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Carbon burning and beyond e

* For stars that start at ~|0OM or greater, ' 4
fusion can proceed far beyond carbon ]
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* The result is the famous “onion structure”

e This makes a large fraction of elements lighter than iron
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Advanced Burning on the HR Diagram

* As we saw in Introduction to Low Mass
Stellar Evolution, this shell burning will
cause the luminosity and radius to
increase, producing a “supergiant”

* The timescale for advanced burning
stages are relatively short:

Core Fuel Time, I5SM; Time,25M,
H |1 Myr 7 Myr

He 2 Myr 0.8 Myr

C 2 kyr 0.5 kyr

O 2yr 0.5 yr

Si 20 days | day
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How do we know a star is about to go supernova!

* We don’t! The star’s structure adjusts too slowly to change the surface properties.
* It may be possible to see a unique neutrino signature in the final hours before collapse
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Core Collapse Supernova

* Once the inert iron
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Nucleosynthesis in the Supernova Shock Si/Mg g
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* The outgoing shock following core-bounce raises the temperature & density, .« " . 5
where nuclides are mostly made during a freeze-out from equilibrium F“e 8 W
 Some radioactive nuclides (e.g. **Ti) are core collapse supernova diagnostics T 44T

age 0.055067 sace medal 15 CORE-COLLAPSE SUPERNOVA
15 Mg Post—Core—Collapse

The other class of supernova involves the implosion of a star at least eight times as massive as thi
designated type Ib, Ic or I, depending on its observed characteristics.
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The origins of p-nuclei, in the wake of the CCSN shock

At slightly larger radii, the y-process in the O/Ne shell is thought to form (most of) the p-nuclei,
where seed nuclei are destroyed in a massive chain
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Neutron-rich v-Driven Wind Nucleosynthesis
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Core collapse supernovae make a lot of stuff!

EEE Big ... Dying _ Explodmg . Human synthesis pene T. Sukhbold et al. Ap) 2016
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Remnants

* The core collapse supernova will leave

* Lower-mass stars likely produce
neutron star, while higher mass stars N920 ‘_I “
likely produce a black hole
——  Explosion & NS
* However, the mapping between initial W0 ‘_ Explosion & BH
star properties and final remnant isn’t —_ Implosion & BH

straight forward and is an active area of 12 14 16 18 20 22 24 26 28 40 120
research Mzams (M)




Supernova |987A, the celebrity of Core Collapse supernovae

Photometry for SN1987A Neutrino signature ~2hr before optical detection

Time since max (Rest frame days) Number of counts/sec
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