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Solar-like oscillations
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• Ulrich 1986, Brown et al. 1991, Kjeldsen & Bedding 1995


• Stello et al. 2008, Kallinger et al. 2010

Scaling relations
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Exoplanet host

Galactic archeology



Kepler red-giant-branch stars
Asteroseismic luminosity Gaia luminosity
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Kepler red-clump stars
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Zero-age HeB

Scatter both  and  by 10%νmax Δν



Kepler red-clump stars



• We used features in the red giant population to test the intrinsic 
scatter of the scaling relations (Li, Yaguang et al. 2021). 


• 0.5% ( ), 1.1% ( ), 1.7% ( ), and 0.4% ( )


• The random uncertainties from measuring  and  dominate 
the scatter that blurs the features.
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The intrinsic scatter

Are there any ways to improve the measurements?



Δν

Kallinger et al. (2012)Huber et al. (2010, the SYD pipeline)



νmax

Huber et al. (2010, the SYD pipeline)

•  from fitted power spectra (a Gaussian profile + background)


•  from smoothed power spectra w/ background subtraction


•  from smoothed power spectra w/o background subtraction
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•  from smoothed power spectra w/ background subtractionνmax

•  from smoothed power spectra w/o background subtractionνmax

νmax

Internal consistency issue!



• Determine  from mode frequencies


• Determine  from power spectra by not fitting the background, 
but “assuming” it

Δν

νmax

Improving measurements



• Ulrich 1986, Brown et al. 1991, Kjeldsen & Bedding 1995


• Stello et al. 2008, Kallinger et al. 2010

The systematic offset
Scaling relations
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• Benchmark from other fundamental data

• Binaries (Gaulme et al. 2016; Brogaard et al. 2018; Benbakoura et al. 2021; …)

• Astrometric radii (Silva Aguirre et al. 2012; Huber et al. 2017; Sahlholdt & Silva 

Aguirre 2018; Hall et al. 2019; Khan et al. 2019; Zinn et al. 2019; …) 

• Stellar clusters, Interferometric radii, …

The systematic offset
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• Benchmark from other fundamental data

• Binaries (Gaulme et al. 2016; Brogaard et al. 2018; Benbakoura et al. 2021; …)

• Astrometric radii (Silva Aguirre et al. 2012; Huber et al. 2017; Sahlholdt & Silva 

Aguirre 2018; Hall et al. 2019; Khan et al. 2019; Zinn et al. 2019; …) 

• Stellar clusters, Interferometric radii, …


• Corrections from stellar models


• :    (White et al. 2011; 
Guggenberger et al. 2016; Sharma et al. 2016; Rodrigues et al. 2017; Serenelli et 
al. 2017; Pinsonneault et al. 2018; …)

fΔν fΔν(M, t, [M/H]) = Δν/ ρ

The systematic offset
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fΔν(M, t, [M/H]) = Δν/ ρ

White et al. (2011)
Sharma et al. (2016)
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fΔν(M, t, [M/H]) = Δν/ ρ

Ball & Gizon (2014)

Surface effect!



Prescribing the surface effect

Li, Yaguang et al. (to be submitted)



fΔν(M, t, [M/H]) = Δν/ ρ

Sharma et al. (2016)
This work (with surface correction)

~2% decrease on the RGB!
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• Benchmark from other fundamental data

• Binaries (Gaulme et al. 2016; Brogaard et al. 2018; Benbakoura et al. 2021; …)

• Astrometric radii (Silva Aguirre et al. 2012; Huber et al. 2017; Sahlholdt & Silva 

Aguirre 2018; Hall et al. 2019; Khan et al. 2019; Zinn et al. 2019; …) 

• Stellar clusters, Interferometric radii, …


• Corrections from stellar models


• :    (White et al. 2011; 
Guggenberger et al. 2016; Sharma et al. 2016; Rodrigues et al. 2017; Serenelli et 
al. 2017; Pinsonneault et al. 2018; …)


• Surface corrections

fΔν fΔν(M, t, [M/H]) = Δν/ ρ

The systematic offset
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• Benchmark from other fundamental data

• Binaries (Gaulme et al. 2016; Brogaard et al. 2018; Benbakoura et al. 2021; …)

• Astrometric radii (Silva Aguirre et al. 2012; Huber et al. 2017; Sahlholdt & Silva 

Aguirre 2018; Hall et al. 2019; Khan et al. 2019; Zinn et al. 2019; …) 

• Stellar clusters, Interferometric radii, …


• Corrections from stellar models


• :    (White et al. 2011; 
Guggenberger et al. 2016; Sharma et al. 2016; Rodrigues et al. 2017; Serenelli et 
al. 2017; Pinsonneault et al. 2018; …)


• Surface corrections


• :   assume 1

fΔν fΔν(M, t, [M/H]) = Δν/ ρ

fνmax

The systematic offset

Δν
Δν⊙

= fΔν ( M
M⊙ )

1/2

( R
R⊙ )

−3/2

νmax

νmax,⊙
= fνmax ( M

M⊙ )
1

( R
R⊙ )

−2

( Teff

Teff,⊙ )
−1/2

M
M⊙

= ( νmax

fνmax
νmax,⊙ )

3

( Δν
fΔνΔν⊙ )

−4

( Teff

Teff,⊙ )
−3/2

R
R⊙

= ( νmax

fνmax
νmax,⊙ )

1

( Δν
fΔνΔν⊙ )

−2

( Teff

Teff,⊙ )
1/2

Is there a way to test?



fνmax
= νmax (true, observed) / νmax (modelled, scaling)

Li, Tanda et al. (2022)

Teff, L, [M/H], νnl, . . .



• The intrinsic scatter of the scaling relations is small: 0.5% ( ), 1.1% 
( ), 1.7% ( ), and 0.4% ( ). 


• New techniques can be developed to improve the measurements of  
and  from data.


• Gaia benchmark data will be able to calibrate the scaling relations.


• Accounting for the surface effect decreases  by 0-2%.


• The values for  are around 1, and the potential dependence on 
metallicity requires more tests.
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How well do we know about the scaling relations?
Summary


