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

I
KM

1L~ e 4s voo
AT F HE R
Kobayashi-Maskawa Institute

for the Origin of Particles and the Universe

A FFHERMAFR

KMI Kobayashi-Maskawa Institute for the Origin of Particles and the Universe

RAY
' ﬂe'«—‘f Coshic
)\\“:ﬁzﬂw«ew RATOR SPRK ‘eﬂf“e‘T

~SS
% oo 2 @/Aﬂ\/ﬂ CHB
2B E O gmr
z X )
v 3 )
i § wAavg
czf:: s @ QALAxr
:‘:‘ /\/\; LA%'E :CALE
- ;g S‘rﬁl)cr
3 ke
The ORIGIN OF Parncezs (0°S (00s 3,,0.3,
ANp THE UNIVERSE

M

FEO - BL4D - BFRER?
What is the origin of matter and the universe?
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About KMI
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The or‘igin of matter and ‘the univetse is a subjec? that
humanity has:long pursued. The Kobayashi-Maskawa Institute
for the Origin of Particles and the Universe (KMI) of Nagoya
University, as an international research hub for partiéle
physics and astrophy§ics, is challenging this proposition by

gathering the wisdom of mankind acrdss the boundaries of

specialized fields, languages, and cultures.

At Nagoya University, there have been niany outstanding
achievements in this field, such as the two-meson theory, the
Sakata model, and the Maki- Nakagawa—Sakata theory. Such
achievementsed to the establishment 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 experimental research
projects, conducted from the early stages, have produced
first-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

are key experignents in_establishing the Stal_'u:'iard Model. y

With its rich history, Nagoya University has become a fertile
ground for nurturing innovation and producing cutting-edge
research. . - /

KMI was established in 2010 to build an interdisciplinary el
research base for particle physics and astrophysics research we il
at Nagoya University. At present, KMI researchers lead the#* i“ll :
world ‘in theoretical research that goes beyond the Standard ‘
Model of particle physics. In addition, KMI researchers play 2
a central role i'n international experimental collaborations
seeking new physics, such as the LHC-ATLAS experiments, * , ; I s /
SuperBFactory, Super-Kamiokande experiments, dark matter » ‘ 3 / i RS -y - 3 KMI

‘ : il - LHEEAY RHFFERAMER

Kobayashi-Maskawa Institute for the Origin of Particles and the Universe, Nagoya University

searches, and space observations. KMI brings together
and-stimulates cooperations amohg the human reseurces
who research through various methods, such as theoretical

' [ T464-8602 B B B T HE K REE
research, accelerator experiments, and space observation.

Furo-cho, Chikusa-ku, Nagoya Aichi 464-8602, JAPAN
KMI aims to be a research organization with dynamism only

possible at Nagoya University.

www.kmi.nagoya-u.ac.jp
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Division of Theoretical Studies
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Theoretical Particle Physics Group
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String Theory and Mathematics Group
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Cosmology and Theoretical Astrophysics Group

OERIEYEE
Computational Theoretical Physics Laboratory

ERBREES
International Advisory Board

LEFR /IR
Director Emeritus: Dr.Makoto Kobayashi
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Spitzer Image of Star Factory W51
©NASA/JPL-Caltech

KMI Organization

mE R BITMA LA
Director Division of Experimental Studies

[ZL—"—#3B ]
Flavor Physics Group
OFHEMTER 04 ILT k>
Fundamental Astroparticle Physics, Tau-Lepton Physics
[p§ 22 48 k2R AR ]
FJL—-N—YBEEHELZ— (FlaP) Origin of Spacetime Structures Group
Flavor Physics International Research Center (FlaP)

O KERRAMBARE
Instrument Development Laboratory
08 YLT Y F—2BIE

-Lepton Data Analysis Laboratory

® J+— ¥3IBEB Quark Physics Department
OL 7R MIBER Lepton Physics Department
oty /AWM ER Higgs Physics Department

