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Are quark stars massive enough?
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Within a simple
parametrization:
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Importance of turbulence &
hydrodynamical instabilities

-) Horvath et al 1988

-) Lugones et al 1994, Cho et al 1994
-) Tokareva et al 2006

-) Drago et al 2007

The process is similar
to the thermonuclear
burning inside a white

Herzog, Roepke 2011, use
of the 3+1D hydrocode for
SNIa to simulate the

dwarf during a Type Ia .
supernova, need for conversion of a neutron

, (]
multidimensional star and study the different

numerical simulations possible combustion modes



Hydro simulations

Input from microphysics: 3+1D code developped by
Hillebrandt and collaborators for

the study of SNIa adapted, by use of
an effective relativistic potential, for
handling the large compactness of

NSs, ( see Roepke et al A&A2005)
2) Detonation or deflagration & Grid spacing 10m.

laminar burning velocity: at the
moment only deflagration has been
tested based on the results of Drago et
al 2007 where a strong deflagration
has been found in all the cases.

1) EoS of hadronic matter & quark
matter at finite temperature: at the
moment both beta-stable, lepton
number not conserved :-(




Conversion of a 1.4 M,

star

-) Rayleigh-Taylor
instabilities develop and
the conversion occurs on
time scales of ms.

-) The burning stops e 1 —
before the whole hadronilEEEE AP Il
matter has converted (thé
process is no more
exothermic, about 0.5
M_  of unburned

material)

-) A succesfull conversiorl
need a small E/A, no ”
conversion is possible

with set2 (the one with a GGG e .|
larger E/A=smaller ST et T Y @i 70T

FIG. 1: (color online) Model: Set 1, M = 1.4M;. Conversion front (red) and surface of the neutron star (yellow) at different

binding energY) times t. Spatial units 10" cm.




Temperature profiles after the combustion

The huge energy
released in the
burning leads to a
significant heating
of the star, few tens
of MeV in the
center.

EoS: Set 1
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Temperature profiles as initial conditions for the cooling diffusion equation

Heat transport equation due to
neutrino diffusion
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Diffusion is dominated by
scattering of non-degenenerate

neutrinos off degenerate quarks

Steiner et al 2001



phase | process |A(T=5 MeV)|A(T=30 MeV)

Expected smaller cooling Nuclear | vn —wvn | 200 m

times with respect to hot Matter |v.n — e p|  2m

neutron stars Unpaired| vg — vg | 350 m
Quarks |vd — e u| 120m

CFL A3p 100 m 70 cm

v — v =10 km 4 m

|
M=1.4M

Sun




Luminosity
curves similar to
the protoneutron
stars neutrino
luminosities.
Possible
corrections due to
lepton number

conservation...
Phenomenology II: connection with
Phenomenology I: such a neutrino double GRBs within the protomagnetar
signal could be detected for events model
occurring in our galaxy (possible T —
strong neutrino signal lacking the Vatanad DB, Dt

optical counterpart if the conversion
is delayed wrt the SN)




Open questions: Seeding of
quark matter



Are all CSs QSs ?: Merger of strange
stars

MIT60: 8 x 10°M_, MIT80 no ejecta. By assuming
a galactic merger rate of 10*%/year, mass
ejected: 109 M_/year. Constraints on the

strangelets flux (for AMS02)

A. Bauswein et al PRL (2009)



Nucleation

(many papers!! done by many people of this workshop!!)

Hot stars: thermal Cold stars: quantum
nucleation nucleation, WKB appr.
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As expected: strong -

dependence on = les10

surface tension and § 1ov0s
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Recent estimates of 0 [15-15
MeV/fmA2 in 2 and 3 flavor
quark meson models (Palhares
et al 2010, Mintz et al 2013),
nucleation is likely to occur. AN SIS S N
Values of 100 MeV/fmA2 of b Peno

Lugones (see previous
discussions)
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Frozen flavor composition?
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It shifts the nucleation threshold to

Tiny amount of hyperons already
considerably higher densities

allows nucleation (statistical
fluctuations of the density for a
drop of 2-3 fm allow to form beta-
stable quark matter)



Open questions related to the

burning

1) Deflagration or detonation (in the
numerical simulations of burning this is

an input )
2) Full GR
3) Lepton number conservation

4) Effect of magnetic field (Lugones et al 2002)
asymmetric combustion

... and of course EoS!!!



Deflagration to detonation transition in QSs?
Lugones et al 1994 -

Also in SNIa this is still
an open question:
detonations do occur in
these systems but in the
simulations one forces the
DDT to take place at an
arbitrary chosen instant
and location

If it works, Quark
nova model of Ouyed
and collaborators
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AppendiX
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