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Institute for Cosmic Ray Research and
researches in cosmic rays

The cosmic ray was discovered around 1912.
Therefore, 2012 is the 100th anniversary of the
cosmic ray discovery. It was known that there
is a radiation at the surface. In order to study if
the radiation might be coming from the ground,
Victor F. Hess rode on a balloon and investi-
gated the change of the intensity of the
radiation with the altitude. Surprisingly, the
result showed that radiation intensity went up
with the increasing altitude. This observation
was the discovery of "cosmic ray" radiation. It
was the moment of the discovery that the
universe is “shining” by high energy particles in
addition to the visible light.

Various researches continued in order to under-
stand the nature of cosmic rays. Muons, 7 and
K mesons were discovered through these
researches by the middle of the 20th century.
These researches contributed to the develop-
ment of the elementary particle physics. Then,
due to the progress in the accelerator technol-
ogy, main research activities in the elementary
particle physics shifted from the studies of
cosmic rays to experiments with accelerators.
On the other hand, it remained an important
question at where the cosmic rays are gener-
ated and how they reach to the earth. Since the
cosmic ray particles have electric charges, the
directional information of a cosmic ray at the
origin is completely lost as it arrives to the
earth. Hence, there has been little progress in
the understanding of the astronomical problems
of the cosmic rays such as the acceleration
mechanism of cosmic rays.

However, because of the rapid advance in the
experimental technologies in recent years,
researches of cosmic rays have also been
progressed rapidly. It could be said that it is
the golden age for cosmic ray researches.
Observation of high energy gamma rays and
cosmic neutrinos, which have no electric
charge, must be very important as a means to
explore the origin of cosmic rays. Progress of
gamma ray observation in recent years is truly
astonishing. The high energy cosmic neutrinos
may be detected soon. For super-high energy
cosmic rays of 10?°eV, the bending angle is less
than a few degrees when a cosmic ray propa-
gates in the Galaxy. This suggests that the
“astrophysical accelerator” which is generating
the highest energy cosmic rays could be identi-
fied by observing the arrival direction of these
particles, A new research field which could be
called as the highest energy cosmic ray

astronomy might be created. Furthermore,
there has been a significant improvement in the
sensitivity in the gravitational wave detection,
suggesting that the gravitational wave signal
could be observed in a decade. The dark matter
and the dark energy occupy 96% of the total
energy of the Universe. However, the nature of
them is unknown. Therefore the dark matter
and dark energy are studied actively by various
means. Finally, studies of cosmic rays have been
contributing to the elementary particle physics
again in recent years. The studies of neutrinos
produced by cosmic ray interactions in the
atmosphere have led to the discovery of
neutrino oscillations between muon-neutrinos
and tau-neutrinos, namely the discovery of
neutrino mass. The long-standing solar neutrino
problem has been solved as due to neutrino
oscillations between electron-neutrino and other
neutrino flavors by recent solar neutrino experi-
ments.

The mission of Institute for Cosmic Ray
Research (ICRR) is to lead the cosmic ray
researches in the world. The world's largest
neutrino detector Super-Kamiokande has
discovered neutrino oscillations. It is expected
that Super-Kamiokande will continue to get
important scientific results. On the other hand,
the researches in the world have rapid
progresses. Therefore, continuing efforts to
advance new attractive researches are required
in ICRR. For example, the construction of an
experiment on the highest energy cosmic rays,
called Telescope Array, is completed in 2008.
Various studies on the highest energy cosmic
rays have been started. An experiment, called
XMASS, has started experiment at Kamioka in
2010, whose objective is to directly discover the
dark matters. Moreover, the construction of the
gravitational wave telescope (KAGRA), whose
importance was pointed out twice by the
Committee on the Planning of Future Projects
in ICRR, have been started in 2010. We are
looking forward to detecting the gravitational
wave signal as soon as possible.

I believe that everyone admits that it is most
important for ICRR to achieve important
scientific results. However, it is also very impor-
tant to let the scientific community and the
general public know our scientific achieve-
ments. This booklet summarizes the present
activities in ICRR. We hope that this booklet is
useful for your understanding of the research
activities in ICRR.
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What's a Cosmic Ray?

Cosmic rays are nuclei and elementary partic-
les that are always falling very fast on Earth
from the universe. Enormous numbers of cos-
mic rays are always passing through our bod-
ies. Cosmic rays were discovered by Victor
Hess, an Austrian physicist, in 1912. He went
up to a high-altitude of 4000 m by a balloon,
and found that the ionization rate of the at-
mosphere increases at the higher altitudes
due to cosmic rays. After that, cosmic rays
have been extensively and progressively
studied, and mysteries in the Universe and
the Nature are being revealed.

Cosmic rays come from the neighborhood of
Earth and also from far galaxies. Galactic and
extra-galactic cosmic-rays are considered to
be accelerated at dynamical astronomical ob-
jects, such as supernova remnants, neutron
stars, and active galactic nuclei. After far-
reaching long traveling, they plunge into the
atmosphere and cause nuclear interactions
with nuclei of oxygen and nitrogen in the air.
The extraterrestrial cosmic rays that come
from outside Earth are conventionally called
primary cosmic rays, and newly produced
particles via the nuclear interactions are
called secondary cosmic rays. The main com-
ponents of secondary cosmic-rays are muons,
neutrinos, electrons, gamma-rays and neu-
trons. While electrons and gamma rays are
absorbed into the air, muons and neutrinos
can be observed even under the ground.
Why we study cosmic rays is that a lot of in-
formation, for instance on the origin of the
forces working between substances and on
the structure of universe, is hidden there.
The former Minister of Education, Akito Ari-
ma, gave the following words to the Kamioka
group of this institute: “The cosmic-ray is a
heavenly revelation”. There words show the
essence of cosmic-rays. Cosmic-rays are ex-
actly signs sent from the heaven, in whice in-
formation on a wide range of problems from
the micro-world connected with the root of
substance to the macro-world of the universe
are packed.

In the histories of elementary particle phys-
ics and astrophysics, studies of cosmic-rays
have had significant impact. Elementary par-
ticle physics, itself, was born from observa-
tions of cosmic-rays. Positrons, which are the
antiparticles of the electron, the muon and
the pion were discovered in cosmic-ray obser-
vations from the 1930’s to the 1940’s. Cosmic-
rays provide natural experimental facilities
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beyond the human-made ones, thanks to the
flux and/or high-energy in the past, and it is
correct even at present in some cases. The
discovery of neutrino-oscillation, which is be-
yond the standard model in particle physics,
is fresh in our memory. Also, recent gamma-
ray observations are revealing dynamical as-
pects of astrophysical objects, such as super-
nova remnants and active galactic nuclei.
Furthermore, the origin of cosmic-rays and
the highest energy of cosmic rays are big
mysteries in physics.

There are various ways to study cosmic-rays,
depending on the object to be investigated,
just as we will go to high mountains or caves
or even into the sea to hear the voice of the
heavens. To investigate the primary cosmic
rays directly, we have to go to as high an alti-
tude as possible, by climbing high mountains,
launching balloons, etc. When an ultra-high-
energy primary cosmic-ray enters the atmos-
phere, electrons, gamma-rays and muons in
the secondary particles fall on a wide area of
the surface like a shower. We call such a phe-
nomenon an air shower. To investigate air-
showers in a specified way, we sometimes go
to a wide basin with clean air. As it is diffi-
cult to select neutrinos and high-energy
muons in the other background cosmic rays,
we go underground, where the background
can not reach.

The gravitational waves possibly coming
from the universe are included in the re-

search projects. A gravitational wave is a dis-
tortion of space, propagating in the universe
with the wvelocity of light, which is caused
when a massive object is put into motion.
This is one of the problems not verified yet
among Einstein's predictions. To find very
small distortions of space, we must maximize
the detector sensitivity. Therefore, an experi-
ment must be conducted at a very calm
place without trembles or vibrations. By add-
ing the study of gravitational waves, the
most uninvestigated elementary particle, the
graviton, will be illustrated, and a clarifica-
tion of the mysteries of substance and uni-
verse will be greatly progressed.

The research activities at the Institute for
the Cosmic Ray Research cover all of those
species of cosmic-rays mentioned so far. This
institute, as a unique institute in the world is
devoted only to cosmic-rays, allows research
to respond to such hope.
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Fig.1 Inside of the Super-Kamiokande
derector
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Fig.2 Zenith-angle distribution of

atmospheric neutrinos, showing evidence
of oscillation for upward-going neutrinos.
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Fig.3 Track of the Sun seen by neutrinos.

Super-Kamiokande
295km

About
Super-Kamiokande

The purpose of Super-Kamiokande (SK) is
to study elementary particle physics and
astrophysics through neutrino detection
and nucleon decay searches. It's predecessor,
the Kamiokande experiment, observed
neutrinos from a supernova in the Large
Magellanic Cloud in 1987 and also
established solar neutrino observation
using the water Cherenkov technique.
These observations helped to create
“neutrino astronomy,” for which Prof
Koshiba was awarded the Nobel Prize in
Physics in 2002.

SK is a 50000-ton water Cherenkov
detector that is 30-times larger than
Kamiokande. The dimensions of the
detector are 40 m in height and 40 m in
diameter. It is equipped with over 11,000
20-inch photomultiplier tubes (PMTSs) in
order to observe various elementary
particle interactions in the detector. The
detector started its operation in 1996. SK
observes huge amounts of neutrinos
produced both in the Sun (solar neutrinos)
and by the interactions of cosmic rays in
the atmosphere (atmospheric neutrinos).
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Fig.4 Tokai-Kamioka long baseline neutrino oscillation experiment (T2K)

With high statistics atmospheric neutrino
data, SK observed a clear anisotropy in
their zenith angle distribution, establishing
the existence of neutrino masses and
mixing, known as “neutrino oscillations,” in
1998. Furthermore, accurate measurements
of the solar neutrino flux using
neutrino-electron scattering data in SK, in
conjunction with results from the SNO
experiment in Canada, led to the discovery
of oscillations among neutrinos produced in
the center of the Sun.

The first accelerator-based long-baseline
neutrino-oscillation experiment was
performed from 1999 to 2004. A neutrino
beam produced by an accelerator located
250 km away at KEK was directed
towards Super-Kamiokande during this
time period. The K2K experiment was
completed successfully and confirmed the
neutrino oscillation phenomenon found by
the measurements of atmospheric
neutrinos.

