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

Various experiments followed to understand the nature of
cosmic rays. Muons, 7 and K mesons were discovered through
these activities by the middle of the 20th century. They
contributed to the development of the elementary particle
physics. However, due to the advancement of accelerator
technologies, main research activities in the elementary particle
physics shifted from the studies of cosmic rays to experiments
with accelerators. On the other hand, there remained important
questions in cosmic ray physics; such as, where the cosmic
rays are generated, and how they reach to the Earth. Since the
cosmic ray particles have electric charges, the directional
information of a cosmic ray at the origin is completely lost when
it arrives at the Earth. Hence, there has been little progress in
understanding the astrophysical puzzles of cosmic rays such as
the acceleration mechanism of cosmic ray 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. Recently, the
evidence for high energy cosmic neutrinos has been found as
well. Furthermore, there has been a significant improvement in
the sensitivity in the gravitational wave detection. On Feb. 11,
2016, the LIGO collaboration announced the observation of
gravitational waves. The gravitational wave astronomy is about
to begin. Recently, studies of cosmic rays have contributed to
the field of elementary particle physics again. For 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. Solar neutrino
experiments have solved the long-standing solar neutrino
problem attributing it to neutrino oscillations between
electron-neutrino and other neutrino flavors. These studies
were recognized by the 2015 Nobel Prize in physics. It is well
known that the total mass of “dark matter” is several times
larger than that of the normal matter. However, the natures of
dark matter particles are unknown. Dark matters are searched
for and studied actively by various means.

From the Director

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

The mission of Institute for Cosmic Ray Research (ICRR) is to
lead the world community of cosmic ray researches. The
world's largest neutrino detector Super-Kamiokande has
discovered neutrino oscillations and been contributing to the
studies of oscillations. It is expected that Super-Kamiokande
will continue to get 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 (TA), completed in 2008,
has been conducting various studies on the highest energy
cosmic rays. The highest energy cosmic rays of energy at
1020eV deviate by only a few degrees from their original paths
when they travel through the Milky Way galaxy. TA has
observed indication that the highest energy cosmic rays arrive
from a particular direction of the sky. The data may suggest the
birth of a new research field, the highest energy cosmic ray
astronomy. A dark matter 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) began in 2010. KAGRA
had the initial interferometer operation in March-April 2016 and
plan to begin operating the advanced interferometer in JFY
2017. We are looking forward to seeing the signals of
gravitational waves and promoting the gravitational wave
astronomy. Finally, constructing CTA (Cherenkov Telescope
Array) for high-energy gamma-ray astronomy as a key partner
of the global project is also one of the very important missions
for ICRR.

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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High-Energy Particles from Space

In 1912, Austrian physicist Victor Hess ascended in a balloon
up to the sky. At that time, it was commonly thought that
high-energy radiation originates from radioactive nuclei on
earth. However, his experiment showed the intensity of
radiation increased with altitude. Is radiation entering the
atmosphere from above as well? This is the very beginning of
cosmic ray research.

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

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

Rain of Hundred Billion of Particles,
“Air Shower”

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

What are Cosmic Rays?

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

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

Messengers from Space

High-energy primary cosmic rays come from outside the solar
system. Observation of air shower tells that primary cosmic
rays impact on the Earth’ s atmosphere with a very wide energy
spectrum, from 108 to 102 electron volts. A cosmic ray particle
of the highest energy has energy that is ten million times the
one of the highest energy man-made particle accelerator can
produce. How does the universe accelerate particles to such
enormous energies? Still in mystery.

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

The only research center in the world
challenging space research with the
various messengers

“Nucleus” is not the only messenger bringing information from
space, but “Gamma-rays” — high energy photons, “neutrinos” —
elusive particles most of which pass thorough matter unnoticed,
“gravitational waves” — ripples in the fabric of space-time, and
“dark matter” — unidentified matter, are also the ones.

Especially for gamma-rays and neutrinos, recent technological
developments have overcome many observational difficulties,

and brought forth a new era of gamma-ray and neutrino
astronomy.

Gravitational wave, one of the messengers, was predicted in
Einstein’ s general theory of relativity 100 years ago, and was
the last physics phenomenon which hadn’ t been detected yet
in the prediction. But in February 2016, it was announced that
the gravitational waves were finally detected for the first time in
human history. Today humankind acquired new “eye” with
which to see the universe, in addition to high energy photons
and particles. Gravitational waves are ripples in the space-time
which propagate through space at the speed of light. Detection
of gravitational waves will reveal large portion of the universe
that are, with the traditional probes, unobservable; such as,
mergers of black-holes and the birth of the universe. The
Large-scale Cryogenic Gravitational Wave Telescope, named
“KAGRA,” is under-construction aiming for the advanced
interferometer operation at the end of JFY 2017.

We, ICRR, take these kinds of multiple means to probe a broad
range of cosmic events, and call it as “multi-messengers.” ICRR
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.

What are Cosmic Rays?
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Super-Kamiokande Group

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

SK'is a 50,000-ton cylindrical water Cherenkov detector 40 m in
height and 40 m in diameter. It is equipped with over 11,000
50-cm photomultiplier tubes (PMTs) in order to observe various
elementary particle interactions in the detector. Detector
operations began in 1996. SK observes enormous amounts of
neutrinos produced both in the Sun (solar neutrinos) and by the
interactions of cosmic rays in the atmosphere (atmospheric
neutrinos). In 1998 SK observed a clear anisotropy in the zenith
angle distribution of its atmospheric neutrino data, thereby
establishing the existence of neutrino masses and mixing, a
phenomenon known as “neutrino oscillations.” For this result,
the Nobel Prize in physics was awarded to Prof. Takaaki Kajita
in 2015. Furthermore, accurate measurements of the solar
neutrino flux using neutrino-electron scattering data in SK, in
conjunction with results from the SNO experiment in Canada,
led to the discovery of oscillations among neutrinos produced in
the center of the Sun.

All materials in this space are made of atoms, which consist of
nucleus and electrons. Furthermore, nucleus is a composite of
protons and neutrons. It has been thought that proton is
eternally stable, however Grand Unified Theory, which unifies
strong, weak, and electromagnetic interactions, predicts proton
will decay into lighter particle like mesons and leptons. SK uses
50,000 tons of pure water and its fiducial volume contains
7x10% protons. (We are measuring proton lifetime with huge
number of protons!) SK is running more than 20 years,
however, any evidence of proton decay has not been observed
yet. From this result, proton lifetime is estimated to be more
than 10 years. SK will keep running towards a new horizon of
the world of particle physics.

As a possible future detector improvement for supernova
neutrino detection, R&D towards adding gadolinium to the SK
detector is in progress. A proof-of-principle experiment using a
200-ton tank is now being conducted.

Further, R&D for a successor water Cherenkov detector,
Hyper-Kamiokande, which has 10 times more volume than
Super-Kamiokande, is underway. Hyper-Kamiokande aims to
discover a possible particle-antiparticle asymmetry in neutrinos,
known as CP violation, and to extend sensitivity to proton
decays by an order of magnitude beyond what has been
achieved by Super-Kamiokande.

Super-Kamiokande Group [11
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An electron neutrino event candidate observed at
Super-Kamiokande. A diffusing ring produced by electron-positron
shower is observed

2 J-PARC BRFEFHR FERIEER J-PARC nuclear and particle physics facility © JAEA

The one of main goals of the T2K is precise measurement of
electron neutrino appearance phenomena in muon neutrino
beam in order to measure 6,, value and search for leptonic CP
violation. Another important purpose of this experiment is
precise measurement of 6,, and Am?,, parameters via muon
neutrino disappearance.

The intense neutrino beam is produced by using a high intensity
proton synchrotron accelerator complex (J-PARC) constructed
at JAERI site in Tokai village. As a far detector to study neutrino
oscillation phenomena, the T2K experiment utilizes the
Super-Kamiokande (SK) detector, which is located at 295 km
away from the beam production target. In designing the
neutrino beam line for T2K, the idea of off-axis beam (Long
Baseline Neutrino Oscillation Experiment BNL E889 proposal,
(1995)) is conducted. With this method, we can produce
sub-GeV energy neutrino beam with narrow energy spread
efficiently from a 30 GeV proton beam. In the T2K experiment,
the 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 was published in
June 2011. We resumed neutrino beam data taking in January
2012 and established the electron neutrino appearance
phenomena by observed 28 candidate events in the updated
analysis by using data taken by 2013. From 2014, we have
started data taking with muon antineutrino beam. We have
already confirmed the disappearance of muon antineutrino
beam. Moreover, we have found four candidate events of
electron antineutrino appearance. The latest results of electron
and anti electron neutrino appearance seem to favor the CP
violation and the probability that this observation is a result of
random statistical fluctuations which would mimic a
neutrino-antineutrino asymmetry when none exists is about 1 in
10. T2K continues to take further data and play the leading role
in the study of full picture of neutrino oscillations.

T2K Experiment Group 113

O IRSE fh—W

P
-

BURIEN =T — v B4 A



" XMASS 7 —7

1 ABEFEEEHILLIMERLIBOAEL  Inside of the XMASS detector covered with PMTs

| HEOEN

0 F—vr—HEERBT 3
O BIANY—KB=a—t+) /2 RET 2
O Za— YV /OB LEVWIER—ZBEEFRET 2

| 58

EEIZE T 2FE0EWIBEI LVORARE LT TEN. F
BFBOILINKE— - HWEDILbIFTER 2. BFPPUTFLY
[BIzB 22 WBELHEDHNES -~V LGV L, *
LTX*¥05~6BoRNOME (X—2o~<x2—) b
DoTEF Lz, MPBPFBIR DL - <R —BEDEIR
BoErRRrah, BEOSVWEIAEEDIZL>TELIC
K-y <R—%5|sF¥Twa, LEVIZBIZRZ2WETH
BFURHRHS|EFTH. PHATERRINFERI N, BED
FHOFORBEBEEIMEONIZrEZLATVWET, 204
IH =0 =2 —IE3FEORN I HLIZEENICEb> T30
TY., YOEFRIEDD > TV EEAD, BRABELLVC DA,
DXtoMErHEANINnET, )BT HFLT. QFEEP-
(Hhaz@hHh, B RETHBZETY, ZDL)LWEIL.
BEaEbMbNIEH > TV B RMAF TIIHRBEITE FA,

| REREE

BEx L/ vREERIE. (1) F—0 <2 —prFRLEZEBOE
KE8H% . (210 v HiBz 2 REELTE. 3) x££/ VD
BRFEBSHKRKEDOT, HEBORFRENMFBTRINT E 3 &
o TBEAD D T, BICERREENS O Xid. BADEL
X =<2 —PERLZBRYBET 21 TEZ720,
B—0 <2 —BEERROBREBr LTEVHELRBLI T,
WA AL/ YOl trvosd—v~2—RHREE
XMASS-| 2588 L T 33, EE10m- 52 10mokg v 7

2 Rthx e/ vIRBB Y ¥t OXEEHRY — FoBER

The schematic view of the detector and the water tank

14| xmAsS Group

@Iz 20 4 v F PMT %BC@& L. PRIZIL 832kg DX ¢
J YV ER 642 ROKEFRES THRICE - BB EHERES
nTVFEFF(E ), XMASS v — 7 Tld. Z 0 EERICHRE 74 [
EMETEE) KREFRMEE+*EMA =2 2 v ERTHAEL I L
727o ZOXEFEEEIE. BARX L/ VYHhLOYVYFUL—Us
VHEREBT AU TES. BEUERED ERKRO DL D b
—HUETF L7,

| RRARA

FHEEICKL DT —I VI —KE

XMASS-I Tl ¥ D K& HLREBEE BRI A VX —DOMED
BisErL, 2003EF11 BAH S 2015E3 BIRAT—420
RBTEBLCEDNLEDICLI 28—V ~2—BRE¥TVF LT
t DR, FHLTEH BV WIMP BRICEVWTHR TS T
DAMA/LIBRA RBR O ZHFBMEE +HilRk (B3). 35 ICBRNE
DETNIZEKBLGEWESESIZb®mbBMLVWEAIRYS 2 2 L7z
(® 4,

Super-WIMP £5%

Warm Dark Matter( i@ W4 —2 <42 — ) ofFED 1 2TH
3. LOBCTEDHTIHEVIBEER & F 2K F Super-WIMP R
RETVE LIz, BEHBENTIELR 205 HWIRTE, WIMPs
DMIZH B LERYBEBRBERRT 2P EBIIL>TE
TW37-HTY, RRERTIE 40-120keV D= F v ¥ —58i T
F—AERBITLIBR, BRELA -0 <2 —DEFIIEILN
LEOMNDFRHATLEY., ZoZXizd ), BiTan/-BE
560 T Super-WIMP B"FED X~ 22— DERD TH 3 L W
IVFUAIBELSC AW BRI AN F LIz (B5),

“EETHERERRER

XMASS TS E2MEoRRIEYTEL., BRFROHmEIRR
Ths 2 BEETHERERRHITVEL, ZOBRIIFES
NTUFILARLIZBAINATES T, AT NEIRTIED
HLOBMAECEEZONTVET, ZORERFRERIL
126Xe ¥ 1%Xe T, ZORFROBR. thENFEFBIZLT>
47 X 102 £ .>43x100 Frah, HELVTRENSS
nE L.

| fREHE

IDBREE ET-BRETI o0, REK XMASS £8T
H 3" XMASS1.5” o %RELTCV3T., REBOES IS,
BRXE /) Vo P VIZKBEMEL, 35125 TCORRYAEN,L
THRETFERECELLNENYy 2759V FIZT 3723 THLC.
FHREEF— LB 22Ty —8RBFERBIZGE T, K
HhBEQLEEFRRLTV3EY (®6),

_ 10-38

+1 o expected

,_.

e
A
8

DAMA/LIBRA(2009 Savage)

100
ASS(2013)

CBMS-Si (2014)

,_.

