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— current understanding of the QCD phase diagram based on
lattice QCD calculations

— the search for a critical point

— heavy quarks at high temperature

— current and future challenges

— from petascale to exascale to zettascale calculations
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Strong-interaction matter
under extreme conditions
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Towards an understanding of the phase diagram
of strongly interacting matter
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— exploring the transition from hadrons to quarksé& gluons
deconfinement, chiral symmetry restoration, axial anomaly

— search for the existence of the chiral critical point (RHIC)

- establish the imprint of the chiral PHASE transition of QCD on
properties of QCD matter with its physical quark mass spectrum (LHC)
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Equation of state of (2+1)-flavor QCD: pup/T > 0
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HISQ: Bielefeld-BNL-CCNU, arXiv:1701.04325

stout: Wuppertal-Budapest, arXiv:1607.02493 i
—> The EoS is well controlled for pg/T < 2

or equivalently /snn = 12 GeV
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A new determination of the chiral crossover temperature
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The crossover line at non-zero baryon chemical potential
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Critical behavior and higher order cumulants
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Critical behavior and higher order cumulants
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The radius of convergence of Taylor expansions
constraints on the location of a possible critical point
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Cumulants of net-baryon number fluctuations
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Transport and bound state properties from thermal hadron correlation functions

Different contributions and scales enter
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Spectral functions in the QGP notoriously difficult to extract from correlation functions
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© large lattices and continuum extrapolation needed

© still only possible in the quenched approximation
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Transport and bound state properties from thermal hadron correlation functions
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— state of the art lattice calculations with continuum extrapolated correlation functions
are done in quenched QCD (no dynamical quarks)
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heavy quark diffusion

electrical conductivity
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Thermal bottomonium melting
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electromagnetic observables

-hard(er) probes
Jip

t

hadronic observables
-soft probes

FCC: high temperatures

even after quarkonium
formation time scale

direct photon yield at LHC
and RHIC

&‘: C L L L ]
> I e ALICE i
¢ 0% 0-20% Pb-Pb |5, =2.76 TeV =
e - — Aexp(-p,/T o) ]
2;‘ o" T, =304+ 1159 + 40%° MeV -
% O 1 "] PHENIX -
o) 0-20% Au-Au s, =02 TeV 2
_ 3 — Aexp(-p./T ) .
production —Z , T, =239+ 25 £ 7% MeV |
thermalization S10E E
: §
A,E.,b 107 [&] - E
quarkonium formation time: 7,3 ~ 0.5 fm KN ]
1023 [ o ] E\;I =
temperature at 744 1]
a3 E
collider | T(74g) [MeV] | T/T. : | l, §
RHIC 230 - 280 15 - ]_8 10_50—' L1 ‘ll T é L1 |3 L1 ‘|1 T : |
LHC 300 - 360 1.9-23 P, (GeVic)
FCC 370 - 450 2.4 - 29 TLHC — (304 :l: 113tat :l: 403y3)MeV
Trurc = (239 £ 25%% 4 75¥5)MeV
Y (1s) “ill melt at the FCC
J/v does meltat  J. Adam, Phys. Lett. B754 (2016) 235
RHIC&LHC arXiv:1509.07324

F. Karsch, HIC town meeting, CERN 2018

15




Transport and bound state properties from thermal hadron correlation functions
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— state of the art lattice calculations with continuum extrapolated correlation functions
are done in quenched QCD (no dynamical quarks)

— guenched QCD, state-of-the-art lattices: 1923 % 64

— QCD with physical light quarks, state-of-the-art lattices: 64° x 16

about a factor 100 in compute
performance is needed in order
to do todays gquenched studies In
QCD with physical quark masses

O(5) years
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Evidence for many charmed baryons in
QCD thermodynamics close to Tc charmed baryon fluctuations

are about 50% larger than expected in a
HRG based on known charmed baryon

0.5 | B/ SxES) . resonances (PDG-HRG); missing states of QCD
mu ® i
QM-HRG-3 = _
QM-HRG —
- PDGHRG = = observation of
LT 5 new charmed baryons
by LHCDb
all charmed baryons/mesons arXiv:1703.04639

strange charmed baryons/mesons

J

LHCb

>
L
>
$ 300
31
2
o
=
<
@)

0.7 LAESS/SS 4 250) _ :

ce e :

] :

05 e s :

................. S :

................. | | 100

I | TMev] | i
E .I“ i | I | | | | | | | |

140 150 160 170 180 190 200 210
A. Bazavov et al., Phys.Lett. B737 (2014) 210

R. Aaij (LHCD) 3000 3100 3200 3300
. , 3200
Phys. Rev. Lett. 118 (2017) 182001 "™(Z:K ) [MeV]

F. Karsch, HIC town meeting, CERN 2018 17



Conclusions

— lattice QCD have provided important input to the interpretation
and modeling of heavy ion collisions (EoS, Tc, transport and diffusion constants)

— some of them are still lattice results and still need to be promoted to
become QCD results: calculations with physical quark masses, continuum
extrapolated

— the steady improvement of compute resources as well as new, more
sophisticated simulation software guarantees steady improvements
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