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Project Strategy

[ encourage current activities on
individual matter hierarchy

create new activities bridging
matter hierarchies
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Elementary Particle




Elementary Particle : Experiment |

Tohoku Team

Observation of Large CP Violation ang=es
3 2 S Evidence for Direct CP Violation in
g* e BO->pi+pi- Decays (Jan, 19, 2004)

KEK e-e* Collider

B-Factory



ementary Particle : Experimen




Indication
neutrino oscillation based on finite neutrino masses

solve :
solar neutrino deficit (solar neutrino problem -
a long-standing puzzle for ~ 30 years)

Phys. Rev. Lett. 90, 021802 (2003)
First Results from KamLAND: Evidence for Reactor Anti-Neutrino Disappearance

K. Eguchlj' S. Enomoto,' K. Furuno,! J Goldman,* H. Hanada,! H. ]?1<:ed::1jL K. Tkeda,! K. Inoue,! K. Ishihara,’
W. Itoh,' T. Iwamoto,’ T. L M. Koga,! Y. Koseki,!
T. Maeda,! T. Mitsui," M. M C|tat|on no = 269 in 2003 b B Cradi T Sakape
I. Shimizu,* J. Shirai,* F. ST g cirsac e K Tamae,! H. Watanabe,!
J. Busenitz,? Z. Djurcic,% K. I‘c.fIcKHmy,z D -M. MEI 2 A Plepke E. Yakushev- B.E. Berger,® YD. Chan?

M.P. Decowski,® D.A. Dwyer,? S.J. Freedman,® Y. Fu,? B.K. Fujikawa,® K.M Heeger,® K.T. Lesko,® K.-B. Luk,?
H. Murayama,® D.R. Nygren,® C.E. Okada,” A W.P. Poon,® HM. Steiner,® L.A. Winslow,* G.A. Horton-Smith,*
R.D. McKeown,? J. Ritter,* B. Tipton,* P. Vogel,* C.E. Lane, T. Miletic,” PW. Gorham,% G. Guillian,% J.G. Leamed,%
J. Maricic,5 S. Matsuno,% S. Pakvasa,f S. Da,zeley, S. Hatakeyama'r M Murakam1 R.C. Svoboda,” B.D. Dieterle ®
M. DiMauro,® J. Detwiler,” - 37 W. Bugg, !9 H. Cohn,1?

Y. Efremenko,'? Y. Kamyshkov, Japan — US - Ch|na CO”abOratlon Gould, 't H.J. Karwowski,
D.M. Markoff,} J.A. Messimore,™* K. Nakamura,™* K. M. W. lornow,— A.K. Young,!! and Y.-F. Wang!?2

(KamLAND Collabura,tlon)
Y Research Center for Newtrino Science, Tohoku University, Sendai 080-83578, Japan
2 Department of Physics and Astronomy, University of Alabama, Tuscaloosa, Alabama 35487, US4



T R L i T

TRA.CKING TRENDS AND FPERFORMANCE IN BASIC RESEARCH

JANUARY/FEBRUARY 2004

SCIEN CEWATCH:
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WHAT’S HOT IN PHYSICS... 2003

Cliatlons Rank

k Paper Thig Period  Last Period
LU pe Wh-Aug 03} (May-Jun 03)
1 M, Grainer, 212l "I:llanmm Iphasa transiion lrnrn 1 soper Huid to & Mokl 38 4
insulator Inagls of ultracold ‘atoms,” Nafure, A15{8BET): 39-44, 3 Jan-

Lary 2002, [, Munigh, Germany; e Pranck lnsl artum {lplh'.:s.
Garching, Germany, ETH Zurich, Switzerlaad) - "S07KE

QR Ahmad, eral | "Meazvrement of he rate of WU, + d=+p 4+ p + B a7 i
interactions Emtlum by "B solar neutrings at the §udhur1 Heulting
Dbservalory,” Phys. Aev Lar, B7(7): 130, 13 August 2007, 115 mstite
tions woddwide]  *483LL

K. Equchi, i &, “First resuils from KamLAND: Evidence [or reactor an T
antineuiting disappearance,” Fhys. Rev el 90(2): 1602, 17 January
2004, [12 instiubons worldwide]  *BISFP

QLR AhiTed, a4, "Tirect evidence Jor neulring flaver translormation lrom 36 2
nestral-gurrent Inleractipes inthe Sadbury Neutrine Dbservatory,” H’g::ﬂ
e Lett, 86(T3: 1304, 1 July 2002 [17 institusions worldwide]

