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We are interested in studying the strongly coupled regime of QCD at low 
temperature and high densities at the deconfined phase.

?

?

?

Experimental Progress: LHC, RHIC, FAIR, NICA 

DescripGon of the phase diagram



Stabilities at large densities and small T
In the V-QCD phase diagram of QCD there is a new quantum critical regime at T = 0,
with exotic properties which realize the symmetries of the associated geometry
AdS2 x ℝ"

Such AdS2 solutions, studied in the context of Condense Matter are highly unstable
as it has a rather restrictive Breitenlohner-Freedman bound

It also has been showed that holographic QCD models predict that the presence of
a CS coupling between vector and axial mesons at finite density, produces an
instability at sufficiently large density.

There are studies in the literature regarding instabilities coming from Imaginary
modes at finite momentum related with striped faces.
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Description of the phase diagram

We are interested in study the strongly coupled regime of QCD at low 
temperature and high densities at the deconfined phase.
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Experimental Progress: LHC, RHIC, FAIR, NICA 



The V-QCD framework
A bottom-up holographic model for QCD, but trying to follow principles 
from string theory closely. Full backreaction from flavor sector.

The model has 2 main building blocks:

• IHQCD  inspired in 5D String Theory, this describe the glue sector.

• A Flavour action with a Chiral symmetry breaking mechanism inspired 
in  D-branes.
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The V-QCD framework

The V-QCD action is built by parting from what it is known from String 
Theory and deforming the theory with phenomenological parameters

• It implements back-reaction of the flavour sector onto the color
sector keeping fixed at large Nf , Nc

• The structure is therefore richer than those of most other bottom-up
models in the literature .

• Two bulk scalars



Comparison to data
V-QCD is constrained by fixing potentials and parameters requiring 
qualitative agreement with QCD.

• Fit to lattice data (EoS and baryon number susceptibility) near μ=0.

• The UV expansions of potentials match pQCD.

• The extrapolated V-QCD equation of state for cold quark matter agrees 
with the new constraints.
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The action of the model is:                                              with:

Our Set-up



Our Set-up
The action of the model is:                                              with:



Our Set-up
We are interested in the chirally symmetric phase        tachyon fluctuations 
will decouple.

As the only non zero component in the background is                       where
V=AL+AR/2,  the CS term can be written as:

Since we only need the action to be at second order in the fluctuations, it is 
enough the terms which are of the third order in the gauge fields.



Fluctuation Equations

To find the QNM spectrum, we solve the coupled system of eqs. describing
a linearized perturbaBon on top of a black hole.

We classify the fluctuaBons according to their helicity.



Fluctuation Equations

To male life easy use gauge invariant combinations, e.g. for Helicity 0:

We solve Einstein’s equations to obtain the background fields solutions.
Then turn on the fluctuations considered in each sector and obtain the
linearized equations of motion. We then put these in terms of gauge
invariant combinations and transform to EF coordinates.



Results: modes at q=0 
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Spin 0 Fluctuation, q=0 & μ =450MeV

The Imaginary modes are closer to the real axis at small T.



Results: modes at finite q (work in progress) 
Behaviour of imaginary modes resemble results from AdS4 RN

Areán, Davison, Goutéraux, Susuki
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Abelian Helicity 1 Fluctuations, μ = 450 MeV & T = 30.5 MeV
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Abelian Helicity 1 Fluctuations, μ = 450 MeV & T = 3 MeV



Results: modes at finite q (work in progress) 
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We find the expected interaction between the hydro diffusion mode 
and AdS2 modes
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Results: modes at finite q (work in progress) 
There is a complex mode with an imaginary part that becomes positive at
large momentum if we enhance the CS term.
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Summary

• We have analyzed the QNM for all sectors as a func7on of momentum,
temperature and for different fixed values of chemical poten7al and found
the behavior at finite momentum of the modes.

• The Imaginary modes show a complex behavior in which they collide with
other modes becoming complex modes. In par7cular at small T the
behavior of the hydro mode and the first imaginary mode is consistent with
the results from 2011.1230 in an AdS4 RN

• We have found that at small temperatures there is no instabili7es, however
if we enhance the Chern-Simons term an instability appears at small
temperatures and finite momentum in a complex mode.



Outlook

• Analyze the hydro-modes and the structure of collisions at smaller T

• Study directly the fluctuations at the T=0 limit with a AdS2 Metric

• Now that we see that the low temperature regime is stable, we want to
explore the possibility of adding extra ingredients to propose a mechanism
for CSC

Thank you !