ZEHEKRFEHEMAE  Nagoya University Collaboration Organization

ORI KFBIMEMAR  Graduate School of Science/ School of Science
® ZTHIBRIEMAR  Graduate School of Mathematics
O FHMIKIRWMAM A Institute for Space-Earth Environmental Research (ISEE)
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KMI was launched in April 2010 under the leadership
of Director Toshihide Maskawa, aiming to explore the
origins of matter and the universe. Dr. Makoto Kobayashi
took over as Director of KMI in 2018. Under the support
of Nagoya University, KMI has collaborated with the
Graduate School of Science, the Graduate School
of Mathematics, and the Institute for Space-Earth
Environmental Research, KMI has promoted cutting-edge
research in particle, astroparticle physics, and cosmology
in collaboration between theoretical and experimental
approaches. In October 2019, KMI was designated as a
cornerstone of basic science under the umbrella of the
Nagoya University Institute for Advanced Study (NAIAS).
In 2023, The Flavor Physics International Research Center
(FlaP) was newly launched to expand activities in KMI
further. KMI plays a role as an international research hub
with various programs to send young researchers abroad

for extended periods, to invite foreign researchers, and
to host international workshops. KMI also organizes the
annual international school (KMI School).

The picture on the cover illustrates the evolution of the
universe, reflecting the diverse research themes we are
exploring in KMI. By integrating these studies, we aim to
unveil the “Mysteries of the Dark Universe” which include
unraveling how antimatter vanished from the universe and
uncovering the true nature of dark matter and dark energy.

We will maintain our dedication to expanding KMI’'s
role as a globally recognized research hub and also share
these groundbreaking scientific discoveries and the
passion of our researchers with the broader community.

January 2025

Toru lijima
Director
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International Research Hub for Particle Physics and Astrophysics

KMIZ . ZHFFEAROERNAELTORENERLL,

FHF FHIFOEARAARELT. MG H - SE-NLOEREZBATEFEMEMEL. LV MEORAICHKATHET,
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.

EFREIERYRT—=7

International Partner Institutes

KMIGIETE, B7S7ET—Ov/XND8DDIF AR &S fiigy /s — b
F—IvTREEREY. MREBLPFZEOBEBHN AT REREL TVE
T 5% HARDMBORIBKICHISICIHEALTVKFETT,, /2. B
AEMRESOMBAAFREBEZICKRRSh, HRAZSEOHER
B A#EAE DECIHNRFROBILIEEIELTVWET,

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

@ 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 January 2025 / Order of conclusion of agreements

1

DMNet
MRM=FEER
JSPS Core-to-Core Program, DMNet

MEXRER HREMN77O0-F CERTIFH
R RV ERREAD 726 D E BRI R HL = 18 ZE (DMNet)
FRIRHAR  SF2FEE~SH6FEE

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
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KMI School

BEREINBIKMIRT -V TIE, Bhi-AREEHMEL THBEFL.
LIFr—F1—MITILEBLT. BEDT—TICDVWTEREERS
EEERIICLTVET, BRADOAZRERCEFMREENRELL
ZT—ILTT, 2018FLIE. BEME. CPOB I, #HFELLEE
F—VICFEISNh 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

KMIERES >R Lk BBESFICHTIREKDMEDRKER
LEMBL. FENMARORBZEEITONTY, 2FIC1E. BEHE
KZEDKMITHESNET,

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 Nagoya University, a brllllant tradition of i |ngen|ous reSearch on theoretical physics

starting from Dr. Shoichi Sakata has been ymnterruptedly inherited. The numerous
|mportant achievements of Dr. Sakata and hls coIIaboranrs, such as the two-meson
theory, S kata model, and Makl,Nakagawa—Sakata theory about neutrino oscillation,
have led to research on tpe 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. ‘f
The Kgbayashl-MaskawaJﬁe\?yqs mcluded in the Standard Model of particles,
which is nqw estabhshed and-it has been clarified that there exist unknown
entities suéh as dark matter and dark energy that cannot be explained by the
Standard Modél. At KMI, we participate in various projects of accelerator and non-
gopéléréTc-)r 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 hédltlon of researdh '
at Nagoya University and actively proceed with research for the_gonstructlon
of physics beyongihe Standard Model. The conS|stenC|es andf a |ty of spch
 — theories are che;k’d to find possibilities for the verlflcatlon of the rﬁodefg/l;rom
‘y!anous?’di‘r'éctlons ; A

