray bursts with the other gravitational wave detectors
and with the counterpart astronomical observatories using various
observation channels such as neutrinos and electromagnetic
waves.

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 444 m’

Altitude 350 m

Access

+ TOYAMA Airport — Bus(40 min.) - MOZUMI Bus Stop
— Walk(5 min.)

+ TOYAMA Sta. — Bus(70 min.) - MOZUMI Bus Stop
— Walk(5 min.)
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High Energy Astrophysics facility in Canarias

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

The Cherenkov Telescope Array (CTA) is the next generation
ground-based observatory for gamma-ray astronomy at very-high
energies, participated by more than 1400 researchers from 31
countries. With more than 100 telescopes located in the northern
and southern hemispheres, CTA will be the world’s largest and
most sensitive high-energy gamma-ray observatory. The CTA-
Japan consortium is making a significant contribution to the
construction of Large-sized Telescopes (LSTs), four proto types of
which are planned to construct at northern hemisphere site in La
Palma. The first LST was completed and made the first light at the
end of December of 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 April 1999. The main mission of this center is
to promote researches related to neutrinos based on data from
various observations and experiments, and we have provided the
occasion to discuss theoretical ideas and experimental results on
neutrino physics. Members of this center have been involved in
the Super-Kamiokande and T2K experiments, and contributing
precise measurements of neutrino oscillations. Also, we have
been involved in Hyper-Kamiokande project, and worked on
the calculation of the atmospheric neutrino flux to have better
predictions of the neutrino flux.

RCCN, together with the computer committee, oversees the
operation of the central computer system in ICRR. The computer
facility has high performance to analyze huge amount of data,
and has been operated without any serious trouble since it was
upgraded in 2014. Since 2004, RCCN has been accepted inter-
university programs related to activities in the low-background
underground facility also. In FY2018, we accepted 9 programs
related to these facilities.

RCCN has been organizing domestic neutrino-related workshop
since it was established. On March 23, 2019, we hosted one
neutrino workshop on “SuperNova Diffuse Background Neutrino”.
Twenty-one physicists participated in this workshop. We have also
contributed holding public lectures. Since JFY2009, ICRR and the
Kavli Institute for the Physics and Mathematics of the Universe
(Kavli-IPMU) have co-sponsored two public lectures each year.
The public lecture held in Spring is co-organized by RCCN and
the Public Relation Office of ICRR. The Spring public lecture of
FY2018 was held on April 14th, 2018. Two scientists lectured on
the recent progresses on the supernova neutrino and theoretical
study on LHC particle phyiscs.
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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 +81-90-7721-5674 +81-90-7408-6224

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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BA 5 ER A PR 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 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.

MARE
Information
BAEE RPN (B2 £ 4 BICKRREBLF L1c, BBEREA Address 5259 Asao, Akeno-cho, Hokuto-shi, Yamanashi,
PRCIE. 107eV (10000 REFRIV L) ABABEEL 408-0201 Japan
RNE—EEY L D—EBAL. BEY LD —DFED 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)
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Chacaltaya Observatory

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

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

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

History

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 in 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 was taken over by the
CTA (Cherenkov Telescope Array) project. The first Large
Size Telescope (LST) of CTA was planned to be constructed
in 2015-2016 at La Palma in Canary Islands.

In March 2016, KAGRA, located in Kamioka Mine in Hida
city, Gifu prefecture, had been in the test operation. In April
2016, KAGRA observatory was established.

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, which recorded its first light in December 2018. High
Energy Astrophysics Facility in Canarias was established as a
base for the project in April, 2019.
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8 %"—;?fr\ii‘é‘@bﬁlidz DTEESICHBDNBHED (K&
16 1F

Asahi Hut (wooden structure; about 50 sq. meters) was
constructed on Mt. Norikura based on the Asahi Bounty for
Science.

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

RREDAPTOARED L OMEREHD'TRT B
The main building and research facilities of the Norikura
Observatory were constructed.

RRARZRFIEARAFERBIFEE (B +D—8BE
IV 3 VEp)

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

FEHEAFD IGY (BRIERIE) OBRICSOL. 2
[+ O—DERAEEIET B

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

IRV IVFIUN-DER%EEHT S
The emulsion chambers at Norikura Observatory started
operation.

RRABRFIEAFTPADELY v+ O —DOER%#E386T D
Air shower observation started at the Institute for Nuclear Study,
The University of Tokyo.

RERABRFIEAFPALINIVY 3 VEH KB ERZ BIR
The Emulsion Section of the Institute for Nuclear Study, the
University of Tokyo, developed a large-size balloon.

PHHRESOBMIBIEE (1R TSI, RUEP
DERRBIMAE) 1185

International projects of the Japan Society for the Promotion of
Science started (international collaboration with India, Brazil and
Bolivia).

REICTE 7 OFERERSEZRETS

The 7th International Cosmic Ray Conference was held in Kyoto.
RRAFRIZARAM IV 3 VEBOKBEDTEM
ZERAEFTICHESND

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.

RRAZRIARMIINY 3 VEHNELWTIVWU
Y3 VF T UN—OERIE RS

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

SERRNEIETS

A full-time director was appointed.

Ta2—FOVORERNIEE D

The construction of MUTRON was commenced.

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

BeIRIF—S55B8GERBPILFRSND
The ultra-high energy weak-interaction division was newly
established.

FMIRESOBIMFBIFE (VR TSI, RUEP
OEBRBRNNE) HBESND

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

SEEHRHBEITS

A full-time chief administrator was appointed.

T2—FOVHERT D
MUTRON was completed.

BEBEAPTORRDBE D
The construction of the Akeno Observatory started.
BeIxRF—BEERBPINHFRIND

The ultra-high energy strong-interaction division was newly
established.

Timeline

1976.5 I BIFRREEREICLYRRKEFTERALHES 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)

I BeIR)F—RBGERIPINE—E_BPICHD N,

REAZRIEAEMD DI 1 —PEFATE - PEFYIE
FER - FHEFHBEL. 681 BAMELS
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.

1977.4 || RESEAROMEERE S

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

1978.10 BBEAPHBEMRZT D

1979

1981

1982

1983

1986

1987

1988

1989

1990

1991

The Akeno Observatory performed the opening ceremony.

Iﬂﬁﬁtlg‘é’ﬁ“/ﬂv’j—%% (1km? H'5e6iT %

The Akeno 1km’ air shower detector was completed.

I ETUINNVY3VFIUN-HRIREEZRERTS
The special facility for emulsion chamber on Mt. Fuji was
constructed.

| RO TR 16 OFERERREERHET D
The 16th International Cosmic Ray Conference was held in
Kyoto.

IV 3VFIUN—ICLBBPHEMNEERIET S
Japan-China joint research on emulsion chamber observations
started.

I FEHRSOUER (88) MHRcns
The cosmic ray detection division (for guest researchers) was
newly established.

I BRI TR T AR ERE HERRE L TH1BLIS
The nucleon decay experiment started in the Kamioka Mine as a
collaborative research project.

I B8Nz P LE LIc—RFERNRREERET S
The primary cosmic ray research facility (i.e. massspectrometer
etc.) was installed.

I WHRStERIYINEER (D IRESND

The first committee for future projects was organized.

