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he origin of matter and the universe is a subject that
humanlty p’s long pursued The Kobayashl -Maskawa Instltute

for the Orlgln of Particles#and the Unlverse (KMI) of Nagoya

b Umversnty, as an mternatlonal research hub for particle

physms and astrophysics, is challenging this propesition by
gathering the wisdom of mankind.across the boundaries of
specialized fields, Ianguages «and cultures !

At Nagoya Unlver3|ty, there have been many outstandlng, ;
~.achievements i |n this field, such as the two-meson theory, the

Sakata model, and the Makl—Nakag’awa-Sakata theory. Such

achievéments led to the establlshment of the Kobayashi- .

Maskawa theory, for which Drs. Kobayashi and Maskawa

‘were awarded the Nobel Prize in Physics in 2008. In addition
to these theoretical efforts, various expérimental research -

projects, conducted from the early stages, have produced
fiest-class results, including the discovery of ‘the charm
quark and the tau neutrino, as well as confirmation of the

Kobayashi-Maskawa theory by B-factory experiments. These .

-- # 1 a W - |IJ..'. r = e a :
are keygexperiments in estqplishir%&a_ddard M?del.
With its rich history, Nagoya Universit ‘become a fertile .

ground for nurturing'innovation and producing cutting-edge

fesearch.

(YIRVES establlshed in 2010 to burﬁ an interdisciplinary
research base for partlcle physics and astrophysics research

at Nagoya University. At present, KMI researchers lead the

*world in.theoretical research tﬁat'goes- beyond. the Standard
Model o'f particle physics. In_addition, KMl researchers play *

a‘central role in international experimental collaborations
seeking new physics, such as the LHC-ATLAS exberiments,
Super B Factory, Super-Kamiokande experiments, dark matter
searches, and space observations. KMI brings together
and stimulates cooperation's arﬁ'ong the human resources

~who research through various methods, such as theoretical

research, accelerator experiments, and space observation.
KMI aims to be a research organization with dynamism only
L

:possible at Nagoya University. “a i
5. .
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HEREIE R A ABFY
Division of Theoretical Studies

[FH FRER]
Theoretical Particle Physics Group

[F%32 a6 BB B =30
String Theory and Mathematics Group

[FE#RER]
Cosmology and Theoretical Astrophysics Group

OEGIEYEE
Computational Theoretical Physics Laboratory

& AR R ADFT

Division of Experimental Studies

[ZL—n—1m3B 8]

Flavor Physics Group
OFHEIFER 02 IL T
Fundamental Astroparticle Physics, Tau-Lepton Physics
[EZed8 s IR ER)

Origin of Spacetime Structures Group

OXBRIMAMBMARE
Instrument Development Laboratory
OAYLT N F—LMRIFE
Tau-Lepton Data Analysis Laboratory

BE7L-N—-FRHNFWEFEREMEI=vE World Research Unit for Heavy Flavor Particle Physics

BHERS
International Advisory Board

LEMER BB, MR
Director Emeritus: Drs.Maskawa & Kobayashi

LEEXRFEEEMR

Nagoya University Collaboration Organization

OIFF AR K FRIEL R AR

Graduate School of Science/ School of Science
O THIERFEMAR

Graduate School of Mathematics
OF MK IREM A

Institute for Space-Earth Environmental Research (ISEE)
02 LT MBMEL 52—

Tau Lepton Physics Research Center

FHO L BLD - BESIE?

What is the origin of matter and the universe? -

RE Y7 —FHEEHICLIWETHEE
Spitzer Image of Star Factory W51

©NASA/JPL-Caltech
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Message from Director

2EEXERHNTFFHEREMARN (Kobayashi-Maskawa
Institute for the Origin of Particles and the Universe: KMI) #*
2010F ICRIERENTHS10ENBEEELE, KMIRFER FYIEFE
FHUEZORICHBOON-HHERKETHLHICHILShELL,
KMIZREHE—EL., BIIESE L. #lISEE L, MEELE
EHZDREDHEHEZITRE, MATEBHRANOLIMAT
W—TEBRTIEEBEELEMELT. VELORANREYIVRS
2ELTWVET,

KMIBIER LIS, B2 FOERMER BRI HREELE, KMIO
BHEENPLHC-ATLASHBEXERTEET L, EvIXHFHIFE
REhELFf. KMIIZE/OPERAXRZEEL, LB K% THRE
EhERFRERZES>TIa—R-a—-M) /a7 RZa—- ) /I
BUEDLZZ1—-M/IRHBZEZRER. ChICEWZ2-MI/RED
FEEEMLELE,

Ten years have passed since the establishment of the
Kobayashi-Maskawa Institute for the Origin of Particles and
the Universe (KMI) in 2010. KMI was established to explore
the mysteries behind particle physics and astrophysics.
KMI inherits the spirit of many great ancestors, such as
Dr. Shoichi Sakata, Dr. Yukio Hayakawa, Dr. Toshihide
Maskawa, and Dr. Makoto Kobayashi, and has an important
mission to harness internationally competitive research
groups at Nagoya University.

