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Institute for Cosmic Ray Research and

researches in cosmic rays

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, Vic-
tor 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 dis-
covery 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, 7 and K mesons were discovered
through these activities by the middle of the 20th centu-
ry. They contributed to the development of the elemen-
tary 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 cos-
mic ray physics; such as, where the cosmic rays are gen-
erated, and how they reach to the Earth. Since the cos-
mic ray particles have electric charges, the directional
information of a cosmic ray at the origin is completely
lost when it arrives at the Earth. Hence, there has been
little progress in understanding the astrophysical puzzles
of cosmic rays such as the acceleration mechanism of
cosmic ray particles.

However, because of the rapid advancement of the exper-
imental 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 ob-
servation experiments have made in recent years are tru-
ly astonishing. Recently, the evidence for high energy cos-
mic neutrinos has been found as well. Furthermore, there
has been a significant improvement in the sensitivity in
the gravitational wave detection, suggesting that the
gravitational wave signal could be observed within the
next 5 years. Recently, studies of cosmic rays have con-
tributed to the field of elementary particle physics again.
For example, the studies of neutrinos produced by cosmic
ray interactions in the atmosphere have led to the discov-
ery 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. It is well known that the total mass of
“dark matter” is several times larger than that of the nor-
mal matter. However, the natures of dark matter particles
are unknown. Dark matters are searched for and studied
actively by various means.

The history of the Institute for Cosmic Ray Research
(ICRR) began with an experimental hut in Mt. Norikura
at the altitude of 2,770m, called Asahi hut, built in 1950
with the Asahi Bounty for Science. This small hut 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 cos-
mic ray divisions of the Institute for Nuclear Study, was
reorganized to the Institute for Cosmic Ray Research
(ICRR) of the University of Tokyo in 1976. Since then,
ICRR has carried out various research activities on cos-
mic rays as an inter-university research institute. In 2010,
ICRR has been selected as one of the Japanese govern-
ment’s new Inter-University Research Institute. ICRR is
continuing inter-university research activities under the
new system.

The mission of Institute for Cosmic Ray Research (ICRR)
is to lead the world community of cosmic ray researches.
The world’s largest neutrino detector Super-Kamiokande
has discovered neutrino oscillations and been contribut-
ing to the studies of oscillations. It is expected that Su-
per-Kamiokande will continue to get important scientific
results. However, the research activities in the world ad-
vance 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 (T'A), completed in 2008, has been
conducting various studies on the highest energy cosmic
rays. The highest energy cosmic rays of energy at 10%eV
deviate by only a few degrees from their original paths
when they travel through the Milky Way galaxy. TA
has observed indication that the highest energy cosmic
rays arrive from a particular direction of the sky. The
data may suggest the birth of a new research field, the
highest energy cosmic ray astronomy. A dark matter ex-
periment 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 telescope (KAGRA) began in 2010. KAGRA is go-
ing to have the initial interferometer operation in JEY
2015 and move on to the advanced interferometer opera-
tion in JFY 2017. We are looking forward to seeing the
long-awaited first signal of a gravitational wave. Finally,
realizing the projects such as high-energy gamma-ray as-
tronomy (CTA) is also one of the important missions 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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Fig.1 Types of elementary particles that constitute ordinary matter

High-Energy Particles from Space

Cosmic rays are high-energy particles that strike the Earth
from all directions. They originate in space and travel at near-
ly the speed of light through space.

These particles are mostly the nuclei of the same atoms that
constitute our everyday matter. About 90 percent of the cos-
mic rays are hydrogen nuclei—namely protons, 9 percent are
helium nuclei, and the rest are heavier nuclei and elementary
particles such as electrons and positrons.

It was not until the early twentieth century that scientists re-
alized high-energy radiation originates not just from radioac-
tive nuclei on earth, but also from outer space. In 1912, an
Austrian physicist Victor Hess ascended in a balloon up to the
altitude of 5 kilometers, and found that his electroscope dis-
charged more rapidly as he ascended, which he attributed to
radiation entering the atmosphere from above. This marked
the discovery of cosmic rays.

Cosmic Ray Air Shower

The flux of cosmic radiation increases sharply with altitude,
but it peaks at about 15 kilometers in altitude, dropping
sharply at higher altitude. This discovery was made in 1936,
and along with other observations by ground-based detectors,
indicated that the radiation detected was from secondary par-
ticles produced by very high-energy cosmic rays reaching the
Earth from space.

ZRY v I— LR FEH SEDE KR (—RFER) B KRPORFZRERINLT
DLENBTRKFEDIETY,

Fig.2 Air showers are cascades of light particles that are produced in collisions
between primary cosmic rays and air molecules.

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 “had-
rons’), which then fly apart at nearly the speed of light, fur-
ther 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 such
as muons, neutrinos, gamma-rays, electrons, and positrons.
This cascade of particles is called an “air shower.” A typical
air shower develops into hundreds of billions of secondary
particles, raining on an area covering several hundred square
meters on the ground.

Muons, mesons, and positrons were first detected in air show-
ers, bringing about profound impacts on the field of elementa-
ry particles. However, the field of Cosmic Ray Astronomy is
yet to see major breakthroughs: there are still so many ques-
tions to explore, the most significant of which being, for exam-
ple, what are the sources of high energy cosmic rays, and
how they propagate through space before arriving the Earth.

Sources of Cosmic Rays

Primary cosmic rays impact on the Earth’s atmosphere with
a very wide energy spectrum, from 10® to 10% electron volts.
The number of primary cosmic rays decreases exponentially
with energy.
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A cosmic ray particle of the highest energy
has energy that is equivalent to the energy a
lightning bolt emits every second—a hundred
trillion times the energy of a typical particle
emitted by a radioactive nucleus, and ten mil-
lion times the energy of the highest energy
man-made particle accelerator can produce.
This indicates that the universe must contain
somewhere the mechanisms that can acceler-
ate particles to such enormous energies. Re-
cent studies have found that supernova are
one such sources of cosmic rays, but they
cannot explain every cosmic ray.

Ultimately, cosmic ray scientists aim to un-
cover the mysteries of the evolution of the
universe by understanding the mechanisms
of very high-energy astrophysical events oc-
curring at enormous distances from the
Earth. Cosmic rays are, to scientists, “messen-
gers” sent to mankind that convey messages
from the edge 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

Traditionally, cosmic ray is the term given to
a high-energy charged particle, such as a nu-
cleus or charged elementary particle, which
strikes the Earth from space. Over the past
few decades, however, cosmic ray research
evolved to embrace broader definition of par-
ticles coming in from space, to include gam-
ma-rays—high energy photons, and neutri-
nos—elusive particles most of which pass
through matter unnoticed.

Such messengers bring information unavail-
able in ordinary cosmic rays. They are abun-
dantly produced in high-energy astrophysical
events, and travel straight through space
without being affected by galactic magnetic
fields to convey information of the environ-
ment they were produced. Recent technologi-
cal developments have overcome many obser-
vational difficulties, and brought forth a new
era of gamma-ray and neutrino astronomy.

Today, with the new kilometer-scale gravita-
tional wave telescope currently under con-
struction in Kamioka mine, scientists will ac-
quire new ‘eyes” with which to see the
universe. Gravitational waves are ripples in
the space-time which propagate through
space at the speed of light. Detection of gravi-
tational waves will uncover large portion of
the universe that are, with the traditional
probes, unobservable; such as, mergers of
black-holes and the birth of the universe.

With the addition of neutrino, gamma-ray,
gravitational wave, and dark matter experi-
ments to probe a broad range of cosmic
events, Institute for Cosmic Ray Research at
the University of Tokyo continues to be the
only research center in the world that hosts a
comprehensive array of leading cosmic ray
research programs.

Methods of Cosmic Ray Detection

Many cosmic ray experiments utilize arrays
of telescopes and/or particle detectors that
cover a large area of ground to detect air
showers. Scientists use the data from air
showers to reconstruct the primary cosmic
ray events and to analyze their energy and
chemical composition.

There are multiple types of ground-based
cosmic ray telescopes currently in use. The
first is called an extensive air-shower array,
which measures ionizing events of charged
particles passing through the detectors.
Air-shower array experiments are sensitive
to high-energy cosmic rays and can observe
a broad area of the sky at any time.

The second type of ground-based cosmic ray
detector is an air Cerenkov telescope. It de-
tects Cerenkov radiation emitted when
charged particles in an air shower travel fast-
er than the speed of light in air (light travels
slower in a medium than in vacuum). An air
Cerenkov telescope is only used during the
moon-less nights, but is sensitive to lower-en-
ergy COSImIcC rays.

The third detection method, a Water Ceren-
kov telescope, detects Cerenkov radiation
produced in water instead of air, is also em-
ployed in ground-based air shower arrays
and underground neutrino experiments.

Another method is to detect the fluorescent
glow in atmosphere due to excited nitrogen
molecules along the paths of electrons and
positrons in the air shower. The method
gives high directional resolution, and is there-
fore often combined with Cerenkov tele-
scopes and air shower arrays.

Balloon experiments and satellite cosmic ray
detection methods give complementary data
to ground-based cosmic ray observation. By
detecting primary cosmic rays from space di-
rectly, these high-altitude experiments have
made many important contributions in probing
the acceleration and propagation mechanism
of cosmic rays. With new objectives to investi-
gate dark matter and antimatter, they contin-
ue to be essential to our cosmic ray research.
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About
Super-Kamiokande

The purpose of Super-Kamiokande
(SK) is to study elementary particle
physics and astrophysics through
neutrino detection and nucleon decay
searches.

SK is a 50,000-ton cylindrical water
Cherenkov detector 40 m in height
and 40 m in diameter. It is equipped
with over 11,000 20-inch photomulti-
plier tubes (PMTs) in order to ob-
serve various elementary particle in-
teractions in the detector. Detector
operations began in 1996. SK ob-
serves enormous amounts of neutri-
nos produced both in the Sun (solar
neutrinos) and by the interactions of
cosmic rays in the atmosphere (atmo-
spheric neutrinos). In 1998 SK ob-
served a clear anisotropy in the ze-
nith angle distribution of its
atmospheric neutrino data, thereby
establishing the existence of neutrino
masses and mixing, a phenomenon
known as “neutrino oscillations.” Fur-
thermore, accurate measurements of
the solar neutrino flux using neutri-
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Fig.4 Tokai-Kamioka long baseline neutrino oscillation experiment (T2K).

no-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.

The first accelerator-based long-base-
line neutrino-oscillation experiment
was performed from 1999 to 2004. A
neutrino beam produced by an accel-
erator located 250 km away at KEK
was directed towards Super-Kamio-
kande during this time period. The
K2K experiment was completed suc-
cessfully and confirmed the neutrino
oscillation phenomenon observed in
atmospheric neutrino measurements.
A new accelerator-based long-base-
line neutrino oscillation experiment,
the T2K experiment, which utilizes a
new accelerator facility located in
Tokai village (J-PARC), started in
2009. This accelerator provides a
neutrino beam 50-times more intense
than that of the K2K experiment.
New measurements of neutrinos us-
ing this beam will make it possible to
reveal hidden properties of the neu-
trino. For instance, the T2K experi-
ment observed the world’s first indi-
cation of muon neutrino to electron
neutrino oscillation in 2011.

As a possible future detector im-
provement for supernova neutrino
detection, R&D towards adding gad-
olinium to the SK detector is in prog-
ress. A proof-of-principle experiment
using a 200-ton tank is now being
conducted.

