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Institute for Cosmic Ray Research and

researches in cosmic rays

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

Various experiments followed to understand the nature
of cosmic rays. Muons, 7 mesons and K mesons were
discovered through these activities by the middle of the
20th century. They contributed to the development of
the elementary particle physics. However, due to the
advancement of accelerator technologies, main research
activities in the elementary particle physics shifted from
the studies of cosmic rays to experiments with accelera-
tors. On the other hand, there remained important
questions in cosmic ray physics; such as, where the
cosmic rays are generated, and how they reach the
Earth. Since the cosmic ray particles have electric
charges, the directional information of a cosmic ray at the
origin is completely lost when it arrives at the Earth.
Hence, there has been little progress in understanding
the astrophysical puzzles of cosmic rays such as the
acceleration mechanism of cosmic ray particles.

However, because of the rapid advancement of the
experimental technologies in recent years, cosmic ray
research has also progressed rapidly. It is indeed the
golden age for cosmic ray researchers. Observation of
high energy gamma rays and cosmic neutrinos, carrying
no electrical charges, are very important probes to
explore the origin of cosmic rays. The progresses that
the gamma ray observation experiments have made in
recent years are truly astonishing. High energy cosmic
neutrinos may be detected in the near future as well.
The highest energy cosmic rays of energy at 10?°eV
deviate by only a few degrees from their original paths
when they travel through the Milky Way galaxy. This
suggests that the “astrophysical accelerator” that can
generate the highest energy cosmic rays could be identi-
fied by observing the arrival direction of these particles.
The age of a new research field, the highest energy
cosmic ray astronomy, has yet to come. Furthermore,
there has been a significant improvement in the sensitiv-
ity in the gravitational wave detection, suggesting that
the gravitational wave signal could be observed within a
decade to come. The dark matter and the dark energy
occupy 96% of the total energy of the Universe.
However, their natures are unknown, and are studied
actively by various means. Recently, studies of cosmic

rays have contributed to the field of elementary particle
physics again. For example, the studies of neutrinos
produced by cosmic ray interactions in the atmosphere
have led to the discovery of neutrino oscillations between
muon-neutrinos and tau-neutrinos, namely establishing
the non-zero masses of neutrinos. Recent solar neutrino
experiments have solved the long-standing solar neutrino
problem attributing it to neutrino oscillations between
electron-neutrino and other neutrino flavors.

The history of the Institute for Cosmic Ray Research
(ICRR) began with an experimental hut in Mt. Norikura
at the altitude of 2,770m, called Asahi hut, built in 1950
with the Asahi Bounty for Science. This small hut
developed into the Cosmic Ray Observatory (commonly
called Norikura Observatory) of the University of Tokyo
in 1953. It was the first inter-university research facility
in Japan. The Cosmic Ray Observatory was reorganized
to the Institute for Cosmic Ray Research (ICRR) of the
University of Tokyo in 1976. Since then, ICRR has carried
out various research activities on cosmic rays as an
inter-university research institute. This year marks the
60th anniversary of the Norikura Observatory.

The mission of Institute for Cosmic Ray Research (ICRR)
is to lead the world community of cosmic ray researches.
The world's largest neutrino detector Super-Kamiokande
has discovered neutrino oscillations. It is expected that
Super-Kamiokande will continue to obtain important
scientific results. However, the research activities in the
world advance quickly. Therefore, continuing and lasting
efforts to create new attractive fields of research are
required at ICRR. For example, the highest energy
cosmic rays called Telescope Array, completed in 2008,
has been conducting various studies on the highest
energy cosmic rays. A dark matter experiment called
XMASS started experiment at Kamioka in 2010, whose
objective is the direct detection of dark matter. In
addition, the construction of the gravitational wave
telescope (KAGRA), whose importance was pointed out
twice by the Committee on the Planning of Future
Projects in ICRR, started in 2010. We are looking forward
to seeing the long-awaited first signal of a gravitational
wave.

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

between primary cosmic rays and air molecules.

High-Energy Particles from Space

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

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

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

Cosmic Ray Air Shower

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

When a primary cosmic ray from space collides with an air
molecule, it breaks apart the nucleus of the molecule, resulting
in production of multiple high-energy particles (called
“hadrons”), which then fly apart at nearly the speed of light,
further striking the surrounding air molecules, producing more
particles. The chain reaction quickly grows and the product
particles soon decay into many types of lighter particles such as
muons, neutrinos, gamma-rays, electrons, and positrons. This
cascade of particles is called an “air shower.” A typical air
shower develops into hundreds of billions of secondary particles,
raining on an area covering several hundred square meters on
the ground.

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

Sources of Cosmic Rays

Primary cosmic rays impact on the Earth’s atmosphere with a
very wide energy spectrum, from 10? to 10?° electron volts. The
number of primary cosmic rays decreases exponentially with
energy.
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Fig3. Methods of Cosmic Ray Detection

A cosmic ray particle of the highest energy
has energy that is equivalent to the energy a
lightning bolt emits every second—a hundred
trillion times the energy of a typical particle
emitted by a radioactive nucleus, and ten
million times the energy of the highest energy
man-made particle accelerator can produce.
This indicates that the universe must contain
somewhere the mechanisms that can acceler-
ate particles to such enormous energies.
Recent studies have found that supernova are
one such sources of cosmic rays, but they
cannot explain every cosmic ray.

Ultimately, cosmic ray scientists aim to
uncover the mysteries of the evolution of the
universe by understanding the mechanisms of
very high-energy astrophysical events occur-
ring at enormous distances from the Earth.
Cosmic rays are, to scientists, ‘messengers’
sent to mankind that convey messages from
the edge of the universe, with a great potential
to bring answers to questions that are asked in
a wide range of fields in physics and
astronomy.

Gamma-rays, neutrinos,
and gravitational waves

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

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

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

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

Methods of Cosmic Ray Detection

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

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

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

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

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

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




FHE=-1— MY /HFERF

7\"‘/\"‘7']\7]‘771/

7N —=T

Super - Kamiokande Group

MRENERE

| HRORR

@ X — 78— 3 7 27 IR B UL Ao i BT oD
HRRESE1 IO T 1,0004—MUZHD, FRK S
FARTHICERZHBLEL 72, B OH
AILE, DR F R RS H I 2 TR S
722 a— N EFHRB =2 — M) Y
DI RS 1 Z AN YN o E IOV
AE @B BB EPORK T H=2—
M ERHRRL =2 —N) PR ET
BY FRTFPOEHETE WG BHOW
MBTEET,

@ S BRBEE IHK S b &l 72 L7
Koz 7Ty (1BIR) oM BRLT-HK
HFE DGR TELEXIZIEEOLNS, F L
YaATHENIHF Elb‘ﬁ&frtj‘n%iﬁz_ét
D7 Y NHNIZEES0E Y F A=V D
fcé@%i§1%f§(~b/ﬁ—@~ﬁ)#n‘@
1LO00ATD SN TVE T,

B BA 46 5> S8 104F 28 72 V- L 2049 H
ISR OB T BB LT — 5 IS~
AT ADANBEZ BB bt AL
T —=F R B b TET,
72 PIRCLAE BE D DI IR HCERT 12
%J-PARCbI]iE%%fP%O)—:L—I\‘J/%Eﬁ‘(ﬂ'
F 5. T2KEBRD B SNEL 720 123
EOHIZII AR THDTI2—=a— )/
WET = a—N)INEE LR LS
ZFEL72