A new accelerator-based long-baseline
neutrino oscillation experiment, called the
T2K experiment, which utilizes a new
accelerator facility located in Tokai village
(J-PARC), was started in 2009. This
accelerator provides a neutrino beam
50-times more intense than that of the K2K
experiment. New measurements of
neutrinos using this beam will make it
possible to reveal hidden properties of the
instance, the T2K
experiment observed the world's first
indication of muon neutrino to electron

neutrino. For

neutrino oscillation in 2011.

Meanwhile, R&D to further improve the
neutrino  detection  capabilities  of
Super-Kamiokande and to thereby detect
supernova neutrinos left over from the
formation of the early universe by adding
Gd to the detector is in progress. A
proof-of-principle experiment using a 200

ton tank is currently under preparation.
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Fig.1 An electron neutrino event candi-
date observed at Super-Kamiokande. A
diffusing ring produced by electron-
Times {ns) positron shower is observed.
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T2K Experiment

The K2K experiment established the method of the accelerator-based long baseline neutrino oscillation experiment and successfully
confirmed the neutrino oscillation phenomena discovered by natural cosmic neutrinos from earth's atmosphere and the sun. Until
now, several experiments have measured all 3 neutrino mixing angles and 2 mass differences using accelerator, atmospheric, solar and
reactor neutrinos. The measurement of 613 - last unknown angle - by reactor neutrino experiments in 2012 clearly demonstrated that
the value is unexpectedly large. The one of main goals of the T2K is to establish electron neutrino appearance phenomena in muon
neutrino beam. If 613 is found to be nonzero and the technique of an electron neutrino appearance experiment is established, CP
violation measurement in the lepton sector becomes possible by further upgraded experimental setup.

Another important purpose of this experiment is precise measurement of #:3 and Am?s2 parameters. By high statistical neutrino
observation, the precisions of these parameters are expected to be almost one order of magnitude better than before. So far, sin?26
23 Is consistent with maximum (=1) from the SK, K2K and the MINOS experiments. If sin®2623 is exactly unity, it may suggest an
underlying new symmetry.

The intense neutrino beam is produced by using a new high intensity proton synchrotron accelerator complex (J-PARC) constructed
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 Baseline Neutrino Oscillation Experiment BNL E889
proposal, (1995)) is conducted. With this method, we can produce sub-GeV energy neutrino beam with narrow energy spread
efficiently from a 30 GeV proton beam. In the T2K experiment, the initial peak position of the neutrino beam energy is adjusted to
~650MeV by setting the off-axis angle to 2.5°to maximize the neutrino oscillation effects at the SK detector. The generated neutrino
beam is primarily muon neutrino with a small contamination of electron neutrino, which is estimated to be 04% at the flux peak. The
T2K neutrino beam is expected to become almost two orders of magnitude more intense compared to the K2K neutrino beam. In
Super-Kamiokande, the front-end electronics were replaced in 2008 and we have achieved very stable data taking. The beam timing
transfer system and Super-Kamiokande event selection by using the beam timing have been established.

The construction of the J-PARC accelerator complex for the T2K experiment was completed and physics run were started in January
2010. On February 24th 2010, we succeeded in observing the first J-PARC neutrino interaction event at Super-Kamiokande. Of the
88 neutrino events accumulated until just before the big earthquake on March 11th 2011, 6 electron neutrino candidates has been
found (Figure 1). The indication of this electron neutrino appearance were published in June 2011.

We resumed neutrino beam data taking in January 2012. By accumulating more data, we will establish electron appearance phenom-
ena and its experimental method. As a world leading experiment, we are also discussing about possibility to use an anti-neutrino
beam to find out all unknown quantities of the neutrino world.
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Fig2. The “ultra low radioactivity” PMT (Hamamatsu
R8778-Mod) was shown here (Up-left). Assembly of
642 PMTs was completed in 2010. (Right)
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Fig.1 The schematic view of the
detector and the water tank. The
size of the water tank is @10m x
10m. The 800 kg LXe detector is
immersed in this water tank.
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Fig.3 WIMP-nucleon elastic scattering cross section is shown. XMASS
800kg will have sensitivity down to 1045cma.

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

eXenon detector for Weakly Interacting MASSive Particles
(direct dark matter search)

eXenon MASSive detector for solar neutrino (pp/"Be solar
neutrino)

eXenon neutrino MASS detector (neutrinoless double beta
decay)

This project aims to achieve multi purposes of physics experi-

ment by using the liquid xenon (LXe) detector in the deep
underground laboratory at Kamioka mine.

Current evidence indicates that 23 % of the mass energy den-
sity of the Universe is composed of cold, non-baryonic dark
matter, which has thus made up 4-5 times more than baryonic
matter. Its precise nature is undetermined, but weakly interact-
ing massive particles (WIMPs) are an attractive candidate, and
may be detectable via rare elastic scattering interactions that
deposit a few tens of keV in target nuclei.

The advantages to use LXe detector are followings, 1) high
light yield, 2) scalability of the size up to tons of mass and 3)
easy purification of the radioactivity to reduce the internal
background by using several methods in the different phases of
xenon. Especially, there is no problem of background due to '*C
like in the organic scintillator. Those advantages lead to capabil-
ity of the detection of low energy solar neutrino from pp/"Be
chains. The 10ton LXe detector can have 10 events/day from
pp-chain and 5 events/day from "Be. This high statistic of solar
neutrino events enables us to do an accurate measurement of
the mixing angle. And the LXe detector can be used for the
direct dark matter search; for example, 1ton LXe will achieve a
few tens of better sensitivity than the current experiments and
can explore deep inside of the SUSY parameter region. In addi-
tion to those interests, the fact is that since **Xe is a candidate
of neutrino less double beta decay, 10ton LXe detector can have
neutrino mass sensitivity to 0.02-0.05 eV.

In 2007, the first phase of this program started to build 1ton of
LXe detector for the direct dark matter search. Figure 1 shows
the schematic view of the detector and the water tank for the
radiation shield. The 1ton of LXe is surrounded by about 642
“ultra-low-radioactivity” PMTs which are developed 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 sensi-
tivity 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 back-
grounds. In addition to that, LXe detector can perform a “self-
shielding” from the external gamma ray backgrounds to reduce
its flux down to several orders of magnitude due to the high
atomic number of Xe (A=54).

The experimental hall was excavated in Kamioka mine in 2007
and the water shield tank was constructed in March 2009. The
construction of the 800kg detector was completed with the
assembly of 642 PMTs in the water tank in Dec 2010. We have
been in the stage of the commissioning run. By analysis of
those data, it was found that the radioactive background con-
tributes much more than we expected. We are developing the
analysis tool to identify/remove those events and in near future,
we will also modify the detector to reduce those backgrounds.
Once we achieve the expected background level by establishing
the purification and stable condition, XMASS will reach the cur-
rent best limit in only 10 days of exposure and after a few
years of running, the sensitivity of WIMP-nucleon elastic scat-
tering cross section will reach 105cm? (Fig. 3)
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Fig.1 The current generation VHE gamma ray observa-
tories, the MAGIC, VERITAS, H.E.S.S. and CANGAROO
telescopes. The Cherenkov Cosmic Gamma Ray group
operates MAGIC on La Palma, Canary Islands, and
CANGAROO at Woomera in Australia.
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Fig.2 Very High Energy Gamma Ray Sky (>100GeV).
More than 100 Galactic and extragalactic sources have
been discovered by H.E.S.S., MAGIC, VERITAS and
CANGAROO.

Cherenkov Cosmic Gamma Ray Group

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

VHE gamma rays from 100GeV to 10TeV can
be observed with ground-based IACTs. The
history of VHE gamma ray astronomy began
with the discovery of VHE gamma rays from
the Crab Nebula by the Whipple Observatory
in 1989. The current generation IACTSs
featuring new technologies, such as HESS,
MAGIC, VERITAS, and CANGAROO, have
discovered more than 100 Galactic and
extragalactic sources of various types to date.
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Fig.3 Artist view of the CTA observatory. CTA
consists of three types of telescopes, Large Size
Telescopes (23m diameter), Mid Size Telescopes
(12m) and Small Size Telescopes (6m), and covers
the broad energy band from 20GeV to 100TeV.
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Fig4 Large Size Telescope (23m diameter)
designed by Max-Planck-Institute for Physics. CTA
Japan is contributing to the design and prototyping
of the imaging camera at the focal plane, ultrafast
readout electronics, and high precision segmented

CTA is designed to achieve superior sensitiv-
ity and performance, utilizing established
technologies and experience gained from the
current IACTs. The project is presently in its
preparatory phase, with international efforts
from Japan, the US and EU. It will consist of
several 10s of IACTs of three different sizes
(Large Size Telescopes, Mid Size Telescopes,
and Small Size Telescopes). With a factor of 10
increase in sensitivity (Im Crab ~ 104 erg s!
cm?), together with a 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 and
diverse topics in physics and astrophysics.
The century-old question of the origin of
cosmic rays is expected to be finally settled
through detailed observations of supernova
remnants and other Galactic objects along
with the diffuse Galactic gamma ray emission,
which will also shed light on the physics of the
interstellar medium. Observing pulsars and
associated pulsar wind nebulae will clarify
physical processes in the vicinity of neutron
stars and extreme magnetic fields. The
physics of accretion onto supermassive black
holes, the long-standing puzzle of the origin of
ultrarelativistic jets emanating from them, as
well as their cosmological evolution will be
addressed by extensive studies of active
galactic nuclei (AGN). Through dedicated
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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 400 of these clusters,
cooling plates and camera housing.

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

The CTA-Japan consortium is aiming at
contributing in particular to the construction
of the Large Size Telescopes (LSTs) and is
involved in their development. 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 are 23m and 400m2
respectively in order to achieve the lowest
possible energy threshold of 20GeV. All optical
elements/detectors require high specifications,
for example, high reflectivity, high collection
efficiency, high quantum efficiency and ultra
fast digitization of signal, etc. For this purpose,
CTA-Japan is developing high quantum
efficiency photomultipliers, ultrafast readout
electronics and high precision segmented
mirrors.