Further, R&D for a one million met-
ric ton water Cherenkov detector,
Hyper-Kamiokande, which has 20
times more volume than Super-Ka-
miokande, is underway. Hyper-Ka-
miokande aims to discover a possible
particle-antiparticle asymmetry in
neutrinos, known as CP violation, and
to extend sensitivity to proton de-
cays by an order of magnitude be-
yond what has been achieved by Su-
per-Kamiokande.
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Super-Kamiokande IV
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Trigger: OmBO0000ST

The intense neutrino beam is produced by
using a new high intensity proton synchro-

Bwalls £14.4 om
e=like, p = L. Wa¥ie

Charge(pe)
*26.7

oa e w
T
A -

oe

tron accelerator complex (J-PARC) con-
structed at JAERI site in Tokai village. As
a far detector to study neutrino oscillation
phenomena, the T2K experiment utilizes
the Super-Kamiokande (SK) detector,
which is located at 295 km away from the
beam production target.

In designing the neutrino beam line for
T2K, the idea of off-axis beam (Long Base-

line Neutrino Oscillation Experiment BNL
E889 proposal, (1995)) is conducted. With
this method, we can produce sub-GeV en-
ergy neutrino beam with narrow energy
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1000

fusing ring produced by electron-positron shower is observed.

T2K Experiment

The K2K experiment established the method of the acceler-
ator-based long baseline neutrino oscillation experiment and
successfully confirmed the neutrino oscillation phenomena
discovered by natural cosmic neutrinos from earth's atmo-
sphere and the sun. Until now, several experiments have
measured all 3 neutrino mixing angles and 2 mass differenc-
es using accelerator, atmospheric, solar and reactor neutri-
nos. The one of original T2K's goals has been already
achieved by its initial data, that is to establish electron neu-
trino appearance phenomena in muon neutrino beam. This
result is interpreted by nonzero #,5—last unknown neutrino
mixing angle—which was also clearly demonstrated by re-
actor neutrino experiments in 2012. The revised T2K'’s goal
is to explore CP violation in the lepton sector that became
theoretically and technically feasible by the established elec-
tron neutrino appearance measurement in T2K.

Another important purpose of this experiment is precise
measurement of f,; and Am’, parameters. By high statisti-
cal neutrino observation, the precisions of these parameters
are expected to be almost one order of magnitude better
than before. So far, sin®20.; is consistent with maximum (=1)
from the SK, K2K and the MINOS experiments. If sin®20.;
is exactly unity, it may suggest an underlying new symme-
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Fig.1 An electron neutrino event candidate observed at Super-Kamiokande. A dif-
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spread efficiently from a 30 GeV proton
beam. In the T2K experiment, the initial
peak position of the neutrino beam energy
is adjusted to ~650MeV by setting the
off-axis angle to 25°to maximize the neu-
trino oscillation effects at the SK detector.
The generated neutrino beam is primarily
muon neutrino with a small contamination
of electron neutrino, which is estimated to
be 04% at the flux peak. The TZ2K neutri-
no beam is expected to become almost two orders of magni-
tude 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 start-
ed in January 2010. On February 24th 2010, we succeeded in
observing the first J-PARC neutrino interaction event at Su-
per-Kamiokande. Of the 88 neutrino events accumulated un-
til just before the big earthquake on March 11th 2011, 6
electron neutrino candidates has been found (Figurel). The
indication of this electron neutrino appearance were pub-
lished in June 2011. We resumed neutrino beam data taking
in January 2012 and established the electron neutrino ap-
pearance phenomena by observed 28 candidate events in
the updated analysis by using data taken by 2013. This dis-
covery means that an experimental test of CP violation is
actually feasible and that the test is already started. By ac-
cumulating anti-neutrino data as well as more neutrino data,
T2K aims to find out all unknown quantities of the neutrino
world.
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Fig.1 The schematic view of the detector and the water
tank. The size of the water tank is @ 10mXx 10m. The 835 kg
LXe detector is immersed in this water tank.
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Fig.3 Spin-independent elastic
WIMP-nucleon cross section as a
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Fig.4 The thick line and the dots represent XMASS limits with two different nucle-
ar models of '®Xe by inelastic scattering search. The other lines represent experi-
mental constraints on spin-dependent WIMP nucleon cross sections extracted
from elastic scattering data. Our own limit is the first derived exclusively from data
on inelastic scattering.
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Fig.5 Limits on coupling constants for electrons and pseudoscalar bosons (top)
and electrons and vector bosons (bottom) at 90% C.L. (red line). (Top) XENON100
and EDW-II correspond to constraints obtained by other experiments. (Bottom) The
thin solid line corresponds to the coupling constant required to reproduce the ob-
served dark matter abundance. The other lines are obtained by astrophysical obser-
vations.
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Fig.6 Newly developed 3inch PMT
for next generation XMASS detec-
tor. It is expected to improve the
sensitivity for dark matter search
substantially by using ‘dorm’ win-
dow shape.

XMASS Experiment

The goals for XMASS project are to detect low energy solar neutrino, dark

matter particle, and neutrino-less double beta decay. XMASS derives from

e Xenon detector for Weakly Interacting MASSive Particles (direct dark mat-
ter search)

» Xenon MASSive detector for solar neutrino (pp/'Be solar neutrino)

* Xenon neutrino MASS detector (neutrinoless double beta decay)

This project aims to achieve multi purposes of physics experiment by using lig-
uid xenon (LXe) detectors in the deep underground laboratory at Kamioka
mine.
Current evidence indicates that 27% of the mass energy density of the Universe
is composed of cold, non-baryonic dark matter, which has thus made up 56
times more than baryonic matter. Weakly interacting massive particles (WIMPs)
are an attractive candidate, and may be detectable via rare elastic scattering in-
teractions that deposit a few tens of keV in target nuclei.
The advantages to use LXe detector are followings, 1) high light yield, 2) scal-
ability of the size up to tons of mass, 3) easy purification of the radioactivity to
reduce the internal background by using several methods in the different
phases of xenon, and 4) large atomic number to shield radiations from outside of
the detector. The first advantage is especially important for the direct dark
matter search where we need to observe very small energy deposited by dark
matter particles.
In 2007, the first phase of this program started to build 835 kg of LXe detector
for the direct dark matter search. Figure 1 shows the schematic view of the de-
tector and the water tank for the radiation shield. In this detector, XMASS-[,
the LXe target is surrounded by about 642 “ultra-low-radioactivity” PMTs de-
veloped for this experiment with Hamamatsu (Fig. 2). Those PMTs are used to
detect the vacuum ultra violet light from the LXe scintillation. To explore dark
matter particles, the experiment require sensitivity to low energies (<10 keV)
and very low event rates (< 0.levent/kg/day). This requires innovations in the
detector design, and considerable attention to their radioactive backgrounds.

Based on the data from XMASS-, we obtained following results:

(1) We performed the light mass WIMP analysis by taking the advantage of low
energy threshold of 0.3 keVee. 6.7 days of data was analyzed to compute the
spin-independent elastic WIMP-nucleon cross section and the result is shown
in Fig. 3. The effect of uncertainty on the limit is shown in the band.

(2) An inelastic channel was explored to search for dark matter particles. By se-
lecting events only at the central part of the detector, a search for dark mat-
ter via inelastic scattering of "“Xe by detecting additional 40 keV gamma-rays
was performed. We observed no significant excess in 1659 live days” data in a
spherical fiducial volume of 30cm diameter (41kg of LXe) and derived an up-
per limit for the spin-dependent WIMP-neutron cross section of 1.1 X 10™¥cm?
or 42x10 %cm? (50GeV WIMP), respectively, using the different model of
form factors of "“Xe nuclei in Figure 4.

3) A WIMP is well-motivated model that guides most experimental searches,
however, simulations based on this cold dark matter scenario expect a richer
structure on galactic scales than those observed. Furthermore, there is so far
no evidence of SUSY particles at the LHC, and therefore, it is important to in-
vestigate various types of dark matter candidates. These facts strengthen an
interest to consider lighter and more weakly interacting particles such as su-
per-WIMPs, a warm dark matter candidate. We searched for signatures of bo-
sonic super-WIMPs with same data set as the inelastic search above. For vec-
tor bosons, the present experimental limit excludes the possibility that vector
super-WIMPs constitute all the dark matter (Fig. 5). This result was published
in Physical Review Letters, selected as Editors” Suggestion, and demonstrated
our world best background in this energy range.

In addition to the current XMASS activity, we are proposing the next genera-
tion large detector with efforts on not only reducing radioactivity of PMTs but
also designing the ‘dorm’ shape 3inch PMT to reduce the surface events of the
detector by a wide angle of view (Fig. 6). The size of the detector will be 5 ton
of liquid xenon and it will deeply explore the SUSY parameter region.
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Fig.1 The current generation VHE gamma ray observato-
ries, the MAGIC, VERITAS, and H.E.S.S. telescopes. The
Cherenkov Cosmic Gamma Ray group works in gamma ray
astronomy with MAGIC on La Palma, Canary Islands, and
Fermi Gamma Ray Satellite.
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Fig.2 Very High Energy Gamma Ray Sky (>100GeV).
About 200 Galactic and extragalactic sources have been
discovered by H.E.S.S., MAGIC and VERITAS.

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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Fig.3 Artist view of the CTA observatory. CTA consists of
three types of telescopes, Large Size Telescopes (23m di-
ameter), Mid Size Telescopes (12m) and Small Size Tele-
scopes (4m), and covers the broad energy band from
20GeV to 100TeV.
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Fig.4 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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Fig.5 Camera cluster for the Large Size Telescope (LST)
developed by CTA-Japan. This cluster consists of seven
high guantum 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, cool-
ing plates and camera housing.
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Fig.6 Prototype of the high precision segmented mirror for
the Large Size Telescope (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.

Cherenkov Cosmic Gamma Ray Group

During the past few years, Very High Energy
(VHE) gamma ray astronomy has made spec-
tacular 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 frame-
work of a worldwide, international collabora-
tion. CTA is the ultimate VHE gamma ray ob-
servatory, whose sensitivity and broad energy
coverage will attain an order of magnitude im-
provement above those of current Imaging
Atmospheric Cherenkov Telescopes (IACTSs).
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 gen-
eration in neutron stars and black holes, as
well as the star formation history of the Uni-
verse. CTA will also address critical issues in
fundamental physics, such as the identity of
dark matter particles and the nature of quan-
tum gravity.

VHE gamma rays from 100GeV to 10TeV can
be observed with ground-based TACTs. The
history of VHE gamma ray astronomy begun
with the discovery of VHE gamma rays from
the Crab Nebula by the Whipple Observatory
in 1989. The current generation IACTSs featur-
ing new technologies, such as HES.S, MAGIC,
and VERITAS, have discovered about 200 Ga-
lactic and extragalactic sources of various
types to date.

CTA is designed to achieve superior sensitivity
and performance, utilizing established technolo-
gies and experience gained from the current
TACTs. The project is presently in its prepara-
tory phase, with international efforts from Ja-
pan, US and the EU. It will consist of several
10s of TACTs of three different sizes (Large
Size Telescopes, Mid Size Telescopes, and
Small Size Telescopes). With a factor of 10 in-
crease 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 discovery of more
than 1000 Galactic and extragalactic sources is
anticipated with CTA.

CTA will allow us to explore numerous, di-
verse 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 dif-
fuse Galactic gamma ray emission, which will
also shed light on the physics of the interstel-
lar medium. Observing pulsars and associated

pulsar wind nebulae will clarify physical pro-
cesses in the vicinity of neutron stars and ex-
treme magnetic fields. The physics of accre-
tion onto supermassive black holes, the
long-standing puzzle of the origin of ultrarela-
tivistic jets emanating from them, as well as
their cosmological evolution will be addressed
by extensive studies of active galactic nuclei
(AGN). Through dedicated observing strate-
gies, 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 preci-
sion tests of theories of quantum gravity. Fi-
nally, CTA will search for signatures from ele-
mentary 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 experi-
ence gained from the current IACTs.

