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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 parti-
cles.

However, because of the rapid advancement of the experi-
mental 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 observa-
tion 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 exam-
ple, the studies of neutrinos produced by cosmic ray inter-
actions 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 neu-
trino oscillations between electron-neutrino and other
neutrino flavors. These studies were recognized by the
2015 Nobel Prize in physics. It is well known that the total
mass of “dark matter” is several times larger than that of
the normal matter. However, the natures of dark matter
particles are unknown. Dark matters are searched for and
studied actively by various means.

06 | From the Director

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 devel-
oped 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 reor-
ganized 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 new “Joint
Usage/Research Center” . ICRR is continuing inter-uni-
versity 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 scien-
tific 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. For example, the highest energy cosmic rays called
Telescope Array (TA), completed in 2008, has been con-
ducting various studies on the highest energy cosmic rays.
The highest energy cosmic rays of energy at 10*eV devi-
ate 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. A dark matter experiment
called XMASS started experiment at Kamioka in 2010,
whose objective is the direct detection of dark matter. In
addition, the construction of the gravitational wave tele-
scope (KAGRA) began in 2010. 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.
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 mis-
sions for ICRR.

Not to mention, delivering scientific results of high stan-
dards 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.
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Austrian physicist Victor Hess ascended in a balloon up to the sky and measured radiations.
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Radiations originating from space (primary cosmic ray) produce air
showers, as secondary cosmic ray, in collisions with air molecules.
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High-Energy Particles from Space

In 1912, Austrian physicist Victor Hess ascended in a
balloon up to the sky. At that time, it was common-
ly thought that high-energy radiation originates from
radioactive nuclei on earth. However, his experiment
showed the intensity of radiation increased with alti-
tude. 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 originate in space
and travel at nearly the speed of light through space
to earth.

These particles pass through our bodies every day
and penetrate even the earth. They are mostly the
nuclei of the same atoms that constitute our everyday
matter. About 90 percent of the cosmic rays are
hydrogen nuclei-namely protons, 9 percent are
helium nuclei, and the rest are heavier nuclei and ele-
mentary particles such as electrons and positrons.

Mulch-messengers
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Methods of cosmic ray detection
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Rain of Hundred Billion of Particles, “Air Shower”

In 1936, it was discovered that the flux of cosmic
radiation increases sharply with altitude, but it peaks
at about 15 kilometers in altitude, dropping sharply
at higher altitude. What does it show? In other
words, the radiation detected was from secondary
particles produced by very high-energy cosmic rays
reaching the Earth from space. Cosmic rays originat-
ing in space are called “primary cosmic ray,” and the
ones produced by in collisions between primary
cosmic rays and air molecules are called “secondary
cosmic ray.”

When a primary cosmic ray from space collides with
an air molecule, it breaks apart the nucleus of the
molecule, resulting in production of multiple high
energy particles, called “hadrons.” Then these parti-
cles fly apart at nearly the speed of light, further
striking the surrounding air molecules, producing
more particles. The chain reaction quickly grows and
the product particles soon decay into many types of
lighter particles, and develops into hundreds of
billions of secondary particles, raining on an area
covering several hundred square meters on the
ground finally.

This cascade of particles is called an “air shower.”
“Air shower” contains such as muons, neutrinos,
gamma-rays, electrons and positrons. Muons,
mesons, and positrons were first detected in air
showers, bringing about profound impacts on the
field of elementary particles.

Messengers from Space

High-energy primary cosmic rays come from outside
the solar system. Observation of air shower tells that
primary cosmic rays impact on the Earth’s atmo-
sphere with a very wide energy spectrum, from 108 to
10% electron volts. A cosmic ray particle of the high-
est energy has energy that is ten million times the
one of the highest energy man-made particle acceler-
ator can produce. How does the universe accelerate
particles to such enormous energies? Still in mystery.

Low-energy cosmic rays are bent their paths by
galactic magnetic fields. On the other hand, cosmic
ray particles of the highest energy travel straight
through space without being affected by galactic
magnetic fields to convey information of the environ-
ment they were produced. These cosmic ray particles
of the highest energy rain only about once a year on
an area covering hundred square kilometers on the
ground. Just for comparison, the area surrounded by
JR Yamanote Line is approximately 63 square kilome-
ters. Recent studies have found that “supernova” are
one such sources of cosmic rays. Looking into
cosmic rays, we aim to understand the mechanisms
of very high-energy astrophysical events, occurring at
enormous distances from the Earth, and even to
uncover the mysteries of the evolution of the

What are Cosmic Rays?

universe. Cosmic rays are “messengers” sent to man-
kind that convey messages from the far reaches of
the universe, 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,

The unique research center in the world
exploring universe with “multi-messengers”

Nucleus is not the only messenger bringing informa-
tion from space, but the followings are also the ones;
Gamma-rays — high energy photons, neutrinos — elu-
sive particles most of which pass through matter
unnoticed, gravitational waves — ripples in the fabric
of space-time, and dark matter — unidentified matter.

Especially for gamma-rays and neutrinos, recent tech-
nological developments have overcome many obser-
vational difficulties, and brought forth a new era of
gamma-ray and neutrino astronomy.

Gravitational wave, one of the messengers, whose
existence was predicted by Albert Einstein in his
theory of relativity 100 years ago, and was the final
missing piece in the prediction. But in February
2016, it was announced that the gravitational waves
were finally detected for the first time in human his-
tory. Today humankind acquired new “eye” with
which to see the universe, in addition to high energy
photons and particles. Gravitational waves are ripples
in the space-time which propagate through space at
the speed of light. Detection of gravitational waves
will reveal large portion of the universe that are, with
the traditional probes, unobservable; such as, mergers
of black-holes and the birth of the universe. The
Large-scale Cryogenic Gravitational Wave Telescope,
named “KAGRA,” is under-construction now.
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 to promoting the gravitational wave
astronomy.

Cosmic Rays, Gamma Rays, Neutrinos, Gravitational
Waves, Dark Matter — we call them “multi-messengers”
sent from the far reaches of the universe. We, ICRR,
are trying to explore the frontier of the cosmic ray
physics, astrophysics and elementary particle physics
with the observation of these multi-messengers.
ICRR at The University of Tokyo continues to be the
unique research center in the world that hosts a com-
prehensive array of leading cosmic ray research pro-
grams.

What are Cosmic Rays? | 11
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Super-Kamiokande

study elementary particle physics and astro-
physics through neutrino detection and
nucleon decay searches.

T he purpose of Super-Kamiokande (SK) is to

SK is a 50,000-ton cylindrical water Cherenkov detec-
tor 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 opera-
tions began in 1996. SK observes enormous amounts
of neutrinos produced both in the Sun (solar neutri-
nos) and by the interactions of cosmic rays in the
atmosphere (atmospheric neutrinos). In 1998 SK
observed a clear anisotropy in the zenith angle distri-
bution of its atmospheric neutrino data, thereby
establishing the existence of neutrino masses and
mixing, a phenomenon known as “neutrino oscilla-
tions.” For this result, the Nobel Prize in physics was
awarded to Prof. Takaaki Kajita in 2015. Further-
more, 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, nucle-
us 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
103 years. SK will keep running towards a new hori-
zon 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 back-
grounds, 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 wa-
ter-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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Super-Kamiokande IV
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An electron neutrino event candidate observed at Super-Kamiokande. A diffusing ring produced by electron-positron shower is observed
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T2K

surement of electron neutrino appearance phenom-

ena in muon neutrino beam in order to measure 0 ,

value and search for leptonic CP violation. Another import-

ant purpose of this experiment is precise measurement of

) . . . i

0 ,, and Am?, parameters via muon neutrino disappear
ance.

T he one of main goals of the T2K is precise mea-

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 experi-
ment 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 ~650MeV by setting
the off-axis angle to 2.5° to maximize the neutrino oscilla-
tion 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 suc-
ceeded in observing the first J-PARC neutrino interaction
event at Super-Kamiokande. Of the 88 neutrino events accu-
mulated 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 antineutrino
beam. We have already confirmed the disappearance of
muon antineutrino beam. Moreover, we have found four
candidate events of electron antineutrino appearance. We
also accumulated 32 electron neutrino candidates by spring
2016. The latest results of electron and anti electron neu-
trino appearance seem to favor the CP violation and the
probability that this observation is a result of random statis-
tical fluctuations which would mimic a neutrino-antineutrino
asymmetry when none exists is about 1 in 10. T2K contin-
ues to take further data and play the leading role in the
study of full picture of neutrino oscillations.
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Hyper-Kamiokande
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Hyper-Kamiokande

yper-Kamiokande or Hyper-K is a straight-
Hforward extension of successful water

Cherenkov detector experiment
Super-Kamiokande. It employs well-proven and
high-performance water Cherenkov detector technol-
ogy with established capabilities of neutrino oscilla-
tion studies by accelerator neutrinos, proton decay
searches, and precision measurements of solar and
Supernova neutrinos. Hyper-Kamiokande will pro-
vide 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-collabora-
tion 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-sensitiv-
ity 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 measure-
ment of neutrino oscillation is more likely to provide
a 5-sigma discovery of CP violation than any other
existing experiment. Hyper-K will also be the world
leader for nucleon decays. The sensitivity to the par-
tial lifetime of protons for the decay modes of p—e*
7 is expected to exceed 10% years. This is the only
known, realistic detector option capable of reaching
such a sensitivity for the p—e* 7 ° 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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2 fitkFe s sRHE G, LAKBER Y — A F o The schematic view of the detector and the water tank
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it is clealy shown that the supernova neutrinos can be detected with
XMASS.
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Model independent analysis by an annual modulation search.
XMASS obtained strong upper limits on the amplitude in the low
energy regions and could not reproduce the DAMA/LIBRA result.
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Newly developed 3-inch PMT for next generation XMASS detector

XMASS

detect low energy solar neutrino, dark matter par-

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

T he aims of multi purposes XMASS program are to

The advantages to use 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 was conducted by looking for
an annual modulation signal due to the Earth's rotation
around the Sun. For the WIMP dark matter, the exclusion
upper limit of the WIMP-nucleon cross section 4.3 X 104!
cm? at 8GeV/c? was obtained (Fig. 3). For the model inde-
pendent case, the result shows most stringent upper limit on
the modulation amplitude that is inconsistent with the posi-
tive DAMA/LIBRA signals (Fig. 4).

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 4.7(4.3) X 10! years at 90%
CL for Xe ('26Xe). The obtained limit has ruled out parts
of some theoretical expectations.