=N PHAEEROILEA— =N
FH TR LE LD F12E 7255 Ho
TWRNWIEDPTAXEABNET  A—78—7
A TIE == N OFR T EE
PR HEEDIC 22— ML BT H
WEBZHoTHEET,

OXT[=—1—RNU/ERAIICKD

Za—hMI/EEDER
FTHPSRA T T HBIT R AL UG
LCT=2—M/%2EE T . 2ORK=2—1
I Ia—=a—MNEEF=a2—N) /T
WIS TwET  ZOHDIz—=2—MN)
IS HUERYA AD BRSNSy =2
—NINZEDLSTLEIZEZ R T0EI
BRLFEL 720 L2 TAFNTTREISRA
TLA=2—M) 213205 530F 7 A — ML
FTLCA= =3I A FIFELT T Z
MUK U THIERO SOl CAzF N TA—/X
—H3IFATFIHNRT B LRED=2—N)
21389513,000F 2 A—MUHRITLCTEE T,
K2%HAE, FMEDIz—=a—F)/D
B o7 ENT R AT T8 Sy =
2—NNE S TLEST 201 F D L)
ICRZTWBIMRDFR A ZDENI=2
=M BEDOREFEREZ LI B G %[ =
2—N)IRE) | EFOE S =2 — M) JIRE)
IF=2—N) 2V EE RS> TWAEEICO
ARZLHLRTHY, =2 — ) IRE)DFE
RIZXoTma—NWEEEFOZEN
RENFL7Z (K2 o il TIEAREIL
B0y = 2—8) ) OBHINHEII LT
T4 KRR 2— N OB ENC LT,

FAMDO=2—N) ) OWEEHFE->TVET,

OXKBZE=1—hU/ERAIE
Za—kU/iRED
KBRS Tl R A SO E > T
FNFE=DPFEELTOET  ZDUSIZ LS
TRKEDET=2—N) /A ETh, HiEkIC
DIV TWET . O KB HRA TS
Za2—MN)OEUE TR e F 2
—MVBD660EHDDBUTNE T A—/S
—H3IFH TR =2 — )2 BRI T
L7225 B SN R EE T P HME D47
BLDBHNFELEATLIZcA—I8—=H3IF Y
FIEF=2—MN 7T TR —=a—
M =2 =N b ELTWE T
181 34 ZHF ¥ DSNOEERA, BT =2 —
) DFREEZIY, Z DR HEA—/8—F3
ITHTFTORRORKZTHIEIZLS
T EF=2—MN /P 32a—=2—MN/BX
Oy =2 =N IHREIL T B2 EA55 0

DFEL7 (M3BH) o Kb =2 —M) 213 KF
INFRO T B8 W ARl LT B 72, =
2N IR DY BRI RAEHIEHTTEE
T o TDT=DIIIBE DK=M) ) %
O THERBINEBI I LERHYET
NS A—IN—=H3IF A FIEFNHTEL M
ME—D%EETT,

ORER— 11—V /RENEER

L LAEDSH164EF T KO AL

DT ANF =N FERAE O 2
TSN /z=2—N) %, 250F 10 X — MU
NI A=/ 8= AIF AT THS R DLV HE
BT E L7 (K2KFEER) o Mg Tl
ESMSECE T UL/ N (H5V (5 =ty §
N REI AR E IS SR 08
A58 L, FERBRI SN 531120
PEEEILT N SE = 2 — M) 2 flioT,
Za—MN)IRBZMHEETEEL (K42
M),
SR 2 1AF B SRRV A O K 5
B ek (J-PARC) TAM SNz =a—
N )% A== h3F T TRz 5, T2KFE
BRASHIRENE L 720 T2KE R Tl K2K
R LD KR EE DD TR F — D o7z =2 —
M HWAEZEIZED), =2 —N) 2 IRE) DK
W ERATVET P 2346 HITIL 5
THIOTCI2a—=a—MNPBET=2—MN)
INEBALL Tz e B2 F L 72 T2K 5
Bl 7 S AD = 2 —N) S AL T,
Za =N RBOEFMEIIE D EHH
FEshEd,

O FREHE

A—=I8=H3IF A FIHR) =) 2157
ST ORBFHIATELENCT S
VTR OO A SIBE TEIB I LRI D
LO=2—N)/ (BHAETR=2—N )%
PR DZENTEFET D7D DFASEHIZE
VBB THET,
F72 A= 28— A I W T RESITRELL .,
F20R DR DK F oL a7 3EE (N
IN=HIFH VTN EST W E S E D
I FRPEDR 2 =R b T O B%179
TH7ERIsEbEDTVET,

1 R=IN=HAIAH VT DRNER

Fig.1 Inside of the Super-Kamiokande
derector

gsso z
ﬁsm —
w250 [
= -
5200
o
B1s0
“100 E

50 |

) -1 05 0 0.5 1
cos

K2 R=—a1—htU/DXIEAZ.
tEEZa -~/ ORENDEHL
Fig.2 Zenith-angle distribution of

atmospheric neutrinos, showing evidence
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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 detection and nucleon
decay searches.

SK is a 50,000-ton water Cherenkov
detector. 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
(PMTs) 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).
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 oscilla-
tions,” in 1998. Furthermore, accu-
rate measurements of the solar
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Fig.4 Tokai-Kamioka long baseline neutrino oscillation experiment (T2K)

neutrino flux using neutrino-electron
scattering data in SK, in conjunction
with results from the SNO experi-
ment 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 experi-
ment 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 atmo-
spheric neutrinos.

A new accelerator-based long-
baseline neutrino oscillation experi-
ment, called the TZ2K 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 measure-
ments of neutrinos using this beam
will make it possible to reveal hidden
properties of the neutrino. For
instance, the T2K experiment
observed the world's first indication
of muon neutrino to electron neutrino
oscillation in 2011.
Super-Kamiokande discovered
neutrino oscillations and measured
oscillation parameters. However,
there are still many unknown
features of neutrinos, and high preci-
sion  observations at  Super-
Kamiokande will reveal them. Also,
Super-Kamiokande will observe the
universe using neutrinos, which
cannot be achieved by optical obser-
vations.
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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#1s 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 @23 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?2623
is consistent with maximum (=1) from the SK, K2K and the MINOS experiments. If sin?26 23 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 phenom ena, 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 0.4% at the flux
peak. The T2K neutrino beam is expected to become almost two orders of magnitude more intense compared to the K2K neutrino
beam. In Super-Kamiokande, the front-end electronics were replaced in 2008 and we have achieved very stable data taking. The
beam timing transfer system and Super-Kamiokande event selection by using the beam timing have been established.

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

We resumed neutrino beam data taking in January 2012. We observed 11 candidate events in the updated analysis by using data
taken by June 2012. By accumulating more data, we will establish electron appearance phenomena 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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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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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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in the band.
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XMASS Experiment

The goals for XMASS project are to detect low energy solar neu-
trino, 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 experiment
by using the liquid xenon (LXe) detector in the deep underground
laboratory at Kamioka mine.