The CTA-Japan consortium is making a signif-
icant contribution to the construction of the
Large Size Telescopes (LSTs). In the end of
2016, the first LST will make the first light at
La Palma in Canaries. 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 / de-
tectors require high specifications, for exam-
ple, high reflectivity, high collection efficiency,
high quantum efficiency and ultra fast digitiza-
tion of signal and etc. For the first telescope
construction, CTA-Japan is producing high
quantum efficiency photomultipliers, ultrafast
readout electronics, high precision segmented
mirrors and active mirror control system.

On the strength of their experience gained
from construction of the MAGIC telescope, the
Max-Planck-Institute for Physics in Munich is
responsible for the construction of the 23m di-
ameter telescope structure, based on a carbon
fiber tube space frame. The LSTs require
very fast rotation (180 degrees/20seconds) for
promptly observing GRBs.

The Cherenkov Cosmic Gamma Ray group
also makes significant scientific achievements
in High Energy Gamma Ray Astronomy with
MAGIC on La Palma, Canary Islands, and Fer-
mi gamma ray satellite. The first LST will be
constructed at Observatorio del Roque de Los
Muchachos, La Palma in Canary Islands, at
the same location of the MAGIC telescopes.
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Fig.1 The 507 TA counters are indicat-
ed by black boxes and TALE counters
are indicated by black circles. Three TA
telescope stations are marked by red
boxes and one TALE telescope station is
marked by a red circle. The communica-
tion towers are indicated in green and
the Central Laser Facility is marked by a
blue triangle.
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Fig.2 (Left) One of the TA ground array detectors deployed in the field. Four
more are seen behind. (Right) TA air fluorescence telescopes.
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i Fig.3 The energy spectra of
1 UHECR measured by TA surface
1 detector (@) and TALE fluores-
cence detector (@[]) together
with those measured by HiRes-I
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The Telescope Array

The Telescope Array (T A) was built to study the na-
ture and origin of Ultra-high Energy Cosmic Rays
(UHECRs) in Utah, USA. It is composed of a ground
array of 507 scintillation counters and 3 batteries of
air fluorescence telescopes overlooking the array
from the periphery. The accuracy of measurements
is greatly improved by observing the same event by
the telescope and the ground array at the same time.
The sensitivity of TA is an order of magnitude larg-
er than that of AGASA, a predecessor of TA, which
had been operated until 2004 in the Akeno observa-
tory in Yamanashi, Japan. The large sensitivity and
the precision of TA help to improve the association
of high energy cosmic rays with the potential astro-
nomical sources in the sky. The TA has been operat-
ed by the international collaboration of Japan, USA,
Korea, Russia and Belgium. Observations by TA be-
gan in the spring of 2008. The TALE is the TA
Low-energy Extension down to 10™° eV, which aims
at studying the transition of galactic cosmic rays to
extragalactic cosmic rays. In the northern TA site,
the full TALE telescopes started and the TALE sur-
face detector array was partially started.

By May 2014, 2560 cosmic ray events above 10 elec-
tron volts (€V) have been collected by the TA air
shower array. The TA energy spectrum is consis-
tent with highest-energy suppression predicted by
Greisen, Zatsepin and Kuzmin (GZK) as shown in
Fig3. TA confirmed a break at 10®*™ eV (ankle), and
there are breaks at around 10" eV and 10 eV in
the TALE spectrum. The composition by TA is con-
sistent with a light, largely proton composition as
shown in Xmax vs energy plot (Fig4). Using 87 cos-
mic-ray events with energy E > 10" eV, TA ob-
served a cluster of events (hotspot) with a statistical
significance of 5550, centered at right ascension of
1484° and declination of 44.5° (Fig5). The probability
of such a hotspot appearing by chance in an isotropic
cosmic-ray sky was 32%107° (4.00).

The TA extension (TA X4), which quadruples the
TA, aims at confirming the above-mentioned hotspot
and studying energy spectrum, composition and oth-
er anisotropies of arrival directions for UHECRs in
highest-energy region precisely. Its construction will
start in 2015.
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Fig.5 Hammer projection of the statistical significance of TA cosmic ray events with E
> 10'97% eV with 20°-radius circle sampling in the equatorial coordinates. The maxi-
mum excess appears as a hotspot centered at right ascension of 148.4° and declina-
tion of 44.5° with a statistical significance of 5.55 0. The chance probability of obtain-
ing this maximum significance for isotropic distribution is 3.2xX107° (4.00).
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Fig.1 Tibet air shower array, located 4,300m above sea level, Yangbajing, Tibet, China.
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Fig.2 Energy spectrum of TeV gamma rays from the
Crab Nebula.
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Fig.3 All-particle energy spectrum of pri-
mary cosmic rays above “Knee” energy re-
gion.
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Fig.6 Differential variation of primary cos-
mic ray anisotropy at solar time frame
(Compton-Getting effect) between 6-40
TeV.
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Fig.5 Lower panel: yearly variation of sun spot numbers. Upper panel:

Comparison of Sunsshadow depth in cosmic rays between MC simula-
tion and the observed data

Tibet AS y

Tibet air array (Tibet-II) is located at Yangbajing (4,300m a.sl), Tibet in China.

Our research subjects are: Search for high-energy gamma-ray (a few TeV) celestial point sources;
The measurement of the energy spectrum and the composition of very high-energy primary cosmic
rays; The study of 3-dimensional global structure in the solar and interplanetary magnetic fields by
means of high-energy galactic cosmic rays; The measurement of high-energy galactic cosmic-ray an-
isotropies.

Tibet-II1, 37,000m in area, consists of 789 scintillation counters that are placed at a lattice with 7.5 m
spacing. Each counter has a plate for a plastic scintillator, 0.5 m in area and 3 c¢cm in thickness, and
equipped with a 2-inch-in-diameter photomultiplier tube. The detection threshold energy is approxi-
mately a few TeV. The angular resolution of the air-shower array is estimated by the Moon’s shadow
in cosmic rays to be less than 1 degree, which is the world best performance. At the center of Ti-
bet-III, set up are 80 m burst detectors composed of lead plates and plastic scintillation detectors. We
observe the energy spectra of proton and helium components in primary cosmic rays in the “knee”
(10" - 10" eV) energy region by the hybrid experiment with the burst detectors and Tibet-IIL

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" -
10" eV) 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 burst 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 magnet-
ic fields. It is expected that Tibet-III will exclusively provide important data to study the global struc-
ture of the solar and interplanetary magnetic fields correlated with 1l-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-IIT measures high-energy galactic cosmic-ray anisotropies with the highest statistics in the
world. We clearly observed a tiny (on the order of 1 in 10 thousand) anisotropy apparently caused by
the terrestrial orbital motion around the Sun at the solar time frame. We also made precise 2-dimen-
sional maps of high-energy (a few TeV to a few hundred TeV) galactic cosmic-ray anisotropies at si-
dereal time frame. Besides the established “Tail-in” and “Loss-cone” anisotropies, we discovered a new
anisotropy in the Cygnus region. 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. On the other hand, we found some hot spots in the Cygnus region, suggest-
ing that they be celestial sources emitting TeV gamma rays. They were recently confirmed by the
Milagro experiment in US.A.
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Fig.1 A Subaru image of the Crab nebula, which is known as an efficient particle accel-
erator. A rotating neutron star, the Crab pulsar, which was created after the supernova
explosion in 1054 AD, is at the center of the nebula and known to provide energy

throughout the nebula.
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Fig.2 Our model for cosmic-ray and neutrino flux from gamma-ray bursts

(GRBs). GRBs can partially contribute to the sources of ultra high-energy

cosmic-rays, and our model prediction for neutrinos is consistent with the

observational upper limit.

A Giant Radio Pulse From the Crab pulsar (Nict Kashima Observatory, 34m antenna)
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Fig.3 An example of giant radio pulses (GRPs) from the Crab pulsar de-
tected by the 34m antenna at Kashima Space Technology Center of Nict.
The top panel shows the intensity time variation for 10ms, where the left-
most and rightmost portions represent the background level determined
by the Crab nebula. Up to 70% intensity increases seen for 5ms from
16:49:39.325 UT correspond to the arrival of a GRP. A dynamic spec-
trum in the bottom panel shows the characteristic frequency structure of
GRPs caused by the group-delay effect of free electrons in the interstellar
space along the line of sight.

The high energy astrophysics group aims at mak-
ing theoretical and observational studies of violent
astrophysical phenomena, in which energies of
background plasma/magnetic field are transported
into selected particles, namely, nonthermal cosmic
ray particles. The standard theory of cosmic ray
acceleration process invokes effective diffu-
sive-shock-acceleration (DSA) mechanism working
around collisionless astrophysical shocks and their
turbulent environment. The magnetic reconnection
(MRX) mechanism is another candidate for effec-
tive particle acceleration processes. Understanding
of transport/selection processes involved in the
DSA and MRX mechanisms requires deep consid-
eration based on microscopic plasma physics. Re-
search tradition in Japan for studies of DSA and
MRX mechanisms provides the background for the
activity of our high energy astrophysics group.

Targets of our current study include supernova
explosions/pulsar magnetospheres (Fig. 1), giant
flares of magnetars, jets from active galactic nuclei,
star-burst galaxies, mysterious gamma ray bursts,
and galaxy clusters. We have studied not only the
models based on standard DSA theory, but also a
relatively slow acceleration model via plasma tur-
bulences, which has been applied to the relativistic
jets from active galactic nuclei, or gamma-ray
bursts. We have also estimated emissions of gam-
ma-rays, cosmic-rays, and neutrinos from high-ener-
gy astronomical objects, and compare our results
with observational constraints (Fig. 2). Another
study we have been conducting is electro-magnetic
wave emission as a counterpart of gravitational
wave emission from a binary neutron star merger.
Our research targets, thus, closely relate to the ob-
servational projects in ICRR.

To probe high-energy phenomena in neutron star
magnetospheres, we have been also investigating
giant radio pulses (GRPs, Fig. 3). GRPs have com-
monalities with recently-discovered enigmatic ex-
tragalactic phenomena, fast radio bursts (FRBs), not
only on the detection technology side but also on
the physical side of emission mechanisms. We have
started collaboration with radio astronomers to
solve the FRB problem.
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Fig.1 Schematic view of KAGRA planned underground at Kamioka.

