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Outline
● Chiral imbalance and axial chemical potential.

● Construction of the effective lagrangian for non zero chemical 
potential.

● Phenomenological consequences for             : 

     Pion dispersion relation, the light quark condensate, the chiral and                         
       topological susceptibilities, the chiral charge density…

● Isospin chemical potential

     Pion and quark condensates and the isospin density.



  

Chiral Imbalance

In hot QCD a metastable topological charge       may arise in a finite 
volumen.

It may be associated with an axial chemical potential     . 



Construction of the effective lagrangian

We consider the effective low-energy representation of Z(v, a, s, p, θ).

The construction of the most general, model-independent, effective 
lagrangian can be carried out within the framework of the external source 
method.

We introduce the so called ”spurion” fields:



  

Construction of the effective lagrangian
The covariant derivative reads

the operator                has to be considered as an additional operator 
for constructing the lagrangian

Chiral power counting:



  

The leading order lagrangian

At         , the only nontrivial operator is:

To            the following operators are also allowed: 

Therefore, at this order, the only modification to the chiral lagrangian 
is a constant term:



  

Next to leading order lagrangian

All possible          terms allowed by the symmetries vanish for the our 
choice of Q.

At           we have new terms constructed out of the Q operators and     
              . The possible contributions (including Q operators) are of the 
form:

Trace identities can be used to eliminate some of the operators.

The form of the explicit      corrections is:

We use recent lattice analyses to estimate some of those constants.



  

Pion dispersion relation

The spatial and time components of 
the pion decay constant are 
different:

The two main physical 
consequences of that are the pion 
velocity and pion mass:



Vacuum energy density
 

At           , it only contributes the constant part of the LO lagrangian

The          and          include:



  

Quark condensate and scalar susceptibility
The first  correction to the quark condensate is temperature 
independent:

For the ratio                                                   the     dependence reduces 
to the combinations:

Although in the chiral limit it depends only on     :

The coefficient that regulates the dependence of the scalar 
susceptibility with      near the chiral limit is             . 



  

Critical temperature
The ChPT curve for the physical 
pion mass lies very close to the 
chiral limit one.  

Lattice points clearly fall into the 
uncertainty given by the natural 
values range.

The chiral limit approach is a robust 
approximation. Natural values

Lattice data Braguta et all (2015)



  

The topological susceptibility
The dependence of         with low 
and moderate      is controlled by the 
      constant:

The fit shows: 

● The results for      are compatible 
with zero.

● The error bands are much narrower 
than the natural values.

Natural values



  

The chiral charge density
We perform a fit of

The linear dependence fits very well 
the lowest     lattice points.

Fit 1 is consistent with Fit 2.

Lattice data Astrakhantsev et all 
(2019)



  

Presure and speed of sound

The     corrections to the pressure 
are parametrized by     and    .

The speed of sound depends only 
on    .

Chiral limit

Natural values



  

Isospin chemical potential
The QCD lagrangian including a nonzero isospin chemical potential

The most general           lagrangian at nonzero     is given by

LO critical value : The constant      displaces the critical value.



  

Next to Leading Order

Observables of interest:

To ensure that      vanishes below

Critical value                            :

 
linear term



  

Numerical results

Natural values
for     . 

LO fit



  

Conclusions
● We have analyzed the effective chiral lagrangian for nonzero 

chiral imbalance for two light flavours, through its dependence 
with the axial chemical potential      .

● We have analyzed several observables and the dependence of 
their      corrections with the      constants.

● A consistent picture with lattice data emerges, allowing to 
determine some LEC combinations.

         average values of        and               

● We discuss new     -corrections to the quark and pion 
condensates and the isospin density including the effect of new 
LECs.


