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Investigating the inner workings of strongly coupled

quark-gluon plasma and the formation of hadrons

THE SCIENCE

Quark-gluon plasma (QGP) is an extremely hot phase of
nuclear matter where protons and neutrons have dissolved
into their elementary building blocks, quarks and gluons.
At more than 100 million times the Sun’s surface tempera-
ture, the QGP is believed to have filled the early Universe
during the first few micro-seconds of its existence. High-
energy heavy-ion collisions at RHIC and the LHC aim at rec-
reating and studying this fascinating phase of matter in the
laboratory. These experiments indicate that the QGP is a
strongly coupled fluid, whose theoretical description, how-
ever, remains a challenge to date. Theoretical physicists at
Texas A&M's Cyclotron Institute are developing methods to
study the QGP's spectral properties to meet this challenge.

THE IMPACT
The quantum-mechanical spectral functions of particles

in @ medium encode information on the relevant degrees
of freedom and their interactions. A key question in QGP
research is how quarks and gluons interact to manifest
themselves as a strongly coupled medium, and how they
are confined into hadrons as the QGP cools toward the
critical temperature for hadron formation.

SUMMARY
A self-consistent thermodynamic T-matrix approach has

been employed to calculate the spectral properties of the
strongly coupled QGP. The starting point is an effective
Hamiltonian with a medium-modified input potential which
is extracted by calculating the heavy-quark free energy and
fitting it to first-principles computations from lattice-QCD.
The corresponding T-matrix is then deployed to compute
the equation of state of the QGP, by self-consistently solving
for the one- and two-body spectral functions. A numerical
technique has been developed to re-sum the contribution of
so-called skeleton diagrams to the pressure, which encode
the effects from dynamically formed two-body bound states.
It turns out that the strong force between quarks and gluons
leads to the formation of hadronic bound states as the QGP
temperature approaches the critical temperature from
above. At the same time, the spectral functions of low-mo-
mentum quarks and gluons become very broad, indicating
the melting of their quasi-particle structure, while hadronic
bound states emerge as new degrees of freedom. These
findings suggest that the strongly coupled nature of the QGP
is intimately connected to the confinement of quarks and
gluons into hadronic bound states.
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Spectral functions of quarks (solid lines) and imaginary part of quark-antiquark scat-
tering amplitude (T-matrix; dashed lines) at different temperatures. As the QGP tem-
perature decreases, the strong interactions smear out the quark spectral functions
while generating hadronic resonances, indicating a transition from quarks to hadrons.
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