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QCD phase diagram





Extracted from V. Toneev, O. Rogachevsky and V. Voronyuk: Eur. Phys. J. A. 
(2016) 53: 264

























The (charged) bosonic propagator in the present of a constant electric field



For small values of the electric field the propagator goes into

We will use this propagator  for the charged pions in our calculation



The relevant diagrams





A novelty of our article was the calculation of the box diagram

Which was previously neglected (normally the σ-propagator is pinched
due to the high mass)



In the previous expresión all I’i denote certain integrals you might find in the 
original article



It is interesting to see that this result is opposite respect
to the same calculation in the presence of  a constant 
magnetic field. Also, the effects of the electric field are much 
bigger than the magnetic effects.

Temperature and electric field
effects go in opposite direction
respect to magnetic effects.
Thermo- magnetic effects on
Pi-pi scattering lengths were cal-
culated in
M. Loewe, E. Muñoz, and
R. Zamora, 
Phys. Rev. D 100 (2019) 116006



In general there is an agreement in the community that it
will be extremely difficult to disantangle magnetic from termal
effects.

Therefore, propositions like the one presentes by A. Ayala and
Collaborators on the Z decay into muons are very attractive. 
(keeping in mind the cloud of the LLL approximation)

Collisions between asymmetric nuclei, due to the important
role of the electric field, might be an interesting window for
exploring this kind of physics.



Let us go now into “Something else”. 
Here I want to mention some recent results for thermal effects in
the Regge behavior of scattering amplitudes

In general, we refer to an amplitude as regeized when it becomes analytical
in its dependence on J, in the high energy limit, 

becoming
A(s, t) ~ sα(t)

This happens, normally, when resumation of diagrams are considered.

See, for example: P. D. Collins: “An Introduction to Regge Theory and High Energy Physics”, 
Cambridge University Press and references therein. ,



For this purpose we use the λφ3 theory

At T = 0, let us considered resummation of a Ladder diagram

The building element is the box diagram



It can be shown, see technical details in the article, that in the high energy limit,
the box diagram (M) behaves like

where

For the ladder diagram with n rungs, we have



Thus, summing an infinite series of Ladder diagrams yields the asymptotic behavior
of the amplitude as

Identifying, then, the Regge trayectory as



When temperature appears, we have to use the well known prescription

for calculating the box diagram. The result can be decomposed as 

where



It is posible to show that

Inserting the temperature independent part and summing over an infinite number
of rungs we get



Expanding for small values of t

The Regge trayectories for the rho meson



The slope diminishes
with T

The same happens with other
trayectories

This means that the mass
increases with T



Z. Phys. C 59, 63 (1993)

This behavior is surprisingly similar to the rho-mass evolution obtained from
Totally different approaches



As a kind of conclusión: New approaches or
perspectives for physical problems are always
welcome!!