P =TS FETT L—H—F
Wit & B9 2 PR AR |3 SRR
PNCHER SN B K F — 212 X 1) BSs%
At BUEDSEATE D EZZRIZITITREK
LCWE . F 72 ARG 2 I3 % 85
LAl 7 SRR 2 b BTN TR A
DT L E Lo & SIS ARG 04
Th ) IEHEN PR T D H 2 F B
ORI & i L AR L. [k
T=<EHATLHI—0 v ORI E
79k 2w g T BER (EGO) & o [ T
20124F 12 Bt L 7z E B L M F 8 Cld
BRMIZERRD EAT > TV E$, & 512,
KAGRAGHHZ 31T % & B EAEESM O
R IR SR 2720 ERET Y
7 OFENWGE 7 N — 7 L DILEZE D
PRLTVET,
OKAGRAZHH T, U SEERT T b
R SR TRCAEOHPAN THAT S H
NP oM R OE RN A B L. bk
WCEDEOMMEE HIESTT7 20 A%
9 — 0 v XOE] LR (LIGO
A1 VIRGORT 1, GEOF! ) & 3% 9 —
T EDWE OB L vy NFIEO H
BEDELD 72D\, 25T & Heli - B
W% & 0BT 72D DR & i
LTwET,

-16 AMAI0C
= 10 LIGO
] cLio
:E 4 a===== CLIO Room
= 10" —— KAGRA
£
z (1]
E 10°
£ 22
® 10
L
wvi

24

107 L : 5
10 10 10
Frequency [Hz]

H2 KAGRADT YA VEREmMR (IR CTAMARER). 100X — ML 70O~y 1 TEEF
FSETCLIO (F#R) DI BRE RO TR I BRAMRE 100HZHETHOFHNIC EEm>TWL
DDRMERFICKBDEFRBRZED L TND BB MEEORTRLUILTOY MM IRERDRBE
HRVESNDREDEHELIGO (BfRRAKM) TEM SN TV DREE,

Fig.2 Achieved sensitivities by existing interferometers compared with the de-
sign sensitivity of KAGRA (red curve). The vertical axis represents square root of
strain noise power density. The green curve is the sensitivity of TAMA (in 2008).
The blue one shows that of CLIO (taken in March, 2010). The dotted violet one
represents room temperature limit of CLIO. The orange one is that of LIGO at the
time of 5" science run. The target sensitivity of KAGRA will be achieved by a
seismic attenuation system (SAS) that was developed by TAMA interferometer,
the cryogenic mirror system that was tested by CLIO, and a high power laser sys-
tem, the power of which has been attained at a laboratory level.
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Fig.3 Excavation of KAGRA tunnel completed.
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Fig.4 Inspection of cryostats for KAGRA cryogenic mirror system.
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Fig.5 Vacuum chambers installed at the center area of KAGRA tunnel.

Gravitational Wave Project Office (GWPO)

The gravitational wave group conducts R&D experiments
of the Large-scale Cryogenic Gravitational wave Telescope
(nicknamed “KAGRA”) project for the detection of gravita-
tional waves predicted by Einstein. Nobody has succeeded
in detecting a wave form in real time, so far. This type of
detection has become one of the possible tests to prove Ein-
stein’s theory of relativity. The gravitational wave telescope
will be used in the future as a tool for observing the dy-
namic behavior of compact stars, such as neutron stars and
black holes.

A gravitational wave should cause a relative change (strain)
between two displaced points in proportion to their dis-
tance. Even if we take a 3km 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 Interfer-
ometer 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.

By the end of the fiscal year of 2013, the tunnel housing
KAGRA interferometer has been completed and almost all
vacuum parts were manufactured and stored near the con-
struction site in Kamioka. Four cryostats for main mirrors
were completed with successful cooling. The optical design
of the interferometer was fixed for the initial operational
run in 2015. The collaboration research between the Euro-
pean Gravitational Observatory (EGO) and KAGRA has
been conducted to explore the further technical enhance-
ment about a cryogenic interferometer and to share the
profound knowledge about the underground environment.
In addition to this, the collaboration with Korean gravita-
tional research group is also ongoing to accelerate the
KAGRA subsection’s progress.

Figure 2 shows the achieved sensitivities compared with
the target one of KAGRA. KAGRA is designed to detect at
the quantum limit a strain on the order of h~10"% in terms
of the metric perturbations at a frequency of around 140
Hz. This would enable to detect coalescing binary neutron
stars of 1.4 solar mass to 250 Mpc at its optimum configura-
tion, for which one expects a few events per year, on aver-
age. To satisfy this objective, KAGRA adopts a power-recy-
cled Fabry-Perot Michelson interferometer with
resonant-sideband extraction scheme, the main mirrors of
which are cooled down to cryogenic temperature, 20 K, for
reducing the thermal noise; they are located in a quiet un-
derground site in Kamioka mine.

KAGRA project is competing and collaborating with foreign
GW detection projects, such as LIGO (USA), VIRGO (Ita-
ly-France), GEO (UK-Germany), for the first direct detection
of GWs in human history.

For detailed references, please see http://gwcenter.icrr.
u-tokyo.ac.jp/en/
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Fig.1 Subaru telescope, NAOJ, with an
8.2m primary mirror at the summit of Mau-
na-Kea, Hawaii Island (bottom) and Su-
prime-Cam installed on the top ring.
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Fig.2 History of cosmic reionization, so far, understood. Red
symbols denote constraints from our Suprime-Cam survey. Four
lines represent different theoretical predictions. The epoch and
process of cosmic reionization are unknown.
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Fig.3 Subaru/HSC narrow band filter under development
(collaboration with Barr Associates Inc.)

Observational Cosmology

We study the early universe by deep multi-wave-
length observations. Armed with the state-of-the art
telescopes such as Subaru, Hubble, Keck, and
ALMA, we aim to push the today’s observational
frontier towards the very high redshift universe
that no one has ever seen by observations. Our goal
is understanding physical processes of galaxy for-
mation at the early stage and the relevant event of
cosmic reionization.

We have recently completed our large survey for
Lya emitting galaxies (LAEs) at z~7 with Subaru
Prime Focus Camera (Suprime-Cam) and Keck DEI-
MOS 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 uni-
verse 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 ion-
izing photons necessary for ionized universe at z~7.
The question is why the universe is ionized with
the little ionizing photons. It would be possible that
the accuracy of our neutral hydrogen fraction mea-
surement is not high enough, or that the previous
studies miss a large population of galaxies in the
Suprime-Cam observations. In fact, we have discov-
ered a giant bright Lya emitter, and the total ioniz-
ing photons produced by this kind of object are un-
known.

We plan to address these issues with the next gen-
eration Subaru wide-field camera, Hyper Su-
prime-Cam (HSC), that has the survey speed about
an order of magnitude faster than Suprime-Cam.
HSC is developed by the University of Tokyo, Na-
tional Astronomical Observatory of Japan, Princeton
University, and Taiwanese institutes. HSC saw first
light in the fiscal year 2012, and the survey obser-
vations have been started since 2014. Using the nar-
rowband filters that our group develops, we con-
duct an order of magnitude larger survey for
galaxies at z~7 with HSC than our previous sur-
veys with Suprime-Cam.
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Fig.1 3D simulation of Q-balls which are non-topological solitons predicted in the minimal su-

persymmetric standard model.

Theory

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

The aim of particle physics is to give a unified view on
the wvarious interactions around us. To date, all the
known interactions around us are successfully reduced
into only four fundamental interactions; the electromag-
netic interaction, the weak interaction, the strong interac-
tion, and the gravitational interaction. The Standard
Model of particle physics further unifies the electromag-
netic and the weak interactions and has passes stringent
experimental tests for more than two decades since the
discovery of the W and Z bosons.
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With the success of the Standard Model as a unified the-
ory, the next big leap in particle physics will be the theo-
ry which unifies the electroweak and the strong interac-
tions, ie. the grand unified theory. In fact, the precise
measurements of the strengths of the interactions
strongly suggest the grand unification at the very high
energy scale which we have not reached experimentally
yet. At present, the grand unification theories are mere
theoretical hypotheses, but the grand unified theories
predict a lot of interesting physics, such as the decay of
protons, the mass relations between quarks and leptons
and the structure of the neutrino masses. Theory group
is studying theoretical aspects of those phenomena relat-
ed to the grand unified theory by combining the results
of the observations at collider experiments and cosmolog-
ical observations in a comprehensive manner.

It is conceivable the Nature has higher symmetries at
high energy scale, and existence and interaction of ele-
mentary particles may be subject to these symmetries.
Supersymmetry is one of the most promising symme-
tries in this respect. 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
considered to be extremely hot and dense, and various
elementary particles, even those difficult to produce by
present-day accelerators, have been present at this early
epoch. The four forces were almost indiscernible and
higher symmetries should have emerged at that time.
Theory group is attempting to check the elementary
particle physics and/or cosmology by studying effects
from interactions of the elementary particles that have
taken place at the early universe.

The dark side of the universe is also an important sub-
ject of particle physics and cosmology. Recently, the exis-
tence of the dark side of the universe, ie. dark energy
and dark matter, has been revealed by cosmological ob-
servations. Theory group is studying what are the candi-
dates for those dark unknown material from theoretical,
phenomenological and cosmological point of view.
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Fig.2 Exclusion upper limits on the dark matter-nucleon interaction cross sections relevant for the direct detection experiments of dark matter via the spin-depen-
dent and spin-independent interactions. The figure shows that the constraints from the collider experiments give complementary constraints and sometime outper-

form depending on the types of the interactions.
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Fig.1 A photo of the public lecture held in Kashiwa on April 12, 2014.

RCCN

The Research Center for Cosmic Neutrinos (RCCN)
was established in April, 1999. The main objective of
this center is to study neutrinos based on data from
various observations and experiments. In order to pro-
mote studies of neutrino physics, it is important to pro-
vide the occasion to discuss theoretical ideas and ex-
perimental results on neutrino physics. Therefore, one
of the most important practical jobs of this center is to
organize neutrino-related meetings. On February 21,
2015, we hosted one domestic neutrino workshop on
“Neutrinos and its non-standard framework — sterile
neutrinos and non-standard interactions —". 33 physi-
cists participated in this meeting.

Members of this center have been involved in the Su-
per-Kamiokande and T2K experiments, carrying out
researches in neutrino physics. Also we have been in-
volved in the future project, Hyper-Kamiokande.
(Please see the relevant pages for the scientific results.)
Atmospheric neutrino data from Super-Kamiokande
give one of the most precise pieces of information on
neutrino oscillations. With increased data, it is more
important to have better predictions of the neutrino
flux. Therefore, in addition to data analysis of the
above experiments, we work on the calculation of the
atmospheric neutrino flux.

It is important to share our scientific achievements
with the general public. For this reason, we hold public
lectures every year. Since JEY2009, ICRR and the Ka-
vli 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 FYZ2014 was held
on April 12, 2014. Two scientists lectured on the Uni-
verse seen by mathematics and the shock waves in
the Universe.

Since 2004, RCCN has been acting as a body to accept
inter-university programs related to activities in the
low-background underground facility and the comput-
er facility in Kashiwa. We accepted 8 programs related
to these facilities. In addition, this center, together with
the computer committee of ICRR, is in charge of oper-
ating the central computer system in ICRR. In FY2014,
the computer system has been operated without any
serious problems.

