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[Lattice QCD vs Hadron Resonance Gas

HotQCD, 2014
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Parity Doubling in Lattice QCD .m0
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Imprint of chiral symmetry restoration in the baryonic sector

LLQCD results still obtained with heavy m_ far from continuum limit
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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 also observed in the strange baryon sector
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In-Medium Hadron Resonance Gas

Susceptibilities are sensitive probes of chiral dynamics in different sectors of hadronic quantum numbers

2 4 C. Sasakietal, 2019
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Baryon number fluctuations with chiral in-medium baryon masses

In general too large fluctuations in HRG with in-medium parity partner masses

Missing important contribution of parity partners correlations. 0.7 08 0.9 1
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For multiplicity N, = N,+N_  Net-baryon number: (Ny) = (V. )+(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¥

X =y T+ 2

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

« What is the strength and sign of the correlation )(2+ 7

oIS net-proton a good proxy for net-baryon fluctuations?
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Cumulants vs Susceptibilities

STAR, 2023
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Model a’la DeTar, Kunihiro 1989 — gmass ~ Ny (1/71}/51//2 + 1/72}/51//1)
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- chiral symmetry restoration
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Chiral Criticality in Parity Doubling Model

In-medium masses

up =0 MeV

Phase diagram with liquid gas and chiral PTs
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Fluctuations of chiral partners near crossover at yp = 0
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Net-baryon number fluctuations sensitive to an interplay between repulsive interactions and chiral in-medium baryon masses
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Influence of the strength of the repulsive interactions
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Fluctuations at liquid-gas and chiral transitions

Liquid-Gas .
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Fluctuations at liquid-gas and chiral transitions

Liquid-Gas - . Chiral
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Fluctuations at liquid-gas and chiral transitions

Liquid-Gas .

. Chiral
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Fluctuations at liquid-gas and chiral transitions

Liquid-Gas . - Chiral
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. Chiral
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Fluctuations at intermediate temperatures
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I[dealized behavior of the correlator — no repulsive forces
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Change of the sign of y;~ linked to the chiral phase boundary interesting quantity to calculate in LQCD
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Cumulants C, ~ V Cs” o ”
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volume cancels in ratios
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Critical Point — enhanced fluctuations & non-monotonicity
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Higher-Order Fluctuations of Parity Partners

Marczenko, to appear
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o Very different properties of positive and negative parity partners fluctuation ratios Ry,

* Essentially different from the fluctuations of net baryon number
e Proton number # baryon number fluctuation ratios oo



Summary

Hadronic parity doublet model for the chiral symmetry

o Exploratory tool to identify contributions of parity partners to fluctuations
e Correlations of parity partners excellent probes for chiral transition

e Net-proton may not reflect the net-baryon fluctuations but
measuring net-proton number fluctuations is sufficient to identity chiral CP

Thank You
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T = 30 MeV
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