—)’—E‘747D/&'§'§'ﬁl§ffﬂ)fﬁﬂ‘: / Polarization of the Cosmic Microwave Background /@ESA/PIanck Collaboration




§ BIFZMEB  Theoretical Particle Physics Group

5% 3P if - IE ﬁ 1= BB String Theory and Mathematics Group

SHREEROTIO-FIC&Y,
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We aim to deepen our understanding

of the Standard Model

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

FRFIRERREER TR TF
Standard Model of elementary particles

bR, EOLIEMBEEERERELTHERIN TS
DTLLID? £ZNSIEED LI LI RBICLAEZN > TVBDTLL
252

R RINEBREICHETDINETORN FRMAEICL), 3D
TF—T7 LTI EHEARER(FRF)EL. F—JBOEHRICE-TE
MPHEEERZER T3[R FIELBR IV EILSNEL -, BHE
BREIRECHAEIBEBRERICEIVZODELSFEIPOONTEEL,
&5(2. 2012 (CCERN (BN E FAZ R 724818) DLHCEERICH W T,
ZHEBREBR T IR FDIBM—RER THo1cEy T IR FH
BRI, ZEIBHIF. COMRORYILBETRTZEHRELT. O
EDODTBRERIEEAET,

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.

HpEE R AP Division of Theoretical Studies
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ENEBLHONTVET, flAlE, FHFEHEDRBEDK, BBE
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HEZa—NJ/EBEDHEHEIG, ZEEBRTEFHBAL» TEELA, E5IC.
BEBZORRICEVWTE[HT—DRALAD | R [H1 T FHMED
NEWHFEN]EE BEOFATCERENICEATEAVERYN X
hTuwEd,

RRFHBCTE. HFL2LFMMELEEL. BEOT7 70— F TIR%ERE
MORNEREIZEBREBIIMBEOERKEBIELTVWET, £/
KMIDZHAEBMMEH OMRECEEL, RN TFHEZEFTED
BRICEP DT —OBERICBRYHBEATOET,

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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BRFUCIKADDERN L (BRTN. BN BUAH, EN)HTE
ELET, ENERSBDOANICODVWTRTF—VHEDOEFREAVWTE
ERFNIBEIN, SOEREEZM—MICHATEET, —FA.
ENERE—BAREERCHEBICIEBRTEEIY, V5D
BTFREBELEVEEI HVET, REFHIE. ENFEETH5D3
RN FERDR2EIREE-NRERLTIEICLY, CORBDERE
AABERTT. BRROERNLENOR—EHEETBICHEET
B2L. MEXPFEOREV A THEINPEVWOIBWEEKTEIAT
BELRETHY, REHRIZDSOLHE—ERORENEHTY,

FIERDIE 2 LABEDF T, KMITIRT —J3E R RIRFHXT 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.

=B RIBRMICEAWENRO IO GBH-ZAER)
Model of hadron physics using the gauge theory-string theory correspondence
(Sakai-Sugimoto model)