I BRABTERIERTONOTBHENSD=21—F U/
N=R+ZHEAD
The underground detector at Kamioka observed a neutrino burst
from a supernova for the first time in history.

I AHFEAPTTLEY v D —EAI%E AGASA DEFRIBE S
The construction of the wide-area air shower detector, AGASA,
started at the Akeno Observatory.

I WRStERYIEER () OBBHED
The first committee for future projects submitted an evaluation
report.

I B TERIABDSD=21—k U/ REZERHT S
The underground detector at Kamioka observed a deficit in solar
neutrino flux.

| %%ﬁ%ﬁiﬁﬂﬁﬁ'@ﬁﬁ%? L7 —ICHSFEROKIBSIEXN % &

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

| B AT EES + O—EAEE ACASA HERT S
The wide area air shower detector, AGASA, was completed at
Akeno Observatory.

A—=N—HNZIFAHhVTDERNIES

The construction of Super-Kamiokande was commenced.

| RetEREEES () HRBsND

The second committee for future projects was organized.
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1992 I Za—FU/FEYEBEEPISFRSN. FHEFEFHAIE
(BE) N'ELSND
The neutrino astrophysics division was newly established, and
the cosmic ray detection division (for guest researchers) was
discontinued.

1992 I BRIN—T DT 2 —PREFTAEBPICHDD
The gravitational wave group joined in muon measurement
division at ICRR.

F—RRSUPTHYANV—SEDBES

The Cangaroo project started in Australia.

I a\;ﬁ)b—g‘f@ﬁ PSR1706-44 h5MD TeV HY Nig= &
AT D
The Cangaroo project observed TeV gamma rays from a pulsar
(PSR1706-44).

1993 | FRv R TIPY v O—HY v EEREBORRE I
The construction of air shower gamma ray detector in Tibet
started.

1994 || ®BICHERRNERS

A computer center was built at Kamioka Observatory.

I RA=N=AZIFAVTDICHDOZERIBAEINT Y T B

The excavation for Super-Kamiokande was completed.

I BHERFT2 x 107 eV DAY+ D—%EHITS
A giant air shower with energy of 2x10” eV was observed at
Akeno Observatory.

| BiCdifass iteks)

An external evaluation of ICRR was conducted.

I ?g@f@?%%ﬁ’cjcﬁ:l— U/ RBOXIAEARKREZ SR

The anormalous zenith angle dependence of the atmospheric
neutrinos was observed at Kamioka Observatory.

19954 | =2— Y/ FEYESPPIHFELS N, BRFERNT
HAEfERDFRSND
The neutrino astrophysics division was discontinued, and the
Kamioka Observatory for Cosmic Elementary Particle Research
was established.

1995.11 I A=N=NIA DV TDOERA%ZEEET B

The completion ceremony of Super-Kamiokande was held.

1996.4 I RA—=N—=HAZF I TORBERDEF B

The full-scale operation of Super-Kamiokande began.

1997 | FRYEDIFPY ¢ DO—HY VREREBHTHT D

The air shower gamma ray detector in Tibet was completed.

1998.6 JRA-N-HIANVFICEBZa—H U/ BEORIHE
NICHERSND
The Super-Kamiokande collaboration officially announced the
discovery of none-zero neutrino mass.

1998.11 I BFE v NRAOBRDBE D

The construction of the Kashiwa Campus was commenced.

1999.4 I FHE 21—~/ BAEBRG VA —EHRTS

The Research Center for Cosmic Neutrinos was established.

1999 I F—RRSUPTHYAN—EE2 H'BE S

The Cangaroo-2 began operation in Australia.

D A—=2r5UPThYH—st@E 3 PEmEELT S

Preparation of the Cangaroo-3 began in Australia.

| #1518 COE R R TOU 5 AICLUBBLRIF—F
VRRHITARNEET B

Ultra high energy gamma ray research foothold was established.

2000.3 I BF L UNRCEBRET B
ICRR moved to the Kashiwa Campus.

2001.11 I 7\—/\°—7J\E7T7'3\/7_"—G$Eﬁl75‘“('ﬁ:, YU, FEMEDOKS
FIEBEDEND
An accident occurred at the Super-Kamiokande, destroying more
than half of the photomultipliers.

Timeline

2002.12' NEIFADVTORRELEIC, FE_a1—F Y/ RBAND
NAFAZPHREBICLY., NEREBRZEHED/ —N)IH)
BFEZZEIS
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.

I 2/ \—hSAhVFHBHEBLT, 2BEBHTS
The Super-Kamiokande was partially restored, and observation
resumed.

2003.8 | =25 OFEEEEREA O FTHEYS
The 28th International Cosmic Ray Conference was held in
Tsukuba.

2003 | FLRI-TPLA DREDBES

The construction of the Telescope Array was commenced.

| 77V —5tE 3 0 4 BOBEFHTHT B

Four telescopes for the Cangaroo-3 were completed.

20044 | BuxsnsEAEEns
Japanese national universities became independent administrative
agencies.

I 38=2— U /BR8P, STRUF—FEEMREH.
FEHERYIRHZEEPID 3 AXHFIE D
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.

2006 | A—/S\—h=HhvFHERERENS

The restoration of the Super-Kamiokande was completed.

2007 || BREERIZEER () HRESND
The Committee on Future Projects III was established.

2007.8 I WRStBEREEES () DBEBHES

The Committee on Future Projects III submitted its report.

2008 | FLRI-TPLARBOBRAEENLTS

The Telescope Array experiment started observation.

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

I FEEATXMOHBFIA - HEARMRE L THIGET
HEFADOHE =BT D
ICRR became an Inter-University Research Center, renewing its
existing function as an inter-university research institute.

| REMEREDRERE (BIC TKAGRA] sa®) H'MER
??%@%%ﬁmﬁﬂ?ﬁ%&$%@—ﬂ:%ﬁén 2 h'e
&
The Large Cryogenic Gravitational Wave Telescope (LCGT) was
approved as a Leading-edge Research Infrastructure Program by
MEXT. The construction started.

20114 ] ShemgzrE=NS

The Gravitational Wave Project Office was established.

2010 |l K EBOBIO=2— R U/ EA—/ = NIADVFT

2011.6 I T2KERHEF 21—/ PRBROKEERZ S
The T2K experiment caught a sign of electron neutrino
appearance.

2011 ERSt@RHEER (V) HRBEEND

The Committee on Future Projects IV was established.

20123 | =R RS UTPOHVHN—EBRHET TS

The Cangaroo experiment ended its operation.

20139 || BHRABRHEEES (V) OBPHBS

The Committee on Future Projects IV submitted its report.

2014.7 l KAGRA Q7zM kYR JVIBEIN'ETY I 5
The excavation of KAGRA tunnel was completed.

2015.1 OI CTAKRDRLE=RE 1 SEORRNEE S
The construction of the first CTA Large Size Telescope (LST) was
commenced.

2015.11 || KAGRA s5— AR/ T 5
The construction for iIKAGRA(initial KAGRA) was completed.
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201512 =2 U/ HEBEFOBETI — 2 — 1 U/ iEIHES
DEBICLY, IRORBEERRD'/ —NVHRSFE%E
ZEIS
Director and Prof. Takaaki Kajita received the Nobel Prize in
Physics for the discovery of neutrino oscillation, which shows
neutrinos have mass.

