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INTRODUCTION

Meson spectra of (axial) vector mesons.

Hidden local symmetry.

Vector meson dominance.

KSRF relation.

GSW model.

[Bando, et al.,1985]

[Sakurai, 1969]

[Kawarabayashi, Suzuki, Riazuddin, and Fayyazuddin, 1966]

[GellMann, Sharp, and Wegner, 1962]

In 2005,

T. Sakai and S. Sugimoto succeeded in constructing masslessQCD

on D4/D8/D8 multi-D branesystem in type IIA superstring theory.
[T.Sakai and S.Sugimoto, Prog. Theor. Phys. 113, 843 (2005)]

óóunified meson

theoryôô

Classical supergravityis dual withlarge-Nc QCD.

As a general property of large-Nc QCD,

a baryon does not directly appear as a dynamical degrees of freedom.
[G.ôtHooft, Nucl. Phys. B72, 461(1974); B75, 461(1974)]

How to describe baryons in the large- holographic model ?

Chiral solitonpicture : baryon as a soliton of meson field theory

induced by holographic QCD (óóbrane-induced Skyrmionôô).

Baryonic matter as a brane-induced Skyrmion on .
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Holographic QCD

Construction of masslessQCD (quarks and gluons)

on  D4/D8/D8-branes.

[T.Sakai and S.Sugimoto, Prog. Theor. Phys. 113, 843 (2005)]

D4-brane NC

D8-brane Nf 
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4-8

D8-brane Nf 

Index on D4 brane( color )
Index on D8 brane( flavor )

: quark (L)

: quark (R)

: gluon

10dim. 



Probe approximation with

Mass of Dp-braneis proportional to its sheets number.

D4 Nc

D8, D8 Nf ΨΨǇǊƻōŜΩΩ 

SUGRA  background 

D4-brane NC

D8 Nf

D8 Nf

10dim. space time

D8

4-4

4-8

4-8

8-8

mode expansion

color confinement

pion (axial) vector mesons

Baryon does not directly appear as a general property of 

large-Nc QCD. [G.ôtHooft, Nucl. Phys. B72, 461(1974); B75, 461(1974)]



chiralperturbation theory*

,,

[I. Zahed and G.E. Brown, Phys. Rep. 142, 1 (1986)]

2-derivative term

4-derivative term

Instability of Skyrmesoliton.
Effective action 

of  D8 brane

Topological picture
for baryon is also 
supported by
superstring theory.

L2

L4

Baryon as a chiral soliton
[K. Nawa, H. Suganuma, and T. Kojo, Phys. Rev. D75, 086003 (2007)]

Baryons in holographic QCD

D8

c.f. Baryon as an instanton

in 5dim. gauge theory on D8.

[D.K.Hong, M.Rho,H.-U.Yee, and P.Yi,

PRD76, 061901(2007)]

[H.Hata, T.Sakai, S.Sugimoto, and 

S. Yamato, PTP117,1157(2007)]

( chiralsymmetry     Lorentz invariance )



(pionsand ɟ-mesons)

4dim. meson effective action

from holographic QCD

,

,

pion field :

1-form of pion field :

axial vector current :

vector current :

piondecay constant :

ɟ-meson mass :

Holographic QCD has
just two parameters.

All the couplings are 
uniquely determined !!!

[K. Nawa et al., Phys. Rev. D75, 086003 (2007)]



Baryon as ChiralSoliton

[T.H.R. Skyrme, Proc. R. Soc. A260, 127 (1961)]

ˊ;

ɟ  ;

Pauli matrix

Hedgehog  solitonwith B=1

Shrinkage

Pionfields are attracted by ɟ-mesons 

in the core of the baryon. Shrinkage of baryon.

Stable hedgehog soliton solution exists !!!*

*

(pion) (ɟ-meson)

[K. Nawa, H. Suganuma, and T. Kojo, Phys. Rev. D75, 086003 (2007)]

c.f. Skyrmionswith HLS.

[Y.Igarashi et al., Nucl. Phys. B 259, 721 (1985)]

Strong repulsion for baryon.



Baryonic matter in holographic QCD

Baryonic matter with large Nc.

Mass : 

Kinetic energy : 

Quantum effect  
zero-point  quantum fluctuation  :

splitting  : 

large Nc

Static Skyrmematter [I.Klebanov, 

Nucl. Phys. B262, 133 (1985)]

[G.ôtHooft, Nucl. Phys. B72, 461(1974); B75, 461(1974)]

[G.S.Adkins et al., 

Nucl. Phys. B228, 552 (1983)]

Skyrmion

[E.Witten, Nucl. Phys. B160, 57 (1979)]



One Skyrmionon        
3S

Static Skyrmematter

One Skyrmion

ΨΨ CompactificationΩΩ ƻŦ ƻƴŜ ŎŜƭƭ

on 

[N.S.Manton and P.J.Ruback, Phys. Lett. B181, 137 (1986)]

small

large(                  )

óóDelocalizationôô of Skyrmion

deconfinement

chiralrestoration :  

[H.Forkel et al., Nucl. 

Phys. A504, 818 (1989)]

= 0 

[A.D. Jackson et al., Nucl.

Phys.A 486,  634 (1998)].



Total energy density of a baryon with radius 

A baryon delocalizes

as the density increases.

Delocalization is delayed by     mesons

in the deeper interior of a baryon.*

*

Standard Skyrmionon      
Brane-induced Skyrmion
with      mesons on 

[K. Nawa, H. Suganuma, and T. Kojo, Phys. Rev. D79 (to appear)(2009)]



Total energy density of a baryon with radius 

A baryon delocalizes

as the density increases.

Delocalization is delayed by     mesons

in the deeper interior of a baryon.*

*

Standard Skyrmionon      
Brane-induced Skyrmion
with      mesons on 

All the physical quantities in 

holographic QCD are uniquely determined

by two experimental inputs:

Baryon number density for radius R :

[K. Nawa, H. Suganuma, and T. Kojo, Phys. Rev. D79 (to appear)(2009)]


