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This work has strong links with ESA/PLATO (Gent et at. ; b
2022) in determination of atmospheric parameters of star. 2 2
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Limb Darkening is the variation of brightness distribution of a star from the centre to the limb of the star.
Z;ane;[;%n:tggsmzzgse Analysing the transiting object, such For accurate estimation on the
P as Exoplanets. fundamental parameters,
Help understand atmosphere Crucial in missions like PLATO Such as T, log g, radius etc.
cstructure | ...
) Cred|t Iclﬂ;;lc et aI 2013 Credit: NASA Credit: NASA
With not much studies on the topic.
It is important to have a better understanding of limb darkening across the HR diagram.
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With CHARA/SPICA, we aim to observe a large sample of : .
stars using the CHARA/SPICA over the span of 3 years. S s ISSP stars in HR diagram
B ISSP

For the limb darkening we have stars different each stellar 50 - "o * LDobs
type from giant (780) to sub giant (25) to main sequence )
(31). ~251
All stars are selected with: ood " Tilgs

e No activity o ( »

e DEC>-300 s ss.

e Vmag<6

e 0.7<angular diameter <11 mas (to get the second lobe 50 - 4

using CHARA.) e
For the first phase of the survey we have prioritised 162 stars h2
from SpTy: BO - M3 and SpC: llI-V
10.0 -

Overall goal is to produce a catalog of directly measured : : , , , , 1 :
angular diameter (1% precision) and other fundamental -1 0 1 2 3 4 5 6
parameters. VoK
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A
Combining SPICA, MIRCX and MYSTIC we have Combin.ing R, H and K band wiII_aIsq bring additional
more UV coverage and constrain on the visibility. constraints to the parameter estimation.
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For each star we will make at least 2 observation each.
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of Stellar Parameters

e We have developed a pipeline to employ an artificial neural network (ANN) to make a model fitting
with stellar atmosphere models (here MARCS) and estimate the parameter from this fitting.

e Inthe pipeline we combine observations from Spectroscopy, Interferometry and Photometry to
give an accurate estimation of the fundamental parameters. Spectroscopic and Photometric
modules adapted from the PLATO MSteSci1 pipeline.

e Theideais to use the parameters from the Spectroscopy module obtained using an ANN and
guide the model fitting in the Interferometry and them combine this result with the Photometry to

get an accurate estimation of stellar parameters.
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of Stellar Parameters
Spectra parameters (incl: )
Observed spectra i
P snr, star id and more) Marcs model > NN for intensity Simulation/ obs
l T fits
Neural network spectra |e Intensity profile
>
o
o y
(@& y
3 Synthetic spectra
= N Modelled Square | Hankel .
3 - | visibility ) transform -
o
@ Model fitting
¥ ¥
Teff, logg, metalicity /} > Model fitting < Square visibility
7/ ] \ L 2
Stellar evolution '\::\absr(])i[;tdee et - Angular diameter, T, log g
track/ model 1agr Istance/Faraflax - |
likelihood (Gaia)
l Ebrahimkutty et. al. 2024
\ 4 Y A 4
Prior Probability > luminosity »  Fbol > Radius, T, log g
\ ﬂs Photometry
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Grid to train Neural Network

By
of Stellar Parameters

~

1.00

We finished modelling the intensity profiles in the R, H
and K bands using Turbospectrum.

0.75

0.50

o Teff 4500-7000 K e 12 Radau sampling points

e logg 3-5dex e Resolution 300000
e Solar metallicity

0.25

0.00

Radius
Intensity

=0.25

We trained the Artificial Neural Network (ANN) with this —0.50
data, reducing the number of wavelength to 500 for
each band and setting the resolution to ~1000.

=0.75

=1.00
=1.00 -0.75 -0.50 -0.25 0.00 0.25 050 075 100

Radius

Using the training, we extend the interferometric module

to fit the data from these ranges. the intensity profiles is considered with 12
Radau points to ensure correct calculations

The new method is able to adapt to the actual spectral of visibilities up to the third visibility lobe.

channels; It works on all three observing bands.
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Fitting with pipeline
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- HD142860

Fitting interferometric data from SPICA, MIRCX and
MYSTIC guided with spectroscopic and photometric

module.
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167+0.000 , Interferometric Survey
0.001 of Stellar Parameters
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\ * 2023 observed
As part of ISSP in 2023B, our program observed + 2024 observed *
over 15 stars. However, most of the observations —21 4 2024 observed M &M only .
were of low quality due to weather conditions and ) N
other technical reasons. —1 .
* o ¥ * *
*
* *
In 2024, we made a total observations of: 0 x )
% * *
e SPICA + MIRC-X + MYSTIC: 40+ stars o ow x . Croat
e MIRC-X + MYSTIC: 6 stars £ . \ SO
*
* *
The analysis is ongoing, and so far, we have 2] ) *
identified a few promising stars that could .
potentially be suitable for publications. 37 .z
Rl
. . . . | * *
We are continuing our observations into 2025A. 4 x
205 0.0 0.5 1.0 1.5 2.0 2.5 3.0
V- K
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In addition to the stars observed within the ISSP 0 * : m:ri(':ric(:ssttzrjs
program, this method can be applied to stars from any ® VLT'/':LON'ER Stars
instruments that fall within the range of the trained 1, x
artificial neural network (ANN).
2_
We have requested access to MIRCX (blue) and .
*

MYSTIC (red) data from the archive to run the pipeline 3 %

using these datasets. Ef“ﬁ R,

4 *
From this, we have shortlisted a few stars that are * ®
compatible with this pipeline, and we will attempt to fit 5
these data shortly.

@

6_
Furthermore, we have successfully fitted data for Alpha x
Centauri A and B from the VLTI/PIONIER (green) using
this method.

1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75
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; i i ’%—ufstellawarameters
Fitting interferometric data from VLTI/PIONIER guided B
with spectroscopic and photometric module. e
T 4 b Ly =5781.994+138%
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Fitting interferometric data from VLTI/PIONIER guided )i
with spectroscopic and photometric module. .
I off = 5193.504+11-607
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Future Work

At present, the neural network uses plane parallel MARCS

e Effective temperature 4500 to 7000 K
e Loggfrom 3to 5 dex

In the next step, we will train a new ANN to analyze giant
stars using the spherical MARCS models within the same

Additionally, we will transition from 1D models to 3D
models to enhance the accuracy of our fittings.
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surface gravity (dex,log)

Currently, the pipeline is primarily focused on dwarf stars,
which limits us to examining only these types of stars.

1D MARCS model to train ANN, dwarf (top) Giant (bottom)

surface gravity (dex, log)
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of Stellar Parameters

Using the pipeline developed, we are able to determine the angular diameter of stars, along
with other parameters to 1% using the direct measurements from the interferometry.

We have a few promising data and we will have a more detailed analysis of the data will be
conducted in the coming days adding to the ISSP survey.

An article (Ebrahimkutty et al. 2025, in prep.) on this work is under preparation which will
be published this year.

We will soon expand the ANN grid to include both giant stars and dwarf stars.
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