6] ¥ 17 P - 7 it

Kamioka Observatory

HAERE

MR E S MUK DK T = L v a TR A — X =5 34 >
FEHAWT, =2 — M) R TR T %82 1T T 9. FR104E 1S
BARGA=2— M) JEFZRALC=a— N VEBOFEXZTH LML T L,
ERIEIIE S F FSNOFEER & JLIC KBy = 2 — M) JREI 2 F8 /. P 144E 1213
IR AW H 5 BT AV F— R SesE 0 ST A EF N2 AT = 2 —
M) 7 EHWT=2— ) IR ZFER L F L7zo F 72 FHE21AR 12 SRR B
R B B KRR T IN#e: (J-PARC) THEK SN2 AT =2 — ) ) & A—
=T I F A TFIHT B AR S HITHEIC = 22— M) 2 Wf%E % 4T 9 T2K A
BIE S NP2 I a—Za— MY DB f=a— M) I~ L2k %
HFIUERIFTE 52 F L7,

[ CHN T iR V2 W2 — 27 < 7 — R EBR (XMASSHEER) b
HEDOENTWE T F 72 LRAHMIEE LT ANV T 248% Hlv iz " H~R—%
FAERER SR (CANDLESZEER) | J 10N RIE & F Ol W E R R I (NEWAGE
FER) 1004 — oV L —HF—T3EHT & B EAW LR BRI BI O S B b
NTWEFTARLICIIEER 7 v 7 LR AWFIES O 720 OWF 7L, 1510 7% S
B3 0 24 A T 2 7o T E T

fE P+ T506-1205 Iz 5 B RRBHE i i i T OB 1:456
Lo i 1 0578-852116

F A X:057885-2121

M PR L JEE36HE255526%, HURR13THE19S3 11D

i3 # 1 350m

BF g8 3 50000k YAKF LI TEREIA—IS—H I H VT
ZEE BE Y i I0TE B GEFRL368m., 2,700m.w.e.) 15 F'1,000m
OB A h ke HE=269g/cm’

@ IR TREIIAR (5055) = FE 4R
BRI 2 (1055) =t 24
AR N 28 (143)

B ILER— 3 Z (7055) =S 2458

AR S 24188 (19) FF0R (8) ST E SR (F80)
@517 — S 2 (4057) — RN A Back: Laboratory Building, Front:
PAEN A @:_.?%;/j‘\ (143) Computer Center

5 (K5km)
To Inotani (About 5 km)

BT 2 HEIFAE R

Adjoining joint-use accommodation fa-
cilities

=
15y
L /
Nishi-Urushiyama o

'./“
s, A7
ami ‘v #
(#710km)
Hheny ** To Kamioka (sbout 10 km)

TEERHEDBR &t/ 1L
Takahara River and Mt. Ikeno in the
vicinity of facilities

=344
1)14

Research at Kamioka Observatory

Kamioka Observatory is located in Gifu pre-
fecture, Japan. The observatory was estab-
lished in 1995 to operate Super-Kamiokande, a
50,000-ton water Cherenkov detector located
1000 m underground (2700m.w.e) in the Ka-
mioka Mine.

Super-Kamiokande discovered evidence for
neutrino oscillations using atmospheric neutri-
nos in 1998. By comparing solar neutrino mea-
surements at Super-Kamiokande with the re-
sults from the SNO experiment in Canada,
neutrino oscillations were further established
in 2001. In 2002 neutrino oscillations were con-
firmed using manmade neutrinos produced by
a proton accelerator at KEK. The T2K experi-
ment, which utilizes a new accelerator facility
in Tokai village (J-PARC) for precision neutri-
no studies, started in 2009 and observed the
world’s first indication of muon neutrinos oscil-
lating 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 proj-
ects, including a double beta decay experi-
ment using calcium48 (CANDLES), a direc-
tion-sensitive dark matter search experiment
(NEWAGE), a 100 m long laser interferometer
gravitational wave experiment and geophysi-
cal measurements are underway as well
Research offices, a computing facility and a
dormitory for researchers are located near the
observatory allowing easy access to the ex-
perimental facilities within the mine.

Location

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

Tel: +81-578-85-2116

Fax: +81-578-85-2121

Geographic Location: 36°25°26” N, 137°19'11” E
Altitude: 350m

Equipment: 50,000-ton water Cherenkov detec-
tor “Super-Kamiokande”

Location of installed equipment: 1,000m be-
neath the summit of Mt Ikeno (altitude:
1,368m, depth: 2,700m.w.e.)

Primary rock type: gneiss, Specific gravity:
269g/cm’

Access

@®Toyama Airport — Bus (40min.) —
Mozumi Bus Stop — Walk (1min.)

@®Toyama Sta. — Bus (70min) —
Mozumi Bus Stop — Walk (1min.)
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Norikura Observatory
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Research Contents

Cosmic ray research in Mt. Norikura started with
an experiment conducted by Osaka City University
in Tatamidaira in 1949. In the next year, the four
institutions, Osaka City University, Nagoya Univer-
sity, Kobe University, and Institute of Physical and
Chemical Research, established a lodge for cos-
mic-ray experiments, called “Asahi Hut”, in Iwaitani
based on the Asahi Academic Grant. In August
1953, the Cosmic Ray Observatory of the Universi-
ty of Tokyo was formally established as the first
Japanese joint-use research institute for universi-
ties. In 1976, the observatory was reborn as the In-
stitute 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 parti-
cle and nuclear interactions in ultra-high energy re-
gions, cosmic ray modulations by magnetic fields
and solar activities in the galaxy and the interplan-
etary space, observation of solar neutrons and
study of cosmicray acceleration mechanism in
thunderclouds. In addition, recent activities include
researches related to the Earth environments. For
examples, aerosols are observed in the unpolluted
high mountain to study their transport mechanisms
and their effect to air pollution and cloud genera-
tion, and the green-house effect and acid rain are
studied by surveying alpine vegetation. Moreover,
the observatory is used for prototype experiments
to search for very-high-energy gamma-rays from
the sky, and performance tests of cosmic-ray tele-
scopes, utilizing its high altitude and night-sky
darkness. Thus the Norikura observatory is work-
ing as a multi-purpose laboratory used by research-
ers in various fields with its unique features.

Location

Adress: Norikuradake, Nyukawa-cho,
Takayama-shi, Gifu Prefecture 506-2100 Japan
Tel: +8190-7721-5674 +81-90-7408-6224
Geographic Location: 36°6'N, 137°33'E
Altitude: 2,770m

(average atmospheric pressure: 720hPa)
Equipment: 2 power generators (AC 125kVA)
Suzuran Lodge: 4306-6 Azumi, Matsumoto-shi,
Nagano Prefecture 390-1513 Japan

Tel: +81-263-93-2211

Fax: +81-263-93-2213

Access
@Matsumoto Sta. of JR Chuo Line —
Matsumoto Dentetsu (30min.) —
Shinshimashima Sta. —
Matsumoto Dentetsu Bus (2hrs) —
Bus terminal at the summit of Mt.Norikura —
Walk (25min.) (Bus service: Jul. to early Oct.)
@Takayama Sta. of JR Takayama Line —
Hohbi Bus via Hirayu (2hrs) —
Bus terminal at the summit of Mt.Norikura —
Walk (25min.) (Bus service: Jul. to early Oct.)
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Akeno Observatory
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Research Contents

At the Akeno Observatory, extremely
high-energy cosmic rays with energies
exceeding 10 eV were observed by
the AGASA experiment. The AGASA
had been in operation as the world’s
largest air-shower array for 13 years
since 1990, but was terminated in Janu-
ary 2004, while handing over the obser-
vation to its larger scale hybrid succes-
sor Telescope Array (TA) in Utah,
USA. The observatory now supports
the operation of TA in Japan, research
and development related to the obser-
vation of high energy cosmic rays and
the use by university collaborators in
associated fields.

Location

Address: 5259 Asao, Akeno-machi,
Hokuto-shi, Yamanashi Prefecture
4080201 Japan

Tel: +81-551-25-2301

Fax: +81-551-25-2303

Geographic Location: 35°47'N, 138°30'E
Altitude: 900m (average atmospheric
pressure: 910hPa)

Access

@®Nirasaki Sta. of JR Chuo Line —
Taxi (25min.)
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Chacaltaya Observatory of Cosmic Physics
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Chacaltaya Observatory of Cosmic Phys-
ics has been jointly operated with Boliv-
ia since 1962 at Mt. Chacaltaya, Bolivia,
as the world-highest cosmic-ray labora-
tory (16°21°S, 68°08'W, 5300m a.s.l).

The air-shower experiment, BASJE (Bo-
livia Air Shower Joint Experiment), aims
to investigate the origin of primary cos-
mic rays around and above the knee re-
gion (~10"eV) by measuring the mass
composition, the energy spectrum and
the arrival direction distribution. As a
result, the mass composition of primary
cosmic rays becomes heavier with the
increasing energy up to the knee region.
Now to investigate the upper limit ener-
gy of the galactic origin cosmic rays, we
set the energy region of the interest to
be above 10" eV.

F v HILE VFEYIEERIPT ORI ERE
Detector complex of the observatory.
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History

The Institute for Cosmic Ray Research (ICRR) conducts
observational studies of cosmic rays from various as-
pects. 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 Obser-
vatory of the University of Tokyo. This observatory was
the Japan's first joint-use research facility.

In 1957, the observatory took a pioneering initiative to
internationalize, and participated in worldwide observa-
tion 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 observa-
tions. Since then, the observatory has operated observa-
tion experiments steadily with these instruments.

In 1972, the construction of Mutron (an electromagnetic
spectrometer) was commenced, improving the experi-
mental 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 Bo-
livia—were incorporated into the activities of the obser-
vatory. In 1975, the construction of Mutron was complet-
ed. 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 Divi-
sion of the Institute for Nuclear Study of the University
of Tokyo, which had conducted similar research since
1956, to become an institute comprising 6 divisions and 1
facility. In 1977, the Akeno Observatory was formally
recognized as a second adjunct facility. In 1979, a square
kilometer scale air-shower detector array was installed
at the Akeno Observatory, and an emulsion chamber on
Mt. Fuji. In 1981, Japan-China joint research was initiat-
ed using the emulsion chamber. In 1983, a proton decay
experiment was started as a joint use experiment in Ka-
mioka, and the construction of facilities for studying pri-
mary cosmic rays was completed.

From 1985 on, ICRR started to produce increasingly sig-
nificant experimental results, and further improved its
experimental equipment. In 1987, the Kamioka Observa-
tory succeeded to detect neutrinos from a supernova for
the first time in the world. In the same year, the con-
struction of a 100-square kilometer scale wide-area
air-shower detector was commenced at the Akeno Ob-
servatory. In 1988, the Kamioka Observatory observed a
deficit of solar neutrinos, and in 1989, the Norikura ob-
servatory observed a considerable increase in cosmic
neutrons in solar flares. In 1990, the construction of the
wide-area air-shower detector at the Akeno Observato-
ry was completed. In 1991, the construction of Super-Ka-

miokande 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 ob-
served a significant shower with its energy beyond the
theoretical limit, and the Kamioka Observatory detected
an anomaly in atmospheric neutrinos. In 1995, the Ka-
mioka Observatory became the third adjunct facility of
ICRR. In 1996, the construction 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 neutri-
nos, ICRR started a long-baseline neutrino experiment in
which the Super-Kamiokande detected the neutrinos ar-
tificially produced by an accelerator at the High Energy
Accelerator Research Organization. ICRR also estab-
lished the Research Center for Cosmic Neutrinos in the
aim of paving the way for new fields of neutrino re-
search by integrating data and scientific ideas. Further,
ICRR was granted a Scientific Research Fund for a COE
(Center of Excellence), which helped significantly im-
prove the ultra-high-energy gamma-ray telescopes in
Australia. In 2003, ICRR was granted a Scientific Re-
search Fund to construct the Telescope Array (TA) ex-
periment to investigate the origin of extremely high-en-
ergy cosmic rays. After five years of construction, TA
started observation in 2008.

On April 1, 2004, the University of Tokyo became an in-
dependent administrative entity, and ICRR was reorga-
nized to house 3 research divisions. On April 1, 2010,
ICRR renewed its inter-university research activities as
a new “Inter-University 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 trans-
form into an electron neutrino. The data from T2K show
clear evidence for muon-neutrino to electron neutrino
oscillations by 2014. In March 2012, very high-energy
gamma-ray observatory in Australia, the CANGAROO
experiment, ended its operation. The gamma-ray studies
will be taken over by the CTA (Cherenkov Telescope
Array) project. The first Large Size Telescope (LST) of
CTA will be constructed in 2015-2016 at La Palma in Ca-
nary Islands.
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1950  Asahi Hut (wooden structure; about 50 sq. meters) was constructed on Mt. Norikura based on the Asahi Bounty for Science.

1953  Asahi Hut was incorporated into the Cosmic Ray Observatory, the University of Tokyo (1 Aug).

1955  The main building and research facilities of the Norikura Observatory were constructed (the opening ceremony was held on Aug. 29).

1956 - The Cosmic Ray Division (composed of Air Shower Section and Emulsion Section) was inaugurated at the Institute for Nuclear
Study, the University of Tokyo.

