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Institute for Cosmic Ray Research and

researches in cosmic rays

About a century ago, around 1912, the cos-
mic ray was discovered. 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 investigated the change of the intensity
of the radiation with the altitude. Surprising-
ly, the result showed that radiation intensity
went up with the increasing altitude. This ob-
servation was the discovery of "cosmic ray"
radiation. It was the moment of the discov-
ery that the universe is "shining" by high en-
ergy particles in addition to the visible light.

Various researches continued in order to un-
derstand the nature of cosmic rays. Muons, p
and K mesons were discovered through
these researches by the middle of the 20th
century. These researches contributed to the
development of the elementary particle phys-
ics. Then, due to the progress in the accelera-
tor technology, main research activities of
the elementary particle physics shifted from
the studies of cosmic rays to experiments
with accelerators. On the other hand, it re-
mained an important question at where the
cosmic rays are generated and how they
reach to the earth. Since the cosmic ray par-
ticles have electric charges, the directional in-
formation of a cosmic ray at the origin is com-
pletely lost as it arrives to the earth. Hence,
there has been little progress in the under-
standing of the astronomical problems of the
cosmic rays such as the acceleration mecha-
nism 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 re-
searches. 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. Detectors for the
high energy cosmic neutrinos are reaching to
the scale of the real discovery. For super-
high energy cosmic rays of 1020eV, the bend-
ing angle is less than a few degrees when a
cosmic ray propagates in the Galaxy. Large
international researches started, suggesting
that the "astrophysical accelerator’ which is
generating the highest energy cosmic rays

could be identified. This suggests that a new
research field which could be called as the
highest energy cosmic ray astronomy is be-
ing 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 ener-
gy of the universe. However, the nature of
them is unknown. Therefore the dark matter
and dark energy are studied actively by vari-
ous 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 be-
tween 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 be-
tween electron-neutrino and other neutrino
flavors by recent solar neutrino experiments.

The mission of Institute for Cosmic Ray Re-
search (ICRR) is to lead the world communi-
ty of cosmic ray researches. The world's larg-
est neutrino detector "Super-Kamiokande"
has discovered neutrino oscillations. It is ex-
pected that Super-Kamiokande will continue
to get important scientific results. However,
ICRR cannot rely only on the results of Su-
per-Kamiokande forever. Continuing efforts
to advance new attractive researches are re-
quired. For example, in ICRR, the construc-
tion of an experiment on the highest energy
cosmic rays, called TA, is completed. It has
just started to take data. Moreover, the
R&Das for the gravitational wave telescope,
whose importance was pointed out twice by
the Committee on the Planning of Future Pro-
jects in ICRR, have been completed and
ICRR is striving for budget acquisition for
the full-scale telescope construction.

I think that everyone admits that it is most
important for ICRR to achieve important sci-
entific 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 re-
search 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-

Wi INATE=L (TARERKD)
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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 Einsteinls 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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atmospheric neutrinos, showing evidence
of oscillation for upward-going neutrinos.
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Fig.3 Track of the Sun seen by neutrinos.

About

Super-Kamiokande

The purpose of Super-Kamiokande (SK)
is to study elementary particle physics
and astrophysics through neutrino detec-
tions and nucleon decay searches. The
Kamiokande experiment, which is the
predecessor of Super-Kamiokande, ob-
served neutrinos from a supernova in
the Large Magellanic Cloud in 1987, and
also established the observation of solar
neutrinos by a water Cherenkov detec-
tor. Those observations helped to create
neutrino astronomy', for which Prof.
Koshiba was awarded The Nobel Prize
in Physics in 2002.

SK is a 50,000-ton water Cherenkov de-
tector that is 30-times larger than Ka-
miokande. The dimensions of the detec-
tor are 40 m in height and 40 m in
diameter. This detector is equipped
with over 11,000 20-inch photomultiplier
tubes (PMTSs) to observe various elemen-
tary particle interactions in the detector.
The detector started its operation in
1996. SK observes huge amounts of neu-
trinos produced in the Sun (solar neutri-
nos) and by cosmic rays in the atmos-
phere (atmospheric neutrinos). With the
large statistics of the atmospheric neutri-
no events, SK observed a clear anisotro-
py in the zenith angle distribution, and
established the existence of neutrino

"

W E(3,180m)

electron scattering in SK discovered os-
cillations of neutrinos produced in the
center of the Sun, together with the
SNO experiment in Canada.

The first accelerator-based long-base-
line neutrino-oscillation experiment was
performed from 1999 to 2004. A neutri-
no beam from an accelerator 250 km
away in KEK was aimed at Super-Ka-
miokande after about 5 years of run-
ning; the K2K experiment successfully
completed and confirmed neutrino oscil-
lations found in the measurements of at-
mospheric neutrinos.

In November 2001, SK lost half of its
PMTs because of a severe accident.
After this accident, the detector was
partially reconstructed with the surviv-
ing 5200 PMTs and resumed its opera-
tion in December 2002.

In October 2005, a full reconstruction of
the detector with 6,000 additional PMTs
was started, and the experiment re-
sumed operation in July 2006. With the
fully reconstructed detector, the sensi-
tivity of low-energy neutrinos, such as
solar and supernova neutrinos, was re-
covered and the physics potential en-
hanced. In September 2008, the new
electronics system of the detector,
which improves the detector perfor-
mance, is planned to install.

Also, a new accelerator-based long base-
line neutrino oscillation experiment,
called the T2K experiment, which util-
ize a new accelerator facility in Tokai
village (J-PARC), is planned to start in
2009. This accelerator will provide a
neutrino beam 50-times more intense
than the previous K2K experiment.
These new measurements of neutrinos
will make it possible to reveal hidden
neutrino properties.

4 DLB—HHERER=1—-NJ/
IRENSER (K2K =50

Fig.4 Tsukuba-Kamioka long baseline
neutrino oscillation experiment (K2K)
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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

o Xenon detector for Weakly Interacting MASSive Particles

(direct dark matter search)

Xenon MASSive detector for solar neutrino (pp/7Be solar
® neutrino)

Xenon 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 un-
derground laboratory at Kamioka mine. The advantages to
use LXe detector are followings, 1) high light yield, 2) scalabili-
ty 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 14C like in the or-
ganic scintillator. Those advantages lead to capability of the
detection of low energy solar neutrino from pp/7Be chains.
The 10ton LXe detector can have 10 events/day from pp-
chain and 5 events/day from 7Be. 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
one order of magnitude better sensitivity than the current ex-
periments and can explore deep inside of the SUSY parame-
ter region. In addition to those interests, the fact is that since
136Xe 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 Iton of LXe is surrounded by
about 650 "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 sensitivity to low energies (<10 keV) and very low
event rates (< 0.levent/kg/day). This requires innovations in
the detector design, and considerable attention to their radio-
active backgrounds. In addition to that, LXe detector can per-
form a "self-shielding" from the external gamma ray back-
grounds 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. The 1ton LXe detector and the water shield tank will
be constructed in this year. The data taking for the dark mat-
ter search will be started in 2009 and the expected sensitivity
of WIMP-nucleon elastic scattering cross section is 10-%cm? .
(Fig. 3)
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Fig.1 CANGARQO-IIl array of four I0 m telescopes i
Woomera, South Australia. Each telescope has a re—
flector consisting of 114 fiber-reinforced-plastic
based mirrors on a paraboloidal frame.
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Fig.2 Imaging Cherenkov camera consist—
ing of 427 photomultiplier tubes subtending
a field of view of about 4 degrees.

