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The problem



  

What is the surface effect?

no dependence 
on angular degree
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Why is it a problem?

max. power
(nmax ± 5)

large separation 
about 1 µHz 

different



  

What causes it?

3D RHD simulations
(e.g. review by Nordlund et al. 2009)

mixing length theory
(c.f. Böhm-Vitense 1958)

basically, poor modelling of near-surface convection
see Rosenthal (1997)
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What causes it?

● “model” physics:
(everything missing from 
background model)

– MLT gives inaccurate 
temperature gradient

– no turbulent pressure
– atmospheric structure
– etc...

● “modal” physics:
(everything missing from 
oscillation calculation)

– perturbation to turbulent 
pressure (Rosenthal et al. 1999)

– flows modify wave 
speeds (Brown 1984)

– non-adiabaticity       
(Houdek 1996)

– etc...

Rosenthal (1997)



  

Parametrizations



  

solar-calibrated power law



  

c.f. Gough (1990)

cubic term also in Libbrecht & Woodard (1990) and Goldreich et al. (1991)

from asymptotic behaviour of eigenfunctions near surface
+ sound speed or HP perturbation

“combined” term:

“cubic” term:



  

modified Lorentzian:



  

Power law correction
Kjeldsen et al. (2008)

max. power
(nmax ± 5)



  

Cubic correction
Ball & Gizon (2014)

max. power
(nmax ± 5)



  

Combined correction
Ball & Gizon (2014)

max. power
(nmax ± 5)



  

Modified Lorentzian correction
Sonoi et al. (2015)

max. power
(nmax ± 5)



  



  (also visit Roxburgh's poster comparing his various methods)



  

Separation ratios
Roxburgh & Vorontsov (2003)



  

State of the art

● Parametrizations
– ratios widely used and presumably reliable
– “combined” term appears the best formula
– Sun is still the only real test

Schmitt & 
Basu (2015)



  

Three-dimensional radiation 
hydrodynamics



  

F3V G2V K0V

K5V M0V M2V



  



  



  

(A&A accepted, arXiv:1606.01030)



  

(A&A accepted, arXiv:1606.02713)

MESA + MURaM

CESTAM + CO5BOLD



  

Simulation parameters
Sonoi et al. (2015), Ball et al. (2016)



  

Solar-calibrated model (Model S)
Ball et al. (2016)



  

All four models
Ball et al. (2016)



  

G2 and Model A

Sonoi et al. (2015)Ball et al. (2016)



  

F3 and Model B

Sonoi et al. (2015)Ball et al. (2016)



  

State of the art

● Parametrizations
– ratios widely used; phase-matching very new
– “combined” term appears the best formula
– Sun is still the only real test

● 3D RHD simulations
– “patching” models seems reliable
– results are robust
– currently limited to structural effects



  

The future



  

The future

● Make more of the 3D RHD simulations
– “modal” physics: flows, non-adiabaticity, etc.
– calibrating mixing length parameter helps too



  

The future

● Make more of the 3D RHD simulations
– “modal” physics: flows, non-adiabaticity, etc.
– calibrating mixing length parameter helps too

● Push observations to lower radial order
– best nominal Kepler data almost there
– velocity data from SONG



  

Additional slides

A



  

Combining models

=

+ averaged 
hydro. sim.stellar model



  

Combining models



  



  see also Roxburgh (2015; A&A 574, A45)



  

Basis of Roxburgh's methods

inner phase shifts

outer phase shifts

combine frequencies to cancel outer phase shifts



  

Epsilon matching



  

Epsilon matching



  



  

Non-local convection and 
non-adiabaticity

(N)L = (non-)local
(n)a = (non-)adiabatic

non-adiabatic

non-local

solar-calibrated model
from Houdek (1996, PhD thesis)



  

Lower radial order with SONG?

LoS velocity

intensity



  

reality

models



  

Comparing parametrizations: G2



  

Comparing parametrizations: F3



  

Solar oscillations
Sun (VIRGO)
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Echelle diagram
16 Cyg A (Kepler)



  

Displacement eigenfunctions



  

Displacement eigenfunctions



  

KIC 12508433
Deheuvels et al. (2014)



  



  

GAIA



  

TESS



  

PLATO



  

Solar Oscillations Network Group
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