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Explore
the Universe and Elementary Particles
with "Multi-Messengers”
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2020 . #HAEFHE IO F 7 1 IJLX COVID-19 DE
DHEDPTRECRALTVE T, MRFAOBEHE. RS,
KERFZE, ZLTR2TOESTOEEIBEROMILE2RE
%9575, BE. FEHEMEMTCREALEHRIPIAN
bk, HBWVIERAEROTHY ., BICITHBIFR
DELEHFHLTHYET, —AHELHEIOTFT VI
ZADEEFEBL. ERLMAMOFESHZHEATESZ L
ZEE-O-TWVWEY,

FEROEESNI-OEIEFFT 1 a0 1912 FLETL
f=o Victor F. Hess ([@ZB505N T WO ot E TOMEHED
HPHSETOBDONESRTBICHIC, [IKICEY, 5E
EHICHSFRDBEDEALZANE LIz CORBRIFEN
fclEll. BENENDEHFRREN EABENDIE
ZRLTHY, COEANFENSRRT DHEER [FH
8] OXRERQUFE LI, ZOBRICK> T FHICEHL
HNETEADHKUMI, SITRIVE—DHEHIHDZ N
TENFLize I8HLESIRIVE—FENORETTI,

YORIDFE/RDEDXDBLDTH BN ZRBHME
DS ETo CNEHIC 20 WHFIEE TICIND DR
#BLT Ta—FY. NA, KPBFFoEHNRESh
RETSORNTYEBEZORRICEREFSELELIS
LD LXDRIDRESDFMOFEEL T, RAUFDHREDD
DESENRSZBOICERICBYE LI, — . FER
DNECTHEHSN, EDLDICHKITRRIBDONELE
ERBBETCEZOMED RSN LIc. FERDEZTE
RENICDZ B ICRFERATORESFOZ RTINS
FODEVDE XEDRFVDBNIED DAY E T, DFUY
FHREEFZL>THY., FICFBICFHED BB,
FERSERSNICE DD SHIKICRFKT 5 & TIHF
BNTHELEDERBPTEERABICEE<BERNE<
BOTLEDDTY . COLDRBBDICWH, FHEHE
CTERSNBEDD G EDORNFHBBDERICIIROE
REQERNBY EEATLIS

LDL. EFOBRARMOR[RGESRICE 2T, FER
OMIRERENICEEL, FHRVREERAES-TL
BETRVERDONE T, FHRORRZRDFHRELT,
BEEZFRICOVBIRIVF-—AVVEPFE_2—FY/
DEANFEBICKYTI N, EEOHY VREADER S
AYIBZRESLOPDYE T, F1c. 8IRILVF—F
BZa—h U/ XD RERSNE LIce CNSDHE
REHIS, FEZRESFHLOBELT ENROREHE
RPTREQLOBHIF SN, 2016 F2 811 BICT
AUADLIGO 7OV 1 H hTENROWER D' Im®RSE .
OWEWEF B ENRRZEAOEDE ERDONE T,
el BOBHEOFHREZBOLTHRUFTDOER%E
REMROAFBOKREIIBEEDBL OB >TEX
Lico Za—hU/ERBIBDEZ2— U/ DEEHF

FmEHWVED

BRICE>TERSNICZa—F )/ OBATER NI
Z&FlL KB/ OYRTERGBED =1 —
FU/BOZa—kFY/REBDESRSNICC & 2015 F
D/ —=N)VPBREICRODE, BEDHRBONA 51
ESAFL LD FHICREOREEDHLDHL>TLS
MEORBICERBICELEDESTYDEFRDE DL SR
WE—OXRX—DBELTOET, ¥OEFESMTITHBH
EVDOBBIFFEBICEERS, ¥—HOVR—DEGKREZRD
HREFFHICEDSNTNE T,

FHEAFEPTDERIE 1950 FICABFHEZMERE T
RBESICRTONLCTHEREVBO [AEBONE] (CH6F
U, XD 1953 FICRRASZFEHEEAPT GBI
FEHEAFT) cBYUELIc, COBARTE. HDABERMOE
BHEFADHSR TLIZ, ¥ LT 1976 FICTEBEAE
RIENEPMOFEREELFIZN-RCREDRRKS
FHEVRME Y, 2EHEHNBOMRAE L TFER
DUIRZEDTEE LIS €D% 2010 EICFHBFAE -
HENRLRE LT, ¥ LT 2018 FICIFXEFRFEBFA -
HEMRARQLE LTRESN. HICBHEDD ETFER
(CEIELICHRFBMRZHEL TOET,

FERVIEAOERDEINSDFEHERIR CHERE U —
FLTOLKZETY, BRERDZ21—HY /AIESRA—
N=AZIFHYTRE 21—~ /IREBDHER & OB
RTREBHRE LFTOET, RA—N=AIFHVTE
SHRUVMRESMEO 21—/ BRESBELTEBRHM
RARZEDFTHI<EDOEMBSNTVE T, =S THR
OUIRFRRICESZ L THY, FERMRATLIICS B
NH MR EDDARMDENDIVRETT, DD, R
HEtBE L TINAN—AZIFT WY TORBEZEDE T, &
o, FEBEWEM CERESIRIVF—FERENEE (TA)
N2008 FICTEHA L., BECOEEZBOICHENED
BICEDSNTVE T, HIC. 100 eV EVDBFIRIV
FoIIBNEFERDBIRAZ KT T DERICHEE Cab D
SAEFBEMRICEZUE T, TAERRICEKSERICE >
T BBIRVF-—FERIGIFEDHON LD IRR
LTOBHDER SN, ESITRIVF-FERRLFE
WD R DBHIBMRNEDBIBSNDODOH DL FRICE
FTo 2010 EICEEEBRNBBSNICENIREREE
(KAGRA) (& 2019 FIC(FEERAMETY L. 2020 FICIFEDA
BEeRBLELIL. COXBTENROERAEENRX
NEOHEZBFLICLOVEROE T, BIZE BEERN
BREOERHB TERBIECSIRIVF—AYVIEXRZ
B8O CTATOY T H MIHBBOICRUEHA. A1 2D
HhF+U—BESNI VS TERREZERP T,

FERVIEMICE > TERGHRFINRRR LT &
DN—BEADTHBDEIFHELDROBIEEROET, L
DL, ENEHICHLDOMRLRE FYLOREII 2
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T AP RHBROBRICNOTESDIELIERICE
BERBONE T, AMF CRIFERAEAMOIREDEE =
FEb, BERICHEPIOMRER ZIBAEL TOICIE<IE
T EEHE LTHERLICED T,

In 2020, the world is terribly influenced and
confused by the new corona-virus COVID-19. In
order to give priority to preventing the spread of the
infection to our faculty and staff members, postdoc
researchers, graduate students and everyone, the
Institute for Cosmic Ray Research has decided to
cancel or postpone various meetings and events, and
to suspend many observational activities. We hope
that the spread of the new corona-virus will end, and
the normal research activities of our Institute can be
resumed soon.

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, © 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

06 | From the Director

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.

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 “Joint Usage/Research Center”,
then in 2018, as one of the "International 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. As one of such
activities, ICRR will construct the Hyper-Kamiokande
detector as the successor of Super-Kamiokande. The
highest energy cosmic ray project 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 10”%eV deviate by
only a few degrees from their original paths when they
travel through the Milky Way galaxy. TA has observed
indication that the highest energy cosmic rays arrive from
a particular direction of the sky. The data may suggest
the birth of a new research field, the highest energy
cosmic ray astronomy. In addition, the gravitational
wave telescope (KAGRA) whose construction began in
2010, completed in 2019. The initial observation run of
KAGRA has started in 2020. 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.

Director of Institute for Cosmic Ray Research

Takaaki Kajita
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Austrian physicist Victor Hess ascended in a balloon up to the sky and measured radiations.
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Radiations originating from space (primary cosmic ray) produce air
showers, as secondary cosmic ray, in collisions with air molecules.
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High-Energy Particles from Space

In 1912, an Austrian physicist, Victor Hess took a
balloon flight in order to investigate radiation intensity
in the sky. In those days, high-energy radiation was
thought to be coming from the Earth and he predicted
radiation intensity would decrease with altitude. But his
experiment showed that radiation intensity increased
as he went up to the sky. Then the question arose: 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 are likely to originate
somewhere in outer space and travel to the Earth at
almost the speed of light. Cosmic rays pass through our
bodies every second and some of them even penetrate
deep into solid rock.

They are the same nuclei and particles which compose
the matter we can see every day. About 90 percent of
the cosmic rays are hydrogen nuclei (namely protons),
9 percent of them are helium nuclei, and the rest are
heavier nuclei and elementary particles such as electrons
and positrons.

=a—1tY i /g Tl
Neutrino __wDark'matter . "%, Gravitational wave Gamma ray Cosmic ray
- 5 I' : -
BEEARPABLE  BEMLGATVIME 7122144 0 ATHE 200 km ~
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BECATELBRR EBREIhECENE
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FEAERTHOES EEHTVE,
ARUES, ‘

Neutring
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Methods of cosmic ray detection
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Rain of Hundred Billions of Particles, “Air Shower”

In 1936, it was found that the intensity of cosmic
radiation reached a peak at about 15 kilometers in
altitude and dropped sharply with increasing altitude.
Why did it happen? In fact, the detected radiation turned
out to be secondary particles produced by collisions
between high-energy cosmic rays from space and the
atmosphere of the Earth. Cosmic rays originating in
space are called “primary cosmic rays,” and the others
are called “secondary cosmic rays.”

A primary cosmic ray arriving at the Earth's atmosphere
to the Earth collides with an air molecule, which breaks
apart the nucleus of the molecule and produces multiple
high-energy particles called “mesons.” Then these
particles fly apart at almost the speed of light, and further
strike the surrounding air molecules, producing more
particles. The chain reaction quickly grows and most
of the product particles soon decay into many types of
lighter particles such as muons, neutrinos, gamma-rays,
electrons, and positrons. Finally, the primary cosmic ray
develops into hundreds of billions of secondary particles,
pouring down on an area covering several hundred
square meters on the ground. This cascade of particles
is called an “air shower.” Muons, mesons, and positrons
were discovered in air showers. Cosmic ray research
made a great contribution to elementary particle physics
in its early history.

Messenger from Space

High-energy primary cosmic rays come from outside the
solar system. Observation of air shower tells us the fact
that primary cosmic rays striking the Earth’s atmosphere
have a very wide energy spectrum, ranging from 10° to
10* electron volts. Extremely high energy cosmic rays
have ten million times as much energy as the largest
man-made particle accelerator can produce (14 TeV).
How cosmic rays can be accelerated to such extremely
high energy is still a mystery.

Before arriving at the Earth, low-energy cosmic rays
are bent many times by galactic magnetic fields. On the
other hand, extremely high-energy cosmic rays arriving
at the Earth experience less bending in the magnetic
fields, and therefore they travel straight to the Earth.
That’s the reason why we can find out the right directions
from which they arrive. The Ultra-High-Energy cosmic
rays (>10'” eV) are coming only about once a year on an
area covering hundred square kilometers on the Earth. Just
for comparison, the area inside the JR Yamanote Line in
Tokyo is approximately 63 square kilometers.

What are cosmic rays?

According to the recent studies, a supernova explosions,
which occurs during the last stellar evolutionary stages
of the life of a massive star, is likely to be among such
sources of cosmic rays. One of the main purposes of
cosmic ray research is to understand the mechanisms
of very high-energy astrophysical events far from the
Earth, with which we might be able to uncover the
mysteries of the evolution of the Universe. Cosmic rays
are “messenger” that convey messages from the universe
out of our reach, with a great potential to bring answers
to questions that are asked in a wide range of fields in
physics and astronomy.

Gamma-rays, Neutrinos, and Gravitational Waves,
A Unique Research Institute Exploring Universe
with “Multi-Messenger”

Not only the nucleus is a messenger with information
from space, but also the followings are such messengers:
gamma-rays (high energy photons), neutrinos (elusive
particles most of which pass through matter without
interaction), gravitational waves (ripples in the fabric
of space-time), and dark matter (as-yet-unidentified
matter). Many technologies have been developed for the
detection of gamma-rays and neutrinos, and new fields
of gamma-ray astronomy and neutrino astronomy have
been opened to researchers.

The existence of gravitational waves was predicted by
Albert Einstein 100 years ago in his theory of general
relativity and has long been the final missing piece that
completes the discovery of what he predicted on the
basis of this theory. In 2015, LIGO (USA) and Virgo
(Europe) detected gravitational waves for the first time in
human history. It was a giant step for humankind because
we acquired a novel probe for astronomical observations
in addition to electromagnetic waves and particles.
Also in Japan, Large-scale Cryogenic Gravitational
Wave Telescope “KAGRA”, hosted by ICRR, KEK and
NAOJ, was completed in October 2019 after 10 years of
construction and started its operation in February 2020.
Gravitational waves are ripples in space-time which
propagate at the speed of light. Detection of gravitational
waves will reveal aspects of the Universe that are, with
the traditional probes, unobservable such as mergers of
black-holes and the birth of the Universe. We are looking
forward to seeing the signals of gravitational waves and
promoting gravitational wave astronomy hand in hand
with researchers of both LIGO and Virgo.

ICRR explores the frontier of the cosmic ray physics,
astrophysics and elementary particle physics based on
the coordinated observation and interpretation of "multi-
messenger" signals such as cosmic rays, gamma rays,
neutrinos, gravitational waves, and dark matter. ICRR
at The University of Tokyo continues to be a unique
research institute that hosts a comprehensive array of
leading cosmic ray research programs.

What are cosmic rays? | 11

IR ~ I

PASKES

L1OA[0Yd HOAVASAY A



avreeah b b X

e

ande Detector

ki

Inside of the Super-Kamio!

