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Can we do asteroseismology 
on F stars?

yes!
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Why do we care about F stars?



Why do we care about F stars?
• intermediate mass, convective cores, rotation
• (they include the gamma Dor stars) 
• lots of solar-like oscillators in the Kepler data
• magnetic activity
• oscillations excited over a very wide range of 

observed frequencies (many radial orders)
• BUT: very large linewidths (“bloody F stars”)



Grec et al. (1983)

A nice G star



the échelle diagram:
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another nice G star (16 Cyg A)

Metcalfe et al. (2012)



13 orders

l=3 l=1l=0l=2



Procyon A
• angular diameter = 5.40±0.03 mas (1%; 
VLTI)

• parallax = 285.9 ± 0.9 mas (0.5%; Hipparcos)

• radius = 2.04±0.02 (1%)

• mass = 1.46±0.03  (2%; binary orbit)



Brown et al. (1991)

Martic et al. (2004)

Eggenberger et al. (2005)

Leccio et al. (2006)

Procyon velocity 
observations

Fourier power spectra of 
Doppler measurements.

All have power centred at 
about 1 mHz (15-20 minutes)
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2007 Procyon Campaign: 11 telescopes at 8 observatories over 25 days

10 days

Arentoft et al. (2008), Bedding et al. (2009)







Which ridge is which?

l=1l=2/0



500 μHz

acoustic glitch at τ=1000s
(He ionization zone)

Asteroseismology using ridge spacings

(20 orders)



Which ridge is which?







l=1l=2/0

HD 49933 (CoRoT)





Lots of ambiguous F stars
How can we decide?



“the ε method”
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ε specifies absolute 
position of l=0 ridge

νn,l  ≈ Δν (n + ½l + ε) − δν0l 

Sun has ε=1.3 (we know n 
from models!)



[insert PDF (p. 82)]

Echelle diagrams for 109 
unambiguous stars from full mission 
(includes subgiants and SC RGB)



White et al. (2012)



Christensen-Dalsgaard et al. (1988)



Christensen-Dalsgaard et al. (1988) White et al. (2012)



the ε-Teff 
diagram



the ε-Teff 
diagram



the ε-Teff 
diagram



Kepler Legacy sample – 66 main-sequence stars (Lund et al., in prep.)



Kepler Legacy sample – 66 well-observed main-sequence stars (Lund et al., in prep.)

the Legacy ε-Teff diagram



Application to θ Cyg (V=4.5; F3V)

two quarters (6 months)



spread causes 
problems when 

ridges are not clear
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109 unambiguous stars from full mission (includes subgiants and SC RGB)
- see earlier PDF

Revised ε-Teff 
diagram

colour-coded by νmax 



tight correlation of ε with Teff and numax



[insert PDF]

Echelle diagrams for 28 ambiguous 
stars from full mission 

(mostly F stars)



Revised ε-Teff 
diagram

colour-coded by νmax 



θ Cyg

HD 49933

Add 28 ambiguous stars (mostly F stars)

colour-coded by νmax 

Revised ε-Teff 
diagram



Kepler Legacy sample – 66 main-sequence stars (Lund et al., in prep.)

What about the surface term?



Compton et al. (in prep.)

What about the surface term?



Sun: observed  and Model S

Gilliland et al. (2010)

Ball & Gizon (2016)



Kjeldsen et al. (2008)

Model S



fitting models with MESA
Compton et al. (in prep.)



Compton et al. (in prep.)



Compton et al. (in prep.)



Compton et al. (in prep.)

ε-Teff 
diagram



So what about Procyon?





Compton et al. (in prep.)
see Bedding et al. (2010)



So what about Procyon?



Conclusions

• mode identification is now straightforward 
if the ridges are clear (i.e., if seismology is 
possible at all)

• the “surface term” appears to grower 
smaller as Teff increases

• we can do asteroseismology on F stars 
(especially acoustic glitches over many 
orders)

• so please join the fun with “Fabulous” F 
stars!





the hottest F star with solar-like oscillations
Teff = 6892 K (Bruntt et al. 2012)




