
Physics of Late Helium Flashes

Lars Bildsten, KITP

Extragalactic Transients          Dec 4, 2007



Stellar Evolution for <6 Solar Masses
Iben 1991, ApJS, 75, 55 • M<2.2, He Core becomes degenerate

prior to ignition

• M~ 6-8 .. ..carbon ignites. O/Ne WD.

• M > 8-10,  1D Supernovae-IIP
(Kitaura et al 2006, A&A, 450, 345)



EZ: Bill Paxton’s Code
http://theory.kitp.ucsb.edu/~paxton/figs.html

4 Solar Mass Model



Thermal Helium Shell Pulses on AGB
The steady Hydrogen burning shell is thin (in mass, about 1e-4) and
stably burning, constantly supplying Helium that accumulates and
flashes unstably. Most of the sudden He burning luminosity goes into
building a large convective region.

Straniero et al, 1997, ApJ, 478, 332

He Shell of
0.007 M_sun



Blowup During Helium Shell Flashes

Herwig, 2005, ARAA, 43, 435



Normal Evolution Path

Numbers are log
(time) for a 2 solar
mass star

Herwig, 2005, ARAA, 43, 435



90% of White Dwarf Formation
• Mass loss in the winds of
the AGB star truncates the
H burning shell, which
eventually collapses and
contracts.

• Most of the H envelope
leaves in a wind, since the
mass loss rate exceeds the
H burning rate.

• The further evolution
involves contraction and
some residual H burning.

• Most often, the end result
is a DA white dwarf of
mass close to beginning of
TP

Ib
en

 1
99

1,
 A

pJ
S,

 7
5,

 5
5 



C/O Masses and Final WD Masses

Helium Core mass at He 
Ignition

Dominguez et al, 1999, 524, 226 



PN image from HST
Ring Nebulae (M 57)

HST
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All stars with mass < 6-8 solar masses form a C/O core
and send the rest of the star out in a wind.



Iben 1991, ApJS, 75, 55 

This plot shows the
evolution of the H
burning shell during
the contraction phase

(H Shell mass)

 and time

Hydrogen Shell Evolution



Late Helium Flashes
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5 • If the helium shell was about
80-90% of the way to the next
flash, then it can ignite later
(Fujimoto 1977)

• When it ignites depends on
how close it was and how
massive the WD is.

• Evolution after ignition is
quite dramatic. . . And sketched
here..

• Sometimes the slight amount
of remaining H can also be
i t d



Three Events

Duerbeck et al. AJ, 119, 2360 (2000) 

FG Sge (1894) 
V605 Aql (1917) (-5) 
V4334 Sgr (1992, Sakurai)

• Typically up to -5 to -8, lasts
for many years, evolves to red..
• Dust is formed..



V4334 Sgr (Sakurai’s Object)


