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During the last years the community has tried to understand the QCD phase diagram

under extreme conditions



Temperature and Magnetic Fields in peripheral heavy ion collisions. It is hard to

believe that the field strength will be constant in the collision plane….Also it is

not obvious that we are in thermodynamic equilibrium











Which also means These statistical features are captured

by a Gaussian distribution with zero

mean.



We can apply this idea to any thermodynamical

quantity. For example to the grand potential

Notice that the relations of the previous slight can be extended to



• We will discuss termal fluctuations for the relativistic Fermi gas, the photon gas and 

the “gluon” gas. Finally, and application in the frame of the bag model will be 

considered

In general, let us consider the grand canonical partition funtion

The statistical average over temperature distribution is obtained via the replica method

Where each replica 1 ≤ r ≤ n has an associated operator



Expanding the exponential in powers of the fluctuation and taking the statistical

Average of each term

It is remarkable that this power expansión can be expressed as temperature derivatives of the partition function



In fact we find

In this way we get for the statistical average of the grand potential

The idea is to consider only the first order in the

fluctuation Δ



Remember: the equation of state for the ideal gas is

Therefore, up to order O(Δ2), we have an excess of pressure due to the average effect of

temperature fluctuations

In the article we have shown that this excess of pressure is positive (too long to be

presented here)



Relativistic Fermi gas with termal noise

The partition function for the n-replicas of this ideal gas (represented by Grassmann fields Ψr(x), r the

replica index, 1 ≤ r ≤ n,) is well known



The partition function for the fermion gas

Where we diagonalized the operator in Matsubara momentum space

After some calculations (for details, please refer to the article) we

find



Equation of state: we get an explicit expression for the excess pressure



For μ = 0

For different values of μ.



A short parenthesis: In

we have exlored an

alternative way



We have repeated the exercise for a photon gas and a gluon gas with termal noise.

Some steps:

We might use the Fadeev-Popov technique and, eventually you find

With a  típica family of covariant gaugesl

So  that



Which means

After some steps

In this case



In the previous expresión we can susbtracted the linear divergent term(vacuum energy). Proceeding

in this way we find for the grand potential

As expected



Finally we have again an excees of pressure due to termal fluctuations

For the case of gluons, keep in mind that we are dealing with a gas of free gluons!!



Following the usual procedure

In this case, however

We handle the determinant through the introduction of ghost fields



Finally

with

And now we take g= 0, since life is hard!



Bag Model. A quite basic approach to hadrons.  Inside the bag we have QCD (free)

degrees of freedom and outside we have hadrons (pions) that try to compress the bag.

For the gas of pions

For the plasma pase: νF = 2x3x2=12 (quarks) and νB = 2 x (32 – 1) = 16 (gluons)

B ~200MeV, the bag constant



The critical temperature Tc

Where we have defined hte net excess pressure as

Solving for Tc

So, we have a kind of catalysis of the pase transition



Concerning our previous work on magnetic fluctuations, just a few

words



The Model: QED in the presence of a classical and static magnetic

field possesing random spatial fluctuations

We consider a white noise spatio-temporal fluctuation with respect

to the mean value, i.e.



As it is well known, these statistical properties are represented

by a Gaussian functional distribution (which is natural because of the Central 

Limit theorem)

In this way, we have the following decomposition



The statistical average is given in terms of the Gaussian

functional measure. 

Zn is obtained by the incorporation of replica components for 

the fermion fields.



After perfoming the integral over the magnetic fluctuations

It reminds us the NJL-action (or the Fermi theory)

We have ended up with an effective interaction between vector currents,

associated to different replica, with a coupling constant proportional to the

fluctuation amplitude ΔB .



As a kind of conclusions:

The replica method seems to be an attractive way to explore situations beyond

equilibrium in the dynamics of heavy ion collisions.

We have extended the scenarios to the presence of electric fields (appear

in collisions between an heavy and light nuclei (Au-Cu, for example).

THANK YOU
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