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Motivation & Method




The QCD phase diagram
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The flow of the effective action

Theory space:




The flow eqguation
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Flow equation for the effective action:
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Wetterich's equation, ‘93




On the chiral phase

transition:
finte u & T = 0




Chiral phase transition

macroscopic states microscopic states
dofs: hadrons —> dofs: q,q, g
broken X symmetry transition X' symmetry

phase
<€

symmetry of matter sector of QCD for m, = 0

order parameter: chiral condensate (Y%)
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Approximation

finite 4 and T' = 0, N; = 1, Landau gauge
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Approximation

finite yand T'=0, Ny =1 dynamical hadronisation
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Dynamical hadronisation
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Hubbard-Stratonovich transformation:
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a5 at finite pu & T=0




a5 at finite pu & T=0
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as (k) = 2
dm ZAQCD (kQ)Z%(kQ)

with ZAQCD (k2) — ZAYM’p2:k2 + AZAQ (m,,u, k)




a5 at finite pu & T=0
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a5 at finite pu & T=0
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ZAQCD (k2) = ZAyu ‘p2:k’2 + AZAQ (m, p, k)
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Initial conditions set at Z boson mass (90 GeV):
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as(my) =~ 0.118




a5 at finite pu & T=0

— — YM result
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a5 at finite pu & T=0

UV:

1 recover
— — YM result ] pert.

— u=10 GeV
o -2Gey theory
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a5 at finite pu & T=0

IR:
AZa,
increases
ZAQCD
\ decreases

— — YM result
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a5 at finite pu & T=0

k — 0
joinin IR (3=
fixed point
(unchanged:

fermions
decouple)

— — YM result
— u=10GeV

— u=2GeV
u=0.1 GeV
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a5 at finite pu & T=0

| * u = 0: phase transition

at ko ~ 440 MeV,

k < k..:dynamical

generation of quark

mass, at £ ~ m,,
freeze-out point

— — YM result

o Goy 1 (quark decouples)
— u=10Ge ]
— u=2GeV i

L= 0.1 GeV | 1 * u > 0:strong u-dependence,

D - S~___ 1 above u. ~ 350 MeV no XSB
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Jens Braun, LMH, Florian Marhauser, Jan M. Pawlowski;
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On the relation of quark

confinement & chiral
symmetry breaking




Approximation
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Approximation

imaginary p and finite T, N, = 2, chiral limit
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Approximation

imaginary p and finite T, N, = 2, chiral limit
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Yang-Mills potential 3=1/T




Approximation

imaginary p and finite T, N, = 2, chiral limit
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gluon gauge quark meson




Approximation
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gluon gauge quark meson
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quark-gluon interaction
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Approximation

(. DIA] + 270 T70) 6+ —=(6(7 - B)u) + 7 (0,2)° + U (@?)
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gluon gauge quark meson

/

coupled via dynamical dynamically included
quark-gluon interaction
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confining properties: full momentum dependence
of ghost & gluon propagator




Confinement phase transition

Symmetry of gauge sector of QCD:

center symmetry Z3 for SU(3)




Confinement phase transition

Symmetry of gauge sector of QCD:

center symmetry Z3 for SU(3)

symmetry present in the limit of static quarks (m, — oo )

order parameter: Polyakov loop ¢

¢: ETI'PGi 0

1 L/T 14 (Ao) _ { >0 1T > Tc,conf

0 T < Tc,conf~




Pion decay constant & dual density
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Order parameters

fr(T)/ig(0) ——
Dual density
Polyakov Loop —

160 180 200

150 160 170 180 190 200 210 220 230
T [MeV]

1 cont agree within a few MeV with 1.




a s at imaginary u & finite T

—— YM result

— 0=0
0=1/12

— 0=1/6
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a s at imaginary u & finite T
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a s at imaginary u & finite T

|/ YM result
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Summary & Outlook

Summary:

* Ny = 1:significant 1t -dependence of o
* Ny = 2:weak -dependence of oy
* 1 ¢ cont agrees with 1.




Summary & Outlook

Summary:

* Ny = 1:significant 1t -dependence of o
* Ny = 2:weak -dependence of oy
* 1 ¢ cont agrees with 1.

Outlook:

* Ny = 1:include the U, (1) anomaly
Ny =2 & Ny = 2+ 1:dynamical hadronisation