Current evidence indicates that 23 % of the mass energy density 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 interacting 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 purifi-
cation 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 capability 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 addition 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 sensitivity to low energies (<10
keV) and very low event rates (< 0.levent/kg/day). This requires
innovations in the detector design, and considerable attention to
their radioactive backgrounds. In addition to that, LXe detector can
perform 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 observed background in the XMASS detector was higher than
expected. However, the rate was comparable or better than the
current running experiments and we performed the light mass
WIMP analysis by taking the advantage of low energy threshold of
0.3 keVee. 6.7 days of data was analyzed to compute the spin-
independent elastic WIMP-nucleon cross section and the result is
shown in Fig. 3. The effect of uncertainty on the limit is shown in
the band. Axion search was also performed by using same data.
via axioelectric effect. In Fig.4, the limits on gaee coupling constant
is shown. This study is the first to give a factor of two stronger
constraint than the existing experimental limit for the mass <
1keV, and the best constraint at 10- 40keV which is better than
any astrophysical argument for the Sun.

Currently, we are working on the refurbishment of the detector to
improve the sensitivity and the data taking will be resumed in
2013. After the refurbishment, XMASS will have the one of the
best sensitivity for the light mass WIMP search. At the same time,
we are proposing the next generation large detector (5ton) with
effort of reducing radioactivity of PMTSs to explore deep SUSY
parameter region.
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Fig.1 The current generation VHE gamma ray observatories, the
MAGIC, VERITAS, and H.E.S.S. telescopes. The Cherenkov Cosmic
Gamma Ray group works in gamma ray astronomy with MAGIC on
La Palma, Canary Islands, and Fermi Gamma Ray Satellite.
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Fig.2 Very High Energy Gamma Ray Sky (>100GeV). More than
100 Galactic and extragalactic sources have been discovered by
H.E.S.S., MAGIC and VERITAS.
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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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Fig.4 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 mirrors.
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Fig. 5 Camera cluster for the Large Size Telescope (LST) developed
by CTA-Japan. This cluster consists of seven high quantum
efficiency photomultipliers (R11920-100), CW High Voltages,
pre-amplifier, Slow Control Board, DRS4 Ultra fast waveform
recording system and Trigger. The LST camera can be assembled
with 265 of these clusters, cooling plates and camera housing.
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Fig.6 Prototype of the high precision segmented mirror for the
Large Size Telescope (LST) developed by CTA-Japan in
cooperation with Sanko Co.LTD. The mirror is made of a 60mm
thick aluminum honeycomb sandwiched by 3mm thin glass on
both sides. A surface protection coat consisting of the materials
Si02 and HfO2 will be applied to enhance the reflectivity and to
elongate the lifetime.

Cherenkov Cosmic Gamma Ray Group

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

VHE gamma rays from 100GeV to 10TeV can
be observed with ground-based IACTs. The
history of VHE gamma ray astronomy begun
with the discovery of VHE gamma rays from
the Crab Nebula by the Whipple Observatory
in 1989. The current generation IACTSs
featuring new technologies, such as HESS,
MAGIC, and VERITAS, have discovered
more than 150 Galactic and extragalactic
sources of various types to date.

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, US and the EU. It will consist of
several 10s of IACTs of three different sizes
(Large Size Telescopes, Mid Size Telescopes,
and Small Size Telescopes). With a factor of 10
increase in sensitivity (Im Crab ~ 10"* erg s!
cm®), together with much broader energy
coverage from 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,
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
observing strategies, CTA will also elucidate
many aspects of the mysterious nature of
gamma ray bursts (GRBs), the most energetic
explosions in the Universe. Detailed studies of
both AGNs and GRBs can also reveal the
origin of the highest energy cosmic rays in
the Universe, probe the cosmic history of star
formation including the very first stars, as
well as provide high precision tests of theories
of quantum gravity. Finally, CTA will search
for signatures from elementary particles
constituting dark matter with the highest
sensitivity yet. Realization of the rich scientific
potential of CTA is very much feasible, thanks
to the positive experience gained from the
current IACTs.

The CTA-Japan consortium is aiming to
contribute particularly 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 is respec-
tively 23m and 400m? 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
and 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
also makes significant scientific achievements
in High Energy Gamma Ray Astronomy with
MAGIC on La Palma, Canary Islands, and
Fermi gamma ray satellite.
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Fig.1 TA layout. The locations of 507 counters
are indicated by black square 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 more are seen behind.

(right) TA air fluorescence telescopes.
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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 preci-
sion of TA help to improve the association
of high energy cosmic rays with the poten-
tial 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 May 2012, 1194 cosmic ray events
above 10'° electron volts (eV) have been
collected by the air shower array. Employ-
ing all the detectors and elaborate calibra-
tion facilities, the TA preliminarily deter-
mined the energy spectrum (Fig.3), compo-
sition (Fig4) and arrival directions of
UHECRS in the universe (Figb). The TA
spectrum is consistent with highest-energy
suppression predicted by Greisen, Zatsepin
and Kuzmin (GZK). The composition by TA
is consistent with proton. The arrival direc-
tions 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 AGNs are represented by black dots. The TA events, which are correlated
with the AGNs within 3.1°, are shown by red filled circles and the other events are shown by blue open
circles. The blue dashed line 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.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.4 Energy dependence of fraction of
nuclei heavier than helium in primary
cosmicrays around “Knee”energy region.
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Tibet AS y

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

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

Tibet-ITI, 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 detection threshold energy is
approximately a few TeV. The angular resolution of the air-shower array is estimated by the
Moon's shadow in cosmic rays to be less than 1 degree, which is the world best performance. At
the center of Tibet-III, set up are 80 m burst detectors composed of lead plates and plastic
scintillation detectors. We observe the energy spectra of proton and helium components in primary
cosmic rays in the "knee" (10215 - 10716 eV) energy region by the hybrid experiment with the
burst detectors and Tibet-IIL.

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

We made a precise measurement of the energy spectrum of primary cosmic rays in the "knee"
(10715 - 10716 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 important data to study the
global structure of the solar and interplanetary magnetic fields correlated with 11-year-period
solar activities. Covering mostly the solar cycle 23 (our data from 1996 to 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-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 apparently 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 TeV) galactic cosmic-ray
anisotropies at sidereal time frame. Besides the established "Tail-in" and "Loss-cone" anisotropies,
we discovered a new anisotropy in the Cygnus region. 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 US.A.

H5 LFREBABEERRBOEZEL. FTRIESEASNFERPOABZORDREIC

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
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High Energy Astrophysics
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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.

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 nuclei, 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.

M3 FEHiEEEULTHNSNAM828 5 Fig.3 A Subaru image of M82 starburst galaxy,

SRR (EN A ARG, SRUASRMFE which is known as a cosmic ray source. The energy

BRI FOIRILE—ZEGFXD/IRTD  density of cosmic ray particles inside this galaxy is

S500fBISET D EHESNTVETD, five hundred times higher than that within our
Galaxy.

; . s EERHFE (DMLY —) BEED Crab pulsar, which was created after the
BEPLRONTRTAI—OHERIVT D mipcesb, EESKCIRILE—%{# supemova explosion in 1054 AD, is at

HEEE AT

the center of the nebula and known to
provide energy throughout the nebula.
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Ashra
Allsky Survey High Resolution Air-shower detector
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Ashra

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
“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 exam-
ining unknown objects or phenomena
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 5600 hours until
March 2013. The excellent weather
condition at the site and the stability of
the installed detector demonstrated well.
In 2013, we plan to upgrade the detector
particularly for tau neutrinos to enjoy the
best sensitivity from the astronomical
objects in the very high energy region.

