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We explore the implications of the| QCD phase transition during the postbounce evolution of core-
collapse supernovae.|Using the MIT bag model for the description of quark matter, we model phase
transitions that occur during the early postbounce evolution. This stage of the evolution can be simulated
with general relativistic three-flavor Boltzmann neutrino transport. The phase transition produces a second
shock wave that triggers a delayed supernova explosion.

Ptransition = Psat Mmax < 2 M@
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Nonburning hydrogen

Iron core collapse
~10° km

Hydrogen fusion

Helium fusion
Carbon fusion

Egain ~ 3 — 6 x 10> erg

Oxygen fusion
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Nonburning hydrogen

Iron core collapse
~10° km

Hydrogen fusion

Helium fusion
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Nonburning hydrogen

Iron core collapse
~10° km

Hydrogen fusion

Helium fusion 53
Egain = 3 — 6 x 10°° erg

Carbon fusion

Oxygen fusion

“Supernova problem”
(ejection of stellar mantle)

FEexpl == 10°Y — 10°! erg

Neon fusion

Magnesium
fusion

Silicon fusion

proto-neutron star

neutron star (PNS)
~ 12—14 km ~40-80 km
=0 T ~ 10-50 MeV



Nonburning hydrogen
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Sept. 2013

T decays (N3LO)

Lattice QCD (NNLO)

DIS jets (NLO)

Heavy Quarkonia (NLO)

e'e jets & shapes (res. NNLO)
Z pole fit (N3LO)

pp —> jets (NLO)
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vacuum medium dependence
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(see talk by Aleksandr Nikolaev) 0 ( /0) = exp { —x ( 0 — po ) 2 }

repulsive vector interaction:

3
pr=p—ap—0(p°)
A&A 577, 40 (2015)
Apl 810, 134 (205)
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C == 12M, : no phase transition
- - -50M, : no phase transition
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T/T ”
C == 12M : no phase transition
- - -50M,, : no phase transition
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hadron-quark

phase transition
(this work)

MZAMS — 50 M@
Mng = 2.0 Mg

v-driven explosion

(ref. model)
Mzams = 18 Mg
Mys = 1.5 Mg
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direct ejecta

neutrino—driven wind
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abundance, Y,

solar r abundance
direct ejecta
neutrino—driven wind
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Novel road to explosions of very
massive stars > 40 — 50 M,

“The progenitor was so bright that
it probably belonged to a class of
stars called Luminous Blue
Variables (LBVs)”

..Progenitc;'r star :T Supernova Progenitor gone
1997 2005 2007
HST WFPC2 Keck AO HST WFPC2

Supernova 2005gl in Galaxy NGC 266
Hubble Space Telescope = WFPC2

NASA, ESA, and A. Cal-Yam (Weizmann Institute of Science, Israel) STScl-PRC0O9-13

remnants: massive neutron stars ~ 2 M

r process nucleosynthesis
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