<
S
&

,_.

<
S
&

LUX(2014)s _

~

,_.

S,
&
&

T~ < _ XENON100(2012)

~ ~ <
~ -

10-44 -

WIMP-nucleon Cross Section [cm?

4 6 8 10 12 14 16 18 20
WIMP Mass[GeV/c?]

3 SHEDICLZREVIZERBLEVWISED WIMP- &ZF 0 #ELET®
o LIREdIR. TEHZEEMTICL > T DAMA/LIBRA I %55 &
BEBR L 72

Upper limit on the spin-independent elastic WIMP-nucleon cross
section as a function of WIMP mass by an annual modulation
analysis.  XMASS excluded the most of the allowed region of
DAMA/LIBRA experiment

Nuclear Recoil Energy [keVnr]

005 5 10 15 20 25 30
I : E
) = ;
S onf 3
% 0.02 : :
3 oo =
§ oo .
@ ol =
5 00 3
B 00f- I=
= o e
o 003 H
5 004f- :
3 = 1 2 0]
.0.05E L 1 l | | : 4| ° E"P'?M”V.J E

0% T 2 3 4 5 3 7
EnergylkeV,_ ]

4 F—0=2—EFNIEKBELEVRER, FHEHELMTIIONT
TR T ANV — DR ERT, XMASS RRTIIBELIRIBIZFE S
¥, DAMA/LIBRAZROBREBEL Lo o /2
Model independent analysis by an annual modulation search.
XMASS obtained strong upper limits on the amplitude in the low
energy regions and could not reproduce the DAMA/LIBRA result.

e -1

3 e an’-01 - .
o-11.2 xenontoo EDWl =-235 — -
REW s, )
45 % S .4 -
16 XMASS 2 ’
iy ~ HB stars -
-1 _11.2 2;2 L Diffuse y
122 255 .~ XMASS

-12.4

20 40 60 80 100 120 140 26 20 40 60 80 100 120 1};0
pseudoscalar mass (keV) vector boson mass (keV)

5 RYVE Super-WIMP (®: 2~ 00#2asr> ¥, @: 2L
V1DNZ FVRT) CBFOBEER (i) rt0ES ().
RiRIE. FEVBCBRICERINZL— 22— P BREOEFE
) I(HRBTE2REFHETT, FLVARBAERROBR 2R
L, aRAYIRBICE D V723512 & 28R &R ¥, XENON100,
EOW-II ld. > s — T ORISR 4R T,

Limits on coupling constants for electrons and pseudoscalar
bosons(left) and electrons and vector bosons(right) at 90% C.L.
(red line). (left) XENON100 and EDW-II correspond to
constraints obtained by other experiments. (right) The thin solid
line corresponds to the coupling constant required to reproduce
the observed dark matter abundance. The other lines are obtained
by astrophysical observations.

6 Rt XMASS #& P28
BizHEPD 3 4>
FREFIEEE

Newly developed
3inch PMT for next
generation XMASS
detector

XMASS Group

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

The advantages to use LXe detector are followings, 1) high light
yield, 2) scalability of the size up to tons of mass, and 3) large
atomic number to shield radiations from outside of the detector.
Figure 2 shows the schematic view of the detector and its water
shield. The LXe target is surrounded by about 642
“ultra-low-radioactivity” PMTs suitable for this experiment (Fig.
1). Based on the data from XMASS-I, we obtained following
results:

(1) A search for dark matter was conducted by looking for an
annual modulation signal due to the Earth's rotation around the
Sun. For the WIMP dark matter, the exclusion upper limit of the
WIMP-nucleon cross section 4.3x10' cm? at 8 GeV/c? was
obtained (Fig. 3). For the model independent case, the result
shows most stringent upper limit on the modulation amplitude
that is inconsistent with the positive DAMA/LIBRA signals (Fig.
4).

(2) A WIMP is well-motivated model that guides most
experimental searches, however, simulations based on this cold
dark matter scenario expect a richer structure on galactic scales
than those observed. In this situation, it is natural to give
attention to consider a particle which is lighter mass and more
weaker interaction such as super-WIMPs, a warm dark matter
candidate. We searched for signatures of bosonic
super-WIMPs. For vector bosons, the present experimental limit
excludes the possibility that vector super-WIMPs constitute all
the dark matter (Fig. 5).

(8) XMASS-I conducted not only dark matter search but also
rare nuclear decay process, two-neutrino double electron
capture, on '?*Xe and '*Xe. No significant excess over the
expected background is found in the signal region, and we set a
lower limit on its half-life of 4.7(4.3)x102?' years at 90% CL for
124Xe ('%6Xe). The obtained limit has ruled out parts of some
theoretical expectations.

In addition to the current XMASS activity, we are proposing the
next generation large detector with efforts on not only reducing
radioactivity of PMTs but also designing the ‘dorm’ shape 3inch
PMT to reduce the surface events of the detector by a wide
angle of view (Fig. 6). The size of the detector will be 6 ton of
liquid xenon and it will deeply explore the SUSY parameter
region.
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Cherenkov Cosmic Gamma Ray Group
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Very High Energy Gamma Ray Sky (>100GeV). About 200 Galactic
and extragalactic sources have been discovered.
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Large Size Telescope (23m diameter) designed by Max Planck
Institute for Physics. CTA Japan is contributing to the design and
production of the imaging camera at the focal plane, ultrafast
readout electronics, high precision segmented mirrors and active
mirror control system for Large Size Telescopes.
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Camera cluster for the Large Size Telescope (LST) developed by
CTA-Japan. This cluster consists of seven high quantum efficiency
photomultipliers (R11920-100), CW High Voltages, pre-amplifier,
Slow Control Board, DRS4 Ultra fast waveform recording system
and Trigger. The LST camera can be assembled with 265 of these
clusters, cooling plates and camera housing.
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Prototype of the high precision segmented mirror for the LST
developed by CTA-Japan in cooperation with Sanko Co.LTD. The
mirror is made of a 60mm thick aluminum honeycomb sandwiched

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 IACTs featuring new technologies, such as H.E.S.S., MAGIC, and
VERITAS, have discovered about 200 Galactic and extragalactic sources of various
types to date.

CTA is designed to achieve superior sensitivity 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 (1m Crab ~ 10'* erg s'' cm2), 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 making a significant contribution to the construction of
the Large Size Telescopes (LSTs). In the end of FY 20186, the first LST will make the
first light at La Palma in Canaries and three more LSTs will be build successively, the
construction of the four LST array is scheduled to be in FY2018. The LST covers the
low energy domain from 20GeV to 1000GeV and is especially important for studies of
high redshift AGNs and GRBs. The diameter and area of the mirror is respectively
23m and 400m? to achieve the lowest possible energy threshold of 20GeV. All optical
elements / detectors require high specifications, for example, high reflectivity, high
collection efficiency, high quantum efficiency and ultra fast digitization of signal and
etc. For the first telescope construction, CTA-Japan is producing high quantum
efficiency photomultipliers, ultrafast readout electronics, high precision segmented
mirrors and active mirror control system.

On the strength of their experience gained from construction of the MAGIC telescope,
the Max-Planck-Institute for Physics in Munich is responsible for the construction of
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The current generation VHE gamma ray observatories, the MAGIC,
VERITAS, and H.ES.S. telescopes

the 23m diameter telescope structure, based on a carbon fiber tube space frame.

by 3mm thin glass on both sides. A surface protection coat
The LSTs require very fast rotation (180 degrees/20 seconds) for promptly observing

consisting of the materials SiO2 and HfO2 will be applied to
enhance the reflectivity and to elongate the lifetime. GRBs.
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indicated by dotted arrows. The additional detector for the TAx4
detector is indicated by dot-dashed arrows. The area surrounded
with a line is an array of surface detectors.The circles in light blue
with arrows indicate fluorescence telescope stations.
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(Left) One of the TA ground array detectors deployed in the field. Four

more are seen behind. (Right) TA air fluorescence telescopes. The detector
in the hut in front of the TA FD station is the prototype of JEM-EUSO.
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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 three batteries of air fluorescence telescopes
overlooking the array from the periphery. The accuracy of
measurements is greatly improved by observing the same event
by the telescope and the ground array at the same time. The
sensitivity of TA is an order of magnitude larger than that of
AGASA, a predecessor of TA, which had been operated until
2004 in the Akeno observatory in Yamanashi, Japan. The large
sensitivity and the precision of TA help to improve the
association of high energy cosmic rays with the potential
astronomical sources in the sky. The TA has been operated by
the international collaboration of Japan, USA, Korea, Russia
and Belgium. Observations by TA began in the spring of 2008.
The TALE is the TA Low-energy Extension down to 10'%¢ eV,
which aims at studying the transition of galactic cosmic rays to
extragalactic cosmic rays. In the northern TA site, the full TALE
telescopes started and the TALE surface detector array was
partially started.

By May 2015, about 3000 cosmic ray events above 10
electron volts (eV) have been collected by the TA air shower
array. Fig.3 shows the TA energy spectrum. TA confirmed flux
suppression above 10'%:® eV, which is consistent with the
prediction by Greisen, Zatsepin and Kuzmin (GZK). TA
confirmed a break at 10872 eV (ankle), and there are breaks at
around 10'¢2 eV and 10'"% eV in the TALE spectrum. The
composition by TA is consistent with a light, largely proton
composition as shown in Xmax vs energy plot (Fig.4). Using
109 cosmic-ray events with energy E > 10'°7¢eV, TA observed
a cluster of events (hotspot) with a statistical significance of
5.070, centered at right ascension of 148.4° and declination of
44.5° (Fig.5). The probability of such a hotspot appearing by
chance in an isotropic cosmic-ray sky was 3.7x10* (3.40).

The TA extension (TAx4), which quadruples the TA, aims at
confirming the above-mentioned hotspot and studying energy
spectrum, composition and other anisotropies of arrival
directions for UHECRSs in highest-energy region precisely. Its
construction started in 2015. The subject of the TALE surface
detector extension concerns the study of the transition from
galactic to extragalactic cosmic rays by measuring Xmax with
better accuracy. Its construction started in 2015.
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Hammer projection of the statistical significance of TA cosmic ray events
with € > 10'77¢ eV with 20 °  -radius circle sampling in the equatorial
coordinates. The maximum excess appears as a hotspot centered at right
ascension of 148.4° and declination of 44.5° with a statistical
significance of 5.07 o (24 events observed, whereas 6.88 expected). The
chance probability of obtaining this maximum significance for isotropic
distribution is 3.7 x 10 (3.4 o)
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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-Ill, 37,000m in area, consists of 789 scintillation counters that are
placed at a lattice with 7.5 m spacing. Each counter has a plate for a
plastic scintillator, 0.5 m in area and 3 cm in thickness, and equipped
with a 2-inch-in-diameter photomultiplier tube. The detection threshold
energy is approximately a few TeV.

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

We made a precise measurement of the energy spectrum of primary
cosmic rays in the "knee" (10" — 10'®eV) region. The chemical
composition in the "knee" region is a crucial key to clarify the mechanism
of how cosmic rays are generated, accelerated and propagated to Earth.
The hybrid experiment with the air shower core detectors and Tibet-11I
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-11l will provide important data to study the global
structure of the solar and interplanetary magnetic fields correlated with
11-year-period solar activities. Covering mostly the solar cycle 23 (our
data from 1996 to 2009), we show that yearly change in the Sun’ s
shadow depth in cosmic rays is well explained by a simulation model
taking into account the solar activities.

Tibet-1ll measures high-energy galactic cosmic-ray anisotropies with high
statistics. We made precise 2-dimensional maps of high-energy (a few
TeV to a few hundred TeV) galactic cosmic-ray anisotropies at sidereal
time frame. Besides the established "Tail-in" and "Loss-cone"
anisotropies, we discovered a new anisotropy in the Cygnus region. We
found some hot spots in the Cygnus region, suggesting that they be
celestial sources emitting TeV gamma rays. They were recently
confirmed by the Milagro experiment in U.S.A. On the other hand, the
corotation of cosmic rays with our galaxy was shown as well, as we
observed no big (1% level) apparent anisotropy due to galactic rotation
which would have been observed otherwise.

We constructed large underground muon detectors (MD: approximately
4000m?) under Tibet-1ll to locate yet-unknown cosmic ray accelerator
(PeVatron) producing gamma rays at 100 TeV energies. We also set up
new air shower core detectors (YAC) in order to more precisely measure
the knee position of proton and helium energy spectra. The hybrid
experiment (Tibet-1ll+ MD+ YAC) started data-taking in 2014. New and
interesting results from them are expected as regards the origin and
acceleration mechanism of comic rays.