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 design of the 23m diameter
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 is
also operating two current observatories; one
is MAGIC on La Palma, Canary Islands, in the
Northern hemisphere, and the other is
CANGAROO at Woomera, Australia, in the
Southern hemisphere. These two facilities are
used not only for scientific observations but
also for technological development toward the
future observatory CTA.
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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 B0mm thick aluminum honeycomb
sandwiched by 3mm thin glass on both sides. A surface
protection coat consisting of the materials SiO2 and
HfO2 will be applied to enhance the reflectivity and to
elongate the lifetime.
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Fig.1 TA layout. The locations of 507 counters
are indicated by black sguare boxes.The locations
of 3 telescope stations are marked by green
square boxes.
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Fig.2 (left) One of the TA ground array detectors deployed in the field. Four moreare seen behind.

(right) TA air fluorescence telescopes.
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Fig.3 The energy spectra of UHECR
measured by TA: TA surface detector
(@), TA monocular fluorescence detec-
tor (¥), and TA preliminary hybrid
analysis (H) together with other
experiments.
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Fig.4 The average Xmax vs. energy of
TA cosmic ray events.

Telescope Array

The Telescope Array (TA) was built to
study the nature 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 larger than that of AGASA, a
predecessor of TA, which had been
operated until 2004 in the Akeno
observatory in Yamanashi, Japan. The
large sensitivity and the precision of TA
help to improve the association of high
energy cosmic rays with the potential
astronomical sources in the sky. The TA
has been operated by the international
collaboration of Japan, USA, Korea, Russia
and Belgium. Observations by the TA
began in the spring of 2008. By around the
end of April 2011, 856 cosmic ray events
above 10'°eV have been collected by the air
shower array. Employing all the detectors
and elaborate calibration facilities, the TA
preliminarily determined the
spectrum (Fig.3), composition (Fig4) and
arrival directions of UHECRs in the
universe (Figb). The TA spectrum is

energy

consistent with highest-energy suppression
predicted by Greisen, Zatsepin and Kuzmin
(GZK). The composition by TA is consistent
with proton. The arrival directions by TA
are consistent both with LSS (Large-Scale
Structure) model and isotropic model. Here
strong galactic halo magnetic field is
required for UHECRs above 10'°eV. No
significant correlations with AGNs are
found, and no significant clustering is found.
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Fig.5 Hammer projection of the TA cosmic ray events with E > 10'¢-7¢ eV and nearby
AGNs in the Galactic coordinates. The TA events are shown by red circles, and the
AGNs are represented by black dots. The light blue area shows the boundary of the

TA exposure.
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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

primary cosmic rays above“‘Knee”
energy region.
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Fig.6 Differential variation of primary cosmic
ray anisotropy at solar time frame (Compt-
on-Getting effect) between 6-40 TeV.
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Fig.7 Cosmic ray anisotropy at sidereal time
frame for 4, 6.2, 12, 50, 300 TeV from above.
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Fig.5 Upper panel: yearly variation of sun spot numbers.Lower panel:Comparison of
Sunsshadow depth in cosmic rays between MC simulation and the observed data

Tibet air array (Tibet-III) is located at Yangbajing (4,300m a.s.l), 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-ener-
gy primary cosmic rays; The study of 3-dimensional global structure in the solar and inter-
planetary magnetic fields by means of high-energy galactic cosmic rays; The measure-
ment of high-energy galactic cosmic-ray anisotropies.

Tibet-III, 3,7000m 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

cm in thickness, and equipped with a 2-inch-in-diameter photomultiplier tube. The detec-
tion threshold energy is approximately a few TeV. The angular resolution of the air-show-

er 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 Tibet-III, set up are 80 m burst de-
tectors 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" (105-1016
eV) energy region by the hybrid experiment with the burst detectors and Tibet-III.

We successfully observed TeV gamma-ray signals from the Crab Nebula for the first time
in the world as an air-shower array. TeV gamma-ray signals from active galactic nuclei,
Markarians 501 and 421, were also observed.

We made a precise measurement of the energy spectrum of primary cosmic rays in the
"knee" (10'5-10% eV) region. The chemical composition in the "knee" region is a crucial key
to clarify the mechanism of how cosmic rays are generated, accelerated and propagated
to Earth. The hybrid experiment with the 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 magnetic fields. It is expected that Tibet-III will exclusively provide impor-
tant data to study the global structure of the solar and interplanetary magnetic fields cor-
related with 11-year-period solar activities. Covering mostly the solar cycle 23 (our data
from 1996 to 2006), we show that yearly change in the Sunls 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 ap-
parently caused by the terrestrial orbital motion around the Sun at the solar time frame.
We also made precise 2-dimensional maps of high-energy (a few TeV to a few hundred Te-
V) galactic cosmic-ray anisotropies at sidereal time frame. Besides the established "Tail-in"
and "Loss-cone" anisotropies, we discovered a new anisotropy in the Cygnus region. 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, suggesting

that they be celestial sources emitting TeV gamma rays. They were recently confirmed
by the Milagro experiment in U.S.A.
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A Subaru image of the Crab nebu-
la, which is known as an efficient particle
10545 DB EBRFEDEIC SNz accelerator. A rotating neutron star, the
BEFRHFE (DT/NLY—) HEZED Crab pulsar, which was created after the
BiMCH b, BERKICIRILF—%M supernova explosion in 1054 AD, is at

the center of the nebula and known to

provide energy throughout the nebula.

5 I I T T
10 ‘ ' ‘ ‘ E
3 Geotail/LEP on 27 Dec 2004 F
i -,.- B scaled CEM (original x280) i
4 ! 'inﬁ!# O scaled CEM (3bin ave x280)
10" 3 ALY = McP 3
. A |
L 10° 5 = I -
v ] - g
o 3 T b I
c * : ] -
3 10’ £ +++++ 1 ';j - -
° 5 2 ¥ hﬂu g
E ' .o |
1 - 31 initial | #
10 3 - rise E
] * profile F
i 0 20 40 60 I
10° i i

0 100 200

300 400

ms after onset

2 GeotaillHENBALEIYIRY—
SGR1804-20DEX 7 L 7 —DEXIRIFH
DEEZE(E—0ZSTRYIDE00= URLHE),
fHDFALDXER - v FRRHRE G E— T BRI
BILTLEV. E—IRDOIRILF—RERF
COBLDEACKIDHEESINE Ul

500

600

Fig.2 A hard X ray light curve during

the B00msec peak interval of a giant
flare of the magnetor, SGR1804-20,

obtained by the Geotail spacecraft.
Since almost all the other X/gamma
ray detectors were saturated during
the peak interval, the peak energy flux
was estimated from this observation.

M3 FHEEE L THSNDM828F.H Fig.3 A Subaru image of M82 starburst galaxy,
which is known as a cosmic ray source. The energy
density of cosmic ray particles inside this galaxy is
five hundred times higher than that within our
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The high energy astrophysics group
aims at making theoretical and observa-
tional studies of violent astrophysical
phenomena, in which nonthermal cosmic
ray particles are being accelerated.
Targets of our study include supernova
explosions/pulsar magnetospheres (Fig.
1), giant flares of magnetars (Fig. 2), jets
from active galactic nuclel, star-burst
galaxies (Fig. 3), mysterious gamma ray
bursts, and galaxy clusters. In addition to
these distant high energy phenomena,
we have also been studying nearby
heliospheric phenomena, such as solar flares,
planetary bow shocks/magnetospheres,
interplanetary shocks, and the heliosheath.
While the energy coverage of these
heliospheric phenomena is rather limited,
at most up to 10°~10" eV, their in situ
studies have made detailed assessment of
theoretical models possible. A well known
example is the diffusive shock accelera-
tion (DSA) process, which was proposed
in late 60s and has become since then the
modern basis for cosmic ray origin
theories.

In acceleration processes of nonthermal
particles, energies of background
plasma/magnetic field are transported
into selected particles. Understanding of
such  transport/selection  processes
requires consideration based on micro-
scopic plasma physics. The magnetic
reconnection (MRX) process is another
famous example. Research tradition in
Japan for studies of DSA and MRX
processes provides the background for
the activity of our high energy astrophys-

ics group.



BEIRIF—F

EFRAMZEERPT

Ashra
All-sky Survey High Resolution Air-shower detector
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Very high-energy cosmic rays, such as
gamma rays, nucleons, and neutrinos,
traveling the universe, finally reach the
Earth. They then interact with the
atmosphere and leave a stamp, called an
“airshower”. Ashra (Allsky Survey
High Resolution Air-shower detector) is
an experiment for obtaining fine images
of “air-showers” over the whole sky, as
well as directly observing starlight. By
examining unknown objects or phenom-
ena through optical flash, gamma rays,
and ultra high-energy neutrinos with
newly developed detectors, we wish to
create a new region of science, called
ultra high-energy particle astronomy.
We improved the optical system of the
detector, and have come to obtain
air-shower images more closely over an
ultra-wide filed of view @42 deg in
diameter). The most important study
was the development of a large image
intensifier, mounted on the focal surface.
We can now better determine the
species and direction of cosmic rays. The
high performance of our optics was
already confirmed by test observations.
We also developed an “intelligent trigger
system’, which obtains air-shower
images efficiently after judging whether
incident light is produced by cosmic rays.
We developed two new sensors for the
trigger system.

We built detectors at Mauna Loa on the
Hawaii Big Island. We will start normal
observations soon after assembling
readout devices on the optical system
mounts.

Since June 2008, we started observations
searching for optical transients and
simultaneously tau neutrino emissions.
The accumulated observation time
reached more than 4200 hours as of April
2012. The rates of good weather and
operation in good weather condition are
estimated to be 90% and 99% respec-
tively from real observation. The
excellent weather condition at the site
and the stability of the installed detector
demonstrated well.

Fig.1 Views of the Ashra observational stations at the Mauna Loa Site of which civil engineering
construction completed. There are main station which simultaneously watches 80% of the entire sky
like composite eyes of insects and substation which watches regions around the zenith. As a result,
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The variations of cosmic rays and sol-
ar activity in the past can be investi-
gated by measuring the cosmic ray in-
duced nuclides, such as carbon-14 in
tree rings and beryllium-10 in ice
cores. We are now reconstructing the
variations of solar activity at multi-
decadal to multi-millennial time scales
and investigating their physical mech-
anisms. One of the most important
tasks is to clarify the mechanism of
the occurrence of prolonged sunspot
absences that last several decades.
Such prolonged weakening of solar ac-
tivity is suggested to affect the
earth's climate. Based on the tree ring
study, we are also trying to under-
stand how and to what extent cosmic

rays affect climate change.

