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Common approach to QCD equation of state
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m Striking problem: No chiral physics in the resulting EoS
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Common approach to QCD equation of state
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Parity doubling in lattice QCD Aarts et al, JHEP 1706, 034 (2017)
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m Imprint of chiral symmetry restoration in the baryonic sector
m Expected to occur at low temperature



Particle identification
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C. Patrignani et al. (Particle Data Group), Chin. Phys. C, 40, 100001 (2016) and 2017
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Parity doubling in SU(2) chiral models DeTar, Kunihiro PRD 39 2805 (1989)
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Hybrld q uark-meson-nucleon model Beni¢, Mishustin, Sasaki, Phys. Rev. D 91 (2015)
Parity doublet model + quark-meson coupling
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Statistical confinement:

m UV cutoff for nucleons: fy — 6 (a?b? — p?)fy
m IR cutoff for quarks: f, — 0 (p> — b?)f,
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Model phase diagram for isospin-symmetric matter

m 1st order deconfinement transition
m Order of chiral transition (from low to high «)
1st order — critical point — crossover

m Sequential phase transitions (may coincide for smaller mg)
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Equation of state under NS conditions

m « — stiffening of EoS

m « — strength of the chiral

phase transition
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Mass-radius relation

m chiral transition in high-mass part of the sequence
m 2Mg with chirally restored and confined core
m deconfinement above 2Mg
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Different realizations of 2M,, stars (lower band)

100 aby = 350 MeV

[y
= O

e
=

100

3
S =
[en)

—_

Pressure [MeV /fm
o =
h =9
EFEmo 3 kkr

100

[y
= o

e
=

10

6 8
Radius [km]

10/18



Different realizations of 2M,, stars (upper band)
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Threshold for direct URCA: conventional scenario
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Threshold for direct URCA:

m X-symmetry broken
m dof:pt, nt e pu

m Charge neutrality
Ppt = Pe T Pu
m Momentum conservation
ot < fpr + fe

m Threshold

1
= 11% — 15%
1+ (14 VYe) ° °

parity doubling

B x-Symmetry restored:

mdof:pt,nt,p,n, e pu
m Charge neutrality:

Pp+ + Pp— = 2ppt = pe + Pu
m Momentum conservation
fn* < fp+ + fe

m Threshold

1
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1+ (1+VYe) ’ ’
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Threshold for direct URCA
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Threshold for direct URCA
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Back to symmetric-matter QCD phase diagram
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Conclusions

Parity doubling yields non-trivial implications for the physics of
neutron stars:

m 2M with chirally restored but confined core

m High-mass stars — not necessarily signal of deconfinement
m Parity doubling — modification of direct URCA threshold
® impact on neutron star cooling

Objectives:
m parity doubling for hyperons (A, A, ¥, =, Q)
m deconfinement — yet another family of neutron stars
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Thank you for your attention
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