5 BEBFEHREIU® (£r5 4 62,12,50,300TeV) ¥, v+ 2588 (1) b v <RABRE®

(edFuwkry F2Ey FIZ3EB)

Cosmic ray anistropy at sidereal time frame for 4, 6.2, 12, 50, 300TeV from above. (left)
Search for gamma ray point sources in the Cygnus region (lIl). (right) Watch out the hot red spots in ), please.
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EELHRIIIANF-EMHMIBLTVS 2 P05 N T 5, ONAOJ / A Subaru image of the Crab nebula, which is known as an efficient particle
accelerator. A rotating neutron star, the Crab pulsar, which was created after the supernova explosion in 1054 A.D, is at the center of the nebula
and known to provide energy throughout the nebula
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2 AFIREFNVIZEDC(, HYCBRA-R L DORINIBET A

WE—FHRDORRI b (KWER), Telescope Array (Bk & o H)
® AUGER %8 (B#REHR) 07— rR{—HLTVvi7, F8
BAFBRLEEEEPIK>2=2—F Y/ BBOER) 1Z. 107
10%eV 12 T, e EF v (IR, IR LRG> mRMEIL
LEAMDEReEd., CNEFREUTERRT 2T, FERO
BiRIZBZ N TEET,
The model spectra of ultra high-energy cosmic rays (UHECRs,
thick solid lines) based on the stochastic acceleration by
turbulences in gamma-ray bursts jets. They agree with the
observed data with Telescope Array (green circles) and AUGER
(open circles). The spectra of cosmogenic neutrinos (thin solid
lines), which are produced from UHECRs during propagation in
the intergalactic space, show a sharp rise at 107 —10'%eV, which
are distinctively different from other models (dotted and dashed
lines). If we confirm such a spectral shape in future observation,
that will be evidence of the stochastic acceleration

High Energy Astrophysics Group

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

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

To probe high-energy phenomena in neutron star
magnetospheres, we have been also observing giant radio
pulses (GRPs, Fig. 3). GRPs have commonalities with
recently-discovered enigmatic extragalactic phenomena, fast
radio bursts (FRBs), not only on the detection technology side
but also on the physical side of emission mechanisms. We have
started collaboration with radio astronomers to solve the FRB
problem.

3 BHRABEHERBESFERIN LY 2 —34m SR> 7 v 75 (k)

CRIEASFHZ2BRBEUFERZ2 Y70 o vERERE (B).
NP =D 5DERER/ VR (GRP) DLREK - ZHEER %
NOoDERBTIT-oTEE Lz, 20 LEBYL X 07— ZBRITIL.
TR EBR/S—2 b (FRB) B0 7-» 0 RIHEF & FHa T
i,
Kashima 34m Antenna of Kashima Space Technology Center,
National Institute of Information and Communications Technology
(left) and litate Planetary Radio Telescope of Planetary Plasma and
Atmospheric Research Center, Tohoku University (right). With
those telescopes, we have operated multi-wavelength and
multi-point observations of giant radio pulses (GRPs). Those
observations and data analysis serve as the technical development
for future observation of fast radio bursts (FRBs)
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2 KAGRA » 2R F18E
Schematic view of KAGRA planed underground at Kamioka
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Laser system and ISO class 1 clean room for housing it
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Cryostat and
radiation shield
duct set in the
corner station

5 KAGRA #ER:&%: %17 ) #I# = / Control room in the KAGRA Data
Analysis Building at Higashi-mozumi area

Gravitational Waves Group

The gravitational wave group conducts the construction of the
Large-scale Cryogenic Gravitational wave Telescope
(nicknamed “KAGRA” ) for the detection of gravitational waves
predicted by Einstein. On September 14th in 2015, the LIGO
gravitational wave observatory finally detected gravitational
waves from the binary black hole coalescence. The gravitational
wave astronomy has started to observe the dynamic behavior of
compact stars, such as neutron stars and black holes.

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. The tunnel construction has
been finished in FY 2013. In FY 2014, the construction of
facilities and setting of almost vacuum tubes and tanks have
been done. In parallel, the laser source and its frequency and
transverse mode stabilization system using a mode cleaner
cavities and several optics for forming a Michelson
interferometer were installed. In March 2016, the first
interferometer operation was demonstrated (named iKAGRA),
and its engineering run finished on April 25th in 2016.

The collaboration research between the European Gravitational
Observatory (EGO) and KAGRA has been conducted to explore
the further technical enhancement about a cryogenic
interferometer and to share the profound knowledge about the
underground environment. In addition to this, KSC (KAGRA
Scientific Collaboration) was established to accelerate the
KAGRA subsection’ s progress with the Korean gravitational
wave research group.

KAGRA is designed to detect at the quantum limit a strain on
the order of h~1022 in terms of the metric perturbations at a
frequency of around 140 Hz. This would enable to detect
coalescing binary neutron stars of 1.4 solar mass to 250 Mpc at
its optimum configuration, for which one expects a few events
per year, on average. To satisfy this objective, KAGRA adopts a
power-recycled Fabry-Perot Michelson interferometer with
resonant-sideband extraction scheme, the main mirrors of
which are cooled down to cryogenic temperature, 20 K, for
reducing the thermal noise; they are located in a quiet
underground site in Kamioka mine.

KAGRA project is collaborating with foreign GW detection
projects, such as advanced-LIGO (USA), advance-VIRGO
(Italy-France-Netherland), GEO (UK-Germany) to explore the
gravitational wave astronomy and multi-messenger astronomy
with other astronomical observation channels.
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Suprime-Cam (L),

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 (top).
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History of cosmic reionization, so far, understood. Red symbols
denote constraints from our Suprime-Cam survey. Four lines
represent different theoretical predictions. The epoch and process
of cosmic reionization are unknown.
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Hh ).

Subaru/HSC narrow band
filter under development
(collaboration with Barr
Associates Inc.)

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 Lya 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
necessary for ionized universe at z~7. The question is why the
universe is ionized with the little ionizing photons. It would be
possible that the accuracy of our neutral hydrogen fraction
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 generation
Subaru wide-field camera, Hyper Suprime-Cam (HSC), that has
the survey speed about an order of magnitude faster than
Suprime-Cam. HSC is 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 observations have been started
since 2014. Using the narrowband filters that our group
develops, we conduct an order of magnitude larger survey for
galaxies at z~7 with HSC than our previous surveys with
Suprime-Cam.

Observational Cosmology Group 33

IS — W I

VT

BUFFRESH ST A



B Eson—7

"u"

e,

> L

| HEOEK

O FHRFZEBBOBRICFET 2 BT INZERB Y
BZI-MBERS

@ Ki—BRLIBHHLIFEST 2YBIRR L IBHOICRD

@ BRI B OENIEA RS

® MHEDRIR Y ¢ DM X IR IZIF 2

@ (VvIV—YsVFEENER2

| AR
BHSHN. HVWhH, BLWhHEFEHZIKFE—IER

B N—T T, B4 LA LRANFEFEICHT 22
HOFREIT-o T I T, BHNFHEBFO—DoDBIL. H4
DAHNTRI>TWVWIRKAH—OICHBT 22 ci2h D
4, BE. 40BN TRI > TV 2BRIZLTEHISH. 55
WHL BUWD, ¥ LTEHDE V)OO0 ERYLHBEER M
ABhHFILRBETEEZ DL oT0 3T, BHFOEHEE
AT, S5I2th60) bBHWIRDEBVDHETLIEI—DD
BALHTH-7-r LTH —OIZRIBTZZ izl L. 8K
IZHEBIBSVRBETYDELIPELrDLNATVTIT, 20D
IV LGHho—rvwIBars, TRNTYRBIFOROKE LA
Fy T LTBHWEAD., Buhriduhrxts—ooRLEDE
LTH—shsAE—BRoBEIMBEIA TV T, B
ENENODDRI A RTIERROBBAROBR,I L. X
DL BARFE—BHA VT T TIZRBROYICEELLZZ DLW
VGBI AN —BHICEWTHEET 2 TN 28 RE
LTv3d, BEOERB TIIAK—BHRIIBEL2RRIBEZ
AL, Fe LBEROENTELRRPUNTOMNE, flz1F
BFoRER s -2 VT YOBEEORBE. =2 —F Y/
DEEBEEFELTEN., thoDERRBRICL 2RIAELFIN
TWwid, BRINV—TTlE. KEE—2R/ICEEL 7284 4
BAORBHOMEICRL T, IRBEBRCFHEAE 2 2IFOIC
HMABHE B L THREESH TV T T,

i

321 Theory Group

BEE R OB FIRE - FEHRE

RHTFOERET) 2 KWL, <D ORFRE L FITN 2
BHLrBRRIBETE2 BBV TV B Dh o
TwiEd, ¥oZrprb, BERNTHIIRZ 2V 2r DR
BIZOWTHA LI DORNOFRUIBRRAOBE L > TV 2D
TEGWIrEBBIATV IS, B2 IS5 0BT L Fidh
BHI-GRBUIBRRIBELTVBEE., BT OZHERZ
HMOKxLEABEO—DrEZLATV 3V hY 3B HREN
RRsNFTd, 510, BEFMEERET 2 . AFE—E2HIC
TNIRGIEERHOFE—PL VBERCRBT 221D h -
TWwid, Z0LH) G eroBRFMIIRED RN TR D
BHhihrFH Lo BLGREHBrEZOATE N, B
A HF BN IRE - FERVOFRIIBHIN-TOEE
LHRRT—~rhoTwId,

17— 3y FHER

R T OAZHEREL. T CREABAIRIEL T & 7-%H
FOWMREFEBICEBICRBL TWF T, —H TRE—25H
CBHFMREBR » o HIZEBEROBRICH 25 L WHIRE
WoBHEHIBCHBBFINTVWIT, *ho0i2EBRALHMZ 2
MIBENEHRT 2 LT, SBFEVH & REFRIIR L€ 4
WHDELSTVET, HLADFEFIESHSH 140 EERIC
EyINVORBRETHELIZEEZONATVWE T, *Oilt4E
EROFSIIMIEFTCHIEBRINGZ VL ) LEBEZER
BiohHh, L RATF IR TROQ > THH., ZHEBRE %
BRAEERAEBIATWE LT, BRIV T TR, KFEi—
B BAMHRR T FTERIISA TSI IC L o T, HAER
LLEVWFETREIHBALBNTFBRREARL. FEROH /-
BIRSEALTHBAVIV—YaVvFEE4IELo. FEIZH
3 2MEDORBRCPERYE - BRI AV —DOERIZET 25
RETV, BEPLBEICELZ2FTOEMEFRNTIVIROB S
MO —IZBRR T rE BIELTV 3T,

FEICIIHE 2D > TV 2HETIIHRBTE LVRNDEER
IANKE—RER2YNEOFEIFEERAICL > THL I IZL >
TETVWIT, BRIV -TTIIREYES 0 FHEIBHOM
®. BRHBOAD., TEH/IrOOBVRE2rBLTHRLT L E
R

1 BRBHELRRTFSIN2/ Y F£oVbv VY LY THB
QR—WNDIRTYIalv—Yay

30 simulation of Q-balls which are non-topological solitons
predicted in the minimal supersymmetric standard model

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 experimental tests for more than two decades
since the discovery of the W and Z bosons.

With the success of the Standard Model as a unified theory, the
next big leap in particle physics will be the theory which unifies
the electroweak and the strong interactions, i.e. the grand
unified theory. In fact, the precise measurements of the
strengths of the interactions strongly suggest the grand
unification at the very high energy scale which we have not
reached experimentally yet. At present, the grand unification
theories are mere theoretical hypotheses, but the grand 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.
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(see Phys.Rev. D87 (2013) no.1, 015028)

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.
Supersymmetry not only allows a vast separation of low energy
scales from high energy scales such as the Planck scale but
also makes the coupling unification at the high energy better.
The Higgs boson discovered at the LHC has so far shown no
hints of its substructure which is highly consistent with
supersymmetry. In view of these phenomenological
advantages, supersymmetric models are one of the most
important subjects for Theory group.

The universe was created by a Big Bang fourteen billion years
ago. Immediately after its creation, the universe is 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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Kamioka Observatory is located in Gifu prefecture, Japan. The
observatory was established in 1995 to operate
Super-Kamiokande, a 50,000-ton water Cherenkov detector
located 1000 m underground (2700m.w.e) in the Kamioka Mine.
Super-Kamiokande discovered evidence for neutrino
oscillations using atmospheric neutrinos in 1998. Because of
this discovery Prof.Takaaki Kajita was awarded the Nobel Prize
in Physics in 2015. By comparing solar neutrino measurements
at Super-Kamiokande with the results from the SNO experiment
in Canada, neutrino oscillations were further established in
2001. In 2004 neutrino oscillations were confirmed using
manmade neutrinos produced by a proton accelerator at KEK.
The T2K experiment, which utilizes a new accelerator facility in
Tokai village (J-PARC) for precision neutrino studies, started in
2009 and observed the world’ s first indication of muon
neutrinos oscillating into electron neutrinos in 2011.

In addition, a dark matter search experiment using liquid xenon,
the XMASS experiment, is being conducted at the observatory.
Several inter-university collaborative research projects,
including a double beta decay experiment using calcium-48
(CANDLES), a direction-sensitive dark matter search
experiment (NEWAGE), a 100 m long laser interferometer
gravitational wave experiment and geophysical measurements
are underway as well.

