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Stellar Evolution after the Main Sequence
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Topics for interferometry

• Stellar diameters
linear radii
Teff  calibrations

• Limb darkening

• Surface spots

• λ-dependent diameters

• Time-dependent diameters

• Circumstellar material
outflows
dense torii
stable Keplerian disks
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Stellar diameters: the early days

Diameters of 7 red (super)giants:

Betelgeuse, Arcturus, Antares, Aldebaran,  α Herculis, β Pegasi, and Mira

Michelson & Pease 1921, ApJ v53, p249
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Albert Michelson
The 20 foot interferometer on Mt. Wilson
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Effective temperatures

• Di Benedetto & Rabia (1987): I2T

• Di Benedetto (1993): I2T, Mark III

• Dyck et al. (1996): IOTA

• Perrin et al. (1998): IOTA (FLUOR)

• Dyck et al. (1998): IOTA

• Van Belle et al. (1999,2009): PTI

• Baines et al. (2010)
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Perrin et al. (1998)
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Limb darkening: studying the photospheric structure

6
From course notes by Rob Rutten
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Limb darkening: studying the photospheric structure

7
Friday 23 April 2010



Limb darkening: studying the photospheric structure
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Quirrenbach et al. (1996), MkIII observations of Arcturus

Burns et al.  (1997), COAST observations of Betelgeuse
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Limb darkening: studying the photospheric structure

Lacour et al. (2008): IOTA/IONIC 
observations of Arcturus, 
amounting to 924 visibility 
measurements and 308 closure 
phases
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Surface spots as consequence of convection
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• Schwarzschild (1975)
• Freytag et al. (2002): “Spots on the surface 

of Betelgeuse -- Results from new 3D 
stellar convection models”

• Freytag & Höfner (2008): “Three-
dimensional simulations of the 
atmosphere of an AGB star”
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Surface spots as consequence of convection

Young et al. (2000): WHT and COAST observations of Betelgeuse
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Surface spots as consequence of convection

Haubois et al. (2009): 
IONIC/IOTA observations of Betelgeuse, image 
reconstruction with MIRA and WISARD
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Surface spots as consequence of convection

2010, A&A in press
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Surface spots as consequence of convection

Ohnaka et al. (2009): 
Spatially resolved 
macroturbulence

A&A 503, 183–195 (2009)
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Surface spots as consequence of convection

Ohnaka et al. (2009): 
Spatially resolved 
macroturbulence

A&A 503, 183–195 (2009)
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Wavelength-dependent diameters
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Molecular slab → Molecular sphere

The Astrophysical Journal, 579:446–454, 2002
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Wavelength-dependent diameters
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Molecular slab → Molecular sphere

The Astrophysical Journal, 579:446–454, 2002
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Wavelength-dependent diameters
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(Some) Mira stars pulsate in the fundamental mode
A&A 426, 279–296 (2004)
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Wavelength-dependent diameters
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Confirmation of the validity of the Molsphere approximation!

A&A 496, L1–L4 (2009)
Friday 23 April 2010



Time-dependent diameters

18The Astrophysical Journal, 577:447–456, 2002
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Time-dependent diameters

18The Astrophysical Journal, 577:447–456, 2002
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Time-dependent diameters

19
Also used for limb-darkening predictions (Hofmann et al. 1998)
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Time-dependent diameters

20The Astrophysical Journal, 707:632–643, 2009
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Circumstellar dust: outflows
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Circumstellar dust: outflows
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Circumstellar dust: outflows
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Circumstellar dust: outflows
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Circumstellar dust: outflows
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A&A 466, 1099–1110 (2007)

A&A, submitted
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Circumstellar dust: outflows

25
A&A 435, 563–574 (2005)
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Circumstellar dust: outflows
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A&A 465, 469–480 (2007)
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Circumstellar dust:  torii

27A&A 484, 371–379 (2008)
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Circumstellar dust: (stable?) disks:  RGB

28A&A 470, L21–L24 (2007)
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Circumstellar dust: (stable?) disks:  RGB

28A&A 470, L21–L24 (2007)
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Circumstellar dust: (stable?) disks:  AGB
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Similar results by Ohnaka et al. (2008) on 
BM Geminorum

A&A 467, 1093–1101 (2007)
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Circumstellar dust: (stable?) disks: Post-AGB

30A&A 474, L45–L48 (2007)
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Circumstellar dust: (stable?) disks: Post-AGB
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Circumstellar dust disks: (Proto-) Planetary Nebulae
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The Astrophysical Journal, 646:L123–L126, 2006

Friday 23 April 2010



Circumstellar dust disks: (Proto-) Planetary Nebulae
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A&A 473, L29–L32 (2007)
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Conclusions
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The love affair between interferometry and evolved 
stars goes back a long time, but it is as strong as 

ever!

 Snapshot imaging of their highly variable and 
frustratingly complex environment is a dream finally 

coming true.
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