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A long outstanding problem

………



Model and Modal Effects

Model effects
• EOS: Mihalas et al. 1990; 
Rogers, Swenson, & Iglesias 1996

• Turbulen pressure:
Demarque et al. 2000, Straka et al. 
2006

• ….

Modal effects
Balmforth et al. 1992

Rosenthal et al., 1999
Gabriel, M. 1996, 2000

Nordlund and Stein, Solar 

Oscillations and Convection. I. 
Formalism for Radial Oscillations

�Near-surface effects correction

Kjeldsen et al. 2008

Reference: 

Pijpers, F. P., Christensen-Dalsgaard, J., & Rosenthal, C. S., eds. 

1997, SCORe '96: Solar Convection, Oscillations and their 
Relationship (Dordrecht: Kluwer)



Time-Dependent Convection

Used formalism: Gabriel, 1996, Grigahcene et al. 2005
Applications:

Delta Scuti red edge

Gamma Doradus excitation mechanism
Dupret et al. 2004-2005, Grigahcene et al. 2005

Effects on Low order modes frequency

Dupret et al. 2005



Time-Dependent Convection

Effects on High-order modes frequency: application to solar-
like stars



Beta Hydri

� Beta Hydri (β Hyi, β Hydri) is a star in the constellation  Hydrus. 

� It is about 24.4 light years away from Earth. It is larger and slightly 

more massive than the Sun.

� At around 150 BC, this star was two degrees away from the 
southern celestial pole. It is currently the nearest relatively bright 

star to the southern pole.

� In 2002 Endl et al. inferred the possible presence of an unseen 
companion orbiting Beta Hydri as hinted by radial velocity linear 

trend with a periodicity exceeding 20 years. A substellar object 
with minimum mass of 4 Jupiter masses and orbital separation of 

roughly 8 AUs could explain the observed trend. If confirmed, it 
would be a true Jupiter-analogue, though 4 times more massive. 

So far no planetary/substellar object has been certainly detected.
Wikipedia



Global properties  of beta Hyi



Solar-like pulsations





Modeling 

�Position on the HRD



�Asteroseismology
� DiMauro et al. 2003: 1.07 – 1.20 Mo

                                           5.2 – 6.1 Gyr

                                            2 Ro
� Fernandes and Monteiro 2003: Y=0.25 – 0.30

                                                           1.03 – 1.14 Mo

                                                            0.87 – 1.31 Mo

                                                            6.4 – 7.1 Gyr
�  Brandao et al. 2010: 1.03 – 1.11 Mo

                                          5.94 – 6.96 Gyr

                                          1.791 – 1.831 Ro
� Quirion et al. 2010: 1.16 +- 0.02 Mo

                                     1.87 +- 0.01 Ro

                                     5.41 +- 0.89 Gy

Modeling 



Selecting the best model

• Initial grid of models: 0.75 ≤ M ≤ 2.5 Mo

    1.0 ≤ α≤ 2.5
            0.0 ≤ oversh ≤ 2.5

• Likelihood:































Near-surface Correction



The SUN



Best models 

obtained for some solar-like stars



Average lifetime associated with the 

oscillation modes

Observations: Chaplin et al. 2009.



Conclusions
In this work we have considered how a physically more robust

representation of the mode physics near the surface can provide

a better fitting of the stellar models, based on seismic data:
• Frequencies of solar-like oscillations calculated using TDC 

provide a significant improvement compared with the adiabatic 

frequencies.
• The values of the mode lifetime obtained with TDC is close to the 

observed values, confirming the better physical description of 

the mode physics near the surface provided by TDC when 

applied to solar-like stars.

In conclusion, TDC provides an improvement on the description

of the mode physics near the surface of solar-like stars, being a 

more robust base for model fitting of stars with convective 

envelopes using precise seismic data. Consequently, it may thus 

be very important to use TDC models for any detailed 

asteroseismic study of solar-like stars and their near surface 

structure, including a possible calibration of convection through 

the mixing-length.




