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[Lattice QCD vs Hadron Resonance Gas

Bazavov et al, 2014
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Parity Doubling in Lattice QCD aarsetal 20172010
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« N' nucleon stays nearly unchanged
o N~ chiral partner drops mass towards 7.

o Chiral partners N* degenerate at 7.,

e Chiral parents stay massive

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 in the strange baryon sector
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In-Medium Hadron Resonance Gas

Susceptibilities are sensitive probes of chiral dynamics
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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? 1, =z +75>21,
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Parity Doublet Model a’'la DeTar, Kunihiro 1989
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Chiral Criticality in Parity Doubling Model

In-medium masses
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Phase diagram with liquid gas and chiral PTs
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IFluctuations of chiral partners near crossover at pp = 0
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e N7 relevantonly around T

0.1 .
e ¥, relevantonly around 7, and negative

0.05 _ L . .
e ¥~ more negative with repulsive interactions

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
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Increasing T peaks get closer

Liquid-Gas  Chiral
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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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Change of the sign of )(2+ ~ linked to the chiral phase boundary interesting quantity to calculate in LQCD
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CumulantsC, ~ V Scaled variance
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Approaching CPs
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Higher-Order Fluctuations of Parity Partners
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o Very different properties of N* in the ratios
o Especially Rg—tz are quite different close to the chiral phase boundary
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Higher-Order Fluctuations of Parity Partners
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Summary

Negative correlations between baryonic chiral partners

proton

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

Interesting to calculate ", 5 ~, x5~ in other non-perturbative approaches

Thank You
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Cumulants vs Susceptibilities

STAR, 2023

s U S A e e e e e ) 8™ T o e, A TN ]
: Central 0-5% Peripheral 50-60%

Mean:M  (Np) C, 1 I =

I ----lyl<0.5 1 6_— 5
41+ 3% -05<y<0 - |

C,/C,

Variance: 6°  ( (5N B) 2) G,

§ Skewness:S  ((6Ng) )/o” Ci/C™* S SN oo o

Au+Au Collisions

. 4 o 1-0:‘"@ """"""""" :"::__"_: _ 0.4 <p_(GeVic)<2.0 1
l(UftOSlS: K < (éNB> >/03 — 3 C4/C2 i . ﬂé%—gnm > ) | 2: E —Stat. Uncertainty ]

F . 1 i Sys. Uncertainty
05F | ® . 4

- Zia A

DS,  S2CE, o3
> o5 € g

=TS i VETELSO Y N e M2 S NIy SN S SR
e [y - * 2 . ,‘_.,.“j \ . T, e _ ;\‘..

e Bl it b Sl L L St - >
P L, Ly _ "> e ol el o v e s o P o g . g

C./C,

R d"PIT?
d (,uB/T)n

Data UrQMD
o I |-

n

pro net-p

[ /

pro
]




250

200

150

100

o0

- X —— N\ T =30 MeV
B X2 - =T 'o."
| —xg e

X5 —=—-

7 L
1.3 1.4 1.5 1.6

o e e e e e e eee. .o

0.4 0.6 0.8 1 1.2

o0

T =50 MeV




T = 30 MeV
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