BEOHRRADLS REBRPENEZIEILDHETS
MBEOPIRBEZHRIAILET,

From the viewpoint of mathematics,

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

HATWET, ChidF—JBHRE (EHEREET) REHREVWOI—R
BE22DODEHN . RIFFEMTHIEVWIEBINEERTT, ZhIZHE
ELTKMITRAROY (BFF-iEF. FEFLEDRTIR) DMIEA
DFERAEEDTVWET, 50 SR -RERMITICE>TEHEDY
5O77O-FTRFRTEHEVWERZEAHL. ERFAIELSRPE
FERMOAREEEVSLREROO OBEEBEDOHARHERL TVET,
ZOMRIE. REBROEESBRTIRNBIELELSNTLIMEHRD
BEAICHRAMRTBILHBLCVWET, £o, REHRESCENERDOE
BHEBEDHEBADLD., BRTITFvIR—ILPTHAEALLZAMN
BRRHToTVET,

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 model
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B Cosmology and Theoretical Astrophysics Group

AR SBEETOMIOMECHHLIBEORKADHT,
HE SR EREEHRL TEEL -, bELEBRBH QBT —
STHESE, FEOMEORY T HEEHNICREET I,
SEOAEICEY. ZOBERICECENER PR FEARELHELH
ICLEHELTVWET,

. FEOBBMEMEAECHLLTVET, BELENF—4
ICEDVWTEENICFHEERDERERESPIILEOIETIME L F L.
[BLRIMFEEBIEMFIENE T, bALABIREBHRN 7 TO—FI2LN,
BT 20OHAPFE. BECEARKOBL LS BB
BELTVNET, $EHIESI2L—Sa B [BEER]ELTEED
WS ROM R BB AEEE-TOET,

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 L AHRICIVESIA-—TH
Deflecting light from the Big Bang (artist's impression)
©ESA and the Planck Collaboration

HANFHAOFEPENEROMAICLY,
FEHYPEFERNFVEZOBAMAZITEOTVET,
We study observational cosmology

as well as theories of gravity,

with the aim of addressing fundamental issues

in astrophysics and particle physics.

HpEE R AP Division of Theoretical Studies

FRTFEFHIE. ZhZTABBEBROURTHIEN S, BEVICE
NG DENNEE > TVWET, ZOREIC2011EE/ — NIV
BN EZ5N-REOFEDOINRERIE. RN FEBORANPSES
ERELRRTHY). EFENEREOBEHIBHINTVET, T/l
FHRFMEBRICHVT. BRROEANLIODHEEER. ERS
-BOAENA-EADIE, EANLEFIEIRICT IR TFNEZO
BHBOEFR P PP TVELA, BRINFERICL>T. FH
KRRBEDOEDL)RVEREBI L. — AN EERER
ATENBREFIFALCFITCCHY. FRFHREFTHERBICEN
ZEBEIBREN 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.

BENERNFIERICLI5HEE
The moment dark matter becomes dark
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Division of Experimental Studies
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The Division of Experimental Studies aims to elucidate phenomenarelated to the origin ofithe universe,
ranging from elementary particles to the large-scale structure. of spacetime. Since-its foundation,
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
the neutrino oscillation with detection of T neutrino appearance, the LHCf experiment to study hadron
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
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
InstrumenifDevelopment Laboratory can develop the innovative instruments required for: our
observations and measurements:

CERNMATLAS#% {25 / The ATLAS detector at CERN / ©CERN
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VA /{—% IR $ H § #I FEIE Favor Physics Group: Fundamental Astroparticle Physics

FHLOWEKICEECFERICIE. BRNFYIBEFTHEMIRICELY
BHRALHAPBATHET, FHEOHRICIE, IERTAENEIH
EIRBIXRIF—FNHBHEEVIRILT—IETIHDNFHIET
W ZDEIBEBEIRNE—FEHFEY . FHOEZTEDLIICER
EhariEbhoTWERA, LHCIEER-RHICIEER TIE, ILEEFICEK
PR FERCRAIAICHHEHSNZHFICEMELZBIEICEY, BET
FNX—FEHEPARPCEZECT[EZR O+ T RROEHEL
FHSRABEOR LICEMLTVWEY, 2, Z2—-MN/DHEEE,
FHOEECHEDRINILENERICERETT, BHEERFON-
FI-RBICEYRIBEN [ 22— N /RER R | &AL TZ2 -~/

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

REWAMALFDivision of Experimental Studies

FHREEVE -Za-N/GEORRBAANEZELT,
FHYEZ RN FOEXORMEHEEHELET,
Through experimental observations of cosmic rays,
dark matter, neutrinos, etc.,

we will promote interdisciplinary research

between astrophysics and particle physics.

