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 Introduction: Fluctuations of conserved charges and hadron resonance gas

« Hardon resonance gas with repulsive interactions and fluctuations of baryon
number

« Chiral condensate in HRG and chiral crossover line at large baryon density

« Baryon number fluctuations and baryon-strangeness correlation along the
crossover line and freeze-out condition in RHIC

« Summary

New developments in studies of the QCD phase diagram, ECT*, Trento, September 9-13, 2024



https://indico.ectstar.eu/event/213/

QCD thermodynamics at non-zero chemical potential

Taylor expansion :
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Taylor expansion coefficients give the fluctuations and correlations of conserved
charges, e.g.
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Second order Taylor expansion coefficients and HRG

Bollweg et al (HotQCD), PRD 104 (2021) 074512
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HRG works up to temperatures ~145-150 MeV




Higher order Taylor expansion coefficients and HRG
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HRG with repulsive mean field
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Baryon number fluctuations in HRG with repulsive mean field
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HRG with repulsive mean field can explain the lattice result on 6" and 8t order
baryon number fluctuation up to 7=755 MeV




Chiral condensate in HRG
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Chiral crossover line at large baryon density
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in agreement with lattice QCD

For pup > 400 MeV the chiral crossover line is above the freeze-out line



Chiral crossover line for strangeness neutral case

Biswas, PP, Sharma, PRC 109 (2024) 055206
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The effects of repulsive interactions lead to larger chiral crossover temperature
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Imposing strangeness neutrality results only in small shift of the chiral transition line,
smaller than the effects of the repulsive interactions.




Chiral crossover line for strangeness neutral case
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Baryon number fluctuations along the freeze-out line

I I I
11.5 GeV

T
9.2 GeV

7.7 GeV

1/2 .S
Sy [GeV]: &
T

Bollweg et at, arXiv:2407.03516

| RE(Tpo (ks , bg) - "=
17.3 GeV
- 19.6 GeV _| B L p
raor 4o R5(Type(pB), ) = Ris(V/SNN)
i 2 | ;g
B n/ .. QCD:NLOJ[3,2] == = KB = MB( SNN)
54.4 GeV NNLO[5,4]
- gV Qmﬁ;gz:cg% " agreement with (T4 (\/snn), s (\/SNN)
i PDG-HRG — ] obtained from statistical model fits
e pe!T of particle yields
| | | | |
0 0.5 1 15 2 2.5
&5 S

RX
mn

— 39

@
|

© o o
RN
— T

HotQCD 2020 : RB

42
STAR 2024: RS, M
R, W .

RE

| Bazavov et al, PRD 101 (2020) 074502

RB <1
RE, < RZ for large up

in agreement with LQCD

HIC-data: X =p —
- QCD:X =B = ? +
_ « i
I:{12
| | | | | |
0 0.2 0.4 0.6 0.8 1 1.2



Correlations of strangeness with baryon number
and strangeness along the freeze-out line
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Underestimated feed-down from excited states ?



Summary

* Fluctuations and correlations of conserved charges can be understood in terms
of HRG if missing baryons are included

» For higher order baryon number fluctuations repulsive interactions play an
important role

« For baryon chemical potential >400 MeV the estimated chiral crossover
temperature is larger than the chemical freeze-out temperature

« Lattice results and the experimental results on fluctuations
and correlations of conserved charges indicate that interactions in hadron gas
just below the transition temperature are significant

» Fluctuations and correlations of conserved charges can be used to
determine the freeze-out conditions in RHIC