Fig.1 Views of the Ashra observational stations at the Mauna Loa Site. 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, 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 apparatuses might find out air-shower signals come out of the
mountain, which are induced by high energy cosmic neutrinos. The very high energy neutrino is the key
messenger to resolve the mystery of the universe.
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As a world-leading research institution in the field of Cosmic Ray, ICRR also places
importance on education at all levels and outreach programs.
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ICRR Spring School
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ICRR hosts an annual 5-day school in March for 3rd-year university students
who wish to pursue graduate study in the fields of cosmic ray physics. Since
2012, the ICRR Spring School has provided students from all over the coun-
try the opportunities to learn fundamentals of Cosmic Ray research, and to
work on the cutting-edge research subjects from/with active scientists and graduate students in the field.
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Graduate Student Workshop
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The ICRR Graduate Student Workshop provides the graduate students at
ICRR opportunities to communicate their research activities and achieve-
ments to their colleagues and to become familiar with broad subjects in
cosmic ray research. Since 2012, the program, consisted of verbal and poster
presentation sessions, has assisted the students at ICRR with networking and acquiring the skills needed to succeed
in their research careers.
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Open Campus / Visitors Program
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ICRR is actively involved in outreach activities, developing unique programs such as science cafes and hands-on
workshops for general public and school children. ICRR participates in the Todai Kashiwa Open Campus every
year and accepts visitors from schools.
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Gravitatioal Wave Project Office (GWPO)
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Fig.1 Schematic view of KAGRA planed underground at Kamioka.
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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.

X3 #EEIFOKAGRARDN 2RIV,
Fig3. Tunnel for KAGRA under construction.

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 2012, the tunnel housing the
interferometer was excavated in half way and almost all
vacuum parts were manufactured and stored near the
construction site in Kamioka. Four cryostats for main
mirrors were completed with successful cooling. The optical
design of the interferometer was fixed for the initial
operational run in 2015. The collaboration research between
the European Gravitational Observatory (EGO) and KAGRA
has been conducted to explore the further technical
enhancement about a cryogenic interferometer and to share
the profound knowledge about the underground
environment. In addition to this, the collaboration with
Korean gravitational research group is also ongoing to
accelerate the KAGRA subsection’s progress.

Figure 2 shows the achieved sensitivities compared with
the target one of KAGRA. KAGRA is designed to detect at
the quantum limit a strain on the order of h~102? 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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Fig1 Subaru telescope, NAOJ, with an
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 unknown.
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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
a emitting galaxies (LAEs) at z~7 with Subaru Prime
Focus Camera (Suprime-Cam) and Keck DEIMOS
spectrograph, and reported the results of the survey
widely in the world. Our results indicate that there
are clear signatures of increasing neutral hydrogen
fraction towards z~7, but that the universe is still
highly ionized at z~7. These results cast a riddle for
the physics of cosmic reionization. It is known that
ionizing photons produced by stars and galaxies are
less than 1/3 of the amount of ionizing photons neces-
sary for ionized universe at z~7. The question is why
the universe is ionized with the little ionizing photons.
It would be possible that the accuracy of our neutral
hydrogen fraction measurement is not high enough,
or that the previous studies miss a large population of
galaxies in the Suprime-Cam observations. In fact, we
have discovered a giant bright Lya emitter, and the
total ionizing photons produced by this kind of object
are unknown.

We plan to address these issues with the next 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. HSC saw first
light in the fiscal year 2012, and the survey observa-
tions are planned to start in 2014. 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 necessary 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 2014.
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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 ICRR held a public lecture on April 14, 2013 at Amuser KashiwaHall.

experiments and in high-energy cosmic
neutrino experiments’. 39 physicists partici-
pated in this meeting.

Members of this center have been involved
in the Super-Kamiokande and T2K experi-
ments, 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 the calcula-
tion of the atmospheric neutrino flux.

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 (ICRR) and the Kavli Institute
for the Physics and Mathematics of the
Universe (Kavli-IPMU). The spring lecture is
co-organized by RCCN and the Public
Relation Office of ICRR. The public lecture in
FY2012 was held on April 14, 2012. Two
scientists, one from ICRR and the other from
Kavli-IPMU, lectured on the observations of
the Universe.

Since 2004, RCCN has been acting as a body
to accept inter-university programs related
to activities in the low-background under-
ground facility and the computer facility in
Kashiwa. We accepted 11 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 FY2012, the
computer system was operated without any
serious problems.
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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, Kamioka-cho,
Hida-shi, Gifu Prefecture 506-1205 Japan
Tel: +81-578-85-2116
Fax: +81-578-85-2121
Geographic Location:

36°25 26" N, 137°19' 11" E
Altitude: 350m
Equipment: 50,000-ton water Cherenkov
detector “Super-Kamiokande”
Location of installed equipment: 1,000m
underground from the summit of MtIkeno
(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) —
Mozumi Bus Stop = Walk (1Imin.)
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Norikura Observatory in summer
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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
sky, and performance tests of cosmicray
telescopes, utilizing its high altitude and night-sky
darkness. Thus the Norikura observatory is
working as a multi-purpose laboratory used by
researchers in various fields with its unique
features.

Location

Adress : Norikuradake, Nyukawa-cho,
Takayama-shi, Gifu Prefecture 506-2100 Japan
Tel : +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 : 2 power generators (AC 125kV A)
Suzuran Lodge :

4306-6 Azumi, Matsumoto-shi,

Nagano Prefecture 390-1513 Japan

Tel : +81-263-93-2211

Fax : +81-263-93-2213

Access

@Matsumoto Sta. of JR Chuo Line —
Matsumoto Dentetsu (30min,) —
Shinshimashima Sta. —

Matsumoto Dentetsu Bus (Zhrs) —
Bus terminal at the summit of MtNorikura —
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 MtNorikura —
Walk (25min) (Bus service: Jul. to early Oct)
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Akeno Observatory
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Research Contents

At the Akeno Observatory, extremely
high-energy cosmic rays with energies
exceeding 10?° eV were observed by the
AGASA experiment. The AGASA had
been in operation as the world’s largest
air-shower array for 13 years since 1990,
but was terminated in 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 and the use by university
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.)

EBIFR (hRAT) & AGASA 7' - /=%l
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 Observatory of Cosmic
Physics has been jointly operated with
Bolivia since 1962 at Mt.Chacaltaya,
Bolivia, as the world-highest cosmic-ray
laboratory (16°21’S, 68°08'W, 5300m

a.s.l.).

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

interest to be above 106 eV.
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Detector complex of the observatory.
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History

The Institute for Cosmic Ray Research (ICRR) con-
ducts observational studies of cosmic rays from various
aspects. Its predecessor was an experimental hut
called Asahi Hut, on Mt. Norikura built on an Asahi
Academic Grant. In 1953, it developed into the Cosmic
Ray Observatory of the University of Tokyo. This
observatory was the Japan's first joint-use research
facility.

In 1957, the observatory took a pioneering initiative to
internationalize, and participated in worldwide observa-
tion experiments of the International Geophysical Year
(IGY). In the same year, the observatory started the air
shower observation, and in the following year, it
started utilizing an emulsion chamber for cosmic ray
observations. Since then, the observatory has operated
observation experiments steadily with these instru-
ments.

