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Goal
Definition of the best/possible approach to determine stellar properties (mass, radius, and age) for 
stars for which PLATO is expected to provide seismic data.

Ø Establish the accuracy limit with which stellar properties may be derived from given sets of 
asteroseismic data, based on a pre-computed grid of models;

Ø Compare different methods available in the community;

Ø Understand the impact from changing key aspects of the modelling: surface corrections, 
weights, etc;

Ø Understand the impact from changing the quality and characteristic of the classic and seismic 
data.
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Hare and Hounds 

Simulations

Ø 2yr observations, V∼9 (six simulated stars)

Ø Teff and [Fe/H] spectroscopic-like uncertainties

Ø Fixed model grid

Ø 5 different pipelines
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Hare and Hounds 

Also: relaxed the quality and extent of the data

Simulations

Ø 2yr observations, V∼9 (six simulated stars)

Ø Teff and [Fe/H] spectroscopic-like uncertainties

Ø Fixed model grid

Ø 5 different pipelines
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Ø Model grid with a total of 9000 evolutionary tracks containing about 3.5 
million models

Ø M ∈ [0.8,1.5] M⨀; [Fe/H] ∈ [−0.5,0.5]dex

Ø #mlt∈{1.6,1.7,1.8,1.9,2.0}, fov∈ {0.0,0.015,0.030} and dY/dZ ∈ {1,2,3}

Ø No gravitational settling (or any other type of chemical transport)

Grid properties
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Inference Methods 
Classical 
constraints

seismic constraints 
(frequencies or 
their combinations.)

!" ∈ $eff, ⁄)* + , ,, -i

/" 01, 02, 03, …

Fit observations

to model observables

0" ∈ 5, 67, 87, 9mlt, fov, age, …where
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Inference Methods 

Key differences

Ø Sampling of the parameter space

Ø Estimates of properties and their uncertainties

Ø Surface dependent/independent approaches

In addition, for any given method

Ø Consider different surface corrections (when applicable)

Ø Consider different weights of the observations

Classical 
constraints

seismic constraints 
(frequencies or 
their combinations.)

!" ∈ $eff, ⁄)* + , ,, -i

/" 01, 02, 03, …

Fit observations

to model observables

0" ∈ 5, 67, 87, 9mlt, fov, age, …where
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Simulated stars

Outside the grid: min{dY/dZ} = 1

Outside the grid: max {fov } = 0.03
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All hounds reported a problem fitting the data for George √

Default
Patch: within parameter space

Zebedee: within parameter space

Fred: outside parameter space, dY/dZ

Different physics
Gerald: gravitational settling

Zippy: Step overshooting
George: outside parameter space, fov

Comparison between 
different Methods 

δP/P=(Pfit-Ptrue)/Ptrue
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Comparison between 
different Methods 

Default
Patch: within parameter space

Zebedee: within parameter space

Fred: outside parameter space, dY/dZ

Different physics
Gerald: gravitational settling

Zippy: Step overshooting
George: outside parameter space, fov

Average relative error (over all stars except George) for different methods
Mass: 1.31-2.61 %. Radius: 0.33-0.84%. Age: 5.07-6.01%

δP/P=(Pfit-Ptrue)/Ptrue

Similar 

performance
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Worst accuracy 
performance

Default
Patch: within parameter space
Zebedee: within parameter space
Fred: outside parameter space, dY/dZ

Different physics
Gerald: gravitational settling
Zippy: Step overshooting
George: outside parameter space, fov

Maximum relative differences 
Mass: 4.32%  (Fred). Radius: 1.33% and Age: 11.25% (Gerald)

Model physics is key! Need 
tests on benchmark stars.

δP/P=(Pfit-Ptrue)/Ptrue
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Decreasing the length 
of the seismic dataset  

Ø Seismic data improves significantly both accuracy and precision on inferred properties

Ø Detection of just a few modes seems to be enough

Ø l=2 modes have a significant impact on age precision

Datasets

Patch: default, Age∼9.9Gyr, M ∼0.86M⨀
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Impact of degrading 
the seismic data

Change in average relative error (over 4 methods)
Mass: 1.32-2.25%; Radius: 0.4-1.01%; Age: 2.96-25.24% 

Number of modes: decreased from 23 to 7 (no l=2 mode)

Uncertainties on frequencies: increased by a factor of 3  

Zebedee: default, Age∼3Gyr, M ∼1.01M⨀

Need systematic study of 
impact of degrading the data!
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Impact of degrading 
the classical data 

Default
Patch: within parameter space
Zebedee: within parameter space
Fred: outside parameter space, dY/dZ

Different physics
Gerald: gravitational settling
Zippy: Step overshooting
George: outside parameter space, fov

Dispersion
Mass: 1.39% (Fred). Radius: 0.68% (Fred). Age: 6.7% (Fred)

Left to right: unchanged, [Fe/H]-+1!, L -+1!, T eff-+1!
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Impact of degrading 
the classical data 

Default
Patch: within parameter space
Zebedee: within parameter space
Fred: outside parameter space, dY/dZ

Different physics
Gerald: gravitational settling
Zippy: Step overshooting
George: outside parameter space, fov

Maximum difference between any two inferences 
Mass: 2.34% and Age: 11.5%.       shifting [Fe/H]
Radius: 1% shifting Teff

Left to right: unchanged, [Fe/H]-+1!, L -+1!, T eff-+1!

It is important to determine 
the classical parameters to 
high accuracy!
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Ø Maximum relative differences to the truth (i.e., worst over all methods and stars)
4.32% (Mass), 1.33% (Radius) and 11.25% (Age)

Ø Average relative differences to the truth (i.e., average over all methods) 
0.75-3.24% (Mass), 0.27-0.96% (Radius), 1.33-8.96% (Age) 

Ø No significant difference found between methods, but more tests are required when seismic data 
becomes limited in extent and quality.

Ø Detection of just a few modes is enough to significantly improve accuracy and precision of results.  
The detection of an l=2 modes can improve significantly the age determination.

Ø Accuracy on classical parameters can have a significant impact on the results (specially [Fe/H] on age).

Conclusions and 
future work
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Conclusions and 
future work

Ø Need to test inferences against benchmark stars (boost after PLATO Launch).

Ø Perform new exercise focused on simulated stars near the threshold of detection of seismic data.

Ø Perform new exercise exploring a large set of simulated stars with different options for the physics to 
improve our understanding of the systematic errors.
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Thank you!