20163 [ KAGRA HEigBEA£ET 5
KA

GRA was in test operation.

2016.4 I BIRISEE DS NERERARERDFEET B
The Gravitational Wave Project Office was reorganized into the
KAGRA observatory.

2016.10 | FREtERAEES (V) HBRESNS

The Committee on Future Projects V was established.

2017.10 [ FEREt@ERHAZER (V) OBSBAHWS

The Committee on Future Projects V submitted its report.

2017.11 I FEEAXADP LB/ LY, RRAFRERZ2—F
U/ RS SERREEBLRET D
Next-generation Neutrino Science Organization was established.
ICRR acts as the host institution.

2018.6 I RA=N=HNIARAVTHSK-Cd ERICAIF. BL¥6H
BORETS%ZERT D
Refurbishment work of Super-Kamiokande for SK-Gd had been
conducted for 6 months.

2018.10] FTL>27 - FLRO-TPLA (CTA) ADREESS
1 SEDANAVENFTUPHESSNIVICERT B
The first Large Size Telescope (LST-1) of CTA project was
completed at La Palma in Canary Islands, Spain.

2018.11 I FHEREHDEEHABEFA - HEARLRURBESNS
ICRR was selected as one of “International Joint Usage /
Research Centers”.

2018.12' TLRO=TPLA (TA) RBRO 1 0FELDRAHERR
AEBF+ VNI TRETS
The 10th anniversary ceremony of Telescope Array Project was
held in Kashiwa Campus, The University of Tokyo.

20192 JF7LRI-TFPLA (TA) OHBRTE (TAxA) ZXKEL
2MNTwRES
Extended construction of Telescope Array Project began in Utah
State, USA (TAx4) .

2019.4 I HF U PEIRVF—FEMREAATER IR
High Energy Astrophysics Facility in Canarias was established.

74 | Timeline
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Director
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Vice-Director

Organization
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Neutrino and Astroparticle Research Division
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Research Division High Energy Cosmic Ray Research Division

—— P SRR B DRI

Astrophysics and Gravity Research Division
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Kamioka Observatory
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KAGRA Observatory
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Research Facilities High Energy Astrophysics facility in Canarias
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Research Center for Cosmic Neutrinos
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Norikura Observatory
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Akeno Observatory
4% Administration Division

WY+ — %  Reserch Support Office

JE#%E  Public Relations Office

ﬁﬁ%ﬁ% _E IEFEF e R R 2 Joint Usage Research Advisory Committee

Advisory Committee

g =
FERVTAMOABIBICOVTIRET BRT, FIRD
BEICL>TEIUET, IROM. W14BOEETHE
BRENE T, ZEDEXSIUTOBYTT. OREROH
BRIIEREOO>ETHRN B LIS ORAIEZRARR
£ RABERFFZR WIRBLY) OBIUXNER. S
ITRIVF-IDRSHAERERATRIEMARAR. ZXE
BYIBFAEIR OXZRIDFERBREDS>ED 5K
HEBLICE,

#HE=

REFAIRPHEBABICLDVNTEREZR TRRAREBLIL
U, BEFOEBLEEICOVTBERIBRTI. MED
th, PARMEEDSHER - ERH CRBENE T,

BEEZRS
FHEHRATAMOBEICDONT, SHEER%ZEX LEES(C
BEITBHRESTT. VIRMARHIOMEEN 148 (RR
REHDEESNHFHIAL) TRERSNE T,

HENARRESESS
HEF)AREADBICEDDICODEZA L, BEEE
SICEREDPREATBIEESTI, FIRTRENICEE S
FiohD B DOZFRBE THEASNE T (BRAFHIDES
DRI ),

AFEHRAMAERERIREZRS
HEFABHFPERBICOVT, FROBEZBZEL &
T HEFBUIRERFABOREZEEZERICIRETS
E82TY. FIRNTEINICEE EFIID S DFHRRE
TRRSNET (RRAFHIDEEDHFHIUAL).

L FEFHOEERIRER S Joint Usage Research Program Selection Committee

Board of Councilors
This is a board for discussion 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 items 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).

Joint Usage Research Advisory Committee

This is a committee for having discussions to facilitate joint-use
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).

Joint Usage 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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of Councilors

RRASFFERNRA
Institute for Cosmic Ray Research, The University of Tokyo
RRARFFEHRIER
Institute for Cosmic Ray Research, The University of Tokyo

RRKRFFEIRAER
Institute for Cosmic Ray Research, The University of Tokyo

RRARSEFERNRA

Institute for Cosmic Ray Research, The University of Tokyo
RRAF A IRIBFRAEHR

Graduate School of Science, The University of Tokyo

RS
The University of Tokyo
BLRIVF DRI EERN T R F AT

Institute of Particle and Nuclear Studies, . |
High Energy Accelerator Research Organization

R KRS E RIS IR
Yukawa Institute for Theoretical Physics, Kyoto University
BRBFHEEEE LIRS

National Astronomical Observatory of Japan
BWBASIBT S
Faculty of Science and Engineering, Waseda University

BEBRRFFHMIKIR B

Institute for Space-Earth Environmental Research, Nagoya University
RE KRS E RPN

Yukawa Institute for Theoretical Physics, Kyoto University
FEHESZA

Institute of Space and Astronautical Science

RRAFRNFMEERNE 2 —

International Center for Elementary Particle Physics, The University of Tokyo
BEERFFHMBIRBMZ PR

Institute for Space-Earth Environmental Research, Nagoya University

BEEEES
Advisory Committee
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RRASFERARA

Institute for Cosmic Ray Research, The University of Tokyo
BLRIVF—IIRSATEERR 5 —

KEK Theory Center

REUERAFIETSY

Faculty of Science and Technology, Tokyo University of Science

RRIFAFIEBSGIRF R
Department of Physics, School of Science, Tokyo Institute of Technology

KERAZ IR > S —

Research Center for Nuclear Physics, Osaka University
RRAFKZ IR SRR

Graduate School of Science, The University of Tokyo
BUSBRAFIETSE

College of Science and Engineering, Aoyama Gakuin University
RBARFIRFE

School of Science, Tokai University
KBRAILAS K BRIRSFERIER

Graduate School of Science, Osaka City University

I EEAFIETSE

College of Science and Engineering, Ritsumeikan University
RRMIAZKFEIBFNRA

Graduate School of Science, Osaka City University

RRKRFFEIRAZAT
Institute for Cosmic Ray Research, The University of Tokyo

RRKSFFERNRN
Institute for Cosmic Ray Research, The University of Tokyo
RRKRFFHRUIZER
Institute for Cosmic Ray Research, The University of Tokyo

RRAFFERNRA
Institute for Cosmic Ray Research, The University of Tokyo
RRARFFHRUIER
Institute for Cosmic Ray Research, The University of Tokyo

RRKSFFERNRA
Institute for Cosmic Ray Research, The University of Tokyo

RRASTFERNRN
Institute for Cosmic Ray Research, The University of Tokyo
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Graduate School of Science, Osaka City University Professor OGIO, Shoichi
BEERSFFHEHIKIR B 6 B8 R