In 1972, the construction of Mutron (an electromag-
netic spectrometer) was commenced, improving the
experimental facilities. In 1973, two international proj-
ects of the Japan Society for the Promotion of Science—
a deep underground experiment at Kolar Gold Mine in
India and a high-altitude experiment on Mt. Chacaltaya
in Bolivia—were incorporated into the activities of the
observatory. In 1975, the construction of Mutron was
completed. In the same year, the construction of
Akeno Observatory began.

In 1976, the Cosmic Ray Observatory was reorganized
to become the Institute for Cosmic Ray Research
(ICRR). ICRR absorbed the 3 sections of the Cosmic
Ray Division of the Institute for Nuclear Study of the
University of Tokyo, which had conducted similar
research since 1956, to become an institute comprising
6 divisions and 1 facility. In 1977, the Akeno Observa-
tory was formally recognized as a second adjunct facil-
ity. In 1979, a square kilometer scale air-shower detec-
tor array was installed at the Akeno Observatory, and
an emulsion chamber on Mt. Fuji. In 1981, Japan-China
joint research was initiated using the emulsion cham-
ber. In 1983, a proton decay experiment was started as
a joint use experiment in Kamioka, and the construc-
tion of facilities for studying primary cosmic rays was
completed.

From 1985 on, ICRR started to produce increasingly
significant experimental results, and further improved
its experimental equipment. In 1987, the Kamioka
Observatory succeeded to detect neutrinos from a
supernova for the first time in the world. In the same
year, the construction of a 100-square kilometer scale
wide-area air-shower detector was commenced at the
Akeno Observatory. In 1988, the Kamioka Observatory
observed a deficit of solar neutrinos, and in 1989, the
Norikura observatory observed a considerable increase
in cosmic neutrons in solar flares. In 1990, the construc-

tion of the wide-area air-shower detector at the Akeno
Observatory was completed. In 1991, the construction
of Super-Kamiokande started. In 1992, the joint use
experiment in Australia observed ultra-high-energy
gamma rays for the first time in the southern hemi-
sphere. In the same year, a gravitational wave group
joined ICRR. In 1993, the construction of the air-shower
gamma-ray detector started in Tibet. In 1994, the
Akeno Observatory observed a significant shower
with its energy beyond the theoretical limit, and the
Kamioka Observatory detected an anomaly in atmo-
spheric neutrinos. In 1995, the Kamioka Observatory
became the third adjunct facility of ICRR. In 1996, the
construction Super-Kamiokande was completed, and
the full-scale observation began. In 1998, the Super-
Kamiokande group reported, after two-year observa-
tion, that neutrinos have masses.

In 1999, in order to further study the masses of neutri-
nos, ICRR started a long-baseline neutrino experiment
in which the Super-Kamiokande detected the neutrinos
artificially produced by an accelerator at the High
Energy Accelerator Research Organization. ICRR also
established the Research Center for Cosmic Neutrinos
in the aim of paving the way for new fields of neutrino
research by integrating data and scientific ideas. Fur-
ther, ICRR was granted a Scientific Research Fund for
a COE (Center of Excellence), which helped signifi-
cantly improve the ultra-high-energy gamma-ray tele-
scopes in Australia. In 2003, ICRR was granted a Scien-
tific Research Fund to construct the Telescope Array
(TA) experiment to investigate the origin of extremely
high-energy cosmic rays. After five years of construc-
tion, TA started observation in 2008.

On April 1, 2004, the University of Tokyo became an
independent administrative entity, and ICRR was reor-
ganized to house 3 research divisions. On April 1, 2010,
ICRR renewed its inter-university research activities
as a new "Inter-University Research Center". In July
2010, the Large Cryogenic Gravitational wave Tele-
scope (LCGT) project (later named "KAGRA") was
approved by the "Leading-edge Research Infrastruc-
ture Program" of MEXT. The construction of LCGT
began in the same year. ICRR established the Gravita-
tional Wave Project Office in April 1, 2011 to promote
the construction of LCGT. In 2010, T2K, or Tokai to
Kamioka Long Baseline Neutrino Oscillation Experi-
ment, started its operation, and in June 2011 observed
the indication of a new type of neutrino oscillation in
which a muon neutrino transform into an electron neu-
trino. In March 2012, very high-energy gamma-ray
observatory in Australia, the CANGAROO experiment,
ended its operation.
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Asahi Hut (wooden structure; about 50 sg. 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 Norikura Observatory participated in IGY (International Geophysical Year), and began air shower observation.

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 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 the ICRR facilities (Apr. 18).

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

The 1 km?2 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 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 100km? wide-area air shower detector, “AGASA” , was started at the Akeno Observatory.

The first committee for future projects submitted an evaluation 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 100km? 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 discontinued.
The gravitational wave team joined in 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 excavation for the Super-Kamiokande was completed (Jun.).

An enormous air shower with energy of 2 x102° eV was observed at the Akeno Observatory.

An external evaluation of ICRR was conducted.

An anomalous dependence of atmospheric neutrinos on zenith angles was observed at the Kamioka Observatory.

The neutrino astrophysics division was discontinued, 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 restoration of the Super-Kamiokande was completed.

The Committee on Future Projects Ill was established.

The Committee on Future Projects Il submitted its report.

The Telescope Array experiment started observation.

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

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

The Large Cryogenic Gravitational Wave Telescope (LCGT) was approved as a Leading-edge Research Infrastructure

Program. The construction started.

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

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

The Committee on Future Projects IV was established.

The Cangaroo experiment ended its operation.
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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 director's 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
schemes for operating ICRR and sub-
mitting them to the Faculty council
This committee is composed of about
14 researchers from both inside and
outside ICRR (more than half are from
outside ICRR).

Inter-University Research Advisory
Committee:

This is a committee for having discus-
sions to facilitate Inter-University re-
searches, and suggesting or reporting
the results to the Advisory Committee.
This committee is composed of mem-
bers selected from inside ICRR, and
outside members who have academic
careers (more than half are from out-
side the University of Tokyo).
Inter-University Research Program
Selection Committee:

This is a committee for having discus-
sions to select Inter-University research
programs from applications. This com-
mittee is composed of members selec-
ted from inside ICRR, and outside
members who have academic careers
(more than half are from outside the
University of Tokyo).
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Past Representatives
@ Cosmic Ray Observatory, The University of Tokyo

Director
Director
Acting Director
Acting Director
Director
Director
Director

Morizo Hirata
Seishi Kikuchi
Itaru Nonaka
Hiroo Kumagai
Itaru Nonaka
Kouichi Suga
Saburo Miyake

Aug.

2545 HTHBUE
HEZ R B % /FiA=! oAk 5 FHERE  JERERE N
Associate Professors ~ Assistant Professors ~ Research Fellows — Technical Staff ~ Clerical Employee Adjuncts Total
15 (0) 27 (2) 10 (2) 8 (2) 9 (3) 41 (32) 119 (41)
[2] <0) (0] <0» (o] (0] (o] [4]

1, 1953-Aug. 31, 1955

. 1, 1955-Sep. 21, 1959
. 22, 1959-Jul. 31, 1960
. 1, 1960-Nov. 30, 1960
. 1, 1960-Mar. 31, 1970
. 1, 1970-Mar. 31, 1972
. 1, 1972-May 24, 1976

@ Institute for Cosmic Ray Research, The University of Tokyo

Director
Director
Director
Acting Director
Director
Director
Director
Director
Director

Saburo Miyake
Kouichi Kamata
Ichiro Kondo
Goro Tanahashi
Jiro Arafune

Yoji Totsuka
Motohiko Yoshimura
Yoichiro Suzuki
Takaaki Kajita

@ Norikura Observatory

Acting Director Saburo Miyake May.
Director Ichiro Kondo Mar.
Director Toshinori Yuda Apr.
Director Masaki Fukushima Apr.
Director Masato Takita Apr.
@ Akeno Observatory

Director Kouichi Kamata  Apr.
Director Goro Tanahashi ~ Apr.
Director Motohiko Nagano Apr.
Director Masahiro Teshima ~ Apr.
Director Masaki Fukushima Jan
Director Hiroyuki Sagawa Apr.
@ Kamioka Observatory

Observatory Head Yoji Totsuka Apr.

