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Why do stars shine?
(correct answers only)



Separation of stellar timescales

• Dynamical (free-fall, sound-crossing) timescale

• (Viscous timescale)

• Thermal (Kelvin-Helmholtz) timescale

• Nuclear timescale



Janka (2012)
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Single star evolution before core-collapse
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A. Heger website 2sn.org



Physical processes inside massive star

• Convection
• Mixing length theory, but convective and nuclear timescales comparable
• Mixing as a diffusive process

• Semi-convection
• Schwarzschild – instability only due to temperature/pressure gradients
• Ledoux – also takes into account chemical composition
• Unstable by Schwarzschild & stable by Ledoux = semi-convection
• Diffusion coefficient uncertain

• Overshoot mixing
• Modeled by diffusion

• Rotation & magnetic fields
• Coupling of core to envelope – affected by mass loss 

• Mass loss
• Neutrino losses

• Mostly due to thermal processes (T^9), later due to neutronization (T^6)
• Accelerates evolution (~day timescale for silicon)



Woosley et al. (2002)
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Chandrasekhar mass
• Chemical composition
• Thermal structure of the core (nonzero entropy)
• Coulomb corrections (electrons have charge)
• Nonzero pressure at outer boundary of the core
• Special and general relativistic corrections
• Effective Chandrasekhar mass between 1.2 and 1.8 Msun (approximately)

Woosley+02



Acceleration of collapse

• Electron capture when electron Fermi energy higher than
energy levels of nuclei (few MeV) -> removes electrons

• Photodisintegration to alpha particles
(requires binding energy)



Massive star death

Minitial > 8 M


Collapse from WD size ~0.3s
Proto-neutron star ~60 km

Binding energy ~ 3  1053 ergs

<10m
s

Stalled shock at 100-200 km

Neutrino cooling ~ 1052 ergs/s

Duration up to ~1 s

Reason not fully understood
All NS binding energy released 

before 10-100s

Explosion energy ~1051 ergs

10-3 – 10-1 M


of Nickel-56

Shock at surface  in ~hours

1 erg = 10-7 J 1 L


= 3.9  1033

ergs/s

Janka et al. 2012





https://stellarcollapse.org/nsmasses.html



Renzo et al. (2020)



Woosley & Heger (2015)
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Farmer et al. (2019)