Research offices, a computing facility and a dormitory for
researchers are located near the observatory allowing easy
access to the experimental facilities within the mine.

| Information
Address 456 Higashi-Mozumi, Kamioka-cho, Hida-shi,
Gifu Prefecture 506-1205 Japan
TEL +81-578-85-2116
FAX +81-578-85-2121
Location N36°25'26, E137°19'11
Altitude  350m

| Access

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

® TOYAMA Sta. = Bus(70min.) = MOZUMI Bus Stop
— Walk(1min.)
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KAGRA Observatory

KAGRA Observatory is located in Gifu prefecture, Japan. The
observatory was established in 2016 to operate KAGRA
gravitational-wave telescope, which is a 3km laser
interferometer with cryogenic sapphire mirrors, located 200 m
underground site in Mt. lkenoyama.

We will complete the construction of KAGRA in two years and
join the international gravitational wave network as soon as
possible. KAGRA will contribute to the new field of gravitational
wave astronomy because of its high sensitivity due to
underground site and cryogenic mirrors. KAGRA is particularly
suited to study gravitational wave signals below about 100 Hz,
where many signals from mergers of black hole binaries are
expected, as observed by LIGO.

In addition to the merger of black hole binaries, there are many
astronomical objects to be studied with gravitational waves. For
example, we want to detect a birth of a black hole created by a
coalescence of binary neutron stars, and to resolve the mystery
of short gamma ray bursts with the other gravitational wave
detectors and with the counterpart astronomical observatories
using various observation channels such as neutrinos and
electromagnetic waves.

| Information
Address 238 Higashi-Mozumi, Kamioka-cho, Hida-shi,
Gifu Prefecture 506-1205 Japan
TEL +81-578-85-2343
FAX +81-578-85-2346
Location N36°25'26, E137°19'11
Altitude  350m

| Access

@® TOYAMA Airport — Bus(40min.) = MOZUMI Bus Stop
— Walk(5min.)

@® TOYAMA Sta. — Bus(70min.) = MOZUMI Bus Stop — Walk(5min.)
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Research Center for Cosmic Neutrinos
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The Research Center for Cosmic Neutrinos (RCCN) was
established in April, 1999. The main mission of this center is to
promote researches related to neutrinos based on data from
various observations and experiments, and we have provided
the occasion to discuss theoretical ideas and experimental
results on neutrino physics. Members of this center have been
involved in the Super-Kamiokande and T2K experiments, and
contributing precise measurements of neutrino oscillations. Also
we have been involved in the future project,
Hyper-Kamiokande, and worked on the calculation of the
atmospheric neutrino flux to have better predictions of the
neutrino flux.

RCCN, together with the computer committee of ICRR, is in
charge of operating the central computer system in ICRR. The
computer facility has high performance to analyze huge amount
of data, and has been operated without any serious trouble
since it was upgraded in 2014. Since 2004, RCCN has been
accepted inter-university programs related to activities in the
low-background underground facility also. In FY2015, we
accepted ** programs related to these facilities.

RCCN has been organizing domestic neutrino-related workshop
since it was established. On February 20, 2016, we hosted one
neutrino workshop on “Atmospheric Neutrinos” in
commemoration of Nobel Prize award by Prof. Kajita. Forty
physicists participated in this meeting. We have also contributed
holding public lectures. Since JFY2009, ICRR and the Kavli
Institute for the Physics and Mathematics of the Universe
(Kavli-IPMU) have co-sponsored two public lectures each year.
The public lecture held in Spring is co-organized by RCCN and
the Public Relation Office of ICRR. The Spring public lecture in
FY2015 was held on April 18, 2015. Two scientists lectured on
the latest cosmology and the gravitational wave detection
experiment.
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Norikura Observatory
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Cosmic ray research in Mt.Norikura started with an experiment
conducted by Osaka City University in Tatamidaira in 1949. In
the next year, the four institutions, Osaka City University,
Nagoya University, Kobe University, and Institute of Physical
and Chemical Research, established a lodge for cosmic-ray
experiments, called “Asahi Hut” , in Iwaitani based on the Asahi
Academic Grant. In August 1953, the Cosmic Ray Observatory
of the University of Tokyo was formally established as the first
Japanese joint-use research institute for universities. In 1976,
the observatory was reborn as the Institute for Cosmic Ray
Research (ICRR), and the Norikura observatory became one of
facilities of ICRR.

The observatory has been hosting cutting-edge cosmic ray
researches, including the study of particle and nuclear
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 cosmic-ray 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 cosmic-ray 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.

| Information
Address  Norikuradake, Nyukawa-cho, Takayama-shi,
Gifu Prefecture 506-2100 Japan
TEL +81-90-7721-5674 +81-90-7408-6224
Location N36°6, E137°33
Altitude  2,770m (average atmospheric pressure: 720hPa)

| Access

@® Matsumoto Sta. of JR Chuo Line — Matsumoto Dentetsu (30min.) —
Shinshimashima Sta. = Matsumoto Dentetsu Bus (2hrs) — Bus
terminal at the summit of Mt.Norikura — Walk (25min.) (Bus service:
Jul. to early Oct.)

@ Takayama Sta. of JR Takayama Line — Hohbi Bus via Hirayu (2hrs)
— Bus terminal at the summit of Mt.Norikura — Walk (25min.) (Bus
service: Jul. to early Oct.)
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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 observatory 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.

| Information

Address 5259 Asao, Akeno-cho, Hokuto-shi, Yamanashi,
408-0201 Japan
TEL +81-551-25-2301
FAX +81-551-25-2303
Location N35°47, E138°30
Altitude  900m (average atmospheric pressure: 910hPa)

| Access

@ Nirasaki Sta. of JR Chuo Line — Taxi (25min.)

Akeno Observatory |39
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B FvhILYVEHIPEEAIFR  Chacaltaya Observatory

Chacaltaya Observatory of Cosmic Physics has been jointly
operated with Bolivia since 1962 at Mt.Chacaltaya, Bolivia, as
the world-highest cosmic-ray laboratory (16°21’ S, 68°08” W,
5300m a.s.l.).

The air-shower experiment, BASJE (Bolivia Air Shower Joint
Experiment), aims to investigate the origin of primary cosmic
rays around and above the knee region (~10'%eV) by measuring
the mass composition, the energy spectrum and the arrival
direction distribution. As a result, the mass composition of
primary cosmic rays becomes heavier with the increasing
energy up to the knee region. This project is finished at the end
of mMarch, 2016.

After the BASJE experiment, preparation of the ALPACA
(Andes Large area PAtrticle detector for Cosmic ray physics and
Astronomy) experiment, which aims at wide field-of-view
observation of cosmic gamma rays in the 100 TeV region,
started at the foot of Mt. Chacaltaya (4740m above sea level).
The 100 TeV gamma rays are decay product of neutral pions
produced by primary cosmic rays accelerated up to the knee
energy region interacting with matter surrounding a
yet-unidentified cosmic ray accelerator (PeVatron). Therefore,

observation of 100 TeV gamma rays will be a key experiment to
locate an unknown PeVatron

|

Mo WT

Information




M nE

REAKRFFERARMIITSROBA AR 22 LAE
MHIT-> TV BHRAATY ., BI&HIL. B 25 & (2850 F1l3E
MEIZL > TRBTONIEZEHEZSOHBNETYT., ZprBR
28 FILRZASTHREAWFFr 40 F L7, Z08NAIER
PENOLBERFMMAHREDTL 72,

B0 32 F 213 IGY (BRHIRENE) o RBBDE (2
ZHL. BCHERYTEH,IBIN T LI, ZOFIZTRRY v
O—DEAFIES. B 33 FiZldToNy sV F o vA—|C
L 2EBUED I Lz, ¥0HLIESL (DR, Zh o 0ERH%E
BloL a8 L8 RITONT LT,

BBF0 47 FEithd¥x. #F/zitia—toyv (BBARARZ H
OA—2) OREIMWEH. RRFGHE>TITEF L, B
0 48 FiZlI. FMIRERDFETH - 722 2D BBRFAR LT
RADBELY LTRRENF LI, —2lF4 v F - 25 -84k
DFRWTFERERT, b)—2FRVEY - Frhrprzyvlbosl
REBTT, B 50 FitldIa—tovrEHR L, K T
BATORZbEE N F L1

B0 51 Fiz. RERRFFEREVATNNIRRAF FHRARE
Frezhd Lz, 22i2id. 8880 31 EroRLC LD aifR %
LTV REAZEFZFRAFEHRIBO 3 LIRS .
2IT 6 PP 1 RO RATE LTHEHRKL L7z, 88F0 52
FIZIBFEARAPERICE M BBR & h. BBF0 54 &
I3 D 1 FhHh km RRv vy o —EBrs3tloz<rys
VeF o YNR=PTE BRSO FICIIT N3 Y F xR~
I2d 2 BPHRFEIIESE D F L7z, 8BF0 58 FIZIIHEREER
CLTHRBOBTRHERRI, BT N, —RFEHRWREMHD T
3L

B350 60 ERICL 2 L AFLERBR,» LIS, RERZBO
WFHRbILIThNd L )Ichh E Lz, BBF 62 FIi2I1318R
T, HRTHH TBHFELbD=a2—+Y /52 52F LT,
B CEIZBAFF TIE. 100 FhH km Ly v 0 —EEB 0 EK
APIFLCEN F L7, BB 63 FIBBTAB=2—FY /R
BrEAL. FRTEICIIERTABIVZ —IL#) FEPHK
FIRORBRIBREEIL L L7z, FH2 FIZHABoMEsE v
O —EBAEB,INTHL. FH 3 EIZRA—N—DHIFHVTDRE
s E D F Lz, FRAFIZIIHRERROA—R 5 7 T,
BMFERTHETR TN TBSI A VX — DB ERL F L
72 RCEIIZ, FRAAICHIZICEDROEMN v — T rh0b H
F L7z, FRS FIZld, FRy P TIP Vv 9 —H Y <BRER
EBORENWEE N E Lz, FR6 FIZIZBHFT. BHLEH D
BLHVWEBLPNTVERSIA N —DARY v O — 58RI L.
WEATIE, KR=Z2a—FV/ORBF&8AL T L, FRT7 F
ICIRWEIrEZOMBRZ L LTH-ICERL, BRFEEM
FHEER D F L7z, FRE FIZIERA— =D IdAHVT
PGERL L TAMEVA 205 . FAL 10 &Fi2id 2 FR 0 EAS
RBrlLT,. =a—FYV/IZBEXHBLFERLT LT,

T 11 FELSL, ma— Y/ 0BEEILIZHELIAN
272012, BT ANK —IRBAREEIrOR——HIFD
VFIEYPTALI=a—F Y/ 2FEHF L THARIERLIE LD
FL7z FEZa2— Y/ OBABREBVELTH/m L= —
Y/ ROBEFREC/I-HD. FE=2— )/ EUIBRRS
v —bBERLILE 351 AR5V 70BE A
WX — DY RBAERBIIRESL2-DORFHRE
COEMSMBRbBOOLN L LTz,

42| History

FH 15 FELIL. REIAINX—OFERORREEFEL <
BRB-DII. KBagMNTH TA EBIBHONE LT, &
WO RBRIZFR 17 FE TR 18 FE TN, Fik 19 F
Ero&Bregh LI

FAR16F 4B 1 BItld, RRAFOFEAC e IR
HEL. STIRIPIN S L 2FRAEF e 2 ) F LT

TR 22F 4 81 Bizid, FHCERNA - HEMRMS
LRESN, HRFBHAR*BIHEL T iz h L
72

TRk 22 F£ 7 Biid. FERARTONRSTBOIE L L TH
RHEBIFZA TV REEEBEEHHELEE (BRI (1 <5
%) PNBRFEOREHBAREBREED 1 DITRE S M
BEAILENEI LR, ZhEFUCT, FRL23F 4 BIZIZE
DBWER B L CBRAHET 2 vichh F L

TR 22 Fizid. EBHD J-PARC Lt RA—/—HIFAHVT
Ro=a—FY /IREVER T2K 213 L F . FRL 23 &F 6 B
E3a—=a—tYV/HPEF=a—+ Y /IR T 2H7-4IK
BE—FAGFET2IIMEEL. ¥ LTFR 26 FF TICI3EL G
M ESF LT

TR 24 FE 3 BICE. AR5V POBBITANX DY
<HREVAIESR (hvp—]) 2RI LELA, ¥ LTBSIA
WX =BV =RERAIZ s TId, Tk 27 12 CTA(Cherenkov
Telescope Array) 0¥ 22 FOROEF = LY 2 7LRED
| BHOBREBEEARS VEHF Y PEES /SN THIET 2 C
cizuhF L,

TR 28 F 3 Bitid. MBERBHOBELLOPICRE S
N7z REMEREDRLEE [KAGRA] o HREE R L F

L7z. 4 BIZIZEDBEARRIBEH,IER L. W v LARBH
Biz@UTBHEEL I,

il
”m
1«,

|

‘\

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

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

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

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

From 1985 on, ICRR started to produce increasingly significant
experimental results, and further improved its experimental
equipment. In 1987, the Kamioka Observatory succeeded to
detect neutrinos from a supernova for the first time in the world.
In the same year, the construction of a 100-square kilometer
scale wide-area air-shower detector was commenced at the
Akeno Observatory. In 1988, the Kamioka Observatory
observed a deficit of solar neutrinos, and in 1989, the Norikura
observatory observed a considerable increase in cosmic
neutrons in solar flares. In 1990, the construction of the
wide-area air-shower detector at the Akeno Observatory was
completed. In 1991, the construction of Super-Kamiokande
started. In 1992, the joint use experiment in Australia observed
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ultra-high-energy gamma rays for the first time in the southern
hemisphere. In the same year, a gravitational wave group
joined ICRR. In 1993, the construction of the air-shower
gamma-ray detector started in Tibet. In 1994, the Akeno
Observatory observed a significant shower with its energy
beyond the theoretical limit, and the Kamioka Observatory
detected an anomaly in atmospheric neutrinos. In 1995, the
Kamioka Observatory became the third adjunct facility of ICRR.
In 1996, the construction Super-Kamiokande was completed,
and the full-scale observation began. In 1998, the
Super-Kamiokande group reported, after two-year observation,
that neutrinos have masses.