May.
Apr.
Apr.
Apr.
May.
Apr.
Apr.
Apr.
Apr.

Observatory Head Yoichiro Suzuki

Oct.

25, 1976-Mar. 31, 1984
1, 1984-Mar. 31, 1986
1, 1986-Mar. 31, 1987
1, 1987-Apr. 30, 1987
1, 1987-Mar. 31, 1997
1, 1997-Mar. 31, 2001
1,2001-Mar. 31, 2004
1, 2004-Mar. 31, 2008
1,2008-

25, 1976-Feb. 28, 1977
1, 1977-Mar. 31, 1987
1, 1987-Mar. 31, 2000
1, 2000-Mar. 31, 2003
1, 2003-

18, 1977-Mar. 31, 1984

. 1, 1984-Mar. 31, 1988
.1, 1988-Mar. 31, 1998
. 1, 1998-Dec. 31, 2002
. 1,2003-Mar. 31, 2012
. 1,2012-

1, 1995-Sep. 30, 2002
1,2002-

@ Research Center for Cosmic Neutrinos

Center Chief

Takaaki Kajita

Apr.

1, 1999-

e e * Jiki%
Research Budget & Facilities

R REZE Annual Expenditures

T thousand yen

X5 SR 204 1 S 21 4 R 2248 BE S 234 S 24 4 1
Category FY2008 FY2009 FY2010 FY2011 FY2012
ANf}-#  Personal Expenses 632,000 590,000 576,000 653,000 658,000
Y)f4+% Non-personal Expenses 1,121,000 1,292,000 1,048,000 1,400,000 1,172,000
& #F Total 1,753,000 1,882,000 1,624,000 2,053,000 1,830,000
SNEREEF External Funds, etc 1 thousand yen
N S 204 BE SR 214F BE R 224F B R 234F B SR 244 BE
X 45 FY2008 FY2009 FY2010 FY2011 FY2012
Category | ZASHE | B | ZASE | K| RASE | | ZASE | | ZASHE
Quantity | Amount Received | Quantity | AmountReceived | Quantity | AmountReceived | Quantity | AmountReceived | Quantity | Amount Received
JER & o JERRESE 1 1000 1 1,000 1 1,000 1 50 [ 0 0
Joint Research with the Private Sector
ZathgE 3 77,180 2 77408 2 38,000 1 29,239 0 0
Entrusted Research : : :
P4 1 3,000 1 12,000 3 760 0 0 I 85
Donation for Scholarly Development : : :
Bl EMBIT Grant-in-aid for Scientific Research 11 thousand yen
K 204 R 214F B R 224F B R 234F B R 244F B
WFFERE H FY2008 FY2009 FY2010 FY2011 FY2012
Research classes frE | ZASHE | B | ZASE | B | RASE | B | RASHE | ZAEH
Quantity | Amount Received |Quantity | Amount Received | Quantity | AmountReceived |Quantity | AmountReceived | Quantity | Amount Received
e 193000 | 1 112000 10 103000 | 2 187,000
SRS '
Creative Scientific Research 1 87,000 1 98,000 1 100,000 1 72,000 0 0
€ AT TE
P: mcﬂu Field Research 4 69,500 2 4,000 1 2,000 1 2,000 0 0
S 1 32600 | 2 75000 | 2 53000 | 2 48000 | 1 11,000
m ) 3 22000 | 2 49000 | 3 19000 | 4 35000 | 4 72,000
LA (B) 3 12300 | 3 12000 | 1 5000 | 4 27000 | 4 13,000
asic Research (B)
L& (C) 5 5500 | 5 4000 | 7 7000 | 5 5000 | 4 4,000
asic Research (C) : : :
HFIE(A)
Young Researcher’ s Research (A) 1 3,000 1 6,000
HEME D), 5 5200 | 5 8000 | 7 10000 | 4 5000 | 3 3,000
oung Researcher’ s Research (B) :
HeRn B3RS 2 5000 | 2 1,000 4 6000 | 6 9,000
allenging Exploratory Research :
BRFEEBIR 5 — MR
Research Activity Start-up 1 1,320 1 1,000 1 1,000
ﬁ_}ojf 23 235,420 24 349,000 25 309,000 27 306,000 26 306,000
FTERR O b - ZBYIEFE Locations and Land/Building Areas FTEZE Locations of Facilities
Jiti 3% Facilities e« ik Location and Telephone Number -3 Land Areant | %) Building Areant N
B x ¥ o8 A | TREMIHOR 515 TEL047136-310208540)| 313,391 7185 @
Kashiwa Campus |5-1-15 Kashiwanoha, Kashivwa-shi, Chiba Prefecture, JapanTEL: +81-4-7136-3102 | (K15 % 78 A4:fk) !
R BRI 7 R B T 4 B B SR 456 TEL : 0578-85-9620 95,523 2,195 e
Kamioka Observatory |456 Higashimozum, Kamiokecho, Hida:hi, Gifu Pefecture, JapaniTEL: +81-578-5:2116 | (FA 93,118) (ff A 140) oLy Uisomiya
e W 8L I | RS AT FeB G TEL © 090-7721-5674 | 59,707 1,655 e a1
Norikura Observatory | Mt. Norikura, Nyukawa-mura, Ohno-gun, Gifu Prefecture, JapanTEL: +81-90-7721-5674 (5 A) & lﬁism‘zg’msum
e A o =
& B R T | RIPAART 2451 4306-6 TEL: 0263-93-2211 2,203 182 T mmgAme o (BRI
Suzuran Lodge of Norikura Obsenvtory | 43066 Azuri Suzuran Minamiazumi-gun, Nagano Prefecture, JapanTEL: +81-263-93-2211 (f&A) A OFE g
WY 5 8130 P (AR IEH: IR e 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) ’
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[F2 1] ERRAATAE it Efirs B4, Academic Exchange Agreements
19814F RVETH V7 URLAKE (FIET)

Universidad Mayor de San Andrés(Bolivia)

199545 Hr IR Bt s RE W BLBIFSE AT (I

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

19954 1.4 K2 B2z 3R CR )

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

19954F ) THIVET KT =234 R BERL =5 CR[E])

School of Physical Sciences, University of California, Irvine (the United States)
19954F RAMKFERZGE R A ZERE CR )

Graduate School of Arts and Sciences, Boston University (the United States)
20014F a7 REET AT IR TREESER (B T)

INR, Russian Academy of Science(Russia)
20014 7FVL—FKEE(F—AMUT)

University of Adelaide(Australia)

20014F  PiA—AMT) 7 KL GHBEER (F—A59T)

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

20094 VIV KRS EIRBE KA ()

College of Natural Science, Seoul National University (Korea)

20094E AV 7HV=T TR KFELIGOW 72 CRIE)

