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What is the critical u for the
phase fransitione

What is the order of the phase
transitione

Can we find inhomogeneous
phases in the vicinitye

What can we learn about

neutron starse
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Use one model for each phase, Build a single model that
then stitch models together. describes both phases.
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Two options

Use one model for each phase, Build a single model that
then stitch models together. describes both phases.

Build a baryon-meson model with spontaneous chiral symmetry restoration
at high densities. Use chirally restored phase to describe quark matter.
No quark degrees of freedom!



Two models vs single model

Crifical chemical potential u. is calculated dynamically.



Two models vs single model

Spinodal region size varies.



Two models vs single model

Crossover is also an option.
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Relevant for bubble
nucleation rate and

—/ wall dynamics.
_____________ M1 space

Intermediate potential
necessary.

Pasta phases

A. Schmitt, PRD 101, 074007 (2020)
Local — Global charge neutrality

+ Coulomb effects
+ Surface tension calculation

Consistently calculate pasta
phase free energy.
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Free parameters < properties of symmefric nuclear matter at saturation:

« Binding energy. Ez = —16.3 MeV

« Density: ny = 0.15 fm ™3

« Incompressibility: K = (200 — 300) MeV

« Symmeitry energy:. S = (30 — 34) MeV

« Slope of symmetry energy: L = (40 — 140) MeV (PREX), Phys. Rev. Lett. 126, 172502 (2021)

« Effective nucleon mass: My, =~ (0.7 — 0.8)my
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Free parameters < properties of symmetric nuclear matter at saturation:

« Binding energy. Ez = —16.3 MeV Hyperon potentials U,SN)%’

« Density: ny = 0.15 fm™3 .
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« Incompressibility: K = (200 — 300) MeV or (My, d) subspace

« Symmeitry energy:. S = (30 — 34) MeV systematically.
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Free parameters < properties of symmefric nuclear matter at saturation:

« Binding energy: Ez = —16.3 MeV Hyperon potentials U,SN)%’
° 1 . — -3

Density: ng = 0.15 fm We will explore ’rhe
« Incompressibility: K =~ (200 — 300) MeV or|(M,, d)|subspace

+ Symmetry energy: S ~ (30 — 34) MeV systematically.

« Slope of symmetry energy: L = (40 — 140) MeV (PREX), Phys. Rev. Lett. 126, 172502 (2021)

« Effective nucleon mass: My, =~ (0.7 — 0.8)my



The model

We minimize ) with respect to the condensates:

ou
Approximations: T 90 Zgiansc,i

« Mean field approximation M w + dw (w2 T P2 + ¢2) — Zgiwni
« Zero temperature limit

« NoO sea approximation

« Equilibrium phases description mg ¢+ do (W + p? 4 ¢2) = Zgiqbni

Beta equilibrium and charge neutrality are imposed, leaving one independent chemical potential.
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« The conformal limit of ¢2 - 1/3 is
reproduced.

« The speed of sound jumps to high
values after the chiral phase
transition

« Heavy compact stars are made of

mostly chirally symmetric matter.
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Now turn to systematically constraining the parameter space
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As is also expected in QCD.



Systematic_constraints

We put 3 extra constraints on our model:

1) Stability of nuclear matter at zero pressure.
The Bodmer-Witten hypothesis does not hold. (. r. Bodmer, Phys. Rev. D4, 1401 (1971))

2) Strangeness survives asymptotically.
As is also expected in QCD.

3) Sufficiently heavy stars can be constructed.
Observational constraint.
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« The crossover scenario is disfavored.
_____________________________________ hyperons « Hyperons do not appear in stars.

« Heavy stars require an early chiral

#..________ phase transition.
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Summary

« We built a phenomenological model (incorporating strangeness) that describes a
chirally broken and a chirally restored phase.

« Interpreting the latter as *quark matter”, we explored the quark-hadron transition.

« The quark-hadron crossover scenario is disfavored.

« An early chiral phase transition prevents hyperons from appearing in heavy stars,
suggesting a resolution to the hyperon puzzle.

« The slope parameter of the symmetry energy is significantly constrained:

L ~ (88 — 92) MeV



Ouftlook

« Compute the surface tension and pasta phases.

« Chiral density wave and interplay with pasta phases.
+ Include the strange condensate (Ss) .

 Include pairing (both phases).

« Extend to finite tfemperature (mergers).

« Go beyond mean field.



Thank you |
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