Vign, of a1, “Manipufating he quanium state of an electrical clreuil” 2R 1
m 2955[55595 686-8, 3 May 2002, [CEA Sacla],l; Gil-sur-¥uetle, _
g

AR, Metszes, “Type B Green-Schwark: suparstrlan ane wave 25 t
Remond-Ramand hackground," Mol Phys. 8, 625 70-86, 16 March
2002, |Lebeoey Phys. Inst, Moscow, Russia]  *S310Y

(A Ahmad: £ al., "Measurement of day and gt neutring energy 29 a
specira ot SHO 2itd conslralnts on NeulFing mixing parametars,” Phys,
o, Lett, BA[13-1302, 1 July 2002, [17 inslitutions worldwide]  *583YN

G.B. Nelierlietd, ef @), "A measurement by BOOMEBANG of multiple 23 &
peaks in the an uuiar power epectrum of the cosmic microwave hack-

ground.” Astoptiys. J., STIZ) 604-14, 1 Jusa 2002 [14 ingiutions

worldwide]  *G58CE

" A measurement ol he cosmic mickowave backgraund anrullr power

NN Haherson, &t al, "Degree Angular Seale interferometer lirst resuls: . - 29 - 1Y)

Chago, iL;

clmm, A5 g, ., BES(1): J6-45, 20 March 2002, [
m;i_ Pasade&-ug Ch; Caltach, Pasadens] 53 TWN

anl Bareley: J

1

4. Wasov, e a5, " On-chip natural assembly of sificon ghotonic 20 t
bandpag erystals,” Vadure, 414{5861): 28982, 15 Movember 2001,
H’JEG Res. Inat., Frimcston, B, AF Iof'e Phys.-Tech, Inst., S1. Fetersburg,

usgia; Princeton U, Bd]  *432CH

SOUAGE: 1515 Hot Papers Dambase
*, t=—Gee lzgand i Lne table on page 5

January/February 2004
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Nucleus : Experimemnt
High-Precision Spectroscopy of Hyper-Nuclei

High-Resolution Kaon High-Precision Y-Ray
Spectrometer Spectrometér
(HKS) (Hyperball)

High-precision hyﬁ‘ :'clear spectroscopy
by (e,e’K’) reaction

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




LKSS Hvperbal [

an
=30 —20 =G a

A Binding Energy (MeV)

Miyoshi et al., Phys.

oo | O e |
. with pion beam
E 12C IS 12 C -u; oﬂ% a/zé 12, 1=1
2%l A _ 150l g5 € ' SKS + Hyperball
20 | % 100 \\.é3 § Al b TLi (‘m"‘,Ké'"Y)
017;0. 1-';'5 18;)“ 5 200 205 : § S0 ‘ 5 1
: My (Mol) HNSS, ° _ SOSURI
- g, p with electron e "0 Dopper shift corrected 20Wd+ I
" A /é 12C -> 12AB 2 100 i LY R J;:Bﬂ"mp
5\;11-30— ; : |HJ_ é 50 | 5 ;
S a0 [ m ﬂ I i']l [U %0 1.0 2.0 30 *40
[ Gamma-Ray Energy (MeV)
. Jefferson Lab.
W : i H. Tamura et al., Phys. Rev. Lett. 84 (2000) 5963
o K. Tanida et al., Phys. Rev. Lett. 86 (2001) 1982

H. Akikawa et al., Phys. Rev. Lett. 88 (2002) 082501

Rev. Lett. 90 (2003) 232502,
3 orders of magnitude improvement

i0

In energy resolution



Astronomy

Subaru Telescope
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http://www.naoj.ofg/Gall&'y/ &"
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Relative R.A. [arcmin]

—-10

—-15

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

i % e 4 . ey
i | = 0 i A ke it Tk | ey 2 N
S

Relative dec. [arcmin]

Gravitational Lens

contour plot :
dark matter distribution
(Subaru telescope)



Condensed Matter : Theory

AD = —gAN

- - . - =1: fermions
elementary excitations in solids g-o: bosons B S
g=1/2: semions or = S =
with fractional statistics. parafermions

Carbon nanotube

fullerene: new materials

Ginzburg-Landau model o % —J(L—JK

N
for structural phase-transition jea-m—— <
of block copolymers - - - ﬁ §

QA"