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

20104F N4 K& TR CRE)

The Department of Physics and Astronomy, The University of Hawaii at Hilo(the United States)

20114F N—T L [ERFZERLER (1 5)T)

European Gravitational Observatory,, The Virgo Collaboration(Italy)

20114F _EiRHHIK A (FrlE])
The Shanghai United Center for Astrophysics Shanghai Normal University(China)
20114F 9 AT —RAPTIWFSERT (L)
Institute for Gravitational Research, University of Glasgow(the United Kingdom)
20114 [EI733E R 2 Bz ()
College of Science, National Tsing Hua University(China)
20124F HERLEBE 1R T Iy 2 BFFERT AN ARG 22> & — (i)
The SICCAS-GCL Research & Development Center,
The Shanghai Institute of ceramics, Chinese Academy of Sciences(China)

20124F WA I 7 F IR BT CRIED
College of Science, Louisiana State University(the United States)

20124E Y= RFZTERASYT)

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

201248 PR RL AR EIR K S (IR

National Astronomical Observatories, Chinese Academy of Sciences(China)

20134 < RUyFEIARFZHEIR (AR V)

The Faculty Sciences, Autonomous University of Madrid(Spain)

NEANHARE ED AR
SEFEAHZECS ML T 25 E AT % O BUL B 244F BE TIER1,722441C D E T
I OFVE A8 D% ABUE FTK2DEBYTT,

[# 2] % HALE A Accepted Researchers | 2008 | 2009 | 2010 | 2011 | 2012

SHEAWIZEE R AHED)| 14 | 27 | 8 8 1

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

SMELAWFZER (i or) 0 0 0 4 14

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

® B ® O & 6 68 6O © 6 606000 OO O O e

. R CPIR2ATEIESy RS SR L D)
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, The study of the 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 agreeding Universities
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.

RRIIR S R

Inter-University Research, Education, and International Exchange

O I HEMEHE WILBNCHTIERBRHAMRIOS I b

HEF AR ‘

WHOR AT Hi e i, e F AV - LM Fe it e LT M
R CZAVN SN RS ST 3 e 3 x i Eag SR
O g it TR FEIRH R 2 T > T E T R E N DR LRST
W COEBR R e ELIT-oTC0ET,

SO LT R AU LS E O H 1S5 L, L [FH
FUNEHRH S RO EANEREMRZE R THRINLE T F
B 244 FE DO it % B O HES B E BRI EUI DL F e BT,

TRAGIRUIRG | AR | SRR | i
Joint use in fiscal 2012 Number of Applicants Mmlﬁ;gl{i CSalllféess\’ul NL]‘?TE;;?L ;l;(;tal
FHi= 2 — U 2N 36(35) 34(33) 958 (954)
Neutrino and Astrophysics division
TV F — AR ZE R M 43(7) 43(7) 868(54]
High Energy Cosmic Ray division
T BUESE R M 17 17 353
Astrophysics and Gravity division
Fli=a— MY BEREG L Y 5 — 11 11 113
Research Center for Cosmic Neutrinos

()P i, O ) Pa:sfedk Bl

RERHE

HORCR 4 MF FE T 13 RROR S B R e R B o7
VOB O —BREL TR B A2 AN e R 8% 3 5LEd
KRB RDH L L T T IR AR A LN U 425
—IRBEEIFVBER/LTOET

F7EH R AR FBED—BREL T, HNA O R 2D KB
LRI 2 NS5 AR S DN /A e B Y DN ()
BHHWTVEY

HORRZA TR TET O R 2B EZ ABUILL T OLBY TS,

P21AEBE |22 L [ R 234 I [ R 244K JEE | TR 254 I

FY 2009 | FY 2010 FY2011 FY2012 FY2013
B & 190 [ 180 | 40 | 190 | 27 @
Master's course
ok 200 | 150 | 5@ | 120 | 160
Doctor s course
g 9@ | BE | 290 |[310Q | 806

otal

() Wizl THE

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 operations of ICRR are
not only domestic but also international.

That inter-university researches are applied from many researchers, and
selected by advisory committee and user’'s committee. In 2013, Number of
applications and selections 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. 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.

PRORFE K L2 B

Achievement Reports and Awards

EESENUERARESDORE

HORE R T HRITZEAT L, BB RSP EBRI R E X2 ZNENE LR EREL COE T ANOBE A RFB R R O%E st E%
TR OOV TEELTHHI L3I —b AR E T T E o 2 104E BB L7z B &l L OV BRI FE 46 2503, DU
DEBYTT,

International Conferences and Workshops

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

@310 TAMAYYRITA (FAR)
20034F (HI5) 2/6 ~ 7 HKMHIFXI /82 (T-38) 364

Feb. 6 - 7, 2003
The 3rd TAMA Symposium
Kashiwa Campus of The University of Tokyo (Chiba), 36

@54 =2 —1) 7 HREIEZ DO
ET— 2 avs (M)
20034 (H15) 2/10 ~ 14 A)EAESEEHE G 1224

@3 FRET—rvay7

BT AVF—FEHO UG (M)
20034F (H15) 3/20 ~ 22 HKMF X732 (T-38) 904
@528 T B E R ik (Ff)

20034 (H15) 7/31 ~ 8/7 OUFEE&#HY Gkik) 7614

@iE5m =2 —1) iREIE ZDRIRO R
EBT—23ays (F4)
20044 (H16) 2/11 ~ 15 BEEIL 221 (H5D) 1144

O RAFOERHEBFEDF ) TV —Tay

EBE7—23ay7 (F:48)

20044E (H16) 2/16 B KAIFY 784 (T-3E) 53%
@5 EEET—rays (F4#)

[ T AV F =R - K% | (VHEPA-5)

20054 (H17) 3/7 ~ 8 (T-%%) 424
@56 Edoardo Amaldi ®EHWKEEAH  (Gb#)

20054F (H17) 6/20 ~ 24 (I#R) 179%4
QT —2 ayTs (F4#)

[RT AT —FEHDOTIIF =L |

20064F (H18) 2/22 ~ 24 (T-3%) 12644
OEET—svayT (F:48)

[J-PARC =2—N) ¥ — A3 28 s i |

20064F (H18) 7/13 ~ 14 (i [#) 614
QT —rayT (F:48)

[ IARKS - = 2 — ) 832007

20074E (H19) 10/2 ~ 5 (k) 10244
@7 L Aa—T77UA (TA) Bl Sk A BIOME A

20084 (H20) 8/25 (T-3) 1014

@58 R LI —
[H ) BN D70 D RBI AT —7 |

20094 (H21) 5/26 ~ 29 (#hiZ)Il) 8444
@ 1))k FI R 23

[ Gravitational-Wave Advanced Detector Workshop, GWADW2010)

20104 (H22) 5/16~21 (5T#k) 1074

OEEIVRIIL
[ e i TRV — PR B O fE O g |

20104 (H22)12/10~12 (%35)%) 1144
O HHIENY -7 ayT
20114 (H23)10/4~5(T-3%) 394

Feb. 10 - 14,2003

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 (Ibaragi), 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 Neutron Beam (Korea), 61

Oct. 2 -5,2007

Workshop on Next Generation Nucleon Decay and Neutrino
Detector 2007 (Shizuoka), 102

