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Standard model and strong interaction
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Strength Comparison — The strong force [range: 10 '°m] is hundred ( 137) times stronger than the
EM force [range: 1]
and million times ( 10°) stronger than the weak force [range: 10 Bm].
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Features of Quantum Chromodynamics (QCD)

-

Color confinement — no free
color charges in the nature

Chiral symmetry breaking
— 99% of the proton
mass[938 MeV] comes from
QCD interaction (not bare
quark masses[10 MeV])

Asymptotic freedom:
Quarks and gluons behave
like free particles at very
high interaction energies.
The perturbative QCD works
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(Gross, Wilczek, Politzer — Nobel 2004)
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Phase transition in QCD and Quark-Gluon Plasma (QGP)
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At finite p, lattice QCD fails (sign problem).
The phase diagram must be explored by comparing
experimental results with e Ceckive models.
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Evolution of collision medium and probes of QGP

Hydrodynamic
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Others: Strangeness
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Source of photons in the dif t stages of evolution

Initial Pre Hydrodynamics Hadronic gas

state  -equilibrium

Prompt Pre-eq  Thermal radiation ~ Thermal radiation Decay
Photons Photons from QGP from hadron gas Photons

Photons emerge undistorted from the strongly interacting medium,
providing direct access to its temperature, flow, and density throughout the
system'’s evolution.
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Direct photon study in heavy-ion collisions
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Figure: Prompt photon production in Compton scattering and
pair annihilation processes
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