Section 9.
Stellar stability and supernovae

9.1 Thermonuclear supernova




Let’s understand these questions
with the words of physics

® \Why are stars so luminous?

® \Why do stars show L ~ M4?

® \Why do stars evolve?

® \Why does the destiny of stars depend on the mass?
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Thermonuclear explosion




Explosion of white dwarf
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Pre-explosion Post-explosion
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Thermonuclear supernovae

Normal stars are stable with nuclear burning

Why do white dwarfs explode by nuclear burning?
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Thermonuclear Supernova
Explosion

model f1

(c) Friedrich Ropke, MPA, 2004




wo O] X T

t=0.0s

wo 0]

-
-
n”w
i

1.0 sec

wd (O] X L

t=10.0s

3.0 sec

t=3.0s




How to trigger explosion (progenitor scenarios)

Accretion from
non degenerate star

Merger of two white dwarfs




Summary: Thermonuclear supernovae

® Explosion of white dwarf close to Mch
® Nuclear burning => runaway under degenerate condition

® Explosive nucleosynthesis

® About 0.8 Msun of Fe-group elements (°6Ni & >6Fe, >4Fe, 58Ni)
> Core-collapse SNe
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1. Massive stars M > 10 Msun

~ 10 Myr
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Timescales for nuclear burning stages

Table 12.1. Properties of nuclear burning stages in a 15 M, star (from Woosley et al. 2002).

burning stage 7T (10°K) p (g/em’®) fuel main products  timescale

hydrogen 0.035 5.8 H 1.1 x 107 yr
helium 0.18 1.4x10° He 2.0 x 10° yr
carbon 0.83 24%x10° C 2.0 x 10° yr
neon 1.6 7.2%x10° Ne 0.7 yr
oxygen 1.9 6.7x10° O, Mg ' 2.6yr
silicon 3.3 43 %107 Si 18d




Collapse Neutron star
or

(< 1 sec) Black hole




Core-collapse supernovae

What happens to massive stars at the end of lives?
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Summary: Core-collapse supernovae

® Stability of star
® Dynamically unstable if adiabatic index y < 4/3

® Degenerate Fe core => unstable

® \What trigger the core-collapse?




