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❖ BAyesian STellar Algorithm: BASTA Silva Aguirre et al. 2015, MNRAS

Under the hood:

❖ Exoplanet host stars: 

❖ Dwarfs and subgiants: 

❖ Red giants: SAGA, APOKASC

❖ Gyrochronology:

❖ Clusters: Hyades, M67

Determined stellar properties for:
Silva Aguirre et al. 2015, MNRAS, etc…

Chaplin et al. 2014, ApJS

Casagrande et al. 2016, MNRAS

Pinsonneault et al. 2014, ApJS

van Saders et al. 2016, Nature

Introduction

Lund et al. 2016, sub.; Stello et al. 2016, in prep.



❖ BAyesian STellar Algorithm: BASTA Silva Aguirre et al. 2015, MNRAS

Under the hood:

Introduction

❖ Works with GARSTEC and BaSTI grids of models

❖  Python (and Cython) + hdf5 libraries (any)

❖ Flexible input: asteroseismic, spectroscopic, etc…

❖ Rev. Bayes in the core: priors, weighting, etc…

❖ Posterior distributions and correlations

The basics:
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Jørgensen & Lindegren 2005, A&A

The basics:
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Dwarf stars
The bare minimum:

Chaplin et al. 2014, ApJS
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Dwarf stars

Chaplin et al. 2014, ApJS

Radii ~2.2%
Mass ~5.5%
Age ~25%

The bare minimum:



Asteroseismic data

❖ The bare minimum: scaling relations (dwarfs and 
giants)

❖ Improvements: individual frequencies (dwarfs for now)

❖ Improvements: period spacing (giants)
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Dwarf stars
Individual frequencies:



Dwarf stars

Davies et al. 2016, MNRAS

Can we do better:



Individual FrequenciesModelData

l=0l=2l=1



Dwarf stars

Model
Data

Temperature
Composition
frequencies
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Dwarf stars

Radii ~1.1%
Masses ~3.3%
Ages ~14%

Precision from frequency combinations:

Lebreton & Goupil 2014, A&A

Silva Aguirre et al. 2015, MNRAS



Systematic uncertainties (dwarfs)

❖ Radius ~1.1%

❖ Mass ~3.3%

❖ Age ~14%

Statistical Physics

❖ Radius ~0.7%

❖ Mass ~2.3%

❖ Age ~9.6%

Fitting Algo.

❖ Radius ~1.6%

❖ Mass ~3.6%

❖ Age ~16.8%

Dwarf stars



Dwarf stars
Reese et al. 2016, A&A



Dwarf stars
Reese et al. 2016, A&A



Red giants



Red giants
Example: spectroscopy

Data courtesy of A. Serenelli
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Red giants
Example: spectroscopy

Data courtesy of A. Serenelli



Red giants

Huber et al. 2013, Science

Note 
separation in 
l=1 modes



Red giants
Using evolutionary phase

Data courtesy of A. Serenelli



Red giants
What we can obtain for giants (i.e. SAGA):

Casagrande et al. 2014, ApJ
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Asteroseismic data

❖ The bare minimum: scaling relations (dwarfs and 
giants)

❖ Improvements: individual frequencies (dwarfs for now)

❖ Improvements: period spacing (giants)

Always use Teff and [Fe/H]
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The future of BASTA
❖ Fitting individual frequencies for subgiants

❖ Inclusion of period spacing

❖ Use of distributions and probability in the input

❖ Include results from 3D simulations

❖ Missing physics in current grids (i.e., rotation, radiative 
levitation, thermohaline-mixing, etc.)

❖ Different surface-effect terms

❖ Web-interface
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