After the establishment of KMI, we have witnessed
notable milestones in physics. The Higgs boson was
discovered, and the members of KMI were active in the
LHC-ATLAS experiment. The members of KMI also led the
OPERA experiment and discovered neutrino oscillation
events, in which mu neutrinos changed from tau neutrinos,
by using the nuclear emulsion technology developed at
Nagoya University.

KMICEWTB3REOMANEAIIBEFH, 7haHhbEEYHL
BRIRNY—, ZLTHALRDEOHEORATY, ZOEMEE
T2, EREEROTAE,SERFEHOBBICOENZHL
WHSEBERTIMEEZERALTVET. ERAAPSHLLA /N—
PEEY, ¥EFAECEABRERARI LS ENY, LRI
{kEhTL %9, “Beyond Kobayashi-Maskawa” Q#1ENH
ELKMIBSHELTNHBEENPLERRIBOMAEZEZLTY
EE 38

LEEBKR#¥
FHTFFHERWAR
mE&

A A

The current focus of research at KMI is on the mystery
of the dark universe — dark matter and dark energy, and the
disappearance of antimatter in the universe. To carry out
this mission, we are conducting research to explore new
phenomena that lead to the elucidation of the dark universe
from both experimental and theoretical perspectives. New
members are gathering from Japan and overseas, new
international joint research projects are being conducted,
and these studies are being strengthened. Under the
slogan “Beyond Kobayashi-Maskawa” we will continue to
lead the world’s cutting-edge research with KMI’s unique
approach.

HISANO, Juniji

Director

Kobayashi-Maskawa Institute for the Origin of Particles and the Universe
Nagoya University
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International Research Hub for Particle Physics and Astrophysics

KMIZ . R FFEAROEERSELTORENZREL,

FHF FEHITOEARMAELT. BN H -SE-XILNOERZEBATERFEMEAMAL. ALV YIEORAICHRATVET,
KMl is an international hub for bringing together researchers from all over the world.

We are exploring new frontiers of physics by integrating cutting-edge knowledge

and skill across the boundaries of various expertise, languages, and cultures.

Ed]E-3: bR SV AV R

International Partner Institutes

KMIEIRTE, m757&£3—0Oy/XD8 DD R Fiag/\—k
F—IvTHREEREY. MREEBLPFEOBEBH AT MEREL TVE
T, 5% HROMOHIBICHEEISICIHEALTWKFETT, £/, B
AEMRESOMBAAFTRBLEICKRREh, HRAZEOHER
Bl SR DB NREROBILIEEELTVWET,

KMI has academic partnership agreements with eight institutions in /

East Asia and Europe to promote the active exchange of researchers

and students. We plan to expand the network to other parts of the

world. KMI also conducts the Core-to-Core program of the Japan /
Society for the Promotion of Science (JSPS).

® Tel Aviv University, School of Physics and Astronomy | Israel

4

DMNet
MARSFHEEE
JSPS Core-to-Core Program, DMNet

MEXRER  BEBEMN 77 O0-—F TERTIFH
REEME RO -0 O E R 7 HL =15 2L (DMNet)
BRIREAR : SR EE~SHMEEE

Title: International research network to reveal dark
matter in the universe by a multidisciplinary approach
in particle and astrophysics, DMNet

Period of adoption: FY 2020 to FY 2024

® Max Planck Institute for Nuclear Physics | Germany

® National Institute for Nuclear Physics, Padova Division | Italy
® The University of Edinburgh | UK

@ Institute for Basic Science | Korea

@ Institute of Physics and Applied Physics (IPAP), Yonsei University | Korea

® Jozef Stefan Institute | Slovenia

® Higgs Centre for Theoretical Physics, The University of Edinburgh | UK

@ Institute of Space Studies of Catalonia (IEEC) | Spain

@ Institute of Theoretical Physics, The Chinese Academy of Sciences | China

® National Institute for Nuclear Physics, Padova Division | Italy

® The University of Naples, Federico I, Department of Physics Ettore Pancini | Italy

As of October, 2020 / Order of conclusion of agreements

KMI School

BEFBINIKMIZRT—ILTlE, Bh-RRELHEMEL TBREHL.
LIFo—RF1—RMIT7LEBLT. BENT—RICDOVWTRERZ
EEEBMICLTVET, BASDARFERERPEFMRAEELENRELL
29—V TF o 2018F LK. BEEME. CPORBN, BHFEELLEE
F—VICRESh TEEL,

Each year, the KMI School invites outstanding researchers as
lecturers, with the aim of deeply learning about a particular theme
through lectures and tutorials. It is intended for graduate students
and young researchers in Japan and overseas. Since 2018, the
school focused on several themes, including dark matter, CP

violation, and machine learning.