In 1999, in order to further study the masses of neutrinos, ICRR
started a long-baseline neutrino experiment in which the
Super-Kamiokande detected the neutrinos 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.
Further, ICRR was granted a Scientific Research Fund for a
COE (Center of Excellence), which helped significantly improve
the ultra-high-energy gamma-ray telescopes in Australia. In
2003, ICRR was granted a Scientific Research Fund to
construct the Telescope Array (TA) experiment to investigate
the origin of extremely high-energy cosmic rays. After five years
of construction, TA started observation in 2008.

On April 1, 2004, the University of Tokyo became an
independent administrative entity, and ICRR was reorganized to
house 3 research divisions. On April 1, 2010, ICRR renewed its
inter-university research activities as a new "Inter-University
Research Center". In July 2010, the Large Cryogenic
Gravitational wave Telescope (LCGT) project (later named
"KAGRA") was approved by the "Leading-edge Research
Infrastructure Program" of MEXT. The construction of LCGT
began in the same year. ICRR established the Gravitational
Wave Project Office in April 1, 2011 to promote the construction
of LCGT. In 2010, T2K, or Tokai to Kamioka Long Baseline
Neutrino Oscillation Experiment, started its operation, and in
June 2011 observed the indication of a new type of neutrino
oscillation in which a muon neutrino transform into an electron
neutrino. The data from T2K show clear evidence for
muon-neutrino to electron neutrino oscillations by 2014. In
March 2012, very high-energy gamma-ray observatory in
Australia, the CANGAROO experiment, ended its operation.
The gamma-ray studies will be taken over by the CTA
(Cherenkov Telescope Array) project. The first Large Size
Telescope (LST) of CTA will be constructed in 2015-2016 at La
Palma in Canary Islands.

In March 2016, KAGRA, located in Kamioka Mine in Hida city,
Gifu prefecture, had been in the test operation. In April, KAGRA
observatory was established for moving on to the full-scale
operation.
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1950 N PBRWRHLICL > TREEICHBONEHFED
(K& 1539
Asahi Hut (wooden structure; about 50 sq. meters) was
constructed on Mt. Norikura based on the Asahi Bounty for
Science.

1953.8 | REAZFEREANMPTL & 3
Asahi Hut was incorporated into the Cosmic Ray
Observatory, the University of Tokyo.

1955.8 [| REBNUMOAE S &L URRRBHTHT 2
The main building and research facilities of the Norikura
Observatory were constructed.

1956 REARZRFIEARAFERBLER (BRY v 0 —
BrzewyasviW)
The Cosmic Ray Division (composed of Air Shower Section
and Emulsion Section) was inaugurated at the Institute for
Nuclear Study, the University of Tokyo.

1957 FRRENH IGY (BRBIRENE) o &8RS L.
ZRAYY D8BTS
The Norikura Observatory participated in IGY (International
Geophysical Year) activities, and began air shower
observation.

1958 IRNY 3V F 2V A—HERERBT 3

The emulsion chambers started operation.

1959 RERZRFEARAIRRY v 7 — 08B 458
Air Shower observation started at the Institute for Nuclear
Study, the University of Tokyo.

1960 RERZEFERARAI vy s vEHPRBIAKY
FA%

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

SMIRBERXOBABNBE UV F. T5In K
YEZ OBBRIBDHHAR) »46% 3

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

1966 [ RERZREFHUMARAT Iy 2 VBOKIKBEH
FEMBHARTIBEI NS
The balloon project of Emulsion group of Institute for
Nuclear Study, the University of Tokyo, was transferred to
the Institute of Space and Aeronautical Science.

1968 [ RRARBZFEFEMRMzvry s vBHIELTLTT
PNy sV FvaA—Izk 38R LRI
The Emulsion Section of the Institute for Nuclear Study, the
University of Tokyo, started observation on Mt. Fuji with
emulsion chambers.

1972 SERMRI»EET S

A full-time director was appointed.

Ia—toOvoREIHE S

The construction of MUTRON was commenced.

RERZEFHARMFERBI-FEDEFRIE
RRY 3

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

1973 BeET i vX -5 EAWMPFINrHRINS
The ultra-high energy weak-iteration division was newly
established.

EMERLOBAENEE AV F. T5In0 K
YE? 0BBRBHHR) »BEILS

The international projects of the Japan Society for the
Promotion of Science (with India, Brazil, ad Bolivia) were
incorporated.
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1974 SESBERIEETS

A full-time chief administrator was appointed.

1975 Ia-FOYHRERT 2
MUTRON was completed.

BHRUM0REH, LT 3

The construction of the Akeno Observatory started.

BETI X -HRBEERABPILHRINS

The ultra-high energy strong-iteration division was newly

established.
1976.5 | BUSFKBRBEREICIL > TERAKSFPERFRA
rh3

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

I8z rx—R0EEAWMPIIrE—FEZBPID

rh, RRAZRFIEZMRALS I 2 —PRAFHE -
PRFHRIER - FERFHFBEL. 6 BFI 1 &
A%
The Ultra-high energy strong-iteration division was divided
into two divisions, and the three divisions of the Institute for
Nuclear Study, the University of Tokyo (muon
measurement, experimental meson physics and cosmic ray
study) were transferred to ICRR. As the result, ICRR started
out with 6 divisions and 1 observatory.

1977.4 DBHBAMHMEER L % 2
Akeno Observatory was established as one of the ICRR
facilities.

1978.10 RABF AT »3BAPTX %17 5

Akeno Observatory performed the opening ceremony.

1979 NAHBBFFIRRY v 7 — %8 (1km?) »"EHT 3

Akeno 1km? air shower detector was completed.

Igtbz=ewysvFz vy A—HURKEERT
The special facility for emulsion chamber on Mt. Fuji was
constructed.

IZP=THE 16 OFTREEHLMART 3

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

1981 Bz<wwysyFzvA—2s3B0PERHREME
Japan-China joint research on emulsion chamber
observations started.

1982 BFHRECWPFI (FR) rHZI N3
The cosmic ray detection division (for guest researchers)
was newly established.

1983 N#¥MELTHBFHERRILRNERL L THBLT 2

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

IE25MMBEPLL LE—RFERFARRBHIRE
ah3

The primary cosmic ray research facility (i.e. mass
spectrometer etc.) was installed.

1986 Nigkit@RIFINESER () »’RBE3h 3

The first committee for future projects was organized.

1987 WA/ TERIERCTHDH TBHFE,LrbD=a2—F
Y/ R—2A %3
The underground detector at Kamioka observed a neutrino
burst from a supernova for the first time in history.

1987 NAH M T 100km? O LKy v 2 —BAEE
AGASA D2 ht8 3 3
The construction of the 100km? wide-area air shower
detector, AGASA, started at the Akeno Observatory.

IgkRsteRESNEER () 0BRHE 3
The first committee for future project submitted an
evaluation report.

1988 I#¥ABTERIABRIrODO=2— )/ RIBEEHR
T3

The underground detector at Kamioka observed a deficit in
solar neutrino flux.

1989 NEBBAMTARABIVvZ — It FEROKRIIB LB
KEGANT 2
A significant increase of cosmic ray intensity coincident with
a solar flare was observed at the Norikura Observatory.

1990 NEAFHFEMAT I 100km? O LY v O —BAEE
AGASA "B T %
The 100 km? wide area air shower detector, AGASA, was
completed at Akeno Observatory.

1991 Hzx—n—DHIFxHvFoREH WL

The construction of Super-Kamiokande was commenced.

gkRs@iRENEER (D »’RE3N 3B

The second committee for future projects was organized.

1992 l=a—+ Y/ SEPRZPPISFRI . FERE
AP (BR) »ELEIN B
The neutrino astrophysics division was newly established,
and the cosmic ray detection division (for guest
researchers) was discontinued.

DEDRI V=T H I 2 —PRAFHUEBFIHOH 2
The gravitational wave group joined in muon measurement
division at ICRR.

IA=2+5 Y7 THYH—Et@BHHEE

The Cangaroo project started in Australia.

Uh > Hw—5t@» PSR1706-44 » 5 D TeV #v <R
T8I 3
The Cangaroo project observed TeV gamma rays from a
pulsar (PSR1706-44).

1993 U5 Ry FCI7 Yy v 09— HVeREREBOREN
B33

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

1994 N#PREICEHEHEL TE S

A computer center was but at the Kamioka Observatory.

IR——hIAHYFOI-HDZRABEINFRT T2

The excavation for Super-Kamiokande was completed.

NAHFRAPTT2X10%V DRy + O —¢8AT 3
A giant air shower with energy of 2 x 102V was observed
at Akeno Observatory.

IS SBEHBALRIEI N B

An external evaluation of ICRR was conducted.

IMETRA=2— Y/ REOXRAKE L8R
The anormalous zenith angle dependence of the
atmospheric neutrinos was observed at Kamioka.

1995. 4l=a2— V) / FEYPBRFWPPIVELI L, BEAFS
FHFRRERIHFRINS
The neutrino astrophysics division was discontinued, and
the Kamioka Observatory for Cosmic Elementary Particle
Research was established.

Timeline

MEIR=—R=—DIADYTFTORRRXHIBE» N2

The completion ceremony of Super-Kamiokande was held.

1996. 4N —/X—H IFH Y FOREEYI M E 2

The full-scale operation of Super-Kamiokande began.

1997 UF Ry bOIP Y v O—H Y REREEHI TR

The Air shower gamma ray detector in Tibet was completed.

1998. 6l xR —/k—H I A HVFIcLd=a—F+ YV / BEDH
BrEXFERINS

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

1998. 11048 % v Y 2D EHEH I E 2

The construction of the Kashiwa Campus was commenced.

1999. 4B =2 — Y/ BABERRES LY 2 —HFR

The Research Center for Cosmic Neutrinos was established.

IA—2+5YPThHhvHv—5tEB 258% 3

The Cangaroo-2 began operation in Australia.

IA—2RF5YVYPTHYHN—5TE 3 »'%1k % BILS

Preparation of the Cangaroo-3 began in Australia.

IRHE COE e oS szt hiBEFv
¥—bYRARMIHFERT 3
Ultra high energy gammma ray research foothold was
established.

2000. 30 % v Y X2 IZLBBET 2
ICRR moved to the Kashiwa Campus.

2001110 R ——p IF DY FIZEHHIFREL., ¥BLULD
KB FREEHIENS

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

2002120 h I A DY FOBERED LI, FE=a—+Y /&
BADARAA=POFRMICL D, PESRBEHR
B/ —_PBZELRETS
Professor Emeritus Masatoshi Koshiba won the Nobel Prize
in Physics for his pioneering contribution to the detection of
cosmic neutrinos, based on outcomes of the Kamiokande
experiment.

1202 —R—D 34 DY FHEPHEIB L TRRBH
The Super-Kamiokande was partially restored, and
observation resumed.

2003. 8U ¥ 25 @FGREBREL > (IS THET 3
The 25th International Cosmic Ray Conference was held in
Tsukuba.

I7vzro—F7PvM40@Hsrtbs 2

The construction of the Telescope Array was commenced.

IpvHw—EHB3 D4 EDEREFTHRT 5
Four telescopes for the Cangaroo-3 were completed.

2004. 40@LAFEALS N B
Japanese national universities became independent
administrative agencies.

alFE=a—+ Y /HRBPI. B2 v X —FERH
RIWFI. FHERYRFTRIBPIO 3 HRIBPIL 42

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.

2006 HBzx—r—pIixhvFrELEBsh3

The restoration of the Super-Kamiokande was completed.
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IgRst@iRFEES () r’REa 3

The Committee of Future Projects Il was established.

slFRt@BRIFRER () 0EPHE 3

2007
2008
2010
2011. 4
6
2012. 3
2014. 7
2015.10
1"
12

The Committee of Future Projects Il submitted its report.

I7vzo—77v4 LR %534

The Telescope Array experiment started.

IT2K ZROBWO=a -+ Y/ ER—N—DH3IAD
Y FTBAT 5
The Super-Kamiokande detected the first neutrino from the
T2K experiment.

ITSRARMHPLERIA - KA RIS ¥ L TH -
LTHRCHRFMBOEELFHILT 3
ICRR became an Inter-University Research Center,

renewing its existing function as an inter-university research
institute.

IRBEREDRLEE (i [KAGRA] r &) »°
ABHFEOREFHARERERO—DIZEE S M,
BErs 3
The Large Cryogenic Gravitational Wave Telescope (later

named KAGRA) was approved as a Leading-edge Research
Infrastructure Program by MEXT. The construction started.

IEHhREEZRIRBEINSD
The Gravitational Wave Project Office was established.

IT2K ER2»BF=a2—tV/BRBRORKBELRZ
3

The T2K experiment caught a sign of electron neutrino
appearance.

ligkst@RFEER (V) »*'RESN D

The Committee one Future Projects IV was established.

