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Motivation

QGP with chiral symmetry
(qq) =0

T, ~ 160 MeV

Broken chiral symmetry

(qq) # 0

We are neglecting any hydro-dynamics of the chiral condensate !
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Motivation 2
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The independent left
and right rotation
of the flavour of the
guark is spontaneous
broken.

The Universality class
seems to be the

same of O(4) scalar
field

The chiral susceptibility seems to respect the scaling as predicted
from O(4) universality class in d=3
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Setup: the O(4) phase transition

The (approximated) conserved quantities of 2 flavour QCD are

T Ty T
Stress Iso-vector (isospin) Iso-axial
(T, u") puv pA

7 t1q 77 5t14
The approximate flavour symmetry SU(2);, x SU(2)g ~ O(4)

The order parameter is the chiral condensate

(qq) ~ ¢o = (0,04) = (sigma, pions)

We need the hydrodynamic theory of the charge and the order

parameter

Rajagopal Wilczek (93)
Son and Stephanov (02)



Equation of motion (Model G)

Rajagopal Wilczek (93)

Chiral condensate ¢, + Axial and Vector charge n_, = Yol

a1f§q5a =+ go /Lab¢b — F0v2¢a — FO(rrn(z) T )‘¢2)¢a + FOI_[a + Ha 9
Oinab + 9o V - (Vorady)) + Hiads) = DoVnap + 0iZ, -

T

ldeal part Dissipative part Gaussian Noise

* The ideal part is charge conservation and Josephson constraint
» Two dissipative coefficient 1 \; and D, and noise

* The simulation of the stochastic process is done with an
ideal step and metropolis update.

Diffusion at high temperature, pion propagation at low

temperature as the vev develops
S



Simulating the O(4) crossover
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High temperature
Goo(t k) = %@(t, K)o (0, k).

Gon(t, k) = 31v S (£, K) (0, —K)).

S

We focus on the statistical
correlator at k = (

Gan(tk) = =0 S (A (1K) (0, —K)
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The axial charge is almost conserved the O(4) field are simply
dissipate with a broad width
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Propagation of axial charge across the

transition
Quark diff
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Around Tpc the axial charge start changing form a diffusive form

to a quasiparticle one
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Gaa(t) / Xo

Dynamical scaling on the critical line

On the Critical line z=0 we should have scaling with a dynamical
critical exponent {
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Rajagopal Wilczek (93)



Effective Boltzmann equation

E.G., A.Soloviey, D. Teaney, F. Yan PRD (2020)

From the linear propagator we can define (using the Wigner
transform) an effective kinetic description of the soft pions
distribution function

0,1, + 22 0fn _ OPp O] f

— interaction terms!

0q Ox ox 0q f’

Well below the phase transition the pions propagate like
qguasipartilce with a modified energy dispersion from the medium

IS v?(p® + m”)

/ \

Depends on 6
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Soft pion enhancement

E.G., A. Solovievy, D. Teaney, F. Yan PRD (2021)

The dispersion curve get modified form the phase transition

1
Ep = v*(p)(p* + m?) MEp) = CET
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Pion enhanced p < 0.5 GeV
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Thank you!



