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A brief introduction 

AdS/ CFT correspondence – the conjectured  equivalence between a string theory defined  on  

certain 10D space and  a CFT (Conformal Field  Theory) without gravity defined  on conformal  

boundary of this space. 

Maldacena example (1997): 

Type IIB string theory on 

in low-energy (i.e. supergravity) 

approximation 

5

5AdS S


SYM theory on AdS boundary 4

in the limit 1YMg N

AdS/ QCD correspondence – a program for implementation 

of such a duality for QCD following some recipies from the 

AdS/ CFT correspondence 

U
p

-d
o

w
n

 B
o

tto
m

-u
p

 

String theory 

QCD 

We will  

d iscuss 

Essential ingredient: one-to-one mapping of the following group algebras 

Isometries of S5  4Supersymmetry of Super Yang-Mills theory 

Isometries of AdS5
  Conformal group SO(4,2)  in 4D space 



AdS/CFT dictionary 



[Witten; Gubser, Polyakov, Klebanov (1998)] 

Essence of the holographic method 

generating functional action of dual gravitational theory 

evaluated  on classical solutions 

Poles of the 2-point correlator  →  mass spectrum 

Alternative way for finding the mass spectrum is to solve e.o.m . 

The output of the holographic models:  Correlation functions 

AdS boundary  

Residues of the 2-point correlator  →  decay constants 

Residues of the 3-point correlator  →  transition amplitudes 



Exclude and  introduce 

5D Anti-de Sitter space 

invariant under d ilatations 

4D Minkovski space at 

holographic coord inate 

Physical meaning of z : Inverse energy scale 

The warped  geometry is crucial in all this enterprise! For instance, it provides the 

hard  (power law) behavior of string scattering amplitudes at high energies for 

holographic duals of confining gauge theories (Polchinski, Strassler, PRL(2002)). 



Typical ansatz: 

Masses of 5D fields are related to the canonical dimensions of 4D operators! 

Vector mesons: 

Bottom-up AdS/QCD models 

or 

or 

From the AdS/ CFT recipes: 

In the given cases: gauge 5D theory! 



(Erlich et al., PRL (2005); Da Rold  and  Pomarol, NPB (2005)) 

Hard wall model 

At                     one imposes certain gauge invariant boundary conditions on the fields. 

The AdS/ CFT dictionary d ictates: local symmetries in 5D  global symmetries in 4D 

The chiral symmetry: 

The typical model describing the chiral symmetry breaking and  meson spectrum: 

The pions are introduced  via 



Equation of motion for the scalar field  

Solution independent of usual 4 space-time coordinates 

current quark mass 

quark condensate 

here 
As the holographic 

d ictionary prescribes 

Denoting 

the equation of motion for the vector fields are (in the axial gauge V z=0) 

where due to the chiral symmetry breaking 



The spectrum of normalizable modes is given by 

nm n

that is not Regge like 
2

nm n

(Rediscovery of 1979 Migdal’s result) 

thus the asymptotic behavior is 

The GOR relation holds 
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Regge and radial Regge linear trajectories 
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massless quarks 

gluon flux tube 

Hadron string picture for mesons: 

Rotating string with relativistic massless quarks at the ends 2 2M L

 L ( , 1)J L L - string tension,  - angular momentum 

Bohr-Sommerfeld  quantization 
1

( ) 2
2

p r dr n
 

  
 



n - rad ial quantum number, ( )p r and  r are relative momentum and d istance 

2M p r related  in the simplest case by 

the result is 2 1
4

2
M n

 
  

 

Taking into account M l where l is the string length 

A simplistic model 



CRYSTAL BARREL 

A.V. Anisovich, V.V. Anisovich and  

A.V. Sarantsev, PRD (2000)  

D.V. Bugg, Phys. Rept. (2004)  
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Doubling of some trajectories: 

L=0 (S-wave): 

qq
J = = ½ + ½  = 1 

qq

J = = 2 - ½ - ½ = 1 L=2 (D-wave): 

L 

Two kinds of ρ 

Many new states in 1.9-2.4 GeV range! 



