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‣ 3200 - 9200 Å

‣ 2.5m telescope, 3° FoV

‣ inverse resolution
     R = λ/Δλ ≈ 2000

‣ ≈ 3800 data points
     per spectrum

‣ each fiber covers a 
circle with 3″
diameter on the

     celestial plane
www.sdss.org/gallery/gal_photos.html
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The Sloan Digital Sky Survey
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(1) this study, (2) Nebot Gómez-Morán et al. (2011, in prep.), (3) Rebassa-Mansergas et al. 
(2010), (4) Heller et al. (2009), (5) Augusteijn et al. (2008), (6) Silvestri et al. (2007), (7) 
Huegelmeyer et al. (2006), (8) Pourbaix et al. (2004), (9) Raymond et al. (2003), (10) Nilsson 
et al. (2006), (11) Wachter et al. (2003), (12) Eisenstein et al. (2006, white dwarf sample), (13) 
Eisenstein et al. (2006, sub dwarf sample), (14) Mukadam et al. (2004), (15) Kleiman et al. 
(2004), (16,17) Luyten (1997,1999), (18) Greenstein (1986)
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≈2230 of them
have SDSS spectra,

may be 2000 will turn out
to be genuine WD-dM binaries.
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Suggestions of
SDSS WD-dM candidates

are welcome and will be 
acknowledged.



Sample Setup:
Disentangling Duplicates



(1) Wachter et al. (2003), (2) this study, (3)  Silvestri et al. (2007), (4) Rebassa-Mansergas et 
al. (2010), (5) Kleiman et al. (2004), (6) Augusteijn et al. (2008), (7)  Nebot Gómez-Morán et 
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SDSS DR5
SDSSJ151212.80+015230.5

RA=228.05333, DEC=1.87514
(Silvestri et al. 2007)

SDSSJ151212.08+015231.4 (DR7) as an example

SDSS DR8
SDSSJ151211.99+015231.40

RA=228.05033, DEC=1.8751296
(this study)

DR5 image DR8 image

Sample Setup:
Disentangling Duplicates
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SDSS images

Separation [″] and distance to Earth
provide the minimum orbital period.



SDSS images

from 636 objects
(Heller et al. 2009)

41 optically resolved binaries

from ≈2000 objects
in the SDSS WD-dM library
(Heller et al. 2011, in prep.)

≈130 optically resolved binaries



SDSS images



SDSS images



SDSS images MWD = 0.6 MSun assumed
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Spectral Decomposition

WD synthetic spectrum
Koester (2001, A&A, 378,556)

dM synthetic spectrum (PHOENIX, v14.2)
Hauschildt & Baron (1999,JCoAM, 109, 41)

Mathematics explained in
Heller et al. (2009, A&A, 496,191)
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Spectral Decomposition
Radial Velocities

TiO γ

TiO Na



White Dwarf Evolution Tracks from Renedo et al. (2010)

‣ Self-consistent stellar evolution from ZAMS
‣ Includes residual hydrogen-burning in WDs
‣ Includes carbon-oxygen phase separation
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White Dwarf Evolution Tracks from Renedo et al. (2010)

MWD = 0.524 MSun

MWD = 0.877 MSun
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White Dwarf Evolution Tracks from Renedo et al. (2010)

From spectral fit:
‣ Teff,WD

‣ log(gWD)
From WD models:
‣ RWD

‣ MWD

no additional MWD-RWD relation necessary



System parametrization
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    {} 7-dimensional
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System parametrization

From spectral fit:
‣ Teff,WD

‣ log(gWD)
‣vrad,WD

From WD models:
‣ RWD

‣ MWD

‣ dWD

White Dwarf parametrization

From spectral fit:
‣ Teff,dM

‣ log(gdM)
‣[Fe/H]dM

‣vrad,dM

From dM models:
‣ RdM

‣ MdM

‣ ddM

M Dwarf parametrization

For optically resolved binaries:
‣ minimum Porb

    {} 7-dimensional
parameter fit



WD-dM binaries as standard candles

Rebassa-Mansergas et al. (2007) Heller et al. (2009)

observed M star templates
(SDSS)

synthesized M star templates
(PHOENIX)
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WD-dM binaries as standard candles

Rebassa-Mansergas et al. (2007) Heller et al. (2009)

observed M star templates
(SDSS)

synthesized M star templates
(PHOENIX)

M star activity?

Teff,dM underestimation!
(Reiners, AN, 2009, 326, 930)

Reff,dM underestimation!
Ribas, Ap&SS,2006,304,89
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WD-dM binaries as standard candles
Heller et al. (2009)

Teff,dM underestimation
and

Reff,dM underestimation

especially for stars with
masses ≤ 0.3 MSun



White Dwarf - M Dwarf Binaries
from the

Sloan Digital Sky Survey
René Heller, Axel Schwope, Roy Østensen

René Heller
Astrophysikalisches Institut Potsdam

Viña del Mar
March 08, 2011

rheller@aip.de

mailto:rheller@aip.de
mailto:rheller@aip.de


Appendix



Appendix


