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RCNP, Osaka Univ.
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%i--@l@’l’)lx 2 and 5

|

pAN:L: Find fewer constituents and simple laws
Pursue the frontier

1 .
L:—EGWG“ +q(iD—m)q

BB Reconstruct the world from constituents
Explain the diversity and complexity

PDG ~ over 1400 pages
4 gauge bosons, 3(6) leptons, 182 mesons and 136 baryons

June 23-24, 2011 HPCI@Kobe 2




Weakly coupled (bound) groups

CAROYHH )
Quark models for qqq, Qqq, ... QQqq

Takeuchi, Takizawa, Yasui,
Harada, Ma, Kanchan
KTheir mixings Nagahiro, Nawa

Hadronic composites qqq-qq, qqq-Qq, ...

~

)

BEZ/HEEVBEOUE BEZE
Chiral theory, Holographic model
Harada, Nakamura, Suganuma

[ iESE

Quark distributions, fragmentations
Kumano, Saito, Kawamura, Morimatsu

Aug. 4, 2011 Qe E

SN

Scatterings, productions,...
Jido, Hyodo, Hosaka

QCDBE MR
HLS --> Holographic
Nakamura, Suganuma

7 A— 7V HEBEER
Lattice
Suganuma, Morimatsu




Activities

HZEE: Y.L. Ma (Nagoya), S. Nakamura (Kyoto)
K.Khemchandani (RCNP), H. Kawamura, S. Yasui (KEK)

SEEE: A. Titov, H-Ch Kim, V. Dmitrasinovic, ...

J\RORAIILY:

6 times, incl. series of lectures by S. Nakamura

< —A97—)b:
8/18-20, 2010, Osaka, JICA

Quark model, Structure function, Holographic QCD
8/9 — 12,2011, Osaka University
yPT&Skyrmion, Reactions, Holographic QCD

Aug. 4, 2011 @i E



Activities
Baryons'10: 12/7-11, Osaka Univ.
170 participants, incl. Y. Nambu

“' —
'!,..r,

M’””"g T. *z‘

b
)
4

Ry /ﬂ,
=S 8 A\ )
= - a . (f.‘,/ \"
Aug B8 NS

TR 1 R



B Y

1'I'

ETEFFZTEO (X ARFEIS FZE DIEHHIZ R 1ES,
QCDIZEDU\T, ’*&EL A RLERIEFE D EIRIETER
EOE=DHE. PERNLIIART—)LIZHT-
HNFOVYBEDMHEEF., ZHRGHRDECREE
HIZ. TDERICHAHIFEEHIBEDAERAZHIEL
T3, HEMeVDA p AT —ILEEIZF D&
NEHHEIXZEDY ., TRILF—0PTL—/\—%4E
IS LI=ZRNERINS, T [TENETN
DEBTEELLGLHIFEFHIREZEEL . NEE

DETIE R II TS B*L%)E—%J?O)T—’S‘é"a&)f
IR LD LLEZEED TN EN ., AFEDE
DETHS
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FERR

(DRIVFIA—VRTERIZEK
BX(3872)DIRAE

X(3872)% (cqgbar)(gcbar)&
(cchar)EMFEELI-IRREET S
Eisospin 0&1AVEESGES LK
Re 13 HE % RLT=, E£f=(ccbar)
mnEfaeLl=2hEFET 5L,
BEARIMLAEREEFE
&7‘&%);& Elhp U.)O)rI]EEIE%FE'
L T(ccbar)h i M AR ik 58 FE B 4k
EtE 95L&, 3872MeVifE(C
E—VBE%#5.2nE3n~AD
BRIELEMIFIZ 1 ELVOEERFER
AL/ ASEEZRLI-(BA),

X(3872) 7 Ap i BE 4K

dW/dq (arbit. unit)

20 ---- DODO™**
— Jiyp
— Jv o
---- D+D-*
10+ — Total .

0.0 0.5 1.0
Relative mom of JAy p (fm-1)

3871 3872 3875 3880 E (MeV)

S wr e DB T B 7



FERR

() EAA U FRIZHITSH/\FO
HERK

EAFUEEDEERERS S8 2z% &
T RILFI+—0HBNERF 10°} <<% xon X |
KEEZHD/A\ROVOEREE \ | l /[
quark coalescence®T /L E#fE 0 ® % i i '
n.l_;ET)[/;E L\-tn:l:1ﬁl./f:o % EE IDD e ;‘..;4 &:LE ..... e.:f ................ :i ............

