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Fate of hadrons in matter

Unbroken chiral symmetry = parity doubling
dIn reality, the mass different is huge.
ADegenerate parity partners at high T /pg as

signatures of chiral symmetry restoration!
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Refs. Marczenko, Redlich, CS, Phys.Rev.D (2023); Koch, Marczenko,
Redlich, CS, arXiv:2308.15794

BARYON NUMBER FLUCTUATIONS



Net proton vs. baryon number fluct.

)(f sensitive to the QCD phase transition

—>Net proton fluctuations as a good proxy for
net baryon fluctuations: folklore

v'Nucleon parity doublet: N(939) & N*(1535)

= Mean: (Np) = ﬁ:f = ﬁ:f + Ky

» Variance: ({NpdNRB) = k5 = k3T + Ky~ + 27~
= Cumulants = susceptibilities:

mf:VTgxf XQB:X;JF%-XQ__%—ZXQ_
= Sign and strength of x5, ~?



DeTar-Kunihiro/Parity doublet model

ASU(2) chiral transformation of 2 nucleons
- how to assign 2 indep. rotation to them?

i —= g, ViR = g ~ Ui (1/2,0) Wy (0,1/2)
o — gribop. Wop — gor ~ Uor 1 (0.1/2) top:(1/2,0)

- | - | 1 .
L = mg (Vo501 — V1ysie) = my, = 5 \/ c10° 4+ 4ms F o0

1y Parity-
Parity+

[DeTar-Kunihiro, 1989]
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Parity doubling of baryons
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JLattice QéD at zero U [Aarts et al., 2016]

:ISurvivaI MasSS My = My %+ () [DeTar, Kunihiro, 1989]
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Thermodynamics of parity doubler

Linear sigma model for (o,m), w, (N,N*) & MF
JdNew chemical potentials p,,- for N,N*
JdSetattheend puy = puy = up — guw
JSusceptibilities from thermodynamics pot.

Q=0 +Q_+V, +V,

4 ) =
) = a_Q ( af 1 af d2Q \
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Correlations between N & N*

- | . \ Qx5 dominated by
‘ positive-parity fluct.
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Liquid-gas vs. chiral
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Liquid-gas vs. chiral
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BARYON NUMBER FLUCTUATIONS
IN A FINITE MAGNETIC FIELD



The model

‘(qq> ‘ Inverse magnetic catalysis

T.(B) < Te(0)

=~ ~ B ;é 0 Most chiral models predict
~ N the opposite trend

_

Magnetic catalysis
(aq)(B)| > |(q4)(0)]

Well understood

d Screening of 4-fermi
interaction; G =2 G(T,B)

= _ G (1 Can capture both MC
’ : and inverse-MC.



[Szymanski et al., to appear on arXiv]

Chiral crossover = CP

Tc(eB) (GeV)
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[Szymanski et al., to appear on arXiv]

Net-baryon number susceptibility
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BARYON NUMBER FLUCTUATIONS
IN NEUTRON STARS



Speed of sound

Method: the piecewise-linear parametrization of

the Speed of sound [Annala et al., Nature, 2020]
) (Ritr — ) 5y + (10— i) Co iy
s () = _ _
Mz—l—l — [y

(JConstruct an ensemble of EoSs in agreement

with XEFT and pQCD.
Related also to net-baryon number sus. via
>, dp nl

T de px



[Marczenko et al., to appear on arXiv]

Curvature of the energy per particle

Trace anomaly, max. in ¢Z [Fujimoto et al., 2022]
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INew decomposition
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[Marczenko et al., to appear on arXiv]

A new criterio

n of conformality
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[Marczenko et al., to appear on arXiv]

A new crlterlon of conformallty
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SUMMARY



Concluding remarks

(INegative correlation between N and N*
+-+ ~ proton

"X may not reflect y3 .
" Xg)roton is able to identify the QCD CP.

_’_l_

" Proposition: X;r+'_ ~ in Lattice QCD and other

approaches.

J4-Fermi interaction dressed by quark loops
* MC & inverse MC, Tc (B), x2 (B)

A Curvature of energy per particle in NSs
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