CANGAROO

We are searching for very high-energy
gamma-rays at TeV (=1012eV) energies
in the southern sky as the CANGAR-
00 (Collaboration between Australia
and Nippon (Japan) for a GAmma Ray
Observatory in the Outback) Collabora-
tion which is an international collabora-
tion consisting of Japanese and Austral-
ian institutions.

Gamma-rays, which are photons with
the shortest wavelengths, should be
produced in the birth places of cosmic
rays, where particles are accelerated to
high energies, via interactions of high-
energy particles with ambient matter
and fields. They come straight from
their production sites without any de-
viation caused by magnetic fields in
space, and thus directly point back to
celestial objects that are the origins of
cosmic rays, one of the long-standing
problems in high-energy astrophysics.
Very-high-energy gamma-rays bom-
barding the earth atmosphere develop
showers of particles. Charged particles
in those showers emit photons, called
Cherenkov light, in the forward direc-
tion. An atmospheric Cherenkov tele-
scope catches this flash of photons by
an ultra-fast camera after collecting
them with a large reflector. Signals
from the camera are digitized by fast
electronics circuits, and gamma-ray
events are extracted after sophisticated
analysis.

We started observations with a 3.8m im-
aging Cherenkov telescope in 1992,
called CANGAROO-], in a desert area
near Woomera, South Australia. We
then built a new telescope, called
CANGAROO-II, with a 7-m diameter re-
flector in 1999, which was expanded

#9 (B J2000)

2580 2585
i (B J2000)

3 EBHEREARXJ1713.7-3946 hhHDH V<
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Fig.3 Significance map of a TeV gamma-ray sig-
nal from the supernova remnant RX J1713.7-3946
obtained from observations with the first 10 mte—
lescope.

to have a 10-m reflector, in 2000. We
now have an array of four 10-m Cheren-
kov telescopes, called CANGAROO-III,
completed in March, 2004 (Fig.1), which
has been in operation on moonless,
clear nights. The prime focus of each re-
flector is equipped with a Cherenkov
imaging camera consisting of an array
of 427 photomultipliers (Fig. 2) to catch
images of Cherenkov light to discrimin-
ate gamma-ray showers against back-
ground showers generated by charged
cosmic rays. With its stereoscopic imag-
ing capability of Cherenkov light, we
are exploring the high-energy universe
via gamma-rays with excellent sensitivi-
ties and resolutions.

We have observed various active ob-
jects in the southern sky, such as super-
nova remnants, pulsars and their nebu-
lae, and active galactic nuclei, and
discovered several TeV-gamma-ray
emitters. Examples of our results on
two supernova remnants are shown in
Fig. 3 and Fig. 4, where gamma-ray de-
tection significance maps on the celes-
tial sphere are shown in color scales. X-
ray emission data by the Japanese
ASCA satellite are also overplotted by
contours. The most significant detec-
tion points almost coincide with the X-
ray maximum positions. These observa-
tions give us hints about the origin of
high-energy particles accelerated in su-
pernova remnants. Also, we are observ-
ing other high-energy objects, such as
pulsar wind nebulae in our galaxy and
extragalactic objects such as active ga-
lactic nuclei and clusters of galaxies. In
2006 we detected a gamma-ray flare of
an active galactic nucleus, called PKS
2155-304.
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Fig.4 Signal map of TeV gamma-ray emission
from the supernova remnant RX J0852.0-4622,
obtained from observations with the CANGAR-
OO-Ill stereoscopic system.
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seen behind.
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Fig.5 TA air fluorescence telescopes in
operation.
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Fig.2 Arrival directions of cosmic rays with energies above 4 ¥times 10'%yV.

Red squares represent cosmic rays with energy of > 10 eV. Light blue and
purple circles indicate 2 and 3 events clustering within 2.5°.
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AGASA/TA

The AGASA is a large-scale air-shower array in-
stalled in the vicinity of Akeno Observatory, loca-
ted in central Japan, 130 km west of Tokyo. It con-
sisted of 111plastic scintillationcountersdistributed
over an area of 100 km with an a¥erage spacing
of 1km. All of the counters were interconnected
by a network of optical fibers for precise timing
and fast data collection to the distant observatory.
The AGASA detected 11 cosmic-ray events with
energies exceeding 1020eV in its 13 years of opera-
tion starting 1990.

The propagation of ultra-high-energy cosmic rays
is limited in space, since they are expected to re-
act with the cosmic micro-wave background, and
lose their energy. The arrival directions of some
AGASA events are clustered in space, and seem
to be pointing back to a narrow region of the sky.
We searched for a large and powerful astronomi-
cal object, such as a radio-emitting galaxy and col-
liding galaxies, in the arrival direction of these cos-
mic-rays, but none were identified in the vicinity.
The origin of AGASA events is difficult to pin
down.

The work of AGASA is now succeeded by a new
experiment Telescope Array (TA) in Utah, USA.
It is composed of a ground array of 512 scintilla-
tion counters and 3 stations of air fluorescence
telescopes overlooking the array from the periph-
ery. The accuracy of the energy measurement
will be greatly improved by observing the same
event by the telescope and the ground array at
the same time. The sensitivity of TA will be more
than 10-times larger than that of AGASA by add-
ing the array and the telescope data together. Sim-
ultaneous observations will improve the resolving
power of the arrival direction, and the association
of these cosmic rays with the potential astronomi-
cal sources will be better achieved. The TA was
built in Utah, USA by a collaboration of Japan,
USA, and Korea. Observations using the complete
apparatus began in the spring of 2008 succeeding
the test operation started in June, 2007. We look
forward to confirming the AGASA discoveries
and identifying an enigmatic origin of ultra-high
energy cosmic rays in the near future.

: E3 TAOZAEREM. BLWUAIFMRREIBOMEZ. ROUAIFATEILE
EEDRAT—Y 3 VZERT . AI\—TF ZEHKRAERKEIE700km? T, EEHROHEHE

: A hal Fig.3 Detector arrangement of TA. The locations of 507 counters are
L — L [__# indicated by black sguare boxes. The locations of 3 telescope stations

are marked by green square boxes.
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Fig.1 Tibet air shower array, located 4,300m above sea level, Yangbajing, Tibet, China.
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Fig.5 Upper panel: yearly variation of sun spot numbers. Lower panel: Comparison of
Sunls shadow depth in cosmic rays between MC simulation and the observed data

Tibet AS y

s : : Tibet air array (Tibet-III) is located at Yangbajing (4,300m a.s.l), Tibet in China.
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eud 1 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-

anation [%]
(=}

£ -00LF- gy primary cosmic rays; The study of 3-dimensional global structure in the solar and inter-
& :g:g; TN : planetary magnetic fields by means of high-energy galactic cosmic rays; The measure-
o | @ frovend g ment of high-energy galactic cosmic-ray anisotropies.
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v Lnl zosm-tlim [;2“51“ - Tibet-III, 3,7000m in area, consists of 789 scintillation counters that are placed at a lattice
H6 ABBTEERSH (1VT sy with 7.5 m spacing. Each counter has a plate for a plastic scintillator, 0.5 m in area and 3
F4USMEB) OMOE (6-40 Tevp— cm in thickness, and equipped with a 2-inch-in-diameter photomultiplier tube. The detec-
REERT—5) tion threshold energy is approximately a few TeV. The angular resolution of the air-show-
Fig.6 Differential variation of primary cosmic ~ er array is estimated by the Moon's shadow in cosmic rays to be less than 1 degree,
ggtfiﬂsce)tfrfg%at}eiv?,fer;lgiof%@_e (Compton-  which is the world best performance. At the center of Tibet-IIL, 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" (1015-10'6
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.