IA—2 SV 7DDy HNVN—EtEHRT

The Cangaroo project ended its operation.

IKAGRA D79 ® F v 2 ViBEINET § 3

The excavation of KAGRA tunnel was completed.

ICTARORZER | SEVERI/WBE 3
The construction of the first CTA Large Size Telescope
(LST) was commenced.

BKAGRA 0 E—HARRIBZH TR T 5
The construction for iIKAGRA (initial KAGRA) was
completed.

I=a2—- Y/ HEEEHOELRT=a—FY /IR
BHRROERICL N, IROBRBEFZELZH/ —
~VPBRBEEEFRE
Director and Professor Emeritus Takaaki Kajita received the

Nobel Prize in Physics for the discovery of neutrino
oscillation, which shows neutrinos have mass.

2016. 3NKAGRA »SERE%: & £

KAGRA was in test operaion.

AN EDRMER HSUH S NEHRBAFRIER » TR
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The Gravitational Wave Project Office was reorganized into
the KAGRA Observatory.
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SEFRF AT T R &
Inter-University Research
Program Selection Committee

| Administration

Board of Councilors

This board is a board for discussion the joint use of ICRR, and is summoned to
meet upon the director” s request for advice. This board is composed of the
Director and about 14 other members. The board members are selected from the
following personnel: 1) the professors and associate professors of ICRR,
enumerated by the Chancellor of the University of Tokyo. 2) the Dean of
Department of Science and the Director of the Executive Office, the University of
Tokyo. 3) the Director of National Astronomical Observatory, the Director of the
Institute for Particle and Nuclear Study of the High Energy Accelerator Research
Organization, and the Director of Yukawa Institute for theoretical Physics, Kyoto
University. 4) those who have academic careers inside and outside of the
university and who were enumerated and entrusted by the Chancellor of the
University of Tokyo.

Faculty council

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

Advisory Committee

This is a committee for drawing up schemes for operating ICRR and submitting
them to the Faculty council. This committee is composed of about 14 researchers
from both inside and outside ICRR (more than half are from outside the University
of Tokyo).

Inter-University Research Advisory Committee

This is a committee for having discussions to facilitate joint-use researches, and
suggesting or reporting the results to the Advisory Committee. This committee is
composed of members selected from inside ICRR, and outside members who have
academic careers (more than half are from outside the University of Tokyo).

Inter-University Research Program Selection Committee

This is a committee for having discussions to select Inter-University research
programs from applications. This committee is composed of members selected
from inside ICRR, and outside members who have academic careers (more than
half are from outside the University of Tokyo).
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Board of Councilors

Members

Prof. Takaaki Kajita
Director of ICRR, the University of Tokyo

Prof. Masatake Ohashi
ICRR, the University of Tokyo

Prof. Masahiro Teshima
ICRR, the University of Tokyo

Prof. Masayuki Nakahata
ICRR, the University of Tokyo

Prof. Hiroo Fukuda
Dean of School of Science, the University of Tokyo

Prof. Kazuo Hotate
Vice President of the University of Tokyo

Prof. Katsuo Tokusyuku
Director of Institute of Particle and Nuclear Studies,
High Energy Accelerator Research Organization

Prof. Misao Sasaki
Director of Yukawa Institute for Theoretical Physics,
Kyoto University

Prof. Masahiko Hayashi
Director of General of National Astronomical
Observatory of Japan

Prof. Emeritus Takashi Nakamura
Kyoto University

Prof. Sadanori Okamura

Graduate School of Science and Engineering,

Hosei University

Prof. Shoji Torii

Waseda Research Institute for Science and Engineering
Prof. Saku Tsuneta

Director of Institute of Space and Astronomical Science

Prof. Masaki Mori
College of Science and Engineering,
Ritsumeikan University

Prof. Sachio Komamiya
Director of International Center for Elementary Particle
Physics, the University of Tokyo
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Observer HRRASFFTHMFTRAT K38 I 3 / Prof. Masahiro Kawasaki, ICRR, the University of Tokyo
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Advisory Committee

Members

Prof. Takaaki Kajita
Director of ICRR, the University of Tokyo

Prof. Junji Hisano
Graduate School of Science, Nagoya University

Prof. Kunihito loka

Yukawa Institute for Theoretical Physics,

Kyoto University

Prof. Masashi Hazumi

High Energy Accelerator Research Organization
Prof. Nori Aoi

Research Center for Nuclear Physics, Osaka University
Assoc. Prof. Masashi Yokoyama

School of Science, the University of Tokyo

Prof. Nobuyuki Kawai

Graduate School of Science and Engineering,
Tokyo Institute of Technology

Prof. Yoshitaka ltow

Solar-Terrestrial Environment Laboratory,
Nagoya University

Prof. Shoichi Ogio

Graduate School of Science, Osaka City University
Prof. Nobuyuki Kanda

Graduate School of Science, Osaka City University
Prof. Kyoshi Nishijima

School of Science, Tokai University

Prof. Masahiro Kawasaki

ICRR, the University of Tokyo

Prof. Masayuki Nakahata

ICRR, the University of Tokyo

Prof. Masato Shiozawa

ICRR, the University of Tokyo

Prof. Seiji Kawamura

ICRR, the University of Tokyo

Prof. Masahiro Teshima

ICRR, the University of Tokyo

Prof. Masatake Ohashi

ICRR, the University of Tokyo

Assoc. Prof. Hiroyuki Sagawa

ICRR, the University of Tokyo
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Committees

Inter-University F Advisory C
PR - BB K% Members
sns Chairperson
ARBEAFASHISFEN K8 womes Prof. Nobuyuki Kanda
Graduate School of Science, Osaka ity University
. e Prof. Kazuoki Munakata
EMASIDS B 2047 B Dep. of Science, Shinshu University
Prof. Masaki Mori
T HBASIRT HIB HID # T College of Science and Engineering,
Ritsumeikan University
. - ! N Prof. Shigeru Yoshida
S e S T e R A =@ 3
FTRAFARFRRFHRH B3R S8 ik Graduate School of Science, Chiba University
[ - - Prof. Yasuo Takeuchi
S5 26 [ 0 2 70 R
WPRFARZRRDFHFRB B2 P9 Bt Graduate School of Science, Kobe University
Lecturer Takashi Sako
LEBAS TEMIIBETRS B6 4B BE Solar-Terrestrial Environment Laboratory,
Nagoya University
. Assoc. Prof. Takayuki Tomaru
BIAUE —DRBF RIS T (E{;i? High Energy Accelerator Research Organization
BEA (Group3)
8@ 20 Assoc. Prof. Kimiaki Masuda
2ER RS T EIIRBET RN E503 i Solar-Terrestrial Environment Laboratory,
Gs=R) Nagoya University (Group3)
s i - Prof, Masayuki Nakahata
oo J
RERFFERFRAN Hi2 DI AT ICRR, the University of Tokyo
s ~ . Assoc. Prof. Msato Takita
S o 4 B B S 3 4 =
BRASFERARA KR BB EA o o
. o s i e Assoc. Prof. Hiroyuki Sagawa
S e pron
REKRZPFERFRAT EHEF 1w RAT ICRR, the University of Tokyo
IR - - Assoc. Prof. Takashi Uchiyama
S e Fr oo B
RERPFERGP RN A AW & ICRR, the University of Tokyo
. Organizer
BRAFTERTRAT 43R ;; T Assoc. Prof. Shigetaka Moriyama

ICRR, the University of Tokyo
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B / April 1, 2016 thru. March 31, 2018

Observer RRKZFHIRFARPT K B IR / Prof. Takaaki Kajita, Director of ICRR, the University of Tokyo
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ity Program ion Ci

Members

Chairperson
Prof. Shoichi Ogio

Graduate School of Science, Osaka City University
Prof. Tokonatsu Yamamoto

Faculty of Science and Engineering

Prof. Fuyuki Tokanai

Faculty of Science, Yamagata University

Assoc. Prof. Takayuki Tomaru

v — . P
BT AV X RS T REM EHIR A 21T High Energy Accelerator Research Organization
i)
Prof. Masahiro Teshima
BIANX —FEIRFERIF FF FUIg BUE Head of High Energy Cosmic Ray Division
ICRR, the University of Tokyo
Prof. Masayuki Nakahata
FH=a2—F Y/ FRIHPPI P HeAT Head of Neutrino and Astroparticle Division
ICRR, the University of Tokyo
Prof. Masahiro Kawasaki
FEERYIBFFRIBPI FE I 6 FE45 Head of Astrophysics and Gravity Division,
ICRR, the University of Tokyo
Organizer
Snpa i Assoc. Prof. Yoshinari Hayato
o 2oy SN
F@=2— b/ FRIPT EHER 2P BRR Neutrino and Astroparticle Division,

ICRR, the University of Tokyo

Assistant Organizer
IS Assoc. Prof. Takashi Uchiyama

FHEWNIRF R I LR Al B Astrophysics and Gravity Division,
ICRR, the University of Tokyo
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| #EE%  Number of Staff

HiR

Professors

8
(2]

HEHIR Bh %

Associate
Professors

15 31

(4]

The numbers

Assistant
Professors

(2) <2>

HRE

Research
Fellows

10
(1)

| Past Representatives

Staff

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. 1, 1953 - Aug. 31, 1955
Sep. 1, 1955 - Sep. 21, 1959
Sep. 22, 1959 - Jul. 31, 1960
Aug. 1, 1960 - Nov. 30, 1960
Dec. 1, 1960 - Mar. 31, 1970
Apr. 1, 1970 - Mar. 31, 1972
Apr. 1, 1972 - May. 24, 1976

Institute for Cosmic Ray Research, the University of Tokyo

Director
Director
Director
Acting Director
Director
Director
Director
Director
Vice Director
Vice Director
Director
Vice Director
Vice Director
Vice Director

Saburo Miyake
Kouichi Kamata
Ichiro Kondo

Goro Tanahashi

Jiro Arafune

Youiji Totsuka
Motohiko Yoshimura
Yoichiro Suzuki
Kazuaki Kuroda
Masaaki Fukushima
Takaaki Kajita
Toshio Terasawa
Masayuki Nakahata
Masahiro Kaswasaki

Norikura Observatory

Acting Director
Director
Director
Director
Director

Saburo Miyake
Ichiro Kondo
Toshinori Yuda
Masaaki Fukushima
Masato Takita

Akeno Observatory

Director
Director
Director
Director
Director
Director

Koichi Kamata
Goro Tanahashi
Motohiko Nagano
Masahiro Teshima
Masaaki Fukushima
Hiroyuki Sagawa

Kamioka Observatory

Observatory Head
Observatory Head
Observatory Head

Research Center for Cosmic Neutrinos

Yoji Totsuka
Yoichiro Suzuki

Masayuki Nakahata

Center Chief Takaaki Kajita
Center Chief Kimihiro Okumura
KAGRA Observatory

Observatory Head

s 1
Technical
Employee

8
m

( J:88 (Ut¥O

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

BHERS

Administrative

Masatake Ohashi

Employee

13
(3)

May. 25, 1976 - Mar. 31, 1984
Apr. 1, 1984 - Mar. 31, 1986
Apr. 1, 1986 - Mar. 31, 1987
Apr. 1, 1987 - Apr. 30, 1987

May. 1, 1987 - Mar. 31, 1997

Apr. 1, 1997 - Mar. 31, 2001
Apr. 1, 2001 - Mar. 31, 2004
Apr. 1, 2004 - Mar. 31, 2008
Apr. 1, 2004 - Mar. 31, 2008
Apr. 1, 2008 - Mar. 31, 2012
Apr. 1, 2008 -

Apr. 1,2012 - Mar. 31, 2016
Dec. 1, 2015 -

Apr. 1, 2016 -

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

Apr.
Apr.

Apr.
Apr.
Apr.
Apr.
Jan.
Apr.

1, 2000 - Mar. 31, 2003
1,2008 -

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 -

Apr. 1, 1995 - Sep. 30, 2002
Oct. 1, 2002 - Mar. 31, 2014
Apr. 1,2014 -

Apr.
Apr.