LHCHNEZR R > 2V RIS R BENZLHCHR Hi 28
Detector for the LHCf experiment installed at the LHC tunnel

PEROEEEHDIEN FHRIATVWETHY, FHMEIBEBAIATVE
tho OPERAERERTId, BHEXRFIME DRI TH 2R FRAEMIE
HEET, Za—NI/IRETTEEEVE 1 N /EEEIRABIEIC
HRTHDOTHIILEL S5IC, FHOBEDRELIBEMNES
BEI2MELITHNTVET, IRBICLIRHDOK FXRISDEER.
FE/OEAVERHESPEEEAFRARROBES P EER T
LZWEAVCEZERERER. BREMEOINHERICI>TELSH
REMHTIRERMHER, PUEFERAVAERINONDORREESE
SELEBRNT7TO-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—BE: 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

EBASEYMIBIAVET,

2012F (L XK FEFE R L. X1 ROCERN (BN R FA%R 72
H48) CTOLHC-ATLASEE T, HRRS IR —DBFERIC
SBIMREEDTVET, v/ IR TFORBATEICL), FRTFOE
BEBANILOEAEEIRTEEDIC. BN T ORENE
BEFRFOEERRBLUN T 74— DBIEICLHHIEOF
REEDTVET,

BT, ThEDEFIFRNF—IRBFRERICMA, Rk HBIE R iz
HOJ-PARCTIMEI R X —hEFERVARBAEICL > TIESE
HHREBADHMBEREREKRTIERDITOTCVET,

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 2% / The Belle Il detector
©KEK/Belle Il

IEBEERICIY. FHFRERROBBLIR
RKMDOMBRFORFEZITVET,

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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TAL 221 DN MEERB Y, FELRBORK[TIv T K-
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AR XIS, JovbEFIEh3SEOMEREEHLE
To SBADOFDICEETIERBHIZ, EEAXEEERIEL TEA

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

RRBRICIIMAFTRASIURMAMLCIERAREICLY,
T F—VOREERHARETOTLET,

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

R MABF Division of Experimental Studies

DERZDODEIEDZHEHESE, 138BENDFHENRRLEIEMT
3+ TH RUEELMERED—DOTT,

b3, ATBRICLZXIRBAIZEEL. BHICERAAThBER
DMEPRTIXIREMOA. BETE R IANRTNVIERDLSBHILE
DEZRIBECRRAD A LBRICERZTIMNEEOHERETLEN
¥, BEPYROBATF—2blaEbE. HFIMEDEELTV
¥, FAEHNAT7TO-FELT. BHASOIRILX—HHEDOE
KEXDZ X LERFL. BMEXDZ X LDIBHIETIVEEEL T
BlELEELET, ZOMICH, RAEREAWBUNBHOMEICLY,
BHERBEREEREAN TIRIL § 2P REMEEHR->TVET,

away interstellar gas, and is one of the most important subjects for
understanding the 13.8 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.

BEBRZOREMCEIIRFRERTRALFERICLISIINF-—RR
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, ZBE TR IR —XIREERBEERT 2,
[VeH | FEICHIEHE, tRER LRI PR ERBRFAES,

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.

HAREERDRFREIRFIFHAI)EKE,
EEF0.45m°DIEFENEEE L1

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

EHBRFEOHUF L OT74HER. Belle IEBRTOPHY> 52—,
The Belle Il TOP counter, a novel Cherenkov detector developed
at Nagoya University.

LHCIEER CHWON B/ YT > JHO) A — 28 IE FER,
A test bench built for ultra-small sampling calorimeter elements
for the LHCf experiment.

