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White Dwarf StarsWhite Dwarf Stars

End product of stellar evolutionEnd product of stellar evolution
star formation historystar formation history
mass recyclingmass recycling

Test of general relativityTest of general relativity
massmass--radius relationradius relation
gravitational gravitational redshiftsredshifts, masses, masses

CosmologyCosmology
age of Galaxy & Universeage of Galaxy & Universe
supernovae & dark energysupernovae & dark energy

Galactic structureGalactic structure
thick/thin disk, halothick/thin disk, halo
dark matter contentdark matter content



H  m + 5 log  + 5

To find WDs look for faint, fast-moving objects

 faint, nearby objectsfaint, nearby objects

red (cool)blue (hot)

Faint & Fast

Bright & Slow



““FragileFragile”” Binaries: DefinitionBinaries: Definition
“…“…small galactic clusters containing stars of the same small galactic clusters containing stars of the same 

age and composition.age and composition.”” ––Greenstein 1986Greenstein 1986

Most common type of binary?  (6124 found by Luyten)Most common type of binary?  (6124 found by Luyten)
Common proper motion, no detectible orbital motionCommon proper motion, no detectible orbital motion
Coeval, (barely) gravitationallyCoeval, (barely) gravitationally--bound componentsbound components

Giclas et al. 1971-8

Luyten  1969 et seq.



MS+MS PairsMS+MS Pairs

Main sequence pairs (>6000 known)Main sequence pairs (>6000 known)
Most common type of binaries in Disk? Halo?Most common type of binaries in Disk? Halo?
Sensitive to longSensitive to long--term Galactic perturbationsterm Galactic perturbations

See Allen, ChanamSee Allen, Chanaméé, Gavras, Kiyaeva, Poveda 2006;, Gavras, Kiyaeva, Poveda 2006;
New surveys: ChanamNew surveys: Chanaméé & Gould 2004, L& Gould 2004, Léépine & Shara 2005pine & Shara 2005

Different formation mechanisms?Different formation mechanisms?
Close: fragmentation vs. fissionClose: fragmentation vs. fission
Wide:  capture vs. disintegrationWide:  capture vs. disintegration

Oswalt 1997

Zinnecker 1984



MS+WD PairsMS+WD Pairs

Binaries with at least one evolved star (>1000 known)Binaries with at least one evolved star (>1000 known)
MS MS ““benchmarkbenchmark”” for Vfor Vr r , UVW, metallicity, UVW, metallicity
WD WD ““benchmarkbenchmark”” for agefor age
Test of postTest of post--MS mass loss & orbit evolutionMS mass loss & orbit evolution
WD initialWD initial--final mass relation (IFMR)final mass relation (IFMR)

See Johnston, Catalan 2006See Johnston, Catalan 2006

LP208LP208--32 A/B32 A/B

MS

WD

LP208LP208--32 A/B32 A/B

MS

WD

MS

WD

Oswalt & Sion 
1988



Oswalt 1994Oswalt 1994

Orbit evolution can only explainOrbit evolution can only explain
~ 1/2 the increases seen~ 1/2 the increases seen

Lower SFR, especially recently?Lower SFR, especially recently?
Wider a(tWider a(too) for high mass binaries?) for high mass binaries?

Orbits Orbits -- comparisonscomparisons Johnston 2006 

Disrupted pairs 

Incompleteness?

BH+MS
or
NS+MS
disrupted? 

<MWD> 



SARA-S 0.6-m
Cerro Tololo - Chile

SARA-N 1.0-m
Kitt Peak, Arizona FIT Ortega 0.8-m

Melbourne, FL

+
+

+

www.saraobservatory.org



l=1 m=+1 l=3 m=+2

l=3 m=+3 l=2 i=45º

AsterosiesmologyAsterosiesmology

Otani 2011



Detecting a PlanetaryDetecting a Planetary
““SurvivorSurvivor””: V391 Pegasi b: V391 Pegasi b

Silvotti et al. 2007



The view from the topBlanco 4Blanco 4--meter telescopemeter telescope
Cerro Cerro TololoTololo, Chile, Chile

“By means of Telescopes, there is nothing 
so far distant but may be represented to 
our view…” Robert Hooke 1665

SARA-S El Pachón
Dorm Blanco 4m2MASS Admin



First Spectra of Cool Old White DwarfsFirst Spectra of Cool Old White Dwarfs

3.0 Gyr3.0 Gyr 2.2 Gyr2.2 Gyr

8.1 Gyr8.1 Gyr 7.6 Gyr7.6 Gyr

1 Gyr = 1,000,000,000 yr1 Gyr = 1,000,000,000 yr

Hintzen et al. 1989



How Common are White Dwarfs?How Common are White Dwarfs?
How Old is the Galaxy?How Old is the Galaxy?