(3) In XMASS, it is also possible to observe neutrinos emit-
ted from a supernova in our galaxy in the moment of the
explosion. The neutrinos are measured in the coherent neu-
tral scattering process, which is theoretically predicted but
not yet discovered. Moreover, XMASS is sensitive to the
different kinds of neutrino from the one mainly obtained in
Super-Kamiokande. Thus, the supernova- neutrino observa-
tion by XMASS is a very important both for the neutrino
physics and for the supernova astrophysics.

Despite years of effort all over the world, the identity of the
dark matter has not yet been revealed. A higher sensitivity
than ever is strongly demanded. We developed a method to
discriminate between gamma rays and beta rays using the
time profile of the Xe scintillation. It improves the sensitivi-
ty to the double electron capture process and some kinds of
dark matter candidates. Figure 6 shows the ultra-low back-
ground photomultiplier we are developing. We aim to dis-
cover the dark matter by promoting such R&Ds in parallel
with the above physical searches.
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Very High Energy Gamma Ray Sky (>100GeV). About 200 Galactic
and extragalactic sources have been discovered.

3 RNEYEHE (23m L), HAZV—FRESHES X —
v AX T, R LR, SRS ESO TYA v, e
fifHEHORELZTTO T2,

Large Size Telescope (23m diameter) designed by Max Planck
Institute for Physics. CTA Japan is contributing to the design and
production of the imaging camera at the focal plane, ultrafast
readout electronics, high precision segmented mirrors and active
mirror control system for Large Size Telescopes.
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Camera cluster for the Large Size Telescope (LST) developed by
CTA-Japan. This cluster consists of seven high quantum efficiency
photomultipliers (R11920-100), CW High Voltages, pre-amplifier,
Slow Control Board, DRS4 Ultra fast waveform recording system
and Trigger. The LST camera can be assembled with 265 of these
clusters, cooling plates and camera housing.
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Prototype of the high precision segmented mirror for the LST
developed by CTA-Japan in cooperation with Sanko Co.LTD. The
mirror is made of a 60mm thick aluminum honeycomb sandwiched
by 3mm thin glass on both sides. A surface protection coat
consisting of the materials SiO2 and HfO2 will be applied to
enhance the reflectivity and to elongate the lifetime.
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uring the past few years, Very High Energy

(VHE) gamma ray astronomy has made

spectacular progress and has established
itself as a vital branch of astrophysics. To advance
this field even further, we propose the Cherenkov
Telescope Array (CTA), the next generation VHE
gamma ray observatory, in the framework of a world-
wide, international collaboration. CTA is the ultimate
VHE gamma ray observatory, whose sensitivity and
broad energy coverage will attain an order of magni-
tude 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 100GeV to 10TeV 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 genera-
tion TACTs featuring new technologies, such as
H.E.S.S., MAGIC, and VERITAS, have discovered
about 200 Galactic and extragalactic sources of vari-
ous types to date.

CTA is designed to achieve superior sensitivity and
performance, utilizing established technologies and
experience gained from the current IACTs. The proj-
ect is presently in its preparatory phase, with interna-
tional efforts from Japan, US and the EU. It will con-
sist 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 20GeV up
to 100TeV, CTA will bring forth further dramatic
advances for VHE gamma ray astronomy. The dis-
covery 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 ultrarela-
tivistic jets emanating from them, as well as their

Cherenkov Cosmic Gamma Ray

cosmological evolution will be addressed by extensive
studies of active galactic nuclei (AGN). Through ded-
icated 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 quan-
tum 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 JACTs.

The CTA-Japan consortium is making a significant
contribution to the construction of the Large Size
Telescopes (LSTs). In the end of FY 2017, the first
LST will make the first light at La Palma in Canaries
and three more LSTs will be build successively, the
construction of the four LST array is scheduled to be
in FY2019. The LST covers the low energy domain
from 20GeV to 1000GeV and is especially important
for studies of high redshift AGNs and GRBs. The
diameter and area of the mirror is respectively 23m
and 400m? to achieve the lowest possible energy
threshold of 20GeV. All optical elements / detectors
require high specifications, for example, high reflec-
tivity, high collection efficiency, high quantum effi-
ciency 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 seg-
mented mirrors and active mirror control system.

On the strength of their experience gained from con-
struction of the MAGIC telescope, the
Max-Planck-Institute for Physics in Munich is
responsible for the construction of the 23m diameter
telescope structure, based on a carbon fiber tube
space frame. The LSTs require very fast rotation
(180 degrees/20 seconds) for promptly observing
GRB:s.
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(Top) One of the TA ground array detectors deployed in the field. Four more are seen behind. (Bottom) TA air fluorescence telescopes.
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Arrangement area of the detector of TA, TAX4 and TALE
experiment
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The energy spectra of UHECR measured by TA surface detector
(@), TA fluorescence detector (M) and TALE fluorescence detector
(®)
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The average Xmax vs. energy of TA cosmic ray events. (@)

The red, green and blue lines denote proton, nitrogen and iron
models, respectively.

E > 57 EeV

5 TA CBIHIL 7z 1007 EF-H 0 ML EOFHOBEE 1M %2 14 20° OFTY v 7)) v /L 258 ORGEHN 2 HEEEZ 7 v v F LAERR= >
7 REEBEEZFR) . R 14847, RffE 445 %Lt Liedy P 2Ry bR (AR 6.88 1kt L CBIMIEDY 24). Z D KA
5070 CTH 2. BRI NEOLEIC, ZORKAEREZ BRI 21313 3.7x10" B4o) TH2,

Hammer projection of the statistical significance of TA cosmic ray events with E > 107 eV with 20°-radius circle sampling in the equatorial
coordinates. The maximum excess appears as a hotspot centered at right ascension of 148.4° and declination of 44.5° with a statistical significance
of 5.07 ¢ (24 events observed, whereas 6.88 expected). The chance probability of obtaining this maximum significance for isotropic distribution is

3.7x10* (3.40)
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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 tele-
scopes 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 col-
laboration of Japan, USA, Korea, Russia and
Belgium. Observations by TA began in the spring of
2008. The TALE is the TA Low-energy Extension
down to 10'5¢ eV, which aims at studying the transi-
tion of galactic cosmic rays to extragalactic cosmic
rays. In the northern TA site, the full TALE tele-
scopes started the operation and the TALE surface
detector array was partially started.

T he Telescope Array (TA) was built to study

By May 2015, about 3000 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 by
Greisen, Zatsepin and Kuzmin (GZK). TA confirmed
a break at 10872 eV (ankle), and there are breaks at
around 10'°% eV and 10'7% eV in the spectrum by
TALE. The composition by TA is consistent with
light composition as shown in Xmax vs energy plot
(Fig.4). Using 109 cosmic-ray events with energy E >
1076 eV, TA observed a cluster of events (hotspot)
with a statistical significance of 5.07 o, centered at
right ascension of 148.4° and declination of 44.5°
(Fig.5). The probability of such a hotspot appearing
by chance in an isotropic cosmic-ray sky was
3.7x10* (3.4 0).

The TA extension (TAX4), which quadruples the
TA, aims at confirming the above-mentioned hotspot
and studying energy spectrum, composition and
other anisotropies of arrival directions for UHECRs
in highest-energy region precisely, especially confirm-
ing the hotspot. Its construction started in 2015. The
subject of the TALE surface detector extension con-
cerns the study of the transition from galactic to
extragalactic cosmic rays by measuring Xmax with
better accuracy. Its construction started in 2015.
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Search for gamma ray point sources in the Cygnus region (IIl).
Watch out the hot red spots in e), please.

Tibet AS v

ergy 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 galac-
tic cosmic-ray anisotropies.

() ur research subjects are: Search for high-en-

Tibet-III, 37,000m? in area, consists of 789 scintilla-
tion counters that are placed at a lattice with 7.5m
spacing. Each counter has a plate for a plastic scintil-
lator, 0.5m? in area and 3cm in thickness, and
equipped with a 2-inch-in-diameter photomultiplier
tube. The detection threshold energy is approxi-
mately a few TeV.

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.

We made a precise measurement of the energy
spectrum of primary cosmic rays in the "knee" (10'5 —
10'9eV) region. The chemical composition in the
"knee" region is a crucial key to clarify the mecha-
nism 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.

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-I1II will provide
important data to study the global structure of the
solar and interplanetary magnetic fields correlated
with 11-year-period solar activities. Covering mostly
the solar cycle 23 (our data from 1996 to 2009), we
show that yearly change in the Sun’s shadow depth
in cosmic rays is well explained by a simulation
model taking into account the solar activities.

Tibet-III measures high-energy galactic cosmic-ray
anisotropies with high statistics. We made precise
2-dimensional maps of high-energy (a few TeV to a
few hundred TeV) galactic cosmic-ray anisotropies at
sidereal time frame. Besides the established "Tail-in"
and "Loss-cone" anisotropies, we discovered a new
anisotropy in the Cygnus region. We found some hot
spots in the Cygnus region, 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.

We constructed large underground muon detectors
(MD: approximately 4000m?) 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 detec-
tors (YAC) in order to more precisely measure the
knee position of proton and helium energy spectra.
The hybrid experiment (Tibet-IIl+ MD+ YAC) start-
ed data-taking in 2014. New and interesting results
from them are expected as regards the origin and
acceleration mechanism of comic rays.
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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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Black hole
engine

Prompt

emission
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MO NGRS =y b ELD, Yy PIREKRHZREWY ., BEZEB~ROHT, 2 & CEERZBE L. BBDEICEs <ny
SRR o720, A R B EHE S S X TOKNEM 572D § %, ©ONASA's Goddard Space Flight Center

Description of gamma-ray burst. When the collapse of a very massive star at the end of its life forms a black hole. Gas in the star accretes onto the
black hole. Then, the black hole produces well-collimated relativistic jets. The jets break out the surface of the star, and propagate in the
interstellar space. Shocks formed in the jets or interstellar medium are considered to be responsible for the prompt gamma-ray emission and the
afterglow emission.
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3 ELihEE TS AV oA =R AL NS RE T AL F —FHRDO R 7 L (KWHEER), Telescope Array (fttad L)
AUGER %28 (k&g A) o7 —2 L RS —BEL 0T, FlMAFHEMZEE o= — ) 7 GlCHER) 13.107-10%eV 2250 T,
fboeT Vv (HHE B L3RR o224 H EAY 2 REE 3, a2 fBkBINCHEES 2 C L <, FHMROREICES Z LA TE LT,

The model spectra of ultra high-energy cosmic rays (UHECRSs, thick solid lines) based on the stochastic acceleration by turbulences in gamma-ray
bursts jets. They agree with the observed data with Telescope Array (green circles) and AUGER (open circles). The spectra of cosmogenic
neutrinos (thin solid lines), which are produced from UHECRs during propagation in the intergalactic space, show a sharp rise at 10'7-10'%¢V,
which are distinctively different from other models (dotted and dashed lines). If we confirm such a spectral shape in future observation, that will
be evidence of the stochastic acceleration.
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High Energy Astrophysics

making theoretical and observational studies

of violent astrophysical phenomena, in which
energies of background plasma/magnetic field are
transported into selected particles, namely, non-ther-
mal cosmic ray particles. The standard theory of
cosmic ray acceleration process invokes effective
diffusive-shock-acceleration (DSA) mechanism work-
ing 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 tra-
dition in Japan for studies of DSA and MRX mecha-
nisms provides the background for the activity of our
high energy astrophysics group.

