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The Gist
• A core-collapse supernova marks the end of the line stellar
evolution and the beginning of the high-energy astrophysics
Universe – and it last only seconds
Sullivan et al. (2016)

• Frontier nuclear physics research is critical for
understanding CCSNe because the conditions are so
extreme. At the same time, CCSNe provide an astrophysical
laboratory for studying the same nuclear physics
• Core-Collapse Supernovae theory is at a turning point. With
state-of-the-art progenitors, modern neutrino and nuclear
theory, we can reproduce the observations of core-collapse
supernovae

Bollig et al. (2020)
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Collapse Phase
• Most massive stars core collapse during the
red supergiant phase

1000 Rsun

• CCSNe are triggered by the collapse of the iron
core (~1000km, or 1/106 of the star’s radius)
• Collapse ensues because electron degeneracy
pressure can no longer support the core
against gravity
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Electron Captures during Collapse
Sullivan et al. (2016), Titus et al. (2018); Pascal et al. (2019)

Color: contribution to capturing
electrons during collapse
Red: dominant Blue: negligible

Titus et al: “It is demonstrated that
variations in key characteristics of
the evolution, such as the lepton
fraction, electron fraction, entropy,
stellar density, and in-fall velocity are
about 50% due to uncertainties in
the electron-capture rates on nuclei
in this region [74 vs. 1000s]”

CCSNe: The Stages
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Successful CCSN explosions
Burrows (2019)
• Routinely, modern, state-of-theart, symmetry-free, simulation
codes obtain explosions across
the progenitor spaces
• Suggest that canonical observed
energies (0.5-1 Bethe) are
achievable in the turbulenceaided neutrino mechanism, if
you wait long enough
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Importance of Progenitors
• Along side (or like Bollig et al., with)
multidimensional CCSN simulations,
the importance of non-spherical
progenitor models is becoming clear

Couch & Ott (2015); Mueller & Janka
(2015); O’Connor & Couch (2018);
Fields & Couch (2020), ….

• Perturbations, from, e.g. convection,
seed turbulence and trigger shock
expansion
• Session tomorrow on stellar
evolution

Fields & Couch (2020)

Importance of Nuclear EOS
• The nuclear EOS is critical for
CCSN

Effective nucleon
mass in subscript
Impacts thermal pressure

• Recent efforts has
demonstrated that the
thermal dependence,
(harder to constrain) is key
for CCSNe
• High effective masses give
low thermal pressure,
conducive to explosions

Schneider et al. (2019b)
see also Yasin et al. (2020)

Summary for JINAHorizons
Recent Accomplishments
• Success in achieving explosions and
reproducing observations

• Detailed neutrino interactions
• Role of turbulence and convection (pre and post)

• Achieving excellent agreement when simulating
O’Connor et al. (2018)
same problem

• Highlighting important
nuclei for collapse
phase and assessing uncertainties

New Directions & Future Developments
• Failed Supernovae: to explain
LIGO/Virgo/KAGRA black hole population, but
also population statistics of neutron stars from
simulations
• Neutrino theory and equation of state
progress from theory side; i.e. reduced
uncertainties in electron capture rates, quark
EOS, …
• Non-neutrino-driven supernovae. How to
explain explosion energies more than 1 B,
nickel masses larger than 0.1Msun? (is it
magnetic fields, rotation?)