DIERNROUHFRIGHESEE L [ 1 vyt
B OREDERENTILTF ' // " '
J+— O'Ij( J:L)j(%lc\utb\*) ll]_z' - Normal
b\of—uamx EA L EVHD 38 gt g 2936 -
), 5% (IBellelzH 11 Bete- = %S TV e
5’%%%’6%:@%%75#‘@ TE o 1 2 5
HMEIDDEEAZED D, Mass (GeV)

T v @B T E

Coal. / Stat. ratio at RHIC




FERR

(4)FEREFEEYEDRICE T/ \FA>OMEZE(L
H5—SU(2)QCDIZ&>THRZEF TRIMNLFHBFERTINIL
qQq/\UFA U ERN)FVDEEZFTELE-(TOR) . ARZEEIZS
[+AEBWNIL—/N\—HSHEN\FOVDMHEITEEE RSB LZE
IZBERLTLNVS, §&(EHS—SUB)NDILEEZR S EEHIZIPARC
TPEINDERERLDEEFTFRSD

N7 KV A O g%i NYF o DEE

Friy,

[ |
|
Fed

rre )
=
o -
: // Z
E; = ;
. M
-: T ;..I

|
| |
) ks " k A () L] B : ' -]
Mlg. 4, 2011 2 | thassE | 0 | 9
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FHRE
(5) 75ANHDY #—0 DIERATEE

BOEEERET ZYE DT, &
W% B - ETEBREDRBRA B BHHEO—f
BERIND, &
BDFEIZEST 94— T L—F
VROIA—VBROEGIEEE 4 L
FARTf, FOHE YHEROBAEE [N e
WRKICLHONDBEMMERE. |
3+1RITMARRIERIZILEIL THOH ot BIERSEGES

(1% 10* mA/(mm) 2 ELLTF.

=

THRMIZERBALE (AR . IEFEE ol OSVMEEME) N
BRORR G MEE A EE
FRRBIED—DOTHY .. KK ILZ s ~O(1) J

Alr— LB mili eV

DREERERBICE TG F R i=t T
LD THB,

muy. <, zU Tl AT I |:|E|=§l 10

R TIXAdS/CFTxt

0.025
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BLEAIRILE—RT—)L
E << Aqep

Chiral symmetry is there but spontaneously broken

Light quark masses are generated by interactions

Pion (JP = 0-) energes => interaction
Spin-isospin-orientation dependent => Complicated
Chiral dynamics => Low momentum expansion, p<</Aqqp

E >> Aqep

Chiral dynamics is rather irrelevant

Bare quarks are good constituents?

Gluon force

Spin force suppressed => Heavy quark symmetry, mq >> N\qcp



LAl  mEezEfFo&

Ground (Low lying) states

---------------------
. uy
Ny
[
o
»

L 4
.0

.
.
.
.
.....
L ] )
----------------------

Excited states
Light quarks appear : . q ; i .

June 2324, 2011 - Chiral symmetry 1s important



This is perhaps the case for:

A(1405), X(3872),

Multiquark components may appear:
What configurations survive hadrons?

( )
» g - 3 »
Triquark Diquark Hadronic composite
— _J
"4l
Colored correlation Colorless correlationJ

.
June 23-24, 2011 HPCl@Kobe 14



Example in Nuclear Physics

E [MeV|]
A 12C 0,* Hoyle state

7.6 MeV T ing
e Y

Single particle like

Aug. 4, 2011 HMi@B B E
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_NET

RF&LAN (B=0,1) D
JI\ROYZEZRIEE DD > TULVERL

Aug. 4, 2011 Fii@eEE 16



Questions of hadron compositeness

Interaction V' Chiral symmetry

‘ p-exchange (short range) ~W'T ‘

X O(x) or typical hadron size ~ 0.5 fm

Pion exchange (long range) ‘ ~ tensor force in NN (deuteron)

i I

D 5 ~l4fm

2
: q +mg
Aug. 4, 2011 /.\ SOy 17




p-exchange (short range) ~ WT

Natural condition for hadronic composite
corresponding to hadron size ~ 0.5 fm

Cut-off scheme

d* oM 1 A
G(E)~i[—L —— A~05-1GeV
2n)" (P-q)"-M* +ieq"—m”~ +ie [ E-E,
Dim-reg. scheme
G(//5) = 2M7 {.-:.:( )+ 10 M1 M?Z N m? — M2 + s n m2
(dm)? Rl 2 M2
a~—?2
{[111 s — (M7 —m?) +2v/57) — In(—s + (M2 — m?) + 2V/39)
+In(s+ (M2 —m?) +2y57) —In(—s—(M;—-m®)+ 2@?)]}