BHEL "
A

////-"FEE.%%

PN

H2 BEA00FEDERMODEE, 171t~ 181t
BICHITY O VI — R EFIFN D REERRIADFE

Fig.2 Sunspot numbers since the 17th century.

One of the prolonged sunspot absence occurred in

Fo Tz LT A K 30%E T TR HIF T, | 30% of the entire sky can be covered by stereoscopic observation. The inset shows a view of the Ashra
the 17th century.

W& Bl R KT Ak gy, Ight collectors for quasi-horizontal observation taken from the Mauna Kea side. The apparatuses H1 FHIFMEADAE T 2EEni12000FDEAZ

N _ vRos . might find out air-shower signals come out of the mountain, which are induced by high energy Fig.1 ~2000-year-old Yaku cedar tree at ICRR.
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Fig.2 The achieved sensitivities by existing interferometers compared with
the design 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 5th 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 system, the power of which has been attained at a
laboratory level.
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Fig.3 A 100m cryogenic interferometer prototype, CLIO, is built under-
ground at Kamioka. Beam splitter is installed in the nearer vacuum chamber
and the beam tube extends to one direction, where another vacuum chamber
is in the view. A strain meter for compensating the stretch and shrinkage of
the beam tube is utilized for geophysical research, too.

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 gravitational waves predicted by Einstein.
Nobody has succeeded to detect a wave form in real time,
so far. This type of detection has become one of the
possible tests to prove Einstein's theory of relativity. The
gravitational wave telescope will be used in the future as
a tool for observing the dynamic behavior of compact
stars, such as neutron stars and black holes.

A gravitational wave should cause a relative change
(strain) between two displaced points in proportion to
their distance. Even if we take a 3 km baseline length, the
effect is so tiny that extensive R&D is needed to detect it.
Based on technical achievements of a 300m TAMA
interferometer and a 100m interferometer CLIO
(Cryogenic Laser Interferometer Observatory), the
KAGRA project started as one of Strategic Fund for
Strengthening Leading-edge Research and Development
of Ministry of Education, Culture, Sports, Science and
Technology-Japan in 2010.

In the fiscal year of 2011, detail designs for the each
important subsection of KAGRA have been determined.
Among of them, the tunnel design and its construction
contract have been done, and the manufacturing of five
hundreds 12-meter vacuum tube unit is in progress. The
collaboration  research  between the  European
Gravitational Observatory (EGO) and KAGRA has started
to explore the further technical enhancement about a
cryogenic interferometer and to share the profound
knowledge about the underground environment. In
addition to this, the collaboration with Korean
gravitational research group has also started 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
a strain on the order of h~1022 in terms of the metric
perturbations at a frequency of around 140 Hz. This
would enable to detect coalescing binary neutron stars of
1.4 solar mass to 250 Mpc at its optimum configuration,
for which one expects a few events per year, on average.
To satisfy this objective, KAGRA adopts a
power-recycled Fabry-Perot Michelson interferometer
with resonant-sideband extraction scheme, the main
mirrors of which are cooled down to cryogenic
temperature, 20 K, for reducing the thermal noise; they
are located in a quiet underground site in Kamioka mine.

KAGRA project is competing and collaborating with
foreign GW detection projects, such as LIGO (USA),
VIRGO (Italy-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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8.2m primary mirror at the summit of
Mauna-Kea, Hawaii Island (bottom) and
Suprime-Cam installed on the top ring.
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Fig2 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 uknown.
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Fig3: Subaru/HSC narrow band filter under development
(collaboration with Barr Associates Inc.)

Observational Cosmology

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

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

We plan to address these issues with the next genera-
tion Subaru wide-field camera, Hyper Suprime-Cam
(HSC), that has the survey speed about an order of
magnitude faster than Suprime-Cam. HSC is being
developed by the University of Tokyo, National
Astronomical Observatory of Japan, Princeton
University, and Taiwanese institutes. The first light of
HSC will be in the fiscal year 2012, and the survey
observations are planned to start in 2013. We will
conduct an order of magnitude larger survey for
galaxies at z~7 with HSC than our previous surveys
with Suprime-Cam. Since 2011, we have started
designing narrow-band filters for HSC that are neces-
sary for identifying LAEs, and developing a large
filter with the Grant-in-Aid for Scientific Research (A)
awarded by Japan Society for the Promotion of
Science. With these filters, we aim to start our HSC
survey in 2013.
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Fig.1 3D simulation of Q-balls which are non-topological solitons
predicted in the minimal supersymmetric 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 various interactions around us. To date, all the known
interactions around us are successfully reduced into only
four fundamental interactions; the electromagnetic
interaction, the weak interaction, the strong interaction,
and the gravitational interaction. The Standard Model of
particle physics further unifies the electromagnetic and
the weak interactions and has passes stringent experi-
mental tests for more than two decades since the discov-
ery of the W and Z bosons.
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With the success of the Standard Model as a unified
theory, the next big leap in particle physics will be the
theory which unifies the electroweak and the strong
interactions, 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 related to the grand unified theory by
combining the results of the observations at collider
experiments and cosmological observations in a
comprehensive manner.

It is conceivable the Nature has higher symmetries at
high energy scale, and existence and interaction of
elementary particles may be subject to these
symmetries. Supersymmetry is one of the most
promising symmetries 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 subject
of particle physics and cosmology. Recently, the
existence of the dark side of the universe, i.e. dark energy
and dark matter, has been revealed by cosmological
observations. Theory group is studying what are the
candidates for those dark unknown material from
theoretical, phenomenological and cosmological point of
view.
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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-independent and spin-independent interactions. The figure shows that the constraints from the collider experiments give
complementary constraints and sometime outperform depending on the types of the interactions.
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Fig.1 Public Lecture at Kashiwa in April, 2010. The 201 1public lecture was canceled

due to the Tohoku Earthquake.

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
promote studies of neutrino physics, it is
important to provide the occasion to discuss
theoretical ideas and experimental results on
neutrino physics. Therefore, one of the most
important practical jobs of this center is the
organization of neutrino-related meetings. On
March 29, 2012, we hosted one domestic
neutrino workshop on “61s”. 34 physicists
participated in this meeting.

Members of this center have been involved
in the Super-Kamiokande and T2K
experiments, carrying out researches in
neutrino  physics. (Please  see  the
Super-Kamiokande and T2K 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 predicting the atmospheric neutrino flux.
In 2011, we updated the calculated flux for

the neutrinos with the energies below 1 GeV.

It is important that the general public knows
about the achievements of the present
science. For this reason, we hold public
lectures every year. From FY2009, two public
lectures per year are co-sponsored by this
Institute and the Institute for the Physics and
Mathematics of the Universe (IPMU). The
spring lecture is co-organized by RCCN and
the Public Relation Office of ICRR. The public
lecture in FYZ2011, although prepared, was
canceled due to the unavailability of the
lecture hall due to the Tohoku Earthquake.

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 computer facility in Kashiwa.
We accepted 9 programs related to these
facilities. In addition, this center, together
with the computer committee of ICRR, is in
charge of operating the central computer
system in ICRR. In FY2011, until the early fall,
the computer system had to be operated with
the reduced number of CPU’s due to the
shortage of the electricity in the Tokyo area,
which was caused by the Tohoku
Earthquake. In addition, backup power
generator was installed to the computer
system as a measure against an unexpected
power shutdown.
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Research Contents

Kamioka Observatory is located in Kamioka
Mine, Gifu prefecture, Japan. The
observatory was established in 1995 in order
to operate Super-Kamiokande, a 50,000 ton
water Cherenkov detector located 1000 m
underground (2700m.w.e) in the Kamioka
Mine.

Super-Kamiokande discovered evidence for
neutrino oscillations using atmospheric
neutrinos in 1998. Also, solar neutrino
measurements established neutrino
oscillations in 2001 by comparing results
from the SNO experiment in Canada. In 2002,
neutrino oscillations were confirmed using
artificial neutrinos produced by a proton
accelerator at KEK. T2K experiment, which
utilize a new accelerator facility in Tokai
village (J-PARC) for the precise study of
neutrinos, was started in 2009 and observed
world's first indication of muon neutrino
oscillated into electron neutrino in 2011.

A study complementary to Super-Kamiokande,
is also conducted. It is a dark-matter search
experiments that uses low-background
techniques and is called XMASS.

There are also 100 m long laser interferom-
eters in Kamioka Mine that are aiming to
study gravitational waves and geophysics.
There are research offices, a computer
facility and a dormitory for researchers
located near the observatory for the easy
access to the detectors in the mine.

Location

Address: 456 Higashi-Mozumi, Kamio-
ka-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 Cheren-
kov detector "Super-Kamiokande"
Location of installed equipment:
1,000m underground from the summit
of Mtlkeno (altitude: 1,368m; depth:
2,700m.w.e.)
Main rock: gneiss; Specific gravity:
2.69g/cm’

Access

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

@ Toyama Sta. = Bus (70min.) — Mo
zumi Bus Stop — Walk (Imin.)
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Research Contents

Cosmic ray research in MtNorikura started with
an experiment conducted by Osaka City Univer-
sity in Tatamidaira in 1949. In the next year, the
four institutions, Osaka City University, Nagoya
University, Kobe University, and Institute of
Physical and Chemical Research, established a
lodge for cosmicray experiments, called “Asahi
Hut”, in Iwaitani based on the Asahi Academic
Grant. In August 1953, the Cosmic Ray Observa-
tory of the University of Tokyo was formally
established as the first Japanese joint-use research
institute for universities. In 1976, the observatory
was reborn as the Institute for Cosmic Ray
Research (ICRR), and the Norikura observatory
became one of facilities of ICRR.

The observatory has been hosting cutting-edge
cosmic ray researches, including the study of
particle and nuclear interactions in ultra-high
energy regions, cosmic ray modulations by
magnetic fields and solar activities in the galaxy
and the interplanetary space, observation of solar
neutrons and study of 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 generation, and the
green-house effect and acid rain are studied by
surveying alpine vegetation. Moreover, the
observatory is used for prototype experiments to
search for very-high-energy gamma-rays from the

1‘% LR 2,7;7E)m(5Fi’3’§ij]Tt720hPa) sky, and performance tests of cosmic-ray
% i @ HRREER R70KVA3EE 3 o 40 . telescopes, utilizing its high altitude and nightsky
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Power generator Wworking as a multi-purpose laboratory used by

researchers in various fields with its unique
features.