i We made a precise measurement of the energy spectrum of primary cosmic rays in the
g "knee" (1015- 10'6eV) 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
e up and that the "knee" is composed of nuclei heavier than helium, supporting the shock-
X7 [EERTEEESE h5 wave acceleration scenario in supernova remnants.
4,6.2, 12,50, 300 TeV
Fig.7 Cosmic ray anisotropy at sidereal time ~ Because a charged particle is bent by a magnetic field, the apparent position of the Sun's
frame for 4, 6.2, 12, 50, 300 TeV from above.  ghadow 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.
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Tibet-III 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 %
QDAY Ry N oEE level )'apparent anisotropy due to galactic rotation Which would have been obser\(ed
Fig8 Search for gammarray point sources in otherwise. On the other hand, we found some hot spots in the Cygnus region, suggesting
the Cyenus region (Ill). Watch out the hot red ~ that they be celestial sources emitting TeV gamma rays. They were recently confirmed
Spots in €). please. by the Milagro experiment in U.S.A.
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FH & FEREIOGE D Fe s R3F 1 2
— MVEEIE L CB Y., 7THEGE (8
SUTH) FCRAZEHERTT, L
CGTIZWE3DDORE LML D ) 3,
O W oD TV L —F =% v
%,

@ #HEE % T 572010, R %
Hwb,

@ MEHHER D 72012, ABOH T IR
B35,

MEIIL CGToOFmMEE LT,
B3 T 12100 A — M VKR L — ¥ —F
Wil (CL10) %l Lk
X5V —F—THaromEIk L £
L7

107" o

107" o

107"
10

14 _|
-15

107 S
1077
10.18_

107"

[ZHy/w]  THE

A [(Hz]

H2 LCGTOREmMEE (R & TAMA (R . 100X
—hL70 YA HEETHET (B DRIRRE.

Fig.2 The achieved sensitivities compared with the target one of LCGT. The
vertical axis represents square root of displacement noise power density(the
strain is divided by its baseline length). The bright green curve is the noise
spectrum of TAMA (at the time of data-taking run in 2004). The blue curve
shows that of the CLIO. The dotted green curve represents TAMA design
and the lowest red one is the target of LCGT. The sensitivity at low frequen-
cies is improved by newly developed seismic attenuation system (SAS). The
sensitivity at higher frequencies is attained by higher power laser. The mid-
frequency region is improved by cryogenic mirror system. The sensitivity of
LCGT is limited by fluctuating photon pressure noise at low frequencies and
by photon shot noise at higher frequencies.

M3 RESN100mERROEEL—Y—Fi55 (CLIO).
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Fig.3 A 100m cryogenic interferometer prototype, CLIO, is built underground
at Kamioka. Adjustments of optics and cryogenics are on-going. The picture of
viewing an end chamber of cryostat housing a sapphire cryogenic mirror was
taken by a fish-eye lens camera.

Gravity

The gravitational wave group conducts R&D ex-
periments of the Large-scale Cryogenic Gravita-
tional wave Telescope (LCGT) project for the de-
tection of gravitational waves predicted by
Einstein. Nobody has succeeded to detect a
wave form in real time, so far. This type of de-
tection has become one of the possible tests to
prove Einstein's theory of relativity. The gravita-
tional 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 ex-
tensive R&D is needed to detect it. We have de-
veloped a 20 m prototype Fabry-Perot interfer-
ometer, a 100 m delay-line interferometer, and a
300 m TAMA interferometer in collaboration
with researchers of other research organizations
in Japan.

Figure 2 shows the achieved sensitivities com-
pared with the target one of LCGT. LCGT is de-
signed to detect at the quantum limit a strain
on the order of h_10-22 in terms of the metric
perturbations at a frequency of around 140 Hz.
This would enable the detection of coalescing bi-
nary neutron stars of 1.4 solar mass to 180Mpc
at its optimum configuration, for which one ex-
pects a few events per year, on average. To sat-
isfy this objective, LCGT adopts a power-recy-
cled Fabry-Perot Michelson interferometers
with a resonant-sideband extraction scheme, the
main mirrors of which are cooled down to cryo-
genic temperature, 20 K, for reducing the ther-
mal noise; they are located in a quiet under-
ground site in Kamioka mine.

We have succeeded in operation of a 100 m cryo-
genic interferometer, CLIO, underground at Ka-
mioka for practical tests of the cryogenic mir-
rors, which is one of the key technologies of
LCGT (in Figure 3).

For detailed, references, please see
http://www.icrr.u-tokyo.ac.jp/gr/gr.html
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measures. These measurements agree with the theoretical prediction
(red line) based on cold dark matter.

SDSS

The Sloan Digital Sky Survey (SDSS) project is
undertaking a photometric survey of half the
northern sky and a follow-up spectroscopic sur-
vey of about one million galaxies and one hun-
dred-thousand quasars, while producing a catalo-
gue and a detailed database of those objects. The
catalogue and the database far exceed any preex-
isting ones in both size and accuracy, giving the
potential for renovating many aspects of astro-
physical sciences.

The staff members of the ICRR/SDSS group
were engaged in constructing the observatory
and the instruments for 1992-1999, together with
American colleagues, and have privilege of ad-
vanced use of data from SDSS observations,
which are now in a routine mode. The scientific
objectives of the ICRR/SDSS group are cosmolo-
gy and related astrophysical phenomena, with
prime emphasis on understanding the evolution
of the Universe and galaxies; a key phrase would
be "quantitative cosmology"

The studies obviously not only make much use
of the SDSS data base (which has turned out to
be inexhaustible), but also use other resources, oc-
casionally by conducting observations at the Sub-
aru Telescope, when needed.

A part of our work using SDSS is being carried
out in collaboration with American and German
SDSS team members.
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Fig.2 Line gamma-ray flux from neutralino dark matter annihilation in the Galactic center.

The horizontal axis is for the neutralino mass.

Theory

The theory group is studying various theoreti-
cal aspects in elementary particle physics and
cosmology.

In Nature, four forces between the elementary
particles exist: electromagnetic, weak, strong
and gravitational. Nowadays, the unified theory,
in which the electromagnetic and weak interac-
tions have a common origin, has been confirmed
with high precision by many dedicated experi-
ments. Furthermore, grand unified theories,
which unify the electromagnetic, weak and
strong interactions, have been proposed. Most
models predict proton instability, along with a
finite neutrino mass. The theory group is study-
ing theoretical aspects for phenomena predicted
in the grand unification theories, such as proton
decay and neutrino oscillation.

It is conceivable the Nature has higher symmet-
ries at high energy scale, and that the existence
and interaction of elementary particles may be
subject to these symmetries. Supersymmetry is
one of the most promising symmetries in this re-
spect. Supersymmetric models are one of the
most important subjects for the Theory group.

The universe was created by a Big Bang four-
teen billion years ago. Immediately after its crea-
tion, the universe is considered to have been ex-
tremely hot and dense, and various elementary
particles, even those difficult to produce by pres-
ent-day accelerators, would have been present
during this early epoch. The four forces were al-
most indiscernible, and higher symmetries
should have emerged at that time. The theory
group is attempting to check the elementary
particle physics and/or cosmology by studying
effects from interactions of the elementary par-
ticles that took place in the early universe.
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Fig.1 Photo: Public lecture in Kashiwa on May 15, 2005.

RCCN

The Research Center for Cosmic Neu-
trinos was established in April, 1999.
The main objective of this center is to
study neutrinos based on data from va-
rious 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 im-
portant practical jobs of this center is
the organization of neutrino-related
meetings. In FY2006, we hosted two
domestic neutrino workshops. In each
meeting, about 40 physicists participa-
ted.