1, 1999 - Mar. 31, 2016
1,2016 -

()& (RED

Apr. 1, 2016 -

(2016.5.1)

FEDHS a5t

Adjuncts Total

126

(32) (6] (39) <2>

< >IHABABETIHE
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Research Budget and Facilities

| mHEREZE  Anual Expenditures

X5 Category
ANGE

Personal Expenses

hs

Non-personal Expenses

S5t
Total

FY2011 FY2012 FY2013 FY2014 FY2015
653,000 658,000 687,000 706,000 757,000
1,400,000 1,172,000 1,095,000 1,281,000 1,327,000
2,053,000 1,830,000 1,782,000 1,988,000 2,084,000

T thousand yen

| NPELZEDZALE External Funds, etc

X 49 category
REE roERHR

Joint Research with the Private Sector

ZEHR
Entrusted Research
BEFHE

Donation for Scholarly Development

FY2011 FY2012 FY2013 FY2014 FY2015
500 (1) 0 (0) 3,000 (1) 300 (1) 201 (1)
29,239 (1) 0 (0) 36,321 (2) 38,250 (2) 13,500 (1)
0 (0) 85 (1) 364 (1) 181 (1) 0 (0)

T3 thousand yen () IFZAHE The number of () represents quantity

| A EEREEDZALE Grants-in-aid for Scientific Research

2% B Research Classes

15U HEE BT R

Specially Promoted Research
SR B R

Creative Scientific Research
HRWRETAR

Scientific Research on Priority Area
15 5E PRI ER

Particular Field Research
ERBFR (S)

Scientific Research (S)

HEBHR (A)

Scientific Research (A)

B R (B)

Scientific Research (B)
EBHR (C)

Scientific Research (C)
EFHR (A)

Grant-in-Aid for Young Scientists (A)
EFHZE (B)

Grant-in-Aid for Young Scientists (B)
PEBR9SA ST R

Challenging Exploratory Research

HRFBHRAL— FXF

Research Activity Start-up

&5t
Total

| #E5% Facilities
PEER  Facilities

Bx v vRR

Kashiwa Campus

HEFE RN FHRIBEHR
Kamioka Observatory

B HREAFRIEER
KAGRA Observatory
FEREAET

Norikura Observatory

BB AP

Suzuran Lodge

B3 EF &R PT

Akeno Observatory

50 | Research Budget and Facilities

FY2011 FY2012 FY2013 FY2014 FY2015

103,300 (1) 187,300 (2) 168,100 (2) 191,800 (3) 331,100 (4)

72,100 (1) 0 (0) 0 (0) 0 (0) 0 (0)
0 (0) 0 (0) 10,000 (1) 80,700 (3) 89,300 (3)
1,700 (1) 0 (0) 0 (0) 0 (0) 0 (0)
47,900 (2) 10,700 (1) 10,700 (1) 0 (0) 0 (0)
34,800 (4) 72,200 (4) 47,000 (4) 13,300 (3) 27,087 (3)
33,200 (5) 12,700 (4) 15,800 (5) 15,200 (3) 15,600 (4)
4,800 (5) 3,700 (4) 6,800 (5) 6,100 (5) 6,400 (7)
2,900 (1) 5,600 (1) 12,700 (2) 9,900 (2) 14,200 (3)
5100 (4) 2,700 (3) 6,000 (5) 8,000 (8) 14,200 (10)
5,900 (4) 9,000 (6) 4,700 (4) 3,400 (2) 3,000 (3)
1,200 (1) 800 (1) 0 (0) 0 (0)

311,700 (28) 305,100 (26) 282,600 (30) 328,400 (29) 499,787 (37)

F thousand yen () 132 A4# The number of () represents quantity

PT7EM#E  Location 1 # Land (m?) ety Building (m?)

FEBBHBDE 5-1-5 313,391 7.185
5-1-5 Kashiwanoha, Kashiwa-shi, Chiba, Japan (8% v v /S 221K) ?

% 2 B AR S i 1 8 B SR % 1T 456 95,523 2,195
456 Higashimozumi, Kamioka-cho, Hida-shi, Gifu, Japan (8 93,118) (&N 140)
% 2 8 RS iy 49 ) BY R % 1 238 39,327 444
238 Higashimozumi, Kamioka-cho, Hida-shi, Gifu, Japan “EX (fEA173)
128 88 W34 TR S 59,707 1655
Mt. Norikura, Nyukawa-cho, Takayama-shi, Gifu, Japan EX ’
REFEMAHRRBH 4306-6 2,303 182
4306-6 Azumi Suzuran, Matsumoto-shi, Nagano, Japan EN)

WELR LA H BT 5259 18,469 2843
5259 Asao, Akeno-cho, Hokuto-shi, Yamanashi, Japan (C:PN) )

. ;tﬁ'*umiﬁ?ﬂ i ?ﬂﬁ Inter-University Research and Education

| £FEFIATAE Inter-University Research

RRERAFFERFRAI. LRAAB - £EFRML2 & L T,
WX vz BAFTERLFHRER. REEHT. BHR
AAOLRBRE CHRMBHRET T Eid, 27-EBRADH
Tod. BHATOBBRBOITREELT-CVET. ZhHD
HEFHBARIIBFLBOMREIrLAF L., HEFMESE
SBRRUVHERIBEEEMIEZERTHRRL 39, T 27 £E
DIBRB 0 PEMHEH EFRAEBIIUA T 50 TY.

FrE 27 FEFBRR PEHAHK
Applications

FE=a2—FY /FRIPI
Neutrino and Astrophysics Divi;:)‘n 39 (39)
?%"J'-z"uvﬂ(——?ﬁ?ﬁﬂf?"ugﬂfﬁ 51 [11]
High Energy Cosmic Ray Division
P HERY RS RIBPI -
Astrophysics and Gravity Division
FE=a— LY/ BAERRE LY £ - 8

Research Center for Cosmic Neutrinos

ICRR, as one of the “Inter-University Research Centers,"” conducts
Inter-University Research at Kamioka observatory, Norikura
Observatory, Akeno Observatory, and on Kashiwa Campus. The ICRR
joint-research operates internationally as well as domestically. The
Inter-University programs accept applications from researchers around
the country, and are selected by the advisory committee and user” s
committee. The table lists the number of total and successful
applications for each observatory or center in 2015.

SRR A2 B <G R
Successful Applications Total Researchers
39 (39) 865 (865)
50 [11] 1021 [91]

26 560

8 83

C ) 1) LBBMFERUFFRER. [ 120 LRERAAT

The number of () represents the one from Kamioka Observatory,

| XZBRH¥E Education

RIARZFERARATIE. ERAZFEBZIZAHREDEZRO
AXFERRRO—RYL L TAERFA*ZUANFRIEE %
FTrrrblz, RKFROFBHRHBLI LTI T, HEFLFAE
PERIL. 2F-MREBLIF-—vbERLTVIT, $E
RARFAFRO—RE LT. BANOMASFOKRSIRE Y.
FERSEA . BAFRE., ABANREL L TRIFANSESH
WTWET, ERAEFEBRARMOKRFREIEZTAZIIUT
nDrEhTT,

FY2012 FY2013
Pn%s:tta's course 19 (0) 27 (4)
Efc?g's course 12 (2) 16 (1)
%gl. 31 (2) 43 (5)

and ( Jrepresents the one from Norikura Observatory.

ICRR accepts graduate students, and also delivers lectures for them as
a part of the Graduate School of Science, the University of Tokyo.
ICRR also conducts liberal seminars for undergraduate students. ICRR
also accepts graduate students from other universities inside and
outside Japan as special listeners, special researchers, and foreign
researchers, as the graduate school of the University of Tokyo. The
table lists the number of graduate students accepted by ICRR in recent

years.
FY2014 FY2015 FY2016
30 (5) 30 (3) 33 (2)
17 (0) 22 (2) 25 (2)
47 (5) 52 (5) 58 (4)

() W9 &M The number of () represents female students.

Inter-University Research and Education 51
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International Projects

@ IRNYYFzVN—TFT0OIzI}
Emulsion Chambers Project
RYVEFPOF v HNEZYWUTIH, T2y Yy FoyN—%
BVWTFERoOR I IREEEROHTRITLA TV T,

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

@ FRy FBI{Y¥I—T0Y=I}
Tibet ASy Collaboration
FRy FOFENHF (P 8—F v ) BRTHEHZERY v 0 —&
AMEBEAVCTBI AV —FERERIMTLA TV I T,
On Yangbajing Plateau in Tibet, experimental studies on high-energy
cosmic rays are conducted using air-shower detector.

® SVvRI—JFPv4Fov=zst
Telescope Array Project
FAYDD2RTIE, RIEAXLRBELAVTHRST AV
¥—OFEHROGR - HRET->TV 37,
In Utah, USA, observational studies of ultra high-energy cosmic rays
are conducted.

@ RA—/N—HIFHVFIToI=zI
Super-Kamiokande Collaboration
VEAFERNFHRERTIL. A— =D IFHVYTEAV
T, Za— L) /IRBCHFBREORR L LOFREIT > T
Wid, 8 HBOMRENLERFRIZSNL T FT,
At Kamioka observatory, studies on neutrino osccilation and proton

decay are conducted with Super-Kamiokande detector. Researchers
from 8 countries have joined the project.

® XMASS oy =7 +
XMASS Project
PRAFERUFHRIERTIL. BREX £/ VREIE XMASS
FRWT, 42— 0BHERLYBERBLTVWIT. BR
CEEORRELFRIZSNL TV T,
At Kamioka observatory, project of detecting dark matter particle is

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

® KAGRA 7oy =7 +
KAGRA Project
SHREAFRIEE Tla. REMKRE DKL =RE [KAGRAJ
DRBEEDTVET, 14 HDEOHRENEBFRIZSH
LTwET,
At KAGRA observatory, construction of the Large-scale Cryogenic

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

@ CTAZ7ov=zst

Cherenkov Telescope Array Project

2ARA YV - HhFYPEEDS R EFY /5 F Tl
BIANKE - Y RRAYBRORRET I 2HIZ, Fx
Va7 v22=T77Ur4 (CTA) ORZREED TV I T,
BHBEOHRE,NERMARIZSIOL T E T,

On Canary Islands, Spain and at Paranal, Chile, construction of the
Cherenkov Telescope Array (CTA) is proceeding to study about very

high energy gamma-ray astrophysics. Researchers from 33 countries
have joined the project.

52 | International Exchange

International Exchange

| EPRRTE TR E R RESRE A
Academic Exchange Agreement

1981 RYEPHYPYFrvak® (RYEP)
Universidad Mayor de San Andrés (Bolivia)

1995 PEHFRSEDRFRA (PE)
The institute of High Energy Physics, Chinese Academy of Sciences (China)

1995 2L RFBFL (P A YD)
College of Science, University of Utah (US)

1995 DY 7 a =P KREP A YEPBHZE (P XY D)

School of Physical Sciences, the University of California, Irvine (US)

1995 KR b YRZRFRIOBZFHRH (7 %Y 5)

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

2001 OYPHEP H T I -BIHHFRMN (0¥ 7?)

INR, Russian Academy of Science (Russia)

2001 PFv— FASZYEREFP (A -2 F5Y7)
University of Adelaide (Australia)

2001 @A —R bS5 YPARFESGYRHEFE (F—2+5Y7)

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

2009 Y oNKRSFBEBRBEKRS (BE)

College of Natural Science, Seoul National University (Korea)

2009 DY 74 w=PIBKFELGOFHRH (7Y H)
CIT LIGO Laboratory, California Institute of Technology (US)

2011 A—THEHFRBEE (129 7)

European Gravitational Observatory / The Virgo Collaboration (Italy)

2011 LEEeEAS (PE)
The Shanghai United Center for Astrophysics Shanghai Normal University (China)

2011 U S5RS-KBEHHRA (EED)

Institute for Gravitational Research, University of Glasgow (US)

2011 BEALFEAFERIH (8B

College of Science, National Tsing Hua University (Taiwan)

2012 PEHZFRLELS Iy IRRAAIREHRL Y 2~ (PE)
The SICCAS-GCL Research & Development Center,
The Shanghai Institute of Ceramics, Cﬁinese Academy of Sciences (China)

2012 MM VP FMIKRFERRE CRE)

College of Science, Louisiana State University (US)

2012 Y=AKRBIZB (12Y7)

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

2012 PERFRERKXSE (PE)

National Astronomical Observatories, Chinese Academy of Sciences (China)

2013 R FY vy FBEAFERE (R=4 V)

The Faculty Sciences, Autonomous University of Madrid (Spain)

2015 A F Y —FEVBRIHFRH (R<A V)

Instituto de Astrofisica de Canarias (Spain)

| AEAHRE EDANKR

International Exchange

BRZARAREICL 2HBATREDORARKIITLOR DB
HTY. P43 I2BH s h TV 2 ERFIMBHFTRICSHNL TV 245+
BAMREDH L St b . T 27 FETEN 1,325 BIC
EDET,

Recent data on the number of accepted foreign researchers by the
study of international exchange is given in Table below. Adding up the
number of foreign researchers joined ICRR inter-university research
projects, the total comes to 1,325 in 2015.

ZANBAFREE  The Number of Accepted Foreign Researchers
2011 2012 2013 2014 2015

z ~/ 7 24 26 32 39 27

Asia

per =T 1 2 ! 7 2

Oceania

PRIk

Latin America 3 3

ek

North America 72 69 52 79 54

ES —0 y/N 28 7 66 = 3
urope

st , ,

Total 125 138 154 11 96

B mRER

Achievement Reports

| EESEH L OERMAERESORME  International Conference and Workshops

RRARZFERARIL. BRRECERARER Y XN Y
NE NV REREBLTVWET, ANOBRLRERHHOET
HERELBTCRAOFRIZOVTELTHL )L I F— b,
B 10OREFT-TwId, BK 10 ERIEHEL-BEBERER
VERBRHRERIZ. UTorsh T,

BEo—2vayv 7 (BTFINX—FEOIINX—NZ]
International Workshop on Energy Budget in the High Energy Universe
2006.2.22-24 (FZE Chiba) 126 A

BBo—2Y2y7 [J-PARC=a—FY)/E-LIHT 2 BEERRESE)
2nd International Workshop on a Far Detector in Korea for the J-PARC Neutron Beam
2006.7.13-14 ([ Korea) 61 A

BEo—27vsy 7 [(RERKFEEL =2 -+ Y /1RE2E 2007)
Workshop on Next Generation Nucleon Decay and Neutrino Detector 2007
2007.10.2-5 (#%fH Shizuoka) 102 A

FUVRI—TPVrA (TA) BRRSHERS L URESR
Inauguration Ceremony and Symposium of Telescope Array
2008.8.25 (FEE Chiba) 101 A

$580 BERELIS— [EHRBINO-HOYURRESRY F0—7 )
58th Fujihara seminar: World-wide Network for Gravitational Wave Observation
2009.5.26-29 (##%%)1| Kanagawa) 84 A

EHEBKERE [Gravitational-Wave Advanced Detector Workshop 2010
Gravitational-Wave Advanced Detector Workshop, GWADW 2010
2010.5.16-21 (R#} Kyoto) 107 A

By YRI9L [BRBEZINY—FEREAOREDER)
International Symposium on the Recent Progress of Ultra High Energy Cosmic Ray Observation
2010.12.10-12 (%4 5/Z Nagoya) 114 A

FOERO—2 Y3y T
Italy-Japan workshop
2011.10.4-5 (F2 Chiba) 39 A

FE2@BEKAGRA 9 —2 Y397
2nd Japan Korea workshop on KAGRA
2012.5.28-29 (F%E Chiba) 26 A

%1 @ EITES EHEEERE
1st EIiITES General Meeting
2012.10.3-4 (3R Tokyo) 80 A

I i3  Academic Papers

HEEFMATAROARIZ. AHOFRETERT 2. HX L
LTANDSMMELTHRERL I T, FARARR y 7DH/X
DA, V7Y —FEIHMEE. ICRR Report ( &£ ) RUBKBR
D Proceedings ICHERI N b OB EFEFIZL TUTIC
~LET.

