Stellar and Exoplanetary Atmospheres
Bayesian Analysis Simultaneous Spectroscopy
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2-coefficients
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Limb-darkening laws
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Why fitting for the stellar
limb-darkening coefficients?

Stellar science

Testing the stellar-atmosphere
models

The effect of stellar activity is
not well known

No other techniques are
available (in almost all cases)

Exoplanetary science

* Avoiding potential biases in
the exoplanet radius and
orbital parameters

* Wrong radius = mean density
—> structure model

Avoiding potential biases in
the transmission spectrum of

the exoplanetary atmosphere




But

Strong parameter degeneracies may hamper
convergence of the light-curve fits



Impact of geometric approximations




Geometry of stellar-atmosphere models

Plane-parallel Spherical
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Stellar intensity profiles

star M5V (Teff = 3084, log g = 5.25)

U = cosO
I
0.8
0.6//— STIS/G430L (p—p)

Intensity

©
~

(
E
| « STIS/G750L (
(
(

- STIS/G430L
— STIS/G750L

P

h.)

P)

ph.)

WFC3/G141 (p-p)

WFC3/G141 (sph.)
IRAC/ch1 (p-p)
IRAC/ch1 (sph)
—IRAC/ch4 (p-p)
- IRAC/ch1 (sph.)

p—
Sp
p—
S

T =
Ross

0.8

0.6

Morello et al. 2017



Intensity

Parametric intensity profiles (1)

With theoretical limb-darkening coefficients (best-fit I(u))

star FOV (Teff = 7250, log g = 4.25), WFC3/G141
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Intensity

Parametric intensity profiles (2)

With empirical limb-darkening coefficients (best-fit light-curve)

star FOV (Teff = 7250, log g = 4.25), WFC3/G141
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A transit depth (ppm)

A transit depth (ppm)
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Transit depth bias

star M5V (Teff = 3084, log g = 5.25)
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Normalized flux

Transit light-curve models

star M5V (T, = 3084, log g = 5.25), WFC3/G141 Theoretical limb darkening coefficients
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WFC3-like exoplanet spectroscopy

star FOV (T_. = 7250, log g = 4.25), WFC3/G141
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Methods and results




SEA BASS

Stellar and Exoplanetary Atmospheres
Bayesian Analysis Simultaneous Spectroscopy

star M5V (Teff = 3084, log g = 5.25), IRAC/ch4
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Posterior density

Simulation results

star M5V (Teff = 3084, log g = 5.25), STIS/G430L
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Spitzer/IRAC + HST/STIS observations (1)
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IA(u)

Spitzer/IRAC + HST/STIS observations (2)

STIS/G430L limb-darkening profiles

1.0k e - 1
0.8 =z T X = x
X
tH
0.81 i
0.6‘ J[
0.6
0.4 5 3 v x ® X - " Tt 3 ¥
s
0.41 x
1 348-402 -
021 1 403-457 T][
T 512-567 1 K I T TR N T T A & ¥
0.0 : , , , 4 , , , L
1.0 0.8 0.6 0.4 0.2 0.0 1.0 0.8 0.6 0.4 0.2 0.0

Morello 2018




Spitzer/IRAC + HST/STIS observations (3)

STIS/G430L spectrum
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~50% of HST/WFC3 transits

have systematic residuals

when limb-darken

t fitted
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Exomoons
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Conclusions

* Fitting for (four) stellar limb-darkening coefficients in transit light-curve fits to
avoid biases in the exoplanet parameters;

* Also important for exoplanet spectroscopy;

» Highly significant for HST/WFC3 and next-generation instruments onboard JWST
and ARIEL;

* Multiwavelength Bayesian approach (SEA BASS) to minimize the biases and
break parameter degeneracies;

* Successfully applied to HST/STIS observations of HD209458b;

Next steps:

* Priors from stellar physics (testing stellar models on Kepler/K2, TESS data);

* Disentangling other astrophysical signals.

Thank you