KMI International Symposium

KMIERRS 2RO T LIk, BESFICHITIRERDIMEDRKRERE
LEEDBL. FENMRORBERETONOTYT, 2FIC1E,. BEHE
KFEDKMITHESNET,

The KMI International Symposium is held biennially at KMI, Nagoya
University. The aim of the KMI symposium is to review the status
and prospects of cutting-edge research in relevant fields, and to
develop interdisciplinary research to approach the mysteries of the

dark universe.
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At Wégoya University, a brilliant tradition of ingenious reéeg_rch on theoretical physics

starting from Dr. Shoichi Sakata has been uhinterruptedly inherited. The numerous
|mportant achievements of Dr. Sakata and hls collaborators, such as the two-meson
theory, Sakata model, and Maki-Nakagawa-Sakata theory about neutrino oscillation,
have Ied to research on the Standard Model of particles, including the Kobayashi-
Maskawa theory, resulting in the award of the Nobel Prize in Physics in 2008 for Drs.
Kabayashl and Maskawa. =

The Kebayashl—Maskawa. t‘h“eo} is |ncluded in the Standard Model of particles,
which is now established, and it has been clarified that there exist unknown
entities s_uhh as dark matter and dark energy that cannot be explained by the
Standard Model. At KMI, we participate in various projects of accelerator and non-
eopeleré'fer experiments, as well as cosmological observations, in order to solve

~ these mysteries. These experimental studies have a complementary relation with

theoretical research. In the Division of Theoretical Studies, in cooperation with

the Division of Experimental Studies, three groups inherit the hédition of research

at Nagoya University and actively proceed with research for the _Q.nstructlon:_-_

of physics beyond ‘the Standard Model. The con3|stenC|es and neallty of}s_;p(‘;h

theories are checked to find possibilities for the verlflcatlon of the moders from
‘varlous  directions. "-

5“'—'@71’7&&"%‘%&510)15;'5 / Polarization of the Cosmic Microwave -Background / ©ESA/Planck Collaboration




FH FEmER  Theoretical Particle Physics Group

IR B EER String Theory and Mathematics Group

ZHLEERPOTIO-FICLY,
RHUTFEFEROINRVIERE,
RHTEFEREBAIMEORKREZEELET,

We aim to deepen our understanding

of the Standard Model

and explore new physics beyond the Standard Model
through various theoretical approaches.

FHFIRERREER TR F
Standard Model of elementary particles

bELEEOERIE., EOLILNBEEERERELTHERINTNS
DTLEID? TLZNSIFED LI BMIBERNICLID >TVBDTLE
IM?

AR FRESREIRCHET BINETHRMFRMEICELY, 3HAD
Tr—T LTI BEARER (FHF)EL. F—V5DERICE-THE
WFHEEERERR T3[R FIZEER | PRILINEL, BHE
BHEIREFICOEIBBRERICLNZOELINELOONTEE L,
E5(2. 2012 (CCERN (BN R FA% M 724848) DLHCEERICH W T,
ZHEBREBR T IR F DI —RER ThHo/-by T IR FH
BRI, ZHEIEBRIE. COMRORYIBEEDRTIEHELT, O
EDDEREREZEEAET,

What elements is the universe made of? What laws govern them?
Physicists have introduced three generations of quarks and leptons
(Kobayashi-Maskawa theory) as the fundamental elements, and
have exploited gauge theory to explain their interactions. This
theoretical framework is recognized as the Standard Model of the
elementary particles, which has been confirmed through many years
of precise experiments. The Standard Model was completed as the
most plausible model for describing our world by the discovery of
the Higgs boson, the last particle that was discovered among the
elementary particles, in the LHC experiment at CERN (European
Organization for Nuclear Research) in 2012.

