Stellar Structure, Handout 14


Evolution to the Asymptotic Giant Branch
Schematic plots for stars of 5 M( and 1 M( 
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A 5 M( star ignites He quietly soon after reaching the Hayashi line, and loops to the left during core He burning. A 1 M( star climbs much further up the Hayashi line, on the Red Giant Branch (RGB), before the central temperature is high enough for He to ignite; it then ignites explosively (the He flash), because the core is degenerate, and makes a very rapid transition to the region of the Horizontal Branch in the HR diagrams of globular clusters, where it settles down to burn He quietly. In both cases, there is still H burning going on in a shell outside the He core, but it contributes little to the energy output.
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Detailed evolution of a 5 M( star from the MS (A) to the AGB. Points B, C are as on Handout 13. D is the start of the RGB, E is He ignition, and the loop EFG corresponds to He core burning; the blueward extent of the loop increases with stellar mass.
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Fig.32.10. Sketch of the evolution of low-
mass stars in the HR diagram. For three
slightly different masses the evolutionary
tracks in the post-main-sequence merge in
the giant branch (GB). After the helium flash
they appear on the zero-age horizontal
branch (HB), evolve towards the upper right,
and merge in the asymptotic giant branch
(AGB). The broken line indicates the posi-
tions of the variable RR Lyr stars (RR) and
of the W Vir stars (W)





The position on the HB is very sensitive to mass. The instability strip (broken line) marked on the HB extends up to cross the blue loops of more massive stars (> 7 M(); He-core-burning stars of 7-9 M( are Cepheid variables.
Printed figures from Kippenhahn & Weigert, pp. 294 and 323