Members of this center are involved in
Super-Kamiokande, K2K and T2K ex-
periments, carrying out research activi-
ties in neutrino physics. Atmospheric
neutrino data from Super-Kamiokande
give one of the most precise type of in-
formation on neutrino oscillations.
With increased data, it is more impor-
tant to have better predictions of the
neutrino flux. Therefore, in addition to
data analysis of the above experiments,
we work on predicting the atmosphe-
ric neutrino flux. In order to accurate-
ly predict this flux, it is important to
know details of the data based on
measurements of primary and second-
ary cosmic-ray fluxes. For this reason,
we have a close collaboration with re-
searchers working on cosmic-ray flux
measurements.

It is important that the general public
knows about the achievements of the
present science. For this reason, we
have a public lecture every year. In
FY2006, the public lecture was held on
April 22 (Sat) at Kashiwa. About 200
people heard the lectures.

Since 2004, RCCN has been acting as a
body to accept inter-university pro-
grams related to activities in the low-
background underground lab. in Kashi-
wa. We accepted 7 programs related
to the low-background lab. In addition,
this center, together with the comput-
er committee of ICRR, is in charge of
operating the central computer system
in ICRR. The computer system was op-
erated very successfully in FY2005

Ashra

All-sky Survey High Resolution Aur-shower detector
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Ashra

Very high-energy cosmic rays, such
as gamma rays, nucleons, and neutri-
nos, traveling the universe, finally
reach the Earth. They then interact
with the atmosphere and leave a
stamp, called an "air-shower". Ashra
(All-sky 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 un-
known objects or phenomena through
UV light, gamma rays, and ultra high-
energy neutrinos with newly devel-
oped 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 UV image
intensifier, mounted on the focal sur-
face. We can now well determine the
species and direction of cosmic rays.
The high performance of our optics
was already confirmed by test obser-
vations. We also developed an
"intelligent trigger system', which ob-
tains air-shower images efficiently af-
ter judging whether incident light is
produced by cosmic rays. We have
made two new sensors for the trigger
system.

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

Fig.1 Views of the Ashra observational stations at the Mauna Loa Site ofwhich civil
engineering construction has been completed. There are main station which simulta-

neously watches 80% of the entire sky like composite eyes of insects and substa-
tion which watches regions around the zenith. As a result, 30% of the entire sky can

be covered by stereoscopic observation. The inset shows a view of the Ashra light

collectors for quasi-horizontal observation taken from the Mauna Kea side. The appa-
ratuses might find out air-shower signals come out of the mountain, which are in-

duced by high energy cosmic neutrinos.
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Research Contents

Kamioka Observatory is located in Ka-
mioka Mine, Gifu prefecture, Japan.
The observatory was established in
1995 in order to operate Super-Kamio-
kande, a 50,000 ton water Cherenkov
detector located 1,000 m underground
(2700m.w.e) in the Kamioka Mine.
Super-Kamiokande discovered evi-
dence for neutrino oscillations using at-
mospheric neutrinos in 1998. Also, sol-
ar neutrino measurements established
neutrino oscillations in 2001 by compar-
ing results from the SNO experiment
in Canada. In 2002, neutrino oscilla-
tions were confirmed using artificial
neutrinos produced by a proton accel-
erator at KEK.

There are also 100 m long laser inter-
ferometers in Kamioka Mine that are
aiming to study gravitational waves
and geophysics.

Using the low-background environ-
ment in Kamioka Mine, dark-matter
search experiments are also being pre-
pared. One of the experiments is
called XMASS, which is described in
the section Neutrino and Astroparticle
Division.

There are research offices, a computer
facility and a dormitory for research-
ers 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/cms3

Access

@®Toyama Airport = Bus (30min) —
Toyama Sta. — JR Takayama Line
(50min.) — Inotani Sta. — Bus (10min.)
— Mozumi Bus Stop — Walk (Imin.)
@®Toyama Sta. — Bus (70min.) — Mo-
zumi Bus Stop — Walk (1min.)
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Research Contents

Cosmic-ray research in Mt.Norikura started
with an experiment conducted by Osaka
City University in Tatamidaira in 1949. In
the next year, four institutions (Osaka City
University, Nagoya University, Kobe Univer-
sity, and Institute of Physical and Chemical
Research) established a lodge for cosmic-
ray experiments, called *Asahi Hut%, in
Iwaitani, based on an Asahi Academic
Grant. In August 1953, the Cosmic Ray Ob-
servatory 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 the facilities of ICRR.

The observatory has been hosting cutting-
edge cosmic-ray research, including studies
of particle and nuclear interactions in ultra-
high-energy regions, cosmic-ray modula-
tions by magnetic fields and solar activities
in the galaxy and interplanetary space, and
observation of solar neutrons. In addition, re-
cent activities include research related to
Earth environments. For example, aerosols
are observed on an unpolluted high moun-
tain to study their transport mechanisms
and their effects on air pollution and cloud
generation; also, the green-house effect and
acid rain are studied by surveying alpine
vegetation. Moreover, the observatory is
used for prototype experiments to search
for very-high-energy gamma-rays from the
sky, and to conduct performance tests of
cosmic-ray telescopes, utilizing its high alti-
tude and night-sky darkness. Thus, the Nori-
kura observatory is working as a multi-pur-
pose 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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Research Contents

At the Akeno Observatory, extremely
high-energy air showers with energy
levels exceeding 1020 eV are observed.
Also the development of air-showers
and the origin of extremely high-ener-
gy cosmic rays are studied. In addi-
tion, this observatory supports the de-
velopment of equipment related to
these studies and test observations of
inter-university joint-use research. Its
main equipment, “AGASA” , had
been in operation as the world's larg-
est air-shower detector for 13 years
since 1990, but its operation was ter-
minated in January, 2004, while hand-
ing over observations to its larger

scale successor, “Telescope Array (TA)” .

At present, the facilities at Akeno Ob-
servatory are used for the construc-
tion and arrangement of TA, the devel-
opment of prototype detectors, and
pilot observations. “AGASA” will be
relocated to Utah, US.A., to continue
its operation as a part of TA.

Location

Address: 5259 Asao, Akeno-machi, Ho-
kuto-shi, Yamanashi Prefecture 407-
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.)

EREIFT (FRRAT) & AGASA 7'd BEEL
Area of Akeno Observatory (bottom right)
and AGASA
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Chacaltaya Observatory of Cosmic Physics
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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 NI &Y TR ORI

Detector complex of the observatory.
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History

The Institute for Cosmic Ray Research
(ICRR) conducts observations and studies cos-
mic rays from various aspects. Its predeces-
sor 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 Uni-
versity of Tokyo. This observatory was Ja-
panls first research facility for nationwide
joint use. In 1957, it participated in world-
wide observations of the International Geo-
physical 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 ob-
servations. Since then, the observatory has
continued steady observations with these in-
struments.

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 Soci-
ety for the Promotion of Science were incor-
porated into the research of this institute.
One project was a deep underground experi-
ment 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 re-
organized into the Institute for Cosmic Ray
Research (ICRR). ICRR absorbed the 3 sec-
tions of the Cosmic Ray Division of the Insti-
tute for Nuclear Study, The University of To-
kyo, which had conducted similar research
since 1956, and started its research projects
over again as an institute composed of 6 divi-
sions and 1 facility. In 1977, the Akeno Obser-
vatory was formally recognized as a second
attached facility. In 1979, a 1 km? air-shower
detector, which was installed in the Akeno
Observatory, and an emulsion chamber,
which was placed on MtFuji, 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 con-
struction of facilities for studying primary
cosmic rays was finished.