EREARMAEPIDivision of Theoretical Studies
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ECANBE, RERROMBEAEBAINBEOEELRETIE
ENHELHMONTVET, A, FRNFEEDERED. BBE
MEBEIXNX—DER. Z1—N/IREEBRIP KRBT /N
BZa—NJ/EBEDHFEEIE. ZEBHTEIHANG TEELA, IHIC,
EEBROBRRNICEVNTH[HT—DEALRAD | R [H1FILHFFED
NEHFEN]EE BEOFEATEARENICHRATEAVEHERYI X
hTuwEd,

R TFHRBCE. HALHEPIREREEL. RMBDT7 TO—F TIRAER
RORNEBRAZTHEIBIREBADIMBOEKERIEL CVES, £
KMIDZHAHEPIEEHDMRECEHZL. TR FHEFEFEHY
BRCEP BT DORFERBICRVBATVETS,

However, the Standard Model cannot explain some recent findings,
such as the origin of mass, dark matter, dark energy, and the non-
zero mass of neutrinos. Even within the Standard Model, there are
phenomena that cannot be solved, such as color confinement and
dynamical chiral symmetry breaking.

Integrating a variety of expert knowledge, we pursue a deeper
understanding of the Standard Model and physics beyond the
Standard Model. At KMI, we are also working with researchers with
diverse expertise to unravel themes that span particle physics and
astrophysics.
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BRFICADDEAN LT (BRSN. BOA. BUWA. EA)PTE
ELET, EHERBDIDAICOVWTRT—JHENEFHREAVWTUE

EEBIBEIN, SOEBRERZH—MICBATEET, — 7.

ENERE—HEWNEER CHERCIEBRTEETY, F—VHD
EFHEBELAVHBI HVET, KIBHIE. ENFEECH503
RRFEZDRLCIREE-—RERGTIEICLY), COMBDRERE
AABHERTT. BRROERNLE OB —EHERETHICHEBET
B32LF MEXPFEOEENV A THBZIDPEVOHEWEBKTEIAT
BEELRETHY), RERIZOIOGH—BH/RDORE HEM T,

RIRFRDIE 2 LAIEDF T, KMITIRT —I 3857 3R IR 5/ S ICH)

Nature has four fundamental forces: electromagnetic, strong, weak,
and gravitational forces. Except for the gravitational force, the other
three are described by quantum gauge theory in the Standard
Model, which explains many experimental results in a unified way.
Although general relativity can describe gravity very well, it is quantum
mechanically inconsistent with gauge field theory. String theory aims
to resolve this problem by postulating that all particles are variations
of oscillation modes on a string. In the quest for the origin of matter
and the universe, it is crucial to construct a consistent unified theory.
String theory is regarded as the most promising candidate.

=V IR IS E AV /N\R OB O GEH -2 AR
Model of hadron physics using the gauge theory-string theory correspondence
(Sakai-Sugimoto model)

PEORZ LS KERPENZIRILHETS
MEFORBEBEEHEALLET,

From the viewpoint of mathematics,

we explore the mathematical structure of physics,
including string theory and gravity.

HATWET, Chidsr—JBHRE (EHEHREST) REHREVWI—R
BL320N0EHY . EEEMTHEEVIEINEERTT ZhICH
HELTKMITIRNARB (B F-FtEF. PFEFLEDIETR) DHIEA
DEAEEDTVET, 52 F—J R RERMISICE>TEHEY
5OT7TAO-FCRFRTEHEVWEXE2EAHL. ERAIELSRPE
FHRAREEBEVSAKBHRDOD OHIEBEOMELRBALTVET,
ZOMREIE. RERDOEEESBRTIRAZEELSNTVLEIMERD
BERAICHRAMR T BLHAFL TV ET, £ REBREECENEROK
BEBEDHBADLED, BRTITTvIR—ILPEHAEALLZ AN
BREHIT>TVET,

Our group focuses on the correspondence between gauge theory
and string theory, and one surprising claim is that these two
seemingly different theories are actually equivalent. One of our
projects applies this correspondence to hadron physics. Furthermore,
this correspondence predicts nontrivial mathematical structures:
integrable systems and quantum topological invariants. We study
these mathematical structures to understand the M-theory, which
is believed to emerge at the strong coupling limit of string theory.
Through higher dimensional black holes and cosmology, we are also
investigating the mathematical features of gravitational theories.

Sakai-Sugimote Mo del
AT T
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&8 Cosmology and Theoretical Astrophysics Group

FHAEIKDPSBREETOMNI40BEEICHSLIBEBFDRNDOFT,
HIEZREEEEEEH KL (EEL, bf:bf:"i(iﬁi%ﬁ@ﬁ?ﬁ“T—

LCHEDE, FEHOBEDKILHEEFHAICHEBTEIEICL,

FEHOANEICEY, TOERICBRCENERECENFEFELASH

ICLESELTVET,
EFE, FHOBAFKMISRICAMELTWET, EELEAT—4
ICEDWTEEBNICFEESADRERSHICLEOIET IR EF X

[T ER ] EMIEhET, hiLAbIdBRN T 7O—FIC4&0),

BT —2DOHAPTFE. RELBRABBOBHECERELKREE
RIELTVET, FABESI2L—2a> B[ HREXRER]ELTEED
BEMRDOMEICERLHEEESTVET,

Since the formation of the universe 14 billion years ago, various
hierarchical structures have evolved. By theoretically elucidating the
structure of the universe based on the latest observational data, we
are getting closer to understanding the nature of the universe and
the gravitational and particle theories behind it.