Soft wall model  (Karch et al., PRD (2006)) 

The IR boundary condition is that the action is finite at  

To have the Regge like spectrum : 

To have the AdS space in UV asymptotics: 

The spectrum: 

Plane wave ansatz: Axial gauge 

E.O.M.: 

Substitu tion 

With the choice 

One has the rad ial Schroedinger equation for harmonic oscillator with orbital momentum L=1 



The extension to massless higher-spin fields leads to (for a > 0) 

In the first version of the soft wall model a < 0 (O. Andreev, PRD (2006)): 

A Cornell like confinement potential for heavy quarks was derived   

(O. Andreev, V. Zakharov, PRD (2006))  

(#) 

In order to have (#) for a < 0, the higher-spin fields must be massive! 

Generalization to the arbitrary intercept 

(Afonin, PLB (2013)) 

Tricomi function 

But! No natural chiral symmetry breaking! 



Calculation of vector 2-point correlator: 

source 

E.O.M.: 

4D Fourier 

transform 

Action on the solution 







The d ilaton background can be eliminated  by 

The gauge invariant action can be formulated  as (No-wall model; Afonin, IJMPA (2011)) 

The E.O.M. for the scalar field : 

If we want to have the linear spectrum: 

from 

term is absent in the OPE! 



Some applications 

 Meson, baryon and  glueball spectra 

 Low-energy strong interactions (chiral dynamics) 

 Hadronic formfactors 

 Thermodynamic effects (QCD phase d iagram) 

 Description of quark-gluon plasma 

 Condensed  matter (high temperature superconductivity etc.) 

... 

Deep relations with other approaches 

 Light-front QCD 

 Soft wall models: QCD sum rules in the large-N c limit 

 Hard  wall models: Chiral perturbation theory supplemented  by infinite number of vector  

    and  axial-vector mesons  

 Renormgroup methods 

Possible extensions 

 Various modifications of metrics and  of d ilaton background  

 Alternative descriptions of the chiral symmetry breaking 

 Inclusion of additional vertices (Chern-Simon, …) 

 Account for backreaction of metrics caused  by the condensates (dynamical AdS/ QCD) 

 Construction of acceptable AdS/ QCD models from a 5D gravitational setup  



Holographic description of thermal and  finite density effects 

Basic ansatz - corresponds to 

One uses the Reissner-Nordstrom AdS black hole solution  

where is the charge of the gauge field . 

The hadron temperature is identified  with the Hawking one: 

The chemical potential is defined  by the condition  



Deconfinement temperature from the Hawking-Page phase transition 

(Herzog, PRL (2008)) 

Consider the d ifference of free energies 

HW: 

SW: 

Entropy density 

- confined  phase 

-deconfined  phase 

The pure gravitational part of the SW model where a>0 

For a<0, the criterium based  on the temperature dependence of the spatial string tension can  

be used  (O. Andreev, V. Zakharov, PRD (2006)) 



Some examples of phase diagrams 

He et al., JHEP (2013) 

Colangelo et al.,  

EPJC (2013) 

(a dynamical AdS/ QCD model) 

(the soft wall model) 



Hadronic formfactors 

Definition for mesons: 

Electromagnetic formfactor: 

In the holographic models for QCD: 

Brodsky, de Teramond, PRD (2008) 



In a semiclassical approximation to QCD the light-front Hamiltonian equation 

reduces to a Schroedinger equation  

where is the orbital angular momentum of the constituents and  the variable  

is the invariant separation d istance between the quarks in the hadron at equal light -front 

time.  

Its eigenvalues yield  the hadronic spectrum, and  its eigenfunctions represent the probability  

d istributions of the hadronic constituents at a given scale. This variable is identified  with the 

holographic coordinate z in AdS space. 

Light-front holographic QCD 
(Brodsky et al., arXiv:1407.8131, submitted  to Phys. Rept.) 

The 5D mass from holographic mapping to the light-front QCD: 

The meson spectrum: 

Arising interpretation: z  measures the d istance between hadron constituents  

Hard wall models:  close relatives of MIT bag models! 

E.o.m. for massless 5D fields of arbitrary spin in the soft wall model after a rescaling of w.f.  



One observes clustering of 

states! 

The light non-strange  

mesons from the  

Particle Data Group 



Classification of light  non-strange mesons in (L,n) 



In average (in GeV2) 

2( , ) 1.1 1.1 0.7M L n L n  

 The law 
2( , )M L n L n: works! 

Potential models cannot explain the existence of “principal” quantum number! 

Like in the nonrelativistic hydrogen atom: 

2

1
, 1E N L n

N
   -   principal quantum number 

(Afonin, PRC(2007)) 



THANK YOU! 