From 1985, ICRR increasingly produced sig-
nificant experimental results, and further im-
proved its experimental equipment. In 1987,
the Kamioka Observatory succeeded to trap

neutrinos from a supernova for the first time
in the world. In the same year, the construc-
tion of a 100 km? wide-area air-shower detec-
tor was commenced at Akeno Observatory.
In 1988, the Kamioka Observatory observed
a deficit of solar neutrinos, and in 1989, the
Norikura observatory observed a consider-
able increase in cosmic neutrons in the wake
of a solar flare. In 1990, the construction of
the wide-area air-shower detector at the Ake-
no Observatory was finished. In 1991, the con-
struction of Super-Kamiokande was started.
In 1992, a collaborative research team in Aus-
tralia observed ultra-high-energy gamma
rays for the first time in the southern hemi-
sphere. In the same year, a new team for ob-
serving gravitational waves joined ICRR. In
1993, the construction of the air-shower gam-
ma-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 Observato-
ry detected an anomaly in atmospheric neu-
trinos. In 1995, the Kamioka Observatory re-
started 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 de-
tect artificial neutrinos that are emitted from
the High Energy Accelerator Research Or-
ganization at Super-Kamiokande. The Re-
search Center for Cosmic Neutrinos was also
established for collecting information on the
observation of cosmic neutrinos, and paving
the way for new neutrino research. More-
over, ICRR was granted a Scientific Research
Fund for a COE (Center of Excellence),
which was used for significantly improving
the ultra-high-energy gamma-ray observa-
tions in Australia. In 2003, ICRR was granted
a Scientific Research Fund to investigate the
origin of extremely high-energy cosmic rays
for the Telescope Array (T A) experiment. Af-
ter five years construction, TA observation
started in 2008.

On April 1, 2004, The University of Tokyo be-
came an independent administrative entity,
and ICRR's research divisions were reformed
to establish a research system composed of 3
research divisions.
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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 10?° 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).
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Administration of ICRR

Board of Councilors:

This is a board for discussing the
joint use of ICRR, and is summoned to
meet upon the directorls request for
advice. This board is composed of the
director and about 14 members. The
board members are selected from the
following personnel: (1) the professors
and associate professors of ICRR, en-
umerated by the Chancellor of The
University of Tokyo, (2) the Dean of
Department of Science and the Direc-
tor of the Executive Office, The Uni-
versity of Tokyo, (3) the Director of
National Astronomical Observatory,
the Director of the Institute of Partic-
le and Nuclear Studies of the High En-
ergy Accelerator Research Organiza-
tion, and the director of the Yukawa
institute for Theoretical Physics, Kyo-
to University and (4) those who have
academic careers inside and outside
of the university and who were enum-
erated and entrusted by the Chancel-
lor of The University of Tokyo.

Faculty council:

This is a board for deliberating impor-
tant items of ICRR, such as the recom-
mendation of an incoming director to
the Chancellor of The University of
Tokyo and the appointment of staff
members. The council is composed of
the director and all full-time profes-
sors and associate professors of ICRR.

Advisory Committee:

This is a committee for drawing up
shemes for operating the joint-use fa-
cilities and submitting them to the
Faculty council. This committee is
composed of about 14 researchers
from inside and outside of ICRR (the
number of inside researchers is almost
equal to those from outside).

User’s Committee:

This is a committee for having discus-
sions to facilitate joint-use research
and suggesting and reporting to the
Advisory Committee. This committee
is composed of members selected
from inside of ICRR, and outside mem-
bers who have academic careers.
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Number of Staffs and Directors So Far
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Professors Associate Professors Research Fellous Total Number of Acadmic Staffs ~ Technical Staff ~ Total Number of Staffs
8 (0) 14 (0) 20 (1) 42 (1) 9 (0) 51 (1)
11<o> [0]<0> 0]<0> [11<o> n<o>
() BtETh [ | 3RETHKR. < >SIEAEAZETHE
The parenthesis “( )” represents the number of female staffs; the square bracket “| |” represents the number of guest staffs; and the angle
bracket “< >” depicts the number of guest foreign staffs.
FERRRE Representatives So Far
@R R AFFEHIRE AT @ Cosmic Ray Observatory, The University of Tokyo
R TH = RAI284E 8H 1H~MRAI304E 8A3LH Director Morizo Hirata  Aug. 1, 1953-Aug. 31, 1955

=3 A EL BIAIS0AE 9H 1H ~WARI344E 9H21H Director Seishi Kikuchi  Sep. 1, 1955-Sep. 21, 1959
PRk Brh 3 IAIS4AE 9H22H ~WRI3SAE 7H31H Acting Director Itaru Nonaka Sep. 22, 1959-Jul. 31, 1960
PRk AeRy Wk IRMISSAE 8H 1H~WRI3SHE11H30H Acting Director Hiroo Kumagai ~ Aug. 1, 1960-Nov. 30, 1960

R Ypeh B WARISSAEIZH 1H~WRI454 3H31H Director Itaru Nonaka  Dec. 1, 1960-Mar. 31, 1970
it & oW W45 48 1H~WA474 3H31H Director Kouichi Suga  Apr. 1, 1970-Mar. 31, 1972
=3 = = ARI474E AR TH~IRAI514 5H24H Director Saburo Miyake ~ Apr. 1,1972-May 24, 1976

@K RAFEFEHIRIAZ @ Institute for Cosmic Ray Research, The University of Tokyo
it B = =P BRI514 5H25H ~WF159% 3H31H Director Saburo Miyake ~ May. 25, 1976-Mar. 31, 1984
R S| B ARIS94E 4H 1H~IRAI614 3H31H Director Kouichi Kamata Apr. 1, 1984-Mar. 31, 1986
i & SERE —E8 WARIGL4E 48 1H~WAI624E 3H31H Director Ichiro Kondo  Apr. 1, 1986-Mar. 31, 1987
FrEdemEdk WK HES IRAI624E 477 1H~IRFRI624E 4J330H Acting Director Goro Tanahashi ~ Apr. 1, 1987-Apr. 30, 1987
=3 S REB WFI624E 5H 10~ 9% SH31H Director Jiro Arafune May. 1, 1987-Mar. 31, 1997
R g TR 9 401 1H~FHL34E 3/31H Director Yoji Totsuka Apr. 1,1997-Mar. 31, 2001
=3 R OKZ PERI34E 4H 1H~FK164 3H3IH Director Motohiko Yoshimura Apr. 1,2001-Mar. 31, 2004
=3 AR FEES ERKI64E 47 1TH~FHi204E 3H31H Director Yoichiro Suzuki  Apr. 1,2004-Mar. 31, 2008
i & BEH BERE P04 48 1H~ Director Takaaki Kajita ~ Apr. 1,2008-

@=EEAIFT @ Norikura Observatory
FrFEHER = =5 IHAI514E 5H25 H ~IRFI524E 2H28H Acting Director Saburo Miyake — May 25, 1976-Feb. 28, 1977
LZ[ =3 RE —BES ERIS24E 3] 1H~IMI624E 3J131H  Director Ichiro Kondo ~ Mar. 1,1977-Mar. 31, 1987
i R Wl Al AAI624E 4H 1H~FR 124 3H31H Director Toshinori Yuda ~ Apr. 1, 1987-Mar. 31, 2000
o & fRE ke SERKR129E 40 1H~FK15%E 3H31H Director Masaki FukushimaApr. 1,2000-Mar. 31,2003
A & WEH  IEA SEREISME 4H 1H~ Director Masato Takita ~ Apr. 1,2003-

