Anatomy of Critical Fluctuations in Hadronic Matter
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[Lattice QCD vs Hadron Resonance Gas

Bazavov et al, 2014

16 [0

12 [

I I D D D R D D D D D D D D N D D D D D D
..hon_lni...“mlt ......
-—-—-----;

3p/T4
e/ -
3s/4T3 -
T [I\/IeV]
.+ . 1 1 1+ ¢+ & & & &1 11111 L1 1 1 1

0

130 170 210 250 290 330 370

Pressure in the HRG model

= 3 P (T

i€had

PHRG

Agreement with LQCD EoSupto ~ T,

1.20

1.00

0.80

0.60

0.40

0.20

0.00

Kurtosis: L3N B?: breakdown ~ T.:changeover to QGP

Borsanyi et al, 2023

I
B, B
-Xal X5

continuum _

163x8
20°x10 +F—o—

243412 F—tp—i

HRG =—

T [MeV]

i )
'
i“

130 140 150 160 170 180

190 200

Taylor expansion of LQCD EoS

F-5(3)

B

Vi

){k 6kP/T4

—, where )(k =

0 (up!T)"

02/14



Parity Doubling in Lattice QCD aarsetal 20172010
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Imprint of chiral symmetry restoration in the baryonic sector

LQCD results still obtained with heavy m_ far from continuum limit |



Parity Doublet Model a’'la DeTar, Kunihiro 1989

e SU(2) chiral transformation of 2 nucleons — how to assign 2 independent rotation to them?
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chiral symmetry restoration
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For multiplicity N, = N, +N_ Net-baryon number: (NV,) = (N, )+ (N_)

Second-order fluctuations of the net-baryon number:

(6NgSNg) = ((6N,)*)+{(6N_)*) + 2(SN,S5N_)

- d°PIT*
d(pio! T)d(pip! T)

(6N,6Ng) = VITy¥

D AR S

e What are the individual contributions of parity partners NV, and N_?

e What is the strength and sign of the correlation ;"2

e Is net-proton a good proxy for net-baryon fluctuations? ;= +75>€21,
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Fluctuations at liquid-gas and chiral transitions
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Increasing T peaks get closer

Liquid-Gas  Chiral

| ! | ! ! | ' | ' | ' | ' | ' | 1 ' | '
~ o 1 as
~\\\

ST ~ 1 qUId—g “““““
—|— —|— 0.2r ..""u\.g\\ . chiral —----
C— L ‘\: N Omin =~~~ |
0.8- X T = 150 MeV ;
& 0.154 SN ]
\~\\
— N\
> L
<. 0.1+ AN
&~
.
0.05 F S o R N
L .‘.‘ S e :\‘ i
\\‘
oL v K | . | . | }
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

pp [GeV]

e Qualitative difference of ;" and 5~

e Stronger signal leftin )(f
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Idealized behavior of the y," correlator — no repulsive torces

Mass

4~ chiral symmetry restoration
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Correlations of between different baryon species e.g., N*A¥, behave similarly
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X

| but also repulsion
Min of M

Change of the sign of )(2+ ~ linked to the chiral phase boundary interesting quantity to calculate in LQCD
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R, | = y»/x, along phase boundary
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Higher-Order Fluctuations of Parity Partners
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The net-proton fluctuations do not necessarily reflect
the net-baryon tluctuations at the chiral phase boundary
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[sospin Correlations Near the Liquid-Gas Transition
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[sospin Correlations Near the Liquid-Gas Transition
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ng |GeV

[sospin Correlations Near the Liquid-Gas Transition
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Summary

Non-trivial correlations between baryonic chiral partners

proton

X may not reflect )(f at the chiral or LG phase boundary

Interesting to calculate ;™ in other non-perturbative approaches

Thank You
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Cumulants vs Susceptibilities

STAR, 2023
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[sospin Correlations Near the Liquid-Gas Transition
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Chiral Criticality in Parity Doubling Model

In-medium masses
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[sospin Correlations Near the Liquid-Gas Transition
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Imprint of chiral symmetry restoration in the baryonic sector

Aarts et al, 2019
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Influence of the strength of the repulsive interactions
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