T he high energy astrophysics group aims at

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 con-
straints (Fig. 2). Another study we have been con-
ducting is electro-magnetic wave emission as a coun-
terpart of gravitational wave emission from a binary
neutron star merger. Our research targets, thus,
closely relate to the observational projects in ICRR.

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 emis-
sions emitted in gamma-ray bursts? How is the mag-
netic energy of the pulsar winds converted into the
kinetic energy to form ultra-relativistic outflows?
How are magnetic fields amplified in shocks in super-
nova 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 fun-
damentally understood like high-energy astrophysical
phenomena. Thus, study of the above unsolved prob-
lems are very exciting and important to expand our
knowledge of the universe.
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1 KAGRA D5 K
Schematic view of KAGRA planed underground at Kamioka
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2 L—F—LL—F—%t&ihT 5 ISO Classl 7V —v 7 == 4 B 22cm OEEEEHO Y7 7 4 T OHL

Laser system and ISO class 1 clean room for housing it A transparent sapphire mirror 22cm in diameter

IKAGRA HECEEH

IKAGRA Operating

5 KAGRA 0 #BEL 2 17 5 Hilfl=
Control room in the KAGRA Data Analysis Building

3 MRFEREICHEINS FAAAZ Y P EWIBAEZEX S b

Cryostat and radiation shield duct set in the corner station
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tion 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 obser-
vatory 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.

T he gravitational wave group conducts the construc-

A gravitational wave should cause a relative change (strain)
between two displaced points in proportion to their dis-
tance. 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 300m TAMA interferometer and
a 100m 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 stabiliza-
tion system using a mode cleaner cavities and several optics
for forming a Michelson interferometer were installed. In
March 2016, the first interferometer operation was demon-
strated (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 estab-
lished and consequently it is accelerating the KAGRA sub-
section’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~10-22 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 cryo-
genic 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
(Ttaly-France-Netherland), GEO (UK-Germany) to explore
the gravitational wave astronomy and multi-messenger
astronomy with other astronomical observation channels.
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Subaru telescope at the summit of Mauna-Kea, Hawaii Island
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3 AT AB~ YT TINEICEHE S W F KA O HE 8.2m

ENE LRt

Subaru telescope, NAO]J, with an 8.2m primary mirror at the

summit of Mauna-Kea, Hawaii Island

4 FE2EEFIO Ly 7Y v 7 ic#RE S 7z Suprime-Cam
Suprime-Cam installed on the top ring of Subaru telescope
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History of cosmic reionization, so far, understood. Red symbols
denote constraints from our Suprime-Cam survey. Four lines
represent different theoretical predictions. The epoch and process of
cosmic reionization are unknown.

6 BFho+IE3 HSC Fsks 7 4 v % — (Materion [ [H Barr

Associates] £ & 1777 ).

Subaru/HSC narrow band filter under development (collaboration

with Barr Associates Inc.)

Observational Cosmology

e study the early universe by deep
‘;‘} multi-wavelength observations. Armed with
the state-of-the art telescopes such as
Subaru, Hubble, Keck, and ALMA, we aim to push
the today's observational frontier towards the very
high redshift universe that no one has ever seen by
observations. Our goal is understanding physical pro-
cesses of galaxy formation at the early stage and the
relevant event of cosmic reionization.

We have recently completed our large survey for Ly a
emitting galaxies (LAEs) at z~7 with Subaru Prime
Focus Camera (Suprime-Cam) and Keck DEIMOS
spectrograph, and reported the results of the survey
widely in the world. Our results indicate that there
are clear signatures of increasing neutral hydrogen
fraction towards z~7, but that the universe is still
highly ionized at z~7. These results cast a riddle for
the physics of cosmic reionization. It is known that
ionizing photons produced by stars and galaxies are
less than 1/3 of the amount of ionizing photons nec-
essary 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 observa-
tions. In fact, we have discovered a giant bright Ly «
emitter, and the total ionizing photons produced by
this kind of object are unknown.

We plan to address these issues with the next genera-
tion Subaru wide-field camera, Hyper Suprime-Cam
(HSC), that has the survey speed about an order of
magnitude faster than Suprime-Cam. HSC is devel-
oped 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 observa-
tions have been started since 2014. Using the narrow-
band 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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1 BN TSI NS/ v b Fa AL - V) Py THDE QAR LD IRTLY Ialb—va Yy
3D simulation of Q-balls which are non-topological solitons predicted in the minimal supersymmetric standard model

2 A= ROY 4 — /7 BREO LHCI4TeV FEHCHIfRE & 1 2 HlRAE (300/fb) Phys.Rev. D87 (2013) no.1, 015028 X Y
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Expected bounds on the gluino and wino masses obtained with 300/fb of data at 14 TeV running (the solid lines).
For more detail (see Phys.Rev. D87 (2013) no.1, 015028)
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Theory

he theory group is studying various theoretical
I aspects in elementary particle physics and cosmolo-
gy.
The aim of particle physics is to give a unified view on the
various interactions around us. To date, all the known inter-
actions around us are successfully reduced into only four
fundamental interactions; the electromagnetic interaction,
the weak interaction, the strong interaction, and the gravita-
tional 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 uni-
fied 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.

It is conceivable the Nature has higher symmetries at high
energy scale, and existence and interaction of elementary
particles may be subject to these symmetries. Supersymme-
try is one of the most promising symmetries in this respect.
Supersymmetry not only allows a vast separation of low
energy scales from high energy scales such as the Planck
scale but also makes the coupling unification at the high
energy better. The Higgs boson discovered at the LHC has
so far shown no hints of its substructure which is highly
consistent with supersymmetry. In view of these phenome-
nological advantages, supersymmetric models are one of the
most important subjects for Theory group.

The universe was created by a Big Bang fourteen billion
years ago. Immediately after its creation, the universe is con-
sidered to be extremely hot and dense, and various elemen-
tary 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 attempt-
ing to check the elementary particle physics and/or cosmolo-
gy 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 mea-
surements 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.

In addition, a dark matter search experiment using liquid
xenon, the XMASS experiment, is being conducted at the
observatory. Several inter-university collaborative research
projects, including a double beta decay experiment using
calcium-48 (CANDLES), a direction-sensitive dark matter
search experiment (NEWAGE), a 100m long laser interfer-
ometer gravitational wave experiment and geophysical mea-
surements 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 0578-85-2121

Land 95,523 m? Building 2,195m?

Altitude 350m

Access

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

+ TOYAMA Sta. — Bus(70min.) — MOZUMI Bus Stop
— Walk(1min.)
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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 3km laser interfer-
ometer 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 interfer-
ometer 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 gravita-
tional 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 merg-
ers 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 chan-
nels 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(40min.) — MOZUMI Bus Stop
— Walk(5min.)

+ TOYAMA Sta. — Bus(70min.) — MOZUMI Bus Stop
— Walk(5min.)
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A photo of the domestic neutrino workshop held in ICRR on Febru-
ary 4, 2017
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Research Center for Cosmic Neutrinos

(Kavli-IPMU) & $L[RCEICH & 5T 2 bl—iGhEa %
LTWwE T, BlLoWTiRARL v 2 —NFH BT
W L JLE oMl - EiiE LT T, TR 28 SEEIR
2016 4£ 4 A 16 Hichifit x . 2 ADF#EHIIC X > TRHTD
= a—F Y 7T FH B O RATHRIC O W C ORI B
D% K DF 2 HEEEICH 2T F L7z,

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 exper-
imental 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 activ-
ities in the low-background underground facility also. In
FY2016, we accepted 8 programs related to these facilities.

RCCN has been organizing domestic neutrino-related work-
shop since it was established. On February 4, 2017, we
hosted one neutrino workshop on “Physics of Neutrino
Interactions” . Thirty-seven physicists participated in this
meeting. 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
in FY2016 was held on April 16, 2016. Two scientists
lectured on the latest neutrino physics and the cosmological
observations.
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Norikura Observatory

Cosmic ray research in Mt.Norikura started with an experi-
ment conducted by Osaka City University in Tatamidaira in
1949. In the next year, the four institutions, Osaka City
University, Nagoya University, Kobe University, and Insti-
tute 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 inter-
actions 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 thunder-
clouds. In addition, recent activities include researches relat-
ed 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 perfor-
mance tests of cosmic-ray telescopes, utilizing its high
altitude and night-sky darkness. Thus the Norikura observa-
tory 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 2,770m (average atmospheric pressure: 720hPa)

Access

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

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

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

The Akeno Observatory started in April 1977. At the Akeno
Observatory, extremely high-energy cosmic rays with ener-
gies exceeding 10%eV were observed by the AGASA experi-
ment. 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 observa-
tion to its larger scale hybrid successor Telescope Array
(TA) in Utah, USA. The observatory is now used for obser-
vations of candidate sources of high-energy cosmic-ray
acceleration such as GRBs and AGNs, research for variation
of intensity of galactic cosmic rays, the support of TA and
its R&D in Japan, the test of new devices related to the
observation of high energy cosmic rays and the use by uni-
versity collaborators in associated fields.

Information

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

TEL +81-551-25-2301

FAX +81-551-25-2303

Land 18,469 m?

Building 2,843 m?

Altitude 900m (average atmospheric pressure: 910hPa)

Access
+ Nirasaki Sta. of JR Chuo Line — Taxi (25min.)
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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 com-
position 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 (4740m
above sea level). The 100 TeV gamma rays are decay prod-
uct of neutral pions produced by primary cosmic rays accel-
erated up to the knee energy region interacting with matter
surrounding a yet-unidentified cosmic ray accelerator (Pe-
Vatron). Therefore, observation of 100 TeV gamma rays will

be a key experiment to locate an unknown PeVatron.
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N2 TR Az i) L7
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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 experi-
ments steadily with these instruments.

