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Summary of the talk:

• Brief Review:  AdS/CFT correspondence and AdS/QCD

• The Hard wall model - Glueballs in AdS/QCD: the Odderon

• The Soft wall model and some variations - Glueballs in 
AdS/QCD: the Pomeron and the Odderon



AdS/CFT correspondence,  J. Maldacena, 1997
(simplified version of a particular useful case)

At low energies string theory is represented by an effective
supergravity theory →  gauge / gravity duality

SUPERSTRING

THEORY

in the AdS5 x S5

spacetime.

• Supersymmetric 𝒩 = 4
• Conformal

• SU(N) symmetry, with

in a 4-dimensional Minkowski spacetime

(AdS5x S5 boundary).

DUAL

YANG-MILLS THEORY

N
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Other versions of the Correspondence: AdS4 x S7 or AdS7 x S4 (M-theory in 11 dimensions)

 After breaking the conformal symmetry one can build phenomenological models that 
describe approximately QCD. So, AdS/QCD models.

 Strong coupling theory ⇔Weak coupling theory.



 used as the standard theory 
to explain the phenomenology
of strong interactions.

 at the low-energy limit (gYM > 1) 
the QCD cannot be treated
perturbatively.

 Regge trajectories are an example
of nonpertubative behavior of strong 
interactions: difficult to model it 
using QCD.
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The 4-dim boundary  is at z = 0                                                                          

x

z

Holography in String theory

AdS Space in Poincaré coordinates

Fifth dimension z  ~  1 / E    where    E = Energy in 4-dim boundary 



6

Brodsky, Teramond PRL 2005, 2006; Erlich, Katz, Son, Stephanov PRL 2005.

Hard-wall Model
Polchinski & Strassler 2001/2002

Scattering of Glueballs using the AdS/CFT correspondence 

Finite region in AdS space 0 <  z  < z_max

z_max  ~ 1 / E     where  E is the Energy scale in boundary theory 

HBF & Braga JHEP 2003, EPJC 2004

Masses of Glueball states 0++ and its radial excited states 0++*, 0++**, 0++***, … 

Extension to Mesons and Baryons



𝐽 𝑚2 ≈ 𝛼0 + 𝛼′𝑚2
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Regge Trajectories

Strongly interacting particles (Hadrons) obey approximate relations 
between Angular Momentum (J) and quadratic masses (m^2) 

Where and              are constants𝛼0 𝛼′

Extended for glueball: JPC
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The Pomeron

Experimental Regge trajectories from proton proton scattering

Masses m in GeV (A. Donnachie and P. V. Landshof, Nucl. Phys. B 267, 690 (1986))

𝐽 𝑚2 ≈ 1.08 + 0.25𝑚2

The Pomeron is related to Glueball states 𝟐++, 𝟒++, 𝟔++, 𝟖++

and may be to 𝟎++
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Odderon Regge trajectories 

Relativistic many-body model (RMB)

Non-relativistic constituent model (NRCM)

𝐽 𝑚2 ≈ −0.88 + 0.23𝑚2

𝐽 𝑚2 ≈ 0.25 + 0.18𝑚2

Llanes-Estrada, Bicudo and Cotanch, PRL 2006

The Odderon is related to Glueball states 𝟑−−, 𝟓−− ,𝟕−− ,𝟗−−

and may be to 𝟏−−
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Experimental signs of the Odderon 

LCH new results?
Some groups are 
looking for the 
Odderon...
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Odd spin (P=C=-1) Glueballs and the Odderon

EFC and H. Boschi PRD 2013

Massive scalar fields in AdS5

Boundary operator

(p=0)

Insertion of symmetrized
covariant derivatives
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Odd Glueball states in the Hard-wall with

Dirichlet Boundary condition

Good agreement with the Relativistic Many-
body Model (RMB) 
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Odd Glueball states in the Hard-wall with 

Neumann Boundary condition

Good agreement with Non-relativistic constituent model (NRCM)

The complete work can be seen in Phys.Rev. D88 (2013) no.2, 026010 [arXiv:1301.4457 [hep-th]]
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Open questions for the Odderon

Experimental confirmation?

The authors 

suggest that the state              does  NOT belong to the Odderon 

trajectory  

Our analysis with the Hard-wall is not conclusive in this regard
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Soft-wall AdS/QCD Model (T=0)

Soft cut off (Karch, Katz, Son, Stephanov PRD 2006)

;

Glueballs in the soft-wall (T=0) 
[Colangelo, De Fazio, Jugeau, Nicotri PLB(2007)]
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1Softwall Model

Colangelo et al 2007 (scalar, vector and tensor glueballs)
EFC and Henrique Boschi-Filho 2016 (higher spin glueballs)

and
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2Softwall Model

from AdS/CFT dictionary
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1
Higher spin in the Softwall Model

Analoglous to the higher spin Glueballs in the Hardwall

Even spin Odd spin

Results are not good when 
compared with the literature!!! 𝟏−−, 𝟑−−, 𝟓−− ,𝟕−− ,𝟗−−

𝟐++, 𝟒++, 𝟔++, 𝟖++

𝟎++, 𝟎++∗, 𝟎++∗∗, 𝟎++∗∗∗

Regge trajectories for the pomeron and
the odderon.

PLB (2016) [arXiv:1510.03372 [hep-ph]]
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D. Li & Huang JHEP 2013 (scalar glueballs) 
EFC, D.Li, HBF 2016 (higher spins)

A Dynamical Softwall Model           1

This dynamical model that takes into account dynamical corrections to the metric of the 
anti de Sitter space. 

Now the warp factor is given by:

which implies that dynamical model is no longer AdS, but it is asymptotically AdS in the 
limit z → 0.

and
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A Dynamical Softwall Model           2

Using DSW 
and some 
variations...

“Complete” DSW  and using: (𝑴𝟓𝑹)
𝟐= 𝜟 𝜟 − 𝟒 − 𝑱

“Truncated” DSW  using: (𝑴𝟓𝑹)
𝟐= 𝜟 𝜟 − 𝟒

“Anomalous” DSW  using: (𝑴𝟓𝑹)
𝟐= 𝜟 𝜟 − 𝟒

EFC and HBF PLB B753 (2016)

EFC, D.li  and HBF  PLB B760 (2016) 

EFC, D. li  and HBF EPJC (2016) 

Results are in agreement with
those found in literature
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Last words....
“Anomalous” DSW: model with anomalous dimension contributions 
coming from two different QCD beta functions cases.

 Beta function with a linear IR 
asymptotic behaviour: 

 Beta function with an IR fixed
point at finite coupling: 

Even spin Odd spin
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Muchas gracias!
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Back up Slides

Results in “trucated” DSW
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Back up Slides

Results in “complete” DSW
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Back up Slides

Results in “anomalous” DSW


