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Condensed QCD matter physics (heavy-ion physics)



Physics of hot and dense QCD matter

In 1974, T.D. Lee suggested studying new phenomena “by distributing high energy
or high nucleon density over a relatively large volume.”

Pb nucleus

Pb nucleus

highly excited nuclear matter

Quark Gluon Plasma

UrQMD, Marcus Bleicher

∼ 10−14 m

T ∼ 1012 K

How does the hot and dense nuclear matter equilibrate?
My work: QCD kinetic theory, universalities out-of-equilibrium.

What are the properties of Quark Gluon Plasma?
My work: stochastic and viscous fluid dynamics, parton energy loss.
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Quark Gluon Plasma in Nature

neutron star mergersearly universe heavy-ion collisions

Relativistic Heavy Ion Collider (RHIC) and Large Hadron Collider (LHC)

RHIC, BNL, since 2000 LHC, CERN, since 2010
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Fast thermalization in QCD Berges, Heller, Mazeliauskas, Venugopalan (2020) [1]

PbPb

t

Particle escape

Fluid expansion
t ∼ 10fm/c

Pre-equilibrium
t ∼ 1 fm/c

Incoming nuclei

T (t, x), uµ(t, x)

quasi-particles

strong QCD fields

During less than 10−22 s QCD forms a drop of nearly perfect fluid.

Final . 104 particles share the memory of collective behaviour (flow).

High energy partons are stopped by the dense medium (jet quenching).
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What is the limit of collective phenomena in a few particle system?

Collective flow seen in all hadron collisions, but not parton energy loss.
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ATLAS PbPb 5.02 TeV
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system size uncertainty

πT ∼ 1GeV

pT ∼ 100GeV

relative jet suppresionelliptic flow

The outstanding question: is there high-pT energy loss in small systems?
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Opportunities of OO and pO collisions at LHC

OO collisions is a unique system to measure small energy loss signal.

O O

particle multiplicity in different systems hadron suppression in OO

Vislavicius (ALICE) [2]

nPDF baseline

Precise pQCD calculations for no-energy-loss basline opens a discovery potential!
Huss, Kurkela, Mazeliauskas, Paatelainen, van der Schee, Wiedemann (2020) [3, 4]
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