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QCD phase structure at finite density: Facts & Fiction

Facts Fiction

= Chiral crossover at about » Physical QCD is in the chiral scaling regime

Chiral scaling regimes are very small M, < 10 MeV
T, ~ 155 MeV JTe9 v J

Soft modes are commonplace

= Strongly correlated phase for temperatures = Confinement crossover is at XXX
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* No chiral critical end point for *There is a CEP
up S 600 MeV Onset of new phases 600 MeV < %" < 700 MeV
* No chiral crossover for » Scaling regime (Ising) of the CEP is humongous

up = 700 MeV No, itis not!  Most likely: too small to be measured
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T, ~ 155 MeV
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Chiral crossover at about 1, ~ 155 MeV

Functional QCD Lattice QCD
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= Chiral crossover at about » Physical QCD is in the chiral scaling regime
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Chiral dynamics & quasi-massless modes in the chiral limit

Scaling coefficient as function of the pion mass
‘chiral scaling’
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Criticality & quasi-massless modes around the CEP
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= Chiral crossover at about » Physical QCD is in the chiral scaling regime

Chiral scaling regimes are very small M, < 10 MeV
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Functional QCD
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Strongly correlated phase for temperatures 17, ST S 27T,
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Chiral spin symmetry for 7', ST <27,
Functional QCD - Lattice QCD

1)

C(t)/ Clt

100 §_| [ T T T 1 |_§
t t W 220 MeV -
no ye 10°E 32x12
_ 10_2 | L
o 109 ¢ non interacting
S 10°F E
EN _
O 10 = ~ b1, P(1/2,1/2),
Il
?t E3 810_1 i a1, P(1,0)+(0,1)
5[0 X ] ; C
107 — 1 E 5
XX
T S =
| | | | | | | | |
0.0 0.5 1.0 1.5
zT 102 |
| IO1I | I02I | I0.3I | IO4I | I05I
tT
10°EF Tz ————
= 3 PS —
AL 380 MeV _ s ——
10 E 39x8 E - full QCD P(0,1)+(1,0) E
- ] i aq
10° = [ P(1/2,1/2),
. - - b_I —_—
| ZN 10-3 E_ =
[ o -
" = 10™ = E
) -
- - o .
Rohrhofer, Aoki, Cossu, Fukaya, Glozman, Hashimoto, 10° E
6L E,6 _
Lang, Prelovsek, PRD 96 (2017) 094501 10°E E, 2 3 a1, P10 0.1)
10-7f_ _f b1, P/2,1/2),
- (;|O| L1 |O|-5| L1 |1|-0| L1 |1|.5| L1 |2|.0|_ ' '0-1 — '0.2' ' 03 ' '0.4' ' '0-5'
zT tT

Rohrhofer, Aoki, Glozman, Hashimoto, PLB 802 (2020) 135245



QCD phase structure at finite density: Facts & Fiction

Facts Fiction

= Chiral crossover at about » Physical QCD is in the chiral scaling regime
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= Strongly correlated phase for temperatures » Confinement crossover is at XXX
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Thermal susceptibility

20

Strongly correlated physics

‘Confinement’ related crossovers at 7, < Tions S 27,

Functional QCD
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Strongly correlated physics

‘Confinement’ related crossovers at 7, <

Functional QCD
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* Chiral crossover at about * Physical QCD is in the chiral scaling regime

Chiral scaling regimes are very small M, < 10 MeV
T, ~ 155 MeV JTe9 v J

Soft modes are commonplace

= Strongly correlated phase for temperatures = Confinement crossover is at XXX
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* No chiral critical end point for

up < 600 MeV

chiral: driven by scalar-pseudo scalar fluctuations
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No chiral critical end point for 1z < 600 MeV

Functional QCD Functional QCD CEP+ lattice QCD exclusion plot  Lattice QCD
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= Chiral crossover at about » Physical QCD is in the chiral scaling regime

Chiral scaling regimes are very small M, < 10 MeV
T, ~ 155 MeV JTe9 v J

Soft modes are commonplace

= Strongly correlated phase for temperatures = Confinement crossover is at XXX
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= No chiral critical end point for » Onset of new phases and their physics

up S 600 MeV Onset of new phases 600 MeV < %" < 700 MeV

= No chiral crossover for

g > 700 MeV
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Onset of new phases at 600 MeV < p%"" < 700 MeV
Functional QCD Lattice QCD
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Ripples of the critical point

net-baryon fluctuations in QCD vs net-proton fluctuations at STAR

| = ' T 1 T r— 1  rTr !
fRG-LEFT (CE), freezeout: Andronic et al.
fRG-LEFT (CE), freezeout: STAR Fit |
fRG-LEFT (CE), freezeout: STAR Fit Il

------ DSE-QCD (GCE), freezeout: Andronic et al.
STAR BES-I (0-5%) -
STAR BES-II (0-5%)

STAR fixed-target (0-5%)

Dominated by non-critical soft modes

1Stprinciples functional QCD computations !
\ & low energy effective theorieslextrapolations(,'

Fu, Luo, JMP, Rennecke, Wen, Yin, PRD 104 (2021) 9
Fu, Luo, JMP, Rennecke, Yin, PRD 111, L031502

Lu, Gao, Liu, JMP, arXiv:2504.05099



Position of the peak of RfQ

Ripples of the critical point
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Functional Freeze-out
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Pisarski, Rennecke, PRL 127 (2021) 152302

. Moat regime

The QCD Moat
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The QCD Moat

Prediction
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The QCD Moat
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The QCD Moat

resolution of the moat reaime
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The QCD Moat
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