Oswalt et al. 1996: 9.5 ±1.0  Gyr (N=50)
Smith 1997: 9.4 ±0.5 Gyr  (N=166)
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Holberg, Oswalt & Sion 2011

126 WDs within 20 pc126 WDs within 20 pc
Sample complete to 4pcSample complete to 4pc

7.4 7.4 ±± 0.7 x 100.7 x 10--33 pcpc--33

→→135 pc135 pc33 for 1 WDfor 1 WD

20 pc WD Sample
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VVorborb < 1 km/s< 1 km/s

VVrsrs ≈≈ VVradrad(WD) (WD) –– VVradrad(MS)(MS)

VVrsrs ~ M / R~ M / R

WD MASSES: Gravitational RedshiftsWD MASSES: Gravitational Redshifts

Vrs ~ M/RVrs ~ M/R

Bergeron et al.

Silvestri et al.

< Mergers?

Silvestri et al. 2001



Dark MatterDark Matter
Optical (blue) + XOptical (blue) + X--ray (pink)ray (pink)

Fritz Zwicky
1898 - 1974

1E0657-56
“Bullet Cluster”

Vera Rubin
1928 -

Markevitch et al. 2006, Clowe et al., 2006 



““Cool Blue WDsCool Blue WDs””
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WD0346+246
Age ~ 12 Gyr

Hodgkin et al. 2000

Sauman & Jabobsen 1999



White Dwarfs & Dark Matter White Dwarfs & Dark Matter -- NOTNOT
Silvestri, Oswalt, Hawley 2002Silvestri, Oswalt, Hawley 2002

halo
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Stellar ActivityStellar Activity

CaII K

www.mtwilson.edu/hk/overview
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Skumanich 1972

Stellar Activity vs. AgeStellar Activity vs. Age

Like people, stars get lessLike people, stars get less
active as they get older!active as they get older!

Zhao et al. 2011a
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Chromospheric Activity in MS BinariesChromospheric Activity in MS Binaries
Testing the assumption of coevality using SDSS pairs

Zhao et al. 2011c, in prep

2 Gyr

4 Gyr 8 Gyr



Mother Nature recyclesMother Nature recycles……wewe’’re proof!re proof!
The WD Initial-to-Final Mass Relation

Zhao et al. 2011b, in prep

NGC 2440

WD progenitor life WD progenitor life →→ original mass Moriginal mass Mii



TTeffeff & log & log g g of White Dwarf in a Binaryof White Dwarf in a Binary
 t t coolcool = = ttmsms –– ttprogprog ((ttprogprog  MMii for WD)for WD)

CD-38 10983

Koester 2010 models



InitialInitial--Final Mass Relation (IMFR) Final Mass Relation (IMFR) 
of White Dwarfs in Fragile Binariesof White Dwarfs in Fragile Binaries

Zhao et al. 2011b, in prep



Metallicity ofMetallicity of
Main Sequence Stars in Fragile BinariesMain Sequence Stars in Fragile Binaries

σ[Fe/H]=0.15 dex compared with the values from high resolution spectra

40 EriA

Maximum Correlation with theoretical spectra library of Maximum Correlation with theoretical spectra library of CastelliCastelli & & KuruczKurucz 20032003

Zhao et al. 2011a



Post Main SequencePost Main Sequence
Pulsations & Mass LossPulsations & Mass Loss

V. Wilkat, FIT/SARA

D. Porter, S. Anderson, P. Woodward
U. Minnesota

Willson & Wang 2011
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Metallicity and PostMetallicity and Post--MS Mass LossMS Mass Loss

Willson & Wang 2011

Solar metallicity stars
(blue) lose more mass
than lower metallicity
stars (red) because:

(1) dM/dt reaches
a critical value at 
lower luminosity,
hence smaller core
and more envelope
to lose

(2) More dust, higher 
opacity, stronger
wind



Metallicity and the IFMRMetallicity and the IFMR

Zhao et al. 2011b, in prep



GyrochronologyGyrochronology
(Bird, Watson summer 2011 REU; Guinan et al. 2011)(Bird, Watson summer 2011 REU; Guinan et al. 2011)

Barnes 2008
Pizzolato et al. 2003



Ongoing WorkOngoing Work……
CA vs. age relation in WD+MS binariesCA vs. age relation in WD+MS binaries

Determination of Rotation AgesDetermination of Rotation Ages

Orbit evolution and mass lossOrbit evolution and mass loss

Improving the WDLF & IFMR, e.g. [Fe/H]Improving the WDLF & IFMR, e.g. [Fe/H]

Search for fragile binaries in haloSearch for fragile binaries in halo

Variability in coolest WDsVariability in coolest WDs

High precision High precision  VVrr  mm1  1  & m& m22

Support from U.S. National Science Foundation grant AST-
0807919 and NSF (China) grants 11078019 and 10821061 
is gratefully acknowledged



ThankThank--you!you!

“I don’t pretend to understand
the Universe—it’s a great deal
bigger than I am.”

Thomas Carlyle 1868