O@BAEFER IR @ Akeno Observatory
=3 PR B — BRI514E 4518 H ~WF594 3H31H Director Kouichi Kamata  Apr. 18, 1977-Mar. 31, 1984
=3 WikG  TLEB BRISOE 4H 1H~WA634E 3H31H Director Goro Tanahashi ~ Apr. 1, 1984-Mar. 31, 1988
R A% I WARI63E 40 1H~FK104E 3H31H Director Motohiko Nagano Apr. 1, 1988-Mar. 31, 1998
r & Tl BUE CPRI04E 47 1TH~FIR144E12A31H Director Masahiro Teshima Apr. 1, 1998-Dec. 31, 2002
R fEE IEC PERIGHE 18 1H~ Director Masaki Fukushima Jan. 1,2003-

@M FERN T IER
iR P v PR TAE AR TH~ERI44E 9H30H
Jiiak 5 FATE— BB SEIRI44E10H 1H~

@ Kamioka Observatory
Observatory Head Yoji Totsuka Apr. 1, 1995-Sep. 30, 2002
Observatory Head Yoichiro Suzuki  Oct. 1,2002-

OFH-—1— MU /HABRRMS Y5 —
vra—K  FH BER CPRIE 4] TH~

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



EHREZE Annual Expenditures
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Research Budget * Facilities

T-F thousand yen

X 75 SRR 15 AR S 16 4R EE SRR 17 AR SR 18 4FEE SR 19 4 EE
Category FY 2003 FY 2004 FY 2005 FY 2006 FY 2007
ANf}%  Personal Expenses 434,874 539,000 465,000 566,000 624,000
Yif}-# Non-personal Expenses 1,785,449 1,902,000 1,822,000 812,000 1,253,000
A & Total 2,220,323 2,441,000 2,287,000 1,378,000 1,877,000
9+EB§%% External FUHdS, etc -1 thousand yen
SRR 15 SRR IR 16 SEEE P17 4B SRR 18 4 R 19 4R
X 5 FY 2003 FY 2004 FY 2005 FY 2006 FY 2007
Category g | ASH | O | RASHE | M| ASE | M| ZASE | K | ZASH
Quantity | AmountReceived | Quantity | AmountReceived | Quantity | AmountReceived | Quantity | AmountReceived | Quantity | Amount Received
% X o LTS 0 0] 0 0] o 0] 0 0| o 0
Joint Research with the Private Sector : :
ZACHIZE 2 1,950 3 237,364 5 206,369 0 0 5 21,730
Entrusted Research :
RAFT A 2 505 2 50,446 3 5.380 3 2,000 2 10,930
Donation for Scholarly Development : :
b2 B o B AR e 2 1 182,975
Adjustment Costs for the Promotion of
Science and Technology : :
B2 E BT Grant-in-aid for Scientific Research -1 thousand yen
SRR 15 4ERE PR 16 AR SRR 17 SRR PIK 18 4R IR 194
WoerEE FY 2003 A | FY 2004 FY 2005 FY 2006 FY 2007
Research classes g | AR Research classes BB | AR | B RASH B R ASH || ZASH
Quantity | Amount Received Quantity | Amount Received | Quantity| ~ Amount Received | Quantity| Amount Received | Quantity | Amount Received
COE JE I RE 2t 1. 208000 |AFBIERERF% (COE) | 0 0| 0 o0 UM 0
Basic Research for the COE Development : Research Category(COE) : :
5 B e 2F 4t Bl AT 72 1 i 98000
Special Promotion Research Creative Scientific Research
€ SEIRAT TR : R FUEAETE 5 256,000 3 148,000 4 ¢ 68,000
Particular Field Research Particular Field Research
g SEISAFZE (A) 2 180,000 |HFEBIEMZE (1) 2 21,000 :
Particular Field Research (A) Particular Field Research (1)
e HBAgE (B) 11§ 321,703 |45 & HIBFZE (2) 5 387,000
Particular Field Research (B) : Particular Field Research (2)
FEAEREZE (A) 1 13,260 |ZEEAF7E (S) : : 1§ 10000
Basic Research (A) Basic Reserch
JERERFE (B) 11 15340 PEBERFE (A) (1) 3 59000 | 5 42000 | 6 . 77000 | 4 - 44,000
Basic Research (B) ' Basic Research (A) (1) :
JEAERZE () 1 8700 |ZEMEAIZE (A) @ 2 13,000 :
Basic Research (C) Basic Research (A) (2)
6 : 5800 |ZEAERFZE (B) (2) 3 17000 | 2 : 2000 [ 1 : 2000 | 3 : 16000
: Basic Research (B) (2) : : :
ShEZE (A) 2 3300 | 2AME%E (C) (2) 3 3,000 : 2 2,000 2 2,000
e | g ;Ji"fﬁl;F ;%arc(hli():) o 1 10,000 | 1 é 4,000 1 3,000
%‘Eiﬁfﬁﬁ% (?ﬁ:ﬁﬁﬁ) : Young Researcher’s Research (A) ' : ' ’
International Academic Research(Academic Investigation) % %36)1:79.1‘3 (B) 6 8,000 3 5‘000 3 4,000 6 8,000
%%B{Jﬁ)fgﬁ 2 3’400 Young Researcher’s Research (B)
Exploratory Research : [IE:RISL0 ¥iA 2 4 1 1
E%‘S%Wfﬁ)f 97.1‘-': (;j\:lﬁ]ﬁ)f "j%) Exploratory Research 1 2,000 1 1,000 000 000
International Academic Research(Collaborative Research) %?ﬁﬂ:%( AL — I\ Ty 7’) 2 3,000 2 2,000
FERIBETE H 3L % 8 1 8700 |HEBIRITEH LT : :
Scholarship for Special Researchers Scholarship for Special Researchers
{3\T jf 36 1 606,203 23 0 497000 | 19 © 329,000 | 20 i 244,000 | 25 i 252,000
Of H : : H :
FTERR O b - ZBYIEFE Locations and Land/Building Areas FTEZ£E Locations of Facilities
fiti % Facilities JifEt « Fif %5 Location and Telephone Number -3 Land Areant | %) Building Areant N
W% x ¥ o8 2 | TREKHiKIO% 515 TELOLTIS6CXXXX (540 f v) | 237452 7185 {E}
Kashiwa Campus | 51-15 Kashivanoh, Keshiva-st, Chiba Prefectur, JapanTEL: +81-4-7136-XXXX (directdiling) | (A1 % v/ 7S A4:fk) ’
AR ORI T L AR o4 B T S A 456 TEL + 0578-85-9620 | 68,903 2,071 .
Kamioka Observatory  |456 Higashimozumi, Kamioka-cho, Hida-shi, Gifu Prefecture, JapanTEL: +81-578-5-2116 (1= A) (= A 56) o WL
I W BP0 BT | RR LA NI Bk TEL ¢ 090-7721-5674 | 59,707 1,655 R EEEERN TR
Norikura Observatory |Mt Norikura, Nyukawa-mura, Ohno-gun, Gifu Prefecture, JapanTEL: +81-90-7721-5674 (f&A) STy
e o .
[F) &1 B S 4 T | WP I AR AR T e 24T 4306-6TEL : 0263-93-2211 2,203 182 N o (HETI
Suzuran Lodge of Norikura Observatory | 4306-6 Azumi-mure, Minamiazumi-gun, Nagano Prefecture, JapenTEL: +81-263-93-2211 (f&A) e ORI
W W 8 T INAURILL T I AR 5259TEL : 0551-25-2301 | 18469 2843
Akeno Observatory {5259 Asao, Akeno-machi, Kitakyoma-gun, Yamanashi Prefecture, Japan TEL: +81-551-25-2301 (ﬁ;." }\) ’