1957  The Norikura Observatory participated in IGY (International Geophysical Year) activities, and began air shower observation.

1958  The emulsion chambers at Norikura Observatory started operation.

1959 - Air shower observation started at the Institute for Nuclear Study, the University of Tokyo.

1960 - The Emulsion Section of the Institute for Nuclear Study, the University of Tokyo, developed a large-size balloon.

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

1966 - 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, the University of Tokyo.

1968 - The Emulsion Section of the Institute for Nuclear Study, the University of Tokyo, started observation on Mt. Fuji with emulsion chambers.

1972 A full-time director was appointed.

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

1973 The ultra-high energy weak-interaction division was newly established.

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

1974 A full-time chief administrator was appointed.

1975 MUTRON was completed.

The construction of the Akeno Observatory started.
The ultra-high energy strong-interaction division was newly established.

1976  In the wake of the amendment of the National School Establishment Law, the observatory was reorganized into the Institute for
Cosmic Ray Research (ICRR) (25 Aug); The ultra-high energy strong-interaction division was divided into two divisions, and the
three divisions of the Institute for Nuclear Study, the University of Tokyo (muon measurement, experimental meson physics and
cosmic ray study) were transferred to ICRR. As the result, ICRR started out with 6 divisions and 1 observatory.

1977  The Akeno observatory was established as one of the ICRR facilities (18 Apr.).

1978  The Akeno Observatory performed the opening ceremony (6 Oct.).

1979  The Akeno 1km? air shower detector was completed.

The special facility for emulsion chamber on Mt. Fuji was constructed. The 16th International Cosmic Ray Conference was held in
Kyoto (Aug).
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1981  Japan-China joint research on emulsion chamber observations started.
1982  The cosmic ray detection division (for guest researchers) was newly established.
1983  The nucleon decay experiment started in the Kamioka Mine as a collaborative research project.
The primary cosmic ray research facility (ie. mass spectrometer etc) was installed.
1986  The first committee for future projects was organized.
1987  The underground detector at Kamioka observed a neutrino burst from a supernova for the first time in history.
The construction of the 100km’ wide-area air shower detector, AGASA, started at the Akeno Observatory.
The first committee for future project submitted an evaluation report.
1988  The underground detector at Kamioka observed a deficit in solar neutrino flux.
1989 A significant increase of cosmic ray intensity coincident with a solar flare was observed at the Norikura Observatory (29 Sep.).
1990  The 100km® wide area air shower detector, AGASA, was completed at Akeno.
1991  The construction of Super-Kamiokande was commenced.
The second committee for future projects was organized.
1992  The neutrino astrophysics division was newly established, and the cosmic ray detection division (for guest researchers) was dis-
continued.
The gravitational wave group joined in muon measurement division at ICRR.
The Cangaroo project started in Australia
The Cangaroo observed TeV gamma rays from a pulsar (PSR1706-44).
1993  The construction of air shower gamma ray detector in Tibet started.
1994 A computer center was built at Kamioka Observatory (Jan.).
The excavation for SuperKamiokande was completed (Jun.).
A giant air shower with energy of 2 x 10®eV was observed at Akeno An external evaluation of ICRR was conducted.
The anormalous zenith angle dependence of the atmospheric neutrinos was observed at Kamioka.
1995 The neutrino astrophysics division was discontinued, and the Kamioka Observatory for Cosmic Elementary Particle Research
was established (1 Apr).
The completion ceremony of Super-Kamiokande was held before filling water (Nov.).
1996  The full-scale operation of Super-Kamiokande began (1 Apr.).
1997  The air shower gamma ray detector in Tibet was completed.
1998  The Super-Kamiokande collaboration officially announced the discovery of none-zero neutrino mass (5 Jun.).

The construction of the Kashiwa Campus was commenced (Nov.).
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The Research Center for Cosmic Neutrinos was established (1 Apr.).

The Cangaroo-2 began operation in Australia.

Preparation of the Cangaroo-3 began in Australia.

ICRR moved to the new Kashiwa Campus (Feb.-Mar.).

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

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 (Dec.).

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

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

The construction of the Telescope Array was commenced.

Four telescopes for the Cangaroo-3 Project were completed.

Japanese national universities became independent administrative agencies (1 Apr.).

The research divisions of ICRR were reorganized into the three divisions: Neutrino and Astroparticle Division, High Energy Cos-
mic Ray Division, and Astrophysics and Gravity Division (1 Apr.).

The restoration of the Super-Kamiokande was completed.

The Committee on Future Projects III was established.

The Committee on Future Projects III submitted its report.

The Telescope Array experiment started observation.

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

ICRR became an Inter-University Research Center, renewing its existing function as an inter-university research institute.

The Large Cryogenic Gravitational Wave Telescope (LCGT; later named KAGRA) was approved as a Leading-edge Research In-
frastructure Program by MEXT. The construction started.

The Gravitational Wave Project Office was established (1 Apr.).

The T2K experiment caught a sign of electron neutrino appearance (15 Jun.).

The Committee on Future Projects IV was established.

The Cangaroo experiment ended its operation.

The excavation of KAGRA tunnel was completed (Jul).
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Research Center for Cosmic Neutrinos

Administration of ICRR
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.

The board members are selected from the
following personnel..

1) the professors and associate professors of
ICRR, enumerated by the Chancellor of
The University of Tokyo.

2) the Dean of Department of Science and
the Director of the Executive Office, the
University of Tokyo.

3) the Director of National Astronomical Ob-
servatory, the Director of the Institute for
Particle and Nuclear Study of the High
Energy Accelerator Research Organiza-
tion, and the Director of Yukawa Institute
for theoretical Physics, Kyoto University.

4) those who have academic careers inside
and outside of the university and who
were enumerated and entrusted by the
Chancellor of The University of Tokyo.

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 appoint-
ment of staff members. The council is com-
posed of the director and all full-time profes-
sors 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 com-
posed of about 14 researchers from both in-
side and outside ICRR (more than half are
from outside ICRR).

Inter-University Research Advisory
Committee:

This is a committee for having discussions
to facilitate joint-use researches, and sug-
gesting or reporting the results to the Advi-
sory Committee. This committee is com-
posed of members selected from inside
ICRR, and outside members who have aca-
demic careers (more than half are from out-
side the University of Tokyo).

Inter-University Research Program
Selection Committee:

This is a committee for having discussions
to select Inter-University research programs
from applications. This committee is com-
posed of members selected from inside
ICRR, and outside members who have aca-
demic careers (more than half are from out-
side the University of Tokyo).
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Past Representatives

@ Cosmic Ray Observatory, The University of Tokyo
Aug. 1, 1953-Aug. 31, 1955
Sep. 1, 1955-Sep. 21, 1959
Sep. 22,1959-Jul. 31, 1960
Aug. 1, 1960-Nov. 30, 1960

Morizo Hirata
Seishi Kikuchi
Acting Director Itaru Nonaka

Director
Director

Acting Director Hiroo Kumagai

Director Itaru Nonaka Dec. 1, 1960-Mar. 31, 1970
Director Kouichi Suga Apr. 1, 1970-Mar. 31, 1972
Director Saburo Miyake Apr. 1,1972-May 24, 1976

@ Institute for Cosmic Ray Research, The University of Tokyo

Director Saburo Miyake May 25, 1976-Mar. 31, 1984
Director Kouichi Kamata Apr. 1, 1984-Mar. 31, 1986
Director Ichiro Kondo Apr. 1, 1986-Mar. 31, 1987
Acting Director Goro Tanahashi Apr. 1, 1987-Apr. 30, 1987
Director Jiro Arafune May 1, 1987-Mar. 31, 1997
Director Yoji Totsuka Apr. 1, 1997-Mar. 31, 2001
Director Motohiko Yoshimura Apr. 1, 2001-Mar. 31, 2004
Director Yoichiro Suzuki Apr. 1, 2004-Mar. 31, 2008

Kazuaki Kuroda  Apr. 1, 2004-Mar. 31, 2008
Masaki Fukushima Apr. 1, 2008-Mar. 31, 2012
Takaaki Kajita Apr. 1, 2008~
Toshio Terasawa  Apr. 1, 2012-

Vice Director
Vice Director
Director

Vice Director

@ Norikura Observatory

Acting Director Saburo Miyake May 25, 1976-Feb. 28, 1977

Director Ichiro Kondo Mar. 1, 1977-Mar. 31, 1987
Director Toshinori Yuda Apr. 1, 1987-Mar. 31, 2000
Director Masaki Fukushima Apr. 1, 2000-Mar. 31, 2003
Director Masato Takita Apr. 1, 2003~

@ Akeno Observatory

Director Koichi Kamata Apr. 18, 1977-Mar. 31, 1984
Director Goro Tanahashi Apr. 1, 1984-Mar. 31, 1988
Director Motohiko Nagano  Apr. 1, 1988-Mar. 31, 1998
Director Masahiro Teshima Apr. 1, 1998-Dec. 31, 2002
Director Masaki Fukushima Jan. 1, 2003-Mar. 31, 2012
Director Hiroyuki Sagawa  Apr. 1, 2012-

@ Kamioka Observatory

Observatory Head  Yoji Totsuka Apr. 1, 1995-Sep. 30, 2002
Observatory Head  Yoichiro Suzuki Oct. 1, 2002-Mar. 31, 2014
Observatory Head Masayuki Nakahata Apr. 1, 2014-

@ Research Center for Cosmic Neutrinos
Center Chief Takaaki Kajita Apr. 1, 1999-
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Research Budget & Facilities

R RELE  Annual Expenditures

T-1J thousand yen
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Inter-University Research and Education

HEFI AR
Inter-University Research

FOTLRAF AT ZERT 1 JEFAUH - LRI 7RI & LTI v &S & il R 52 0 b F-IF 78 it 5 e Ll By . B 8l
Fr O g fe% T FEFHEZ 1T > T E T F2EHNO AL O3 i TOEBM I REREEDIT> TV E T,

NS QILFF AN HEEE OWIFE A 5 A% L. I FAHEE ZEAS R OCEFRFHERTEMZESTHRIRL 3.
SRR 264F BE D Jitiae B O HEE R & TRIREEUI LT o & B Y TF .

ICRR, as one of the “Inter-University Research Centers,” conducts Inter-University Research at Kamioka observatory, Norikura Ob-

servatory, Akeno Observatory, and on Kashiwa Campus. The ICRR joint-research operates internationally as well as domestically.
The Inter-University 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 2014.