-
-

NN
e

-
5

oA & A e
-
o~ e
O T

-
+

P
i
i
3 &

L 6L 3

4

PRI
i ll.ﬁv!......t. b

kande

]

20 g
[k AU SPRR |

-Kamio

super




ol /Rl L AT A [ S R A

MAOBR

ORGP ARTHP. MEBTER SNz a— )/ &fE-
TZa— I/ OEEEZRZFRTFOWR

QG FHIZEDORRICEL 2 KFE—ERDREE

OBHERREELOSMRTZ2 22— M)/ 2fE->TKH
PFEEHERDIMRE

e E

RA=N=NIA AV T (3% B R AL e T DR A L
DT 1000 X =R VICH D, #KE D HYimicLich
BEORYHTY (B1). FBAUFHKPZBIRTESD
EFICEKELOND, FILYOTHEVDIEBLEH LK
ZHABICHD, AVORNBICIFER 50 cm DABFIEREE
(VY —0—@)H% 1 7 1000 KBRUMFHNTOE T,
T 8E 4R 1 BICKRBR=RIBL., BAEF T 20 FULHK
FTO&ET,

MAANE

ARZa—MI/BRAIKELZZ2—- M)/ HEORR
FHIORATSSFHRIIAIERIGLTZ2—h
U/ zffVET. CORRZ2—h~U /B Ta—=2—
U/ EBFZa—hU/THEBRSNTOE T, COPD
Ta—Ta—hrU/H HERY A XOBEH#EERSBICKD
Ta—hU/ICEDOTLEDCE%. IR 10 FICER
LEllco M2%2Rs&, L@EDIa—=2—HrYU /D
BDOWAOIZEDICRAETD, ChiEaH=a—kU /I
BEOO2TLEIILIEOICE¥DEIDICRATOE T, DK
DICZa—hrU/DXOBEEZATLEODRRE 22—
MU/ RE)) EOET, Za—bYU /RS2
/NBEEF >TLESSEICOMRIBRRTHY, —1—
FU/IRBOXERICL>TZa—rY /HEEEFDIE
MREn&ELico CORRICE ST, BBEEKIFT 27
FEO/ —NIVPBFEERELF LI, RETEERELIC
BORDZ2—F)/OBRICEHRINLTOE T, SIEH
SRR RV /OBBEAICEL ST, ROODZ 21—
B/ OMEZR>TOET,

A=IN=HIFHVT

KFZa—MI/BRAEZ2— MU JIRE)

ABDLE TR, RBERIDICK > TIRIVF—HRE
LTOWET, ¥ORIBICE>TAEDEFZ2—FU /D
AFn. HEKICBRUEOTOET, R—=N—hIZFTHhVT
FBROBFBAEVETEDDT. ABAHAHSDZ21—+
U/ BRAEBETEFT (@3)e R—N—HIAHVFTH
BERLIREITRED 47% LhdYEBATLIC. EAk
13FEICHFHDSNO £RY, E8FZa—FJ ./ DRE%
Y, YOBRER—N—NIAAVTORBELET S
CECEH>T BFZa— I/ PRa—=a—-+U/BH
KORDZa— Y /ICIREILTOB I EHDHY E LI
ABZa21—tY/BABASOSBENE. HEkOME%
BBLTCR=—N—HNIAHhVFICEL b, Za—FrYU/
T T BMBEBONRARD CENTEF T, RETIE
COMBEBHRIZE > TREDADBEIVE 21—/
BRUNE<BBDEVOKEABEHF LI, BEGABA
BOMBENRABNDIOICEBERA DB >TOET,

% F B RRERER

WEEZBNT BBFE BYOPE (NUFY) OPT
BROVBODT, KREKDENSZEBSRELTOVSEEE
ABNTEE LI, LA L. BHFOXHE—BRIE BF
DPMEOBE (PEAFPEFDOMFE) OLYEOKFAEN
52E%FSLTVET, PSSNBBTDHFDIIFTED
FRLVBEBIDMCRLDTIH, 1c<SADBTZED
TXDPOVKDOHMENNEL. ROBEZFICE<TH
By DEmERBELD_ENTEEXT, A—N—NIFH
VTDPICIEEA R YDFADNEALSNTOEIH. D
BHEBPICE7 X 10° @OBIHNSENTOET, 20
FLEPEAZMEL TOE T BT HABNICELIE &
ERLHNTOLEEA. BFHENGD >IEWVDERKBR
H5. BIOERELBLEE 107 EMEEHESNTO
9. LUBFHEEINEASNNE. RAFOXHE—IRH
PMRAORKOICRY T REBNRENT DIERL
By O O PREFEBBEY (BFORNY) ICBENDE—
RT3 R—=N=ANIFHVFTTE3IDOEFEDY VT
NERHSNBIFITTT (®4),

FEREHE

RA=N=NZAAVFTICHAR ZOLZBRSEPUF
DETANTEDLDICT B P Y THU— REtEHIEST
LTOW&ET, Py TOLU—FIETIBE RZa—FY
JICHLUTRENICRENDLL. FHEORMOLSRET
SCBHFEREDIOOZ1—FY/ (BHESER=2—h
U/) ZRABZENTEDLDICBYET, &fo. &
NCKURZa—FI/ZRBITESLDICEDEXRR
Ta—hU/ERAY T2K ER. BFBEERRERORE
BLECDBDBEMFTENTOE T,

Super-Kamiokande Group | 13

UOISIAI(] Y218asY ddnaedon)sy pue ournnoN TBEEWH\ S —p [1HH ACJIAINg - I



1000 .
taE Fra
]
{ =4
g
[19)
5500
% — 8L
= —— E#®D
5 —— BT —5
- 0 1
cosB

H2 XRZa—+tU/ OXEADH. LEMEZ1— )/ OREHOFEHR

Zenith-angle distribution of atmospheric neutrinos, showing evidence of oscillation for upward-going neutrinos

Galactic Latitude

.......

BO° —
-180° -150° -120° -90° -60° .
Galactic Longitude

30° 60° 90° 120° 150° 180°

3 Za— U/ TREKBOEE

Track of the Sun seen by neutrinos

4 BFPBEFER CRRTFICHET KT

A proton decays to a positron and a neutron pion

14 | Super-Kamiokande Group




L
L]
L]
L]
L]
L

= LA

EnnTe

Super-Kamiokande

he 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
40m in height and 40m 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 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 the universe 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 stable, however Grand Unified
Theory, which unifies strong, weak, and electromagnetic
interactions, predicts proton will decay into lighter
particles 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.

The neutrinos emitted from all of the supernovae since
the onset of stellar formation have suffused the universe.
This thusfar unobserved flux is referred as the “relic”
supernova neutrinos. The flux of the supernova relic
neutrinos is expected to be several tens per square
centimeter per second. In order to separate these signals
from the much more common solar and atmospheric
neutrinos and other backgrounds, SK needs a new
detection method. The SK Collaboration approved the
SK-Gd project. It is the upgrade of the SK detector via
the addition of water-soluble gadolinium (Gd) salt. This
modification will enable it to identify low energy anti-
neutrinos for the world's first observation of the relic
supernova neutrinos via inverse beta decay.

Super-Kamiokande Group | 15
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Super-Kamiokande IV
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An electron neutrino event candidate observed at Super-Kamiokande. A diffusing ring produced by electron-positron shower is observed
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T2K

he one of main goals of the T2K is precise

measurement of electron neutrino appearance

phenomena in muon neutrino beam in order to
measure 0,; value and search for leptonic CP violation.
Another important purpose of this experiment is precise
measurement of 0,, 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 JAEA 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 ~650 MeV 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 anti-neutrino beam. We have confirmed the
disappearance of muon anti-neutrino and found candidates
of anti electron neutrino appearance. We have accumulated
90 electron neutrino appearance candidates and 15 anti
electron neutrino candidates by spring 2018. The latest
results of electron and anti electron neutrinos seem to favor
the CP violation and the probability that this observation
is a result of random statistical fluctuation which would
mimic a neutrino-anti-neutrino asymmetry when none
exists is about 5 in 100. T2K continue to take further data
and play the leading role in the study of full picture of
neutrino oscillations.

T2K Group | 19

UOISIAI(] Y218asY ddnaedon)sy pue ournnoN TBEEWH\ S —p [1HH ACJIAINg - I



Hyper-Kamiokande




MAOBER

®=-1—-bMY)JIREME
J-PARC IiREZR=—2— MU/ EFE=-21—bJ/ ORBH
BECEY, Za— M)/ ERBICEDZ =2 - )/ D
MHEOLBMPLEITI, HICZ2— MU/ OXRHD CP
HEEOWH E EERBEEE FET 5,
®-1—-bJ IR
BHERREPAKBLELPSDFHRE=Z2 -/ &3
EL. ENHEEVRE (BMERR) §5HEHELR,
BRUGT Ty 7 R—IVEREDESEDHFERICHET 5,
O FHIBRR
EBRPOHFINB 10 EX TRASGBELMITZ
L&Y, FHFOZEEROKRIEEARIC, FHFX
B—EROEREBET.

STEBE

FEEARFIERRHICIVBEEL TECRBKF T
LYOD7EBERR [R—N—hIAHhVT) E /=W
MBSEICDORPBDRNFZa—F )/ DEEOEI %M
L&, BEREZE L TORNIVEBESZROFERITY
BRAES|ILTEFE LI, —AT Za—FU/PMDxR
KIFIZHENT 100 BN EBOIBHY, FEHNBEDEIC
BOILRERAZa—FU/ OUEICHDTEMNSE. B
BEHNFICICEFNTOET, Za— Y /BARIERER
DFALT - FEYVEBZADOREOE L THROICKESE
DEEDTHY., RBEBRER (\AN—AIFHVT]
DEPRBHIERDPOATEICLUKDOENTVET,

NAN—=AIAHVTHEETHR 18 hEDOHEEHE
MUTOZERERRE THY., RRAZESIRIVF—
TORBIATAENE A PRS- L. BAN'E 25 ORI
ERAVWDZEICEYR=N—AZIHAHYTD 10 BREE
BHBAREBEES (B1) #REL. 1.3MW (TER LI
J-PARC 0B a2 — kY / E—LEBAEDEET, I
BERHBHBMEID R —/N—HIAHVTHSEICH 8 km
(J-PARC H5 295 km), #7F 650 m DB % ZRAEH
el BEOEM XBS71 mOKEEZBBLET, &
BARICBAONSBMKOREZF 26 A LY. D58
ICAWSBHEEN 19V ERYFE T, KIBREEZIE
TERD 2 BOREEZFROSEREXEEVH— (B2) #HEA.
Za—htYU/RIEHESELCEIHESEL N ESVEETHAIL
F9,

AEt@E. BASZMSZEDIRS (58 23 B MDOAELH
REHBICEBITBINREY—TZY (NRA—T5> 2017, 3F
29 E2 B8 B ([CHBVT. HIIRPHICHEETA
ZHBEIESARIERBE D 1 DESNTOET, =5IC
VERSEICLBDABTOY TH FOHEICEIT HEALE
BIO—RYv72017]) (2. BEEOSVLIBO—D&
LTRE=NTOE T, —AKETIE LBNF/DUNE 5tE
EHENZ 7OV o RAROEN. NAN—HhZAhYV
TICHRALTERMEDSNTOE T, FHRWHEFON
RETERIERERICL DTS (k29 £ 3 AR Tl

NAIN=HIFXAVT

NAN=HIFAVTAERORBEB IOV O LELT
BUGETBEERD. RYPHICRIBZBE,INETHDEH]
N TOET, 2020 FICBARTHOFERBEICLYER
[CT70YzH BB 2027 EL5DEABEB%E P
ELTOET,

MEAR

AERERE [FEVHZTSRBOBRERNFED K
D2REON] SHIC TARFEIDLERTEIITTIDD
EWVofe, ABICE>TIRRIBBOICHELE T, B
BICE. MTFICRT L2578 3 DDOMEDIEIC L YU FRKTH)
BY  RYIZYWES  FEYERSF RIFEHRENICHE
LET NAN—AZIFHYTREINSZL2TIREICT S
E—DERIABE CHY. BTR—N—AIFHAVTEHE
DEQZDESOURRELSOERENZH > TOHE T,

=a2— b/ RBFR
NAN—NZAXHAVT TR J-PARCIOREB=2—F
JEFETa— LU/ ORBARICEY, Ta— kU /R
BICEHE =1~ U/ OREOSERBETNE T, Ly
SNVEROMEICRLT [FENBENE TSN T
OWTRIENBLON ], EOSREOSEENZ2— kU
VIS5 TR BTRMMEBSNTHY, LORROR
E73% CP DN DRAEDHREHND—D LY &
g (®M3) SBIC. Za—hU/ DESEEEEREDE
£ RE/NSA—ROREEBLT. “a— kU OME
DBERIZBSRADFANDBRIIOBH T,

Za—pMUJSRNXE

BRI, HEKPABOODIERMBICEBSEWNT
REFEHICELEL<REDPDDESNTOSE—AT. 2D
BCENICRLUTERDRINT BHMEMFOEICICEBRS
NTOELA. NAN—AIFHYFT TR BHEERD
ABHSRRITBDREO 21— U /ZE8ATBHIEICK
UBRLZIQ DXRERBORT Z 8N, EFROHLHH Z #H
TRCENBBSNTVE T, SHICFENHHOBH2IE
EHS5DZa—rU/ZRAEL. 2V TSV OR—IUSEE
DELORERBICHBL 9. KAGRARBEICKDESRE
HEDBFELEBCANTOET,

% F B RIR TR

NAN=AIA QYT TE PBEDXRRICAREDEDD
EVDFHEDEDICHITBEVICEHELF T, THRDE
RERTHIBFHEETD. TohbFmeRHOIL%E
R TN FEOMBRKETREOENWDIE%SE
BT DEERIC, FTHFENORFIBROWESRE Y.
FHFYRFZONSHA LY T ERBURE T B4R
FTED. NAN—HIAhVTFRIEREGREE 10° £
FTBETIENTE, KIFE—ERTHICICEASNSB
S —-VHFIOEEN, BHESNDELDIC10"°GeV/c* i
<THNL BFHEEHNHERESNBZTREMEBSNO T,

Hyper-Kamiokande Group | 21

UOISIAI(] Y218asY ddnaedon)sy pue ournnoN TBEEWH\ S —p [1HH ACJIAINg - I



R A% [f5]

SRR

N

—

/ FR50cmERBTREE
(PO, BA%ME)

E | =xm
g ; =
e BT AN
BifiI: mm A i
:" _ |
E /f__ﬂ_% "'--.::7{ | ""?—._\____1\‘\
= Ni ..." ! ‘ \}' \
I T _%-f; it i o P=ltp=t T é’
|
[ Pk Sk
i HR T ARTHRER
E | (50cm@) \/ (Bom®@)
b~ |
i & PIZKIE
8 Bd: |
1 2 | Eh
B Xt :fﬂ'—iﬁ*ﬁﬂi T T
§ | NET=>7
W =~ H*H

4
w

KIRIERE 68m

K1 NAN—=HIFHTEBOBER

Schematic view of the Hyper-Kamiokande

ol " $f8 50 cmiB

.
e

E AFBFIBEE

GEMRM=49 X%t R12860)
EFMEE—HIE 31%

—l\—7J\7.r7J/7_"‘ﬁ
ﬁ?ﬁ’i’ 50 cmf® A EBFISEE

A\ GEMRb=% X%t R3600)
: EFUEE—YE 22%
)
(FIHE L)

(=25 cm)
I

1 SXBEDR

—| FA/—FEBEIINT S
B2 ARADESR

4 O+

RAILTUTSAURE
A+

+

-A A
(+25 cm)_ v
| 1 A~

O—90—80—70—60—50—40—30—20—10 0 10 20 30 40 50 60 70 80 90

ZRELEDIASME (R O) [E]

2 BT (B) EFHE (F) AREBOREDEOLEK
Single-photon detection efficiency for the photo-sensors used in the running Super-Kamiokande (black) and those for the Hyper-Kamiokande (blue)

22 | Hyper-Kamiokande Group

50 cmZEHSR/NLT



CPV significance for =-90°, normal hierarchy
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Hyper-Kamiokande

yper-Kamiokande or Hyper-K is a

straightforward extension of successful

water Cherenkov detector experiment Super-
Kamiokande. It employs well-proven and high-
performance water Cherenkov detector technology
with established capabilities of neutrino oscillation
studies by accelerator neutrinos, proton decay searches,
and precision measurements of solar and Supernova
neutrinos. Hyper-Kamiokande will provide major new
capabilities to make new discoveries in particle and
astroparticle physics thanks to an order of magnitude
increase in detector mass and improvements in photon-
detection system along with the envisioned J-PARC
Megawatt-class neutrino beam.