HEFIARZ
HRURA AR ZET I3, AL RFIRIZERT & LT, M¥F v
XA PR T SN R SE R R R, W BLN T o K
Fti cHRERHNIEET>CwET, TRENOAL ST,
ST OB IEFE DT> T,

S OIFRF AL IFEEROMEE» S 05 L, R
HEEZR XK OIMAMEBEMEHZTRIRL 9. P18
EBED e O G & SRIAEEE, LT & B ) TY,

a0k | s | JFREEBC e e
Joint use in fiscal 2007 Number of Applicants Pyihemis Number of Total Researchers
FH=2— MY WFIEEM 35(35) 35(35) 502 (502)
Neutrino and Astrophysics division
TRV — TN | 45010) 45(10] 516(73]
High Energy Cosmic Ray division
T AL REY) BEFZEER M 9 9 167
Astrophysics and Gravity division
ERi e WA )i A 10 10 80
Research Center for Cosmic Neutrinos

C OV ftiee, O P9k Bl i

RERHEE

HORR AT RUBRIE R &, B2 B R e i B 27 BGR
RO—BRE LTRFPRPEEEZTANMEREL T DL L DI,
RFEBEOHRD L LTV E o HIARALEZNRIT, FEE
WY BREFLIF—VIEBLTVIT,

R RFERFEREO B E LT, MRS oMKRFEDRERE:
. RERVBEREL. FERIBFZEAE. AMEIAREZEE L L TR AN SE
bHVTVET,

WRCR 2T M ZE O KB AEZ AR TOLEB) T
K

R 15 4B PR 16 4R PRI 17 4B [FRAR 18 4R BE [Pk 194E

FY 2003 FY 2004 FY 2005 FY 2006 FY 2007
I3 + 18 (2) | 25 (3) 27 (2) 18 (1) | 16 (2)
Master’s course
[ B@M® [14@ |16@ | 212 |29 @3
Doctor’s course
& i 31 (3) |39 (4) |43 (4) | 39 (3) | 45 (5)
Total

2‘.&‘

Joint-Use Research, Education/International Exchange

O HEMEHE WMIEN BT 3ERRHFRIOS 2 b

N

EtHpAMR 7O I ~
BRYVETOF XY HNVIXINTIE, =3V yay--FzrynN—
ZHOTEHEBROR S SHMEAN O fibhTwE s,
B+r—ZAbS5UT7TOY—25TlR. KAFolbrya7¥meE
EHCTHEZANVE—F VRBEOBEERIfTbITwE T,
BF~Xy POENIER T, BT v 7 —BIIEEZ v
TRIANF —DOFHBERPITDNLTHE T,

A7 A)HDOLyTlE, RKAFHEEESEZ W TRES T AV
F—OPHBREWNET HEtH 25T L TB Y., ERIEH W
TwEd,

B, tROMTEBICIE. 72)A05% L OFFEEDN
ZMLTVWET,

el FE B A 2 B b o8 2 i L 72 KF R OVEIIE, R1ok
BY T,

[# 1] EBREMaciiin Emikitgp4, Academic Exchange Agreements
1995 AP v [} bt i RE W PRE 227 (PP )

Institute of Physics, Chinese Academy of Science (China)
1995 47 7 L — N KWL (F—ZX b5 U 7T)

School of Physics and Mathematics, University of Adelaide (Australia)
1995 4ER R T+ ¥ RPFRFBESCHAERITERE ORI

Graduate School of Arts and Sciences, Boston University (the United States)
1995 4EN 7 4 REHZTR CRE)

Department of Science, University of Hawaii (the United States)

1995 4.2 & RAEBLETR - OR[H)

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

1995 4E 4 U 7 4 W=7 K%T =34 P AREE CRE) @

School of Physical Sciences, University of California, Irvine (the United States)

ez® ©

@ ©

1994 4RV ETH YT Y FLAKRE (KUET) (/]
Universidad de San Andrés (Bolivia)

1996 4E 1 > 7 RLE T H 7 3 — B EIESE (8]
INR, Russian Academy of Sciences

2007 4ETI A+ — A b 5 1) 7 KA G PR o

The Faculty of Life and Physical Sciences of The University of Western Australia

NEARFRE ED AR
FLREIFHWIZEIS SN L T 2 A4 E AWF5EE O BudFk19

EEETASHICED £9, T, SCHRHEA T 7213 H AR

PRIy %08 U T L7231, MOROIIZEE DS < |

AV F. TIIVNRINITRSTOE T 5T OFHE A

REDZAKIZ, £20LBD T,

[5% 2] K HAMEIA Accepted Researchers | 2003 | 2004 | 2005 | 2006 | 2007

() PIERETHE

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

Joint-Use Research

A total of 1227 researchers have joined research programs at ICRR during a
5-year period from fiscal 1999 to fiscal 2003.

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.

SHEAREZER CCiRteeadisgs)| 46 | 24 | 25 5 4

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

SR ABETER (FARAIE ) 3 5 3 2 1

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

International Project

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

2. In Woomera, Australia, sources of ultra-high energy gamma rays are
searched for by utilizing atmospheric Cherenkov telescopes.

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

4. In Utah, US.A, a project for studying highest energy cosmic rays is in
progress.

In addition, many researchers from the U.S. are engaged in underground
experiments at Kamioka

International Exchange

A total of 733 foreign researchers are joining ICRR Joint-Use research projects in 2007
In addition, invited researchers were assemble via the Ministry of Education, Culture,
Sports, Science and technology or Japan Society for the Promotion of Science.
European and U.S. researchers are dominant, and Indian and Brazilian researchers
follow them. Recent data on the number of accepted foreign researchers are given in
Table 2.



SN OERARER DR

HRORZEFH M7, EER R EBRE R 2 2 2N EAE 1 MRERE L Tw 3. WILOFEL LEFERHED
HTFMAEREEZHCTRIOMEICOVTEHELTE LI I F—b, J1IHRET>TWE§ #E 10 FERICHHME L2

WM ORISR SR, DToLBY) T,

O IBRAHEEM > >R Ty A i & B
1996 4F (H8) 1/16 HUKJEFBEMIZERT (3R)

@55 5 T AV — BT - THOR P LR ET

J—r3vav7

1996 4E (H8) 9/25 ~ 28 W KB T HBFZe (R nl)

O iR TETTFRETH >~ RV 27 A
THAZEDOBIR & B
1997 4E (H9) 10/8 ~9 KEK HifEa#s (BID)

OF ) L FHWHICET AEBTI—2 v ay T

1997 4 (H9) 11/17 ~ 20 KEK HfEa#s (D)

QOEBET—rvavy 7 kR ESLVH—
1997 4E (H9) 11/17 ~20 i#ok% (BxD)

O 18 ==2— 1Y WS - PEYHLERERE
(FA )

(NEUTRINO98)
1998 4E (H10) 6/4 ~9 vl RA# (kE)

O H AR 435 50 JEERE &Y v RV 29 A
OYENC BT 5 FH MW O ARG
1999 4E (H11) 3/2 HARPAr &R OlnD)

@—=—MN) ) YHEONEKT—7 v a v T
1999 4E (H11) 3/3 ~4 KEK W4 (Hi5D)

@5 2 nl TAMA H MG T —2 Y a vy 7
1999 4£ (H11) 10/19 ~ 22
RAEAFVEDRETY Yy 28y ¥ — ()

