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1. Bottom-up in medium.

2. Nucleon-nucleon potential in 
a top-down model.



AdS/QCD ?AdS/QCD ?AdS/QCD ?AdS/QCD ?



Note that boundary value  (or nonNote that boundary value  (or nonNote that boundary value  (or nonNote that boundary value  (or non----normalizablenormalizablenormalizablenormalizable mode) of a bulk field mode) of a bulk field mode) of a bulk field mode) of a bulk field 

is nothing but  a 4D source term!!!is nothing but  a 4D source term!!!is nothing but  a 4D source term!!!is nothing but  a 4D source term!!!



In a bottomIn a bottomIn a bottomIn a bottomIn a bottomIn a bottomIn a bottomIn a bottom--------up  approach, we first look at up  approach, we first look at up  approach, we first look at up  approach, we first look at up  approach, we first look at up  approach, we first look at up  approach, we first look at up  approach, we first look at 
QCD and then attempts QCD and then attempts QCD and then attempts QCD and then attempts QCD and then attempts QCD and then attempts QCD and then attempts QCD and then attempts to guess its 5D to guess its 5D to guess its 5D to guess its 5D to guess its 5D to guess its 5D to guess its 5D to guess its 5D 

holographic dualholographic dualholographic dualholographic dualholographic dualholographic dualholographic dualholographic dual, through , through , through , through , through , through , through , through AdSAdSAdSAdSAdSAdSAdSAdS/CFT /CFT /CFT /CFT /CFT /CFT /CFT /CFT 

1. Bottom1. Bottom1. Bottom1. Bottom----up up up up iiiin medium n medium n medium n medium 

holographic dualholographic dualholographic dualholographic dualholographic dualholographic dualholographic dualholographic dual, through , through , through , through , through , through , through , through AdSAdSAdSAdSAdSAdSAdSAdS/CFT /CFT /CFT /CFT /CFT /CFT /CFT /CFT 
dictionariesdictionariesdictionariesdictionariesdictionariesdictionariesdictionariesdictionaries........

While, in topWhile, in topWhile, in topWhile, in topWhile, in topWhile, in topWhile, in topWhile, in top--------down looking at QCD is down looking at QCD is down looking at QCD is down looking at QCD is down looking at QCD is down looking at QCD is down looking at QCD is down looking at QCD is 
nothing but choosing a suitable Dnothing but choosing a suitable Dnothing but choosing a suitable Dnothing but choosing a suitable Dnothing but choosing a suitable Dnothing but choosing a suitable Dnothing but choosing a suitable Dnothing but choosing a suitable D--------branebranebranebranebranebranebranebrane

system: D3/D7,  D4/D6,  D4/D8, etc.system: D3/D7,  D4/D6,  D4/D8, etc.system: D3/D7,  D4/D6,  D4/D8, etc.system: D3/D7,  D4/D6,  D4/D8, etc.system: D3/D7,  D4/D6,  D4/D8, etc.system: D3/D7,  D4/D6,  D4/D8, etc.system: D3/D7,  D4/D6,  D4/D8, etc.system: D3/D7,  D4/D6,  D4/D8, etc.



Hard wall modelHard wall modelHard wall modelHard wall model



In the chiral limit, mIn the chiral limit, mIn the chiral limit, mIn the chiral limit, mqqqq=0, 3 unknowns in the model:=0, 3 unknowns in the model:=0, 3 unknowns in the model:=0, 3 unknowns in the model:



Where  is the chiral condensate?Where  is the chiral condensate?Where  is the chiral condensate?Where  is the chiral condensate?

Klebanov and Witten, 1999Klebanov and Witten, 1999Klebanov and Witten, 1999Klebanov and Witten, 1999

Note, however, that we cannot calculate the value of the condensate Note, however, that we cannot calculate the value of the condensate Note, however, that we cannot calculate the value of the condensate Note, however, that we cannot calculate the value of the condensate 

in bottomin bottomin bottomin bottom----up. So it will be fixed by an IR boundary condition ,as the up. So it will be fixed by an IR boundary condition ,as the up. So it will be fixed by an IR boundary condition ,as the up. So it will be fixed by an IR boundary condition ,as the 

qqqquark mass is determined by a UV boundary condition.uark mass is determined by a UV boundary condition.uark mass is determined by a UV boundary condition.uark mass is determined by a UV boundary condition.











Dense AdS/QCD



Hard wall model with Hard wall model with Hard wall model with Hard wall model with baryons in dense matterbaryons in dense matterbaryons in dense matterbaryons in dense matter

YK, C. YK, C. YK, C. YK, C. ––––H. Lee ,and H.H. Lee ,and H.H. Lee ,and H.H. Lee ,and H.----U. Yee,  PRD(2008)U. Yee,  PRD(2008)U. Yee,  PRD(2008)U. Yee,  PRD(2008)



Mean field approachMean field approachMean field approachMean field approach: : : : 

to obtain density dependent to obtain density dependent to obtain density dependent to obtain density dependent chiralchiralchiralchiral condensatecondensatecondensatecondensate

1. Chiral condensate1. Chiral condensate1. Chiral condensate1. Chiral condensate

2. In2. In2. In2. In----medium nucleon mass (medium nucleon mass (medium nucleon mass (medium nucleon mass (iterativelyiterativelyiterativelyiteratively))))



For more complete  inFor more complete  inFor more complete  inFor more complete  in----medium nucleon mass , medium nucleon mass , medium nucleon mass , medium nucleon mass , ssssee Kyungee Kyungee Kyungee Kyung----il’sil’sil’sil’s talk. talk. talk. talk. 