An international Hyper-Kamiokande proto-collaboration
has been formed to carry out the experiment which
consists of about 350 researchers from 18 countries. The
University of Tokyo and the High Energy Accelerator
Research Organization KEK have signed a MoU
affirming cooperative promotion of the Hyper-K project.

The proto-collaboration has succeeded in developing
new 50-cm PMTs with double single-photon-sensitivity
and has re-optimised the detector configuration. The new
detector design successfully reduces the total project cost
while preserving compelling and strong physics cases.
Hyper-K is built as a tank with 187 kiloton fiducial
volume with about 40,000 50-cm PMTs giving 40%
photo cathode coverage.

The Hyper-K and J-PARC neutrino beam measurement
of neutrino oscillation is more likely to provide a
5-sigma discovery of CP violation than any other existing
experiment. Hyper-K will also be the world leader for
nucleon decays. The sensitivity to the partial lifetime
of protons for the decay modes of p—e'n’is expected
to exceed 10* years. This is the only known, realistic
detector option capable of reaching such a sensitivity
for the p—e'n” mode. Finally, the astrophysical
neutrino program involves precision measurement of
solar neutrinos and their matter effects, high-statistical
Supernova burst and Supernova relic neutrinos.
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Fig. 1 Inside of the XMASS Detector
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Fig. 3 The red line shows the result of bremsstrahlung analysis carried
out by XMASS for 0.32-1 GeV/c’ DM mass and the black line for result of
the nuclear recoil search. Several searched by other experiments are also
shown for comparison. The green and yellow bands are the £ 1 c and +2 ¢
expected sensitivity of 90% CL upper limits, respectively.
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Fig. 5. The spin-independent WIMP-nucleon cross section limit as a
function of the WIMP mass at the 90% CL for this work is the solid red
line. Limits as well as allowed regions from other experimental results are
also shown.
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Fig. 2 The schematic view of the detector and the water tank
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Fig. 4 The energy spectrum of data after the selection of events (black)
and the best fit of background model (blue) are shown together with a 2.2
x 107 cm’ cross section at the 90% CL (red).
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by inelastic scattering searches. The result of this analysis is shown as a
solid bold line. The results of other experimental SD inelastic scattering
searches are shown with solid lines: XMASS (2014), XENON100 (2017).



XMASS

he aims of the 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 liquid xenon (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 (DM) with mass in the sub-
GeV region (0.32-1 GeV) was conducted by looking for an
annual modulation signal in XMASS, a single-phase liquid
xenon detector. Inelastic nuclear scattering accompanied by
bremsstrahlung emission was used to search down to an electron
equivalent energy of 1 keV. The data was taken for 3.5 years in
calendar time, resulting in a total exposure of 2.38 ton-years. No
significant modulation signal was observed and 90% confidence
level upper limits of 1.6 x 10~ c¢m’ at 0.5 GeV was set for the
DM-nucleon cross section. This is the first experimental result of
a search for DM mediated by the bremsstrahlung effect. (Fig. 3)

(2) WIMP is expected to interact nuclei through elastic scattering
as well as inelastic scattering. If we observe the inelastic
scattering involving a change of spin of the nuclei, it indicates
presence of spin of WIMPs. '*’Xe with its first excitation energy
39.58 keV in our target is useful for this search. In this study, we
conducted the most stringent search by utilizing a fact that the
scintillation decay constant of liquid xenon is different between
gamma rays (expected to observe after the inelastic scattering)
and beta rays (major source of background) with same energy.

(3) A search for Weakly Interacting Massive Particles (WIMPs)
as a dark matter candidate using an underground single-phase
liquid xenon detector was conducted at the Kamioka Observatory
in Japan. We have used 705.9 live days of data in a fiducial
volume containing 97kg of liquid xenon at the center

of the detector. All the remaining events are consistent with
our background evaluation, mostly of the “mis-reconstructed
events” originated from *'’Pb in the copper plates lining the
detector’s inner surface (Fig.4). The obtained upper limit on a
spin-independent WIMP- nucleon cross section was 2.2 x 10™*
cm’ for a WIMP mass of 60 GeV/c” at the 90% confidence level,
which was the most stringent limit among results from single-
phase liquid xenon detectors. (Fig.5)
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The current generation VHE gamma ray observatories, the MAGIC,
VERITAS, and H.E.S.S. telescopes
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Very High Energy Gamma Ray Sky (>100GeV). More than 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 by 3mm thin glass on both
sides. A surface protection coat consisting of the materials SiO2 and HfO2
will be applied to enhance the reflectivity and to elongate the lifetime.
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uring 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 100 GeV to 10 TeV 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 more than 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
(Im Crab ~ 10" erg/s cm®), together with much broader
energy coverage from 20 GeV up to 100 TeV, 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-stand 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).

Cherenkov Cosmic Gamma Ray

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 October 2018, construction of the
first LST completed at La Palma in Canaries and made
the first light in December. Operation with the four LST
array will be realized in the first half of 2020s. The LST
covers the low energy domain from 20 GeV to 1000
GeV and is especially important for studies of high
redshift AGNs and GRBs. The diameter and area of the
mirror is respectively 23 m and 400 m’ to achieve the
lowest possible energy threshold of 20 GeV. 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 the 23 m diameter telescope structure,
based on a carbon fiber tube space frame. The LSTs
require very fast rotation (180 degrees/20 seconds) for
promptly observing GRBs.
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(Top) One of the TAx4 ground array detectors newly deployed in the field. Four more are seen behind. (Bottom) TA air fluorescence telescopes.
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Cosmic Rays Energy Spectrum: TALE and TA-SD
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Layout of TA, TALE and TAx4

Red circles denote the TA surface detectors. Green circles represent TALE
surface detectors. Blue circles and dots denote deployed and undeployed
TAx4 surface detectors, respectively. Three black cross marks represent the
fluorescence telescope sites.
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The average Xmax vs. energy of TA cosmic ray events ( @ ). The red, purple,
orange and blue circles denote proton, helium, nitrogen and iron models,
respectively.
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Hammer projection of the statistical significance of TA cosmic ray events with energies greater than 5.7x10" eV with 25°-radius circle oversampling in the
equatorial coordinates. The maximum excess appears as a hotspot centered at right ascension of 144.3° and declination of 40.3°.
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Telescope Array

he Telescope Array (TA) was built to study the

origin and nature 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, Belgium
and Czech. 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. On the
northern TA side, the TALE telescopes are in operation
and the array of 80 TALE surface detectors is in stable
operation. The important subject of the TALE surface
detector is to provide the information near the shower
core position on the ground to determine the shower axis
better for the precise measurement of Xmax.

By May 2017, about 3700 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 of the collision of the
highest energy cosmic rays with cosmic microwave
background photons by Greisen, Zatsepin and Kuzmin
(GZK). TA confirmed a break at 10'®”* eV (ankle), and
there are breaks at 10'°> eV and 10" eV in the spectrum
by TALE. The composition by TA is consistent with light
composition as shown in Xmax vs energy plot (Fig.4).
Using 143 cosmic-ray events with energies greater than
5.7x10" eV for 9 years of TA surface detector data,
TA obtained evidence for a cluster of events (hotspot),
centered at right ascension of 144.3° and declination of
40.3° (Fig.5).

The TA extension (TAx4), which will quadruple the TA
effective area, aims at confirming the above-mentioned
hotspot and studying energy spectrum, composition
and other anisotropies of arrival directions of UHECRs
in the highest-energy region precisely. Its construction
started in 2015. Totally 257 surface detectors were
deployed in February and March of 2019. Two telescope
stations were constructed and they started cosmic-ray
observations.
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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.

O ur research subjects are: Search for high-energy

Tibet-II1, 37,000 m* in area, consists of 789 scintillation
counters that are placed at a lattice with 7.5m spacing.
Each counter has a plate for a plastic scintillator, 0.5
m’ in area and 3cm in thickness, and equipped with a
2-inch-in-diameter photomultiplier tube. The detection
threshold energy is approximately a few TeV.

We constructed large underground muon detectors (MD:
approximately 4000 m®) under Tibet-III 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-I11I+ 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.

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. In 2019, we announced successful detection
of photons beyond 100 TeV from Crab for the first time,
openning a new energy window (sub-PeV) in gamma ray
astronomy.

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-III 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-1II 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, which would 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.
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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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Description of gamma-ray burst. When the collapse of a very massive star at the end of its life forms a black hole. Gas in the star accretes onto the black hole.
Then, the black hole produces well-collimated relativistic jets. The jets break out the surface of the star, and propagate in the interstellar space. Shocks formed
in the jets or interstellar medium are considered to be responsible for the prompt gamma-ray emission and the afterglow emission, respectively.

B3 7oy Ih—IVERHTFEDEREHS IaL—2 a2 0fl, EARK
ERHUBMEIRINF—2RVREICEEBER RO, PP TEET S,
BRFICE—BOVENF T Iy VR —IVEBEABETR L. & 5(IC—&H
FACKE IS, 7Ty 7R—IVEERARPHEDE SRENER LR
ROBRELDD. CHVLAENREBH K EZ FATHIETHAL SEE
AHEOYEISAESZENHEHES,

Numerical simulation for a black-hole neutron star merger. The orbital
separation shrinks gradually via the gravitational-radiation reaction, and
eventually the two objects merge. A black-hole accretion disk is formed and a
fraction of neutron-star material is ejected from the system after the merger.
These black-hole accretion disk and ejected material will be the sources of
transient electromagnetic phenomenon. Simultaneous detection of gravitational
and electromagnetic waves from binary mergers enables us to study physics in
the extreme environment.
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he high energy astrophysics group aims at
I 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).

The open problems in high-energy astrophysics are
not only the acceleration mechanism of cosmic rays.
How are relativistic jets from active galactic nuclei
accelerated? How are very bright gamma-ray emissions
emitted in gamma-ray bursts? How is the magnetic
energy of the pulsar winds converted into the kinetic
energy to form ultra-relativistic outflows? How are
magnetic fields amplified in shocks in supernova
remnants or afterglows of gamma-ray bursts? How do
relativistic particles propagate in interstellar space and

High Energy Astrophysics

escape from the galactic plane? Those problems remain
unsolved, and are our research themes. In phenomena
observed or experimented on earth, there may be no
research field that is not fundamentally understood like
high-energy astrophysical phenomena. Thus, study of
the above unsolved problems are very exciting and
important to expand our knowledge of the universe.
Another study we have been conducting is gravitational-
wave emission and electromagnetic wave counterparts
of binary neutron star mergers. Binary mergers
composed of neutron stars and/or black holes are
known as efficient emitters of gravitational waves, and
they are main targets of ground-based gravitational
detectors. Binary mergers including a neutron star are in
particular of interest, since they also cause high-energy
astrophysical phenomena in electromagnetic waves.
Extreme environment, for example density of ~10" g/
cc and temperature of ~10"°K, is realized in a neutron
star binary merger. The observation of binary mergers
via gravitational waves, electromagnetic waves, and
neutrinos enable us to study physics in such an extreme
environment. Our theoretical research targets mentioned
above are closely related to the observational projects in
ICRR.

We are now at the dawn of gravitational-wave
astronomy, which is also in our research field. Massive
stars, which are progenitors of black holes and neutron
stars, are relatively rare objects in the universe. There
remain many mysteries in the massive star evolution
and the supernova explosions triggered by the core-
collapse, in which a black hole or a neutron star is
formed. Furthermore, it takes a very long time for binary
stars to coalesce via gravitational-wave emission, so
that present-day instruments can detect even the binary
mergers originated from massive stars formed in the
early universe. Gravitational-astronomy will tell us
the formation history of massive stars from the early
universe to the present time. We already have observed a
merger of black holes, which are about 30 times heavier
than the Sun. This event is remarkable because they were
probably born as the first stars in the very early universe.
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1 #EO#MTICEKE S h /- KAGRA
KAGRA installed underground at Kamioka
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3 FRRBREN. 2FK0O7 - LDZERMNE
Around the crossing of two arm ducts in the KAGRA's central laboratory hall

2 L—¥—¢L—HY—%4&NT SISO Class1 7U—>T—2
Laser system and ISO class 1 clean room for housing it

4 Y7 7ATHRENMNT 28REE (V71FR4 Y1) 5 B 22 cm OEBEHADY 7 71 7 DiE
A cryostat which contains a sapphire mirror A transparent sapphire mirror 22 cm in diameter

62020 % 2 A 25 H. KAGRA #lffiZE X TEBIF G € ESHRE
February 25, 2020, Researchers celebrating KAGRA's observation start
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Gravitational Waves

he 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 300 m TAMA interferometer and a 100
m 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.
All the interferometer instruments were installed in 2019 and after
subsequent commissioning works, KAGRA started gravitational
wave observation in February 2020.

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 and consequently it is
accelerating 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~107* 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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Subaru telescope
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Subaru telescope at the summit of Mauna-Kea, Hawaii Island
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5 ChE TOMRTHSAICEShAFEBEROES. FHREE
(HaE) (CX¥d 2K () OXEb. FREDH Suprime-Cam
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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.

3 NTABYYFr7URICHEES hWAAELRXENOES2 m T
132 LT

Subaru telescope, NAOJ, with an 8.2m primary mirror at the summit of
Mauna-Kea, Hawaii Island

4 FIEBLERFED by TV T EICEE SO/ Suprime-Cam

Suprime-Cam installed on the top ring of Subaru telescope

6 BERPDTILS HSC ABEHE 7 1 )V & — (Materion [ |H Barr
Associates] #t & #77).

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

e 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.
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Mass distribution of primordial black holes (PBHs). Solid curves represent the theoretical prediction and the orange shadows show the present observational
constraints. Light PBHs can account for dark matter of the universe and heavy PBHs can explain the gravitational wave events discovered by LIGO.
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Sensitivity lines of CTA for Wino dark matter annihilating into two photons. Here, we assume 50 hours observation for the ultra-faint dwarf spheroidal
galaxies, Ursa Major II, Coma Berenices, Seque 1, and Ursa Major I. (Black line: the predicted annihilation cross section. Colored lines : The sensitivity lines
of CTA for given upper bounds on the member star magnitude used to estimate the dark matter density in the dwarf spheroidal galaxies.)
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Theory

he theory group is studying various theoretical aspects
I 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.

The laws of particle physics are known to be strongly interrelated
to symmetries in nature. There are expectations that some new
symmetries would provide novel solutions to the unsolved
problems in the Standard Model. Supersymmetry is one of the
most promising symmetries in this respect. Supersymmetry allows
a separation of the laws of physics at a low energy scale from
those at a high energy scale, which solves the so-called hierarchy
problem of the Standard Model. The axion model based on the
Peccei-Quinn symmetry is also expected to solve the so-called
strong CP problem. The phenomenological and cosmological
aspects of physics with new symmetries are one of the most
important subjects for the 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

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
1000m 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.

Several inter-university collaborative research projects, including
a double beta decay experiment using calcium-48 (CANDLES),
a direction-sensitive dark matter search experiment (NEWAGE),
R&D for a dark matter search experiment (XENONnT), R&D for
the next generation of dark matter experiments, a 100m 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 0578-85-2116 FAX 0578-85-9640

Land 95523 m’ Building 2,195 m’

Altitude 350 m

Access

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

- TOYAMA Sta. — Bus(70 min.) —» MOZUMI Bus Stop
— Walk(1 min.)
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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 3 km laser interferometer
with cryogenic sapphire mirrors, located 200 m underground site
in Mt. Ikenoyama.

