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QCD: why and how?
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QCD

Standard Model of Elementary Particles
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QCD

Standard Model of Elementary Particles

three generations of matter interactions / force carriers
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QCD

Standard Model of Elementary Particles

three generations of matter interactions / force carriers
(fermions) (bosons)
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What’s hot in QCD?
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_ What’s hot in QCD? The cool stuff! For the purpose of the talk!!
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Lattice QCD Functional QCD

¢ Those are my interpretations, ™

Strongly correlated QCD: how to? | and ifyou don't like them....

__well, | have others
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Low energy effective theories

Controlled approximations /extrapolations of QCD
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‘There are two ways of doing calculations in theoretical physics.
One way is to have a clear physical picture of the process that you are calculating.“.
The other way is to have a precise and self-consistent mathematical formalism.
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Chiral symmetry breaking & confinement: towards the QCD phase structure



Chiral symmetry breaking
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Chiral symmetry breaking

Dynamical chiral symmetry breaking (QCD) Am,sp ~ 350MeV

Current quark masses (Higgs)
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Chiral symmetry breaking

Dynamical chiral symmetry breaking (QCD) Am,sp ~ 350MeV

Current quark masses (Higgs)
bottom

2 light flavours, one heavy flavour 2+1



Dynamical chiral symmetry breaking
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Dynamical chiral symmetry breaking

Order parameter
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Dynamical chiral symmetry breaking
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Thermal restoration of chiral symmetry
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§ Effective couplings decays §
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Thermal restoration of chiral symmetry
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Confinement

Free energy I ,; of a quark - antiquark pair
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Confinement

Free energy I ,; of a quark - antiquark pair
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Confinement

Free energy I ,; of a quark - antiquark pair
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Confinement

Free energy I ,; of a quark - antiquark pair

A}'
x>

[ “Confinement: Gluon self-interaction } Wilson loop

!
, .
. "

- = \ 4 “yz ‘

vJV1 >

r=0.50fm

r=1.00fm

< >

r

r=1RAR fm

string breaking at 7 ~ 1fm Energy density Bali et al. ‘94

‘ =

<

F qq = const.

13



Thermal confinement-deconfinement phase transition

Free energy I ,; of a quark - antiquark pair
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Free energy I ,; of a quark - antiquark pair
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Thermal confinement-deconfinement phase transition

Free energy I ,; of a quark - antiquark pair
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Polyakov loop correlation (P(0)P'(r)) ~ V(r,T)/T
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Thermal confinement-deconfinement phase transition

Free energy I ,; of a quark - antiquark pair
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Thermal confinement-deconfinement phase transition

Free energy I ,; of a quark - antiquark pair
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Free energy I ,; of a quark - antiquark pair
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The physics of the QCD phase diagram & the experimental landscape
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Unfolding strongly correlated QCD with heavy ion collisions (extreme QCD)
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Unfolding the phase structure of QCD



Experimental & Theoretical Landscape

Experimental landscape Theoretical landscape

Onset of new phases on the chiral transition line (CEP)
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Ripples of the critical point
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Ripples of the critical point
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Ripples of the critical point
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Ripples of the critical point
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*QCD: why and how?

* Chiral symmetry breaking & confinement: towards the QCD phase structure

*The physics of the QCD phase diagram & the experimental landscape

* Unfolding the QCD phase structure
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The QCD Moat reloaded
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The QCD Moat
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The QCD Moat
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