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ABSTRACT

QCD phase transition is studied within the thermodynamic geometry. Through the definition of a metric in the thermodynamic space, one builds a scalar thermodynamic geometry curvature, R, in the usual way and investigates the nature of the
interactions. R, indeed, reflects some important features of the system: e.g. the so-called interaction hypothesis, |R| ~ &%, where ¢ is the correlation length and d the effective spatial dimension of the underling thermodynamic system. Moreover,
the sign of R seems to provide information on the system interactions (attractive or repulsive, fermionic or bosonic). We have studied R in different model: Nambu-Jona-Lasinio model with two and three flavors, Hadron Resonance Gas models
and Lattice-QCD. In all of these models, R shows a characteristic behavior, different for each transition type (if present): | or |l order or crossover.
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where A¢* = ¢, AX" AX" is the line element in
the thermodynamic geometry. Moreover, it leads
to the “interaction hypothesis”, i.e the correspon-
dence between the absolute value of the scalar
curvature R (an intensive variable, with units of a
volume, evaluated by the metric) and ¢?, where
¢ is the correlation length and d is the effec-
tive spatial dimension of the underling thermody- 10—
namic system. Indeed, a covariant and consistent  (FIGURE 3)
thermodynamic fluctuation theory can be devel- f
oped, which generalizes the classical fluctuations 0.05
theory and offers a theoretical justification to the *
physical meaning of R.

LATTICE QCD

SCALAR curvature from eq. (5) is plotted in FIG. 3, for different values of 1 and of the ratio » = ng/np = 0 or 0.4 (where ng and np are the charge and baryon number densities
respectively) [2]. Here the transition is driven by the condition R = 0, as shown in FIG. 4, that shows the chiral susceptibility, y, at x = 0 MeV and as a function of the scalar
curvature R for physical value of the strange quark mass, m,, and my/m, = 20 or m,/m, = 27 (both at » = 0) [4].
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Within the thermodynamic geometry approach,
the physical meaning of the sign of R is still under
debate but there are indications that it is directly
related to the microscopic interactions, since R
IS positive for repulsive interactions and nega-
tive for attractive ones. A similar behavior has ~0.10
been found for quantum gases, but with a differ- *
ent meaning: R is positive for fermi statistical in-
teractions and it is negative in the bosonic case. ~0.15
In this sense, therefore, a change in sign of R is ’
an indication of the balance between effective in-
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being “ * ” the derivative with respect to 7', Fy(5) from lattice QCD with r = ng/ng = 0

is the pressure and y»(T) = 0*(P/T?)/9+?, both
at u = 0.
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