The main features of this gravitational wave telescope are that
it is located in an underground with low ground vibration to
avoid disturbances and that the sapphire mirror is cooled down
to cryogenic temperatures (20 K) to suppress thermal noise.
We aim to achieve the sensitivity to observe binary neutron star
coalescence events up to 700 million light years away.

In 2015, exactly 100 years after Einstein predicted gravitational
waves in the theory of general relativity, LIGO in the United States
detected gravitational waves from a binary black hole coalescence
event. KAGRA was completed in 2019, and observations started
in February 2020. A new goal is to create a gravitational wave
astronomy with an international collaboration. It is important to
determine the direction of the gravitational wave source with high
accuracy by the simultaneous observation by the international
network of Japan, USA, and Europe.

Information

Address 238 Higashi-Mozumi, Kamioka-cho, Hida-shi,
Gifu Prefecture 506-1205 Japan

TEL 0578-85-2343 FAX 0578-85-2346

Land 39327 m’ Building 832 m’

Altitude 350 m

Access

+ TOYAMA Sta. — JR Takayama line(50 min.) — INOTANI Sta.
— Bus(10 min.) - MOZUMI Bus Stop — Walk(5 min.)

- TOYAMA Sta. — Bus(70 min.) —» MOZUMI Bus Stop
— Walk(5 min.)

+ TOYAMA Airport — Bus(40 min.) - MOZUMI Bus Stop
— Walk(5 min.)

Facilities | 61

sepMe] N JTRSENS NI



HFIVT7EIRNVX -FHYIERAMERER

MAERE

FEHIRAEAMENRRES [HF) PEIXRIVF—FEH
WIBEAIRAZC R (&, FIUYIDFEH VBRI I—
THEEL. BXROEEHEMIE TEDS CTA (FI
VAT -TURO=T-PLA) 7OV DR THY,
2019 4818, RXAY - hFUFPHESS/NIUVICE
BSNicEDTY,

CTA7OY IO BXRZPLELIEIT7E -
1400 AL EDOHIRB D 5 BERARICKY, db - BE¥F
KOWY A BZ, EED 10 BOREELWVEFITRIVF—
REZEAT HIREA N VRERBED P L1 2 ERT S
HDTY, BARRE FHTA FDOSNVTVICHRESR
EOXROEE=R (LST) 4E%i2s - ERAL. FHEPHED
SIREICEDFTOSIRNF-REEZSRETEHNT S
ZEEEBLTHY. 2018 F 10 BICE 1 SE& (LST-1)
H5eRk. HBREGERELL & LI,

NENERFDERERRVERDEREE, R TD
ANMERRB EZTOIOITEEN AR ERBHHEROEREIR
HWEADRIHVET, Bl 201944818, SN
WRICHD IAC (HF ) PREMBAFER ) O CALP (5
NIV FERELYZ—) AICRESNE LT

62 | Facilities

High Energy Astrophysics Facility in Canarias

High Energy Astrophysics Facility in Canarias, established on
April 1, 2019 in La Palma, Canary Islands, Spain is the actual
base of international collaborations on CTA (Cherenkov Telescope
Array) project co-hosted by CTA group of ICRR.

The Cherenkov Telescope Array (CTA) is the next generation
ground-based observatory for gamma-ray astronomy at very-high
energies, participated by more than 1400 researchers from 31
countries. With more than 100 telescopes located in the northern
and southern hemispheres, CTA will be the world’s largest and
most sensitive high-energy gamma-ray observatory. The CTA-
Japan consortium is making a significant contribution to the
construction of Large-sized Telescopes (LSTs), four proto types of
which are planned to construct at northern hemisphere site in La
Palma. The first LST was completed and made the first light at the
end of December in 2018.

Establishment of the local corporation assets were needed for
daily activities such as local procurement and employment to
manage and operate the site. High Energy Astrophysics Facility in
Canarias was established as a room inside the building of CALP
(The Centro de Astrofisica en La Palma), a branch of IAC (Instituto
de Astrofisca de Canarias),
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Research Center for Cosmic Neutrinos

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 Hyper-Kamiokande project, and worked on
the calculation of the atmospheric neutrino flux to have better
predictions of the neutrino flux.

RCCN, together with the computer committee, oversees the
operation of 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 FY2018, we accepted 9 programs
related to these facilities.

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 of FY2019 was held on April 13th, 2019. Two scientists
lectured on the recent progresses on the research for the primordial
black holes, and the LiteBIRD project aimed at discovering the
primordial gravitational waves.
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Norikura Observatory

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

Altitude 2,770 m (average atmospheric pressure: 720 hPa)

Access

+ Matsumoto Sta. of JR Chuo Line — Matsumoto Dentetsu
(30 min.) — Shinshimashima Sta. — Alpico Group Bus
(2 hrs) — Bus terminal at the summit of Mt.Norikura

— Walk (25 min.) (Bus service: Jul. to early Oct.)

+ Takayama Sta. of JR — Nohi Bus via Hirayu Onsen (2 hrs)
— Bus terminal at the summit of Mt.Norikura
— Walk (25 min.) (Bus service: Jul. to early Oct.)
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Akeno Observatory

The Akeno Observatory started in April 1977. At the Akeno
Observatory, extremely high-energy cosmic rays with energies
exceeding 10 eV were observed by the AGASA (Akeno Giant
Air Shower Array) 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 is now used for observations
of candidate sources of high-energy cosmic-ray acceleration such
as Gamma Ray Bursts and Active Galactic Nuclei, research for
variation of intensity of galactic cosmic rays, the support of TA,
the tests of new devices related to the observations of high energy
cosmic rays/gamma rays and the use by university collaborators in
associated fields.

Information

Address 5259-440 Asao, Akeno-cho, Hokuto-shi, Yamanashi,
408-0201 Japan

TEL +81-551-25-2301

FAX +81-551-25-2303

Land 18,469 m*

Building 2,843 m’

Altitude 900m (average atmospheric pressure: 910 hPa)

Access
» Nirasaki Sta. of JR Chuo Line — Taxi (25 min.)
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BEEFBRICERYLELLCY. B1E (BASIEERR) (FZFE
[P O—BAEEZBH LN SBREMEL TEOY
F Lo ¥OMEEHIE 10% eV U EOT RIVF 581
BT 2EEMMATEEICTL. FERECRZHARIT S
ZETTo YORMRBE LT, knee 7818 (~ 10 eV) [TH
FT. —RFEELBREDHDEZD SERNEBTLTO
D EmRLFL BFEGF MEFIRIRIVF—8EE=
10" eV LI EICHREL. BIZRRLBRFHROIRIF—
FRROEEZ=BIELTHRF LI EL28F 3 BERZED
TRYW L& LI

BASJE 2END#%Z=FT. 100 TeV (10" eV) 8D
FHAVVBROLES EMREN~EE0E T S ALPACA
(Andes Large area PArticle detector for Cosmic ray
physics and Astronomy) SEESTBIDERD'F v+ HILA& P
WOE (85 4740 m) Tie&E Y& L1, knee #8181 THO
RENIIRIFERD. ECDINERR T 3 ARMDFEHENR
g5 (PeVatron) BOME & RIST BERICERSND DM
NADPEFHBEBLTET DAY VROIRIVF—(E 100
TeVRERICBYE T, LA ST, 100 TeV #EigHV~
ROBRAFIKROOFHENRBOBEEFTOBEDOREBDE
RICBYET,

BB ALPACA, ALPAQUITA #E2RHTY,

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 March, 2016.

After the BASJE experiment, preparation of the ALPACA
(Andes Large area PArticle 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 (4740 m 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.

Prototype of ALPACA, ALPAQUITA, is now under construction.
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BE
RRAFFHRUAEPRSFEHROBA EMARE KA
BEDSITO>TLBMRMA T, BFS. BF0 25 F(CH
BEMEMEICL > TERTONICEREEDHB/NETT,
INNEBH 28 FICRRAFFEHREAPRE Y F L1
C OB EHEDN BN DEEHEF BASHEE T LI

810 32 FICIFIGY (ERRMIEAF) DOURKREDER
RICENL. B<HEREUEEBDRBEYE LIC. COFIC
R+ D—DEAIZ I8, B33 FICFIVILY Y
FIUN—CLBERAZBOE LIS, XDELIEIS DB,
NBOEAEEIC L DIMBERER DT SN&E L1

B 47 FIZBdE, FCIT2 -0y (BHEHAN
OEOX—=%) OB#NwEY. ERB[BHESOTHITER
L7 BB 48 FICId FMRESOERTH 2 D0
ERMEAIAERMOEEE L TRIRENE LIc, —DEA
VE-OS-RBOTTRRT. £5—DRBRIET -F+
HWVRPUDSURRTT. BIOL0FICEI2—FOY
D5Ep L. MO THRBEAPTORBEBEYE LIS

B 51 FIZ, RRAZFEREAFMIRAKZFTER
MERERYE LI, JIICiG B3 ELBELELD
BHEE L TOICRRAZRFZATRPIFH RO 3 BEFI
PRIREM. 28T 6 88P9 1 FEsk DB E L THEHEL
F L1, 8BH0 52 EICIFBBERAFTHA ERXICEZDMIER
FERY, BRLLEICIFRAED 1 LA KM BRIV v D —
HEBEESTHUOIVIYIY - FIUN—HTE, BRL6
FILFITNWY Y - FTUN—(CKDBPHBEHELH
FUF LI, BROLSFICRHERRRE L THMDET R
BERIWBEY., —RFERARRFELTEFE LI

B 60 FERICH D EASBRBERNPIoD. RERE
BOILTELEBICTONDELDICBY & LIc, BR62 5
[C3@ET. ERTHWOTBHELN DD _2—FU /=&
BAFULIC, BUEICHEEHTIFE. 100 5 km LIFY + D —
BAEBORERNELFYELIC, B3 FICIFHMT
KEFZa—rYU/REZEAL. EATEICITTE TS
TP —ICHEDFEPUEFEOKBRIEXZERL & LI,
ERL 2 FEICHBOLEY + D —8REBHZM L. T3
FIZRA=N=NIAHVTOREIEEYFE LT, b
FICFHBERBEOA - NS U P T BEKTRETRTY
DTBBEIRNF—AVIYREBRLE LI, BUEIC
MERTICHRICICEIDROER I IV —TH b Y & Lz,
B 5 EICIE. FRYRTIPY S D—HYUVREREED
BEMEFVE LI, EM6EICIFHBT. BRaLtdbUS
BOEBOLNTOCEBEIRIVF—DOXY ¥ D—%=&58IL.
WETIE KKRZ2—FV/DOEBLZEALF L1, Eak
7 FICIF A E =DM S L THICICEFEL, @
FEHRUTAREREBY F LI, Tk 8 EITFR—/N—
HWIAFAHYTHRERL TARBER N FE Y, EAR 10 FIC
F 2 EBOEABRELT. Za—rY/ICEED DD &
BELF LIS
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T 1M EEDD, Za—kFU/DBEZSHICFFLL
FANBICDIC, SITRIVF—RSAEHEBED SR —/N—
WEAHVFICBFTAIZa— MY/ ARKFLTHARNS
EROLBEVELIC, FEZ2—HJ/ OFABEREZRE
LTHILBZ2A— U/ HIROEZRSICHD, FEZ2—
RU/BRABRRE A —ERERBLE LI, SHIC F—
ARSUTPOBBIRIVF-—AVVIRERZKIBICHRES
T BICODORFMEE COE MRMELROONE LT,

T 16 EEDD, BeIRVF—FERORREZFL
<ERBIHIC, KEZAINTO TAERDSROSNE L
foo AASBVSERERIERL 17 EE &AL 18 FEICTTHN.
Tk 19 FEHDSERADBEY & L1

Ea 16 F4 B 1 BICIE. RRAXFODEAMEZHEICHIE
BecZ L. IWMRBFINSRHMRMAEH QYU & L1
LR 22 F4 B 1 BICIE FICICHBRAA - HEHARLS
ELRESN, HBEMNBHARZRICHEL TOSI LR
Uglifce ¥ 22F 7 BICIE. FHEERVRPAOKTE
D E L THRERBAFICN TV ICAEUDRE IR ERE
(B&(IC TKAGRA] tn®) H'NERIZE DRITImTFTELE
FED 1 DICEESN, BRABFLFVE LI, e
T E23F 4 RICEENREERZREL TREZ
HETDEITRY T LIS

Epk 22 FICF. FEND J-PARC ER—=N—HZFH
VTEDZa—k /IREER T2K AEUE Y. Fak 23
FEO6RICIFE2—Za—hrU/PEFZa—F)/ICRS
FOHIRBEBE—NHFET BRIEE. €L TER26
FF TICITED SN EFE LI,

Ek 24 E3 BICE A—R+ZUPOBEIRIF—
HYURBERNRRE [HYANV—] #RRTYLF LI, ¥L
TBEIRVF—AVVREUNCSOTIE. Tk 27 FIC
CTA (Cherenkov Telescope Array) 7O 14 ~DADO
BRFIUVVITERBO 1 SEOREE ANA VBT
PHESESNUNTEIBT D EICBYE LIS

TRt 28F 4 AICIF. KAGRA DEANS &R DEIR
EAMEHE N BEREMICRKELF L. IR0 E
1B, FEHEMERANHCICERLBFE - HEMETHLS
ELTRESN. BRENEBFBHARZ#HEL TOLZ
EICRYUF LI, ERA30EFE 108, CTAZOYTH D
KORERE 1 SHED, IRNAVEBEAFYPEES/NIUY
[CABLFELI, ¥R 31 E4BIC, 70V O ~OWE
MEERD [H ) PEIRIVF—FHYIRE R
(ZNWLR)PHEBLE LI

DTE10 B, KAGRAD'SERL., Hf2F2/8H5
BENRBAICOTICERETERBLE LI, &z, %10
2 HEREBHOBREKF T UV IVERAES [N1/N—R
SHANVTISEHERICRA— L BRMmE Y& LI,



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
inter-university 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 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

History

became the third adjunct facility of ICRR. In 1996, the
construction of 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 "Joint
Usage/Research Center." In July 2010, the Large Cryogenic
Gravitational wave Telescope project named "KAGRA"
was approved by the "Leading-edge Research Infrastructure
Program" of MEXT. The construction of KAGRA began
in the same year. ICRR established the Gravitational Wave
Project Office on April 1, 2011 to promote the construction
of KAGRA.

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 CANGAROQO experiment, ended its operation.
The gamma-ray studies were taken over by the CTA
(Cherenkov Telescope Array) project.

In April 2016, KAGRA Observatory was established in Hida
City, Gifu Prefecture as a base for the KAGRA project.

In November 2018, ICRR renewed its inter-university
research activities as an "International Joint Usage/Research
Center." In October 2018, the first Large Size Telescope (LST)
of CTA project was completed at La Palma in Canary Islands,
Spain. High Energy Astrophysics Facility in Canarias was
established as a base for the project in April, 2019.

KAGRA, completed in October 2019, started its observation
for gravitational waves in February 2020. In February
2020, the budget for the first-year construction of Hyper-
Kamiokande was approved by the Japanese Diet, and the
construction of Hyper-Kamiokande began.
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PAEEMEMEICL > TEEEICHBO/NED
D (K& 1550
Asahi Hut (wooden structure; about 50 sq. meters)
was constructed on Mt. Norikura based on the Asahi
Bounty for Science.