T. Hyodo, D. Jido, A. Hosaka, Phys.Rev.C78:025203,2008;
Aug. 4, 2011 Qe s E 18



Compositeness
REREGEARD. bEDERICRVESBEAERDH
BEEROKEI &2

1.2

@ HEROEAH

1.0

021 ~ |

00 l l l l

Aug. 4, 201 B [MeV] 19



Pion Dominance TN

W\ A — U x2S hCER

m

J\RAOVEE,

Tll}

Heavy Q symmetry for D D" --> Coupled channel of DN and D'N

Yasui-Sudoh, PRD80, 034008, 2009
Yamaguchi-Ohkoda-Yasui-Hosaka, arXiv:1105.0734 [hep-ph] 2011, in press PRD

Tensor of OPEP D D* D

—_———
m- —mg ~ 400 MeV 0 : 1
1™ : :
m,- —mp ~140 MeV 2 [=0 i =2 inm
m —my ~35 MeV A
. —@-




D, B, ...

ON®
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Bound states: [, JF=0, 1/2~

DN (r) DN (npw)|BN () BN (mpw)

Ep [MeV] 1.60  2.14 |19.50

(r?)3 [fm] 3.5 3.2 1.3

Fe_shbach resonance for 3/2~
of D'N, BN

4 |

Phase Shift [rad]
N w
| I

—
I

o

Ecm-my-mp [MeV]

D
9
“
23.04 ’
N o’o
1.2
4 | Ii | | [ | | [ |
LD
N[ ¥
2L | ]
i
b 2 ]
N R —

0O 5 10 15 20 25 30 35 40 45 50
Ecm-my-mp [MeV]



Belle’s discovery Z,(10610, 10650)

arXiv:1105.4583v1 [hep-ex]  19(JP) = 17(1+)

[
10860 7
Y (5S) - T
T (1S5)
B*(5325)+B*(5325)
B(5279)+B*(5325) I o 16 MoV

= 10604




EEERDHERF

Example of a;: Nagahiro

‘al >phys - Cl ‘ Q >composite T C2 ‘ @>ch T ..
S _J

Aug. 4, 2011

~

Reasonably truncated model space

0
\i::jy/ClD VS.

i@ aZE
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Maskawa’ s Dr. thesis

Maskawa  Toshihide

Z v 4 B

F LR R $hIR ApR
Nagoya Univ. Physics Dept.

1967, 2,

June 23-24, 2011

... handwritten 19 pages

Published in PTP38, 190 (1967)

HPCl@Kobe
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A model for .z, 0 and a,
Hidden Local Symmetry or Holographic model

Bando-Kugo-Yamawaki Sakai-Sugimoto
Phys. Rept., 164 (1988) 217 PTP113(05)843; PTP114(05)1083

(a) 84, dynamically generated

/

\ / N “N, N7
PALLUN /\ + /\/\ /\/L/\
(b) = qq (C) %Eé\ mixing with
/; the strength X
O<x<l1
Hamiltonian T-matrix

H = —
v M T

( H,+Vy, v ] LS-equation . [Tﬂp o T %alj



mixing properties in QF

x=0

Imy/s [GeV]

pole flow

12 13 14

0.9
Rey/'s [GeV]
4 . .
. residue
3 f
2 -

. 211 2

G| = E-E + == B
99 99

(Gean] ™ = fa | _ %

at physical point (x=1)
* pole-a remains as a “molecule”

» pole-b changes into a “molecule”

- both poles have molecule comp.

0 70 0. . 0.8  HPCI@Kobe 27
( mixing parameter x)




A2 E::

2L—N\—%ZZ%5 8B —> H
Generation of constituent quarks (7717 =7 JLXIFI4)
quark interaction (Lattice) => (colored) correlations
Change 1n the dynamics as functions of M

PSR —DEREREDIHTE

Hadronic composites

INFoA—sopm 1799 a~ladl
99 ~lqqlq ., 999 ~1q9q9lqq, q9q9 ~1q9q9llqqlq

AT —)UKTZF structure/dynamics

(deep inelastic to low g regions)

BARaE. BETOEE (FdAH. JIL—FHV)
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