Recently, space observation technologies have rapidly improved.
Observational cosmology quantitatively studies the evolution of the
universe, based on the rich observational data. We take theoretical
approaches towards understanding data, making further predictions,
and optimizing observation strategies. We also perform numerical
experiments to study the structure formation of our universe.

BEDKNEAL > ZHRICENECIA-—VH
Deflecting light from the Big Bang (artist's impression)
©ESA and the Planck Collaboration

HANFHABOFERPENEROMAICLY,
FHYEZFERNFVEZOBEMAZITEOTVET,
We study observational cosmology

as well as theories of gravity,

with the aim of addressing fundamental issues

in astrophysics and particle physics.

EREARMAEPIDivision of Theoretical Studies

RN FEFHI. ThETVBHEBROMRATHILEN S, EEWVICEH
WL DENNEFSTVWET, ZORERIC201M1FE/—NILYEF
BN EA5NREOFHOIER IR, FHFERDRANSES
ERBELRRTHY), BFENEREOBEBEOIEHMINTVET, T,
RRNFYEZCHNT, BRAODEARNLG4DODHEEER. ERE
N-BWHEBNH-BEADIE. ENETRIHICT IR FIEFD
R GDOEFR P AIP>TVWERA, BAINFHERICLE ST, FH
AIREEEDELDLN)RVIEFEEEHZEF, — B HIEwREE
ATENERERDBACFIUTCCHY., BRFREFHERBICELD
BREFBEICIBBIEN TEHEHFINTVET,

Particle physics and cosmology study respectively the microscopic
and macroscopic scales, however they are closely connected. The
accelerated expansion is an unexpected phenomenon from the
viewpoint of particle theory, and is considered to have connections
with quantum gravity. Out of the four fundamental interactions of
nature, only gravity is yet to be described within the framework of
quantum field theory. Observational cosmology is a powerful means
of exploring gravity theories that go beyond general relativity, and is
expected to shed light on mysteries that span from particle physics

to cosmology.

EENERKNTFIERICEI5HEE
The moment dark matter becomes dark
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Division of Experimental Studies

RSRMITMEBFIL. BROBRTEIZIZFHFHESEHS, FEAGFEHTCRITVIRZEEICADIRSET.
B EEi#FAOERICEIREORAZBIBLTVET, ShETICIE, IR-B)IBEROIRAEDIHELSEBT 7
Jh)—REEX. Ev I AT 2R RUAELHC-ATLASEER, 27 =a2—bhJ/HBEBHOMHICLSoTZa— MR
B O REIRIEEIToOPERARERR, RSIRAFT—TONROYRIGEZFANBLHCIEER, 7797 F—IVEEDE
EHELRANIXBEHATH2ORREHITTEXLE,

RER. ChOOHEERBESELZA—/S—B7 77 )—REBRP, TRNV¥—%#ELLHC-ATLASEBR, LHCf=®
BRTOMELILRLEZRHICIRERICIMAT, PHEFERYIZRER, AR FREZIRFEHTEEEL EEMEE
RBIXNE—H v HOBRAPHLOXBRAGTE O/ EEEHELTVET, SHLEAER-BFAMEIS
&V, EERREBAIFVEORRLLHIC, GEFHEIORDENP HAOD? BEDBEOEXIIAH,? £V
LEROBRBAIC OB EVEZATVET,

LML, RABOERBR-RAMALZAZERELT. MEBRRTIRONLEXEDT 25K ITRITTE5M
BOHERIZRTL(ZILIM TS RITE) ¥, ER:BRAMRICLELLEIHBOMBAMRMREENEL

ERFEARBARELMATVNET ﬂ
The Division of Experimental Studies aims to elucidate phenomena related to the origin ofithe universe, 3
ranging from elementary particles to the large-scale structure of spacetime. Since its foundation, bie 7
we have made a number of advances in the B-factory experiment to verify the Kobayashi-Maskawa ~;
theory, the LHC-ATLAS experiment to discover|the Higgs boson, the OPERA experiment to confirm :1-
the neutrino oscillation with detection of T neutrino appearance, the LHCf experiment to study hadron "f

interactions at extremely high energy, and X-ray observations to study-black hole phenomena.