FMEOMBEZEETIREFROMEICE . FLOETORES TAIRTT,
KMICIZERMBARDAHO7OVIIMENHILERRZD[HD Y | BHICHYRRFRFHEROEEBATAL
ROXRBRBARBEARELTVET RICRFHFYIERRICEEEISTHAZRICLEEZRAGAIEHTOHIET,
Investigating the unknown world also means technological innovation for conducting research studies.

In accordance with the “manufacturing spirit” of Nagoya,

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.

gLy F-SBME-BRHEDEE

Tau-Lepton Data Analysis Laboratory / Computational Theoretical Physics Laboratory

RERITARBPADZIILT Y F—2RIFE,
HERIEAMANMMIOERITEMIEETIL.
KBEBELEIAVEL—2- XY T—=9T
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, MRS REHBEXATERELFENERLTD
PHIALE21—2TT, IEF. FRFEBROABLEEDIZ. RERDHET
ICDEBELHEMERELEALLDELSTVET, Belle IR TIE, X
R —T D E100PB. CPU» 10core d EHREIZHET, Belle
ITRZDIIBERALGEHERE RS20, HRPDOHEFEREI-
KEOIALE1—2EF Y T—JTEE, 1DOE XA E21—&EL
THWAAEA E1—T 12T EFIEhB3RMERWVTVWET, 2UL
ThoTF—2EEFETIE, 250TB. 500coreMCPUE A LR FDET
BHRESERYNT TR Belle |7 —2@BIFND—BEEIEED
AR Ea—TA T DHEMRAECPEREED TVET,

ERMECEVTHARBRESEP VL RELEZIPHFIHIET,

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.

2012F(CX—/X—O>Ea—%[@ |NEASh, BHEEBRFEHRD
ICEBAF TR FYEBEOARERESHEICFEDhELS, 2015FD
SR LY DEE. KMIDTSREY ZT LD @ X% DD 5+ & 1%
TERINI—BDT7AIDINY T Ty T AT LELTEDN TS
. ZhICEDARERPRETHHRIELTERIATVET,
oe KMITH, 74— 07— DE R ERETCOMERPEF
/1% (QCD) DAHELBRIRREMATIILEEZIC. STEMEERV
FERRET>TVWET, BIX T —BEFHERERCHEON SR
EOHR. BROXE. StE#ORALEICEST. QCDOFEALME
FEBMICEASHICTBIEN SERICAIREICRY), HBHMICERIUEA
TWET,

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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Flavor Physics International Research Center (FlaP)
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The International Research Center for Flavor Physics was established
in April 2023 with the aim of promoting international research and
education in physics, specifically focusing on particle flavors. It
anticipates significant progress in the field during the 2020s, and
endeavors to discover new physics beyond the standard model.

Through collaboration with the Division of Experimental Studies
and the Division of Theoretical Studies, the center aims to advance
research in various fields. These include B mesons and tau lepton
decays in the Super B Factory experiment, top quarks and Higgs
bosons in the high-luminosity LHC/ATLAS experiment, as well as

J-PARCICHFB31—F> Za—t)/ hEFICHTISHEE S
BEXRREAESE, JNAEN. SANICENFEMELES,
Fo. BEHERFICHIZEREARMEMEDI S EL T, RERE
EHRBORKE. REWKRT V1T X2BALLT—28EiTeEEL
T k47O EHBRL. TORMEMRLPSHATRYE DR
DEERRICBIMREEDET,

high-precision and high-sensitivity experiments on muons, neutrinos
and neutrons at J-PARC. Additionally, the center will focus on
conducting more comprehensive and multifaceted research on
subatomic particles.

As a center for promoting international collaborations at Nagoya
University, we will not only lead the development of cutting-
edge measurement devices and utilize advanced data science for
data analysis, but also facilitate interdisciplinary research across
various projects. Our primary focus will be unraveling the mysteries
surrounding the disappearance of antimatter from the Universe.

