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Astrophysical simulations of compact stellar objects
probing the QCD phase transition in dense matter
Motivated from the observations of poorly understood explosive stellar phenomena associated with massive
supergiant stars of zero-age main sequence (ZAMS) masses around 30–60 solar masses, new light has been
shed on an old idea [1], namely, that the appearance of QCD degrees of freedom may account for such cosmic
explosions [2]. Obeying nuclear physics constraints and taking yet another important observation of the very
existence of massive pulsars of more than 2 solar masses seriously into account, puts sever constraints on the
behaviour of the equation of state at supersaturation density. In particular, sufficient stiffness with increas-
ing density is required, which puts the frequently employed class of bag models into jeopardy. During the
supernova evolution of very massive progenitor stars, with ZAMS masses of about 30–75 solar masses, high
core temperatures and densities are reached, where the appearance of the hadron-quark phase transition can
potentially trigger not only the supernova explosion but also release a millisecond neutrino burst, which is ab-
sent in canonical neutrino-driven supernova explosions. This observable signature provides unique evidence
for the presence of a first–order phase transition at supersaturation density. The future observation of such
a feature, from the next galactic event, will allow us to either confirm such scenario or, if not observed, rule
out a (strong) first-order phase transition at high densities encountered at the interior of (proto)neutron stars.
In my talk I will revisit this scenario with special emphasis on observables, which concerns neutrinos [3] and
gravitational waves [4], and their potential link to the yet incompletely understood high-density equation of
state.
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