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Part 1: Plasmas in the Universe

Qarkgluonplasma (QGFprbed ineavyon collisions
Hadronic plasmas
Q Q and neutrino plasmas

| Classmal & quantum magnetlzatlon
' - Matter in laser fields
| Radiation reaction

Temperature & acceleration
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The universe over time t (5] < ———————————————
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Part 1: Plamas In the Unierse
From QGP to BBN

Prlmordlal QGP DO nA 6°Y pu -nA 6
At this point deconfined quarks, leptons, gauge mesons freely propagating.
Hadronic plasma(p v 1A 6 Y pm® AP
Hadronization occurs aroufi¥y  p v 9t A 6converting free quarks into confined states.
Neutrino plasma p® A6 Y p- A6 L
Dense plasma of electrons, positrons, and neutrinos still coupled to the charged lepton
mm Plasma p- A6 Y x @i A6 "
Neutrino freezeout occurs arouidd p- A @eaving the plasma only now electrons and
positronsBig Bang Nucleosynthesis (BBN) occurs within this plasma.




Quarkgluon plasma (QGP)
probed in heawon collisions

Ultra-strong electromagnetic fields in heawoyn collisions: (o presemaﬂon%
A Combined self consistent ion and QGP electromagnetic fiel Chris Grayson
A Probing short lived systems, EM pair production and QGP plasma

4
‘We model the QGP a
. v
an infinite plasma. ind

Qualitative illustrations of QGP formation and evolution
C. Grayson, M. For manek, B. M¢ | FGd ru,0 n JP.l aRsanfaeol sl kni ],prﬁeEpl\AirPaotIiaorni.z at2i0c2nl )of Quar k
M. Formanek, C. Grayson,Cdns®aviehgkRel 8t i WMigstiec ,h LiiCe asobRhysecpd8@h(2021) doid0.10154.dop.20A].168608 [arXiPAL0H.0 7B
K.Tuchin fAParticle production in strongnedelchiroimamgnead i AdV a2@lB)als |jiLg 1= g [ cp < i




Visualization of EM fields in relativistic collisions | _

Quarkgluon plasma (QGHR)robed in heawon collisions.-.-.-.— Ez] |

All questions to
Chris Grayson

lons in thecenterof-momentunframe are
truly relativistic pancakes.
Here, we are simulating FPb collisions
with a Lorentz factor of o ¥

Original scale

Electric Field

Magnetic Field



