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Effective Temperature

Gustafsson et al. (2008)

τ =
2
3

Direct: interferometry (Hanbury Brown et al. 1974, van Belle & von Braun 2009)
✓ precise & accurate

- nearby stars (limited range)

- uniform disk

Semi-Direct: InfraRed Flux Method

✓ precise

✓ ~ model-independent 

✓ any star (photometry)

- reddening

- accuracy: absolute calibration

Indirect: ionization/excitation, Balmer lines, line-depth ratio
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UD                          LD
Allende Prieto et al. (2002)

Bigot et al. (2006)
Koesterke et al. (2008)

✓ precise

✓ any stars (spectra)

- model dependent (NLTE, inhomogeneity, e.g. Asplund 2005, Ludwig et al. 2009)
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InfraRed Flux Method

Casagrande et al. (2006, 2010)

Blackwell et al. (1977,1978,1979)



InfraRed Flux Method

Casagrande et al. (2006, 2010)

Blackwell et al. (1977,1978,1979)



[Fe/H]

log g Teff

Castelli & Kurucz(2004)

InfraRed Flux Method



[Fe/H]

log g Teff

absolutely calibrated

flux scale: overall absolute calibration
shape:  spectral libraryCastelli & Kurucz(2004)

InfraRed Flux Method
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IRFM: Pros & Cons

~2/3%
~0.01 mag

~ 4% = 80 K



IRFM: Pros & Cons

~2/3%
~0.01 mag

Bohlin (2007)

Bohlin & Cohen (2008)But recently, towards 1% accuracy :

~ 4% = 80 K

Apellaniz (2007)

Rieke et al. (2008)
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Alonso et al. (1996) Ramírez & Meléndez (2005)

González Hernández & Bonifacio (2009)

sam
e input data 

used

Comparing different 
versions

IRFM can accommodate any Teff scale

We understand the differences

Which one do we choose?
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Solar Analogs

Meléndez et al. (2009)
Ramírez et al. (2009)

R~65000, S/N >450

high-quality

∆EW

no a priori

NLTE, granulation

model-independent
high-accuracy

Solar Twins

same instrument

photometry Teff



Solar Analogs

Meléndez et al. (2009)
Ramírez et al. (2009)

R~65000, S/N >450

high-quality

∆EW
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NLTE, granulation

model-independent
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~15-20 K



∆θ = −0.6± 1.7% ∆Teff = 18± 50K

Angular diameters
FBol =

(
θ

2

)2

Teff



HST Spectro-photometry
STIS NICMOS

HD209458, [Fe/H] = 0.03

BD +17 4708, [Fe/H] = -1.74



HST Spectro-photometry
STIS NICMOS

HD209458, [Fe/H] = 0.03

BD +17 4708, [Fe/H] = -1.74

~20-40 K



More Spectro-photometry
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M. Bessell (private comm.)

Blue: 5875 old
Red : 6125 IRFM : 6135 K

Blue: 6250 old
Red : 6500 IRFM : 6420 K



Solar like stars: CMD

Vandenberg, Casagrande & Stetson, in prep.

B-V = 0.641   0.024   0.004 ± ±
B-V = 0.649   0.016  (Pasquini et al. 2008)±



Revisiting the Geneva-Copenhagen Survey :
Casagrande, Schönrich, Asplund, Ramírez, Meléndez, Bensby (2010)

Geneva-Copenhagen Survey

Solar like stars: field

Nordström et al. (2004); Holmberg et al. (2007, 2009)



Improved Teff
GCS



Improved Teff Improved [Fe/H]
GCS



Metallicity distribution function

Peaks ~ solar

but see Meléndez et al. (2009), Ramírez et al. (2009) for the peculiar solar chemical composition



Something new under the Sun 



IRFM goes cool 

Casagrande, Flynn & Bessell (2008)



IRFM goes cool 

Casagrande, Flynn & Bessell (2008)

Yes we can!



M dwarfs angular diameters

Casagrande, Flynn & Bessell (2008)



M dwarfs angular diameters

Casagrande, Flynn & Bessell (2008)

Test on 
CM Draconis

(Morales et al. 2009)

Barnard’s star



Fine Structure

Casagrande, Flynn & Bessell (2008)

• 222 GKM dwarfs
•σ parallaxes better 15%
• Hipparcos to remove variables/binaries
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Fine Structure

Casagrande, Flynn & Bessell (2008)

• 222 GKM dwarfs
•σ parallaxes better 15%
• Hipparcos to remove variables/binaries

Baraffe et al. (1998)
Solar 5 Gyr

[M/H]=-0.0

[M/H]=-0.5



M dwarfs radii

Casagrande, Flynn & Bessell (2008)

good  agreement: e.g. 
Delfosse et al. 2000; 
López-Morales 2007;
Demory et al. 2009



M dwarfs radii
[Fe/H]

GJ205; +0.21

GJ191; -1.00

GJ436; -0.03

Casagrande et al. (2008)

Baines et al. (2008); Kervella & Fouqué (2008); Ségransan et al. (2003); Berger et al. (2006); Demory et al. (2009)

Gillon et al. (2007);  Torres (2007)
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3 characters in search of an author

•Mixing Length (e.g. Chabrier et al. 2007)

•Magnetic activity (e.g. Mullan & MacDonald 2001; López-Morales & Ribas 2005)

•Opacity (e.g. Berger et al. 2006)

inflated radii in M dwarfs not only in
eclipsing binaries, also single field stars



The Epilogue
• Teff : FGK dwarfs

• understand the differences among scales

• settle the issue

• solar twins

• HST spectro-photometry

• angular diameters

•chemical evolution Solar Neighbourhood

• Teff : M dwarfs

• Teff scale robust down to 3000 K

• discontinuity in obs. plane!       inflated radii ?!? 

~ 20 K}


