
AIMS tutorial
Asteroseismic Inference on a Massive Scale



Tutorial agenda

● Model fitting overview 
● AIMS overview 

● Exercises:
○ Modelling of 2/3 solar-like stars 
○ Comparison between grids 
○ Make your own binary grid
○ Test the interpolation 
○ Modelling with different inputs 

(frequencies, ratios, average seismic 
parameters)



The Data



The Data
Individual frequencies



The Data
Average seismic parameters

Δν, νmax, δ02



Stellar model fitting
- “Boutique/à la carte” modelling -

Individual frequencies:



Stellar model fitting
- “Boutique/à la carte” modelling -

Individual frequencies:

Ball & Gizon (2014)

Surface correction 



Stellar model fitting
- “Boutique/à la carte” modelling -

Individual frequencies:



Stellar model fitting
- “Boutique/à la carte” modelling -

Individual frequencies:

Likelihood function (assumes Gaussian errors):



Stellar model fitting
Frequency difference ratios:



Stellar model fitting
Frequency difference ratios:

Lund et al. (2014)



Optimisation methods

Minimise: -ln(ℒ)

Maximum Likelihood

● Downhill Simplex
● Genetic algorithm (AMP)
● Minimum in grid

Christensen-Dalsgaard et al. (2011)



Optimisation methods

Bayesian Inference

Marginalise for posterior probability distribution:

Priors
(Tiago’s and Enrico’s talks)

Weights (sampling volume correction).
- BASTA (Victor’s method)

With MCMC the 
marginalisation is easy, 
simply make histogram

Nested sampling would 
also be an option



Stellar model fitting
The Echelle diagram:



Stellar model fitting
The Echelle diagram:



Stellar model fitting
The Echelle diagram:



In model fitting/optimisation:
● Surface correction 
● Solar reference values for seismic parameters
● Correction to Δν?

In constructing model grids (Victor’s talk):
● Solar reference value for Z/[Fe/H]
● Choice of opacities, nuclear reaction rates, EOS
● Treatment of convection
● Overshoot or not?
● Microscopic diffusion?
● ΔY/ΔZ? = 1-3

Things to remember



(Some of the) stellar model fitting codes
on the market

● ASTFIT (J. Christensen-Dalsgaard) - The ASTEC Fitting method

– ASTEC (Aarhus STellar Evolution Code) and ADIPLS (Aarhus adiabatic oscillation package)

● BASTA (V. Silva Aguirre) -  BAyesian STellar Algorithm 

– GARSTEC (Garching stellar evolution code) and ADIPLS

● YMCM (S. Basu) - The Yale Monte Carlo Method 

– YREC (Yale Stellar Evolution Code)

● AMP (T. Metcalfe) - Asteroseismic Modelling Portal

● BeSPP (A. Serenelli) -  Bellaterra Stellar Parameters Pipeline

– GARSTEC and ADIPLS

● C2kSMO (Y. Lebreton) -  Cesam2k Stellar Model Optimization Pipeline

– Cesam2k evolutionary code and Líege Oscillations Code 

● GOE (W. Ball) -  GOEttingen pipeline

– MESA (Modules for experiments in stellar astrophysics) and ADIPLS

● + V&A, SEEK, RADIUS, YB, RadEx10, OSM, Machine Learning methods (Earl’s poster), ...

● Today: AIMS (MESA/CESTAM + ADIPLS)



Tutorial agenda

● Model fitting overview ✔
● AIMS overview 

● Exercises:
○ Modelling of 2/3 solar-like stars 
○ Comparison between grids 
○ Make your own binary grid
○ Test the interpolation 
○ Modelling with different inputs 

(frequencies, ratios, average seismic 
parameters)



AIMS overview



Python coding + Sphinx 
documentation



Basic idea: combine MCMC sampler (emcee) with 
interpolation in a grid of pre-computed models 

AIMS overview

- Fit to:
- Average seismic parameters (Δᶟ, ᶟmax)
- Individual frequencies (ᶟi)
- Ratios (r02, r01, r10)
- Classical parameters (L, Teff, [M/H], ...)

➢ Start MCMC from scan of grid values
➢ Parameter values from marginalised posterior distributions

+ Parameter covariances



Basic idea: combine MCMC sampler (emcee) with 
interpolation in a grid of pre-computed models 

AIMS overview

- Fit to:
- Average seismic parameters (Δᶟ, ᶟmax)
- Individual frequencies (ᶟi)
- Ratios (r02, r01, r10)
- Classical parameters (L, Teff, [M/H], ...)

