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Chiral Symmetry and the QCD Phase Diagram
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o light-quark sector (u+d quarks): approximate chiral symmetry SU(2); x SU(2)g

Temperature (MeV)

H. van Hees, A. Meistrenko,

300

200

150

100

50

0 200 400 600 800 1000

Quark-Gluon Plasma

Critical
Point?

Color

Nuclear
Vacuum Matter ~ Superconductor

o b b e b b TNy

I |
1200 1400 1600
Baryon Chemlcal Potential - uB(MeV) [Fig. from A. Aprahamian et al. Reaching for the horizon]

ner (GU Frankfurt) Ki of the al phase t ion i meson o model



Cumulants of net-baryon number fluctuations

Quark-number susceptibilities
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Quark-Meson linear-o Model

@ SU(2); x SU(2)R linear-o model
@ mesons: o, 7, quarks: Y =(u,d)

%= gﬁ[iﬁ —g(o+iystt- ?)]w + % (6,00%c +0,7t0"7t)— % (o?+ 72— VZ)Z + frmio+ U,

| parameter | value | description |
A 20 coupling constant for o and 7
g 2—-5 coupling constant between o, 7 and 1)
fr 93 MeV pion decay constant
my 138 MeV pion mass
» fZ—mZ/A field shift term
Uy m:/(40)— fZm> ground state
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Quark-Meson linear-o Model: meson potential
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Quark-Meson linear-o Model: 2PI action
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Quark-Meson linear-o Model: equilibrium effective potential
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Quark-Meson linear-o Model: equilibrium order parameter
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Quark-Meson linear-o Model: equilibrium order parameter
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Quark-Meson linear-o Model: effective o mass
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Quark-Meson linear-o Model: effective 7w mass
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Quark-Meson linear-o Model: off-equilibrium equations

o real-time Keldysh contour = 2PI/Kadanoff Baym = transport equation (spatially homogeneous)
@ Mean-field equation

g +D(6)+](1)=0,J(t):= (¢ —+3G1 + ZG“ )¢ fom?+g(Py)
@ transport equations for meson- and quark-phase-space-distribution functions
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Quark-Meson linear-o Model: collision terms

‘ collision integral ‘ diagram ‘H collision integral ‘ diagram
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Quark-Meson linear-o Model: non-Markovian dissipation

@ memory kernel in mean-field dissipation term
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Quark-Meson linear-o Model: Memory kernels
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Quark-Meson linear-o Model: expanding-fireball geometry

o Friedmann-Lemaitre-Robertson-Walker metric (spatially flat)
ds*=dr*—a®(¢)(dx? +dx; +dx?), H=d/a

e expanding fireball with radius R(#)= Ry + v, t, d/a=R/R

o mean-field equation
0*¢+3H3,¢+D(1)+J(£)=0

@ Boltzmann equation
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Initialization of net-quark numbers

@ goal: time-evolution of net-quark number fluctuations

o ensembles with fluctuating initial conditions
e mean net-quark number

0.008

®  probabilty of initial configurations
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0.006

o standard deviation: 0 g e = (qune[> /10
o choose M = 200-1000 values for Ny ¢
e initialize type I or type II for each N e

probability density
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Observables

@ goal: time-evolution of net-quark number fluctuations
e ensembles with fluctuating initial conditions

g Tr— o ensembles with fluctuating initial
e o conditions
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“Trajectories” in phase diagram
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“Trajectories” in phase diagram

Type |I: statistical ensemble with a constant initial radius scale R = 5fm
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“Trajectories” in phase diagram
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Conclusions

Phase diagram of strongly interacting matter and chiral symmetry
Quark-meson linear o model

2P1 effective action in and off equilibrium

coupled mean-field and transport equations with memory
e ensembles with fluctuating initial conditions for net-quark number
e trajectory through chiral phase transition = non-trivial fluctuations = higher cumulants
o differences between crossover and 1° or 2"-order transitions
o depends on expansion rate and observed momentum bins
o fluctuations may survive full fireball evolution

@ A. Meistrenko, HvH, C. Greiner, Ann. Phys. 431, 168555 (2021); arXiv:2007.09929 [hep-ph]
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