Institute for Space-Earth Environmental Research, Nagoya University Professor TAJIMA, Hiroyasu
BRI KFTFE % BLE M

Faculty of Engineering, Kanagawa University Professor HIBINO, Kinya
RERFIRLHI TR AR 2 FF

School of Science, Kyoto University Associate Professor KUBO, Hidetoshi
ERAFIRTFY 260 ik E—

Faculty of Science and Engineering, Hosei University Professor SATO, Shuichi
WEXFIBSY 4% P30T =48

Faculty of Science, Yamagata University Professor TOKANALI, Fuyuki
MPREXRFRIEBSZHI R 1% M BRI

Graduate School of Science, Kobe University Professor TAKEUCHI, Yasuo
RRKRFFE IR e hIB HAT

Institute for Cosmic Ray Research, The University of Tokyo Professor NAKAHATA, Masayuki
RRREFERNRM 6L BEE A

Institute for Cosmic Ray Research, The University of Tokyo Professor TAKITA, Masato
RRAKRFFEIRATERT R AL &

Institute for Cosmic Ray Research, The University of Tokyo Associate Professor UCHIYAMA, Takashi
RRASEFERNRA AR S Sic

Institute for Cosmic Ray Research, The University of Tokyo Associate Professor YOSHIKOSHI, Takanori
RRAKRSZFERNR i 6y B 2

Institute for Cosmic Ray Research, The University of Tokyo

HEFAMARERBREZSS
Joint Usage Research Program Selection Committee

Associate Professor

SAKO, Takashi

as of April 1, 2019

WP RFAFIRIBS AT 3% IR

Graduate School of Science, Kobe University Professor TAKEUCH]I, Yasuo
BUASASRETYHESN . Tt WE—IE
8;?32?;5}/82};%(gy3£ni‘:1ence il G g ifoir iz iion, Associate Professor YAMAMOTO, Kazuhiro
RERMAIAFREFRIBLHTR IR BELE

Graduate School of Science, Osaka City University Associate Professor TUNESADA, Yoshiki
EESEMAS IS SER AR BROSF

Collage of Art and Design, Musashino Art University Associate Professor MIYAHARA, Hiroko
RRKEFEIRNER ez KHE B2

Institute for Cosmic Ray Research, The University of Tokyo Professor OHASHI, Masatake
RRARSFFEHRIRT e ) BAT

Institute for Cosmic Ray Research, The University of Tokyo Professor SAGAWA, Hiroyuki
RRKFFEIRNE 6L ] BEEA

Institute for Cosmic Ray Research, The University of Tokyo Professor SHIOZAWA, Masato
RRRSFFERNR AR BE Fe

Institute for Cosmic Ray Research, The University of Tokyo Associate Professor SEKIYA, Hiroyuki
RRKFFERNEA Vi 65 EE R

Institute for Cosmic Ray Research, The University of Tokyo

Associate Professor

ASANO, Katsuaki

lc &$£1£8
&8RK Chairperson 2 EoES
®E Organizer 3c 358
B/#% Assistant Organizer 4e HAEE

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

The Fourth Committee Member
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HER

BERRKxE
Past Representatives

FHRREAIR
Cosmic Ray Observatory
[ZiE= B K=
I_)irector HIRATA, Morizo
P oot IE+
Director KIKUCHI, Seishi
GERE) B I
(Acting) NONAKA, Itaru
EEmB) RS wE
(Acting) KUMAGALI, Hiroo
P Spcp |
_Director NONAKA, Itaru
P& g5
Director SUGA, Kouichi
P& =% =&
Director MIYAKE, Saburo
FERRR
Institute for Cosmic Ray Research
ik =% =8
]_)irector MIYAKE, Saburo
P& RO B—
Director KAMATA, Kouichi
P rEE —BS
Director KONDO, Ichiro
(EFER) 148 AR
(Acting) TANAHASHI, Goro
P 3B RES
_Director ARAFUNE, Jiro
R P& FT
Director TOTSUKA, Yoji
P& S KE
]_)irector YOSHIMURA, Motohiko
P& AR SF—HB
]2i1;ect0r SUZUKI, Yoichiro
g8 £ 0%
\_/ige Director KURODA, Kazuaki
gFE B8 2
Vice Director FUKUSHIMA, Masaki
P 1= BEE
Qiiector KAJITA, Takaaki
EIRIES SN
\_/'icie Director TERASAWA, Toshio
glFr PR HETT
Vice Director NAKAHATA, Masayuki
g JIE s

Vice Director KAWASAKI, Masahiro

HEEEH
Number of Staff

4% R BhE =]
Pofesor  fite  Roeah  Resuoh
11 17 30 16
[5] [2] <I> 3) <3> 1) <4>

78 | Staff

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

1976.5.25~1984.3.31
1984.4.1~1986.3.31
1986.4.1~1987.3.31
1987.4.1~1987.4.30
1987.5.1~1997.3.31
1997.4.1~2001.3.31
2001.4.1~2004.3.31
2004.4.1~2008.3.31
2004.4.1~2008.3.31
2008.4.1~2012.3.31
2008.4.1~
2012.4.1~2016.3.31
2015.12.1~

2016.4.1~

FERBAT
Norikura Observatory
(ErER) £ =
(_Acting) MIYAKE, Saburo
[ZiE=S AR —BB
Director KONDO, Ichiro
& S FER
Director YUDA, Toshinori
R B85 2
Director FUKUSHIMA, Masaki
P BB IEA
Director TAKITA, Masato
BREF &R AP
Akeno Observatory
[Zip=s #HH P—
Director KAMATA, Kouichi
P& WiE AES
]_)irector TANAHASHI, Goro
P& XE TTE
_Director NAGANO, Motohiko
[Zik= IS BUE
Pirector TESHIMA, Masahiro
e B8 2
_Director FUKUSHIMA, Masaki
ik & 7317
Director SAGAWA, Hiroyuki

T R TR T AR

Kamioka Observatory

s P& FEZ

Director TOTSUKA, Yoji
s SRS F—AB

Director SUZUKI, Yoichiro

i PIB HTT

Director NAKAHATA, Masayuki

FH-_a1— M)/ BAERRE L 2 -

Research Center for Cosmic Neutrino

tVA—K 12D BE

Director KAJITA, Takaaki

LVA—F EU NN

Director OKUMURA, Kimihiro
BB AR RS
KAGRA Observatory

Mes R KB Ef2

Director OHASHI, Masatake

[ 1:%8 (GM8) ()% (RE

B 1s] E ] FREEE
Technical Administrative Adjunct
Staff Staff Staff
13 16 44
Q) ®) (29)

Staff

1976.5.25~1977.2.28
1977.3.1~1987.3.31
1987.4.1~2000.3.31
2000.4.1~2003.3.31

2003.4.1~

1977.4.18~1984.3.31
1984.4.1~1988.3.31
1988.4.1~1998.3.31
1998.4.1~2002.12.31
2003.1.1~2012.3.31

2012.4.1~

1995.4.1~2002.9.30
2002.10.1~2014.3.31

2014.4.1~

1999.4.1~2016.3.31

2016.4.1~

2016.4.1~

) sEA (RE)