TR 2641 BEFI FH AR HEEE PRI HEBFEE R
Joint-Use in FY2014 Number of Applications | Number of Successful Applications | Number of Total Researchers
(VAL RN
FH=2— MY 2 BFZEEEM 39 (38) 39 (38) 339 (833)
Neutrino and Astrophysics Division
T T L — G AT 7R
High Energy Cosmic Ray Division 48 110] 48 10] 1001 {75]
T AR PR SE R M
Astrophysics and Gravity Division 24 24 543
FH=a— ) 2 BEREEE Y 7 — 3 g 01
Research Center for Cosmic Neutrinos

[X 55 SRR 224 RN 234FE SRR 244F B SR 254 B SR 264FE
Category FY2010 FY2011 FY2012 FY2013 FY2014
A2 Personal Expenses 576,000 653,000 658,000 687,000 706,000
Y%  Non-personal Expenses 1,048,000 1,400,000 1,172,000 1,034,000 1,189,000
& &F Total 1,624,000 2,053,000 1,830,000 1,721,000 1,895,000
9+EI[B§%% External Funds, etc FH thousand yen
P22 AF R SERE23 AERE SER24 AERE SERE25 4E SER26 4F 5
[X 45 FY2010 FY2011 FY2012 FY2013 FY2014
Category B | AR | 5| ZASE | M| ZASE || ZASE | B | ZASHE
Quantity | Amount Received | Quantity | Amount Received | Quantity | Amount Received | Quantity | Amount Received | Quantity | Amount Received
RH&E & o L[
Joint Research with the Private Sector 1 1,000 1 500 0 0 1 3,000 1 300
LS
1';’? RLAFIE 2 38,000 1 29,239 0 0 2 36,321 2 38,250
ntrusted Research
BEEHE
];znation for Scholarly Development 3 760 0 0 1 85 1 364 1 181
BRI ERIKEE  Grants-in-aid for Scientific Research T thousand yen
SR 224F [ SR 234 RG24 4F 1 SR 254F SR 264
wrgefi H FY2010 FY2011 FY2012 FY2013 FY2014
Research classes ¥ | AR | | ZASE | | SASE || ZASE | 4| ZASHE
Quantity | Amount Received | Quantity | Amount Received | Quantity | Amount Received | Quantity | Amount Received | Quantity | Amount Received
AR 1 112100 | 1 | 103300 | 2 | 187300 | 2 | 168100 3. 191800
pecially Promoted Research
PRl bt
Creative Scientific Research 1 99,700 1 72,100 0 0 0 0 0
AT SIS R
Scientific Research on Priority Areas 0 0 0 0 0 1 10,000 3 80,700
e BESAT 5
Particular Field Research 1 1,600 1 1,700 0 0 0 0 0
S 2 52800 | 2 47900 | 1 . 10700 | 1 | 10700 0 0
cientific Research (S)
i 3 19400 | 4 34800 | 4 | 72200 | 4 | 47000 3 13300
cientific Research (A)
FAENFZE (B)
Scientific Research (B) 1 5,100 5 33,200 4 12,700 5 15,800 3 15,200
HAEWFE (C)
Scientific Research (©) 6 6,200 ) 4,800 4 3,700 5 6,800 Q) 6,100
#FoE (A)
Grant-in-Aid for Young Scientists (A) 1 2,900 1 5,600 2 12,700 2 9,900
i FF%E (B)
Grant-in-Aid for Young Scientists (B) 6 9.300 4 5100 3 2,700 5 6,000 8 8,000
SBIBRE 2 1000 | 4 5900 | 6 9000 | 4 4,700 2 3400
allenging Exploratory Research
e E A 7 — b %
Research Activity Start-up 1 1,200 1 800 0 0
/E'\TO tf+ 23 307,200 28 311,700 26 305,100 30 282,600 29 328,400
PRt O - @BYEFRE  Locations and Land/Building Areas FREEBE Locations of Facilities

Wi 3% Facilities | HTEH - B55% 5 Location and Telephone Number | 1:4 Land Area () | FHy Bulding Area (1)
HE X VoS A | TEIATIHOES-15 TEL: 04-7136-3102(8%4#) | 313,391 7185
Kashiwa Campus | 515 Kashiwanoha, Kashiwa:shi, Chiba Prefecture, Japan TEL:+8147136:3102 | (1% /S A 20k) ’
AR PTG | AR MT SR FE456 TEL - 0578852116 | 95523 2,195
Kamioka Observatory | 45 Higashimozur, Kamiokacho, Hideshi, Gifu Prefecture, Japan TEL: +81578852116 | (f& A 93,118) (f&% A140)
Fe 5 81 W P | BRI E LR RSB TEL : 090-7721-5674 59,707 1655
Norikura Observatory | Mt Norkura, Nyukawa-mura, Ohno-gun, Gifu Prefecture, Japan TEL:+81-90-7721-5674 (ﬁlh A ) ’
§n B A T | REFEISAN 2543066 TEL : 0263-93-2211 2,203 182
Suzuran Lodge of Norkura Observatory | 4306-6 Azumi Suzuran, Minamiazumi-gun, Nagano Prefecture, Japan TEL:+81-26393-2211 (f&A)
B B 81 A | LA TS AT 5259 TEL ¢ 0551252301 18,469 2843
Akeno Observatory | 5259 Asao, Akeno-machi, Kitakyoma-gun, Yamanashi Prefecture, Japan TEL: +81:551+25-2301 (ﬁlh A ) i

@
omu o
Toyama [o)
WP SR T ISy e
Kamioka Observatory
O Matsumoto
=l W SEERE A
o WERIT_ .
Eﬁﬁi‘ﬁﬁiﬂﬂﬁﬁl RIS

eno Obsarvatory O B Tohyon [ 1iBFhiwa Carpus
Kofu

C O bRz [ ] A - RedkBIT

KA
Education
HRURZTHRRIIZERT 13 B U RS2 AR B L K L HBGRE O — B8R & L TRER S A % 2 AR
25 5HEEHITRFIHEOBERDHEL L T E T B PP ELHRI 2 RBEEEIF -V ERML T T T,
F R RBRFERERO—BRE LT BN O RO KR 2 | S A fe i ged: A ELAITZE2E & L C=iF AR
HEHHAVTVE T,
FORREFHRT T O R EBE A A Z AL T D L B0 T,

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.

SR 234 SRR 244 SR 254F i SR 264F SRL2TAE R

FY2011 FY2012 FY2013 FY2014 FY2015
L o 14 (0) 19 (0) 27 (4) 50 (5) 30 (3)
Master's course
b j: 15 (2) 12 (2) 16 (1) 17 (0) 22 (2)
Doctor’s course
& at
Total 29 (2) 31 (2) 43 (5) 47 (5) 52 (5)

()P EETHE

The number in parentheses “( )" represents the number of female students.
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International Exchange
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International Projects

RAVETOF ¥ ANV INTIZ. Vg ry-For
IN—Z TR OE 2 S B O e Th i
TwET,

On Mt. Chacaltaya in Bolivia, studies on nuclear interac-
tions by cosmic rays are conducted using emulsion cham-
bers.

BFXy ORI N=F V) EETIE B Y
7 —BilEELHNTHZ AL F— ?ﬁﬁfﬁ%;’é%ﬁ?ﬁ‘ b
TwEd,

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

B7 A A0y Tl RKEAEOEHE RS 2 T = 4
V¥ —DOFHAMMOBI - AR 21T o TV E T,
In Utah, USA, observational studies of ultra high-energy
cosmic rays are conducted.

T MO TERICE. T A A0S
ZMLTWET,
The underground experiments at Kamioka are joined by
many researchers from USA.
5T LB A A 28 it I 2 & RS L 7o KB K OVEERid, K1
Y T,
Recent agreements on international academic exchange are
listed on Table 1.

< DWFFEHEH

HNEAATRE EDAN T
International Exchange

HFEFHFZE SN L T B4 E AWF5EE 0 B i¥ﬁl‘226
ERETRER2087712 LD 3. 5O/ EAIZEE D%
Bz, FRK20@E) T,

A total of 2087 foreign researchers have joined ICRR in-
ter-university research projects by 2014. Recent data on the
number of accepted foreign researchers are given in Table 2.

[222] RHAMEIA

Table 2 Accepted Researchers
AV E W78 B

(TR A EEST)
Foreign researchers

(MEXT projects)
HHEABEFE# (P ARABTE 55)
Foreign researchers

(Appointed by the Japan 0 | 4 |14 211 23
Society for the Promotion of
Science)

CPIS264E s EIRF7EsS IR A & 1)

2010|2011 | 2012 | 2013 | 2014

[1]

SRR AL T SE TR R

Table 1 Academic Exchange Agreements

19814F

19954

19954F

19954

19954

20014

20014%

20014

20094

20094

20104

20114F

20114F

20114F

20114F

20124

20124F

20124

20124F

20134

RNVETH YTV FLARFGKRYET)

Universidad Mayor de San Andrés (Bolivia)

rh Rk I e R B ZE T (vl )

The institute of High Energy Physics, Chinese Academy of Sciences (China)
LY REHEIR(T A A1)

College of Science, University of Utah (US)

HY) T A NZT RKEET =34 VR IREER (7 2 ) A1)
School of Physical Sciences, the University of California, Irvine (US)
RA T ¥ REFEREBESCFGER (7 2V A1)

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

0¥ TREET 7 =R RITERT (a 2 7))

INR, Russian Academy of Science (Russia)

77V — FREWEEAH (A - T T)

University of Adelaide (Australia)

Wt —2Z 79 7 RKFEGYERAR (=T T)
Faculty of Life and Physical Sciences, the University of Western Australia (Australia)
V7 VR B IRFF R ()

College of Natural Science, Seoul National University (Korea)

1) 7 4 V=T TRRFELIGOW 28T (7 2 ) 71)

CIT LIGO Laboratory, California Institute of Technology (US)
NTARFETR(T X )

The Department of Physics and Astronomy, the University of Hawaii at Hilo (US)
N — TILERFFEIR (7 ) T)

European Gravitational Observatory / The Virgo Collaboration (Italy)
3 AR R 2 (v D)

The Shanghai United Center for Astrophysics Shanghai Normal University (China)
79 AT = RFEFENIWGEH (1 ¥ R)

Institute for Gravitational Research, University of Glasgow (US)

[ 3737 3R A B (v )

College of Science, National Tsing Hua University (China)
FRERFERE RifEe T 3 v 2 e A LA RATZE 2 > & — ()
The SICCAS-GCL Research & Development Center, The Shanghai
Institute of Ceramics, Chinese Academy of Sciences (China)

WA T FINLREBEEER (T ) Ir)

College of Science, Louisiana State University (US)

P RETHBA ZVT)

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

National Astronomical Observatories, Chinese Academy of Sciences (China)
< FY v FABRFHAER(ARAL V)

The Faculty Sciences, Autonomous University of Madrid (Spain)
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Achievement Reports and Awards
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International Conferences and Workshops

DWTEHLTH 59 37— AT - T X9l R 104 M Bk L 7z ERS Sk OTEIRs T e dR 21

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

OEBI—2 v avT

[RZANF—FHOT RN F -

20064F (HI8) 2/22~24 (T-%£) 1264
OEHEY— 2 ¥ 3 v 7 ()

[J-PARC =2— 1) 2 ¥—AI2xg A i [ i ik i 25

20064F (HI8) 7/13~14 (%) 614
OB —r v avTs

[RIAEE L =2 — T Y 2 Bi232007

20074E (H19) 10/2~5 () 10244
@7 L Aa—77 V4 (TA) B EHHEL L OHES
20084F (H20) 8/25 (T-3%) 10144

@580 R I F—
[HWEBRHAD 2D DMRBIL S » + 7 — 7 |

20094 (H21) 5/26~29 (#iZ:)11) 844
O F ) I E B 2Rk

[ Gravitational-Wave Advanced Detector Workshop, GWADW2010/

20104F (H22) 5/16~21 (5U#E) 1074
[ JES| S22V S AV

[ B T OV F — P H BB O ol O g

20104¢ (H22) 12/10~12 (4 )R) 114%4
OMHER Y —2 v a v

20114F (H23) 10/4~5(T-3) 394
@2 HEKAGRATV—27 v av7

20124F (H24) 5/28~29 (F-3%) 2644
@51 ELTESH )% F B 25

20124F (H24) 10/3~4 (T-4%) 8044
@3 H#EKAGRAV—27 v av 7

20124 (H24) 12/21~22 (¥ [=]) 20%4
@:54lnl H#MKAGRAV—Z2 Y av7

20134F (H25) 6/10~11 (KB) 344
@5 HEKAGRAY—27 v av 7

20134F (H25) 11/29~30 (#[E) 3644
@52 ElLiTESH ) i% F B &

20134F (H25) 12/4~5 (Hi50) 8044
OCTA LSTHE &%

20144F (H26) 1/14~17 (T-3%) 83%4

=
HpYe
JEFEFIHTZED B R AL IO THET Ml G & LT
&m%m%&n L ETHRELETMIETASY v TOHmLON L7
V) —AFRRSCHEE ICRR Report (FR30) K O°EBE 433D Proceedings
IZREENZD OO FEINI L TUTFITRLET,

Academic Papers

Reports of joint-use research are presented at academic con-
ferences in Japan and overseas, and also published in Japa-
nese and foreign academic journals. The plot shows the num-
bers of papers authored by ICRR members that are published
each fiscal year in ICRR Reports, refereed journals, and pro-
ceedings of international conferences.