➢ Start MCMC from scan of grid values
➢ Parameter values from marginalised posterior distributions

+ Parameter covariances

Goodman & Weare (2010) - Affine 
invariant ensemble sampler

Dan Foreman-Mackey (2013) - emcee



Interpolation in model grid for MCMC:
- Tessellate grid by Delaunay 

triangulation
- Linear barycentric interpolation on 

matching simplex

Parameter 1

P
os

te
ri

or

Parameter 2

- User defined 
model grid 
(comparison of 
model codes)

Credit: Modified from “Computational Geometry: Algorithms and Applications”





Tutorial agenda

● Model fitting overview ✔
● AIMS overview ✔

● Exercises:
○ Modelling of 2/3 solar-like stars
○ Comparison between grids
○ Make your own binary grid
○ Test the interpolation
○ Modelling with different inputs 

(frequencies, ratios, average seismic 
parameters)



Tutorial agenda

● Modelling of 2/3 solar-like stars



● Modelling of 2/3 solar-like stars

Observational file
- Here “Star2.obsfile”
- Contains “l, (n), fre, dfre”
- (n) - check configuration file
- Spectroscopic parameters:

- Teff/T
- M/Fe_H/M_H
- Dnu + numax
- Log_g

- “Variable”, (prior), central val, error



AIMS_configure.py



AIMS_configure.py



AIMS_configure.py



AIMS_configure.py



Check the grid you use with: >> analyse_grid.py grid

This will tell you how to set grid_param and 
user_params

Note: analyse_grid.py 
Should be in AIMS 
folder because it 

depends on AIMS.py



AIMS_configure.py



AIMS_configure.py



Additional notes:

● You can in AIMS_configure.py set “with_osm” to “False” 
if you do not want to write output files for OSM (Optimal 
Stellar Model, by R. Samadi).

● You should make sure that the priors you set 
corresponds to the parameters of your grid. Again, check 
your grid using analyse_grid.py



● Modelling of 2/3 solar-like stars

Running AIMS:

>> setenv OMP_NUM_THREADS 1 (tcsh)
            or 
>> export OMP_NUM_THREADS=1 (bash)
>> ./AIMS.py Star1.obsfile

Do not run your chains 
too long at this stage. 



● Modelling of 2/3 solar-like stars

Running AIMS:

>> setenv OMP_NUM_THREADS 1 (tcsh)
            or 
>> export OMP_NUM_THREADS=1 (bash)
>> ./AIMS Star1.obsfile

Results from run in:
● “results_big.txt”
● “results.txt”
● “samples.txt”
● “samples_big.txt”
● “best_MCMC_model.txt”
● “best_grid_model.txt”

Do not run your chains 
too long at this stage. 



● Modelling of 2/3 solar-like stars

Running AIMS:

>> setenv OMP_NUM_THREADS 1 (tcsh)
            or 
>> export OMP_NUM_THREADS=1 (bash)
>> ./AIMS Star1.obsfile

Results from run in:
● “results_big.txt”
● “results.txt”
● “samples.txt”
● “samples_big.txt”
● “best_MCMC_model.txt”
● “best_grid_model.txt”

Now try running with cestam grid Update your AIMS 
configuration file



● Modelling of 2/3 solar-like stars

Running AIMS:

>> setenv OMP_NUM_THREADS 1 (tcsh)
            or 
>> export OMP_NUM_THREADS=1 (bash)
>> ./AIMS Star1.obsfile

Results from run in:
● “results_big.txt”
● “results.txt”
● “samples.txt”
● “samples_big.txt”
● “best_MCMC_model.txt”
● “best_grid_model.txt”

Watch out for l=3 modes in Star1 with 
cestam grid



Updated versions of emcee have issues with 
the autocorrelation calculation of the MCMC 

chains, so you might want to comment out line 
1810 in AIMS.py to remove this calculation



● Modelling of 2/3 solar-like stars

Results for Star1?:
Mass: ?
Radius: ?
Age: ?



● Modelling of 2/3 solar-like stars

Results for Star1?:
Mass: ~9.98±0.012 M

☉

Radius: ~0.9998±0.001 R
☉

Age: ~4809±56 Myr

Notice small errors - 

likely from 

initialisation.



