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M
atter-Generation in Big-Bang Universe

Elementary Particle

Nucleon

Nucleus

Atom, Molecule

Condensed Matter

Star, Galaxy

intermediate matters
new matters

bridging 
matter 

hierarchies



❒ encourage current activities on 
individual matter hierarchy

❒ create new activities bridging 
matter hierarchies



❒

❒





Candidates for 
Beyond Standard

Model

SUPERSYMMETRY Hidden 
Dimensions

Alternatives:
Strong Dynamics?
Higgsless theory?

Radical Change to
Law of Gravity:
String Theory

at Hand ?

Grand Unification?
Physics at Ultimate

Short Distance
?????

Exploring Physics Beyond the 
Standard  Model of Particle Physics



KEK  e- e+ Collider
B-Factory

Observation of Large CP Violation and 
Evidence for Direct CP Violation in 
B0->pi+pi- Decays (Jan. 19, 2004) 

Why did the anti-matter disappear 
in the universe ?

Tohoku Team



liquid scintillator purification system

control room

electronics huts

water purification system

1000 m

KamLAND : 
1 kton Liquid Scintillator Neutrino Detector

Kamioka mine



Japan – US – China Collaboration

Phys. Rev. Lett. 90, 021802 (2003) 

~ 180 km

citation no = 269 in 2003

indication :
neutrino oscillation based on finite neutrino masses

solve :
solar neutrino deficit (solar neutrino problem  

a long-standing puzzle for ~ 30 years)



2003



High-Precision Spectroscopy of Hyper-Nuclei

-Constructed by Tohoku U.
-Under installation
at Jefferson Lab.

High-Resolution Kaon
Spectrometer

(HKS)

High-Precision γ-Ray
Spectrometer
(Hyperball)

BNL



H. Tamura et al., Phys. Rev. Lett. 84 (2000) 5963
K. Tanida et al., Phys. Rev. Lett. 86 (2001) 1982
H. Akikawa et al., Phys. Rev. Lett. 88 (2002) 082501

3 orders of magnitude improvement
in energy resolution

sΛ pΛ

Miyoshi et al., Phys. Rev. Lett. 90 (2003) 232502.

12C -> 12
ΛC 

with pion beam

with electron 
beam

Jefferson Lab.

12C -> 12
ΛB 



Subaru Telescope



Observations of Most Distant Galaxy
by Subaru

❋ A galaxy 12.8 billion 
light years away (z=6.58) 
was found.

❋ This is the most distant 
galaxy ever observed.

(Subaru Deep Field Project)



Investigation   : distribution of dark matter
Determination : nature of dark energy

1st peak 1st peak ((νν=5.2)=5.2)

2nd peak 2nd peak ((νν=4.0)=4.0)

Gravitational Lens

contour plot :
dark matter distribution
(Subaru telescope)



❒ elementary excitations in solids 

with fractional statistics.

❒ Carbon nanotube

❒ fullerene: new materials 

❒ Ginzburg-Landau model 
for structural phase-transition 
of block copolymers
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KEK：
Photon Factory BL1A

Tokai: JAERI
TOPAN
HERMES

KSD

Harima：SPring-8
BL22XU

Harima：JAERI
BL11XU

Synchrotron Radiation X-Ray and Neutron Scattering

excitation mechanisms
of

phonon & magnon



3 degrees of freedom of electrons
( Charge, Spin and Orbital)

:
in strongly correlated electron systems

resonant x-ray inelastic scatterings

Collective Orbital Excitation Individual Orbital Excitation

Orbital degree of freedom and the excitations



High Resolution Photoelectron Spectroscopy

Tohoku
University

first and direct evidence of superconducting 
energy gap in high Tc superconductor



Radio-frequency 
Heating Furnace

Tungsten FurnaceTetra-arc Furnace

Microspectro-photometry

Dilution
Refrigerator

for the study of
Quantum Hall

Effect



✽ Nonlinear Analysis

・Dynamical System

･Bifurcation Theory

・Pattern Formation

・Fourier Analysis

✽ PDE Theory

・Yang-Mills Equation

・Navier-Stokes Equation

・Reaction Diffusion Equation

:

✽ Differential Geometry

・4-Dimensional Manifold

・Topology of Fibrebandle

・Conformal Field Theory 

:
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Bifurcation Diagram

Millennium Prize 
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（Clay Math. Institute）
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✽ Fisher’s Equations ( Monostable reaction – diffusion Equations )

spreading pattern by the transition 
from an unstable state (u=0)

to a stable state (u=1)

Fisher’s eq. : mathematical model of biological 
population growth process
and phase transition



Ω

Navier-Stokes Equations :✽

: arbitrary 3 - Dimensional domain

)}(),(|),0({ Ω∉⋅∞∈=∑ ∞Ctut
0)(2/1 =∑H ( 1/2 Hausdorff dimension of ∑ is zero )

: singular times
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R. Devis (1970 - ）

Elementary Particle + Nucleus + Star & Galaxy

νe

νe

νe

νe

νe

νe

νe

Old dream is revival



❒ detecting 7Be solar neutrinos in KamLAND

❒ refining solar evolution model

❒ polishing up calculations of  fusion cross sections 



Elementary Particle + Nucleus + Earth

νe

U, Th

νe
40% of a total heat flow



• Heat Generation inside the Earth
-- total heat flow      ~ 40 TW
-- U/Th contribution ~ 16 TW

238U   206Pb + 8 4He + 6 e- + 6 νe + 51.7 MeV
232Th 208Pb + 6 4He + 4 e- + 4 νe + 42.7 MeV

geoneutrinos

KamLAND : 
first chance to search for geoneutrinos

?
???



Star & Galaxy + Elementary Particle

Galaxy evolution in dark matter 
halo at early universe

Near-Infrared Imager and Spectrograph with 
8.2 m SUBARU Telescope

Galaxy distribution in dark matter 
halo at local universe

2m Near-Infrared Telescope & 
Wide-Field Imager



ρ

Hadron
mesonbaryon

High-Density 
Nuclear Matter Quark  Matter

T Quark-Gluon
Plasma (QGP)

Quark 
Star

Neutron 
Star

Nucleus

0

Big Bang

quark gluon

Nucleus + Elementary Particle + Condensed Matter + Star & Galaxy

108 ton / cm3

project :                                                 
realize extreme nuclear matter states

for 
very short time

in 
laboratory experiments



Condensed Mater + Nucleus + Elementary Particle
+ Star & Galaxy + Mathematics

Magnon

Orbiton

Plasmon

PhononPolaron Exciton

CDW SDW

Collective Excitations in Condensed Matter



strongly-deformed polymer chainspath-integral formalism
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Path integral representation of polymers

Time evolution of polymer density



illustrate 
our present situation 

and 
future status



density fluctuation

high density spots

primary stars
present situation : stellar gas



5 years : brilliant results


