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QCD cniticality at pg=0: relevance to CLEP?

Columbia plot:
QCD phase diagram in quark mass plane
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Ist order deconfinement phase transition region

Columbia plot:
QCD phase diagram in quark mass plane
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Ist order chiral phase transition region

Columbia plot:
QCD phase diagram in quark mass plane
0 Nf=2 PURE ’
> ond o dor 2" order 15 .-
Z(2 -order
2
! Physicgl point
Nf=1
mC r?
2" order
Z(2)
= o0
My,d

Bottom left corner of the Columbia plot:

ey B

Karsch et al.,’03,
Nakamura et al,, |5’

FIRST ORDER

1 lphys.line I
_CROSSOVER

de Forcrand & Philipsen, 07

5 /23



Ist order chiral phase transition region

Columbia plot: : :

QCD phase diagram in I()luark mass plan Bottom left corner of the Columbia plot:
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Ist order chiral phase transition region

Columbia plot: ‘ :
QCD phase diagram ia Ic)luark mass plane Bottom left corner of the Columbia plot:
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Signatures of symmetry restorations

-»- Susceptibilities defined as integrated two point correlation functions of the

local operators, e.g. x~ = / Az (7 ()7 (0)) with 7" (z) = i (2)ys7 Y ()

Restoration of SU2); xSU(2)x:
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SU(2)xSU(2) symmetry restoration at 1=205 MeV
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Continuum and chiral extrapolations with m; < 140 MeV data at 1= 205 MeV
in Ni=2+1 QCD

OYRIAN N O m,[MeV] & . simultaneous fits
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Continuum and chiral extrapolations with m; < 140 MeV data at 1= 205 MeV
in Ni=2+1 QCD
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Scenarios of QCD chiral phase transition mPhY — gt
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chiral phase transition in Ni=2+1 QCD
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chiral phase transition temperature in Ni=2+1 QCD

O(4) scaling fit: Tx(H,L) = T° (1 N (ZX(ZL)> H1/55> b o H1-1/6+1/88
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Recap: relevance of criticality at ug=o to CEP

Tpc . &~ 156 MeV, chiral crossover T at up=0
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Borsanyi et al.,Phys.Rev.Lett. 125 (2020) 052001
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Microscopic manifestation of the symmetry restorations:
Dirac Eigenvalues and their correlations Cy,
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Ist, 2nd & 3rd quark mass derivative of p on N,=8 lattices
at T~ 205 MeV =~ 1.6T.
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Dilute instanton gas approximation does not hold towards T,
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Scaling behavior 1n dp/omy/y,;.. v.s. Almy near "I
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0.35

Criticality of QCD

in correlated Dirac Eigenvalues
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T (MeV)
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Observation of a lst order phase transition at eB=9 GeV?
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QCD transition 1n strong magnetic fields

Inverse magnetic catalyses and reduction of 1,

Continuum extrapolated lattice QCD results with physical pion mass

Inverse magnetic catalysis (IMC) eBT Tpcl, eB=0, Ni=2+1 QCD
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Reduction of Tyc always associated with IMC? Not necessarily!
Role of hadrons? 19/23



Masses of z%* and K”* and energy density

Ne=2+1 QCD, M_(eB = 0) =~ 220 MeV,
323 % 96 lattices with a=! ~ 1.7 GeV and HISQ action
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HTD, S.-T. Li, A. Tomiya, X.-D. Wang, Y. Zhang, PRD 126 (2021) 082001

See quenched LQCD results in Bali et al., PRD 97 (2018) 0345053,
Luschevskaya et al., NPB 898 (2015) 627

Energy density in Hadron resonance gas model
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HTD, S.-T. Li, Q. Shi, A. Tomiya, X.-D. Wang, Y. Zhang, arXiv: 2011.04870
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https://arxiv.org/abs/2011.04870

Ratio X(eB)/ X(eB=0) for 2nd order oft-diagonal fluctuations

N=2+1 QCD, M (eB = 0) = 135 MeV, T, (eB = 0) = 157 MeV, 323 x 8 and 48> x 12 lattices with HISQ action

0 2 4 6 8 eB/M?
3.0 F X??(eBerc(eB)) I N-=38 .
X22(0, Tpe(0)) ¢ Ne=12 X(eB)/X(eB=0) : Rcp like observable
> 5L cont. est.
2.0t S + At eB =~ Mi: deviation from unity is mild
Frs®
1.5} 3 $ % [ ,
s ¥
1.0 "*iifi! .......................................................................

0.60 O.IOZ 0.64 0.66 0.68 O.I10 0.112 O.ll4 0.116 NOte' T (eBN 1OM2)/T (eB:O) ~ 99%
* T pc T T pcC

eB [GeV?]
Central Collisions Peripheral Collisions HTD, S.-T. 14, J.-H. Liu and X.-D. Wang, QM2022, arXiv:2208.07285
Smaller eB Larger eB
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Ratio X(eB)/ X(eB=0) for 2nd order oft-diagonal fluctuations

Ne=2+1 QCD, M,(eB = 0) = 135 MeV, T, (eB = 0) = 157 MeV, 323 x 8 and 48> x 12 lattices with HISQ action
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Smaller eB Larger eB
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QCD benchmarks for the manifestation of ¢B 1n

conserved charge fluctuations seeJun-Hong Livs talk on Fri
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Summary & Outlook

€ Most relevant criticality at uz = 0 to thermodynamics at CEP:
2nd O(4) phase transition = T < TP ~ 132MeV

¢ Crnticality in Dirac eigenvalue correlation: Microscopic manifestation of the

criticality in a narrow 'I' window

¢ QCD benchmarks for 2nd off-diagonal fluctuations in a backeround magnetic
field: possibility to detect the existence of a magnetic field in HIC

2 Search for criticality in the T-eB plane
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