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

&t
Total
147

[71 (39) <8>

as of May 1, 2019



FE Budget

R REEH
Annual Expenditures FH thousand yen
X5
Category FY2014 FY2015 FY2016 FY2017 FY2018
e 706,000 684,000 683,000 779,000 823,000
ersonal Expenses
W&
N 1,282,000 1,595,000 1,288,000 1,514,000 1,729,000
on-personal Expenses
T‘:f:l 1,988,000 2,279,000 1,971,000 2,293,000 2,552,000
&R = =,
NBEEENSALH £ thousand yen
External Funds, etc. () (352 AE%L The number of () represents quantity
X5
Category FY2014 FY2015 FY2016 FY2017 FY2018
RE% & DHEAFE
Joint Research with the Private Sector 300 (1) 201 (1) 300 (1) 1300 (2) 0 (O)
BEEHIZ
e esearch 38,250 (2) 13,500 (1) 0 (0) 0 (0) 0 (0)
BEHHIS
Donation for Scholarly Development 181.(1) 0(0) 0(0) 17,765 (2) 1,960 (3)
2e
Foundation - - 18,182 (2) 62,421 (410) 49,911 (184)
HYRERDREEOSALE P v s
Grants-in-aid for Scientific Research () (3= A3 The number of () represents quantity
L=
FY2014 FY2015 FY2016 FY2017 FY2018
Category
SERIHEERTTE
Sl Brgiseil Resaish 191,800 (3) 331,100 (4) 432,600 (4) 287,900 (3) 102,100 (3)
MR
Scientific Research on Priority Area 80,700 (3) 89,300 (3) 116,100 (3) 89,400 (5) 134,000 (7)
EARHAZE (S)
Scientific Research (S) D) b 0i{0) S 700.(1) 3,0001(1)
BB (A)
Scientific Research (A) 13,300 (3) 27,087 (3) 21,200 (2) 10,400 (2) 13,200 (2)
ELARHIZE (B)
Scientific Research (B) 15,200 (3) 15,600(4) 17,100 (5) 22,100 (5) 14,700 (4)
BT (O)
Scientific Research (C) 6,100 (5) 6,400 (7) 10,100 (7) 8,100 (8) 11,200 (9)
BFHE (A)
Grant-in-Aid for Young Scientist (A) SRz Lo 200 30) L) B D)
BFHE (B)
Grant-in-Aid for Young Scientist (B) 8,000 (8) 14,200 (10) 9.000 (9) 6,600 (9) 3,500 (4)
BFHE
Grant-in-Aid for Young Scientist : ; : : 6,000 (3)
Pt (B30
Challenging Research (Pioneering) . ) ) 6,600 (1) 4400 (1)
£ O T
Challenging Exploratory Research SR ST E) 2300G) 2002 OO cries
T EEN RN — F2iE
Research Activity Start-up 0 0(0) 1,200 (1) 800 (1) 2,300 (2)
EFFEEMRIRES (ERAEMZRRIL (B)
Fund for Promotion of Joint International Research - - - - 3,300 (1)
(Fostering Joint International Research (B))
Bt

o 328,400 (29) 499,787 (37) 626,100 (37) 475,800 (40) 333,000 (38)
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HEFIRAMAE - BE

HEF MR
Joint Usage Research

RRASFFEHRAES. HEFA HEFFELRE LT,
BF v NR, BEFERNTHARES. ESREVAITIE
s, REBEVAPT. ABEAPS EONERER CHEFA
MRET>THRE LIS, =5I0. 2018 FEZIFERABFA-
HEMEN R E L TRESNE LIce INSOHBF B
REIFEZEICERIOHAREDNSATEL. HEFIAHIR
DBEEZEERURBEFREESDEREZTOE T,

TR 30 FEEFIRIRSR P
number of applicants, FY2018 Applications

FE-—a2— kU /LB 41 (40)
Neutrino and Astroparticle Research Division
%I*)Dzﬁ\_?@ﬁﬁﬂ%%zﬁﬁ 54 [8]
High Energy Cosmic Ray Research Division
FEERYIESHIIERT 20
Astrophysics and Gravity Research Division
FE-21— L/ BAERRE A — ]

Research Center for Cosmic Neutrinos

KERAET
Education

RRRZFHERVITIE. RRAFEF RV R YIES
ROXNEFBHEREOD—IRE L TS RFEZZH AN
REELZITDEEHLIC KEROBZELEILTOLE T,
HEFPZEZH/RIC, 2F—MWBE LIS —VEERL
TOET, FLRRRFEXRFERO—IRELT. BRI
REOKRSZbeE %, FRMELE. BRIVMIRE SBEAHR
EELTRIANBEBELEVTOE T RRAFFEHRM
RARDAERFERABSUATOESY TT,

FY2015
ELRE
Master’s Course 30 (3)
B1RE
Doctor’s Course 22 (2)
ot 52(5)
Total

80 | Joint Usage Research and Education

FY2016
33(2)
25(2)

58 (4)

Joint Usage 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.

RIS AR
Successful Applications Total Researchers
41 (40) 1118 (1106)
54 [8] 1181 (95)
20 597
8 54

() 135> 5MEAFHRFUTFHERER. [ 1135 5RBEHBM
The number of () represents the one from Kamioka Observatory,
and [ Jrepresents the one from Norikura Observatory.

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

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

FY2017 FY2018 FY2019

32(0) 34.(1) 35(2)

33 (3) 37(3) 33 (1)

65 (3) 71 (4) 68 (3)
() 55k

The number of () represents female students.



PR3

International Exchange

EExzR7O517 b
International Project

EIPE S #2381 E RS HE R &
Academic Exchange Agreement

FIIXHhTOITH | (ALPACA Project)

RNIETPDF v DA PLURETE ZRYvD—8ARKEZROICS
TRIF-—FERERIHEESNTOE T,

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

FANY R+ D—TJOJ 15 b (Tibet ASy Experiment)
FRY FOENF (PUN—FV) BRTEELRY v DO —HAIEEL
BOTEIRVF-—FERERZT>TOLE T,

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

FLRO—TPLA70OI 15 | (Telescope Array Project)

PAYADIRTlE, KRREKERFEAOTRSILRVF—DFE
WOBA - FHRETo>TLE T,

In Utah, USA, observational studies of ultra high-energy cosmic rays are
conducted.

R—=N—HZIAH>VTTOJ 1% k (Super-Kamiokande Collaboration)

HEAFHRATHARBER TlE RA—N—DIAHVTEAVT, —a—
B U/ IREIVIS T BIEDRFRS EDRRZT o> TOE T, 8 HhEOH
TENHBEAEICENL TOE T,

At Kamioka observatory, studies on neutrino osccilation and proton decay are
conducted with Super-Kamiokande detector. Researchers from 8 countries

have joined the project.

XMASS 7O T4 k (XMASS Project)

BEFERTHARERTIE REFE/ ke XMASS TR
T=REAVLT, F—OXA—REPROBROEREBHBLTOE
T BA 8B PEOHEENSMOLTOET,

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

KAGRA 7O 1% | (KAGRA Project)

ENREVABAR R Tl AEUEEEDRERE [KAGRA] D5
ZEDTVE T, 14 WEOHEENHBARICSNLTOET,

At KAGRA observatory, construction of the Large-scale Cryogenic

Gravitational wave Telescope (KAGRA) is proceeding. Researchers from 14
countries have joined the project.