Aug. 25,2008

Inauguration Ceremony and Symposium of Telescope Array
(Chiba), 101

May. 5, 2009

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

May. 16 - 21, 2010

Gravitational-Wave Advanced Detector Workshop,

GWADW 2010 (Kyoto), 107

Dec. 10-12

International Symposium on the Recent Progress of Ultra high Energy
Cosmic Ray Observation (Nagoya), 114

Oct. 4-5, 2011

Italy-Japan workshop (Chiba), 39
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i ICRR  Report (Fk30) ROV BE 255 DProcessdingsiZFE K3 7zb 0
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SCE

Number of Papers

LTUTITRLET

FERRE TR S D FE R

Number of Papers Authored by ICRR

= 4=
s X AN DHITY
FORCR GBI ZE0T T B ST IFZE T O U7 R iF T2
BZRIL N T 272010 T DI B HATHZ BT L TVET,
FEATIRL noE
WFIET E L ML AE1E OB O—FER D &b
WEFERR S 7Ly FISC Bk — R At 7 Ly b

ICRR—REPORT (F&3Z) ICRR-REPORT (in European Language)

L7 1!)—{FBR S Refereed English Journals
ElfE<# 7' 02 —7F 1% International Conference Proceedings

ICRR Annual Report 32 4E 11 WIFEFTOIGEIO—ER O F &b
ICRR Report ¥ BERE WEZEERM 2 S OWETE R

140

ICRR =2—2A X FE4m PR ORM D= 2— X

130

120

Other Publications

110

G

The table below lists various brochures and documentations ICRR

100

publishes on regular basis to publicize the research activities carried

90

out at ICRR

80

81

ICRR Catalogue

70

60

50

40

30

20

66 66 - (Japanese) Annually
- Summery of annual activities of ICRR
= 35 . ICRR Brochure
28 28 (Japanese) As Needed
— - I I 17 Brochure on ICRR research activities for general readers
13 . 4] . . —
107 — ICRR Annual Report
™ 20 21 22 23 24 (English) Annually
2008 2009 2010 2011 2012 Summery of annual activities of ICRR
Academic Papers ICRR Report
Results of joint-use research are presented at academic confer- (English) As Needed ) o
ences in Japan and overseas, and also published in Japanese and Research reports submitted by Research Divisions
foreign academic journals. The plot shows the numbers of papers ICRR News

authored by ICRR members that are published each fiscal year in
ICRR Reports, refereed journals, and proceedings of international

conferences.

@Fnt 15 £(2003)

(Japanese) Quarterly
Recent development at ICRR

TI—/RUFIVIKE FEFZ AR=a—hJ/ DOIREZEFHR LR
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Kashiwa Campus

Location

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

@Tel : +81-4-7136-3102

PRTEME
@1 - T277 - 8582 T-EEANMOKES -1 -5
@EFHE:04-7136-3102 (BEHR)

2z B Access

@®Kashiwanoha Campus Sta. of Tsukuba Express Line
—Tobu bus for “West Exit of Nagareyama Otaka
nomori Sta.” or “Edogawadai Sta.”(about 10min.)

OHDIEF Y VIR ARPONZAFI T OY &
TX H1DOZEX 5 S ARG I 1 FF B DO H I N A
[ BB ZFROTLT AR ATXIZFDR 10 4

@ 25min.walk from Kashiwanoha Campus Sta.

[RKHJTTH
@Kashiwa Sta. of JR Joban Line — Tobu Bus
O DOFEF ¥ 2 NARPOHE R DYy 5 for" National Cancer Center” or “West Exit of
MEx 82138255 Kashiwa Sta.” (about 10 min.) (The bus service is not
OHIHA 5/ AR OB 45 frequent)
TR AIBRPE 127 Fe 35 5 B it N 2T @5min. by car from Joban Freeway “Kashiwa Exit”
XIEPVICA @ About 3 min. by car from Route 16 (Entrance of

[ENEAS A Y & — J[TLE A ORI 4T 2D R 255 Toyofuta Industrial Park)
R 3EAB Rt O A3 THOKHT 1T F i

[ BLBBEHE T R OB A3 [E L 25Atry— | TTH

RREAZ
¥+ VIKR

OFnk 16 £(2004)
OFnk 16 £(2004)
OFnk 19 £(2007)
@Fnt 20 £ (2008)
@5k 20 £(2008)
OFnt 22 £(2010)
OFnk 22 £(2010)
OFnt 23 F£(2011)
OFn 23 4(2011)
OFnt 23 F£(2011)
OFnl 24 £(2012)
OFnt 24 F£(2012)
OFnk 24 £(2012)
OFnt 24 £(2012)
OFnk 25 £(2013)
OFnt 25 F£(2013)
OFnk 25 £(2013)

RERE
(B 10 %)

Awards (in the past decade)

FHEVESERE AREE X—/\—HZFHVFILELIAT=1—tI/T—5D L/E i

XIEHE FEFE= FERMERRRINE

NYIPIVITSVIVIAFI FFEZ —1—hJ/ICEEDHDIEDOHER

FHEFME T AB=ai—hU/OERIEZ1—N IREIDIRZ

HWIMEPARHRENE SRODT FHSEMKECIDASEELDMZ

HEMRREME AHXE A—/\—DIFHVTICBIIDEEL TV EXY INDRFHHRDERER

FEFTH RHEE  AK[Ti—hJ/REIOHER

JI—/ - RYFVNE HBARF—B A—/N—ASFAVTRRICBIFDA[=1— N/ BRUKRBEZ1— N /IREDFER
FEE"E TERT RECEDIKRB=1—hJ/ERBDHZR

BAMEZSEFEHNE LoORE FAVNERY I -7 LA ICBIF DR IRIVF—FERRS O

FHEFTHE BRIEE LVINVERDFEHO/\UA > HIER#EDIRRIS

BEZtiRE BHEE X[-i1—hJ/IRBOFER

XEHFAERTZEFHZEE BRUDT ABEHESOFEEITURICKRETHZEDHR

FHFAYIVERME FEER BNMMEORNICHIIRIRANFEBHAIFIRZBE I DLV FUF DEEEAREE
TAYAU— - AAS— - PO—RERIRNKNE) ARIEC EAFESAICKDLEERSHR

IRE XHIE REIXRIF—FEHRDEFCHIIDEIBEHR

JawyN -OrYF - JOZE HAE-B KBEZ1—h/02TU—N\—BIECLDABE=1—~)/ O DEEH

® 2003 Bruno Pontecorvo Prize / Yoji Totsuka Discovery of atomospheric neutrno 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 Scientist / Haruki Nishino Search for Nucleon Decay into Charged Antilepton plus Meson in Super-Kamiokande

® 2010 Yoji Totsuka Prixe / Takaaki Kajita Discovery of Atmospheric Neutrino Oscillation

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

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

® 2011 Young Scientist Award of the Physical Society of Japan,/Takashi Sako Stu dy on the High-Energy Cosmic Ray Anisotropy with the Tibet Air-Shower Array

® 2012 Yoji Totsuka Prize / Masataka Fukugita Pointing out a mechanism to generate cosmological baryon number violation originated by lepton

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

® 2012 Commendation for Science and Technology by the Minister of Education, Culture, Sports, Science and Technology / Hiroko Miyahara Study for Solar activities and its effects

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

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

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

® 2013 Giuseppe and Vanna Cocconi Prize/Yoichiro Suzuki Outstanding contributions to the solution of the solar neutrino puzzle by measuring the flux of all neutrino flavors
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