The death of low mass stars
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The burned-out core of a low-mass star cools

and contracts until it becomes a white dwarf White dwarf stars

* The carbon nuclei and electrons in the core of a white
dwarf are packed together very tightly: about 1 solar

* No further nuclear mass in the volume of the Earth.
reactions take place
within the exposed * One teaspoon of white dwarf matter has a mass of
core about 5 tons. Electron degeneracy pressure prevents
- Instead, it becomes a the white dwarf from collapsing under its own weight.
degenerate, dense + Electron degeneracy pressure occurs because,

sphere about the size
of the Earth and is
called a white dwarf

quantum mechanically, electrons do not like to be too
close to each other (being fermions).

Sirius B
eyl © It glows from thermal
radiation; as the
sphere cools, it
becomes dimmer




More massive white dwarfs are smaller The evolution of white dwarfs
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The late evolution of high mass stars Internal shell structure of a Iate'stage
In stars with M>8M,, electron degeneracy cannot stop the C-O core massive star

from contracting further and heating up.

This leads to further stages of nuclear burning, including the fusion
of carbon, neon, oxygen and silicon.

These subsequent stages start in the core, and later switch to shells,
just like H and He burning.

Each stage proceeds more rapidly than the last, due to faster
reaction rates, and diminishing energy returns.
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Stage Core temperature (K) Core density (kg/m?) Duration of stage sili fusi hell
1icon-rusing she

Hydrogen fusion 4x107 5x 103 7 x 106 years Centra| ' g
Helium fusion 2 x 108 7 x 10° 7 x 10° years o ron core
Carbon fusion 6 x 108 253 140 600 years reglo._“s Of a
Neon fusion 12 % 10° 4%10° 1 year supergiant star
Oxygen fusion 1.5 x 10° 1010 6 months i E i
Silicon fusion 2.7 x10° 3x 101 1 day Juplter S Ol'blt

e collapse 5% 9 3 12 Y second . . . . . .
Nk i R e In the final stages of its life, a high-mass star has an iron-rich
Core bounce 2.3 x 1010 4x 10" milliseconds . .
hartrapall 5 ] i core surrounded by concentric nuclear burning shells.

xplosive (supernova) about 10 varies 10 seconds




The end of nuclear fusion Supernovae

The sequence of thermonuclear ' ' ' ' » Core collapse releases large

reactions stops at iron, because o amounzts of gravitational energy, Star’s core
the iron nucleus has the largest s E‘“_GM /Rinal ' Shockdwavi 5
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from the core

any element

Hence the formation of elements
heavier than iron requires an % %
input of energy, rather than Mass Number
being exothermic

nuclear reactions and generates a
huge flux of neutrinos

" : I « When the core reaches nuclear

densities, the nucleons become

degenerate, and neutrinos are

Binding Energy Per Nucleon (MeV)
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fl'hereforer,1 onge a sfubstagtial He Buing also unable to escape easily
iron core has been formed, b . Thi . .
there is no energy source left to “Shel This generates a huge increase in

support it against the pull of its Ne Burming pressure, and the core collapse is
own gravity Shell stopped abruptly in a “bounce . . .

; * This ejects the outer layers of the Computer simulation showing
This leads to core collapse and J ) 1y . structure 10 ms after core bounce
a supernova explosion i Burning star at very high v_eI00|ty, causing

Shell a powerful explosion
An example - SN1987A Supernovae of type la and Il
There are two main types _
of supernovae, which =
have distinct lightcurves Al .
and spectra. Jar e
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from the explosion of 9108 H-15 &
TR massive stars at the end . @
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After the star exploded Type la SNe are much 0 100 . 200. 300
» Supernova 1987A in the Large Magellanic Cloud is the closest supernova more uniform, and have Days ol muximmprichne
seen for over 300 years. no H lines.
* Its peak luminosity of ~108 L, was rather low by typical SN standards.




Type Il supernovae are created by the
deaths of massive stars

(d) Type Il supernova

* The spectrum has prominent hydrogen lines
suchasHg.

* Produced by core collapse in a massive star
whose outer layers were largely intact.
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Type la supernovae are produced by
accreting white dwarfs in close binaries

(a) Type la supernova

* The spectrum has no hydrogen or helium
lines, but does have a strong absorption line
of ionized silicon (Si Il).

* Produced by runaway carbon fusion in a white
dwarf in a close binary system (the ionized
silicon is a by-product of carbon fusion).
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Supernova remnants

The expanding shock wave
generated by a supernova expands
out into the surrounding interstellar
medium, generating a supernova
remnant which may be visible for
many thousands of years.

Summary - pathways of stellar evolution
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