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Death of Stars

e Goals;

— Relation between the mass of a star and itsdeath
— White dwarfsand supernovae
— Enrichment of the | SM

e Low Mass Stars(M<4M,)
Figure 22-1
— HeDepletion

« After theHeburning startsthe core of the star expands and cools
while the shells continueto burn H.

 Thestar asawhole contracts and the temperatur e increases
(luminosity remains constant).

« Starsmove horizontally acrossthe HR diagram (horizontal branch
stars).

 For alM, star Heisdepleted in 108yrs(coreisnot 12C and 160).

e Corecontractsagain (no energy production) until supported by
degener ate-electron pressure.
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— Second Giant Phase
Figure 22-2
« Contraction of the core (2nd time) heats outer shells causing shell
He burning.
» Second red giant phase (outer layersexpand and cool).
 Luminosity isgreater than for red giants (x100).
« Asymptotic giant branch (AGB) - inert C, O coreand HE and H
burning shells.
« AGB star
— Rg,face ~ 1.5 AU
— Ry o~ 6400 km.
— T ~3000 K
— Massloss 104 M, yr?t
— Dredge-upsenrich the stars surface
 Energy transport occursthrough radiative diffusion and
convection.

* |In Red giants convection can be dominant process (only effects
outer 30% of Sun).

« Convection currents“dredge-up” material (enriched with metals)
from the core.
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— Dredge-ups
o First dredge up after H depletion - C, N, O brought to stars surface.
» Second dredge-up after He depletion bringsmore C, O to surface.
e Third dredge up possibleduring AGB phase (M>2M,) bringing C,, CN, CH
(Carbon star).
— Planetary Nebulae
Figure 22-6

« Shdll burning depletesHe in outer layers. Thisreducesthe pressure support
for the outer H burning shells.

e TheseH shellscontract ® heat ® re-ignite
 Hegenerated by H burning fuelstheinner He burning shellsand they ignite.
* Repeated bursts of energy (ther mal pulses) emanate through the star’sinterior.

» Thesepulsesproduceradiation pressurethat pushesthe outer layersof the star
away.

A 1M, star can lose 40% of its mass.

e End with an exposed hot (10° K) core emitting UV radiation that ionizesthe
g ected layers (a planetary nebulae).

e Ejected gasmovesat 10-30 km s
» Gascoolsand becomes part of thel SM.




Death of Stars Survey of AstrophysicsA110



Death of Stars Survey of AstrophysicsA110



Death of Stars Survey of AstrophysicsA110



Death of Stars Survey of AstrophysicsA110



Death of Stars Survey of AstrophysicsA110



Death of Stars Survey of AstrophysicsA110



Death of Stars Survey of AstrophysicsA110

— Coresof low mass stars
Figure 22-10

 For M<4M, the contracting C, O core does not have
sufficient pressureor temperatureto ignite.

e Thisrdicisawhite dwarf.

* Thewnhite dwarf supportsits self not through the generation
of energy but by the degener ate electron pressure.

e Pressureisindependent of T so asthewhite dwarf coolsthe
radiusremainsthe same.

e Density of WD is10° kg m=3 (10°x water).

o Asthemassof aWD increasestheradiusdecreases (more
compact).

 Therecomesa limit when the degenerate pressure cannot
support the mass of a star: Chandrasekhar limit.

e Theoretical limitis1.4M, (all WD have M< 1.4M,,).

o AstheWD coolsitsluminosity decreasesand it moveto the
lower right on the HR diagram.
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 Degenerate Electron Pressure
— ldeal gas
* Increasepressure® increasetemperature P = r kT

— Degenerate gas (non-relativistic)

Density is so high that electrons don’t behave like a gas - can exchange ener gy
through collisions.

Finite number of energy level available Only 2 electrons per energy level.
Electronstakeon a“crystallineform”.
Pressureisindependent of temperature

5
P:pressure avu 1/ak u r%’,Pp rav’ rs
r .density
Hydrostatic Equilibrium (gravity=pressure) M 2
-
Substituting in the density Ru—=
-

Massincreases® Radius Decreases
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e HighMassStars(>4 M)
— Fusion of heavy elements

Higher mass stars have a greater core pressure and temperature
and can ignite heavier elements (morethan He burning).

