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Dying low-mass stars
Exploding massive stars

B Big Bang nucleosynthesis

Exploding white dwarfs

Merging neutron stars
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First stellar evolution models?

Back to the early 20th century with the work of
scientists such as Sir Arthur Eddington

In the picture: Einstein, Ehrenfest & De Sitter;
Eddington & Lorentz.

Location: office of W. de Sitter in Leiden
Date: 26 Sept. 1923
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HYDROSTATIC EQUILIBRIUM

The pressure gradient force pushing outward from the center exactly balances the gravitational force pulling
inward towards the center.




MASS CONSERVATION
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HYDROSTATIC EQUILIBRIUM

The pressure gradient force pushing outward from the center of the fluid exactly balances the gravitational
force pulling inward towards the center.
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ENERGY CONSERVATION

Neutrinos

dL
dM

=€, HE,-[€

V

Gravitational



STELLAR EQUATIONS

i — 1 Mass conservation
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STELLAR EQUATIONS
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Mass conservation

Hydrostatic equilibrium

V Energy transport

Equation of state
+ Opacities

Nuclear cross sections

Book: Kippenhahn, Weigert, Weiss, Stellar structure and

evolution, A&A Library
Book: Bohm-Vitense, Introduction to stellar astrophysics,
Cambridge University Press.



STELLAR EQUATIONS
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H-BURNING IN STARS:

The p-p chain

Q=26.5 MeV




H-BURNING IN STARS:
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H-BURNING IN STARS:

CN cycle CNO cycle

The CNO cycle

Q=25 MeV
(p,¥) B* (p,x)
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H-BURNING IN STARS:

3x10A75 yrs

CN cycle CNO cycle

The CNO cycle

(p,y) BT (p,a)
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H-BURNING IN STARS:
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AGB STARS

Low-intermediate mass stars:
1 <M/Msun < 8

Bright stars:
Lmax =104 -105 Lsun

Cool stars:
Teff = 4000-2000 K

High mass loss rates:
Mass loss rates up to 10-4 Msun/yr



AGB STARS

C-O core
He-burning shell

He layer
H-burning shell

Radiative layer

Convective
H envelope



AGB STARS
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Third dredge-up

C/O>1 ---> carbol stars
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HOT BOTTOM BURNING
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SURFACE CHEMISTRY
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