Currently, we further develop these studies with the Super B Factory experiment, the LHC-ATLAS
experiment with increased energy, and the RHICf experiment to further extend the studies made by
LHCf. Furthermore, we promote fundamental physics experiments with neutrons,-a direct search for
dark matter using the original nuclear emulsion technique, high-energy gamma-ray observation, and

T

a new X-ray observation satellite project. With these experimental and observational studies, we
aim to find new physics beyond the Standard Model, and to unravel the mysteries of why antimatter
disappeared from the universe and the nature of dark matter.

The Division of Experimental Studies also has two laboratories. To produce cutting-edge research
results in a timely fashion; a powerful dedicated computer facility (Tau-Lepton Data Analysis
Laboratory) pfomptly analyzes data collected by accelerator experiments. Additionally, the
Instrumeni‘Development Laboratory can develop the innovative instruments required for our
observations and measurements.
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CERN®DATLAS#% 2% / The ATLAS detector at CERN / ©CERN
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7 l/—/{—% IR $ H iﬁi FEIE Favor Physics Group: Fundamental Astroparticle Physics

FHLOWEKICEECFERICIE., BRNFBEFTEMIRICELY
BEALHANBATHET, FHEFEOHRICIE, IERTAENEIH
EIRBIXRINF—FNHBMEEVIRILF—ICETIHDP HIET
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Cosmic rays reveal various mysteries, ranging from particle physics
to astrophysics. Some cosmic rays reach an energy that is eight
orders of magnitude higher than the maximum energy produced
in accelerators, but how and where such very high-energy cosmic
rays are generated is unknown. By measuring particles emitted at
accelerators at the LHCf and RHICf experiments, we are studying
the mechanism of the air shower phenomenon caused by very
high-energy cosmic rays in the atmosphere and improving the
accuracy of cosmic ray observations. Neutrinos are important for
understanding the evolution and formation of the universe. Although

R BITMAEPIDivision of Experimental Studies

FHRBEEVE -Z2-N/GEORRBAAEZELT,
FHYEZ RN FOEXORMESHEEHELET,
Through experimental observations of cosmic rays,
dark matter, neutrinos, etc.,

we will promote interdisciplinary research

between astrophysics and particle physics.

LHCHE &R b > 2V ARICER B SN -LHCHR Hi 8%
Detector for the LHCf experiment installed at the LHC tunnel

PEROEEEHDIEN FHRIATVWETHY, FHMIEEBIhTVE
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HATHOTHRINLEL . S5IC, FHOBRDHEELIBEEMEIC
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FE/OEAVERHESPEEEAFRAERROBS P EER T
EREAVCEERRHERER. BEVEOERICE>TELSH>T
REMHTIFEMHER, PUEFERAVAERMDONORREESE
SELEBRN T IO-FEEDTVET,

the neutrino oscillation phenomenon proposed by Maki-Nakagawa—
Sakata at Nagoya University predicted a finite neutrino mass, the
origin of this mass is still unknown. In the OPERA experiment, we
directly captured tau neutrinos generated by neutrino oscillation for
the first time in the world with nuclear emulsion detectors developed
at Nagoya University. Dark matter and dark energy are the keys to
the origin of the universe. We are advancing various experimental
approaches to search for dark matter using accelerators, liquid
xenon detectors, and ultra-high-resolution nuclear emulsions, and to
search for dark energy using neutrons.

ZL—=/N—IBE: ZPL T B Flavor Physics Group: Tau-Lepton Physics
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Colliding particles at near-light-speed, we reproduce very high-
energy states to investigate the beginning of the universe and
unknown phenomena. KMI plays an important role in international
accelerator experimental projects.

The SuperKEKB/Belle Il Experiment at KEK in Tsukuba aims to find
new physics using data on tau leptons and B mesons generated
by electron—positron collisions at the world’s highest luminosity. Its
predecessor, the KEKB/Belle Experiment, verified the Kobayashi—
Maskawa theory, and led them to the Nobel Prize in Physics.
Members of Nagoya have played a central role in the experiment

since the time of the KEKB/Belle, and are exploring new physics

EBADHWMIRISBET,

2012F ICEy T AU FEFER L. ZMXDCERN (BN R F1% i R
#48) COLHC-ATLASEE T, HR&ESIRNF—DBFFERIC
SBIMREEDTVET, v/ IR TFORBAEICL), FRTOE
EREANXLOMRPEBIETEEHIC, BEMMHNFCRENE
BEHHFOEERRBLUN T I+—7DBIEICL)FIEDE
REEDTVET,

E5IC, ThEDFIRF—IREFRERICMA. KRB IFE R B
HODJ-PARCTIMEI R X —hEFERAWAREBBEIC L TIESE
HREBADHMBEREREKRTIERBITOTCVET,

beyond the Kobayashi-Maskawa theory.

