Anatomy of critical fluctuations in hadronic matter
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[Lattice QCD vs Hadron Resonance Gas
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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 |



Mass

Parity Doublet Model a’la DeTar, Kunihiro 1989

o SU(2) chiral transformation of 2 nucleons — how to assign 2 independent rotation to them?

gmass ~ My (1/71751//2 + 1/727/51//1) — M_ — 5
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chiral symmetry restoration

T |GeV]

0.2

0.15

0.1

0.05

c—()
\/ Amy+a°c°Fbo > M

[ | [ [
B liquid-gag -
L T . |
RSN chiral —-—--
NS
SN Omin ===~
. .
AN
B K Y Bl
N
\\.\
* NN
O. 5\\
Q.. \\\~\
L ' \ _
° \\
.‘ \\Q
0‘ \ \~
[ \ ~ ]
.0 \ ‘\
. N\ s\
. OSON
| t.“ ~ - \~\~ _I_ |
. N ~ \‘ —
"' ~ \s
‘.O N ~ \\
+ \ T\
! | ! | ! | ! | ! | | | }
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

04/14



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*P/T?

— /73,2 =
(SN, 0N, = VT, 2 A T)d (I T)

=0 TG

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

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

o Is net-proton a good proxy for net-baryon fluctuations? v =1 a2z,
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Fluctuations at liquid-gas and chiral transitions
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weak signal in )(f
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Idealized behavior of the y," correlator — no repulsive torces
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4~ chiral symmetry restoration

om,. om_

Joc 00

+— .
~ but also repulsion
Min of M )(2 b

Change of the sign of y;~ 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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Differences clearly visible for higher-order fluctuations
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[sospin Correlations: Factorial Cumulants

baryons vs protons:

Factorial Cumulants
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In general C? ~ 2"C¥ scaling broken by non-trivial correlations near LG transition
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Summary

Non-trivial correlations between baryonic chiral partners

Interesting to calculate ;™ in other non-perturbative approaches

proton

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

Thank You
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Cumulants vs Susceptibilities

STAR, 2023
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m(Tym,(T,)

Imprint of chiral symmetry restoration in the baryonic sector

Aarts et al, 2019
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Clear evidence for partial restoration of chiral symmetry in the strange baryon sector
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