In 1972, the construction of Mutron (an electromagnetic
spectrometer) was commenced, improving the experimen-
tal 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 facil-
ity. In 1977, the Akeno Observatory was formally recog-
nized as a second adjunct facility. In 1979, a square kilo-
meter 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

History

its energy beyond the theoretical limit, and the Kamioka
Observatory detected an anomaly in atmospheric neutrinos.
In 1995, the Kamioka Observatory became the third
adjunct facility of ICRR. In 1996, the construction of
Super-Kamiokande was completed, and the full-scale
observation began. In 1998, the Super-Kamiokande group
reported, after two-year observation, that neutrinos have
masses.

In 1999, in order to further study the masses of neutrinos,
ICRR started a long-baseline neutrino experiment in
which the Super-Kamiokande detected the neutrinos artifi-
cially 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 inte-
grating 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 investi-
gate 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 (LCGT) project
(later named "KAGRA") was approved by the
"Leading-edge Research Infrastructure Program" of
MEXT. The construction of LCGT began in the same
year. ICRR established the Gravitational Wave Project
Office in April 1, 2011 to promote the construction of
LCGT. 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 oscilla-
tions by 2014. In March 2012, very high-energy gam-
ma-ray observatory in Australia, the CANGAROO experi-
ment, ended its operation. The gamma-ray studies will be
taken over by the CTA (Cherenkov Telescope Array) proj-
ect. The first Large Size Telescope (LST) of CTA will 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, KAGRA observatory was established for moving
on to the full-scale operation.

History |69

S WI

;__:6

PRCRRS

NOILLVINYOINI A



1950

1953.8

1955.8

1956

1957

1958

1959

1960

1966

1968

1972

1973

70 | Timeline

B ARSI G X o TR I H o /MNED D (K
it 15 51
Asahi Hut (wooden structure; about 50 sq. meters) was
constructed on Mt. Norikura based on the Asahi Bounty
for Science.

PR AT HIRBRIAT & 2 %
Asahi Hut was incorporated into the Cosmic Ray Obser-
vatory, The University of Tokyo.

SFERBLINIT D A 35 X OHFSER A3 581K 3 5
The main building and research facilities of the Norikura
Observatory were constructed.

WK TR SR gl A s (%5 v 7 =
=y avif)

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

FERBLMT S IGY (EIRRHLBRBLNAE) oBlMicSmL.,
2Ry Y 7 — 0Bz RIS 5

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

Ieny ayF v A —2BlEBEET 2
The emulsion chambers at Norikura Observatory started
operation.

WK IR TRITEI A 25 ¥ 7 — o Bl 2 BldG 3 %
Air shower observation started at the Institute for Nucle-
ar Study, The University of Tokyo.

BRI TR = = v o a v ikA KSR 2 Bil e
The Emulsion Section of the Institute for Nuclear Study,
the University of Tokyo, developed a large-size balloon.

PRI DA (L VP, 7990, AV E
7 OB ITITE) D 5

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

PR PR TR == v 2 a v RO SERYE D3 il
WZEMEInciE S

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.

PR RS ==Y a viEkdE Lilcz =
¥ a v Tz v —OBIE BHG

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

AT RAETET B

A full-time director was appointed.

Ja—turOREHEPIEE S
The construction of MUTRON was commenced.

WHURAE IR T RERIEZERT T ik 1 T il W LT JE i A3 e
The cosmic material research section was established in
the Cosmic Ray Division of the Institute for Nuclear
Study.

i op L X — I E R T h B
The ultra-high energy weak-interaction division was
newly established.

AR DM (A F, 7790, KV E
7 OEBER ) PBEIND

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

1974

1975

LB RMAETT 5

A full-time chief administrator was appointed.

Ta—buYRREKT S
MUTRON was completed.

HIEFBLNT O A G E B

The construction of the Akeno Observatory started.

i op oL X — A LR DT T v B
The ultra-high energy strong-interaction division was
newly established.

1976.5 | ENZAAEGERIEESOEIC X O BRCRE TSI & % 5

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

| T e et ¥ VAR (R H R /PR Tt [ i O
W REE TR O 3 2 — i -I0E - T
PEGEER - FHBCESABAE L. 6 AR 1 BRAT L 42 %
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 observato-

ry.

1977.4 || WSFBLINIT S b & 72 B

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

1978.10 || WARFBLINTE A BEATA %17 5

1979

1981

1982

1983

1986

1987

The Akeno Observatory performed the opening ceremo-
ny.

] Pz v 7 —RE (Tkm?) A558K3 5

The Akeno 1km? air shower detector was completed.

| Ehiizeny a v = v SRR BT 5.
The special facility for emulsion chamber on Mt. Fuji was
constructed.

[ 50 TS 16 MIFF i RRIEIRR ik 2 T 3
The 16th International Cosmic Ray Conference was held
in Kyoto.

I Iy avF o=k Hp R 2GS %
Japan-China joint research on emulsion chamber observa-
tions started.

| FHRGEHEM (FH) 8 Eh s
The cosmic ray detection division (for guest researchers)
was newly established.

| Rl NG CRlitE e kP P Rl P ] e )
The nucleon decay experiment started in the Kamioka
Mine as a collaborative research project.

| Eitorhid e il & Uiz R P Tdi & i3
The primary cosmic ray research facility
(i.e. massspectrometer etc.) was installed.

B kAR RS () AR En D

The first committee for future projects was organized.

[ Fhld T oA R T GBS D =2 — Y
N—Z2MEHiEZS
The underground detector at Kamioka observed a neutri-
no burst from a supernova for the first time in history.

I THEFBLNIATCIANE > + 7 —BLHIEE T AGASA DREERAG
%5
The construction of the wide-area air shower detector,
AGASA, started at the Akeno Observatory.

1987

1988

1989

1990

1991

1992

1993

1994

[ FekEhmibE R 2 (D 0% a5
The first committee for future project submitted an
evaluation report.

I AT EBA AR SO =2 — ) ) KRBT S
The underground detector at Kamioka observed a deficit
in solar neutrino flux.

I BT TRB 7 L7 — ol S il o KiIi A RR &
B2
A significant increase of cosmic ray intensity coincident
with a solar flare was observed at the Norikura Observa-

tory.

B MEFBLIAT IR v 7 —BIIEE AGASA 56K T %
The wide area air shower detector, AGASA, was complet-
ed at Akeno Observatory.

| 2= iAh vy TFTORBHIE S

The construction of Super-Kamiokande was commenced.

[ kGt N R 22 (D Ak s s

The second committee for future projects was organized.

I ==— bV FHivBERT AR S ., FHIGEHE
MOEE) BREILEh D
The neutrino astrophysics division was newly established,
and the cosmic ray detection division (for guest research-
ers) was discontinued.

J Tl A — 75 2 — R RERR b B
The gravitational wave group joined in muon measure-
ment division at ICRR.

| A=A ZV 7Ty AR b

The Cangaroo project started in Australia.

| 77 v 7 v —Ghilias PSR1706-44 75 D TeV % v < #it & Bl
bl ppa)
The Cangaroo project observed TeV gamma rays from a
pulsar (PSR1706-44).

I 7~ FCIT o 7= RIS RO B A
The construction of air shower gamma ray detector in
Tibet started.

[ FBE BB A K B

A computer center was built at Kamioka Observatory.

| A== A h T OB ORENHIAE T T 5
The excavation for Super-Kamiokande was completed.

B VIEFBLNTT T 2X 100 eV DR ¥ 7 — % BT 5
A giant air shower with energy of 2X10?° eV was
observed at Akeno Observatory.

[ SHERAEAA G 0%

An external evaluation of ICRR was conducted.

| A T IR TR = 2 — Y S O KT KT 2 B
bl hepks
The anormalous zenith angle dependence of the atmo-
spheric neutrinos was observed at Kamioka Observatory.

19954 | == — b YU Fii Bl A Bk & du, i TR

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

1995.11 | A —»8 =% 34N v F Ok AZ T 5

The completion ceremony of Super-Kamiokande was
held.

19964 | A—>8—7 1A A v T ORGBINSIEE B

The full-scale operation of Super-Kamiokande began.

1997

Timeline

7~ toxT v 77 v BIIREE D RS B
The air shower gamma ray detector in Tibet was com-
pleted.

19986 [ A== iAAVFiIckbd=a—1 Y HROFERAS

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

1998.11 [ HI%F ¥ S R OB IE B

The construction of the Kashiwa Campus was com-
menced.

1999.4 || Fili=a— b ) 2 B v % — 2 BT B

1999

The Research Center for Cosmic Neutrinos was estab-
lished.

I A—Ar7 V7T Iiin—itli 2 250 %

The Cangaroo-2 began operation in Australia.

| A=A L2V 7 THvHA G 3 AR 2 RS

Preparation of the Cangaroo-3 began in Australia.

[l #HFE COE JiBA7 v 27 7 Lac X DRI = A v ¥ —
7 v < BT D SR S B
Ultra high energy gamma ray research foothold was
established.

20003 [ Wi ¥ v s RICATBIET B

ICRR moved to the Kashiwa Campus.

200111 ] A—>5 = IA BV FTREH TR Y, PEEL LN

WTHIE NS
An accident occurred at the Super-Kamiokande, destroy-
ing more than half of the photomultipliers.

200212 | 7 IAN Y FORRED iz, Fili=a— Y Hith

DAL F =TI & D NEBRAEURD ) —~
AR 22T 5

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

| A== A 3AB Y TFHESEINL T, 2T 2
The Super-Kamiokande was partially restored, and obser-
vation resumed.

2003.8 I 55 25 M FHiEEE R 2 © I ThlfES %

2003

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

7V A2—T 7L A OERDPIHES
The construction of the Telescope Array was com-
menced.

0 7 ¥ 7 —ili3 O 4 BOUERATIRT B
Four telescopes for the Cangaroo-3 were completed.

20004 | HVAFEAENLE 1B

2006

2007

Japanese national universities became independent
administrative agencies.

| FHi==2— Y WM. koL ¥ — PRI
M, P AEET e o 3 WFERM & 2 %
The research divisions of ICRR were reorganized into the
three divisions: Neutrino and Astroparticle Division, High
Energy Cosmic Ray Division, and Astrophysics and Grav-
ity Division.

