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[Lattice QCD vs Hadron Resonance Gas

HotQCD, 2014

rF r < rr1r +r 1+ + 1+ o+ 1>t > 1> 1> 1> 17017 1> 17 71T 17T 1711
non-int. limit
i -—-------;
i2r BT -
3p/T4
g/T i
3s/4T3 -
T [MeV]
I I IR I I I I (N A AN NN NN N N N R N N L1 11

130 170 210 250 290 330 370

Pressure in the HRG model

PHRG — 2 Pid (T, 1 mi)
i€had

Agreement with LQCD EoSupto ~ T,

HotQCD, 2017

1.2 F ' ' — ' —
: | A HRG cont. est. |
L * Ni=6 A _
| 8 it
0.8 |- Al l
0 m¢,/m=20 (open)
=2 27 (filled)
m:g. O 6 B - B
| *
0.4 | .ﬁ .
0.2 _ T ]
' = - N free quark gas
i é& @—_
O | . | . | . | . | . | . | .
140 160 180 200 220 240 260 280
T [MeV]
Taylor expansion of LQCD EoS
//lB ){k 6kP/T4
— = Z —, where )(k = p
)(B
Kurtosis: ;‘l; ~ B% breakdown ~ T.: changeover to QGP
X2

02/13



Parity Doubling in Lattice QCD .m0
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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(T)m,(T,)

Imprint of chiral symmetry restoration in the baryonic sector

Aarts et al, 2019
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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(po! T)d(pp! T)

(6N,6Ng) = VITy¥

X =y T+ 2

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? > =
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Model a'la DeTar, Kunihiro 1989 — &£ -~ my (1/717’51/12 T 1/727’51//1)
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IFluctuations of chiral partners near crossover at pp = 0
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e x, dominated by nucleon (positive parity)
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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

0.05 0.1 0.15 0.2 0.25 0.3

Net-baryon number fluctuations sensitive to an interplay between repulsive interactions and chiral in-medium baryon masses
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Fluctuations at liquid-gas and chiral transitions

Liquid-Gas .

- Chiral
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Increasing T

Liquid-Gas .

., Chiral

peaks getting closer
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e Qualitative difference of ;" and 5 ~

e Stronger signal leftin y»
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CumulantsC, ~ V Cs¥ o ”
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Liquid-Gas CP

100 - 2.1

001 | | | | | | | | | | | | | . |

20 40 60 80 100 120 140 160
T [MeV]

Fluctuations dominated by positive parity

|

Net-baryon ~ Net-nucleon

180

Chiral CP

, | ' ! | | | | | I‘""‘ | I
10C . i -
W Ryq =--- -

_R%— ----------

10§ Chiral crossover a1 T
1 ........................................ o= ‘:_'
- 5
o,‘,‘, .........
0.1¢ - -
0.01 - | | | | | ' | | | | | | | | | | l

20 40 60 g0 100 120 140 160 180
T [MeV]

Presence of chiral partners + correlations

Net-baryon <« Net-nucleon



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
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Chiral Criticality in Parity Doubling Model

In-medium masses
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T = 30 MeV
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Liquid-Gas crossover  Rg; —-—-
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Influence of the strength of the repulsive interactions
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Fluctuations of chiral partners near crossover at yp = 0

w Missing

0.2  Overall fluctuations dominated by net-nucleon at pz = 0

0.15 o Contributions of N_ relevant only in the vicinity of T,

- e Correlations of N, and N_ provide negative contribution

and set in only near T
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Net-baryon number fluctuations sensitive to an interplay between repulsive interactions and chiral in-medium baryon masses



I[dealized behavior of the correlator — no repulsive forces

Mass
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Change of the sign of y;~ linked to the chiral phase boundary interesting quantity to calculate in LQCD



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

~  pB
R3,, R3 5, where



