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The Importance of Mass Loss in Low Mass Stars

 dM/dt on the first ascent RGB guides future evolution of star.

 Effects the HB morphology, integrated colors of distant galaxies.

 dM/dt is a function of v, L, dust composition, and .

Catelan (2000, ApJ, 531, 826)
Catelan (2009, IAU Symp 258, arXiv:0811.2947)
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How Can White Dwarf Stars Help?

Richer et al. (2006, Science, 313, 936)
Kalirai et al. (2007, ApJL, 657, 93)

       WDs are the end products of this (mass loss) evolution.

       Final remnant masses are easy to measure.

       Linking to initial masses is possible in star clusters.

NGC 6397
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Kalirai et al. (2009, ApJ, in press)



How Can White Dwarf Stars Help?

Kalirai et al. (2001, AJ, 122, 257) + others
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FIRST RESULTS
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Kalirai et al. (2008, ApJ, 676, 594)

**All results account for latest Stark broadening calculations: See Tremblay & Bergeron (2009)

Z = Zsun, dM/dt = 36%

Kalirai et al. (2009, ApJ, in press)



FIRST RESULTS

Z = Zsun, dM/dt = 36%

Z = 0.001, dM/dt = 33%
WDs in M4: Mfinal = 0.53 +/- 0.01 Msun
Kalirai et al. (2009, ApJ, in press)
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Kalirai et al. (2007, ApJ, 671, 748)

A Strange Cluster (N6791):

Age = 8 -10 Gyrs  but…

[Fe/H] = +0.4
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The Opposite Extreme: Stellar Evolution at High Metallicity



Bedin et al. (2005, ApJL, 624, 45)

MS turnoff age =  8 Gyrs

WD cooling age = 2.4 Gyrs?
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Deloye & Bildsten (2002, ApJ, 580, 1077)



The Theory:

- Mass Loss on the RGB (Faulkner 1972;
Sweigart 1987, Castellani & Castellani
1993; Hansen 2005).

Kalirai et al. (2007, ApJ, 671, 748)
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Omega Cen: Cassisi et al.
(2009, ApJ, in press, arXiv:0907.3550)



Forming He-core White Dwarfs

Kalirai et al. (2007, ApJ, 671, 748)
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Z = 2.5Zsun, dM/dt = 55%

1.) He core WDs cool 3X slower than C/O

     core WDs.

2.) Stars currently on the HB will form C/O

      core WDs.

   “Future observations of NGC 6791 may be able to confirm our picture.  A deeper

study of the cluster white dwarfs should also be undertaken with HST.  Such

observations should unveil a second peak in the white dwarf luminosity function

resulting from the cooling of canonical carbon-oxygen core white dwarfs.”



Forming He-core White Dwarfs

Bedin et al. (2008, ApJ, 678, 1279)
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     Light from distant galaxies: EHB stars as sources of the UV upturn.
       -- variable excess among galaxies.
       -- correlation with metallicity?

Astrophysical Implications
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     Light from distant galaxies: EHB stars as sources of the UV upturn.
       -- variable excess among galaxies.
       -- correlation with metallicity?

     Milky Way Formation: Metallicity of Bulge Stars (Cohen et al. 2008;
                                                                                       Johnson et al. 2008 + recent).

Astrophysical Implications
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     Light from distant galaxies: EHB stars as sources of the UV upturn.
       -- variable excess among galaxies.
       -- correlation with metallicity?

     Milky Way Formation: Metallicity of Bulge Stars (Cohen et al. 2008;
                                                                                       Johnson et al. 2008).

     Planets.
       - currently no known planets around WDs.
       - Fischer & Valenti (2005)  - 25% MS stars with planets have [Fe/H] > +0.3

                    - 3% of MS stars with planets have -0.5 < [Fe/H] < 0.0

Astrophysical Implications
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