
R.-D. Scholz: talk at MW conference, Heidelberg, August 31 - September 4, 2009 1

The coolest halo subdwarfs
- the oldest brown dwarfs? 

Ralf-Dieter Scholz
Astrophysikalisches Institut Potsdam 

Elena Schilbach & Siegfried Röser
Zentrum für Astronomie der Universität Heidelberg / 
Astronomisches Rechen-Institut

Conference on “The Milky Way and the Local Group – Now and in the 
Gaia Era”, University of Heidelberg, August 31 – September 4, 2009



R.-D. Scholz: talk at MW conference, Heidelberg, August 31 - September 4, 2009 2

 History

(Kuiper 1939)
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Subdwarfs in the 10pc sample 

348 objects, incl. 4 sd and 18 wd (Henry et al. 2006)

subdwarfs 
are rare

&
have very 

large proper 
motions

TOP3 proper motions:
1. Barnard’s (discovered 1916)
2. Kapteyn’s (1897)
3. CF UMa  (1841 by Argelander)

Barnard’s
(sd ?)

brown dwarf (L7.5)
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Recent discoveries with µ > 2 arcsec/yr

13 new discoveries since 2000 - compared to 73 known LHS stars!
Most are ultracool, 5 are halo objects including 2 subdwarfs
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The effect of low metallicity
Reid & Hawley (2000), Burrows et al. (2001):

Lower opacity in the atmosphere 
→ higher effective temperatures and higher luminosities at a given mass 

Higher surface temperatures require higher core temperatures 
→ minimum mass for hydrogen burning is ~0.02 Solar masses higher at zero metallicity: 

Lower opacity and higher transparency
→ more rapid cooling of substellar objects with lower metallicity

→ the lower the metallicity the brighter the star, but the dimmer the BD

Kirkpatrick (2007):

Fewer metal+metal molecules relative to metal+hydrogen molecules
→ increased absorption by metal hydrides relative to that of metallic oxides 
→ reduced condensation in the M/L transition (TiO and VO bands will be still visible)
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M Subdwarfs: 
classification by 
spectral indices
(Reid et al. 1995,  Gizis 1997)

Lepine et al. (2003), Scholz, Lehmann, et al. (2004), 
Burgasser & Kirkpatrick (2006)
New class: ultracool subdwarfs (> sdM7/esdM7) 
(Burgasser et al. 2005)

Lower metallicity

L
ow

er tem
perature

M

sdM
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Is SSSPM 1444 a substellar subdwarf ? 

High-res. spectrum shows no Lithium           Scholz, Lodieu & McCaughrean (2004)

M9.5 

sdM9 
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L dwarf (red) and L subdwarf (black) spectra

Burgasser, Cruz & Kirkpatrick (2007)
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Subdwarf colours – comparison with models

Scholz, Lodieu & McCaughrean (2004)
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Spectral sequence + list of 
known ultracool subdwarfs

Burgasser, Cruz & Kirkpatrick (2007)
and references therein
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Parallax program @ Calar Alto 3.5m Omega 2000

Schilbach, Röser & Scholz (2009)

● NIR camera

● 15 x 15 arcmin FoV

● 0.45 arcsec/pix

● 3.1 to 3.4 years of 
observations

● 17 to 26 epochs / target

● 75 to 1250 reference stars

● 12 to 105 compact galaxies
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Trig. parallaxes of ten ultracool subdwarfs

Schilbach, Röser & Scholz (2009)

(d/)sdL7

d/sdT6

sdM9.5

?

sdL4:

sdM8

d/sdM9

d/sdM7:

sdL4

sdM7.5

(Shaded objects are probably substellar)
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Ultracool subdwarf absolute magnitudes/colours

Schilbach, Röser & Scholz (2009)

Solid lines: Baraffe+ models for 10 Gyr ([M/H]=-1.0..-2.0 and 5 Gyr ([M/H]=0.0..-0.5)



R.-D. Scholz: talk at MW conference, Heidelberg, August 31 - September 4, 2009 14

 Conclusions and outlook
● High proper motion surveys continue to play an important role in finding 

new ultracool subdwarfs (later than ~sdM7/esdM7)

● Our trigonometric parallaxes show that two sequences, normal subdwarfs 
(sd) with [m/H] = -1.5…-1.0 and moderately low-metallicity objects 
(d/sd) with [m/H] ~ -0.5, reach into the brown dwarf regime

● Trigonometric parallaxes of extreme ultracool subdwarfs (>esdM7) with 
[m/H] = -2.0 are still needed

● More M-type ultracool subdwarfs have been detected in SDSS (Lepine & 
Scholz 2008; Scholz et al. 2009) 

● New L-type subdwarfs (e.g. Cushing et al. 2009) are difficult to find due 
to their blue NIR colours and faint magnitudes 

● High-resolution spectra (2MASS 0532 !!) provide accurate RVs and 
rotational velocities (Reiners & Basri 2006) and will finally lead to 
elemental abundances  