Location

Adress: Iwaitani, Nyukawa-mura, Ta-
kayama-shi, Gifu Prefecture 506-2100 Ja-
pan
Tel/Fax: +81-90-7721-5674
Tel: +81-90-7408-6224
Geographic Location:

36° 6" N,137° 33 E
Altitude: 2,770m (average atmospheric
pressure: 720hPa)
Equipment: 3 power generators (AC
70kVA)
Suzuran Lodge: 4306-6 Azumi-mura, Min-
amiazumi-gun, 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.) — Shinshi-
mashima Sta. — Matsumoto Dentetsu
Bus (2hrs) — Bus terminal at the sum-
mit 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 ear-
ly 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
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 January 2004,
while handing over the observation to its
larger scale hybrid successor Telescope
Array (TA) in Utah, USA. The observa-
tory now supports the operation of TA
in Japan, research and development
related to the observation of high energy
cosmic rays, the assembly of the
cryogenic components of gravitational
wave detection, and the use by univer-
sity collaborators in associated fields.

Location

Address: 5259 Asao, Akeno-machi,
Hokuto-shi, Yamanashi Prefecture
408-0201 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.)

T (FRAT) & AGASA v d - 7=581
Area of Akeno Observatory (bottom right)
and AGASA
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Chacaltaya Observatory of Cosmic Physics
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Chacaltaya Observatory in winter.
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Chacaltaya

Chacaltaya Observatory of Cosmic
Physics has been jointly operated with
Bolivia since 1962 at Mt.Chacaltaya, Bo-
livia, as the world-highest cosmic-ray
laboratory (16° 21" S, 68° 08" W,
5300m a.sl). The air-shower experi-
ment, BASJE (Bolivia Air Shower
Joint Experiment), aims to investigate
the origin of primary cosmic rays
around the knee region (_10'® eV) by
measuring the energy spectrum and
searching for cosmic gamma-rays. The
emulsion chamber experiment with
Brazil has continued for 30 years
while being aimed at studying particle
interactions at very high energies, in-
cluding a report of rare events, called
“Centauro”

F v WV 2 Y FEYEREAIFTORHEREE

Detector complex of the observatory.
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History

The Institute for Cosmic Ray Research (ICRR)
conducts observations and studies cosmic rays
from various aspects. Its predecessor was a
lodge for research, called Asahi Hut, built on
Mt.Norikura based on an Asahi Academic Grant.
In 1953, it was transformed into the Cosmic Ray
Observatory of The University of Tokyo. This
observatory was Japanils first research facility
for nationwide joint use. In 1957, it participated
in worldwide observations of the International
Geophysical Year (IGY), pioneering international
activities. In the same year, it embarked on the
observations of air showers, and in 1958, it
started using an emulsion chamber for observa-
tions. Since then, the observatory has continued
steady observations with these instruments.

In 1972, the construction of Mutron (electro-
magnetic spectrometer) was commenced, im-
proving the facilities for experiments. In 1973,
two international projects of the Japan Society
for the Promotion of Science were incorporated
into the research of this institute. One project
was a deep underground experiment at Kolar
Gold Mine in India, and the other was a high-
altitude experiment on Mt.Chacaltaya in Bolivia.
In 1975, the Mutron was completed, and then
the construction of Akeno Observatory was
started.

In 1976, the Cosmic Ray Observatory was reor-
ganized into the Institute for Cosmic Ray
Research (ICRR). ICRR absorbed the 3 sections
of the Cosmic Ray Division of the Institute for
Nuclear Study, The University of Tokyo, which
had conducted similar research since 1956, and
started its research projects over again as an
institute composed of 6 divisions and 1 facility. In
1977, the Akeno Observatory was formally recog-
nized as a second attached facility. In 1979, a 1
km? air-shower detector, which was installed in
the Akeno Observatory, and an emulsion cham-
ber, which was placed on Mt.Fuji, were devel-
oped. In 1981, Japan-China joint research was
initiated using the emulsion chamber. In 1983, a
proton decay experiment was started as a joint
experiment in Kamioka, and the construction of
facilities for studying primary cosmic rays was
finished.

From 1985, ICRR increasingly produced signifi-
cant experimental results, and further improved
its experimental equipment. In 1987, the Ka-
mioka Observatory succeeded to trap neutrinos
from a supernova for the first time in the world.
In the same year, the construction of a 100 km?2
wide-area air-shower detector was commenced
at Akeno Observatory. In 1988, the Kamioka Ob-
servatory observed a deficit of solar neutrinos,

and in 1989, the Norikura observatory observed
a considerable increase in cosmic neutrons in the
wake of a solar flare. In 1990, the construction of
the wide-area air-shower detector at the Akeno
Observatory was finished. In 1991, the construc-
tion of Super-Kamiokande was started. In 1992, a
collaborative research team in Australia

observed ultra-high-energy gamma rays for the

first time in the southern hemisphere. In the

same year, a new team for observing gravita-
tional waves joined ICRR. In 1993, the construc-
tion of the air-shower gamma-ray detector was
started in Tibet. In 1994, the Akeno Observatory
observed a big shower, whose energy level was
beyond the theoretical limit, and the Kamioka
Observatory detected an anomaly in atmo-
spheric neutrinos. In 1995, the Kamioka Observa-
tory restarted its research as the third attached
facility. In 1996, Super-Kamiokande was com-
pleted, and initiated full-scale observation. In

1998, the Super-Kamiokande team reported, as a
finding of a two-year observation, that a neutrino
has mass.

In 1999, in order to further study the mass of
neutrinos, ICRR started an experiment to detect
artificial neutrinos that are emitted from the

High Energy Accelerator Research Organization
at Super-Kamiokande. The Research Center for
Cosmic Neutrinos was also established for collect-
ing information on the observation of cosmic neu-
trinos, and paving the way for new neutrino

research. Moreover, ICRR was granted a Scien-
tific Research Fund for a COE (Center of Excel-
lence), which was used for significantly improv-
ing the ultra-high-energy gamma-ray

observations in Australia. In 2003, ICRR was

granted a Scientific Research Fund to investi-
gate the origin of extremely high-energy cosmic

rays for the Telescope Array (TA) experiment.
After five years construction, TA observation

started in 2008.

On April 1, 2004, The University of Tokyo

became an independent administrative entity,
and ICRR1s research divisions were reformed to
establish a research system composed of 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 was approved by
the "Leading-edge Research Infrastructure Pro-
gram" of MEXT. The construction of LCGT has
started in the same year. Gravitational Wave

Project Office was formed in ICRR on April 1,
2011 for the construction of LCGT.
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Asahi Hut (wooden structure; about 50 sq. meters) was constructed on Mt. Norikura based on the Asahi Academic Grant.

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

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

(The Cosmic Ray Division (composed of Air Shower Section and Emulsion Section) was inaugurated at the Institute for Nuclear Study, The University of Tokyo' )
The emulsion chambers at the Norikura Observatory started observation.

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

(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 (researches with India, Brazil, and Bolivia).)

{The balloon project of the Emulsion Section of the Institute for Nuclear Study, The University of Tokyo was transferred to the Institute of
Space and Aeronautical Science.)

{Observation with emulsion chambers started at Mt. Fuji by the Emulsion Section of the Institute for Nuclear Study, The University of Tokyo.)
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.)

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

The international projects of the Japan Society for the Promotion of Science (researches with India, Brazil, and Bolivia) were incorporated.
A full-time chief administrator was appointed.

”Mutron” was completed.

The construction of the Akeno Observatory was started.

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

In the wake of the amendment of the National School Establishment Law, the observatory was reorganized into the Institute for Cosmic Ray
Research (ICRR) (May 25); the ultra-high-energy strong-interaction division was divided into the first and second divisions, and three
divisions (muon measurement, meson physics, and cosmic ray science) were transferred to ICRR from the Institute for Nuclear Study, The
University of Tokyo. Thus ICRR started with 6 divisions and 1 observatory.

The Akeno Observatory was established as one of facilities (Apr. 18).

The Akeno Observatory held the opening ceremony (Oct. 6).

The 1 km2 air shower detector was completed at the Akeno Observatory.

The special facility for the emulsion chamber on Mt. Fuji was constructed.

The 16th International Cosmic Ray Conference was held in Kyoto (Aug.).

Japan-China joint research on emulsion chamber observations started.

The cosmic ray measurement division (guest researchers) was newly established.

The nucleon decay experiment was started in the Kamioka Mine as a collaborative research project.

The facility to study primary cosmic rays, whose main equipment is a mass spectrometer, was installed.

The first committee for future projects was organized.

The team of the Kamioka underground experiment observed a neutrino burst from a supernova for the first time in history.

The construction of the 100 km? wide-area air shower detector, “AGASA” , was started at the Akeno Observatory.

The first committee for future projects submitted a report.

The team of the Kamioka underground experiment observed the deficit of solar neutrinos.

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

The 100 km2 wide-area air shower detector “AGASA” was completed at the Akeno Observatory.

The construction of the Super-Kamiokande was commenced.

The second committee for future projects was organized.

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

The gravitational wave team joined the muon measurement division of ICRR.

The Cangaroo Project was started in Australia.

The Cangaroo team observed TeV gamma rays from PSR1706-44.

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

A computer center was established at the Kamioka Observatory (Jan.).

The digging of a hole for installing the Super-Kamiokande was finished (Jun.).

An enormous air shower with energy of 2 X 102° eV was observed at the Akeno Observatory.

An external evaluation of ICRR was conducted.

The anomalous dependence of atmospheric neutrinos against zenith angles were observed at the Kamioka Observatory.

The neutrino astrophysics division was abolished, and the Kamioka Observatory for Cosmic Elementary Particle Research was newly established (Apr. 1).
The ceremony for celebrating the completion of the Super-Kamiokande was held (Nov.).

The Super-Kamiokande started full-scale observations (Apr. 1).

The air shower gamma ray detector was completed in Tibet.

The discovery of a neutrino mass was officially announced by the Super-Kamiokande collaboration (Jun. 5).

The construction of the Kashiwa Campus was commenced (Nov.).

The Research Center for Cosmic Neutrinos was newly established (Apr. 1).

The Cangaroo-2 telescope started operation in Australia.

The preparation for the Cangaroo-3 Project was started in Australia.

”The research center for ultra high energy gamma rays” was set up as the center-of-excellence development program of grant-in-aid in scientific research.
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 (Apr. 1).