RRARZFHRERFFEES
Asahi Hut was incorporated into the Cosmic Ray
Observatory, The University of Tokyo.

FEHEAPTOARBD L UARRBHTNT B
The main building and research facilities of the
Norikura Observatory were constructed.

RRAFRF AT ERBLOFEE (B> v
D—8E TV 3 VEB)

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

FEEAD IGY (BFKERF) ORI
ZHL. ZRY+D—OERAI%EEBT S

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

INNWY3VFIUN-DER%ABBHET S
The emulsion chambers at Norikura Observatory
started operation.

RRAAXFZRIFMEMHELR Y + 0 —D&E R %
BT S

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

RRASZRIFAERIVILY 3 VEHAAER
Tz BF

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

FMRBSOBMIBIEE (1R TSI,
AN EPOERBAME) Pk s
International projects of the Japan Society for
the Promotion of Science started (international
collaboration with India, Brazil and Bolivia).

RBICTCE 7 OFEREREZZHETS
The 7th International Cosmic Ray Conference was
held in Kyoto.

RRARXFRIGAEINIVY 3 VEDIIKSE
ENFEMEARAICBESND

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.

RRAKBRIZAFAMIN LY 3 VEIDE LW
TIRIVYaVF T UN—DEIA B

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

SERRIBETS

A full-time director was appointed.

Sa—hOVOREDIED

The construction of MUTRON was commenced.

RRAFZRIFIEMEMFERBICFENEMR
A

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

B LIRI)F—S5BaEMABFILFRENSD
The ultra-high energy weak-interaction division was
newly established.

1974

1975

1976. 5
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1978.10
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1981
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Timeline

FRESDBIMFRIEE (VR TSI,
AU ETZOERBHME) HBESND

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

SESHERNBETS

A full-time chief administrator was appointed.

21— FOVHERT D
MUTRON was completed.

A ERRIPT DR N8 E D
The construction of the Akeno Observatory started.

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

BEUFRBEELEIC K YURRKFFEHEHZE
&R

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

BeIRIF—RIBGIERPPIN E—E 5P
AN, RRAFRFIEARAHSI 2 —P
BAE - PEFYIESZER - FHEZIBEL.
6 B3PI 1 BRI 7S B

The ultra-high energy strong-interaction division was
divided into two divisions, and the three divisions
of the Institute for Nuclear Study, The University
of Tokyo (muon measurement, experimental meson
physics and cosmic ray study) were transferred to
ICRR. As the result, ICRR started out with 6 divisions
and 1 observatory.

BE AT RIEIER &7 D
The Akeno observatory was established as one of the
ICRR facilities.

RBE RPN 21T D
The Akeno Observatory performed the opening
ceremony.

RPFICRTY L D—£B (1km?) PRI S

The Akeno 1km” air shower detector was completed.

STWUIVILY 3>F T UN—453H% % 2%
The special facility for emulsion chamber on Mt. Fuji
was constructed.

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

INVNWYaVFIIN—ICLDEPHEMEL
B89 5

Japan-China joint research on emulsion chamber
observations started.

FHFETABP (BS) HFRNSD
The cosmic ray detection division (for guest
researchers) was newly established.

i N EAPT AN (4 A)
The Kamioka Underground Observatory was
established (April).

BRI TBEFEHBRR (WIA OV TERR) =
HEERE L THBT S

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

BENSE PO E LIc—RFERMERFEZ
RETD

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



&

1986

1987

1989

1990

1991

1992

1993

1994

WketERVI\EES (D HRESNS

The first committee for future projects was organized.

NIF AV TERIMMRTHO TBHFEN 5D
Za—hrU/N-R+EHFAD

The Kamiokande detector observed a neutrino burst
from a supernova for the first time in history.

BAEFERHIPT CIAEY v D — & HIZEE AGASA D
RIBED

The construction of the wide-area air shower detector,
AGASA, started at the Akeno Observatory.

RstERI\EER (D DBBHES
The first committee for future projects submitted an
evaluation report.

NWIF DYV TERDABHSDZ2— kY /RE
7% &R

The Kamiokande detector observed a deficit in solar
neutrino flux.
|HEAPTCARG Y L7 —ICHOFHREO KRS
K= &R

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

BB EAIPTICIAE Y + D —8RIEE AGASA B
AT B

The wide area air shower detector, AGASA, was
completed at Akeno Observatory.

R=N=ANIFHVTOEXHIWBED
The construction of Super-Kamiokande was
commenced.

JyRstERVI\EES () NRESNS
The second committee for future projects was
organized.

—a1—hRU/FEYMBIPPINFRSN. FTHE
#RETRIEPI (B8 ) H'ELLENS
The neutrino astrophysics division was newly
established, and the cosmic ray detection division (for
guest researchers) was discontinued.

%ﬁﬁﬁw—7ﬁ31—¢%¥ﬂﬁ%ﬁtmb

The gravitational wave group joined in muon
measurement division at [CRR.

F—REZUPTAVHV—EDLBE D

The Cangaroo project started in Australia.

HYAIN—st@H PSR1706-44 H 5D TeV A
UNREERAT B

The Cangaroo project observed TeV gamma rays
from a pulsar (PSR1706-44).

FRYRTIPY v D—HYUNVREREBDR
=N

a7 Bt

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

BEISTEERD LR D

A computer center was built at Kamioka Observatory.

égﬁ—ﬁiﬁﬁ>?®t®®§ﬁﬁ%ﬁ%7

The excavation for Super-Kamiokande was completed.
?ﬁﬁﬂﬁ?2x1mwvwkyv9—%ﬁﬂ
&)

A giant air shower with energy of 2x10°° eV was
observed at Akeno Observatory.
HBRFHI D EBS NS

An external evaluation of ICRR was conducted.
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Timeline

NIA AT TCRRIZ2—FY ./ DREBEKRE
%= &R

The zenith angle dependence of the atmospheric
neutrinos was observed at Kamiokande.

Za—h~U/FEYPEBFPPINELESN. E
FHERATARERDHRSND

The neutrino astrophysics division was discontinued,
and the Kamioka Observatory for Cosmic Elementary
Particle Research was established.

A=—N=NIANVT DX ZRET D
The completion ceremony of Super-Kamiokande was
held.

RA=N=RNZIA N TOXRISEADI8E B

The full-scale operation of Super-Kamiokande began.

FRY FDIPY P D—AUVREREENT
I B

The air shower gamma ray detector in Tibet was
completed.

A=—N=—NIAAVTFTICLBZ2—FU /EED
EKEDNERICHEZSND

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

BF v VINZADEEBHEE D
The construction of the Kashiwa Campus was
commenced.

FH-2—h~Y /FUEERE N —ZFH
30@48)

The Research Center for Cosmic Neutrinos was
established.
F—RESYPTHYHI—StB 2 D'EED

The Cangaroo-2 began operation in Australia.

F—RALSUPTAHYANL—51E 3 HEH= R
1893

Preparation of the Cangaroo-3 began in Australia.

BHE COE S TO IS AlCLUBRIR
JVF—AYVIEAFINRIDFERT S

Ultra high energy gamma ray research foothold was
established.

HBEFHI DRSNS

An external evaluation of ICRR was conducted.

BFE v VNRICEARERT D
ICRR moved to the Kashiwa Campus.

RA=N=HAZIFHVTTEHNTRIY. FHL
TOXEFIBEBENEND

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

WIFAHVTORREEEIC, FHEZa—KJ/
BENDNA A ZPHERICE Y, NEERSE
BN/ —NIYBSZEEXTET S

Professor Emeritus Masatoshi Koshiba won the Novel
Prize in Physics for his pioneering contributions to the
detection of cosmic neutrinos, based on outcomes of
the Kamiokande experiment.

A=N=NIANTHENEIBL T, ZR%zH
e

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

%58@?@@5%%%%9<@?%%@6@

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

TUROD=TP LA DEEN108ES
The construction of the Telescope Array was
commenced.
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N FHI—518 3 O 4 BOBERBENTHT B
Four telescopes for the Cangaroo-3 were completed.
BiIXEHEAMEENSD

Japanese national universities became independent
administrative agencies.

FHE=—a2—k~Y /HAEER. §TRIVF—FEHE
BFZEERPY. FEHEEMIBIFICEPID 3 FZEERPT
R

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.

A=N=HhIA NV THE2EBEND
The restoration of the Super-Kamiokande was
completed.

SNEBELA'RESND (10 B )
An external evaluation of ICRR was conducted.
TREtERFIZRS S () HRESND

The Committee on Future Projects 111 was established.

REtERSRES (1) DEBHE2 B8 B)
The Committee on Future Projects III submitted its
report.

TURO=TPLAEROERA =BT S

The Telescope Array experiment started observation.

TKEROFRHND—2—FrJ / ZRX—=/)N\—H=
FHhYTTERT B

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

FHEAEMDHBEANA - HEAEURE L TH
R CHEFROHEZ BT 5

ICRR became a Joint Usage Research / Center,
renewing its existing function as an inter-university
research institute.

AUERSRERE (BIC [KAGRA] Lan8)
N XBRZEDRFEMATEBRSED—DIEE
S, BERDE S

The Large Cryogenic Gravitational Wave Telescope
(LCGT) was approved as a Leading-edge Research
Infrastructure Program by MEXT. The construction
started.

BHREEEDRESND

The Gravitational Wave Project Office was established.
ToK EBHPEF=—a2— Y /BBESOKEA
A S

The T2K experiment caught a sign of electron neutrino
appearance.

HHKETERFIEE R (V) DRESNS
The Committee on Future Projects IV was established.

A=A SUPOAYHI—EEDKET TS

The Cangaroo experiment ended its operation.

HESFHDDERIES NS

An external evaluation of ICRR was conducted.
TRSTBRIZES (V) DBBRHLS

The Committee on Future Projects IV submitted its
report.

KAGRA O1zb® k>R JVBHEIN'SE Y T 2

The excavation of KAGRA tunnel was completed.

CTA RORLERE | SEOERN18F D
The construction of the first CTA Large Size Telescope
(LST) was commenced.

KAGRA $£— ARG D' T D
The construction for iKAGRA(initial KAGRA) was
completed.
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11
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Timeline

—a—hU/NEBERDEERI 21—/
RENIBRDOER [CL YU, PIROIEBEEHED
J/ —NIVYBSFEETET S

Director and Prof. Takaaki Kajita received the
Nobel Prize in Physics for the discovery of neutrino
oscillation, which shows neutrinos have mass.

ENRIEEE DRSS NESREVAAT IR D'FE
BT

The Gravitational Wave Project Office was reorganized
into the KAGRA observatory.
FRStBRIZES (V) HRESND

The Committee on Future Projects V was established.

HHKETERFEE S (V) DBEBHES
The Committee on Future Projects V submitted its
report.

FHEAXMDP LB LY, RRAZREN
Za— YU/ RSEERREEDRET B
Next-generation Neutrino Science Organization was
established. ICRR acts as the host institution.

R=N—=HZHAHh>TH SK-Gd £RICEF. H
F¥ 6 NADRETH%=ERT B

Refurbishment work of Super-Kamiokande for SK-Gd
had been conducted for 6 months.

FILYID - FURI-TPLA (CTA) K
ORBRE | SN RN VEHF Y PESS/N
JURIC5ER T B

The first Large Size Telescope (LST-1) of CTA project
was completed at La Palma in Canary Islands, Spain.
FHGMEMHERAEFA - HEMTLRUR
ESND

ICRR was selected as one of the “International Joint
Usage Research / Centers”.

TLRI=TPL (TA) R8O 1 0@AER
A ZRRAFB+F v /NI THRET S

The 10th anniversary ceremony of Telescope Array
Project was held in Kashiwa Campus, The University
of Tokyo.

TLRO=TPLA (TA) OIERTISE (TAXD)
MREIRINTIES

Extended construction of Telescope Array, named
TAx4, began in Utah State, USA.

A+ U PEIRIF-—FEYESEARRIERDF
B9
High Energy Astrophysics Facility in Canarias was

established.
SERSLmARES D

An external evaluation of ICRR was conducted.

KAGRA DSERtstns 8% £ T 5
KAGRA celebrated its completion.

NAN=RNIF DY THBZRBLT D
The Hyper-Kamiokande project is officially approved.

KAGRA H'&ERDEHI% 818 T 5

KAGRA started observation for gravitational waves.

FEIREDAIPT LRI
FHEIREDAPTOEMR

FESAROAZERN
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Organization Chart

HE=

Faculty Council

s

Board of Councilors

ik

Director

Bfi&k

Vice-Director

EERER

g
Advisory Committee

ZE+

FHEMEAMOHEBFIBICOVTHRET 55T, RO
BEBICE>TEFVE T, PIROM MW14BDEETHE
BENE T ZEOBIUTORY TY. OHFEPRDHK
BR(FEHFED S B TR UIcE ORAIBFRFER
£ RRBEREFFZE WIELD) OBULXNER &
TRIVF-IRSHAEEBRNTRIEARIR. RAE
RYPIESER ORFRIDFHRBEDOEDSE
NERBLICE,

HER

REIFTRPHEASICOVWTERZR THENHBLIC
U, ARPAOEBELERICOVTEEISETT. PARD
fb. DIRPABEOEHE - AR TERSNE T,

EEZAS

FEEATMOBEICDONT, STBEZEL LEERIC
RBEITBHEEETT, MEMAIOHREN 148 (RR
KESOEENFELIL) TERSNE T,

HEHAMAEEZER
#EFARREMBIIED B ONBHEE L, BEES
RIREPREZ T BEERTI. INTRINIREE
P 5D HRBE THERSNET RRAFHOES
DRI o

L£EFIAMARERREER
FEFBAFEPERBICOVT, HROBSZBELF
T HRFBIRERSTBOREXZEEZERICIEL TS
ZBETY, INTRERRBNICEZEB LMD 5D HERRSE
TRRSNET RRAFHIOEZEHNHFELIL),

Organization

—— FEHIa— M)A

Neutrino and Astroparticle Research Division
Lol

Research Division

——— BIXNX—FERREM

High Energy Cosmic Ray Research Division

—— FEERYERREHM

Astrophysics and Gravity Research Division

—— FHET RN TR

Kamioka Observatory

—— EFRBBIRT R
KAGRA Observatory

——— AFUVTEI XX -FEYERARTMER
High Energy Astrophysics facility in Canarias

—— FE-a— b/ RAEERe e 4
Research Center for Cosmic Neutrinos

—— RSB

Norikura Observatory

i E g

Research Facilities

—— BASFEAIRT

Akeno Observatory

EFEB  Administration Division
YR — RZE Research Support Office

J5$RZE  Public Relations Office
HEFAMREERES

HEFAMREERIREZES Inter-University Research Program Selection Committee

Inter-University Research Advisory Committee

Board of Councilors

This is a board for having discussion about 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.