Condensed Matter ; Experiment 1
jnchrotron Raiation X-Ray and Neutron Scattering

KEK: . 4 A
Photon Factory-BU4A. L4

-

-

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

Orbital degree of freedom and the excitations

Collective Orbital Excitation Individual Orbital Excitation




Condensed Matter : Experiment 2

Superconducting | +~—

Intensity (arb. units)

H --_-II :
LY i
A
[\
1
1

B1,Sr,Ca,Cus0 IG\ N
(T,=108K) %N

| | NN
100 50 F; 230

Binding Energy (meV)

first and direct evidence of superconducting

energy gap in high Tc superconductor
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Mathematical Science

*® Nonlinear Analysis

Sierpinski Gusket

Bifurcation Diagram

u(x:A)
-Bifurcation Theory 1

- Pattern Formation / ;
>
- Fourier Analysis \\

* PDE Theory

-Dynamical System

- Dynamical
-Yang-Mills Equation Orbit

0. F7+IA. - F’1=0

-Navier-Stokes Equation
- Reaction Diffusion Equation D
= VAU — —VP
. Dt D
* Differential Geometry 8_ =Au+ f (u)
ot

-4-Dimensional Manifold VX

- Topology of Fibrebandle
- Conformal Field Theory

(M. 9g)



Fisher's Equations ( Monostable reaction — diffusion Equations )

% = Au+u(l —u) inRY

™

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




Du
Dt

Q :arbitrary 3 - bimensional domain

** Navier-Stokes Equations : — UA — _ij V-u=0,x€0,t>0

Claim X ={te (0,0)|u(,t) ¢ C*(Q)}:
- Hl/Z(Z) — O ( 1/2 Hausdorff dimension of Z IS zero)

u(-, t) € C(Q) tl tzT* ey
.
—
0 i, T, !




Exploring New Science

by Bridging
Particle-Matter Hierarchy



Diagnosis of the Sun through Solar Neutrinos




3 detecting '‘Be solar neutrinos in KamLAND

[ refining solar evolution model

[ polishing up calculations of fusion cross sectigns

ptp »H+e" + 1, p+t e +p ~ 2H+ v,
——— -
. H+p »°He+Y)
85% | P, e 15%
3He+3He = 4He+2p 3He+4He — 7Be+y
0.02% 4 AW

Be+ e i+
Bet p o Bty Bet ¢ & Ve

8B  &Be* +et+ v, Li+p » “He +%He

*Be* » “He +%He

He+p ~ Hete™ + v,




Diagnosis of the Earth through GeoNeutrinos




e Heat Generation inside the Earth
-- total heat flow ~40 TW ?
-- U/Th contribution ~ 16 TW ?2?7?

238 > 2Pph +84He +6e +6 Vv, +51.7 MeV
282Th - 28Ph + 6 “He + 4 & + 4 V, + 42.7 MeV

O“ geoneutrinos

2l
it 1l
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KamLAND :

first chance to search for geoneutrinos




Exploring Dark Matter Haloes
Star & Galaxy + Elementary Particle

Galaxy evolution in dark matter Galaxy distribution in dark matter
halo at early universe halo at local universe

Near-Infrared Imager and Spectrograph with 2m Near-Infrared Telescope &
8.2 m SUBARU Telescope Wide-Field Imager



Exploring Extreme Nuclear Matter

Nucleus + Elementary Particle + Condensed Matter + Star & Galaxy

Quark-Gluon

—Rlasma (QGP)

project :

realize extreme nuclear matter states
for
very short time
IN
laboratory experiments

s Y
High-Density & ‘5‘

Nuclear Matter = = Quark Matter




Llementary Excitations
im Condensed Matter

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

Polaron  PNONONEpactron  Exciton

WChdl‘gL Spin QC)W\C/)(PC\)Q CF Y

e !
e i i i Magnon

Plasmon CDW SDW
i

Orbiton

Collective Excitations in Condensed Matter



Mathematical Physics Group

Gz

Path integral representation of polymers

2
iQ(n, r;n,r')= {b—vz —ﬂV(r)}Q(n, r;n’,r')
ol 6 Time evolution of polymer density

a¢c’(ﬂ:’t)+v-{¢(f’t)"(r’t)}: -V 5¢(?:’t)




Conclusions

Illustrate
our present situation

and
future status




present situation : stellar gas




PO A &
5 years brllllant results