I 2= =0 ANy FHERBINE NS

The restoration of the Super-Kamiokande was completed.

[ FekElmigET R H 2 (0D 2&iE S h 3

The Committee on Future Projects III was established.
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2007.8 | FEREMIBRAI R H 2 (0D % has 5
The Committee on Future Projects III submitted its
report.

2008 | TLAI—T T LA KBROBINEIET 5

The Telescope Array experiment started observation.

2010 IT2K FIROBRYI D=2 —+ ) ) BA=N=NIFh VT
THIMS %
The Super-Kamiokande detected the first neutrino from
the T2K experiment.

[ FTRETE I S L IR - JERIRFSERLE & L TR
TR OHEAE % Fliti 5 2
ICRR became an Inter-University Research Center,
renewing its existing function as an inter-university
research institute.

B R ) i e B (B ic [KAGRA] & f@ndh) A3
REFEAE O RIS FEE O — O IEE S, i
HIHE B
The Large Cryogenic Gravitational Wave Telescope
(LCGT) was approved as a Leading-edge Research Infra-
structure Program by MEXT. The construction started.

20114 [ EABHEEE S RiES 0B
The Gravitational Wave Project Office was established.

2011.6 ] T2K EHAEF=2— b Y 7 HBIBRORBEEIZ S
The T2K experiment caught a sign of electron neutrino
appearance.

2011 [ #RREHIHERI R R (V) 23S h

The Committee on Future Projects IV was established.

2012.3 I F—=AZAMFVTDHVIN—FEHRET TS

The Cangaroo experiment ended its operation.

2014.7 ) KAGRA @7z D + v 2 A5 173 %
The excavation of KAGRA tunnel was completed.

2015.10 [ CTA KIfREEEE 1 I @BA I 5
The construction of the first CTA Large Size Telescope
(LST) was commenced.

2015.11 [ KAGRA 55— W Bl 2356 R 3 %
The construction for iKAGRA (initial KAGRA) was com-
pleted.

201512 ] 22— PV PERERORERT =2 — Y/ IREBI
KR LY FTROBRHETREIZL 7 —~ VPR
He2ZHT 5
Director and Prof. Takaaki Kajita received the Nobel
Prize in Physics for the discovery of neutrino oscillation,
which shows neutrinos have mass.

2016.3 ] KAGRA %% iXBRiiis & J2hi 3 %
KAGRA was in test operation.

20164 [ EI7BAEE TR AU & BT PBIINDIC B A T 3 B
The Gravitational Wave Projext Office was reorganized
into the KAGRA observatory.

2016.10 ] FeAaFmIREIZ A2 (V) BiE S D

The Committee on Future Projects V was established.
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Organization

— i =2 — ) B

Neutrino and Astroparticle Division

WroEds ———— G AV X — PRI

Research Division High Energy Cosmic Ray Division

—— PSR ORI

Astrophysics and Gravity Division

—— PB4 R D R

Kamioka Observatory

—— ) BLNIAFSERERY

" KAGRA Observatory
OFRRMGEE | ey e 2 —
Research Facilities Research Center for Cosmic Neutrinos
— Feli B

Norikura Observatory

— WL
Akeno Observatory

P Administration Division
WY+ — b % Reserch Support Office

JE#i%E  Public Relations Office

FEFDHDIEES RS Joint Usage Research Advisory Committee
LR WEZE USRI H 2 Joint Usage Research Program Selection Committee

Board of Councilors

This board 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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ZR=

W2 Conference Committee

1c

2c

3c

4c

FROR T H BRI S

Institute for Cosmic Ray Research, The University of Tokyo

FROREF BRI

Institute for Cosmic Ray Research, The University of Tokyo

FRORAE T BRI
Institute for Cosmic Ray Research, The University of Tokyo

B AT H AR LT o

Institute for Cosmic Ray Research, The University of Tokyo
BRI EBERL A R T TR

Graduate School of Science, The University of Tokyo
FRA:

The University of Tokyo

16T A L — IR AR AT SRR R R - T SE T
Institute of Particle and Nuclear Studies,

High Energy Accelerator Research Organization

RO AR B AT S P

Yukawa Institute for Theoretical Physics, Kyoto University

B AR FE R IE 3 KSR

National Astronomical Observatory of Japan

TSRS
Kyoto University

N NN S M T o
Graduate School of Science and Engineering, Hosei University
ST FHOR S BE T 224l e

Faculty of Science and Engineering, Waseda University
FHIB AT

Institute of Space and Astronautical Science
CREAYET o
College of Science and Engineering, Ritsumeikan University
PR R RIRR,

Graduate School of Science, The University of Tokyo

WM RR A Advisory Committee
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FR T H BRI TET
Institute for Cosmic Ray Research, The University of Tokyo

R RF G TR

Graduate School of Science, Nagoya University

SRR TR A T ,
Yukawa Institute for Theoretical Physics, Kyoto University
il T v — IR AR SR

High Energy Accelerator Research Organization

INTONE S R T A

Research Center for Nuclear Physics, Osaka University

FER R GRS R
Graduate School of Science, The University of Tokyo

HUT TERAH b

School of Science, Tokyo Institute of Technology

F i B AE T  HBRER BRI FE it

Institute for Space-Earth Environmental Research, Nagoya University

KBRS R R BEHERT SR

Graduate School of Science, Osaka City University

KBRS RE R AL FE R

Graduate School of Science, Osaka City University

FOER B

Graduate School of Science and Engineering, Hosei University
FRUREF BRI

Institute for Cosmic Ray Research, The University of Tokyo

R RARIFAT o
Institute for Cosmic Ray Research, The University of Tokyo

FUR AT R TR
Institute for Cosmic Ray Research, The University of Tokyo

UK AT T SE AT

Institute for Cosmic Ray Research, The University of Tokyo

FRORE T HBRITIERT

Institute for Cosmic Ray Research, The University of Tokyo

FRORAEF BRI

Institute for Cosmic Ray Research, The University of Tokyo

HEUR T BRI SE T

Institute for Cosmic Ray Research, The University of Tokyo

Hii
Director

£ 6573
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iz
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Vice Director
BHE
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Executive Vice President

i
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i

Director General
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Professor Emeritus

853
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Professor
R
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iz
Professor
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A
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Professor

f853

Professor

E8573

Professor
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Professor

B

Associate Professor
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Professor

E6573

Professor

iz
Professor
iz
Professor

iz

Professor

E28573

Professor

f853

Professor
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Professor

iz
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Professor
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HEH Pew
KAJITA, Takaaki

KHG I
OHASHI, Masatake

FelE )
TESHIMA, Masahiro

o A ,
NAKAHATA, Masayuki

M e
TAKEDA, Hiroyuki
/N T
KOSEKI, Toshihiko

g vik
TOKUSYUKU, Katsuo

HA B
AOKI, Shinya

B IEEE
HAYASHI, Masahiko

hpf sk _
NAKAMURA, Takashi

R 24 4
OKAMURA, Sadanori

S
TORII, Shoji
RN
TSUNETA, Saku
Fx IER
MORI, Masaki

By SEh
KOMAMIYA, Sachio

as of April 1, 2017

ek P
KAJITA, Takaaki

AN B
HISANO, Junji

FER FBA=
TIOKA, Kunihito
P Bk
HAZUMI, Masashi
HH#H

AOI, Nori

IR BT
YOKOYAMA Masashi
& ke

KAWALI, Nobuyuki

Pk =%
ITOW, Yoshitaka

P2 -
OGIO, Shoichi

P JEfT
KANDA, Nobuyuki

VIS %5 ]
NISHIJIMA, Kyoshi

IR A
KAWASAKI, Masahiro
o HE T
NAKAHATA, Masayuki
i BN
SHIOZAWA, Masato

T e
KAWAMURA, Seiji

TG R
TESHIMA, Masahiro

KAG IEME
OHASHI, Masatake

Il 24T
SAGAWA, Hiroyuki

©

C

KBRS R R BEERT e

Graduate School of Science, Osaka City University

(ETAPNE S

Faculty of Science, Shinshu University

SLATREOR S BR T

College of Science and Engineering, Ritsumeikan University
TEERFRAHEH AR

Graduate School of Science, Chiba University

FE R AR A AR

Graduate School of Science, Kobe University

F i R S T MU ERBR I S i

Institute for Space-Earth Environmental Research, Nagoya University

7T L — N AR e

High Energy Accelerator Research Organization

ATl R 7

Institute for Space-Earth Environmental Research, Nagoya University

R T BRIETERT

Institute for Cosmic Ray Research, The University of Tokyo

FRURE P BRITIERT

Institute for Cosmic Ray Research, The University of Tokyo

UK A AT ZE T

Institute for Cosmic Ray Research, The University of Tokyo

WU KT HRMIFFE T

Institute for Cosmic Ray Research, The University of Tokyo

FOURE T HAITIEAT

Institute for Cosmic Ray Research, The University of Tokyo

PRI o
Faculty of Science and Engineering, Konan University

iljjprNeasiiteail

Faculty of Science, Yamagata University

B LR RS e H AR EDTFER)

Graduate School of Natural Science and Technology, Okayama University

BRI S e =

National Astronomical Observatory of Japan

FRUR T R ITSE T

Institute for Cosmic Ray Research, The University of Tokyo

HEUR T BRI IE T

Institute for Cosmic Ray Research, The University of Tokyo

FHORAE T BRIEZERT

Institute for Cosmic Ray Research, The University of Tokyo

S TR o
Institute for Cosmic Ray Research, The University of Tokyo

SRR T ST

Institute for Cosmic Ray Research, The University of Tokyo

lc % 15%&EB  1st committee member

ZHLE  Chairperson 2c H25%&H  2nd committee member
[ Organizer 3c  Hi3H&ZH  3rd committee member
HlEgdE  Assistant Organizer 4c  H45FEH  4th committee member

LRI WFZEE 22 H 2 Joint Usage Research Advisory Committee

Pz

Professor

E28573

Professor

E/83

Professor

iz

Professor

E285°3

Professor

A i

Lecturer

B
Associate Professor
HEBUR
Associate Professor

E/83

Professor

otz

Professor

Htz

Professor

HEER

Associate Professor

E83

Professor

JLFIF O e SRR E H 2 Joint Usage Research Program Selection Committee

oz

Professor

iz

Professor

U
Associate Professor
HEBUR
Associate Professor
1653

Professor

Pz

Professor

Bz

Professor

Associate Professor

E8573

Professor
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P AT
KANDA, Nobuyuki