CTA 7O 1 k (Cherenkov Telescope Array Project)
ANAY - HFYPRESDINIVNYEFY - NSFHIUTlE IRV
F—AVVBEREPRZOWEZTOLHIC, FILVIATTLR

J—TJ7PLA (CTA) DEREEDTOE T, 31 hBOHAEEH'H
BRFFEICENL TOE T,

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

ZANEAMAEE
The Number of Accepted Foreign Researchers

2014 2015 2016 2017 2018

. JP 39 27 35 26 29
Asia

It 7_:7 7 5 . . |
Oceania

PRIK

Latin America 3 0 1 0 0
B[S

North America 79 54 46 37 32
SEEERIAN 23 13 © - -~
Europe

&5t Total 211 96 102 76 84

RUEPHYPURURRE (RUET)

Universidad Mayor de San Andrés (Bolivia)

PERS RSN (PE)

1995 The institute of High Energy Physics, Chinese Academy of Sciences
(China)

AAKRFEFE CRED

1981

1995 College of Science, University of Utah (US)
1995 Y7 HWZPRFP—INA LV RIPIERFE (ﬂél_il) ‘
School of Physical Sciences, the University of California, Irvine (US)
logs RRFYASASRTIBSTRE CKE)
Graduate School of Art and Sciences, Boston University (US)
i 2 IPREPHT I —RFIAER (O F)

INR, Russian Academy of Science (Russia)
BA—R S U PRZESYRRSZEL (F—X-SUP)
2001 Faculty of Life and Physical Sciences, the University of Western
Australia (Australia)
DT x V=P TIRKRF LIGO BA%ErT CRED
CIT LIGO Laboratory, California Institute of Technology (US)
N—TJHEAEAER (12U TP)
European Gravitational Observatory / The Virgo Collaboration (Italy)
ek (chE)
2011 The Shanghai United Center for Astrophysics Shanghai Normal
University (China)
TSR I-KFENHARE CKE)
Institute for Gravitational Research, University of Glasgow (US)
BUREAFESE (85
College of Science, National Tsing Hua University (Taiwan)
PERFR LGS IV OREMATRREME LY 52— (PB)
2012 The SICCAS-GCL Research & Development Center,
The Shanghai Institute of Ceramics, Chinese Academy of Sciences
(China)
YZAXRZTEE (1 2UP)
2012 Department of Engineering, The University of Sannio at Benevento
(Italy)
PERZREFXINSE (PED
2012 National Astronomical Observatories, Chinese Academy of Sciences
(China)
Y RUY FBEBRFEBFE (XANAY)
The Faculty Sciences, Autonomous University of Madrid (Spain)
HF Y —FEMBRFAET (ANAY)
Instituto de Astrofisica de Canarias (Spain)
PREFAFZEMIBARA ()
Institute of Physics Academia Sinia (Taiwan)
IVORTSVOMIBRRRERR (R1Y)
Max Plank Institute for Physics(Germany)
BB ASRERRFZAZFEENR 52— (BE)
2017 Sungkyunkwan University, College of Science, Center for Cosmic Ray
Research
R—SV REIURTEHAE LY X— (R—52F)
National Centre for Nuclear Research, Poland
HF Y —FEYBRSAET (A1)
Instituto de Astrofisica de Canarias (Spain)
FSAPYT (HhFH)
TRIUMF(Canada)
BEAZYETSR (PE)
Tsinghua University (China)
NW—3 +» K28 - EFH (1 2UTF)
The University of Perugia (Italy)
PERFREEMIER - BSHER (PED
2019 Wauhan Institute of Physics and Mathematics,Chinese Academy of
Sciences (China)

2009

2011

2011

2011

2013
2015
2017

2017

2018
2018
2018
2018

2018

HEFAARICSNL TOBIHIEARREZSDD &,
ek 30 FETHEN 1,295 ACEYFT,
Adding up the number of foreign researchers joined ICRR inter-
university research projects, the total comes to 1,295 in 2018.
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ILER
AN b
Events

A7V IPMU EDER—MRHEES
ICRRxKavli IPMU Public Lecture

FEEHEFD. N7 R ETEHREES BHL T,
BESENCBRLTNSD F—H1 Y R T,

HE v N ZA—RR AR
Open Campus

BF10AICEINBBF v Y NA—MABAICEDYE., ¥
ATIVRAT7 IO —OY3vTIREERELTOE T,

FH - RNUFRATIV TR
Spring School

AERESEERACKF3IFED. 4585 BOBRETER
IO PEITICH & —HEICRBPETICIRU A E T FE-
SHFRARODERTOI S LTI,

82 | Public Relations

Public Relations
SUERE?]

Publication

ICRRZ2—X
ICRR NEWS

FHEEARFDO FEY SR Z LA BFTEGH. FIC4OEE
BAZBTHITLTOE T,

ICRR E&
ICRR CATALOGUE

FEEWMEPAOME IOV T H L PRENSE. ¥ DMOER
BB EOERE X EOICMFTY, F—O37T7. BEMHEC.

F_aFIVLER—b
ANNUAL REPORT

FERWEPAOSAEIOYTH LD 1 FRDELHFEN
REeFOIMF. F-OFT. RIBRTT,



L%

Webd72vY
Web Contents

FEIEHFEFT Web News
ICRR Latest News

FERMEMDFEY O R%RA S Web =2 — R, BB
FLOEEZBHLTOE T,

TP VR
ICRR Virtual Reality

I R EREEMOMILICDH 5 RRIEsRZ 360 ED/N/ S
NBERTHRRTEE T,

PR BR{&
PR Video

HRPICHS [ BFERFIEFAOEFERIBRAE BN LI
EFATT, BETTH, BABIHNHYET,

Public Relations

FVIOFNGTy X
ICRR Goods

A=IN=HIARLTDITI—IRZI
Jigsaw Puzzle of Super-Kamiokande

300 E—X 1500 @ (#HA) 500 E—2:2000 B (FHA)

FUVSFNRTHYT
Original Mug with "Air Shower"

ERY Y D—PR=N—AIF AV TR EFERAFED
KRBT RHT SHMHEE TT o

FIL2ATVTAYD/ — b
Original Notebook with Cherenkov Ring

650 (FA) AL HA X 64 X—=

Public Relations | 83

THNE w

r

~A<TJ

uonewWLIOyU]



BRER

EESES SUCEBMAES DR
International Conferences and Workshops

RERXEFTHRIRMS. BRSZVPERVIRESZX
NENE 1 OREBELTOET. RADBSBRFEVH
MOEFMREZBOTRHIOMRICOOTELTESS
IS5 A1 OREGTO>TOVET, BFE 10 FRICH
ELICERSZROERMRESRE. MTOEHYTY,

BEO—oYav T DREARTHEREZ 21—V /&% 2007]
Workshop on Next Generation Nucleon Decay and Neutrino Detector 2007
2007.10.2-5 (B#f@ Shizuoka) 102 A