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

The Super-Kamiokande was completely restored.

The Committee on Future Projects Il has formed.

The Committee on Future Projects has reported some results.

The Telescope Array started observations.

The Super-Kamiokande detected a first neutrino of the T2K experiment.

ICRR renewed its inter-university research activities as a new "Inter-University Research Center".

The Large Cryogenic Gravitational Wave Telescope (LCGT) has been approved by a government program in 2010. The construction of LCGT has started in 2010.
Gravitational Wave Project Office has formed (Apr. 1).

T2K experiment has cacthed sign of electron neutrino appearance events.

The Committee on Future Projects IV has formed.

CANGAROO experiment in Australia has finished.
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Organization and Administration Number of Staffs and Directors So Far

Administration of ICRR

BV Board of Councilors:
Research Divisions This is a board for discussing the
F = o — M) B joint use of ICRR,' and 1s‘summoned to ?ﬂﬂ“&kﬁ%ﬁl oA 5 ] B
Neutrino and Astroparticle Division meet upon the director's request for _
N _ N BT OL R — R advice. This board is composed of the B B HEH I By # e kg HEhE BI 8 ]) Y= Wb
W & 2 _# % = I'-? W E Cosmic R jBt.l. ; director and about 14 members. The Professors  Associate Professors Assistant Professors ~ Research Fellows Technical Staff Clerical employee ~ Adjuncts  Total Number of Staffs
Board of Councillors Faculty Council rii nergy osmic fay UIVISIOn — hoard members are selected from the
G 2R OEY B SRR following personnel: (1) the professors 10 (0) 14 (0) 28 (2) 15 (3) 8 (2) 7 (1) 38 (30) 120 (38)
Astrophysics and Gravity Division and associate professors of ICRR, en- 3] <0> 2] <0> 0] <0> (0] (0] [0] [0] [6] < 0>
o B W% e 2 umerated by the Chancellor of The
Ju M AxX University of Tokyo, (2) the Dean of () ) . ey ;
: 0 . B THEL [ 1IRBERTH. < > I3 ENFEEE T
Diirecisor f}esearch Facilities Department of Sc{ence a?d the D1rec‘- The parenthesis “( )” represents the number of female staffs; the square bracket “| ]” represents the number of guest staffs; and the angle
= SRl tor of the Executive Office, The Uni- bracket “< > depicts the number of guest foreign staffs.
L= gl S = I N versity of Tokyo, (3) the Director of
— =R Norikura Observatory National Astronomical Observatory. e aw * i
|l R Advisory Committee W BRI the Director of the Institute of Partic- EAARE Representatives So Far
Vice-Director Akeno Observatory le and Nuclear Studies of the High En- @R EAFEFERBAIFR @ Cosmic Ray Observatory, The University of Tokyo
] S S Sy A R R ergy Accelerator Research Organiza- it R S A= IRAI28E 8 1TH~IAI304E 8H31H Director Morizo Hirata Aug. 1, 1953-Aug. 31, 1955
Kamioka Observatory tion, and the director of the Yukawa = Aidb o IEL WFI304E 9 1H~WIMI3AME 9/21H  Director Seishi Kikuchi ~ Sep. 1, 1955-Sep. 21, 1959
| Fiza— b BRI L 4 — f‘s%tu.te f".rt Thegrfgcgll PhySI}CIS' }Ifyo‘ FREFHEHEE W Bl WRISE 9221 ~BARISSHE TH3LH  Acting Director Ttaru Nonaka — Sep. 22, 1959-Jul. 31, 1960
Research Center for Cosmic Neutrinos a(éadzgiecrsiaﬁ'eaeis insideOS:n‘(;v (())uts?d]z FrEFFEUR REY ER BRI354E 8H 1H~MWFI354E11H30H Acting Director Hiroo Kumagai ~ Aug. 1, 1960-Nov. 30, 1960
O T of the university and who were enum- ok Bprr B BAISSEIZA 1TH~WIM5YE 3/I31H Director Itaru Nonaka Dec. 1, 1960-Mar. 31, 1970
" Mministration diviion erated and entrusted by the Chancel- [T/ =3 B W IAM5ME 48 1TH~WRI474E 3A31H  Director Kouichi Suga Apr. 1,1970-Mar. 31, 1972
lor of The University of Tokyo. T & = 8 WAATE 48 TH~WRI514 5H24H Director Saburo Miyake  Apr. 1,1972-May 24, 1976
Faculty council:
e e TI o= ) . _—
ERARIFEERRE A This is a board for deliberating impor- .iﬁ}?{j(?—]‘—aafﬁﬁifnl’ﬁg @ Institute for Cosmic Ray Research, The University of Tokyo
Inter-Universit Rﬁ Kh tant items of ICRR, such as the recom- [/ =2 =% ZH WRISIAE 525H ~I9AI594E 3/131H  Director Saburo Miyake ~ May. 25, 1976-Mar. 31, 1984
de]riéoﬁyl‘]&;{léitteeiearc mendation of an incoming director to [ SR W BARIS9%E 47 1H~WIMIGLE 3A3IH  Director Kouichi Kamata  Apr. 1, 1984-Mar. 31, 1986
Fll‘lek Chancello}f of Th.e Unlversflty (g r R FTE —BB WFI614E 4H 1H~Wf624 3H31H Director Ichiro Kondo Apr. 1, 1986-Mar. 31, 1987
e PR m(;rr?l;)erinq[‘}fe eco?npc(ﬁnitsmceorip(())se?aof r BRI WA T AF624E 4)] 1H~IRFI624E 4/130H Acting Director Goro Tanahashi ~ Apr. 1, 1987-Apr. 30, 1987
/\E]*Uﬁﬁjh.ﬁ%é%ﬁﬁﬁﬂ the director and all full-time profes- LIS A D% WAIGE 5)1 1A~ T 9% 3/IBLH Dircctor Jito Arafune  May. 1, 1987-Mar. 31, 1997
%)nter-LmVéerlsﬁy Reéearch sors and associate professors of ICRR. it R AL S R 94E 4H 1TH~FR134E 3H31H Director Yoji Totsuka Apr. 1, 1997-Mar. 31, 2001
o v rogram Seecton Lommitee Advisory Committee: R TR OKZ RIS 40 1H~TPIRI6% 3H31H  Director Motohiko Yoshimura Apr. 1,2001-Mar. 31,2004
ﬁﬁj‘bFﬁ@EE This is a committee for drawing up Eﬁ' =3 AR BB ERKI6AE 40 1TH~FR204E 3H31H Director Yoichiro Suzuki  Apr. 1,2004-Mar. 31, 2008
O | HIEHOLAAZ OV THakT 54T, HEOHMIZL > THg schemes for operating ICRR and sub- R BRI WERE P20 47 1H~ Director  Takaaki Kajita  Apr. 1,2008-
mitting them to the Faculty council o
DE5, rREOM,. HULZOBRETHE ST T, BHIZT2S®O T,  This committee is composed of about @A @ Norikura Observatory
- _ - . . 14 researchers from both inside and FrRHBEWE =% ZB WAI514E 5H25H ~WAI524E 2H28H  Acting Director Saburo Miyake ~— May 25, 1976-Feb. 28, 1977
Je < L) < SO 2 I se R , s
(OBFFERT O Fe - ELAZOVITHR A L7 @RCREFERIPER e, A0k outside ICRR (more than half are from R Vo —H WARIS24E 3H 1H~IRMI624E 3H31H  Director Ichiro Kondo Mar. 1, 1977-Mar. 31, 1987
P (BEMZEEY) . OEVRCAER. B RV F NSRSk 7 outside ICRR). . T & Wil R IRAI624E 4H TH~TH124E 3H31H Director Toshinori Yuda ~ Apr. 1, 1987-Mar. 31, 2000
TR . BRI B S . Dk NI O 2 RS DN A B Icnter—U&we.rsmy Research Advisory i R fils IEC P12 48 1H~FRI54 3/J31H  Director Masaki Fukushima Apr. 1,2000-Mar. 31, 2003
ommittee: . . R HWH EA CFRISHE 4] TH~Fk244% 3H31H  Director Masato Takita ~ Apr. 1,2003-Mar. 31, 2012
A U L This is a committee for having discus- 4 e )
P iy Lzt L7cso sions to facilitate Inter-University re- i R Pl BAT P24 4/ 1H~ Director Hiroyuki Sagawa Apr. 1,2012-
QOHIES REICRUIINTEZHEE L2V HZBANFZ2HRDD ., MIRTOEE L searches, and suggesting or reporting B
R - Sn = . PUTIUE . the results to the Advisory Committee. O AR AR @ Akeno Observatory
FHIOWTHFHRT 2R TT ROM, PRI - HEBER T This committee is composed of mem- r R $itHH - F— WHFI514E 4 H 18 H ~WAAI594E 3H31H Director Kouichi Kamata ~ Apr. 18, 1977-Mar. 31, 1984
hEd, bers selected from inside ICRR, and it R WiRE  HEE WARIS94E 47 1TH~IRAI634E 3H31H  Director Goro Tanahashi ~ Apr. 1, 1984-Mar. 31, 1988
EAASE DA - st S e = - 5 /- outside members who have academic it R K¥ IUE IAAI634E 4H 10 ~FR104E 3H31H Director Motohiko Nagano Apr. 1, 1988-Mar. 31, 1998
QOEZEZER | FTHMMIEFTOEEITOWT, IR ZIER LB SIS careers (more than half are from out- ~ e s ) ) i P
B EEATT. WA OIS 144 (M3 ERU ) Ok SR+, side the Uni ity of Tokyo) T R TFiE  BUE FERRI104E 45 1H~Fik144E12H31H Director Masahiro Teshima ~ Apr. 1, 1998-Dec. 31, 2002
ocd . WFeH e Y i SR s . side the University of Tokyo). - i S - : : ;
O Inter-University Research Program e & s EC CPRISE 1 1H Director Masaki Fukushima Jan. 1,2003-
HE REEZER | LA 98 % P 5 28 DA v #  Selection Committee: 3
FRASIIRERHEEZ T AREATY., INTRIEN-RE LN, O D% This is a committee for having discus- O F AR F I FERR @ Kamioka Observatory
& = =T = = ° = Sions to Select Inter.University research BEEXE ﬁ% ‘Eﬁ: EF:ﬁE 751‘:‘ 4H 1H~E|Zﬁjil4ﬁ‘:‘ QH 3OE ObSel'Va[OI'y Head YOJI Totsuka Apr 1, 1995-Sep 30, 2002
AREEERE TR ENE T (R RPHNOZEP»EED L) programs from applications. This com- fitigt & SARVEIE CPIKI44EL0]] 1H~ Observatory Head Yoichiro Suzuki ~ Oct. 1,2002-
O EHAHRRETREES | HAHANHRIID T, RIOES  fog from inerde ICRR. amd outeide . A b o Neuts
7 7N > ed from inside ICRR, and outside OFH_1— YU /HRABHRREEY Y — @ Research Center for Cosmic Neutrinos
REHLT T, N TRIZNZBE LD O 0¥ ek S h g3 (i members who have academic careers vya—R  BeH B PRI 48 1H~ Center Chief  Takaaki Kajita  Apr. 1, 1999-