The LHC-ATLAS experiment at CERN, where the Higgs boson was
discovered in 2012 using proton-proton collisions at the world’s
highest energy, elucidates the mechanism of particles acquiring their
masses by precisely measuring the properties of the Higgs boson.
We search for new particles, such as supersymmetry and dark
matter, and explore new physics by measuring top quark properties.
In addition to these high-energy experiments, at the J-PARC facility
in Tokai, we are conducting experiments using low-energy neutrons
to explore new phenomena beyond the Standard Model.

Belle Il AIE 25 / The Belle Il detector
©OKEK/Belle Il

IRBEERICIY. FHFREEROIBBELIRL L.
RMDMBRFORFEZITVET,

We conduct particle accelerator experiments
for the ultimate test of the Standard Model and
for the search for new physics beyond.
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TALY 281 DEMEERR/Y FELERBOXRMB[TFvIER—I
(BH) J1&. 2B AATL, XFBIFH-—DERERAETT, 2015
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The ultimate object predicted by Einstein’s theory of relativity,
the black hole (BH), is literally the darkest body in the universe,
swallowing even light. BHs are a valuable experimental field for
verifying fundamental physical laws, including general relativity
theory, because they severely distort the space-time structure owing
to their powerful gravity. By gathering and accelerating interstellar
matter, enormous energy is generated around a BH and bright visible
light and X-rays are emitted. In addition, a high-speed flow of matter
called a jet is produced. The giant BH located in the center of the
galaxy has the power to stop the growth of the galaxy by blowing

Ty R—IVELOERIOF Ty b OBIRE
An artistic impression image of hot corona and jets around a BH
©NASA/JPL-Caltech

BHBECLOIRAGRASIOMBANMLERARICELY,
77399 F—VOFREERHAREToTLET,

Our group aims to reveal the nature of black holes
by developing new generation X-ray observatories
and by innovative theoretical approaches.

REMFMAEFDivision of Experimental Studies

DEREZDHDEILDHZHEES, 137TRENFHORR L EMRT
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b3, ATEEICEB3XIRERZEEL. BHICBRAATh B ERI
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away interstellar gas, and is one of the most important subjects for
understanding the 13.7 billion year evolution of our universe.

Using satellite X-ray observations, we investigate the strongly curved
spacetime and evaluate the growth mechanism and speed of BHs
in the universe. Intensive particle acceleration occurs within the jet,
and it becomes bright in radio and gamma-ray bands. Theoretical
research on the energy extraction mechanism and resultant emission
models is also performed, as well as an innovative hydrodynamical
approach to “reproduce” a BH in the laboratory and verify its

evaporation.

BHEBAZORIMICLIRFRERCRALFERICLIISIXINF-RE
Cosmic rays captured with nuclear emulsion detectors developed at Nagoya University / ©Fundamental Particle Physics Laboratory, Nagoya University
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Instrument Development Laboratory

BXIRERE, ZEE TR IR —XIREEXRBEERT 2,
[OeH | FEICHIEHE, MRER LRI R HRBRARE S,

A hard X-ray telescope, which is a grazing incident angle optical device,
that focuses hard X-rays. A higher resolution version is under development.

R REEDRFRERFE A KE

BRF0.45m° DAIBEENEERL =,

Implementation of the world’s fastest nuclear emulsion readout system,
achieving a readout throughput of 0.45 m*/h.

BEHBRFREOHMEF L OT7RHER. Belle IRBRTOPAY 42—,
The Belle Il TOP counter, a novel Cherenkov detector developed
at Nagoya University.

In accordance with the “manufacturing spirit” of Nagoya,

LHCTEETHWSNZE/NEY T FHOYXA— 28 E R ER,
A test bench built for ultra-small sampling calorimeter elements
for the LHCf experiment.

FYEORBEEZEERITREFOMECE . FLOEHTOREI FTARTT,
KMICIZERMBAROAHOTOVIIMENHILERRZD[HDO Y | BHICHYRRFRFHEOREBATAL
RFORBRBFARBEARELTVET RICRFHFYIERRICEEESTHAZRICLEEZRAGIETOHIET,
Investigating the unknown world also means technological innovation for conducting research studies.

KMI has a project room for technological development and is developing the latest experimental observation equipment
to unravel the mysteries of elementary particles and the universe.
Some of these new technologies will pave the way for new applications beyond particle physics experiments.

