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●  Observables: frequency splittings, a-coefficients, seismic travel times 
●  Differential rotation 
●  Asphericities 
●  Unsteady perturbations, e.g. due to a single active region 
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l=1 or 2 (3 if we are lucky) 
Star inclination 30 deg < i < 70 deg 
 



Sectoral modes 

The Sun 

Gizon & Solanki (2004) 

Latitudinal differential rotation 
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a-coefficients 

(Ritzwoller & Lavely 1991; Schou, JCD, Thompson 1994). 





Recommended parametrization of rotational splitting  for sun-like stars 

Gizon & Solanki (2004) 



Differential rotation: a3-coefficients   --- Sun-like stars 

 

 

Benomar et al. (2018), following Gizon & Solanki (2004) parametrization 
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Benomar et al. (2018) 

Differential rotation: a3-coefficients   --- Sun-like stars 

 

 



Benomar et al. (2018) 

Differential rotation: a3-coefficients   --- Sun-like stars 

 

 



Measurements of stellar asphericity 

 

 

Gizon et al. (2017) 



Stellar asphericity: centrifugal distortion 

 

 
The effect is proportional to the ratio of the centrifugal  
to the gravitational forces 



Example: long lived acoustic oscillations 

The star is measured to be oblate. 
But the flattening is smaller than that due to 
centrifugal distortion alone. 
→ activity at low latitudes? 
 
Note that sensitivity here is several orders of 
magnitude higher than optical interferometry. 
 

Gizon et al. (2017) 



Asphericity: solar-like stars 

 

 

Kepler legacy 
 
 
 
 
Benomar et al. 
in preparation 



Stellar asphericity: magnetic activity 

 

 

Scaled frequency 
shifts due to surface 
magnetic activity 

Howe et al. 2018 

  

Surface magnetic activity → local increase in wave speed. 
 



Asphericity: seismic travel times (Sun) 

 
Autocorrelation of TSI (SOHO/VIRGO) 

MURaM 



Asphericity: seismic travel times (Sun) 

 
Autocorrelation of TSI (SOHO/VIRGO) 



The measurement and interpretation of travel times is well understood in local 
helioseismology. See Gizon & Birch (2002, 2004) and Fournier et al. (2014). 

Asphericity: seismic travel times (Sun) 



Asphericity: seismic travel times (Sun) 

 
Solar-cycle dependence of travel times 



Asphericity: seismic travel times (Sun) 

 

 
 

Multiple-skip travel times, 
taken all together, contain 
information about the 
butterfly diagram. 

→ Apply methods of local 
helioseismology 



Unsteady perturbations: single active region 

 



Unsteady perturbations: single active region 

 



Unsteady perturbations: single active region 

 



Unsteady perturbations: single active region 

 



Summary 

●  The effects of stellar latitudinal differential rotation, rotational 
flattening, magnetic activity are measurable in the acoustic spectra 
of sun-like stars (i>45 deg).  

●  Based on knowledge from helioseismology, the proper way to 
measure these effects is to fit a-coefficients, not individual mode 
frequencies. (The a-coefficients cannot easily be computed from 
fitted azimuthal frequencies.) 

●  PLATO development: No need to worry about this immediately, but 
it may need to be included at some point in the future. 

●  Warning: It is not ruled out that some p-mode spectra will prove to 
be very difficult to interpret (cf. unsteady perturbations). 