Faculty Council

This is a board for deliberating important issues 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 inter-
university 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

Ic

2c

3¢

4c

OB

RRKS FHIRVIIERT

Institute for Cosmic Ray Research, The University of Tokyo
RRKT FHIRFH

Institute for Cosmic Ray Research, The University of Tokyo
RRKF FHRATRT

Institute for Cosmic Ray Research, The University of Tokyo
RRKT FHRVIRH

Institute for Cosmic Ray Research, The University of Tokyo
RRAFASRBS AR

Graduate School of Science, The University of Tokyo

RRKE
The University of Tokyo

ST RF—I0RESHIFTHE R FIRF TP

Institute of Particle and Nuclear Studies, KEK

RERS BRYIRS I

Yukawa Institute for Theoretical Physics, Kyoto University

SRS TITME BRI

National Astronomical Observatory of Japan

SMBAFIBIT S

Faculty of Science and Engineering, Waseda University

IEEERS BT SE

College of Science and Engineering, Ritsumeikan University
RRAFAF RIS RARRME £V TNV FHEERAR Y 52—
Research Center for the Early Universe, The University of Tokyo
SEHSHIEA

Institute of Space and Astronautical Science

RRAF FAFYEERMR 2 —

International Center for Elementary Particle Physics, The University of Tokyo
BEEKRS FEHMBIREHIEA

Institute for Space-Earth Environmental Research, Nagoya University
RRKSF FHEARPT

Institute for Cosmic Ray Research, The University of Tokyo
RRKF FHEEPT

Institute for Cosmic Ray Research, The University of Tokyo

EEZB L Advisory Committee

RRAS FHRUIZPR

Institute for Cosmic Ray Research, The University of Tokyo
BIRIVF—IDRSAFEHEE Bmt> &5 —

KEK Theory Center

A HRMIBYHLRR

Yukawa Institute for Theoretical Physics, Kyoto University
RRIBRAY BTHB

Faculty of Science and Technology, Tokyo University of Science
BLRIVF IR HEE BT RT N
Institute of Particle and Nuclear Studies, KEK

RRAF AR BFRAEH

Graduate School of Science, The University of Tokyo
BERSF BTSHRE

Graduate School of Science and Engineering, Saitama University
RERAILAF RS e IBHAHRA

Graduate School of Science, Osaka City University
TBAS B

School of Science, Tokai University

BEEKXS FEHMBIREHIER

Institute for Space-Earth Environmental Research, Nagoya University
KBRS KA IR

Graduate School of Science, Osaka City University
RS FHERVIRM

Institute for Cosmic Ray Research, The University of Tokyo
SRS FERHT

Institute for Cosmic Ray Research, The University of Tokyo
ERAY PRI

Institute for Cosmic Ray Research, The University of Tokyo
RRAS FHRIRM

Institute for Cosmic Ray Research, The University of Tokyo
RS FHRVIRHR

Institute for Cosmic Ray Research, The University of Tokyo
RRKF FERUIEH

Institute for Cosmic Ray Research, The University of Tokyo
ERAY FERHIE

Institute for Cosmic Ray Research, The University of Tokyo
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Director

Hi%

Professor

Hi%

Professor

4%

Professor
AR

Dean

2% - 8%
Executive Vice President
PR

Director

P&

Director

6«

Director General

BEHE - BIBIRHE

Professor Emeritus, Distiguished

Guest Research Professor
i

Professor

%

Professor

R

Professor
VA —FK
Director
i
Director
RIFTE

Vice Director
RIpTE

Vice Director

[Zikss
Director
H%
Professor

X

Professor
Hi%
Professor
R
Associate Professor
ey
Professor
%
Professor
4%
Professor
K%
Professor
ey
Professor

Hx

Professor
g

Vice Director
gp

Vice Director
ey
Professor
£
Professor
ESEs

Professor

R

Professor
EE]

Professor

Committees

as of April 1, 2020

1R pEE

KAJITA, Takaaki
BEEA
SHIOZAWA, Masato
BEE EA

TAKITA, Masato

s FeE+E
KAWASAKI, Masahiro

28 85

HOSHINO, Masahiro
SEEE
MIYAZONO, Kohei
BB =K
TOKUSHUKU, Katsuo
BA 1Bt

AOKI, Shinya

BB R

TSUNETA, Saku

BB #-
TORII, Shoji

7 IEf

MORI, Masaki

fal IB—
YOKOYAMA, Junichi
WEB =
YAMADA,Toru
3

ASAL, Shoji

2% =

KUSANO, Kanya
hUB HETT
NAKAHATA, Masayuki

)| BT
SAGAWA, Hiroyuki

as of April 1, 2020

1= pEE

KAIJITA, Takaaki
1% B 1
KITANO, Ryuichiro
i =

IOKA, Kunihito
BF EE
ISHITSUKA, Masaki
JJUR #—8B
OZAWA, Kyoichiro
ETIRNTS
YOKOYAMA, Masashi
B 1B

TASHIRO, Makoto
R H—

OGIO, Shoichi

7ols 753
NISHIJIMA, Kyoshi

P 3%

ITOW, Yoshitaka

188 BT

KANDA, Nobuyuki
PUAB FETT
NAKAHATA, Masayuki
I BT

SAGAWA, Hiroyuki
JIIR 745
KAWASAKI, Masahiro
BEBEA
SHIOZAWA, Masato

BED A
TAKITA, Masato

A8 IEf2
OHASHI, Masatake

FUE HE
TESHIMA, Masahiro
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HEFAM R EEZES R Inter-University Research Advisory Committee

C

e

OB

BERRFFEHMIKIRIEMZERT

Institute for Space-Earth Environmental Research, Nagoya University
BRBIFHFEHE BIIRSE

National Astronomical Observatory of Japan

IUGEAS BTEY

College of Science and Engineering, Ritsumeikan University
BEBRASFEHMIKIR BN

Institute for Space-Earth Environmental Research, Nagoya University
REBRFRFHAERR

Faculty of Science, Kyoto University

BR/NKZIEE
Faculty of Engineering, Kanagawa University

P ARFAFIRIEFHI TR

Graduate School of Science, Kobe University
KBRS K PRIRFERZER

Graduate School of Science, Osaka City University
RRAE FHRRA

Institute for Cosmic Ray Research, The University of Tokyo
RS FHRVIRHR

Institute for Cosmic Ray Research, The University of Tokyo
RRKF FERUIEH

Institute for Cosmic Ray Research, The University of Tokyo
RRKSF FHEMATPT

Institute for Cosmic Ray Research, The University of Tokyo
RRAS FHRIRM

Institute for Cosmic Ray Research, The University of Tokyo

RRKSF FHENEPT
Institute for Cosmic Ray Research, The University of Tokyo

Committees

as of April 1, 2020

4% Pk 3%

Professor ITOW, Yoshitaka
R RRE SF—

Associate Professor ASO, Yoichi

65 Fx B

Professor MORI, Masaki

E ey B RE

Professor TAJIMA, Hiroyasu
IR %2 57

Associate Professor KUBO, Hidetoshi
4% BHE i
Professor HIBINO, Kinya
TR SR A
Associate Professor MIUCHI, Kentaro
SR BE BE

Associate Professor TUNESADA, Yoshiki
G U FAT

Professor NAKAHATA, Masayuki
% BB IEA

Professor TAKITA, Masato
% B 517

Professor TAGOSHLI, Hideyuki
et BE 55

Associate Professor NODA, Koji

R AL B2

Associate Professor UCHIYAMA, Takashi
Fif 1= BEE

Director KAIJITA, Takaaki

HEFIAMEEREEIRES LR Inter-University Research Program Selection Committee

€

OB

OB

as of April 1, 2020

WP RFASIRIBSHTE E6 MU=

Graduate School of Science, Kobe University Professor TAKEUCHI, Yasuo
EUXRF KSR TS Y R Wit —Ib

Graduate School of Science and Engineering for Education, University of Toyama Associate Professor YAMAMOTO, Kazuhiro
ABRAILKRF RS BRI S IR AR BE 58

Graduate School of Science, Osaka City University Associate Professor TUNESADA, Yoshiki
HEZEMAFBIESE R SR O05F

Collage of Art and Design, Musashino Art University Associate Professor MIYAHARA, Hiroko
RRASFFERE 345 KB EfR

Institute for Cosmic Ray Research, The University of Tokyo Professor OHASHI, Masatake
RRKFFEHIRATPT 26 7)1 BAT

Institute for Cosmic Ray Research, The University of Tokyo Professor SAGAWA, Hiroyuki
RRARFFEROIZA % BEBA

Institute for Cosmic Ray Research, The University of Tokyo Professor SHIOZAWA, Masato
RRAFFERIFEPT R el i

Institute for Cosmic Ray Research, The University of Tokyo Associate Professor ASANO, Katsuaki
RRASFFERIEA R L FFE

Institute for Cosmic Ray Research, The University of Tokyo

Associate Professor

NAKAYAMA, Shoei

Z8+% Chairperson lce &1%8
% Organizer 2c HE2EB
2I§#%E  Assistant Organizer 3¢ E£3%8
# 7% —/N— Observer 4c H4%E8

The First Committee Member
The Second Committee Member
The Third Committee Member

The Fourth Committee Member
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HES

ERRKRE
Past Representatives
SERREAIFR
Cosmic Ray Observatory
ik 8 H=
Director HIRATA, Morizo 1933 8.1-1955.8.31
[ig= ot E+
Director KIKUCHI, Seishi 1955.9.1-1959.9.21
(EFER) Fep F|
(i) NONAKA, Itaru 1959.9.22~1960.7.31
(EF5ER) B BX
(Acting) KUMAGALI, Hiroo 1960.8.1~1960.11.30
P& ep F|
Director NONAKA, Itaru R SRR
P g5
Director SUGA, Kouichi 1970.4.1~1972.3.31
[Zig=s =% =
Director MIYAKE, Saburo 1972.4.1~1976.5.24
FERMER
Institute for Cosmic Ray Research
[Zig= =% =
Director MIYAKE, Saburo 1976.5.25-1984.3.31
i B F—
Director KAMATA, Kouichi 1984.4.1~1986.3.31
e S —E8 .
Bitesian KONDO, Ichiro 1986.4.1~1987.3.31
(SHEE)  E B )
(Acting) TANAHASHI, Goro 1987.4.1~1987.4.30
FiE FEAB REB )
Diroctor ARAFUNE, Jiro 1987.5.1~1997.3.31
[ZiE P& FZ
Director TOTSUKA, Yoji 1997.4.1-2001.3.31
PR TR NES
Director YOSHIMURA, Motohiko L il
[ZiE= AN FE—ED
Director SUZUKI, Yoichiro 2004.4.1~2008.3.31
Sl £ 7088
Vice Director KURODA, Kazuaki 2Ll e
glFrx B8 3
Vice Director FUKUSHIMA, Masaki 2008.4.1~2012.3.31
P 1R BE
Director KAJITA, Takaaki 2008 4.1~
gl 5% Bk
Vice Director TERASAWA, Toshio 2012.4.1~2016.3.31
IFE PJp 7T oS oL
Vice Director NAKAHATA, Masayuki o
g8 s 7S
Vice Director KAWASAKI, Masahiro 2016.4.1-2020.3.31
g N =47
Vice Director ~ SAGAWA, Hiroyuki 202041~
BEEN
Number of Staff
4% IR BhE =]
Professor Associate Research Research
Professor Associate Fellow

11 19 29 23

[7] (3] <I> (3) <6> (3) <5>
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SRR

Norikura Observatory

(ERER)
(Acting)
e
Director
P
Director
[Zig=
Director
P

Director

RREF B IR

=% =8

MIYAKE, Saburo
Ak —AB

KONDO, Ichiro

0 Fga

YUDA, Toshinori
B8 2
FUKUSHIMA, Masaki
Fel IEA

TAKITA, Masato

Akeno Observatory

(g
Director
[ZiEs
Director
g
Director
[Zip
Director
P
Director
P

Director

B B—
KAMATA, Kouichi
B AL
TANAHASHI, Goro
XEF TTE
NAGANO, Motohiko
FUS BUZ
TESHIMA, Masahiro
B8 2
FUKUSHIMA, Masaki
I 7317
SAGAWA, Hiroyuki

TR E S VR R

Kamioka Observatory

Staff

1976.5.25~1977.2.28
1977.3.1~1987.3.31
1987.4.1~2000.3.31
2000.4.1~2003.3.31

2003.4.1~

1977.4.18~1984.3.31
1984.4.1~1988.3.31
1988.4.1~1998.3.31
1998.4.1~2002.12.31
2003.1.1~2012.3.31

2012.4.1~

1995.4.1~2002.9.30
2002.10.1~2014.3.31

2014.4.1~

1999.4.1~2016.3.31

2016.4.1~

2016.4.1~

el P& EZ

Director TOTSUKA, Yoji

k-4 A SFE—EB

Director SUZUKI, Yoichiro

i hAB HEAT

Director NAKAHATA, Masayuki
FHIa—- M/ BABERMEE 2 —
Research Center for Cosmic Neutrinos
tVA—F 1= pEE

Director KAJITA, Takaaki

oA —K £ NN

Director OKUMURA, Kimihiro
BHRBAME R

KAGRA Observatory

i8S XS 1Efg

Director OHASHI, Masatake

HF I PELZIVF — R E B AR R
High Energy Astrophysics facility in Canarias

e s
Director

=]
Technical
Staff

16
2

[ 1:%8 (D)

FIE BE
TESHIMA, Masahiro

2019.4.1~

as of May 1, 2020

o= EREBS &zt
Administrative Adjunct 1‘? : 1
Staff Staff ota
17 45 160
) 33) [10] (46) <12>
() &M RE () HEA (R

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



TR Budget

B REH
Annual Expenditures FM thousand yen
X5 [
o FY2015 FY2016 FY2017 FY2018 FY2019 3
gory
N 684,000 683,000 779,000 823,000 872,000 T:)f
ersonal Expenses %
G 1,595,000 1,288,000 1,514,000 1,729,000 1,611,000 i
on-personal Expenses b
L=
o st 2,279,000 1,971,000 2,293,000 2,552,000 2,483,000 v
otal T
=)
S
. g
HBEEFNZAEH S thousand yen g
External Funds, etc. () (& AHSE The number of () represents quantity S
. X% FY2015 FY2016 FY2017 FY2018 FY2019
ategory
REFEDHEMZE
Joint Research with the Private Sector 201 (1) 300 (1) 1300 (2) 0 (O) 0 (0)
B
o e 13,500 (1) 0(0) 0 (0) 0(0) 1,966 (1)
ESHHE
Donation for Scholarly Development 0 (0) 0 (0) 17,765 (2) 1,960 (3) 3,387 (2)
F%m‘i dation - 18,182 (2) 62,421 (410) 49,911 (184) 22,728 (141)

HMEMABHMRERDOZAZER

FH thousand yen

Grants-in-aid for Scientific Research () (25 A#E The number of () represents quantity

C:Eggory FY2015 FY2016 FY2017 FY2018 FY2019
I, ed Research 331,100 (4) 432,600 (4)  287.900 (3) 102,100 (3) 17,800 (1)
o Prority Aven 89.300(3)  116,100(3)  89.400(5) 134,000 (7) 165,700 (7)
) e 5) 0(0) 0(0)  34700(1)  35.600(1) 29,700 (1)
S ) 27087(3) 212002  10400(2)  13200(2) 49,700 (4)
CEWE®) ® 15,600(4) 17,100 (5) 22,100 (5) 14,700 (4) 16,400 (4)
S (O 6400(7)  10,100(7)  8100(8) 1120009 8300 (7)
e voune Setntit () 14200(3)  16500(3)  8300(3)  2.700(1) 0 (0)xames
e oung Scientis (8) 14200 (10)  9.000(9)  6600(9)  3.500 (4) 200 (1)
EFHT

6,000 (3) 6,900 (6)

Grant-in-Aid for Young Scientist

Preaotize (B340

Challenging Research (Pioneering)
PravsaFoize

Challenging Exploratory Research
BRIEE AN — F324E

Research Activity Start-up
EFARUIRIERES (ERARIRRIL (B)
Fund for Promotion of Joint International Research - - - 3,300 (1) 6,700 (2)
(Fostering Joint International Research (B))
&5t

Total

- - 6,600 (1) 4,400 (1) 5,700 (1)
3,000 (3) 2,300 (3) 900 (2) 0 (0)=amier 0 (0)=amer

0 (0) 1,200 (1) 800 (1) 2,300 (2) 3,000 (3)

499,787 (37) 626,100 (37) 475,800 (40) 333,000 (38) 310,100 (37)
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HRFAME - #F

HEFIRAMRA
Inter-University Research Program
(Joint Usage/Research Center)

RRAZFEHRUAERS. HEFA HRMELRE LT,
BF v U NR, SEFERATIRMRSR. ESREVATIE
fese. REBEVRIPT. ABERRAPSG CONERER CHEFA
RET> TR LIC, =HIC. 2018 FICITERRHABFIA-
HEMRARE L TRESNE Lo TNHSOHBF B
RFFEZEICBRAIDOMRBHSAEL, HEFIRHITE
DEEEEEROUREFREESDERETOE T,

Inter-University Research and Education

ICRR, as one of the "Joint Usage/Research Centers," has
hosted Inter-University Research at Kamioka Observatory,
KAGRA Observatory, Norikura Observatory, Akeno
Observatory, and Kashiwa Campus. In 2018, ICRR was
selected as one of the "International Joint Usage/Research
Centers", and started to accept applications from international
researchers. The Joint Usage/Research programs are selected
by the Advisory Committee and the Program Selection
Committee.