TULRI=TPLA (TA) ERERFBESDSONES
Inauguration Ceremony and Symposium of Telescope Array
2008.8.25 (T4 Chiba) 101 A

$£580 BRtIS— [ENREADCOOURBRERY FD—0 )

58th Fujihara seminar: World-wide Network for Gravitational Wave
Observation 2009.5.26-29 (#8%%)|| Kanagawa) 84 A

ERERESE [ Gravitational-Wave Advanced Detector Workshop 2010 |
Gravitational-Wave Advanced Detector Workshop, GWADW 2010
2010.5.16-21 (5L#f Kyoto) 107 A

ERYVARYDA [REIRXVF—FEREAORIDER]
International Symposium on the Recent Progress of Ultra High Energy Cosmic
Ray Observation

2010.12.10-12 (8 5/2 Nagoya) 114 A

FEHARD Y3V T

Italy-Japan workshop
2011.10.4-5 (7% Chiba) 39 A

%2088 KAGRAD—HY3v T
2nd Japan Korea workshop on KAGRA
2012.5.28-29 (2 Chiba) 26 A

% 1 O EITES ENKRERSE
1st EiTES General Meeting
2012.10.3-4 (3RR Tokyo) 80 A

%3088 KAGRAD—HY3v T
3rd Japan Korea workshop on KAGRA
2012.12.21-22 (& Korea) 20 A

54 OB8KAGRA D—o> 3y
4th Japan Korea workshop on KAGRA
2013.6.10-11 CKBR Osaka) 34 A

%5088 KAGRAD—5Y3v T
5th Japan Korea workshop on KAGRA
2013.11.29-30 (88E Korea) 36 A

% 2 O EITES ENRERSE
2nd EliTES General Meeting
2013.12.4-5 (BT Tokyo) 80 A
CTA LST BEiF=iz

CTA LST General Meeting
2014.1.14-17 (F 2 Chiba) 83 A

E3'4
Academic Papers

HEFBAXDRRIE. RAIDZEETRET 5. B
TELTHRIDSMMEF L TCERELE T, ARAREY
TOFMIDA. L7V —F3isE. ICRR Report (537)
RUEBRSZED Proceedings (CHRRXSNICEDOE % 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.

%6088 KAGRA D—oY3v T
6th Japan Korea workshop in KAGRA
2014.6.20-21 (3H5L Tokyo) 49 A

%7 0B8&KAGRA D—Hv3v
7th Japan Korea workshop in KAGRA
2014.12.19-20 (F1l Toyama) 34 A\

NAN=HIFHY TEEEBRR S V- TR Y RI D ARUBNR
The Inaugural Symposium of the Hyper-Kamiokande Proto-Collaboration and Signing
Ceremony

2015.1.31 (T3 Chiba) 108 A

%5 3 O EIITES EIRERSE
3rd EIiTES General Meeting
2015.2.9-10 (BRR Tokyo) 42 A

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

&% 4 O EITES ENRERSE
4th EliTES General Meeting
2015.12.2-3 (38R Tokyo) 38 A,

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

AB=a— U/ s C BT SEREE
Third International Meeting for Large Neutrino Infrastructure
2016.5.30-6.1 (GRIf, Ibaraki) 80 A

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

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

Extreme Universe viewed with High Energy Gamma Rays
2017.12.18-19 (F3£ Chiba) 60 i

Tokyo Spring Cosmic Lyman-Alpha Workshop
2018.3.26-30 ( 8RR Tokyo) 120 A

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

NAN=RAZIA NV TE2 OFERNEE
The Second Meeting of Hyper Kamiokande Financial Forum
2019.6.27 ( RR Tokyo) 45 A

FHIRRIETEII B o 78 2450 OB
ICRR Report
150 B U7 =Y — SO
WS T ey —F 1 vy
115 111
100 . 98 | |

82
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nth
28

2007
2008

2008

2008

2010

2010

2011

2011

2011

2012
2012

2012
2012
2013
2013
2013
2013
2014

2014

2015

2015

2015

2015

2015

2015
2016

2016
2017

2017
2017

2017

2017

FE

NI PIVTSIVHOUVARI PEFZ
Benjamin Franklin Medal in physics TOTSUKA, Yoji

FAF AR St RED
Particle Physics Medal ARAFUNE, Jiro
HEFWE AR FEAT

Inoue Prize for Science NAKAHATA, Masayuki

WE SR RS EHE -

Young Scientist Award of the I\%@I—?AR%A?}Iiroko
Geochemistry Research Association g

+ FHATRIRGE -

Inoue Research Award for Young I?I%ilﬁ\\laoa Haruki
Scientist >

PFF_"8 =B BE

Yoji Totsuka Prize KAJITA, Takaaki
Z—/ - KT IRE AR F—E
Bruno Pontecorvo Prize SUZUKI, Yoichiro
kg 18 75

Yoji Totsuka Prize ﬁIjAKAH ATA, Masayuki
BAYIBFSEFRHE e =k
Young Scientist Award of the SAK(;R"/I";\kashi

Physical Society of Japan

PHE*_"E B3R EE

Yoji Totsuka Prize FUKUGITA, Masataka
BASLRE =B e

Japan Academy Prize KAIJITA, Takaaki
VRS AEEEFRZEE BR 05F
MEXT Young Scientists' Prize MIYAHARA, Hiroko
FRF AN IERE

Particle Physics Medal: Young P88 871~
Scientist Award in Theoretical Particle IBE, Masahiro
Physics

TAYVR) = ZRNZ— - FPIT—F KA IES
Extragalactic Tinsley Scholar Award OUCHI, Masami

3IrE XEF TTE
Yodh Prize NAGANO, Motohiko
s AV - e o Il -/ N = S [

Giuseppe and Vanna Cocconi Prize  SUZUKI, Yoichiro

JYDR - T RE "B BE
Julius Wess Award KAJITA, Takaaki
)| BHE - ANAIFRIERYD A
ZUE )15 764

Yukawa-Kimura Prize LT, el

VEHSABXREEFHFEE KA IFC

MEXT Young Scientists’ Prize OUCHI, Masami
FEE—E 1% EmA

Yoji Totsuka Prize SHIOZAWA, Masato
BAXNISSHEEDE =

The Astronomical Society of Japan 1\ E63

Young Astronomer Award ONO, Yoshiaki

RO @S
EpEy 7L —H2 - KA Tkl
Breakthrough Prize in Fundamental é}jJZU/KI Yoichi
Physics e MTRIO
SKIFRL=Y3Y
Super-K Collaboration
iEE =B B
The Order of Culture KAJITA, Takaaki
XAEThHE =B EE
Person of Cultural Merit KAJITA, Takaaki
J —=N)VEsE "B BE
Nobel Prize in Physics KAJITA, Takaaki
PBEXIE "B BE
Chunichi Cultural Award KAJITA, Takaaki
Harvard Foundation Scientist of the 120 [EZ=
Year KAJITA, Takaaki
FRF AN IERE

Particle Physics Medal: Young £8/I| £8
Scientist Award in Theoretical Particle HASEGAWA, Fuminori
Physics

. AT e St SREB
FHEMEZINFE ARAFUNE, Jiro

E=3
GITAM foundation Annual Award %%Aa?li%ﬁakaaki

BARYBSSEFEHE i
Young Scientist Award of the Bt 1% .