Coremass> 1.4 M_,® overcomes degenerate pressure and Carbon
ignites (T=6x102K).

Process continueswith Ne (10°K), O (1.5x10° K), Si (2.7x10° K)
upto Fe.

Each of these corereactionsisassociated with shell burning of the
lighter elements.

Onion rings of shell burning elements (Hydr ogen through heaviest
element).

| sotopes of elements (changesin number s of neutrons) form dueto
bombardment by neutron capture.

To burn heavy elementsrequires progressively higher
temperatures - nuclear reactionsaremorerapid (e.g. 25 M :
Carbon 600 yrs, Neon 1 yr, Oxygen 6 months, S 1 day).
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— Supergiant phase
Figure 22-13

 H-S burning (in 25M, star) generates vast amounts of
energy. Outer layersof star expand rapidly.

 Enter asupergiant phase

L =10°L,
T = 3000-25000 K
R=5AU

e Eventually gravity cant over comethe electromagnetic
repulsion of atoms.

e Element burning stopsat *°Fe (Iron: 26 protons, 30
neutrons). Resultsin an inert Fecore.

* Generation of thermonuclear energy ceases within the stars
core.

« Shell burning continuesin aregion 6000 km in radius.
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e Supernovae (M>8M,)
— Rapid core collapse

Gravity compressesthe starscore and it collapsesrapidly
Temperaturewithin the corereaches 5x10° K (in 0.1 secs).
Gamma-rays are emitted that photodisintegrate the Fe core.

Density increases and the electrons and protons combineto form
neutrons

e:.electrons
p:protons e+p® nNn+n
n:neutrons
n:neutrino
neutrinos carry off energy and the core cools and collapses further.

After 0.25sthecoreis20 km in diameter and has a density of
4x1017 kg m-3 (nuclear density). A neutron rich core.

The neutrons cannot be compressed further and the contraction
halts (causing a bouncea core expands).
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— Supernova explosion
Figure 22-20

* Prior to bounce regions surrounding the core are contracting at
15% speed of light.

 When core bouncesit creates shock wave that impactsinward
moving material.

 Material isaccelerated outwards to speeds > speed of sound
(releasing 10% J - 100x total energy from Sun). Star blown apart.

» The shock wave compresses outer material creating last generation
of fusion. Outer layers bombarded by neutrons.

* Elementsbuild up neutrons. These decay into protons® all
heavier elementsin the Univer se.
N® p+e+n
“Fe+n® °Fe..... etc
*IFe® %Co+e +n

* Metal rich gasisdumped into the |SM.

» Supernovae occur about 1 per galaxy per 100 years. A supernovae
can be the brightness of a galaxy (easy to detect).
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e Energy from a Supernova

— Energy from gravity
o Collapsea star down to a coreradiusof R=15 km.

2
Egrav » Gl
R

* E4 4 0ravitational energy from collapse
R: radius of core (15 km)
M: massof star (1M ,)

_ 6.67x10™ x (1.99x10%)?
e 1.5x10*
=1.8x10%

E

o Gravity provides sufficient energy to power a supernova
explosion.
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o Typesof Supernovae
Figure 22-21
— Typel
« Littleor no Hydrogen lines (Hydrogen in core and shells depleted).

* Further types Typela (strongionized S absorption), Ib (strong He
absorption no S) and Ic (no Heand noionized Si absor ption).

 Typelb and Ic arefrom massive starswhich have their outer envelopes
stripped prior to exploding.

 Typelaarefrom whitedwarfs that accrete massfrom ared giant
companion. mass increases the temperature (run away process asthe
WD isdegenerate). WD blowsitself apart.

« Rapid brightening and the gradual declinein light curve.
— Typell

e Prominent Hydrogen lines

« Standard supergiant collapse and explosion.

« SN 1987awasa Typell supernova

o Step-likelight curve
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