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OBSERVABLES SENSITIVE TO CRUST-CORE PROPERTIES
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EAR EQUATION OF STATE
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NON-UNIFIED VS UNIFIED EOS

Crust-Core Matching for non-unified EoSs
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A Unified Model Outer crust: N

Inner crust: N,n,e

4 x10gcm3

0.5 %101 g cm~3
1.4 x10¥g cm-3

Quter core: n,p,e,u

» |n density functional theory, the energy density functional

H =H |pq(r), Vispq(r)

» In general, there are an infinite number of gradients

» In HNM k = 0 (density terms only) = " Thomas-Fermi
approximation”

» In finite nuclei, non-zero k (say 2) =
"Extended- Thomas-Fermi approximation” of order k

e.g. Non-relativistic (Skyrme, BHF),
relativistic (RMF, RHF)



A Unified Model Outer crust Ne
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» |In density functional theory, the energy density functional

H=H [Pq(’)avg'Pq(’)]

» In general, there are an infinite number of gradients o gem:

» In HNM k = 0 (density terms only) = " Thomas-Fermi
approximation”

» In finite nuclei, non-zero k (say 2) =

Extended- T homas-Fermi approximation” of order k Fortin et al. (2016)

e.9. Non-relativistic (Skyrme, BHF),

4 ’ Id 120
relativistic (RMF, RHF)

100}

Constraints in J-L plane
§ 80

e From n skin thickness of 2% Pb §
e From HIC = 60}
* From electric dipole polarizability ap
* From giant dipole resonance (GDR) i
of 2% Pb
* From measured nuclear masses

* From isobaric analog states (IAS) 20
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EMPIRICAL “META-MODEL"

> H/p=e = eis+ eyd* + O(d*)

» |n terms of x = ££=t

eis = Esar Kfftxz k& +Q‘AL§! x3 + %ﬁLX4 -+ O(xs), where
2
e
Sa x2 x=0.6=0
K Z
> ey = Joym + Loymx + ZEx2 + 3 + 5 x* + O(x5)
where
2
symmetry energy : Jsym = ev(x =0) = %g?ze iy
slope of the symmetry energy : Loym = dészm i
X =
52
curvature of symmetry energy : Ky, = _daisgm
x=0




EMPIRICAL COEFFICIENTS: REFERENCE PARAMETERS

Margueron, Casali, qulminelll, PRC 9%, 025805 (2011)

fixed Explore inside small interval Consider large interval
Model PO Ly Ky Qo Zy -Esym L.sym Il'sym Qsym Zsym

fm—= MeV|| MeV|| MeV  MeV | [MeV MeV || MeV MeV MeV
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N=2
5 2 1 2\ 2 “ ’ I » »
e = Egr+4 Eqmd® + Loymd?x + a(Ksat + Kgymd?)x Prior” distribution of

Dagcsian analgsis

1 2 1
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APPLICATION TO NUCLEAR PHYSICS : NUCLE
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PREDICTION OF NUCLEAR OBSERVABLES
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CORRELATIONS: EMPIRICAL PARAMETERS & NUCLEAR OBSERVABLES
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CRUS T-CORE PHASE TRANSITION
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CRUS T-CORE PHASE TRANSITION
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CRUS T-CORE PHASE TRANSITION
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APPLICATION OF META-MODEL IN ASTROPHYSICS: CCPT
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APPLICATION OF META-MODEL IN ASTROPHYSICS: CCPT

Thermodynamic Spinodals: EoS SLy230a
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SENSITIVITY TO EMPIRICAL PARAMETERS
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Energy density (MeV/fm3)

THE NEXT STEP : EFFECT OF MAGNETIC FIELD
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FFFECT OF MAGNETIC FIELD ON THERMODYNAMIC SPINODALS
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FFFECT OF MAGNETIC FIELD ON THERMODYNAMIC SPINODALS
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SUMMARY

e We propose an empirical “MetaModel” to describe homogeneous nuclear matter
as well as asymmetric nuclei within the same formalism

e DFT in the ETF approximation to construct an energy functional for HNM and
clusterized matter

e [n HNM, the coefficients of the energy functional directly related to experimentally
determined empirical parameters {psat, Asat, Ksat, Jsym, Lsym, Ksym} and m™*

e [n clusterized matter, a single extra parameter required (Cpn ) to reproduce the
experimental measurements of nuclear masses

e We apply this MetaModel to calculate the thermodynamical instability (spinodal)
region that determines the crust-core phase transition in neutron stars

e We study the influence of the uncertainty in empirical parameters on the crust-core
phase transition

e We investigate the influence of strong magnetic fields on the crust-core phase
transition

e This may have important consequences on the crust thickness, radii, moment of
inertia and other astrophysical observables