9Ly TSR E-BRHEDEE

Tau-Lepton Data Analysis Laboratory / Computational Theoretical Physics Laboratory

RERIRARBEADEZILT Y F—2RITE.
HERIEAMASBMIOERITEMIEETIL,
ARELEIAVEL—R-XYPI—=IT
EEMERR7OI7MPERHEEZATVET,
Tau-Lepton Data Analysis Laboratory and
Computational Theoretical Physics Laboratory
support international experimental projects

using a large-scale network of computers

and numerical calculations of theoretical researches.

FRFERICHNT, MESF REHBEXATERELFENERLETD
PWIALE21—2TT, IEF. FHNFEBROABLEEDIC. RERDHET
ICDEBELSHEHERLEALLDELSTVET, Belle IR TIE, X
R —2 D E100PB. CPUM 10 core l EHREIZHET, Belle
ITERZDIIBERALGEERERESS1-0IC, HRPDEFELRS-
AKFEOIALE1—2EFy N T—ITEE 1DOEARAEIALE1—&EL
TAHWSRAHALE1—T 12T EFIENZRMEAVTVET, 2L
ThoTF—2EFETIE, 250TB. 500coreMCPUEH L tHFRFDET
HRESERXYNT—TTEDBelle I 72O —FZEIEED
IZ. A E1—T >V DOHEMARPERCED TVET,

ERMECSVTHARBERESEP VLRELEZINHFIHINET,

Computers are integral for performing particle physics experiments,
and the computing resources required have increased owing to
the growing size of experiments. The Belle Il experiment requires
a storage of several hundred PB and approximately 100,000 CPU
cores; therefore, it operates a “distributed computing system” that
connects the computing resources prepared in universities and
institutes worldwide. KMI’s Tau-Lepton Data Analysis Laboratory
contributes Belle Il data analysis using its computer resources of 250
TB disks and 500 CPU cores, as well as is developing and operating
the distributed computing for Belle II.

Numerical calculations are also essential to theoretical research.
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The supercomputer “Phi,” introduced at KMI in 2012, was used for
large-scale numerical calculations in particle physics throughout
Japan. After its shutdown in 2015, a cluster system in KMI was used
as backup, and even at present, research results based on these
data are published. We plan to investigate the properties of quarks
and gluons under conditions of high temperature and density and
mechanism of phase transition in quantum chromodynamics (QCD)
using PC clusters. High-precision experimental data of high-energy
heavy-ion collisions, development of theory, and advancement in the
performance of computers enable us to quantitatively understand
various aspects of QCD.
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World Research Unit for Heavy Flavor Particle Physics
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The World Research Unit for Heavy Flavor Particle Physics is
exploring new physics beyond the Standard Model through
accelerator experiments and theoretical research focusing on the tau
lepton as well as top, bottom, and charm quarks. These elementary
particles, collectively called “heavy flavor particles,” have large
masses. Therefore, they are sensitive probes for new physics.

We participate to the LHC-ATLAS experiments at the “energy
frontier” and the SuperKEKB/Belle Il experiment at the “luminosity
frontier,” which explore new physics by direct search using high-
energy particle collisions, and by indirect search using very precise
measurements, respectively. We then aim to extract information on

BI7L-N—-FHFICEFALESIRNVF-IMRBERE
IHRMADEFEELEICLY)
HMEORREAELTVET,

Exploring new physics through

international collaboration between

high-energy accelerator experiments

and theoretical research focusing

on heavy flavor particles.

&> THIEDIERES I EHLTOEET
LHC-ATLASEBR CEI XX —CEHRMEDHE MBI EC—F.
2019F »513SuperKEKB/Belle || EEBRAFARIGHICIAZTY., [E7
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HORDEBAEEIEL TVWET,

I=yMERE | ERIBHE. FAE. XEFf#i/A. Peter Krizan(3£7-
25777 MERR). Alessandro Gaz. #ARI LA

new physics by conducting a theoretical investigation of experimental
data. We are entering an exciting time of “heavy flavor particle
physics.” The LHC-ATLAS experiment is progressing by enhancing
the energy and collision performance, while the SuperKEKB/Belle II
experiment has just started in 2019.

Through such research studies, we aim to elucidate the mysteries of
the universe: Why did antimatter disappear from the universe? What
is dark matter?

Unit members: Toru lijima, Makoto Tomoto, Junji Hisano, Peter
Krizan (Jozef Stefan Institute), Alessandro Gaz, Kodai Matsuoka

Mini-workshop at Nagoya University in 2017
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FH.ZILTHAELOFEOREZRATSZLH,
HRPHLSTRIEXZIHR. ThHKMITT,

KMl is a place where talents gather from all over the world
to find out the origin of the universe and our existence.
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