O RE=a— Y /e
2000 4¢ (HI12) 2/8 ~9 KEK M4 (Rn0)

O iR TETEE > R U A
FHBR M Z DR
20004F (H12)10/11 ~22 URAIF ¥ ¥ 78 &2 (T-3%)

O7 VTAET =T WIS
o Y ) e R A 23k

20004F (H12)11/13 ~ 17 HRAIF x V78 A (T-28)

O A NF—=a2— 1Y O
EBT—2r v avy7

20004F (H12)12/4~5 BRI B4 R

@2 ==2— bV /IRE) & ZDHEIROMFEIH
EHBRT—2 gy

2000 4 (H12) 12/6 ~8 HEKIN L& (D)

(F:)
75 %

(Ff)
384

(F:1#)
125 %

(F:ie)
61 %

(JLA#)
110 %

358 44
(M)
120 %

(F:1#)
75 %

(&)
80 %4

(F:4)
224

(T4
122 %,

(Ff)
20 %

(F:48)
122 %44

(F:48)
94 4,

PRORFE L & 2 H R

Announcement of Achievements and Award History

O 505 T L — i
FEr—2avs (Ff)
2001 4 (H13) 3/22 ~ 23 HRMF ¥ ¥ 782 (T-3)120 %4

@%E3M==2— Y JIRE)E ZF DRI DM
EBo—2 gy (F1)
2001 4E (H13) 12/3 ~4 HAMF v ¥ 282 (T3 914

@7V <HTHZFH
- 20024 KT —2 v a v T - (M)
2002 4E (H14) 9/25 ~ 28 HAMIF ¥ ¥ 3 Z (T-3) 112 4

@55 31 TAMA ¥ Y RIT A (RA )
2003 4F (H15) 2/6 ~7 HAMF v ¥ 32 (TH) 364

@ A= 2— Y JIRE) & ZF DRI DM
EHEBy—2 3 avyTs (F18)
20034(H15)2/10~14 F)NEAEEESE RN 1224

O 3HERET—2 a7
1TV ¥ — 1l O WSS (F:4)
2003 4F (H15) 3/20 ~ 22 HOKMIF v ¥ 82 (T3) 904

@ % 28 [l it B (F:18)
2003 4F (H15) 7/31 ~ 8/7 >  \FEBE & (IR) 761 44

@5 M= 2— ) /IRE) & ZDRFEOMFH
FEpEy—2 v ayv 7 (M)
2004 4 (H16)2/11 ~ 15 BEHEZ A A 21 (BHiE) 1144

O L AFNYEEEDOF YY) T L —T g v
FpEy—2 v av 7 ()
2004 4F (H16)2/16  HEKMF ¥ ¥ 282 (F-3E) 53 %

OES5HEERET—2 Y ay T €

[T A VX —h T R3% |  (VHEPA-5)

2005 4F (H17) 3/7 ~ 8 (F-3¥) 42 %
@4 61 Edoardo Amaldi EHkEE&# (i)

2005 4F (H17) 6/20 ~ 24 (phkd) 179 %4
OEBEI—rvavT (€:313)

(I ANEF—FHOIF N F—IEK

2006 4 (H18) 2/22 ~ 24 (T-3) 126 %
QEBET—r Yay T (JLAi)

[JPARC —a2—hY JE—AIHT 5

it ]t B A

2006 4£ (H18) 7/13~14 (%|H) 61%

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):

Jan. 16, 1996

Symposium Commemorating Kazuo Yamakoshi: Cosmic Dust and
Related Issues

Institute for Nuclear Study (Tokyo) 75

Sep. 25-28, 1996

Workshop on Highest Energy Area Cosmic Rays, Cosmic Ray
Physics, and Future Plans

Institute for Nuclear Study (Tokyo) 38

Oct. 8-9, 1997

Symposium on Future Plans of ICRR: Status Quo and Outlook of
Cosmic Ray Research

Tanashi Auditorium of KEK (Tokyo) 125

Nov. 17-20, 1997

International Workshop regarding Gravity and Astrophysics
Tanashi Auditorium of KEK (Tokyo) 61

Nov. 17-20, 1997

International Workshop on Neutron Stars and Pulsars (co-hosted)
Rikkyo University (Tokyo) 110

Jun. 4-9, 1998

The 18th International Conference on Neutrino Physics and
Astrophysics (NEUTRINO 98) Takayama Public Cultural
Hall (Gifu)358

Mar. 2, 1999

Symposium Celebrating the 50th Anniversary of the Science
Council of Japan: Future Schemes in the Cosmic Ray Field in
Japan Auditorium of the Science Council of Japan (Tokyo) 120
Mar. 3-4, 1999

‘Workshop on the Future of Neutrino Physics

Tanashi Auditorium of KEK (Tokyo) 75

Oct. 19-22, 1999

The 2nd Workshop on TAMA Gravitational Wave Detector (co-
hosted)

National Institution for Youth Education (Tokyo) 80

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
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7 DL OW, L7 ) — R, ICRR Report (Fk3C)
B O EBE 43 D Proceedings ICHEE N OO & 4EE
BICLTUTIRLE T,

PRI DR

Number of Papers Authored by ICRR

ICRR—REPORT (FX3X) ICRR-REPORT (in European Language)
B4 L7 1V~ BRSCH#ERE Refereed English Journals
Number of Papers ERE4L# 7' 0 —F 124 Interational Conference Proceedings
105

100
90
80
70
62 62
60 57 55
50
50 4
40
30 %
20
10 7 5 5 0
Frk 16 17 18 19
2004 2005 2006 2007

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.

O¥r 9 F£(1997) THERE Aft  IE
O 11 £ (1999) #HHEHE

A—=I\—H=

@5 12 4 (2000)

SERE  eTH 134 (2001)
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Awards (in the past decade)
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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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Kashiwa Campus

FRTEt
OFpr : T 2778582 THEMANMORES -1 -5
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Location

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

® Tel: +81-4-7136-xxxx (dial-in)

Access

@ Kashiwanoha Campus Sta. of Tsukuba Express Line

— Tobu bus for "Kashiwanoha Park Circulaion" or
"Edogawadai Sta." (about 10 min.)

® 25 min. walk from Kashiwanoha Campus Sta.

@ Kashiwa 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.)

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

@® About 3 min. by car from Route 16 (Entrance of

Toyofuta Industrial Park)
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® 1997 Nishina Memorial Prize/Tadashi Kifune Research of Very High Energy Gamma Ray Source

® 1999 Asahi Prize/Super-Kamiokande Group Discovery of a Neutrino Mass

® 2000 Nishina Memorial Prize/Takaaki Kajita Discovery of the Anomaly of Atmospheric Neutrinos

® 2001 Panofsky Prize/Youji Totsuka and Takaaki Kajita Experimental Confirmation of Neutrino Oscillation by Atmospheric Neutrinos
® 2001 Nishina Memorial Prize/Yoichiro Suzuki, Masayuki Nakahata Detection of Neutrino Oscillation through precise measurement of Solar Neutrinos
® 2001 Medal with Purple Ribbon /Yoji Totsuka Achievement in Research of Cosmic Ray Physics and Particle Physics

® 2001 Fujiwara Prize/Yoji Totsuka Discovery of Neutrino Oscillation by Observation of Atmospheric and Solar Neutrinos

® 2001 Person of Cultural Merit/Yoji Totsuka Contribution to Progress in Cosmic Ray Astronomy

® 2004 Cosmic-ray Physics Prize for young researchers/Masaki Ishizuka

L/E analysis of the atmospheric neutrino data from Super-Kamiokande

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