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Phase diagram of QCD




Phase diagram of QC

Strongly correlated quark-gluon-plasma massless quarks (chiral symmetry)
'RHIC serves the perfect fluid’ deconfinement
Quarks and Gluons
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Phase diagram of two flavour QC

Continuum methods
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Quark confinement & chiral symmetry breaking
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iINnUUM Methods <J3=== (Functional RG-flows)
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RG-scale k: t = Ink Braun, Gies, JMP ‘07
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Confinement

Continuum methods

Braun, Gies, JMP ‘07
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Confinement

Continuum methods
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Confinement

Continuum methods

TC =~ 284 :t 10MCV TC/\/_ — 0.646 :I: 0023 lattice: Tc/ /O
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Universal properties & gauge independence

Continuum methods

Polyakov gauge: Ay = A§(X)o3

RG-flow : V[Ag] = —/dt flow[ V" [Ao], as]
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Imaginary chemical potential

| attice & Continuum QCD

ot + B, %) = —e>™ 1y (t, x) with
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Dual order parameter

| attice & Continuum QCD
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Dual order parameter

| attice & Continuum QCD
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~ A

O[(Ap)g] =0 €= Roberge-Weiss

® imaginary chemical potential |l: evaluated at a fixed background

N

standard FRG & DSE =~ == @[( Ag)g| # 0 <= breaking of Roberge-Weiss




Dual order parameter
Lattice &(Continuum QCD,
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Dual order parameter

Continuum methods === (Functional RG-flows)

Op = (O[* 0 Fy])  with  g(t + B8, &) = —*"hy(t, z)

@nary chemical potential p = 27i6/3 for 1y = e%i%
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'fermionic pressure difference’ p(T,60) ~ P(T,0) — P(T,0) fr(T,0)
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Full dynamical QCD: N_f = 2 & chiral limit

Continuum methods === (Functional RG-flows)

* RG-flow of Effective Action (Effective Potential) @E;@
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uark quantum
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pure gauge theory flow  +

cf. talk by L. Haas




Full dynamical QCD: N_f = 2 & chiral limit

Continuum methods
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Full dynamical QCD: N_f = 2 & chiral [imit

Continuum methods
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Full dynamical QCD: N_f = 2 & chiral [imit

Continuum methods & lattice
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Full dynamical QCD: N_f = 2 & chiral limit

Continuum methods

/3 21/3
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Full dynamical QCD: N_f = 2 & chiral limit

Continuum methods & lattice

agreement lattice results
| <= Kratochvila et al ‘06 & Wu et al ‘06

adjust 8-fermi interaction

Polyakov-NJL model

/3 on/3 Sakai et al ‘09
2710
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Chiral phase structure at finite density




Phase diagram of QC
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Summary & outlook

e Phase diagram of QCD

e Confinement & chiral symmetry breaking at finite temperature
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Summary & outlook

e Phase diagram of QCD

e Confinement & chiral symmetry breaking at finite temperature
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¢ Dynamical hadronisation

QCD flows dynamically into hadronic effective theories

e Next steps: real chemical potential & 2+1 flavours

work in progress
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¢ Dynamical hadronisation

e critical point and phase lines in effective theories
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Summary & outlook

e Phase diagram of QCD

e Confinement & chiral symmetry breaking at finite temperature

¢ Dynamical hadronisation

e critical point and phase lines in effective theories

ysics topics and Observables

o H ad ron |C pro pert | es The equation-of-state at high pg

+ collective flow of hadrons
« particle production at threshold energies (open charm) }:gﬁ;;gmes

e Deconfinement phase transition at high pg
. g . + excitation function and flow of strangeness (K, A, Z, Z, Q)

o « excitation function and flow of charm (J/y, y', D9, D%, A,)
N eXt Ste p ﬁ + charmonium suppression, sequential for J/y and y' ? ‘

Top-down meets bottom-up QD critical endpoint

+ excitation function of event-by-event fluctuations (K/m,...)

Onset of chiral symmetry restoration at high pg
+ in-medium modifications of hadrons (p,»,p —e*e-(u*y-), D)

predictions? clear signatures?

Reﬂ ne eﬂ:eCt |Ve h ad fon |C th eo r| es B2 —» prepare to measure "everything" including rare probes

»057 ¢ — systematic studies! (pp, pA, AA, energy)
‘4 Claudia Hol @aim: probe & characterize the medium! - importance of rare probesl!
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