TR i
MUNAKATA, Kazuoki
Fos il

MORI, Masaki

-+

=153
YOSHIDA, Shigeru

TN HERE
TAKEUCHLI, Yasuo
S

SAKO, Takashi

HHL LT
TOMARU, Takayuki
S A
MASUDA, Kimiaki
rfo e T
NAKAHATA, Masayuki

e IEA
TAKITA, Masato

Vel AT
SAGAWA, Hiroyuki

23
UCHIYAMA, Takashi

AR K
MORIYAMA, Shigetaka

as of April 1, 2017

A H 5
YAMAMOTO, Tokonatsu

P 25t
TOKANAI, Fuyuki
NG A
KOSHIO, Yusuke
JRAE FE—
ASO, Yoichi

TG Bg
TESHIMA, Masahiro

HWT%
AMURA Seiji

m%EA

SHIOZAWA, Masato
52

UCHIYAMA, Takashi

HEH IEA
TAKITA, Masato
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iR Staff FELe
BRI EH SR
Past Representatives Annual Expenditures
?'ﬁ?ﬁﬁiﬁ“ﬁﬁ ﬁﬁﬁ’@ﬁiﬂﬂpﬁ E(:ﬁ Category FY2012
Cosmic Ray Observatory Norikura Observatory
i R R S S Peton Bpenses 658,000
,Director HIRA’)FZ,#Morizo 1953.8.1~1955.8.31 (Acting) MIYAKE, Saburo 1976.5.25~1977.2.28 P L172.000
R Zith 1E+ igss UTRE —ER Non-personal Expenses ’ ’
Director KIKUCHI, Seishi 1955.9.1~1959.9.21 Director KONDO, Ichiro 1977.3.1~1987.3.31 P 830,000
(i) B E| e P Fld Total ,09Y,
(Acting) NONAKA, Itaru 1959.9.22~1960.7.31 Director YUDA, Toshinori 1987.4.1~2000.3.31
CHEHR)  BED FoR i S IEC
(Acting) KUMAGAI, Hiroo 1960.8.1~1960.11.30 Director FUKUSHIMA, Masaki ~ 2000-4.1~2003.3.31
iR Wi %) iR SEMH IEA SRR EE 5 OS2 AR
Director NONAKA, Itaru 1960.12.1~1970.3.31 Director '(TAKITA, Masato 2003.4.1~ External Funds, etc
P #
Director SUGrf‘\, Kouichi 1970.4.1~1972.3.31 X4y Category FY2012
iR = WIS BL AT
i . 1972.4.1~1976.5.24 s L it e
Director MIYAKE, Saburo Akeno Observatory 5fiﬁlg;earch witlhalﬂjl‘)l;ivate Sector 0 (0)
I
ik #ifeHH B — 1977.4.18~1984.3.31 ;;'usted Research 0 (0>
ERTIFZE T Director KAMATA, Kouichi 77.4.18~1984.3.3 ST 4 W
. . - i ik e 85 (1
Institute for Cosmic Ray Research gii‘ﬁtor TIB&/%A%I%&SHI Goro 1984.4.1~1988.3.31 Donation for Scholarly Development
eSS = B R KA TLE
Director MIYAKE, Saburo 1976.5.25~1984.3.31 Director NAGANO, Motohiko ~ 1988.4.1~1998.3.31
A S H— Eas TG B 3. >
Director KAMATA, Kouichi 1984.4.1~1986.3.31 Director TESHIMA, Masahiro 1998.4.1~2002.12.31 *4$m;8§wjﬂi$¥ 0) XA&%
R E— TR A Grants-in-aid for Scientific Research
) Urjge — P &
Director KONDO, Ichiro 1986.4.1~1987.3.31 Director FB?JKUSHIMA, Masaki ~ 2003.1.1~2012.3.31 PRHE R Nl FY2012
(Acting) TANAGHASHI, Goro o SR Director SAGAWA, Hiroyuki R HHEE TS
PRl EERESE
i =R /j_’\EIZ Specially Promoted Research 187’300 (2)
Director ARAFUNE, Jiro 1987.5.1~1997.3.31 I . FAR AR
ﬁﬁﬁ }E"j%‘é (E'é _ Wlﬁ? i %M?m)’%fﬁﬁﬁﬁ Creative Scientific Research 0 (0)
Director TOTSUKA, Yoji e Kamioka Observatory PR e
i E R DN Scientific R‘e;earch on Priority Area 0 (0)
~ ; Director TOTSUKA, Yoji Aedmeliad. YAELA-L4 I 0 (0)
i B FE—ER B g Particular Field Research
HIFFE L I Director SUZUKI, Yoichiro Y e Scientiﬁcjl;‘esearch ) 10,700 (1)
Vice Director KURODA, Kazuaki 2004.4.1~2008.3.31 ﬁ’@gxﬁ rfo T . 2014.4.1~ BT (A)
HIFFE EE D Director NAKAHATA, Masayuki Scientific Research (A) 72,200 (4)
Vice Director FUKUSHIMA, Masaki 2008.4.1~2012.3.31 H e
e o . ZHE B) 12,700 (4)
FﬁE JirARs| Fﬁéﬁ ) 2008.4.1~ ?EE = a2 — }\ U J ﬁfﬂl]‘l%%ﬁﬁmév{z VR — Scientific Research (B) s
Director KAJITA, Takaaki o Research Center for Cosmic Neutrinos LR (O 3700 (4)
HIFT s %‘(% ke Scientific Research (C) )
Vice Director TERASAWA, Toshio ~ 2012:4.1~2016.3.31 ey a—F R S TR (A)
HIFT F EFT 2015.12.1 Director KAJITA, Takaaki 1999.4.1~2016.3.31 Grant-in-Aid for Young Scientist (A) 5,600 (1)
Vice Director. NARAUATA Masayuld =250 ey Rk R e 201641~ HEHEB) 2,700 (3)
HIFT T R Director OKUMURA, Kimihiro Grant-in-Aid for Young Scientist (B) )
{.;ice Director KAWASAKI, Masahiro ~ 2016.4.1~ ; ST
’ PRURIC B 2T 52 9,000 (6)
ﬁﬁyﬂzéﬁiﬁﬂﬁ}f’“jjﬁé" Challenging Exploratory Research ’
BT 52 it 2% P i
JERRIIA X — X
KAGRA Observatory Research Activity Start-up 1’200 (1>
. &k
e Sk Tl = 305,100 (26)
Director OHASHI, Masatake ~ 2016.4.1~ Toual
S0k H 8
Number of Staff
(2017.5.1)
A% HEZZ B Wr7EH Befhilig 5 FogsikE FEHE B frat
B Associate Research Research Technical Administrative Adjunct Total
Professor Associate Fellow Staff Staff Staff
10 14 32 11 10 13 43 133
(2] [5] 2 @ @ 3 1) (5) (33) [71 (42) (7)

[ 1:%8 GO0 )it (W < ) sEA (RED

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

76 | Staff

FY2013

687,000

1,095,000

1,782,000

FY2013

3,000 (1)
36,321 (2)
364 (1)

FY2013

168,100
0
10,000
0
10,700
47,000
15,800
6,300
12,700
6,000
4,700
800

2
(0)
(1
(0)
(1)
)
(5)
(5)
2
(5)
4)
(D

282,600 (30)

FY2014

706,000

1,282,000

1,988,000

FY2014

300 (1)
38,250 (2)
181 (1)

FY2015

684,000

1,595,000

2,279,000

FY2015

201 (1)

13,500 (1)
0 (0)

Budget

FY201e
683,000
1,288,000

1,971,000
T-F1 thousand yen

FY2016
300 (1)
0 (0)

0 (0)
T thousand yen

() XZAM#L The number of () represents quantity

FY2014

191,800
0
80,700
0

0
13,300
15,200
6,100
9,900
8,000
3,400
0

3
(0)
®)
(0)
(0)
&)
3
(5)
2
®)
2)
(0)

328,400 (29)

FY2015

331,100
0
89,300
0

0
27,087
15,600
6,400
14,200

@)
(0)
3
(0)
(0)
®
4)
M
3

14,200 (10)

3,000
0

3
(0)

499,787 (37)

FY2016
432,600 (4)
0 (0)
116,100 (3)
0 (0)
0 (0)
21,200 (2)
17,100 (5)
10,100 (7)
16,500 (3)
9,000 (9)
2,300 (3)
1,200 (1)

626,100 (37)
T thousand yen

() XZAM#L The number of () represents quantity
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WA - BH
LA BETE

Joint Usage Research

TR HBITTTRT 3, SR - S EF 7R & LT
T v v X R R T SRR DR SREBLHIAT. W
WBLAAT O AR T RMAIE 2 {To T E T, £
EHNO A% 63, I coEBMOTERELTo T
¥ o OIFEFHPI I EREOHIEF 2 O AFE L.
S EF R % B o R SRR SRR MR B 2 TERIR L
3, VR 28 ML faase i o SRR L BAREEBUI LT @
LY T,

Pk 28 AR EERIARDL HGE TR

Applications
FHi==2— Y 2 WM 39 (39)

Neutrino and Astrophysics Division

T L ¥ — AR FEER M 55 [12]

High Energy Cosmic Ray Division

il SRR -

Astrophysics and Gravity Division

FHi=a2— Y 2 Bl v X -

Research Center for Cosmic Neutrinos

KFBEEE

Education

FRRATFHBITERT 3, BRI R e R B
BRI HBGER 0 — B & L CREBeA 2k 2 2 0 AU
RiEHE T L Ldic, REFOHHROHEYL THET,
PEAHAEENR I, BE—REBELIF—ALbEML
TwE T, EREFREREREO—BRLE LT, BNt
REFEDRAEGE & R A FRBETEA. SHELAIFSE
AL LTRIANDZES T E T R iRt
R ORFBFEZABU T O LY TT,

FY2013 FY2014
e 27 (@) 30 (5)
Eiﬁf%%%ume le (1) 17 (0)
L0 13 (5) 47 (5)

78 | Joint Usage Research and Education

8

Joint Usage Research and Education

ICRR, as one of the “Joint Usage/Research Centers,"
conducts Inter-University Research at Kamioka observatory,
Norikura Observatory, Akeno Observatory, and on Kashiwa
Campus. The ICRR joint-research operates internationally
as well as domestically. The Joint Usage/Research programs
accept applications from researchers around the country,
and are selected by the advisory committee and user’ s
committee. The table lists the number of total and
successful applications for each observatory or center in
2016.