BackBackBackBack----reaction? reaction? reaction? reaction? 

What about meanWhat about meanWhat about meanWhat about mean----field approach + standard field approach + standard field approach + standard field approach + standard AdSAdSAdSAdS/CFT?/CFT?/CFT?/CFT?

Up to  some double counting, inUp to  some double counting, inUp to  some double counting, inUp to  some double counting, in----medium mass corrections might have medium mass corrections might have medium mass corrections might have medium mass corrections might have 

two component: vacuum contribution and interaction effecttwo component: vacuum contribution and interaction effecttwo component: vacuum contribution and interaction effecttwo component: vacuum contribution and interaction effect....



Thermal AdS/QCD



1. thermal 1. thermal 1. thermal 1. thermal AdSAdSAdSAdS: low T, confined , no way to extract T: low T, confined , no way to extract T: low T, confined , no way to extract T: low T, confined , no way to extract T----dependencedependencedependencedependence

Transition between two backgrounds 

2.  2.  2.  2.  AdSAdSAdSAdS black holeblack holeblack holeblack hole: high T, : high T, : high T, : high T, deconfineddeconfineddeconfineddeconfined

So, no temperature dependence in confined phase???So, no temperature dependence in confined phase???So, no temperature dependence in confined phase???So, no temperature dependence in confined phase???



A way to introduce temperature 
dependence in the hard-wall model

YK, H. K. Lee, PRD (2008)YK, H. K. Lee, PRD (2008)YK, H. K. Lee, PRD (2008)YK, H. K. Lee, PRD (2008)

Basic strategy is to impose the boundary conditions at a given temperature.Basic strategy is to impose the boundary conditions at a given temperature.Basic strategy is to impose the boundary conditions at a given temperature.Basic strategy is to impose the boundary conditions at a given temperature.

Then we have a temperature dependent chiral condensate.Then we have a temperature dependent chiral condensate.Then we have a temperature dependent chiral condensate.Then we have a temperature dependent chiral condensate.

Unfortunately, however, we cannot determine the temperature dependence ofUnfortunately, however, we cannot determine the temperature dependence ofUnfortunately, however, we cannot determine the temperature dependence ofUnfortunately, however, we cannot determine the temperature dependence of

chiral condensate within the hardchiral condensate within the hardchiral condensate within the hardchiral condensate within the hard----wall model, since the chiral condensate iswall model, since the chiral condensate iswall model, since the chiral condensate iswall model, since the chiral condensate is

one of the integration constants to be fixed by the boundary conditions.one of the integration constants to be fixed by the boundary conditions.one of the integration constants to be fixed by the boundary conditions.one of the integration constants to be fixed by the boundary conditions.



1. Vector and axial1. Vector and axial1. Vector and axial1. Vector and axial----vector  meson massesvector  meson massesvector  meson massesvector  meson masses





2. Pion decay constant2. Pion decay constant2. Pion decay constant2. Pion decay constant



3. Nucleon mass3. Nucleon mass3. Nucleon mass3. Nucleon mass





2. 2. 2. 2. NucleonNucleonNucleonNucleon----nucleon potential in a nucleon potential in a nucleon potential in a nucleon potential in a 
toptoptoptop----down modeldown modeldown modeldown model

YK, YK, YK, YK, SangminSangminSangminSangmin Lee, and  Lee, and  Lee, and  Lee, and  PiljinPiljinPiljinPiljin Yi,  to appearYi,  to appearYi,  to appearYi,  to appear

As a first step toward dense matter study in a 5D effective theory ofAs a first step toward dense matter study in a 5D effective theory ofAs a first step toward dense matter study in a 5D effective theory ofAs a first step toward dense matter study in a 5D effective theory of

the baryon based on the Sakaithe baryon based on the Sakaithe baryon based on the Sakaithe baryon based on the Sakai----Sugimoto model, we calculate Sugimoto model, we calculate Sugimoto model, we calculate Sugimoto model, we calculate 

a holographic nucleona holographic nucleona holographic nucleona holographic nucleon----nucleon potential. nucleon potential. nucleon potential. nucleon potential. 



SakaiSakaiSakaiSakai----Sugimoto modelSugimoto modelSugimoto modelSugimoto model

Sugimoto 2004Sugimoto 2004Sugimoto 2004Sugimoto 2004











Comparison of various stringy 
set-upz

• SS model(D4/D8/D8): chiral symmetry, 
massless quark (exponentially small quark 
mass or meson doubling, though), 
confinement.

• D3/D7: finite quark mass, no confinement, no 
chiral symmetry.

• D4/D6:  finite quark mass, confinement, no 
chiral symmetry.



Baryons in SS model

• 5D instanton soliton is dual of 4D 
Skyrmion.

• The size of 5D instanton is a small 
object and so it may be treated as a object and so it may be treated as a 
point-like object.

• So we ay introduce Dirac field for the 
5D baryons, and write down 5D 
effective action of the baryon. 



HongHongHongHong----RhoRhoRhoRho----YeeYeeYeeYee----Yi (2007)Yi (2007)Yi (2007)Yi (2007)







Holographic NN potential

• One natural way is: (1) obtain B=2 
soliton solution and (2) then separate 
them to obtain a potential.

• One boson exchange type potential.• One boson exchange type potential.









NNNN----N potential in the leading order N potential in the leading order N potential in the leading order N potential in the leading order 