(more than half are from outside the

WRENOZAM»LEL L), University of Tokyo).
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EftmOMzE7O0I T

KVETOF X ANIYINITE, TNy 3 ¥ - Fx =2 CTEHROE
BRI T T TV E T,

FRy FOFESIFHTIE 25T v 7 — BRI 2 H VTR AL F— 05
BEBAfTONTVE T,

T A)HDLY TIE, KRAEOGEESE 2 TR T A V¥ —OFH 2 5§
LETHAHESTLTHBY . s HvCwE g,

72, MO TEBRICIE, 7TAY AP 5L L OMRESBBML TV E T, ikl
BRI AE e il L 72 KO IE, K10 EBY TT,

[F 1] ERSAMaeiiin ek % B4, Academic Exchange Agreements

X5 SR 19 4R R R 20 4EFE SR 21 4F B B 224F B R 234F B
Category FY 2007 FY 2008 FY 2009 FY2010 FY2011
A% Personal Expenses 624,000 632,000 590,000 576,000 653,000
Y)f+% Non-personal Expenses 1,253,000 1,121,000 1,292,000 1,048,000 1,400,000
% &l Total 1,877,000 1,753,000 1,882,000 1,624,000 2,053,000
NEBEESF External Funds, etc 1 thousand yen
PR 19 4R EE PR 20 4R PR 21 AR EE R 224 SRR 2345 B
X 5 FY 2007 FY 2008 FY 2009 FY2010 FY2011
Category PRE | ZASH | M8 | SASH | MR | RASHE | M| ZASHE | M| ZASH
Quantity | Amount Received | Quantity | AmountReceived | Quantity | AmountReceived | Quantity | AmountReceived | Quantity | Amount Received
4 & D IERIREZE 0 0] 1 1000 | 1 1,000 I 1,000 I 500
Joint Research with the Private Sector
ZEChIZE 5 21,730 3 77,180 2 77,408 2 38,000 1 29,239
Entrusted Research :
s 2 10,930 1 3,000 1 12,000 3 760 0 0
Donation for Scholarly Development
Bl EMMBIE Grant-in-aid for Scientific Research T-1 thousand yen
SERE 19 4 B2 SR 20 4 IR 21 AR SRR 224F B Sk 23 4F B
HWEZefl H FY 2007 FY 2008 FY 2009 FY2010 FY2011
Research classes ¥ | ZAESHE | B | ZASE | B | RASE | BB | XASHE 8 | ZASH
Quantity | Amount Received |Quantity | AmountReceived | Quantity | AmountReceived |Quantity | AmountReceived | Quantity | Amount Received
B e : : 1 93,000 1 112000 1 : 103000
Research Category
AT A A 78 1 98,000 1 87,000 1 98,000 I i 100,000 1 72,000
Creative Scientific Research
e SRR 7E 4 68,000 4 69,500 2 4,000 1 2,000 1 2,000
Particular Field Research
HAHEZE (S) 1 10,000 1 32,600 2 75,000 2 53,000 2 48,000
Basic Reserch :
JAREE (A) 4 44,000 3 22,000 2 49,000 3 19,000 4 35,000
Basic Research (A) :
HAEWIZE (B) 3 16,000 3 12,300 3 12,000 1 5,000 4 27,000
Basic Research (B) :
HAEWZE (C) 2 2,000 5 5,500 5 4,000 7 7,000 5 5,000
Basic Research (C)
#FWE (A) 1 3,000 1 3,000
Young Researcher’s Research (A)
LT (B) 6 8,000 5 5,200 5 8,000 7 10,000 4 5,000
Young Researcher’s Research (B)
B RIS 1 1,000 :
Exploratory Research
Pl 1 W 2 72 2 5,000 2 1,000 4 6,000
Challenging Exploratory Research :
B FGE(A =T v 7) 2 2,000 1 1,320 1 1,000 '
Young Researoher's Research (Start-up)|
/Eu\T 1%1’ 25 252,000 23 235,420 24 349,000 25 309,000 27 306,000
otal :

19814F FVETH 7 URLAKE (RKYET)
Universidad Mayor de San Andrés(Bolivia)
19954

rR R B e e M BRRESE I (PP IED)
19954F

Institute of High Energy Physics, Chinese Academy of Sciences(China)
8RB ORE)

College of Science,University of Utah (the United States)

I TANZT REET =3 R B EE CRE)

School of Physical Sciences, University of California, Irvine (the United States)
ARAN KRR FBESCHARTER CRE)

Graduate School of Arts and Sciences, Boston University (the United States)
T TRET A7 I PRREGERT (a3 T)

INR, Russian Academy of Science(Russia)

TFV—FRE(E =25 7T)

University of Adelaide(Australia)

P+ — AU T KA Gy SRR F — 285 7)

Faculty of Life and Physical Sciences, The University of Western Australia(Australia)
VIV KRR PR KA ()

College of Natural Science, Seoul National University (Korea)

H) T+ V=T TRRFLIGOWIFEAT CK )

CIT LIGO Laboratory,California Institute of Technology (the United States)
NTA4 RO CRE)

The Department of Physics and Astronomy, The University of Hawaii at Hilo(the Nited States)
=TI FEIRFFEHLRE (1 7)) T)

European Gravitational Observatory The Virgo Collaboration(Italy)
R A 27 (Fp )

The Shanghai United Center for Astrophysics Shanghai Normal University(China)
JI AT — R FIIWGET (FEH)

Institute for Gravitational Research, University of Glasgow(the United Kingdom)
] 3737 e R 2 B (R )

College of Science, National Tsing Hua University(China)
IR R B 7 3y 2 WEFERT A AR AR SE R > 8 — (FrE)
The SICCAS-GCL Research & Development Center,

The Shanghai Institute of ceramics, Chinese Academy of Sciences(China)
WA T FRISLRAF B CR )

College of Science, Louisiana State University(the United States)
F=FRFTFHAS)T)

Department of Engineering, The University of Sannio at Benevento(Italy)
rpE R B R R R SO (hE)

National Astronomical Observatories, Chinese Academy of Sciences(China)

19954
19954
20014
20014
20014
20094F
20094
20104
20114
20114
20114F:
20114
20124

20124F
20124

® @ 0@ ©& 6 86 & O © 6 00O O OO OO

20124F

FREM S O L ith - 2¥EFE Locations and Land/Building Areas

BFE2LE Locations of Facilities

fiti % Facilities JiAE + TG Location and Telephone Number -3 Land Areant | %) Building Areant N

HE v 28 A | TREMITIHOR 515 TEL04-7136-3102(8%4%)| 313,391 7185 _@_

Kashiwa Campus ~|5-1-15 Kashiwanoha, Kashiwa-shi, Chiba Prefecture, JapanTEL: +81-4-7136-3102 | (§1% % v 7S A21k) ’
ARG | I B AR i A B TSR 2 A 456 TEL + 0578-85-9620 | 95,523 2195 o
Kamioka Observatory |456 Higashimozun, Kamiokecho, Hidehi, Gifu Pefecture, JapanTEL: +81-578-5-2116 | (F A 93,118) (f5 A 140) ol Uiremye
e e LW I LRl P T el TEL < 090-77215674 | 59,707 1,655 S oy

Norikura Observatory |Mt. Norikura, Nyukawa-mura, Ohno-gun, Gifu Prefecture, JapanTEL: +81-90-7721-5674 (f&A) .ﬁggﬁ_’“m’“"w

— TEE;SE Norikura Hb:gvalmy u

S5 M A% AT | RIPEAATIZ 251 4306-6 TEL: 026393-2211| 2,203 182 B EAT. o (R
Suuran odge of Norkura Obsrvatory | 4306-6 AzumiSuzuan,Minamiazumi-gun, Nagano Prefecture JapanTEL: 481263932211 | (& ) R R

WY BF L0 P (IR IR 5259TEL ¢ 0551-25-2301 | 18,469 2843
Akeno Observatory {5259 Asao, Akeno-machi, Kitakyoma-gun, Yamanashi Prefecture, Japan TEL: +81-551-25-2301 (f&A) ’

SNEAMTE E DA
JERRIIRZEC S o 28ME AZEH O BU T B 23 HECRE
1378442 LD L OSHEABIEH O ABIL, £20EB)TT o
[5 2] K HAHEIA Accepted Researchers | 2007 | 2008 | 2009 | 2010 | 2011
SUEAREH Cepessizes)| 4 | 14 | 27 [ 8 | 8

Foreign researchers(Project of the Ministry of Education,
Culture, Sports, Science and Technology)

HHEINREER (SFRIENE57) 1 0 0 0 4

Foreign researchers(Invited by the Japan
Society for the Promotion of Science)

. . CPR23HE LSy FEBRIFE TR DL LD )
International Project

1. On Mt.Chacaltaya in Bolivia, nuclear interactions by cosmic rays is being
studied using emulsion chambers.

2. On Yangbajing Plateau in Tibet, an experiment on high-energy cosmic rays
is being conducted by using an air-shower detector.

3. In Utah, US.A, a project for studying highest energy cosmic rays is in progress.
4. In addition, many researchers from the US. are engaged in underground
experiments at Kamioka Recent data on academic exchange agreedingUniversities
and faculties are given in Table 1°

International Exchange

A total of 1,378 foreign researchers are joining ICRR inter-university research
projects in 2011. them. Recent data on the number of accepted foreign researchers
are given in Table 2.