RIS IRARIFFEE I
Successful Applications Total Researchers
39 (39) 877 (865)
55 [12] 1138 [91]
23 514
8 79

C ) 135 b FEFR IR [ 1135 b Rigstilp

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.

FY2015 FY2016 FY2017
30 (3) 33 (2) 32 (0)
22 (2) 25 (2) 33 (3)
52 (5) 58 (4) 65 (3)

() 135 B%LM The number of () represents female students.

[ 22
[EE R WRNIE 7T 2 ¥ = 7 b

International Project

IvAvavFzyn—7uadzs b

Emulsion Chambers Project

FIETDF v AN ZXINTIEH, Tvrda vy —
ZHOTTHBROE Z IO 2T TwE T,

On Mt. Chacaltaya in Bolivia, studies on nuclear interactions by
cosmic rays are conducted using emulsion chambers.

FRy FPERT YT =TT s b

Tibet ASy Collaboration

FRy POEJUE (Fro¥—Fv ) GRTEERY » 7 —
BIKEZ O TE AL F - FHREHEZToTwE T,

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

TLVRaAa—=7FyLA47ad =2 b

Telescope Array Project

TAY ADanTlE, RAE RS2 v CRET A
F—OFHBROBI - HIFE2ITo T ET,

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

R=R=RhIAXHvF7ad = b

Super-Kamiokande Collaboration

R T RRL IR Tk, A== 34 A v T
W, =a— MY JIREPE T O HE 2 L O 21T -
TwET, 8§ HEDOMEE IR STML T E 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 7ua ¥ = 7 |

XMASS Project

R o SRR SR M ER TR, WA R 2 VIR
XMASS ZflwT, ¥—7vx—oEEBRliZHEL C»
9. AR LBHEOHEHESERICSML TwET,

At Kamioka observatory, project of detecting dark matter particle is

conducted with XMASS detector. Both Japanese and Korean
researchers are involved.

KAGRA 7mvv =7 b

KAGRA Project

S I R o T S Gl = N N L (1O = SO I =<
[KAGRA| o CwE§, 14 nEOMHIEE 2 LR
WRicsmLTwEd,

At KAGRA observatory, construction of the Large-scale Cryogenic

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

CTAZ7m¥ =z b

Cherenkov Telescope Array Project

ARA Y AF YV THED TNV~ EF ) - NTFATI,
BT ANF =T R DR 21T 5 72010, F =
LvazsLrzxa—77LA4 (CTA) 0@ExR%iED T
¥ 33 AEOWMEESEENFTICSML T VT 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 33 countries
have joined the project.

International Exchange

T 5 i 2 . b o el B PR 4

Academic Exchange Agreement

1981 FYETHYT VY RFLAKE (FYET)

Universidad Mayor de San Andrés (Bolivia)

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

1995 2 X KR (7 AV )
College of Science, University of Utah (US)

1995 AV 7 A N=T RET =4 EERREE (T A0 %)
School of Physical Sciences, the University of California, Irvine (US)

1995 HRA by RFERFFSCFWTER (7 2V 71)
Graduate School of Art and Sciences, Boston University (US)

2001 v TRET AT I —RFRI (2 7)
INR, Russian Academy of Science (Russia)

2001 PEA—R b7V TRPEEGMYERLER (A2 7 97)

Faculty of Life and Physical Sciences, the University of Western Australia (Australia)

2009 VU AKFERERRIERY: (G#EE)

College of Natural Science, Seoul National University (Korea)

2009 AV 7 FA=T TREKE LIGO WIZERT (7 £ Y 71)
CIT LIGO Laboratory, California Institute of Technology (US)

2011 ~— HL[ERFSEAAR (4 %) 7)
European Gravitational Observatory / The Virgo Collaboration (Italy)

2011 LR A (i)
The Shanghai United Center for Astrophysics Shanghai Normal University (China)
2011 77 AT —RFFEIIFFERT ()
Institute for Gravitational Research, University of Glasgow (US)
2011 ESZEEEAEEE (Bi)
College of Science, National Tsing Hua University (Taiwan)
2012 PEPERE R 7 3 v 2 BRI TGRS v 2 — (thE)

The SICCAS-GCL Research & Development Center,
The Shanghai Institute of Ceramics, CEinese Academy of Sciences (China)

2012 A YT FMLREIAE CRE)

College of Science, Louisiana State University (US)
2012 F=AKRFLHER (429 7)

Department of Engineering, The University of Sannio at Benevento (Italy)
2012 PEFPARERKSCE (hE)

National Astronomical Observatories, Chinese Academy of Sciences (China)
2013 7 F U v FERRFEAR (R4 )

The Faculty Sciences, Autonomous University of Madrid (Spain)
2015 7 F Y —FEYHFERRD (24 )

Instituto de Astrofisica de Canarias (Spain)

2017 TORBFFEFEZET (HE)

Institute of Physics Academia Sinia (Taiwan)

2017 W7 AT 7Y 7 YEERGET (F 4 )
Max Plank Institute for Physics (Germany)

2 ASHE A BESE LR

The Number of Accepted Foreign Researchers

2012 2013 2014 2015  201e

TIT 26 32 39 27 35

Asia

ALF =7 2 1 7 2 1

Oceania

ERIEPS

Latin America 3 3 1

ek

North America 69 52 7 54 46

==y o8 41 66 83 13 19

Europe

? it 138 154 211 9% 102
otal

HEFHPIRICSML T 2 EAIIEEZ &ED 5 L. F
B 28 AERECHE~N 1,147 Nic B Y 5,

Adding up the number of foreign researchers joined ICRR
inter-university research projects, the total comes to 1,147
in 2016.
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JE

ARV}
Event

F 7Y IPMU & O & ]tk K
ICRR X Kavli IPMU Public Lecture

71 7Y B T SORERE L L < EER L KD 2
FFELCTWE F =274 XYV FTF,

R I S 7N
Open Campus 105

WA 10 HIcB2 N 3% v v 52— A &EbE T, &
AZVAATZ7 2T —0vay 7hERBMLTHET,

Fii - BULATYV VTR =
Spring School 3N

z

RPBOEF 2 PEZ - BR O 2D, 4105 HOHE YiAn
T 72 B & I RPN I Y ML A, FHE - SRR T
R OBMIK 2 (KRS 5 7' 775 LT,

80 | Public Relations

it

Publication

ICRR ==2—2X
ICRR News

FHMIEAT ORI b ¥y 7 282 255, F£40, H
HCRITLTwE T,

WYL
Catalog

FHAR AT O 7 v & = 7 b LK, Z oo
Wi EOMWHME £ Loz, £ 1, HIEHFR,

Annual Report

#fE 7wy =2 + o 1 FEROERMFRERE £ & o721
TTF, 1L FGEETHITL VTS,

ayyF vy
Contents

PR W%
PR Video

H B 2 FHIBITETT O L RZFx i Lie T
g, B 8 1T 1.

FHIBUIZEN VR
ICRR Virtual Reality

g B WL R T o> i Rl $ii L L O M R 1 B 2 FEBRHER% & 360 FE O
) TR THERTE T,

AREZRTHE L,

What’s going on after you graduated?

RMEARNIS LRI EZELTWEDESS ? BEEDS
¥ v ) TEKICOWTORES Web TS L 9,

Public Relations

R
Exhibitions

PRI 1987A = 2 — F Y 7 Bl 30 JAAEEE
BEN B =2 —F Y 2 KLFOBDE)

Special Presentation for the 30th Anniversary of Detection
of Supernova SN1987A Neutrino
“First Rays of Neutrino Astronomy”

mlr

&L.i

\.lj

201743 H 14 H~6 H 11 H
Avr—=2F 4757 (HEEHTRHRX)

WIET v =7 bRk

Research Project Exhibition Tour

20174 1H4H~9H30H
HHKRY7 2 —F v —+t v & — (THEHET)
FURRFRBI TR (TR AT
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R T
[RER 23 X OB OEE4E 2 o bl ik

International Conferences and Workshops

RO F IR 13, EEERCEE R ES % %
NENE 1 ERERELCHET, NI OZELREEH
POFEFURE 2 CTRITOMTICOVTEHELTH S S
€ IF—b, A 1HEEToTwET, BE 10 FERIihH
fl Uz [E RS R CEBE R ES R, UTotsh T,

ERE7 —2 v =y 7 RIS L = 2 — } D/ #iHER 2007
Workshop on Next Generation Nucleon Decay and Neutrino Detector 2007
2007.10.2-5 (il Shizuoka) 102 A

TLRIA=FT LA (TA) FERGLEHER S L CHEE
Inauguration Ceremony and Symposium of Telescope Array

2008.8.25 (T4 Chiba) 101 A

95 58 MR 3 F— [EHEBEO o o ERBIE A » b7 —2 |
58th Fujihara seminar: World-wide Network for Gravitational Wave Observation
2009.5.26-29 (#h1%3)1l Kanagawa) 84 A

H 1 ERR S [ Gravitational-Wave Advanced Detector Workshop 2010
Gravitational-Wave Advanced Detector Workshop, GWADW 2010
2010.5.16-21 (E#8 Kyoto) 107 A

[EER s v Ry o TR 4oL ¥ — F i o Rk O (&= |
International Symposium on the Recent Progress of Ultra High Energy Cosmic Ray Observation
2010.12.10-12 (% i/ Nagoya) 114 A

PFHERTY -2 ay 7
Italy-Japan workshop
2011.10.4-5 (T4 Chiba) 39 A

B2 H# KAGRA 7 —2 v ay 7
2nd Japan Korea workshop on KAGRA
2012.5.28-29 (T-% Chiba) 26 A

%5 1 [a] EFTES 57 J%E B A%
1st EiTES General Meeting
2012.10.3-4 (3¢ Tokyo) 80 A

i 3MH# KAGRA 7 —2 > a v 7
3rd Japan Korea workshop on KAGRA
2012.12.21-22 (%#[# Korea) 20 A

FHARHEKAGRA V=27 ay 7
4th Japan Korea workshop on KAGRA
2013.6.10-11 (KPR Osaka) 34 A

il

Academic Papers

EFRFIHPE O R IE. WAL O ERFCHRKT S Mth, &
X LTI RS L eb R L T, WIFEATA % v
7 DL ON, L7 ) — SRS, ICRR Report ( $83C )
KO E R D Proceedings ICFER S iz d O O EFE
M LCANICRLET,

TATRRIEFEITI B D 78 25 SO
ICRR Report
150 B L7 =Y — O
W g EE T ey —F 4 v

115

122
104
100 92
82
70 65
50
40 37
99 25

17 23 )

13

0 l B o 0

2012 2013 2014 2015 2016
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Achievement Report

ICRR holds international conferences and international
workshops about once every year, and hosts monthly semi-
nars inviting 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.

