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(2) BG/BSG → RG/RSG:   
Envelope instability 
Once the envelope continues expanding and cools down to 
~8,000 K, the envelope becomes thermally unstable. The 
surface pressure increases as the radius grows, leading to 
the dramatic increases of density and opacity. By trapping 
the outgoing radiation flux in the envelope, the BG/BSG 
further expands. When the star reaches the radius of an 
RG/RSG, its envelope becomes stable again.

(1) TAMS → BG/BSG: 
Shell-envelope reciprocal motion 
The shell and the envelope move in the opposite 
directions. As the core contracts after the 
completion of core H burning, the shell moves 
inward while the envelope expands. If He burning is 
too strong, the core grows before entering the 
envelope instability zone, pushing the shell outward 
and causing the envelope to contract. If He burning 
is moderate, the envelope continues to expand and 
enter the envelope instability zone. 

• TAMS: terminal-age main sequence
• B(S)G: blue (super)giant
• R(S)G: red (super)giant

Question: Why do (super)giant stars evolve from blue to red?
Answer: Continued expansion due to envelope instability.

Question: Why is red (super)giant a common/steady phase in stellar evolution?
Answer: Red (super)giant is a steady-state solution.

Entering the instability zone:

Base: m=Mcore 
      L = Lb

Only calculate the stellar envelope

Surface: m=Mstar 
            L = Ls

B.C. 1: R(Mcore) = Rcore B.C. 2: P(Mstar) = Psurf 
B.C. 3: T(Mstar) = Teff(Ls, R)
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Color-magnitude diagram of the LMC using Gaia DR2 data
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Rcore: radius of He-burning core
Rshell: radius of H-burning shell
Ls: surface luminosity
Lb: envelope base luminosity
LH: energy generation rate from H-burning
LHe: energy generation rate from He-burning

Mass conservation

Hydrostatic equilibrium

Energy transport

+ opacity table & EOS table (from MESA)

Problem setting Solution (25 M⊙ star with a 7 M⊙ core)
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