ZL—N—PBFEZHEKXKFE Flavor Physics and Nagoya University

mystery of disappeared antimatter.

BEEBRZE. K-S BRAREEDEREL 0BT 7N —FERICETIRNLT - MIELIL TR M, LHCTHISXE
BRICHIBMy T — e e ABERARMREOFTHREENEVVARERREL. ZLDELAMEFTHRL TEELL, FlaP%
REBETAHIET. ChODIMRERBRICRRESE HALRMEDOKDOBRALEORARN FMEFZORBICHKEL TVEET,

Nagoya University has developed highly original research in large-scale international collaboration, including bottom quark
and tau lepton physics at the B factory experiment, which was essential for the verification of the Kobayashi-Maskawa
theory, and top quark physics at the ATLAS experiment. We have trained many doctoral candidates. By establishing the
FlaP, we will significantly advance these studies and take on challenges in modern particle physics, such as elucidating the
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I FlaPi3 74—V BB L7 MEB. Ev /T AMIEBTHREIET,
The FlaP consists of the Quark Physics Department, Lepton Physics Department, and Higgs Physics Department.

74—7%3EE Quark Physics Department

Tr—7MEETIE. TPE OUEMDKEK (BT RILX — IR 25
RHEEB) ICHBIIET BETFEREMEREFELBT7 /M) —F
BRICBIBRNLT =T EXIL TR DMRETVET

L7 HEE  Lepton Physics Department

The Quark Physics Department conducts research on the bottom
quark and the tau lepton at the Belle Il experiment using the
SuperKEKB collider at KEK.

LT MERER Tl SRR R 7B 11 D J-PARC (K58 FE f5 F IR &5 1
F)ICHBIFEIa—F 22N/ DRRETVET,

v 2% Higgs Physics Department

The Lepton Physics Department conducts research on the muon
and the neutrino at J-PARC.

by ZMIBETIE. XL XDCERN (RN R FIAMAEHIE) ICHD
ABNROCEREIMESBZLHCEE ST XRRICE TRy T
JA—T by AR FICEAT AR EETVET,

The Higgs Physics Department conducts research on the top quark
and the Higgs boson at the ATLAS experiment using the Large
Hadron Collider (LHC) at CERN.
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ATLAS=BR J-PARC 32—-%*> g-2/EDM= B FILYIA7ZEHETLA (CTA) CTAO/M-A. Besel/

ATLAS experiment J-PARC muon g-2/EDM experiment IAC (6.P. Diaz)/ESO :

Belle Il &B& LHCf/RHICfX:E A
Belle Il experiment LHCf/RHICf e.‘é
FILLA7ZEBTLA (CTA) v —FU ERHTRF B (MWA)

Cherenkov Telescope Array (CTA)

COosl#EE
COsl satellite

Murchison Widefield Array (MWA)

TR EERYIEER (NOP)
Neutron Optics and Physics (NOP)

DARWIN / XLZD%5B% TIE5ZE Hsctﬂﬂm’x
DARWIN / XLZD experiment . =

X&

EFREREAVAETMBEZROBRMEZEEEER (NEWSdm)

Nuclear Emulsion WIMP Search - directional measurement (NEWSdm)

DECIGOx&
DECIGO

DsTauxE

DsTau experiment

EuclidFHEEHE
Euclid Space Telescope

FASERZBEX
FASER experiment

Fermi#i £
Fermi gamma-ray Space Telescope

FORCE#RIE
FORCE satellite

GRAINE=E
GRAINE experiment

RomanFHEER
Roman Space Telescope

RubinZRAIFTLSST
Rubin Observatory’s LSST

TIFZLEFHSC
Subaru HSC

A=IN=HIFHVT | NAIS=H3IFHUF
Super Kamiokande / Hyper Kamiokande

XENONNTXER
XENONNT experiment

XRISM#E £
XRISM satellite
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