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Exploring the Enigmatic Chiral Phase Transition of QCD at Finite 

Temperature

INTRODUCTION

Quantum Chromodynamics (QCD) is the fundamental theory describing strong interactions, crucial for understanding the behavior of hadrons and the quark-gluon

plasma. At zero temperature, QCD exhibits spontaneous chiral symmetry breaking, resulting in a non-zero chiral condensate. As the temperature increases, the chiral

condensate decreases, and chiral symmetry is partially restored. This transition is significant for understanding the early universe conditions and heavy-ion collision

experiments, as chiral symmetry and its breaking influence the mass and interactions of hadrons.
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Key Findings:

The chiral condensate decreases with increasing 

temperature, indicating partial restoration of chiral 

symmetry.

Near the critical temperature Tc​, fluctuations in the 

chiral order parameter become significant, signaling the 

phase transition.

Effective field theory models accurately describe the 

behavior of QCD matter near the critical point, with 

predictions consistent with experimental data.

Phase Diagram:

The QCD phase diagram maps the phases of strongly 

interacting matter as functions of temperature and baryon 

chemical potential.

The critical point is identified as a landmark in the phase 

diagram where the nature of the phase transition changes 

from crossover to first-order.

Conclusions:

This study advances our understanding of the chiral 

phase transition in QCD, with implications for both 

theoretical and experimental high-energy physics.

The results support the existence of a critical point in the 

QCD phase diagram, with observable consequences in 

heavy-ion collisions.

.

To investigate the mechanism of chiral symmetry 

breaking and restoration in QCD at finite 

temperatures.

To understand the behavior of QCD matter near the 

critical point of the chiral phase transition.

To develop and validate effective field theories that 

describe these phenomena..

Theoretical Framework

QCD Effective Field Theory:

The Lagrangian for the effective field theory at finite temperature:

This Lagrangian captures the dynamics of chiral fields and the effects of temperature on chiral 

symmetry.

Chiral Symmetry and Its Breaking:

Spontaneous breaking of chiral symmetry leads to a non-zero vacuum expectation value of the 

chiral condensate.

The transition temperature Tc​ marks the restoration of chiral symmetry, characterized by a 

vanishing condensate.

Utilize heavy-ion collisions at LHC 

and RHIC to create high-temperature 

conditions similar to the early universe.

Analyze observables such as particle 

spectra, collective flow, and fluctuations 

in conserved charges to study the chiral 

phase transition.

Methodology Results and Conclusions 
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