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Type IIB String Theory 
on AdS5 x S5

N=4 Super Yang-Mills

Strong coupling

If one can extend to QCD, we would
have an analytical tool to study the 
non-perturbative regime of strong

interaction.

Break SUSY
Break Conf. Inv.

Confinement

Holography - AdS/CFT
10 dimensions
Gravity Theory 4 dimensions

Quantum Field Theory

Low-energy limit of String Theory is Supergravity.
For low-curvature regions, String action ~ classical action.

Weak coupling

Maldacena (1998)



Partition function

Generating function of correlation function



AdS5 x S5 N=4 SYM

N=1 SYM

Conformal

Klebanov-Strassler

Maldacena-Nuñez

Papadopoulos-Tseytlin ansatz

Non-conformal
Confinement

attempts to

10 dimensions
Gravity Theory 4 dimensions

Quantum Field Theory

D5-branes wrapped 
on a two sphere

D3-branes on a Conifold



10d Type IIB Supergravity
Einstein Equation

Field Equations



PT ansatz: Isometries
Lie Derivative

Killing Vector
Isometries

Killing Equations

M Bianchi and WP, JHEP 1004 (2010) 113

Which is not expected from a N=1 SYM



Sturm-Liouville equation

Effective Potential

Maldacena-Nunez solution: 
Vector Fluctuations

goes to a constant

No mass gap
M Bianchi and WP, JHEP 1004 (2010) 113







WP, T Frederico, H Forkel and M Beyer, PRD 79 (2009) 075019
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Nuclear Matter and Holography

We propose that the five dimensional 
mass is modified by the mean scalar field. 

where the scale 𝞼0 represents a typical nuclear matter value, which we will be fitted to 
the properties of the equation of state of the symmetric nuclear matter.

Where 𝛹(x,z) is the fermion field, m*5 is the effective 5D mass, 𝝈 is the nuclear scalar 
field, 𝞈 is the vector field and gv is the coupling constant.

In the limit of small density, one has

where g𝞼 = m5/𝞼0 is interpreted as the quark-sigma coupling constant.



Nuclear Matter and Holography

The metric is a deformed 5d AdS

where the warp factor is

In the UV, has conformal invariance.
In the IR, has confinement and Regge Trajectories for nucleon.

We redefine the fermionic field as



We decompose the nucleon dual field into the left and right components:

where 
4D Dirac Equation

Changing variables

We obtain a Sturm-Liouville equation

where the medium modified effective potential is 



The mass spectrum for the nucleon and its excited states is analytical for the 
given metric and its solution of the eigenvalue equation is:

where the slope of the Regge Trajectory diminishes with the increase of the 
background field. 

The nucleon is the ground state and its energy is given by

where the effective mass is given by

Nuclear Matter and Holography



We find that AdS/QCD provides a different scenario for the nuclear dynamics 
when compared to both QHD (Quantum Hadrodynamics) and QMC (Quark-
Meson-Coupling) models.

Medium-modified holographic-hadron
dynamics (MHD)

The MHD provides the non-linear 𝞼-dependent nucleon mass:

Scalar coupling is given by:

The back reaction to the nuclear medium of the nucleons is a depletion of g𝞼



Medium-modified holographic-hadron
dynamics (MHD)

The energy density and pressure are given by

where kf is the Fermi momentum, 𝞬 is the degeneracy factor (𝞬=4 for 
symmetric nuclear matter).

We define the coupling constant



The nuclear matter stability condition                  gives the mean field equation

where the scalar density 𝞺s  is given by

Medium-modified holographic-hadron
dynamics (MHD)

Scalar coupling:



Medium-modified holographic-hadron
dynamics (MHD)

We choose the following quantities and observables in order to obtain the free 
parameters to build the EOS of symmetric nuclear matter:

Nucleon rest mass – MN = 939 MeV
Sigma meson mass - m𝝈 = 550 MeV
Saturation density - 𝞀0 = 0.15 fm-3

Binding energy – B0 = -15.6 MeV

For a given density, we solve 

From the solution 𝝈, we calculate the energy dentity and pressure 



- LHS: parametrization of the Walecka model
- BKA20, BSR10, IU-FSU: parametrizations of the RMF model with mesons interaction.
- MQMC: relativistic hadronic model with quarks inside nucleons.
- MHD: our model. Very similar to the sophisticated hadronic models.

Numerical Results



- Furthermore, we calculate the incompressibility at the saturation point:
• Walecka model: K0 ~ 500 MeV.
• MHD model: K0 = 254 MeV.
• Literature: 220 MeV < K0 < 260 MeV.

Numerical Results

Stone, Stone, Moszkowski, PRC 89 (2014) 044316.

In the left, the band is constructed from the experiment of Kaon condensation in heavy 
ion collisions.
In the right, the constrain is obtained from the experimental data of the motion of 
ejected matter in the energetic nucleus-nucleus collisions.



We discussed some aspects of AdS/CFT duality.
We presented AdS/QCD models, in particular the Dynamical Soft Wall, 
which has confinement and Regge Trajectories.
We proposed a Holographic model for Nuclear Matter.
For symmetric nuclear matter, the energy density and pressure are 
compatible to the one obtained by sophisticated RMF models and MQMC.
At the saturation point, we obtain an incompressibility of 254 MeV, which 
is consistent with the range found in literature.
We intend to generalize the model for asymmetric matter and apply for 
compact stars.

Summary


