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What is a compact object? 

Cardoso, Vitor and Pani, Paolo , “Testing the nature of dark compact objects: a status report,” Living Rev. Rel., 2019.
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Neutron stars

Colpi, Shapiro, Teukolsky, “A Hydrodynamical Model for the Explosion of a Neutron Star Just below the Minimum Mass”, Astrophysical Journal v.414, p.717, 1993.
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Boson stars
[Kaup, 1968; Ruffini, Bonazzola, 1969; Colpi, et. al., 1986]
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• Devide the three-space into small cubes  

• Fill each cube with a degenerate Fermi gas of Fermi momentum 

Thomas-Fermi approximation
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•                 (Energy density)  

•                 (Pressure)

•                                      (Scalar density) 
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False vacuum pockets if
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Non-perturbative vacuum scalarization

Loris Del Grosso 15Compact objects in and beyond the Standard Model



Neutron soliton stars

Loris Del Grosso 16

Linear sigma model Chiral symmetry breaking

Compact objects in and beyond the Standard Model



Neutron soliton stars

Loris Del Grosso 16

Linear sigma model Chiral symmetry breaking

Compact objects in and beyond the Standard Model



Neutron soliton stars

Loris Del Grosso 16

Linear sigma model Chiral symmetry breaking

Compact objects in and beyond the Standard Model



Neutron soliton stars

Loris Del Grosso 16

Linear sigma model Chiral symmetry breaking

Compact objects in and beyond the Standard Model



Neutron soliton stars

Loris Del Grosso 16

Linear sigma model Chiral symmetry breaking

Compact objects in and beyond the Standard Model



Higgs false vacuum pockets?

Loris Del Grosso 17

Standard Model Higgs

Compact objects in and beyond the Standard Model



Higgs false vacuum pockets?

Loris Del Grosso 17

Standard Model Higgs

Compact objects in and beyond the Standard Model



Higgs false vacuum pockets?

Loris Del Grosso 17

Standard Model Higgs

Compact objects in and beyond the Standard Model



Higgs false vacuum pockets?

Loris Del Grosso 17

Standard Model Higgs

Compact objects in and beyond the Standard Model



Issues

Loris Del Grosso 18

Numerical computations gives the actual condition

Compact objects in and beyond the Standard Model



Issues

Loris Del Grosso 18

Numerical computations gives the actual condition

If the fermion is a weakly interacting particle 

coupled to the SM

Compact objects in and beyond the Standard Model



Issues

Loris Del Grosso 18

Numerical computations gives the actual condition

If the fermion is a weakly interacting particle 

coupled to the SM

Compact objects in and beyond the Standard Model



Issues

Loris Del Grosso 18

Numerical computations gives the actual condition

If the fermion is a weakly interacting particle 

coupled to the SM

Compact objects in and beyond the Standard Model



Exotic phase?

Loris Del Grosso 19

Number density inside the pocket

Compact objects in and beyond the Standard Model



Exotic phase?

Loris Del Grosso 19

Number density inside the pocket Nuclear matter density

Compact objects in and beyond the Standard Model



Exotic phase?

Loris Del Grosso 19

Number density inside the pocket Nuclear matter density

Colored superconductor?
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Tidal deformability is encoded in the Love numbers

The spherical symmetry allows us to decompose the 
perturbation into polar and magnetic sectors
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• Numerical simulations?

• Cosmological abundance? 

• GWs? Microlensing?
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Fermionic quantities
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Confining regime
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