2019 £E EANAE FIAKR BREE M E FIREH IMANEFFELL
FY2019 Results of Domestic Application Applications Successful Applications Total Researchers
FE=a1— kY /HIEET
Neutrino and Astropartiiﬁcdle Research Division 44 (44) 44 (44) 1187 (11 87)
S ILRF—FEHRIIETELFI
Ir';gh Energy Cosmic Ra;f{esearch Division 56 [9] 56 [9] 1227 [104]
FEERYIESHICELPT
Astrophysics and Gravity Research Division 22 <18> 22 <18> 634 <559>
Research Center for Cosmic Neutrinos
2019 £ E EEAE FIAKR BRI FIREH MANEFFEELL
FY2019 Results of International Application Applications Successful Applications Total Researchers
FEH-1— kY /IR
Neutrino and Astroparticle Research Division 7(4) 7(4) 35(25)
S LRIF—FEHRIIETELPI
I?igh Energy Cosmic Ray;hf{esearch Division 8 [0] 8 10] 67 [0]
FEHERYIES IR
Astrophysics and Gravity Research Division 9 <7> 9 <7> 78 <65>

Research Center for Cosmic Neutrinos

() BEFAFEFNFREBEORK. [ FRBEBAAON. <> EEHRBAHEERE DA
() : Kamioka Observatory, [ ] : Norikura Observatory, and < > : KAGRA Obsevatory

KERHBE
Education

RRREFEHRVIRAE RRAFEZRMRNYESF
RORNEBYREO—IRE L TRERFZEEZ T AN
RV 2THEEHIC, KEROBHEELBILTOLET,
HEZPREZNRIC, 2F—MBECLIF—VEEBL
TLET FLRRAFRERO—REL T, BRSO
REOXRZRE %, [AIRFELE BRVIRE SEAUR
FELTRFANSBELRAVTVE T, RRAFFEHRH
RRDORERFESAKISUTOESBYTT,

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.

FY2016 FY2017 FY2018 FY2019 FY2020
ety 332 32 (0) 34(1) 35(2) 37 (3)
Master’s Course
Do Coure 252) 13.0) 3709) 33.(1) 23 (1)
o 58 (4) 65 (3) 71 (4) 68 (3) 60 (4)

() BE>b%kH

80 | Inter-University Research and Education

The number of () represents female students.
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EEXR7OCI7 b
International Project

FIUXHTOI 15 b (ALPACA Project)

RUEPDF v DA PUETE ZRY+DO—8AXE=RLICS
TRVF-FHEERDMEESN TOE T,

On the Mt. Chacaltaya plateau, studies on high-energy cosmic rays are
promoted, using an air shower array.

FANY REBEY v D—TJOJ 15 b (Tibet ASy Experiment)

FRY FDENH (PUN=FV) BRTEFEIY v D—EALE%
BOTBEIRVF—FEREREZTOTOLET,

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

FUROD—TFP LA T7OJ 1Y bk (Telescope Array Project)
PAUYRNODIATIE, KR@EHXLBREFELZBOTRESIRIVF—DFE
ROER - HRZT>TOE T,

In Utah, USA, observational studies of ultra high-energy cosmic rays are
conducted.

R—=NN—HhZAHVTTOI 15 k (Super-Kamiokande Project)

BEFERAFHEMR TlE R—N—HIFHVT=2HAOT Za—
S/ IRBPEEFBEIZEORRG EOMEEZT>TOE T, 10 HED
BN HBEAEICEML TOE T,

At Kamioka observatory, studies on neutrino oscillation and proton decay are
conducted with Super-Kamiokande detector. Researchers from 10 countries
have joined the project.

NAN—hZIAH>YFTTOI x5 | (Hyper-Kamiokande Project)
HEFHERAIARBRTIF. Za—rY /- I BRREROIZHOO
RERLEBORRAEDTOET, 1 BHEOHARBHEEARICE
MLTOET,

At Kamioka Observatory, the next generation detector for neutrino and
nucleon decay experiment, Hyper-Kamiokande is under construction.
Researchers from 18 countries join the project.

XMASS 7O 14 | (XMASS Project)

BEFERNTIARRR TSI RixFt/ VRPE XMASS TR
T=REBOT, ¥—OX2—RBREPROBRORRZBELTOE
T BA BE PEOHEBSHESMLTOET,

At Kamioka Observatory, searches for dark matter and other unknown
phenomena using XMASS data are ongoing. Researchers from Japan, Korea
and China have joined the project.

KAGRA 70O 14 k (KAGRA Project)

BIREVAZIESR Tl KEUERERERE [KACGRAL Z2F L.
BALTOLET, 14 hBOWHFEEDHBEMEICENLTOET,

The KAGRA observatory has constructed and operates the Large-scale

Cryogenic Gravitational wave Telescope (KAGRA). Researchers from 14
countries are involved in the international research project.

CTA 7O 1 | (Cherenkov Telescope Array Project)

ANA Y - BFIUPHEEDZNVIEFY - NSFIVTIE IRV
F—AVNBREYRZOMEZTI/CHIC, FILYITTUR
J—TJ7PLA (CTA) ODEREEDTVET, 31 hBOAREH'H
BHARICENLTOE 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 31 countries have joined
the project.

ZEANEARRAEH

The Number of Accepted Foreign Researchers

2015 2016 2017 2018 2019
T T (Asia) 27 35 26 29
7+ 7 =7 (Oceania) 2 1 0 1

hEK (Latin America) 0 1 0 0

JEK (North America) 54 46 37 32 40
3—0w/\ (Europe) 13 19 13 22 31
&5t Total 96 102 76 84 119

International Exchange

E R F T RIREMmIS A4
Academic Exchange Agreement

RUEPHYPYURURRE (RUET)

Universidad Mayor de San Andrés (Bolivia)

lg5 LEKFIDLE CKE)

College of Science, University of Utah (US)

DU T3 VZPRETP—N\A VRYIBRFE CKE)

School of Physical Sciences, the University of California, Irvine (US)
RR bV RERFRIIEZHAER CRED)

Graduate School of Art and Sciences, Boston University (US)
OYPREPHTI—RIFMARH (OV7)

INR, Russian Academy of Science (Russia)

BA—R LS U PRZEGYERFEL F—X-3UTP)

2001 Faculty of Life and Physical Sciences, the University of Western
Australia (Australia)

DT x V=P TITRKRF LIGO %R CRED
CIT LIGO Laboratory, California Institute of Technology (US)
N—JHEAFEARRE (2 U7
European Gravitational Observatory / The Virgo Collaboration (Italy)
LamExs (PE)
2011 The Shanghai United Center for Astrophysics Shanghai Normal
University (China)
95 2AI—KFENHAEM CKE)
Institute for Gravitational Research, University of Glasgow (US)
EREASESE (83
College of Science, National Tsing Hua University (Taiwan)
PERFRLLBES IV OMRMATHRRME L2 — (PE)
2012 The SICCAS-GCL Research & Development Center,
The Shanghai Institute of Ceramics, Chinese Academy of Sciences
(China)
PZAKRFTEE (1 XUP)
2012 Department of Engineering, The University of Sannio at Benevento
(Italy)

PERFRERKINE (PE)
2012 National Astronomical Observatories, Chinese Academy of Sciences
(China)
N RUw FEBERFEFE (ANAY)
The Faculty Sciences, Autonomous University of Madrid (Spain)
HF U —FEYMBRSAET (ANAY)
Instituto de Astrofisica de Canarias (Spain)
CPREFESYIBHZAN (55)
Institute of Physics Academia Sinia (Taiwan)
NVORT SV OYIBSRAFRT (RAY)
Max Plank Institute for Physics(Germany)
FIPEASRERBSZKIEFERMT L 52— (FBE)
2017 Sungkyunkwan University, College of Science, Center for Cosmic Ray
Research (Korea)

R—=2Y FENIRFEAE LY X— (R—3VF)
National Centre for Nuclear Research, Poland
HF Y —FEYBRSAET (ANAY)
Instituto de Astrofisica de Canarias (Spain)
~KSAPYT (HAFH)
TRIUMF (Canada)
BUPRAZMESH (572)
Physics Department, National Central University (Taiwan)
BEASMBETZR (PE)
Tsinghua University (China)
NIV=Y+ XZWIR - ESFE (1 2UP)
The University of Perugia (Italy)
PERSFIREVEYIR - KA (PE)
2019 Wuhan Institute of Physics and Mathematics,Chinese Academy of
Sciences (China)
B8EFY 3 T}UR—/\O\—:P/EJ_Q—JG\/Q_
219 BREBREHRR (S8)

National Center for High-performance Computing(NCHC), National
Applied Research Laboratories (NARLabs) (Taiwan)

1981

1995
1995

2001

2009

2011

2011

2011

2013
2015
2017

2017

2018
2018
2018
2018
2018

2018

HEFABRRICENL TOBIHIEANEEZSHBH L,
2019 FE TN 3,235 AIC LY E T,
Adding up the number of foreign researchers joined ICRR inter-
university research projects, the total comes to 3,235 in 2019.
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L3R Public Relations

ANV B SUEREY)

Events Publication

BT IPMU EDER—EES ICRR=-2—2X
ICRR NEWS

ICRRxKavli IPMU Public Lecture

- — —

ICRR NEWS

FEEMARAD . W7 UEEEFERREEC B HL T, FERIRDO EEY O RE LA SFE. FIC4DOEE
BEBLNCHELTOLB =AY FTT, BABTHEITLTOET,

ICRR £E&
ICRR CATALOGUE

¥ v o NZ—IARH
Open Campus

BE10AICEAIMNBEBF v UNR—MARBICEDYE. ¥ FEHEMEAMOMETOY T H HPRERESR. X OHOE]
ATIVRAT7IPO—oOY3vInEZRmELTOET, BREDIERE FEHICMFTT, F—O3T. BRAtET.

F_aFIVLR—p
ANNUAL REPORT

FH - FHFIATIV TR -
Spring School

ICKR
ANNUAL
REPORT
2018

4 s k
KERESZRACKF 3FLEND, 485 BOBRETEB FEEMEMOSMAETOITH O 1 FEDELRIHZAK
TV APBEIICE & —HEICRBRVATICRRU A E T F8- REeFLOICMT. F—OFKT. RIBMRTT,
SHFARDERTOSI S LTI,

82 | Public Relations



%R

Web a5
Web Contents

FHEH AT Web News
ICRR Latest News

DEsm g O

fla: S8

ICRR
Latest News

HHIGE (440 1F)

D90 SmEME A b T
—i=RETHHF—OUN ERE
Lar

FENERN AFRATOLLORR
ROFHEBRCINT

IBREsw] KRR xiPuy #5880
Wit TFROMEOCUTRLS)

FLAI-TTLATARRSER
HEOEEARED L

FEHRARFADO LEY O R%ZEASD Web =1 — R, BB
FLOBEERHLTOE T,

FERFEA VR
ICRR Virtual Reality

I BEREEHOBMLLICDH D RRIBEZ 360 ED/N/ S
NERTHRRTEET,

PR BR{&
PR Video

BRPICHSESFTERIKMDESRRIERE BN L1
ETATY, REBETIN BEBZEIDBYET,

Public Relations

FVSFNT Y X
ICRR Goods

A=IN=HIAHTDOTTI =N
Jigsaw Puzzle of Super-Kamiokande

300 E—X 1530 M (KA ) 500 E—2X:2040 B (Fwd)

FVIFNRTHYT
Original Mug with "Air Shower"

1100 3 (8530 )o REEAFOEZRPR—/N—HS AR
FHES SRR R HT HTEN TN TT,

FL2ATYLTAYD/ — b
Original Notebook with Cherenkov Ring

L -".f’ .Ilri‘_ 3

680 A (KA ) AL HA X, 64 X—=
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BRHER

EESEZS LVEEMRAESORE
International Conferences and Workshops

RRXFFHRMRFS. BRSSP ERITERZX
NENE 1 ORERELTOET. RIDSBESZBPH
HOBEFMREBZBOTERHONAEICDOVOTELTESD
IF—%, A1 OBEGT>TOLET, BF 10 FEICHE
ELCBRSEROBERMRESRE. UTOEHBYTY,

FPEERESE [ Gravitational-Wave Advanced Detector Workshop 2010
Gravitational-Wave Advanced Detector Workshop, GWADW 2010
2010.5.16-21 (5i#f Kyoto) 107 A

BV VARIDL [REIRVF—FEHREADOROODER]
International Symposium on the Recent Progress of Ultra High Energy Cosmic
Ray Observation

2010.12.10-12 (B 5= Nagoya) 114 A

PEBHARED—OY3v T
Italy-Japan workshop
2011.10.4-5 (F%£ Chiba) 39 A

$£20B8KAGRAD—HY3v T
2nd Japan Korea workshop on KAGRA
2012.5.28-29 (FZE Chiba) 26 A

% 1 O ElTES ENRERESE
1st EliTES General Meeting
2012.10.3-4 (BR7R Tokyo) 80 A

$£ 3088 KAGRAD—HY3v T
3rd Japan Korea workshop on KAGRA
2012.12.21-22 (5@ Korea) 20 A

£ 4088 KAGRAD—5Y3v
4th Japan Korea workshop on KAGRA
2013.6.10-11 (KPR Osaka) 34 A

%5088 KAGRAD—oY 3w
5th Japan Korea workshop on KAGRA
2013.11.29-30 (82 Korea) 36 A

%8 2 O EIITES ENRERSE
2nd EliTES General Meeting
2013.12.4-5 (Hi5{ Tokyo) 80 A

CTA LST BEf=%
CTA LST General Meeting
2014.1.14-17 (FFZE Chiba) 83 A

%6 0B&KAGRA D—Hy3v T
6th Japan Korea workshop in KAGRA
2014.6.20-21 (5L Tokyo) 49 A

%7088 KAGRAD—HY3vT
7th Japan Korea workshop in KAGRA
2014.12.19-20 (&1l Toyama) 34 A\

NAN—HIFHY TEELBRES V- Ty Y RY D ARUBER
The Inaugural Symposium of the Hyper-Kamiokande Proto-Collaboration and

Signing Ceremony
2015.1.31 (-F#E Chiba) 108 A

B34
Academic Papers

HEFAARORRE. RNIDZEETRET M. #
NELTRIDBMMES L TERRLET T, IERFFRE Y
TDHRIDA. L7 —FEMEE. ICRR Report (832)
ROBEREEED Proceedings [CHREXSNICEODRAEE
AL TIUTRICRLUE T,

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.