. y FUIJII, Toshihiro
Physical Society of Japan

N—HL—B%XE 1 pEE
Berkeley Japan Prize KAIJITA, Takaaki

Awards

21— RV /ICEEN DB EOER

Discovery of the neutrino mass

IOy —VBRICHST B E/ R—ID RO -8B DT
Topological property of monopole in non-commutative gauge theories
AB=a—hrU/O8AEZ 21—k /IREIDHZR

Solar neutrino detection and research of neutrino oscillation

FEHIGRENZRIC L BABZEELDHIZ

Study of the long-term solar variations using cosmogenic nuclide

A=N=HAIAFAVTICBTBREL T YV E XY INDKFHBEORR

Search for Nucleon Decay into Charged Antilepton plus Meson in Super-Kamiokande
AR=a—hF U/ REIDESR

Discovery of atmospheric neutrino oscillation

RA=N=WIA DV TERICEFTBEAR= 21—~/ BLOAB=21— U /IRBOESR
Discovery of atmospheric and solar neutrino oscillations in the Super-Kamiokande experiment
REICEZAB=1— kU / CRBDIFE

Study of the solar neutrino and its oscillations

FANY FZEIY v D—=FLUAICHETBHIRIVF—FEHRESEDHE
Study on the High-Energy Cosmic Ray Anisotropy with the Tibet Air-Shower Array

L7~ VRROFEDNY 7 MBI HMEEDIZE

Pointing out a mechanism to generate cosmological baryon number violation originated by lepton
ARZ21—F U/ REOER

Discovery of atmospheric neutrino oscillations

AR5E58 S L OFEEDSUEICRIF T EEDHE

Study for solar activities and its effects

BRTMEDRNICHIT DRRBOFTHRNBIRZBET 5H LU F U A DRBREAREE

Sweet Spot Supersymmetry

HHEFHERC L BLEHBERHIFR

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

Ro LRVF-FERDBICHIT B ELOAR

Pioneering leadership in the experimental study of the highest energy cosmic rays

ABZa1—r U/ DETUV—N-RAEICLDAB=1— KU/ DHOEA

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

A=—N=NZANVTERICLBDAR=21—F /RERRODER

Discovery of atmospheric neutrino oscillations with the Super-Kamiokande experiment

EH% CROIBEERDH—IRRDBRICHT BIHE

Supergravity and nucleosynthesis

JBRNIRREIC L BFEHELDHE

Pioneering studies into the early universe through wide-field multi-wavelength observations
MRBEI21——2—hU/E-LCLBEF-2—F U/ PRBROFXER
Observation of electron neutrino appearance in an accelerator muon neutrino beam

DELE FTEHEROERBIIR

Observational studies of galaxy evolution and cosmic reionization

Za—bU/ERBEVSABRNGEREZ L. RNTYESORERRZENICBASHL
WIOVT « P=BBLICRR
The fundamental discovery and exploration of neutrino oscillations

—a2—b U/ PBRCBSOTELORRKREZ ST, RNFVESLOFERICSKEE
B 5 A 121016

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

—a2— b U/ PBRCBVTELOHREKRREZES, RNFVESLOFHERICZKREE
B 5A12I016

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

Za—hU/DEEERFDEERT. Za— U/ RHRKROKER

The discovery of neutrino oscillations, which shows that neutrinos have mass

FHFZ2— LU/ ICEEBDHD LRI 2—H Y /RBOFEEDINE

The discovery of neutrino oscillations, which shows that neutrinos have mass

LHMEBLICETSRENH TCORSLIPEERMUMHCHLT

Remarkable achievements and initiatives that serve to increase diversity in the area of science

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

FHRARAMARE L TRA—N—AIF AV THBR EORRICRUMAH, REOFHR
MBS, IFNDRSBHA TSR DEREZ EOIIHEICH LT
HEDB CORSBIMEICH LT

Outstanding contributions in the field of science

AEEHBREE RO IRIVF—FERIANS ~VOHZ
Study on the energy spectrum of ultrahigh-energy cosmic rays with the fluorescence detectors

BIMNCHF BBAEDIE - BERMOER EHREICEMUICHEICT L T
Significant contributions in furthering the understanding of Japan on the global stage
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Awards and Access

FEHPIEDSOERE(STEEEET S v HR—IVHSDEIRREE

2017 Inoue Research Award for Young KINUGAWA, Tomoya The binary population synthesis in the early universe and the detection rate of gravitational waves

Scientists
soig OASIFASE KA 2
JSPS Prize
so1g DRSS TERPIERE
Japan Academy Medal

XA ES

sotg 21 HRTSH/OY—H2019 T8 BE

from the binary black holes

AN - P77 EHA%E RO ST E OIS
OUCHI, Masami Observational Studies of the Early Universe with Lyo Emitters

SANY - P PR E BOICIIFE DA
OUCHIL Masami Observational Studies of the Early Universe with Lya Emitters

CTA ROELE=E 1 SHEDTTHRE € DIEIMIRIMEEZE

The 21st Century Technology Award TESHIMA, Masahiro Construction of the prototype of Large-Sized Telescope (LST) equipped with cutting-edge

technologies

FHRMAR OMEH

T 277-8582 FEERMBHBOE 5-1-5
04-7136-3102 GiE#5£%)

772

BEZEED S

PREBZEERE/NR (7543 - 1800 ) THOEF v /XX
BR\o BDOEF+» 2V NZARHNSRENR (1073 - 170 M)
TEUNARRE R —TTFELEE 3

TIHZE#EL S
RENRFCEFRERTNAR (8550 - 1540 @) TEILH
AR R—TTELES3

BERRD, S

DL RITHORTURTIBOEF v V)V (304 - 670
Mo BOEFyV/NRERBOHNSRE/NR(10 93170 B)
TEMINAAE LR —TCFELES 3D

LEFERH,S

JRBEIR TR (304 - 470 @) BERBEOH SREN
2 (2649 - 290 @) TEIMHL AR LY HE—TTELES
35

YRR/ RN A
Tobu / Keihin Kyuko Airport Bus

0.0.0....m'i...0.0..O

PN 7P

Haneda Airport

IR ZEYE S -~ A
Narita Airport

ey Express Bus
AIEE o o T o o
Narita Airport
¥1800 Mo 3
X v 82
@ 2 ET 7 ATV A Kashiwanoha

Tsukuba Express

..ﬁ..

@ JR R

JR Joban Line
BPBR

Ueno Sta.

BREEDER

Akihabara Sta.

86 | Access

Campus Sta.

HIER
°° @ °° Kashiwa Sta.

Location of ICRR headquarters

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

Access

From Narita Airport

By Airport Bus (Narita Airport Express Bus)

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

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

From Haneda Airport

By Airport Bus (Tobu / Keihin Kyuko Airport Bus)
Haneda Airport - National Cancer Center: around 85min, 1,540
JPY (one-way)

From Akihabara Station

By Train (Tsukuba Express)

Akihabara Station - Kashiwanoha Campus Station: around 30 min,
670 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, 470 JPY (one-way)
Kashiwa Station (West Exit) - National Cancer Center: around 25
min, 290 JPY (one-way)
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