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It’s sooooo simple??
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Leaving the Main Sequence
Central Helium rich core becomes gravitationally unstable 
and begins to contract.

A shell of Hydrogen follows the contracting core, being 
compressed to higher densities and temperature.  Fusion occurs 
in shell.  Helium “ash” produced in shell falls into core.

Shell Burning
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The Sub-Giant Branch
Shell burning drives luminosity upward.  Star too dense to 
transport energy.  Energy absorbed in envelope, which expands.  

Expansion facilitates more energy transport (Kramers law).

Sunday, May 1, 2011



http://www.atlasoftheuniverse.com/hr.html
http://stars.astro.illinois.edu/sow/hrd.html

Sunday, May 1, 2011

http://www.atlasoftheuniverse.com/hr.html
http://www.atlasoftheuniverse.com/hr.html
http://stars.astro.illinois.edu/sow/hrd.html
http://stars.astro.illinois.edu/sow/hrd.html


There is a large pressure drop outside the core:

Note:  T(r) only dependent on Mass (mainly core mass)

then implies

As luminosity grows, density drops

Assume most of the mass in the core, and Rc << Re

imply:

 Applegate 1988
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Convection turns on and the star ascends a Hayashi track to become 
a red giant.  Mass loss may occur due to large size and luminosity.

The Giant Branch

Photospheric temperature relatively constant as radius and luminosity 
increase. The core becomes hotter and grows in mass as Helium ash 
continues to fall into the core.

Radius 50 Rsun

Radius = 0.01 Rsun

Core ~ 1/2 of total mass
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On the Red Giant Branch (same as for pre-ms stars)

For a convective atmosphere, we start by setting boundary condition at 
the photosphere.

For a cool stellar atmosphere, the opacity decreases strongly with 
temperature due to H- opacity:
a ~ 10, implies a small change in Teff is a large change in Peff:
this is why the temperature doesn’t change much.

where

Hartmann
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The Helium Flash (< 2 Msun)

Helium burning

Once He fusion stars, temperature goes up, but core doesn’t expand 
immediately.   This creates a brief burst of energy, much of which goes 
into inflating the core and star..  

The central core becomes dense enough, that degeneracy pressure 
dominates over thermal pressure. Still, the core radiates energy and 
continues to contract, until Helium fusion occurs. 

Sunday, May 1, 2011



Pressure in Degenerate Gas
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What is the equation of state for the core?

Prialnik
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Nuclear Burning Sequences
Prialnik
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What is the density of the core?
Hydrostatic Equilbrium gives:

The Ideal Gas Law then Gives:

In contrast, non-relativistic degeneracy pressure
gives:
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Evolution of Central Cores
Prialnik
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When does degeneracy happen?
Prialnik
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Thermal Instability in Degenerate Gas

Prialnik
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Thermal Instability in Degenerate Gas

Prialnik
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The core expands and nuclear reaction rates and luminosity may 
decrease.  The star then enters a helium burning main sequence.

The Horizontal Branch

At this point the star is relatively steady for 108  years. However, 
pulsations may occur.  Luminosities of 50-100 Lsun.

Helium burning

Hydrogen burning
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Nuclear Burning: the triple α process

4He + 4He -> 8Be

8Be+4He -> 12C

q = k ρ2 T40

Releasing 7.275 Mev
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Piotto et al. 
2002

More Envelope

Less Envelope

RR Lyrae gap
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Dynamical Instabilities

Prialnik
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Dynamical Instabilities
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Dynamical Instabilities
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Asymptotic Giant Branch

Helium burning

The star may become a supergiant.  However, pulsations and dust 
formation in the envelope may lead to the ejection of the envelope, 
leaving a white dwarf.

Now the central carbon/oxgen core becomes unstable and starts 
to contract.  There is now Helium and Hydrogen burning in shells.

Hydrogen burning
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Thin Shell Instabilities
In Hydrostatic Equilibrium
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Summary
As 1-2 Msun stars evolve up the Hayashi tracks on the red giant branch, the dominant pressure 
becomes electron degeneracy pressure.

When Helium burning is achieved, the increase in temperature does not immediately cause an 
increase in pressure, since degeneracy pressure is independent of temperature.   

This causes the Helium flash.  The total increase in power is enormous (1011 the stars normal 
output) but the observed luminosity change is lower since it takes 100-1000s of years for the 
energy to leak out.

The star then enters horizontal branch or red clump phase where there is Helium core burning.   
The horizontal branch is best visible in lower metalicity population II objects.  The Effective 
temperature of the object depends on the amount of envelope remaining.

Depletion of Helium leads to AGB phase.  Thin shell instabilities due to double shell burning can 
lead to large pulses in luminosity.
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