This was actually the Sun
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This was actually the Sun

● Modelling of 2/3 solar-like stars

Results for Star1?:
Mass: ~9.98±0.012 M

☉

Radius: ~0.9998±0.001 R
☉

Age: ~4809±56 Myr

Notice small errors - 

likely from 

initialisation.

You might want to try 
initialising with 
tight_ball=False

- Priors on surface 
correction should 
not be 
“uninformative”

- Will take longer to 
converge



● Modelling of 2/3 solar-like stars

Results for Star2?:
Mass: ?
Radius: ?
Age: ?



● Modelling of 2/3 solar-like stars

Results for Star2?:
Mass: 0.809±0.0004 M

☉

Radius: 0.789±0.002 R
☉

Age: 11838±530 Myr
MESA grid is likely too 

restricted



● Modelling of 2/3 solar-like stars

Results for Star3?:
Mass: ?
Radius: ?
Age: ?



● Modelling of 2/3 solar-like stars

Results for Star3?:
Mass: ~1.278±0.003 M

☉

Radius: ~1.617±0.002 R
☉

Age: ~3224±50 Myr



Tutorial agenda

● Model fitting overview ✔
● AIMS overview ✔

● Exercises:
○ Modelling of 2/3 solar-like stars ✔
○ Comparison between grids ✔
○ Make your own binary grid
○ Test the interpolation
○ Modelling with different inputs 

(frequencies, ratios, average seismic 
parameters)



● Make your own binary grid AIMS_configure.py

Check the grid you use with: >> analyse_grid.py grid

Should be 
in AIMS 
folder



● Make your own binary grid AIMS_configure.py

Check the grid you use with: >> analyse_grid.py grid

Should be 
in AIMS 
folder



● Make your own binary grid

➢ Make a grid of models with your favourite stellar evolution code
➢ Compute oscillation mode frequencies for each model
➢ Make a “model list”, listing the parameters of your models

○ First line gives prefix to the folder location of the oscillation 
files for each model (and possibly a post fix to specify ending 
of filenames - default is “.freq”) 

○ Following columns should contain:
■ Stellar mass (in “g”)
■ Stellar radius (in “cm”)
■ Stellar luminosity (in “g cm2 s-3”)
■ Initial metallicity (Z0)
■ Initial Hydrogen (X0)
■ Stellar age (in “Myr”)
■ The effective temperature (in “K”)
■ Following columns are parameters specified in 

“user_params” in AIMS_configure.py



● Make your own binary grid

>> ./AIMS.py

Use grid of models provided on website (z0131)
● Check the user_params and grid_params under the 

Notes

● Make your model list file (list_z0131_reduced)
○ Remember to change prefix in file



● Make your own binary grid

>> ./AIMS.py

Use grid of models provided on website (z0131)
● Check the user_params and grid_params under the 

Notes
● Make your model list file (list_z0131_reduced)

○ Remember to change prefix in file

Remove “z0131_22_15_00_087” from list_z0131_reduced



Tutorial agenda

● Model fitting overview ✔
● AIMS overview ✔

● Exercises:
○ Modelling of 2/3 solar-like stars ✔
○ Comparison between grids ✔
○ Make your own binary grid ✔
○ Test the interpolation
○ Modelling with different inputs 

(frequencies, ratios, average seismic 
parameters)



● Test the interpolation



● Test the interpolation

AIMS_configure.py

>> ./AIMS.py

>> ./plot_interpolation_test.py interpolation_test





Tutorial agenda

● Model fitting overview ✔
● AIMS overview ✔

● Exercises:
○ Modelling of 2/3 solar-like stars ✔
○ Comparison between grids ✔
○ Make your own binary grid ✔
○ Test the interpolation ✔
○ Modelling with different inputs 

(frequencies, ratios, average seismic 
parameters)



Examples of what not to do:

- Incorrect grid parameters

- Bad “n” values for your model frequencies

- Remember if you have “n” values in your obs file, and 

correct configuration file accordingly

- Does your model grid cover sufficient “n”+”l” ranges 

to reproduce your observations?

- Check corner plot to see if your parameter space is 

too constrained (model grid + priors)

- Priors should match your grid (try analyse_grid.py)



The END