H5MHEKAGRAV—27vay 7
5th Japan Korea workshop on KAGRA
2013.11.29-30 (#[H Korea) 36 A

55 2 8] ENTES 5 E B3
2nd ELTES General Meeting
2013.12.4-5 (35t Tokyo) 80 A

CTA LST [EFE &%
CTA LST General Meeting
2014.1.14-17 (T Chiba) 83 A

Fo6MHEKAGRAV—27>vay 7
6th Japan Korea workshop in KAGRA
2014.6.20-21 (H3X Tokyo) 49 A

%7 KAGRA Y —2 > a v 7
7th Japan Korea workshop in KAGRA
2014.12.19-20 (i1l Toyama) 34 A

NARN=H &R v TEESLERE 2V — TGS Y v R Y LRI
The Inaugural Symposium of the Hyper-Kamiokande Proto- Collaboration and Signing Ceremony
2015.1.31 (T-%% Chiba) 108 A

5 3 In] ENTES /) B ERE 2k
3rd EiTES General Meeting
2015.2.9-10 (35T Tokyo) 42 A

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

55 4 [A ENTES 57 % FIFR £
4th ELTES General Meeting
2015.12.2-3 (#5¢ Tokyo) 38 A

The external Universe viewed in very-high-energy gamma rays
2016.1.13-14 (T-%£ Chiba) 68 A

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.
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Awards
2007 RYVXIVIFIVIYVAZNL
Benjamin Franklin Medal in physics
2008 SR fA XL
Particle Physics Medal
2008 Ik LoFAliE

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

Inoue Prize for Science

HUERAL A RIF7E boh 22 £
Young Scientist Award of the
Geochemistry Research Association
AR ER S

Inoue Research Award for Young Scientist
PR

Yoji Totsuka Prize
Tn—7 - KV TFarFH
Bruno Pontecorvo Prize
PRI

Yoji Totsuka Prize
AR 2ot AR EY

Young Scientist Award of the
Physical Society of Japan

PRI
Yoji Totsuka Prize

HAE LB

Japan Academy Prize

SCRBEAR T TR H
MEXT Young Scientists' Prize
KT A X VIR

Young Scientist Award in
Theoretical Particle Physics
TA4YR) = RHF7—+T7—F
Extragalactic Tinsley Scholar Award
ERNE

Yodh Prize

YakyR -YyryF.-aa=
Giuseppe and Vanna Cocconi Prize
LRSS 1

Julius Wess Award

wIleaM A - AR BB

Yukawa-Kimura Prize

SRR R 24T FREAR T

MEXT Young Scientists’ Prize

FIREE

Yoji Totsuka Prize

HARKSC 2SR e
The Astronomical Society of
Japan Young Astronomer Award

SEWEYIBEE 7L — 2 A —H

Breakthrough Prize in Fundamental Physics

pE (e
The Order of Culture

AL T

Person of Cultural Merit

7 — ST E
Nobel Prize in Physics

HH AL
Chunichi Cultural Award

R A X VIR
Particle Physics Medal

TRy 95 E

R
TOTSUKA, Yoji
i SER
ARAFUNE, Jiro
=

NAKAHATA, Masayuki
I O5 T
MIYAHARA, Hiroko

W L
NISHINO, Haruki

KAJITA, Takaaki

A VE—HE
SUZUKI, Yoichiro

sl 7
NAKAHATA, Masayuki
s
SRt
SAKO, Takashi
ik I
FUKUGITA, Masataka

HeH Jeis
KAJITA, Takaaki

“E 051

MIYAHARA, Hiroko

(H8

IBE, Masahiro

AW IEE
OUCHI, Masami

KB JLE
NAGANO, Motohiko

A TE—BE
SUZUKI, Yoichiro
HeH Jews
KAJITA, Takaaki
I AR
KAWASAKI, Masahiro

AW IEC
OUCHI, Masami

i FA
SHIOZAWA, Masato

/NEF I
ONO, Yoshiaki

Bl Jeis
KAJITA, Takaaki
FARTE
SUZUKI, Yoichiro

SKa7fL—vav
Super-K Collaboration

HeH Jews
KAJITA, Takaaki

Hel peni
KAJITA, Takaaki
¢ S
KAJITA, Takaaki
Hel Jews
KAJITA, Takaaki
RNl sk
HASEGAWA, Fuminori

St SHR
ARAFUNE, Jiro

Awards

—a— MY 2 ICHEHENRDHSZLDOFRER
Discovery of the neutrino mass

JER[y — CHERIC BT 3 ) K= D PR u Y —IEE o %

Topological property of monopole in non-commutative gauge theories

KPi=2— 1tV 0Bl =2 — ) 2 REDHFFE

Solar neutrino detection and research of neutrino oscillation

FUBERILRIIC & 2 KEiEShL O WFsE

Study of the long-term solar variations using cosmogenic nuclide

AZ—=R=H IAAVFICBIBMBEL T b v & XY v ~O T OGSR

Search for Nucleon Decay into Charged Antilepton plus Meson in Super-Kamiokande

KA=2— 1tV 2 RBIDOFER

Discovery of atmospheric neutrino oscillation

A=R= R IA NV TEBICBIERA=2— ) ) BIXUKB=2— Y JIRBHOFR

Discovery of atmospheric and solar neutrino oscillations in the Super-Kamiokande experiment

RFICHS KB =2 — 1Y 7 LIRBIOWI%E

Study of the solar neutrino and its oscillations

FRy PERY ¥ T =T LA ICBY 5T 4 F — Pl itk o s
Study on the High-Energy Cosmic Ray Anisotropy with the Tibet Air-Shower Array

L7 b REOFli 05 ﬁ/ﬁé?ﬂﬁ%ﬁOﬁ"E

Pointing out a to generate baryon number violation originated by lepton

KE=a2—FY IRBDFELL

Discovery of atmospheric neutrino oscillations

AB3EE) ¥ & OF D 5k ic KIZ IR EOWI%E

Study for solar activities and its effects

AR FRE DI 31 B BLGGHIN FHTERHI & e 35 8 L v U ok ORiESE & HGE

Sweet Spot Supersymmetry

a7 BN & B IR 7 0 5E

Extensive work on distant galaxies and cosmological events in the early universe
I AL F — TSI IC 331 B SeBRINIESE

Pioneering leadership in the experimental study of the highest cosmic rays

Ki=2— 1tV 7 DR7L—n"—EICLEKBI=2— 1V ) DFDMEH

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

A== h ANV FIBIC L B RA= 2 — + Y IREBIROFENR

Discovery of atmospheric neutrino oscillations with the Super-Kamiokande experiment

)1 E TEHO M EAEH OH— PR OMERIC 31T 2 Uik

Supergravity and nucleosynthesis

IEDEE R I & B Pl OB

Pioneering studies into the early universe through wide-field multi-wavelength observations

MR I 2—=2—FY JE—AICkBETF=2—} Y/ HBIBIROFEN

Observation of electron neutrino appearance in an accelerator muon neutrino beam

SETHEAL & T T e BT 7

Observational studies of galaxy evolution and cosmic reionization

=a— Y 2 REB e W AR AT E L, BRI O BENGE 2B R AR LW 7 v Y T 4 7RG L 72 g2

The fundamental discovery and exploration of neutrino oscillations

Za— Y 2 PERIC BB TE LW IR 2 2R, ;‘F*ﬁﬂ%lﬁbfkU‘T’mnmt%k&%’.ﬂ?’&’ﬁiik%ﬁ

Outstanding contributions to particle physics and logy by the for researches in Neutrino physics

Za— M) PHEIC BB TH Lb*ﬂnhﬁi%%%l)‘ %*M?%ﬂia J: OFilii k%k&?ﬁg’&fr;ﬁklﬂﬁ

Outstanding contributions to particle physics and in Neutrino physics

—a— Y PERERONRERT, =2 — T ) J IRBIBIR DTN

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

FRfma— Y ) ICHREDH S LamT=a— Y REIDOFEELO Yk

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

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

FHBIITEIINE & L TR —o8—% I 4% v 7ot g & O FBUCIR Y M4
BHEDO FHAPBL, JEMGE SR PRI O ek 2 5\ 72 Prfgtic it L T
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T7RA
i

T277-8582 T-IERIHIMDEE 5-1-5
04-7136-3102 GRTEIR)

7T 7RA

JRIZEYE D &

BH 22 P28 3 2 (75 53 -1700 ) THIDEEF v v SR~
HOEF » v S ZBRA KR (10 23 - 170 1) CE7
BT v 2 —CTTHLIES 3

Pz D o
BN R E IR AT SR (85 4% - 1540 ) CTHENAA
ety 2 —CTFHELHES 3 o

FRIEIRIR 2> &

DXREFTL I AT L ATHDEF ¥ v X B~ (30 43-670 F1)
DX % v S 2B H LK YR (10 43 - 170 1) CE
DA 2 v 2 —C T LIESR 34

LBPER 2> &
JR R CHIER~ (30 43+ 470 1) H1ER 2> & B -S 2 (25 57+
290 ) CHERNZ2BSAWIZE R v 2 —CTFELIES 3

P27 3E

Haneda Airport

FRITIZEE 2850 ¥ 2
Narita Airport
» 1 Express Bus
JRHZEPE
Narita Airport

Hio %

2RREZT ATV A

Tsukuba Express Cumpus Sta.

FREEDER
Akihabara Sta.

JR HEBR
JR Joban Line

® © & ©

RV

Ueno Sta.

ELN

Kashiwa Sta.

84 | Access

PR A/ HBBITS A
Tobu / Keihin Kyuko Airport Bus

X ¥ VN ABR

Kashiwanoha

Access
Location

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, 1,700JPY (one-way)

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

From Haneda Airport

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

From Akihabara Station

By Train (Tsukuba Express)

Akihabara Station - Kashiwanoha Campus Station: around
30min, 670JPY (one-way)

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

From Ueno Station

By Train (JR Joban Line)

Ueno Station - Kashiwa Station: around 30min, 470JPY
(one-way)

Kashiwa Station (West Exit) - National Cancer Center:
around 25min, 290JPY (one-way)

=

VAR
I o
PN A 7/5 g
Tobu Bus v =
W &
¥170 RS E
v g
2 3
] v
WA
Tobu Bus




