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Quark-gluon plasma (QGP) probed in heavy-ion collisions

Hadronic plasmas

ὩὩ and neutrino plasmas

Classical & quantum magnetization

Matter in laser fields

Radiation reaction

Temperature & acceleration

Part 1: Plasmas in the Universe

Part 2: From Plasma Physics to Laws of Physics
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M. Tanabashiet al. (Particle Data Group), ñReview of Particle Physicsò Phys. Rev. D 98, 030001 (2018)

Image Credit: NASA, ESA, S. Beckwith (STScI) and the HUDF Team

Where is the plasma hiding? In time.
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The universe over time
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Part 1: Plasmas in the Universe

From QGP to BBN
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We use strong fields in heavy-ion collisions to probe QGP which existed 

from the Big Bang to when the universe was only 25 microseconds old.

Å Primordial QGP ρσπ'Å6Ὕ ρυπ-Å6
At this point deconfined quarks, leptons, gauge mesons freely propagating.

Å Hadronic plasma ρυπ-Å6Ὕ ρπ-Å6
Hadronization occurs around Ὕ ρυπ-Å6converting free quarks into confined states. 

Å Neutrino plasma ρπ-Å6Ὕ ρ-Å6
Dense plasma of electrons, positrons, and neutrinos still coupled to the charged leptons.

Å ▄▄ plasma ρ-Å6Ὕ πͯȢπς-Å6
Neutrino freezeout occurs around Ὕ ρ-Å6leaving the plasma only now electrons and 

positrons. Big Bang Nucleosynthesis (BBN) occurs within this plasma.



QGP

Quark-gluon plasma (QGP)

probed in heavy-ion collisions

We model the QGP as 

an infinite plasma.

Qualitative illustrations of QGP formation and evolution

M. Formanek, C. Grayson, J. Rafelski, B. M¿ller, ñCurrent-Conserving Relativistic Linear Response for Collisional Plasmasò Annals of Physics 434 (2021) doi:10.1016/j.aop.2021.168605 [arXiv:2105.07897]
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K. Tuchin, ñParticle production in strong electromagnetic fields in relativistic heavy-ion collisions.ò Advances in High Energy Physics (2013)

Ultra-strong electromagnetic fields in heavy-ion collisions:
ÅCombined self consistent ion and QGP electromagnetic fields

ÅProbing short lived systems, EM pair production and QGP plasma

See presentation by

Chris Grayson

C. Grayson, M. Formanek, B. M¿ller,  J. Rafelski, ñEM Polarization of Quark-Gluon Plasmaò In preparation. (2021)
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Quark-gluon plasma (QGP) probed in heavy-ion collisions

Visualization of EM fields in relativistic collisions

The natural EM fields Ὂ of the ions is described used Lienard-Wiechertfields, which contains a boosted 

Coulomb field proportional to velocity and an acceleration or radiation field.
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Original scale

Ions in the center-of-momentumframe are 

truly relativistic pancakes.

Here, we are simulating Pb-Pb collisions 

with a Lorentz factor of ‎ σχ. 
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All questions to

Chris Grayson