Reports of joint-use research are presented at academic conferences in
Japan and overseas, and also published in Japanese and foreign
academic journals. The plot shows the numbers of papers authored by
ICRR members that are published each fiscal year in ICRR Reports,
refereed journals, and proceedings of international conferences.

X LADTIITH  Other Publications
HRAAEE
ICRR Catalogue

RRABANY I vy b
ICRR Brochure
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ICRR News

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.

£ 3@BEKAGRAD—2 Y3y T
3rd Japan Korea workshop on KAGRA
2012.12.21-22 (32[Z Korea) 20 A

$40@QBEKAGRAD—2 Y3y T
4th Japan Korea workshop on KAGRA
2013.6.10-11 (KB Osaka) 34 A

$50B8%KAGRAD—2 Y3y 7
5th Japan Korea workshop on KAGRA
2013.11.29-30 (32[E Korea) 36 A

£ 2 @ EITES EHRBERE
2nd EIITES General Meeting
2013.12.4-5 ((RE Tokyo) 80 A

CTA LST BB <#
CTA LST General Meeting
2014.1.14-17 (F% Chiba) 83 A

$60QB#EKAGRAD—2 Y3y T
6th Japan Korea workshop in KAGRA
2014.6.20-21 (3R Tokyo) 49 A

£ 7008 KAGRAD -2 v 3y
7th Japan Korea workshop in KAGRA
2014.12.19-20 (Z1L1 Toyama) 34 A

NAR=DIFHYFTERERFRI V— THEBLEEY Y RI 9 LRURBDR
The Inaugural Symposium of the Hyper-Kamiokande Proto-Collaboration and Signing Ceremony
2015.1.31 (F2 Chiba) 108 A

£ 30 EINTES EHREESHE
3rd EIiITES General Meeting
2015.2.9-10 (3R Tokyo) 42 A
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REE

RYINIVISIVI Y I AE N
Benjamin Franklin Medal in physics
FHF A S

Particle Physics Medal

F LS E

Inoue Prize for Science

IR S HRIBRZRE

Young Scientist Award of the

G i h Associati

H EFRERHE

Inoue Research Award for Young Scientist
PRF-H

Yoji Totsuka Prize

Tw—J « RYFINVKRE
Bruno Pontecorvo Prize

P —

Yoji Totsuka Prize
BANRIREFREHE
Young Scientist Award of the
Physical Society of Japan
PB¥-R

Yoji Totsuka Prize
BAZFLERE

Japan Academy Prize

IBHFAREEEFHPEY
MEXT Young Scientists' Prize

BEHF A L VEDHE

Young Scientist Award in

Theoretical Particle Physics

TAYRY =+ Z2HD5—-FPO—F
Extragalactic Tinsley Scholar Award
ENN-

Yodh Prize
JakyR+YpyF-232=
Giuseppe and Vanna Cocconi Prize

2YoR vz

Julius Wess Award

BR2HE - ARFIRBRYRSFE

Yukawa-Kimura Prize

ABHFABREEFHNFER
MEXT Young Scientists’ Prize
PE¥_®

Yoji Totsuka Prize
BAXXSF R REMHH

The Astronomical Society of
Japan Young Astronomer Award

§ﬁ%2—7—7 v—s 2v—§

gh Prize in Fund

| Physics

XLRE
The Order of Culture

XLHBE

Person of Cultural Merit
J —RVPBRZE
Nobel Prize in Physics

PBRF¥Z
Yoji Totsuka
FEABREB

Jiro Arafune

P IBIET
Masayuki Nakahata

BRUOAF
Hiroko Miyahara

BIFLE
Haruki Nishino

ROES
Takaaki Kajita
SARFE—AB
Yoichiro Suzuki
PIBIAT
Masayuki Nakahata

FEERE
Takashi Sako

BREF
Masataka Fukugita

RBEE
Takaaki Kajita

BRUAF
Hiroko Miyahara

PEHER
Masahiro Ibe

AAES
Masami Ouchi
KEFTE
Motohiko Nagano
SARF—BB
Yoichiro Suzuki

RBET
Takaaki Kajita

Il RS

Masahiro Kawasaki

AAES
Masami Ouchi

EEAAN

Masato Shiozawa

NFERB
Yoshiaki Ono

RBEE
Takaaki Kajita

ROES
Takaaki Kajita

ROES
Takaaki Kajita

RBERE

Takaaki Kajita

Awards

Awards (Past Decade)

—a— bV /ICEBNHBEZLOER
Discovery of the neutrino mass

#7&% VBRI EP ST/ K—D b KOOI —BORAOFR

pological property of pole in gauge theories

AKB=a—t YV /0BHr=a—+t+ Y/ BEBHOHRR

Solar neutrino detection and research of neutrino oscillation

FPHBRERZRIC L 2 ABFDHLOHR

Study of the long-term solar variations using cosmogenic nuclide

A=R=—hIFHDYTIEETIFBUVAL YL XY Y~ORFHBEORFR

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

AR=a—F Y/ RBOER

Discovery of pheric neutrino
A=—NR—HIFHYTFRBRIEEFEIRR=2—t Y/ B5LIVRB=a— Y/ EBHOFKR
Discovery of atmospheric and solar neutrino oscillations in the Super-Kamiokande experiment

REIZEZAB=2—tY / LiEBHOHR

Study of the solar neutrino and its oscillations

FRy PRAY % V- VA EEFIRIANX—FEREIMOHAR
Study on the High-Energy Cosmic Ray Anisotropy with the Tibet Air-Shower Array

V7t YRBOFEDNY F v BIERHEE0IRE

Pointing out a mechanism to generate cosmological baryon number violation originated by lepton
AR=a—F Y/ RBOEKR

Discovery of atmospheric neutrino oscillations

ABED S & UFERP\A[REIRIETHZEOHR

Study for solar activities and its effects

BREFEOBIICE T 2 RRABOFEROMUREBR T 2H L Vv 7 U & 0BE LRIE

Sweet Spot Supersymmetry

EHFBBRICL 3EEBLHR
Extensive work on distant galaxies and cosmological events in the early universe

BEIANX—FERDPFICH T 5 EHROFR

Pioneering leadership in the experimental study of the highest cosmic rays

AB=a—FY) /DRI Vv—R"—RRICLEAB=2—t Y/ OFDOHREN

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

R=nN=HIADYFRRIZEBAA= 2~} ) /EDRAKOKR

Discovery of heric neutrino with the Super-Kamiokande experiment

EHETEHABEFROM—IRROBEIZS 1 5D

Supergravity and nucleosynthesis

JRAERREIZ L 2 FBELCOHR

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

DRBIa—=a2a—FY/E—LILLE3EF=2—t Y/ BRAROKE

Observation of el neutrino in an a ator muon neutrino beam

PP

RAE L FEBTHORAOHFR

Observational studies of galaxy evolution and cosmic reionization

Za—bY/EBrVIAENLER Y L. FNIPRFOMERRBLE,IIBLIHLVI0Y T 47 ¥RBLERK

The fundamental discovery and exploration of neutrino oscillations

—a— Y /PBFLSCTELVHRARLES, BHIVRSL UFPERIZIALVELS 22

Outstanding contributions to particle physics and cosmology by the remarkable achievements for researches in Neutrino physics

—a— Y /PBRELSCTELVFRARLES. RHIVRBEL UPBRICZIALYELS 22D

Outstanding contributions to particle physics and cosmology by the remarkable achievements for researches in Neutrino physics

—2- bV /HEEBEROEETRY, —2— Y /IRDHAKOER

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

| FEHEAERAELTELTHERRSFARE  ICRR Graduate Student Workshop Best Presentation Awards
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2016

2016

BOES

Takanori Sekiguchi
Bt FNE—
Doctor Kenichi Saikawa
&t =E&®
Master Ryo Mikami
B+ JEISE 35
Doctor Naoya Kitajima
&t &85
Master Isao Kametani
Bt Bs >
Doctor Chen Dan
&t 14 Rfgt
Master Kento Sasaki
RRE— W At
Poster Masaki Yamada
Bt ;=R
Doctor Masaki Yamada
&+ BAES
Master Seiji Fujimoto
Rag— A KRB
Poster Yutaro Enomoto
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ABUERE HRREE (LCCT) BIREBDEF Y YISy iav—yay
Modeling and Simulation of Vibration Isolation System for Large-scale Cryogenic Gravitational-wave Telescope (LCGT)

70 v 4 VERNE 0 RLBIR 0BT

Thermalization of axion dark matter

Crab vy —p 5 DERBH A ANR T B - B X REFERAIC & 2 S1EE

Giant Radio Pulses from the Crab Pulsar: Study of Radiation Mechanism with Simultaneous radio and hard x-ray observations

D=—Nr VBRI EWERET Sy 7 k- VERRVEDRER

Primordial blackhole formation and gravitational wave production in a curvaton model

AR=2—t )/ ORBPRRUABEDIARR=2—t )V /D759 72252588
East-West Effect of Atmospheric Neutrinos And Effect of Solar Activities On The Flux Of Atmospheric Neutrino
BHIRLEE KAGRA 0 72 n{ERBR Y 2 7 L DR

Studies on the cryogenic suspension system for KAGRA

7 VI AT NI H T B IR & s

Turbulent acceleration and radiation in Fermi bubble

Gravitational waves as a probe of supersymmetric scale

PIVy 2 - SAVEBBERBLI-NES S UBRYELR

Visible and dark matter genesis through the Affleck-Dine mechanism

ALMA TR S 1172 0.02 mly IZE 3880 3 U IRRA : HIRYEIR tﬁﬁj*%#it«@ﬁ%
ALMA Faint-mm Sources Down to 0.02 mJy: Physical Origins and Contrik to the Extrag:  Light

B HRIRL B KAGRA 0 72 8 0 B FH S 1EEE O RF

Reduction of quantum noise for gravitational wave detector KAGRA

H77€R

| FREME  Location

Q T277-8582 FEELBHHDIE 5-1-5
5-1-5 Kashiwanoha, Kashiwa-shi, Chiba,
277-8582, Japan

o 04-7136-3102 ($371%)
+81-4-7136-3102 (General Affairs)

| 72X  Access

RBZEEH, S

RBRBERBAR (759 - 1m0H)fm®§%vyﬂzﬁ«
BOEX ¢ v 2R LEREK A2 (10 170 M) TEIA
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RENRFHIITERT 2 (85 &
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DXL RTVRATBOEX v v/ 28R~ (309 - 670 M)
MOEX v v R2RASHEEK/S2 (10 9170 B) TEILA
ARV 2—TTBELIES 2 H

LHRH,S
JR B4 TR~ (309470 ) R, S HFK 2 (25D
290 ) TEIALIrAMRLYE2—TTFELES2H

- 1540 M) TEIZHAHF

BB

Haneda Airport

BBRERE/ 2
Narita Airport

Express Bus
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Narita Airport

2o z2Tva
Tsukuba Express

KER
PR M © * D o °
¥670
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JR %84
JR Joban Line

L% g < isLR
Ueno Sta. °° m °°

REAR [ RERIT/AR
Tobu / Keihin Kyuko Airport Bus

.........m’..........

¥ v /828R

Kashiwanoha
Campus Sta.

Kashiwa Sta.

Access

From Narita Airport

By Airport Bus (Narita Airport Express Bus)

NARITA Airport - Kashiwanoha Campus Station: about 75min, 1,700JPY
(one-way)

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

From Haneda Airport

By Airport Bus (Tobu / Keihin Kyuko Airport Bus)

HANEDA Airport - National Cancer Center: around 85min, 1,540JPY
(one-way)

From Akihabara Statioin

By Train (Tsukuba Express)

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

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

From Ueno Statioin

By Train (JR Joban Line)

Ueno Station - Kashiwa Station: around 30min, 470JPY (one-way)
Kashiwa Station (West Exit) - National Cancer Center: around 25min,
290JPY (one-way)

®

RE/A2
Tobu Bus
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