84 | Achievement Reports

Achievement Report

ICRR holds international conferences and workshops about once
a year, and hosts monthly seminars of 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.

% 3O EITES ENRERSE
3rd EIiTES General Meeting
2015.2.9-10 (SRR Tokyo) 42 A

TeV Particle Astrophysics (TeVPA) 2015
2015.10.26-30 (FE Chiba) 169 A

% 4 O EITES ENREREE
4th EIiTES General Meeting
2015.12.2-3 (8RR Tokyo) 38 A

The extreme Universe viewed in very-high-energy gamma rays
2016.1.13-14 (FZ£ Chiba) 68 A

AB= a2 — U/ fEsR(C T 5ERSE
Third International Meeting for Large Neutrino Infrastructure
2016.5.30-6.1 (GRIf Ibaraki) 80 A

PhyStat-v Workshop on Statistical Issues in Experimental Neutrino Physics
2016.5.30 - 6.1( FZE Chiba) 90 A

CTA Consortium Meeting Kashiwa
2016.6.16-20 (3 Chiba) 170 A

Extreme Universe viewed with High Energy Gamma Rays
2017.12.18-19 (FZE Chiba) 60 5\

Tokyo Spring Cosmic Lyman-Alpha Workshop
2018.3.26-30 ( R Tokyo) 120 A

NAN=RNIANVTE | OFERINEE
The First Meeting of Hyper Kamiokande Financial Forum
2019.1.11 ( B Tokyo) 50 A

NAN—AZIFAAVTE2 ORERFSE
The Second Meeting of Hyper Kamiokande Financial Forum
2019.6.27 ( RIR Tokyo) 45 A

£ 16 OFFRALY - T HIBEFRRE (TAUP2019)
Topics in Astroparticle and Underground Physics
2019.9.9-13 ( U Toyama) #J 540 A

Dark Matter Searches in the 2020s
2019.11.11-13 (FZE Chiba) 117 A

BIRNVF-—HY TR THBERTE 2019
The extreme Universe viewed in very-high-energy gamma rays 2019
2019.11.14-15 (FZE Chiba) 83 A

FHRMANRE R ORRH X (2015-2019)

Papers and proceedings published by ICRR researchers

[ ICRR Report

. EFefJ EHGEE
Peer reviewed English journal

120 B =Enssmasss

Proceeding 111
- 98 g
100 92 9596
82
65
50 —
37 37
30
1 0 0 0 0
0 1 1 1 1

FY2015 FY2016 FY2017 FY2018 FY2019



[=]
28

2007
2008

2008

2008

2010

2010

2011

2011

2011

2012
2012

2012
2012
2013
2013
2013
2013
2014

2014

2015

2015

2015

2015

2015

2015
2016

2016
2017

2017
2017
2017

2017

FE

NI PIVITSVHYV AR PEEZ
Benjamin Franklin Medal in physics TOTSUKA, Yoji

FRF X Fefit JRED
Particle Physics Medal ARAFUNE, Jiro
HESHE PUB AT

Inoue Prize for Science NAKAHATA, Masayuki
ST BRI S

Young Scientist Award of the .
Geochemistry Research Association MIYAHARA, Hiroko
F LR EERHE %=

Inoue Research Award for Young I\@Hg—lﬂ%ﬁ)& Haruki
Scientist >

PEE"E 120 pEE

Yoji Totsuka Prize KAIJITA, Takaaki
ZI—/ - RVFIIVARE 57K SE—BB
Bruno Pontecorvo Prize SUZUKI, Yoichiro
PR~ P 1T

Yoji Totsuka Prize NAKAHATA, Masayuki

S‘;IZF%}%#%%?%@%d f th o =5
oung Scientist Award of the eI 8
Physical Society of Japan ALK, Tty

PHE_E BREE

Yoji Totsuka Prize FUKUGITA, Masataka
BAS L8 =0 pEE

Japan Academy Prize KAIJITA, Takaaki
VBRSKEEBFHRSEE BR OUO5F
MEXT Young Scientists' Prize MIYAHARA, Hiroko
FRF AN IVERHE

Particle Physics Medal: Young 8 87
Scientist Award in Theoretical Particle IBE, Masahiro
Physics

TAYVRY = ZN5— - FI—F KA ES
Extragalactic Tinsley Scholar Award OUCHI, Masami

3RS XE T
Yodh Prize NAGANO, Motohiko

JatwyN-JrpyF - JIT R E
Giuseppe and Vanna Cocconi Prize  SUZUKI, Yoichiro

AYDR-TJIRE 120 pEE
Julius Wess Award KAIJITA, Takaaki
BUEAHED - RHTRERN )1 035

Yukawa-Kimura Prize KAWASAKI, Masahiro

VEBHFARRESEFHFEE KA IS

MEXT Young Scientists’ Prize OUCHI, Masami

PFFE"E BEBEA

Yoji Totsuka Prize SHIOZAWA, Masato
ALA oD e

BAXUZ TS B =8B

The Astronomical Society of Japan o
Young Astronomer Award ONO, Yoshiaki

R fEE
EpmEe o2 —g KA. Takald
Breakthrough Prize in Fundamental %?JjZ(U/I%I,_ \Folzichiro

Physics SKISHL-v3Y
Super-K Collaboration

YALEE 20 pEE

The Order of Culture KAIJITA, Takaaki
AL HE 1208 pEE
Person of Cultural Merit KAJITA, Takaaki
J/ =N)VIESE 2 pEE
Nobel Prize in Physics KAIJITA, Takaaki
PBPEE 1B S
Chunichi Cultural Award KAIJITA, Takaaki
Harvard Foundation Scientist of the 120 &&=

Year KAIJITA, Takaaki
THFAFIVERE

Particle Physics Medal: Young R&/I| &
Scientist Award in Theoretical Particle HASEGAWA, Fuminori
Physics

e - B RER
FERMIESIHE ARAFUNE, Jiro

. 1B e
GITAM foundation Annual Award KAJITA, Takaaki

BARMBSSETRHE i

Young Scientist Award of the E%ﬁl%“?;hihiro
Physical Society of Japan ?
N—=oL—BFE =0 pEE
Berkeley Japan Prize KAIJITA, Takaaki

Awards

Za—hU/ICEBHNGDEDHER

Discovery of the neutrino mass

OB —VIBRICHT DT/ R—ID FROY—BIEE DR
Topological property of monopole in non-commutative gauge theories
AB=—a—rU/ OEAEZa— kY /REDIAE

Solar neutrino detection and research of neutrino oscillation

PR RITTBIC & HAEH L DT

Study of the long-term solar variations using cosmogenic nuclide

R=IN=HNIFHVTICBHBFEL T L2 & XY IN\DKT BHIEDIRR

Search for Nucleon Decay into Charged Antilepton plus Meson in Super-Kamiokande
AR=a—hFU/IREOESR

Discovery of atmospheric neutrino oscillation

RA=—N=—NZANVTERICBEF AR =2—FJ/BLOAB=1— LU /IRBDER
Discovery of atmospheric and solar neutrino oscillations in the Super-Kamiokande experiment

REICESAB=2— U/ EREBDOMR

Study of the solar neutrino and its oscillations

FANY R EBFY v D—=P LA ICBT B2 IRIVF—FEHRERHEDHARE
Study on the High-Energy Cosmic Ray Anisotropy with the Tibet Air-Shower Array

U7 R VIBROFEDNY # 2 BIEIFEEDIRE

Pointing out a mechanism to generate cosmological baryon number violation originated by lepton
AR=21—hU/REOESR

Discovery of atmospheric neutrino oscillations

KSEEH L OFERDNURICRIET LD

Study for solar activities and its effects

BRI DBENIC ST DRRAOFTHROVBIRE BRI S5 L LY F U A DRBREARTE
Sweet Spot Supersymmetry

EAFEENCK BLEHESHRT

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

Be LRIVF—FERDBICHH BIREAE

Pioneering leadership in the experimental study of the highest energy cosmic rays

ABZa1—hU /DT U—N—AECLBDAB=1— U/ DHOER

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

A=N=NIANVTERICEDAR= 21—~/ FEEREODESR

Discovery of atmospheric neutrino oscillations with the Super-Kamiokande experiment

ENFETSHOIBEEROH—IBRDBRICST 5016

Supergravity and nucleosynthesis

EHLERREIC L DFHELDHRE

Pioneering studies into the early universe through wide-field multi-wavelength observations
ORBI2——2— U/ E-LICEBEFZ2—FJ/PRBROXESR
Observation of electron neutrino appearance in an accelerator muon neutrino beam

TEL - FEFBROERBIR

Observational studies of galaxy evolution and cosmic reionization

—a—hFU/EREBEVOABNGHR % L. RINTWEZDIRERH = ENICBABHL
WOV T« PeRBLICES
The fundamental discovery and exploration of neutrino oscillations

—a— Y/ PBRCBVTELOHRRREZETS, FRTVERSLOFERICEIABE
B% 5 A&

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

—a— U/ PBRCSOTESLOHABRREZES, RUTVEBIOFERICESAOE
B% 5A 126

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

—a— U/ HERAROBATT, “a— kU / BHRROXS

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

FHFZa—hVU/ICBBNBDE%RT Za—hU /REIDERDINIE

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

SRR LICET SRSFNE CORSESINEERMYMACHL T

Remarkable achievements and initiatives that serve to increase diversity in the area of science

Component action of nilpotent multiplet coupled to matter in 4 dimensional N=1 supergravity

FHIEMEAAMEE LTR—N—AIA NV THER EORRICRVAS, REOFER
WIES, FDRSBRATYIRZ AT DREREZ BN INEICH LT
BN TOBESEINEICH LT

Outstanding contributions in the field of science

AQEHLEREZAOICBS TRIVF—FERANS S VDOHE

Study on the energy spectrum of ultrahigh-energy cosmic rays with the fluorescence detectors

BIMNCHTBBADIL - BERMOER EREICEMUIINEICT LT

Significant contributions in furthering the understanding of Japan on the global stage
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BEETI7EA

H EFARERE

2017 Inoue Research Award for Young

S

w01y DASEARE KP9 2
JSPS Prize

so1g DS TIRSERE K9 2
Japan Academy Medal

cientists

1| B

Awards and Access

FEPNRD S DESE(HBEER T 5V HR— D EDEIFIRPE

KINUGAWA, Tomoya The binary population synthesis in the early universe and the detection rate of gravitational waves

from the binary black holes

SANY - PIT 7SR E BT B OEANE
OUCHI, Masami  Observational Studies of the Early Universe with Lyo Emitters

SANY - P07 7 REHE OIS OERITZ
OUCHI, Masami Observational Studies of the Early Universe with Lyo Emitters

2019 21T o/ 0Y—8 2019 FUIS BE
The 21st Century Technology Award TESHIMA, Masahiro

IUPAP-TIFR Homi Bhabha Medal 1208 &&=
and Prize

2020 2019 EDBES|BATES
Highly Cited Researcher 2019

technologies

2019
AN IFC

FHRMEAR OMEH

T 277-8582 FEROMHIBDE 5-1-5
04-7136-3102 (A%

77t

BEZEES S
RREBZEBIB/NR (755 -
BRNe BOEF v U NZARHASRE/NR (105 -
TEUNAMR YR —TTFELESL 3 D

1800 @) THEDEHF+>/VR
170 @)

TIHZ#ED,S
RENRFICEFFORRT/NR (859 -
AR A—TTFELES 3D

1570 @) TED

MERRD S
DLEIHORTURTIBOEF v+ /NRERN (304 - 690
M. B{DEE -+ V/NRRAOHSERE/NR(10 5170 @)
TEMHD AR R—CTFELES I D

EHRH 5
JRBERTHERN (302 - 480 @) BERBOHSREN
2 (2569 - 300 W) TEIMHAAMAE LY A—TTRELES
35

Yok < 2,
FHZE s

Haneda Airport

IR 2 il - A

Narita Airport

@

IR 22 .Nme..

Narita Airport
EOED ok

Xy AR

Kashiwanoha
Campus Sta.

2 =72 RAT VA

@

Tsukuba Express

FRAEDBR s
Akihabara Sta. =i W e
[ 30min | ¥690 |
@ @
I-ﬂfg\l JR Joban Line H’Im

-

Ueno Sta.

86 | Access

21— LU/ YBRCHET 3ERENARESTT
KAJITA, Takaaki Outstanding contributions to Cosmic Ray physics mcludlng path breaking work in neutrino physics

BE 10 FRAOFERENB CRULFENDHIPRBED—AELT

OUCHI, Masami Recognizing the world's most influential researchers of the past decade in Space Science

MUCAT <A
Tobu / Keihin Kyuko Airport Bus

...l.....m'l..l......

[ 85min | Y1570

Kashiwa Sta.

CTA RORZERE 1 SHEDO5TH & CDIEIRFIiTEIFE
Construction of the prototype of Large-Sized Telescope (LST) equipped with cutting-edge

BRIEADSLOEBRICH LT

Location of ICRR headquarters

5-1-5 Kashiwanoha, Kashiwa-shi, Chiba,
277-8582, Japan
+81-4-7136-3102 (General Affairs)

Access

From Narita Airport

By Airport Bus (Narita Airport Express Bus)

Narita Airport - Kashiwanoha Campus Station: about 75min, 1,800
JPY (one-way)

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

From Haneda Airport

By Airport Bus (Tobu / Keihin Kyuko Airport Bus)

Haneda Airport - National Cancer Center: around 85min, 1,570
JPY (one-way)

From Akihabara Station

By Train (Tsukuba Express)

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

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

From Ueno Station

By Train (JR Joban Line)

Ueno Station - Kashiwa Station: around 30 min, 480 JPY (one-way)
Kashiwa Station (West Exit) - National Cancer Center: around 25
min, 300 JPY (one-way)

®
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Z
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Institute for Cosmic Ray Research, The University of Tokyo
Q@ AT T277-8582  TEEEMMMOLES5-1-5

Address  5-1-5, Kashiwanoha, Kashiwa-shi, Chiba, 277-8582 Japan
t. TEL 04-7136-3102 (%) /1+81-4-7136-3102 (main number) |
04-7136-3115 [ +81-4-7136-3115 '
www.icrr.u-tokyo.ac.jp
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