A

nter-University Research, Education/International Exchange

O IHEMMEMHE MBS IERRHAWRTAS 27 b

HEFARF

WHCR PR ZERT & JERADH - SERAFZERE L L T,
L GMEAT SN L TR S E R R A T S 4 sk N E g
Wi o Mg i T FEARFEZ T oTO I FLFEHNOA
59, WS CORBEHIMEFE DT> TV I,

S OIEFE A7 EAEEE OFEH A S /5L JER
A EZ R RO SAANEREM R R TRIRL $9, °F
1% 23 AEPEDRER N O AR E R T O LB Y T

s 23 p iR akee | maee | GERER e cprenn
K . . A~ | Number of Successful

Joint use in fiscal 2011 Number of Applicants . Number of Toal Researchers

Applicants

FHi= 2 — Y 2 WZEEM 33(32) 33(32) 805(801)
Neutrino and Astrophysics division
¥ AV — TR ZE R M 46(6) 46(6) 937(66)
High Energy Cosmic Ray division
T AR BT R M 15 15 285
Astrophysics and Gravity division
Fhif=a— b))/ Bl REG L Y 5 - 10 10 89
Research Center for Cosmic Neutrinos

C P ftiae, O ) Pa:fedk Bl
REEHE

PRCR UM ZEIT 1. REOR B R JE R W B ¥ T
RO —BRE UTRPBREEEZ T ANIZEREZ T L LD
VKPR DAY LT 5 BEFAFLEEZHRIT, B
FHICEF—RBFELIF—VBEBL TV,

W AREBEDO—BRE LT, FNA DMK D KB
e, KERIBEGEA RS SARAEZEE & LTI AR S
BTV,

WHR A FHM T O R P FEZABIDTOLBY
TYo

R 204F K | ERE21AEBE SRR 224F BE [P R 234F FE |1 W 244F JEE
FY 2008 FY 2009 FY 2010 FY2011 FY2012
B L 21 (2 | 19 (0) | 18 (0) | 14(0) | 19 (0)
Master’s course
. 21 (D | 20 (2) | 15 (2 | 152 12 (2)
Doctor sg 1‘course
g 42 (3) | 39 (2) | 332 | 292 | 31Q

() WELPETHE

The parenthesis “( )" represents the number of female students.

Inter-University Research

ICRR conducts Inter-University Researches with Kashiwa campus, Kamioka
observatory, Norikura Observatory and Akeno Observatory as a "Inter-
University Research Center'. And joint-research operatons of ICRR are not
only domestic but also international.

That inter-university researches are applyed from many researchers, and
selected by advisory committee and user's committee. In 2012, Number of
applications and sellections in each observatories and center represent a
above upper table.

Education

ICRR accepts graduate students, and also delivers lectures for them as a
part of the Graduate School of Physics, The University of Tokyo. ICRR
also conducts liberal seminars for undergraduate students, every second year.
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 number of graduate students accepted by ICRR is tabulated.



[RREmNUERRRAER DR

WRORPFH M7, EES R BRI E R S 2 2N EAE 1 MRERE L Tu 3. WILOFEL LR ERHED
HTFMAERZHCTRIMOMEIIOVTEHELTE LI I F—b, H1IHBEET > TWE§ #Ek 10 FERICHfE L2

Bk N OB R R R, BT LEBY) T,

O LG =a— Y/ iERH® (F:f)
2000 4 (H12) 2/8 ~9 KEK Wik (R0 224

O FEHMT AT EEE S R Y7 A
SHTRR B O Bk (Ff)
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Announcement of Achievements and Award History

Q@A FNEEFEDF YY) T L—T g v
EB7—rvavs (F)
2004 4 (H16)2/16  HAMIF v ¥ 282 (T-28) 53 %

Q5 HERY—2Yay T (Ff)
(BB ANV F—h KL% | (VHEPA-5)

2005 4E (H17) 3/7 ~ 8 (T-3%) 42 %
@4 6 Ml Edoardo Amaldi H ¥R (€:313)
2005 4E (H17) 6/20 ~ 24 (i) 179 %
QEET—r Y avT (Jef)
[T A F—FHO T RV F -]

2006 4E (HI8) 2/22 ~ 24 (F-3%) 126 %
QEBY—2sYavT (€:313)
[JPARC =a2—hY /JE—AIIHT 5

i ] o PR A e i

2006 4 (H18) 7/13~14 (i#[=) 614
OHBEIT—r v avT (GL4#)
R TEEE =2 — 1Y) 2 Bi3E2007

20074 (H19) 10/2~5 (i) 10244
@71 2a2—77VL 4 (TA) kil Sikns
BIOHHES

20084E (H20) 8/25 (T-3%) 10144

@58 L I F—
[E BB D720 DMERB A Y T —2 |

20094 (H21) 5/26~29 (fhZ)) 8444
O F )0k EBR 2k
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International Conferences and International Workshops

ICRR holds international conferences and an international workshop about once a year. ICRR also conducts a monthly
seminar in which renowned scholars and promising young researchers are invited, and discuss cutting-edge research.
The international conferences and workshops held in the past decade are as follows (last digits show the numbers of
participants):

Feb. 8-9, 2000

Conference on Atmospheric Neutrino Flux

Tanashi Auditorium of KEK (Tokyo) 22

Oct. 11-22, 2000 ICRR International Symposium: Future of
Cosmic Ray Physics

Kashiwa Campus of The University of Tokyo (Chiba) 122

Nov. 13-17, 2000

Last Meeting on Gravitational Wave Detector in the Asia-Oceania
Area

Kashiwa Campus of The University of Tokyo (Chiba) 20

Dec. 4-5, 2000

International Workshop on Low Energy Neutrino Detection

Sanjo Conference Hall of The University of Tokyo (Tokyo)122
Dec. 6-8, 2000

The 2nd International Workshop for Elucidating Neutrino
Oscillation and Its Origin Sanjo Conference Hall of The
University of Tokyo (Tokyo) 94

Mar. 22-23, 2001

International Workshop on Highest Energy Cosmic Rays

Kashiwa Campus of The University of Tokyo (Chiba) 120

Dec. 3-4, 2001

The 3rd International Workshop for Elucidating Neutrino
Oscillation and Its Origin

Kashiwa Campus of The University of Tokyo (Chiba) 91

Sep. 25-28, 2002

Universe Pictured with Gamma Rays

— Workshop of The University of Tokyo 2002 —

Kashiwa Campus of The University of Tokyo (Chiba) 112

Feb. 6-7, 2003

The 3rd TAMA Symposium

Kashiwa Campus of The University of Tokyo (Chiba) 36

Feb. 2003

The 4th International Workshop for Elucidating Neutrino
Oscillation and Its Origin

Ishikawa Kouseinenkin Hall (Ishikawa) 122

Mar. 20-22, 2003

The 3rd International Workshop on the Comprehensive Study of
High Energy Universe Kashiwa Campus of The University of
Tokyo (Chiba) 90

Jul. 31-Aug. 7, 2003

The 28th International Conference on Cosmic Rays

Tsukuba International Congress Center (Ibaraki) 761

Feb. 11-15, 2004

The 5th International Workshop for Elucidating Neutrino
Oscillation and Its Origin  Odaiba Time 21 Building (Tokyo) 114
Feb. 16, 2004

International Workshop on Calibration of Atmospheric
Fluorescence Telescope

Kashiwa Campus of The University of Tokyo (Chiba) 53

Mar. 7-8, 2005

Toward Very High Energy Particle Astronomy 5 (VHEPA-5)
(Chiba) 42

Jun. 20-24, 2005

The 6th Edoardo Amaldi Conference on Gravitational Waves
(Okinawa) 179

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 Neutrino Beam (Korea), 61

Oct. 2-5, 2007
Workshop on Next Generation Nucleon Decay and Neu-
trino 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 Grav-
itational Wave Observation

(Kanagawa), 84

May. 16-21, 2010

Gravitational-Wave Advanced Detector Workshop,
GWADW2010

(Kyoto), 107

Dec. 10-12

International Symposium on the Recent Progress of
Ultra-high Energy Cosmic

Ray Observation

(Nagoya), 114
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Number of Papers Authored by ICRR

ICRR—REPORT (F&3X) ICRR-REPORT (in European Language)
%ﬁy%ﬂ L7 1) —{F B30 5E Refereed English Journals

Number of Papers EE4# 702 —7 127 International Conference Proceedings

140 187
130 I
120 L
110 T8 I
100 I
90 L
81 I
80 I
70 66 66 I
60 57 ——

50
50 75

40 5 39__
30 28 28 [
20 ] [
13 14 |
10 E— [
; ] —

H 19 20 21 22 23

2007 2008 2009 2010 2011

Academic Papers

The outcomes of joint-use research are announced at
academic conferences, etc.,, in Japan and overseas, and are
also published as papers via Japanese and foreign academic
journals. The plot shows the number of papers authored by
ICRR members that were published in refereed journals,

ICRR Reports (in English), and proceedings of international
conferences.
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Other Publications

ICRR also publishes the Outline of ICRR (this document),
ICRR Annual Report, ICRR Report, and ICRR News, as
well as academic papers, in order to publicize the research
activities of ICRR.

Outline of ICRR

(Japanese) Once per year

Summery of annual activities of ICRR
ICRR Annual Report

(English) Once per year

Summery of annual activities of ICRR
ICRR Report

(English) When necessary

Research Report from Researching Divisions

ICRR News
(Japanese) 4 times per year
Hot news from ICRR
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® 2002 Person of Cultural Merit/Yoji Totsuka Contribution to Progress in Cosmic Ray Astronomy

® 2003 Bruno Pontecorvo Prize/Yoji Totsuka Discovery of atomospheric neutrino oscillation

® 2004 Cosmic-ray Physics Prize for young researchers/Masaki Ishizuka L/E analysis of the atmospheric neutrino data from Super-Kamiokande
® 2004 Order of Culture/Yoji Totsuka Achievement in Research of Cosmic Ray Physics

® 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 Scientists/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

® 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 Commendation for Science and Technology by the Minister of Education, Culture, Sports, Science and Technology/Hiroko Miyahara
Study for Solar activities and its effects
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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 Otaka
nomori Sta.” or “Edogawadai Sta.” (about 10min.)

@ 25min.walk from Kashiwanoha Campus Sta.

@XKashiwa Sta. of JR Joban Line — Tobu Bus
for” National Cancer Center” or “West Exit of
Kashiwa Sta.” (about 10 min.) (The bus service is not
frequent.)

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

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