Feb. 22-24, 2006
International Workshop on Energy Budget in the High Energy
Universe (Chiba), 126

Jul. 13-14, 2006
2nd International Workshop on a Far Detector in Korea for the
J-PARC Neutron Beam (Korea), 61

Oct. 2-5, 2007
Workshop on Next Generation Nucleon Decay and Neutrino
Detector 2007 (Shizuoka), 102

Aug. 25,2008
Inauguration Ceremony and Symposium of Telescope Array
(Chiba), 101

May 5, 2009
58th Fujihara seminar: World-wide Network for Gravitational
Wave Observation (Kanagawa), 84

May 16-21, 2010
Gravitational-Wave Advanced Detector Workshop,
GWADW 2010 (Kyoto), 107

Dec. 10-11, 2010
International Symposium on the Recent Progress of Ultra High Energy
Cosmic Ray Observation (Nagoya), 114

Oct. 4-5, 2011
Italy-Japan workshop (Chiba), 39

May 28-29, 2012
2nd Korea Japan workshop on KAGRA (Chiba), 26

Oct. 3-4,2012
EIiTES Ist General Meeting (Tokyo), 80

Dec. 21-22, 2012
3rd Japan Korea workshop on KAGRA (Seoul), 20

Jun. 10-11, 2013
4nd Korea Japan workshop on KAGRA (Osaka), 34

Nov. 29-30, 2013
2nd Korea Japan workshop on KAGRA (Seoul), 36

Dec. 4-5, 2013
EliTES 2st General Meeting (Tokyo), 80

Jan. 14 2014
CTA LST General Meeting (Chiba), 83

=== = h = 7
FERIRITFTATE S D FERM L
Number of Papers Authored by ICRR
e oL L
Number Of PE ers -f in umuea[\ anguage)
a0 2 U T U —ERScsS
131 Refereed English Journals
130 ERRZFIOV—F4V5  —
122 International Conference Prnceedmgs
120 115
110 104
100 —
90 —
80 —
20 70 |
60 57 -
50 |—| 49 |
40 —— 36 40 —
30 — 28, — 53 o5
20 —7 —_ —_ 17 —_

10 — e e e e —

0
Ty 22 23 24 25 26
JFY 2010 2011 2012 2013 2014
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PRSP FHFZE A Tl 3 UM & e O NS R iIF 32 T% publishes on regular basis to publicize the research activities carried

BHIh AT 272D UTFD L) BT EFITL T E 9,

FEAT IR W% ICRR B
rochure
WA 2 i1 AR WFZERTOIGBIOVER O F Lo (Japanese) As needed

i o ARV N 15 BiiIRE

ICRR Annual Report ~ 3£3¢ A1

Other Publications

The table below lists various brochures and documentations ICRR

out at ICRR.

ICRR Catalogue
(Japanese) Annually
Summery of annual activities of ICRR

Brochure on ICRR research activities for general readers
ICRR Annual Report

(English) Annually

Summery of annual activities of ICRR

ICRR Report

(English) As Needed

Research Report from Researching Divisions

ICRR News

(Japanese) Quarterly

News from ICRR

— NI RFGEATR A28 7 Ly b
WFFEFT DI OLER D T &3

HEFRREME EHREL A—/\—NIAAVTCBEFIEEL T Y EXY INDRFRHRDERR
II—/ - KOFAVRE HARF—E RA—/\—ASFHYTRRICHBIFTIAT=1— )/ BLOARBE= 21— /RBOFER
BARYEPSEFREME EERS TAY MEIV v I—7 LA LB DETRIVF—FHEESEOHR
MEHFAERZETFHFEE BROST ABESSIUFERDTIRICKRETRZEDHZ

FHFAYIVEME FEHER BUTEORNICH DRFHRNOFEARIIHRZEE T D LWL\ F U A DIFFEEARE
T4 VA= ZN5— -7 I— RERTRNRXE) ARNIESD ESFHBEICKDLEEEHZ

JakyR-JrrF-II=Z HAFB ABZi1— U/ O2TU—N\—AEICKLDABE=1— KU/ OHOEH
AUDR-IIRE REAKEE X—/N\—ASFHVTRRICEIDIAT=1— hU /IRERRDFER

ICRR Report BEIL FElE  WEZEER A & O ZE R
ICRR =2—2% M3 44l BRI OB O = 2 — 2
OFH19%E(2007) XYIvIVYISYHUYAYIL FFE= Za—hUJ/CHBNGDTEDRR
OFH20E(2008) FHESME BT AB=a1—hU/OBRAE=1— U/ REOHER
OTH206(2008) MIMEFARBREME SROZF FERENLECSDABEHLOMR
OFH22%(2010)
OTAR2ME(2010) FERF_H REEE AT=1—hU/RBORS
OTH23%E(2011)
OTH23E(2011) FEF"H BT RECEDAB=1— U/ SIRBOHR
OTH23%E(2011)
SER  eTm24f(2012) FEI"H WREE LT hVEROFED/\UZ S HIERIHEHORIE
OTH24E(2012) EAYIRE REERE AS—1—hU/RBOXR
(BFE10%F) OTH244(2012)
OTH245(2012)
OTR{25%(2013)
OTH254(2013) INE XEE RELFILF—FERHHICHII DI
O R{254(2013)
OTH25%(2013)
O 265 (2014)

OFri265(2014)
O 274 (2015)

Awards (in the past decade)

=l | [EERE - ANFIRERYIERE ) IEHE EHFE CSHABEFADR—IZROBEICHIT DINE
NEHZFABRRTZATHFEE ANES ARALERREIC K DFEELDOHF
FPEEFE"E BFEEA IEREI1—=1—hJ/E-LRRKDEF=1— U/ HERKOHER

©®2007 Benjamin Franklin Medal in Physics / Yoji Totsuka Discovery of the Neutrino mass

®2008 Inoue Prize for Science / Masayuki Nakahata Solar neutrino detection and Research of neutrino oscillation

®2008 Young Scientist Award of the Geochemistry Research Association / Hiroko Miyahara Study of the long-term solar variations using cosmogenic nuclide
®2010 Inoue Research Award for Young Scientist / Haruki Nishino Search for Nucleon Decay into Charged Antilepton plus Meson in Super-Kamiokande
®2010 Yoji Totsuka Prize / Takaaki Kajita Discovery of Atmospheric Neutrino Oscillation

®2011 Bruno Pontecorvo Prize / Yoichiro Suzuki Discovery of atmospheric and solar neutrino oscillations in the Super-Kamiokande experiment

®2011 Yoji Totsuka Prize / Masayuki Nakahata Study of the solar neutrino and its oscillations

®2011 Young Scientist Award of the Physical Society of Japan / Takashi Sako Study on the High-Energy Cosmic Ray Anisotropy with the Tibet Air-Shower Array
®2012 Yoji Totsuka Prize / Masataka Fukugita Pointing out a mechanism to generate cosmological baryon number violation originated by lepton

®2012 Japan Academy Prize / Takaaki Kajita Discovery of Atmospheric Neutrino Oscillations

®2012 MEXT Young Scientists’ Prize / Hiroko Miyahara Study for Solar activities and its effects

®2012 Young Scientist Award in Theoretical Particle Physics / Masahiro Ibe Sweet Spot Supersymmetry

®2013 Extragalactic Tinsley Scholar Award / Masami Ouchi Extensive work on distant galaxies and cosmological events in the early universe

®2013 Yodh Prize / Motohiko Nagano Pioneering leadership in the experimental study of the highest cosmic rays

®2013 Giuseppe and Vanna Cocconi Prize / Yoichiro Suzuki Outstanding contributions to the solution of the solar neutrino puzzle by measuring the flux of all neutrino flavors
®2013 Julius Wess Award / Takaaki Kajita Discovery of Atmospheric Neutrino Oscillations with the Super-KAMIOKANDE Experiment

®2014 Yukawa-Kimura Prize / Masahiro Kawasaki Supergravity and nucleosynthesis

®2014 MEXT Young Scientists’ Prize / Masami Ouchi Pioneering studies into the early universe through wide-field multi-wavelength observations

®2015 Yoji Totsuka Prize / Masato Shiozawa Observation of electron neutrino appearance in an accelerator muon neutrino beam

FHFRAMELTBIMARREARRE

OFM24%(2012) BIO BN
OFM25%(2013) BB/ &Il B— 7oA VEEYEORLBIZOET

&8P / =k

REURRE /RIS (LCGT) ARpIRRBDET YV I Ev=ab—ray
= Crab/\LU—DSOEXRER/\VR | Bl - EBXRERER C KD BEmE

OFR265(2014) HLEFT /bl BE3F  A—/\bURBICHIFDRETS v I R—ILERNUESKER

ELM /B8 I  ARZai— b ORENRRUABEED AT —1— ) /DTS IRICEZDHE
OFM274(2015) HLEFI /B FY  ESIEEEHEKAGRADIEH DIEKEBIEY X T LDIRF

1EEERFT / fE4ARRRY} T )LSINTIVICBIF B ELThNEE Hsd

IRA&— /LA #§#  Gravitational waves as a probe of supersymmetric scale

ICRR Graduate Student Workshop Best Presentation Awards

®2012 Takanori Sekiguchi Modeling and Simulation of Vibration Isolation System for Large-scale Cryogenic Gravitational-wave Telescope (LCGT)

®2013 Doctor/Ken-ichi Saikawa Thermalization of axion dark matter

Master/Ryo Mikami Giant Radio Pulses from the Crab Pulsar: Study of Radiation Mechanism with Simultaneous radio and hard x-ray observations
®2014 Doctor/Naoya Kitajima Primordial blackhole formation and gravitational wave production in a curvaton model
Master/Isao Kametani East-West Effect of Atmospheric Neutrinos And Effect of Solar Activities On The Flux Of Atmospheric Neutrino

®2015 Doctor/Chen Dan Studies on the cryogenic suspension system for KAGRA

Master/Kento Sasaki Turbulent acceleration and radiation in Fermi bubble
Poster/Masaki Yamada Gravitational waves as a probe of supersymmetric scale

Hidx v U/ 2VA

Kashiwa Campus
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mpus, The University of Tokyo

RHE S .

Computabianal Biology
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Location

@ Address: 5-1-5 Kashiwanoha, Kashiwa-shi, Chiba
Prefecture, 277-8582, Japan

@Tel: +81-4-7136-3102

Access

@Kashiwanoha Campus Sta. of Tsukuba Express Line
—Tobu bus for “West Exit of Nagareyama Otakano-
mori Sta” or “Edogawadai Sta” (approx. 10min)

@®25min.walk from Kashiwanoha Campus Sta

@®XKashiwa Sta. of JR Joban Line — Tobu Bus for “Na-
tional Cancer Center” or “West Exit of Kashiwa
Sta” ‘(approx. 10 min)

@5 min. by car from Joban Freeway’s “Kashiwa Exit”

@®About 3 min. by car from Route 16 (Entrance of
Toyofuta Industrial Park)
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