Gravity' and limb-darkening

for space missions (CoRoil;, Kepler,
MOSHT;, TESS) and plans for PLATO



TThe example of TESS
(Claret 2017, A&A)

the linear law

I
m—l u(l = p),

the quadratic law

)
m—l a(l —p) = b(1 —p)7,

the square root law
I(w)

E=I—C(1—ﬂ)—d(1— Vi,

the logarithmic law

Iw
m—l e(1 —p) — fuln(u),

and a four terms law introduced by us some time ago:




'he numerical method for
spherical models (r-method)

Based on the work by Wittkowskii et al. (2004)

Search for the maximum of the derivative of the specific
Intensity as a function of r = (1-p2)""?, instead of p.



Adopted stellar atmosphere models
(Until' new)

Atlas (plane-parallel, private communication)
PHOENIX (spherical, versions COND and DRIFT)

Ranges of effective temperatures, log g, metallicities
and microturbulent velocities.

the ATLAS (plane-parallel geometry), PHOENIX-COND with
spherical geometry (Husser et al. 2013), and PHOENIX-DRIFT
also with spherical geometry (Witte et al. 2009). These grids

cover together 19 metallicities ranging from 107> up to 10*! so-
lar abundance, 0 < log g < 6.0 and 1500 K < T,y < 50000 K.
The values of the microturbulent velocities (Vg) are 0, 1, 2, 4, 8
km/s.




Results: limb-darkening

Often, the linear law is not a suitable approximation for
limb-darkening.

However, It is useful to illustrate the comparison between
models with different geometries and/or instruments with
different photometric systems.

The linear coefficient u will be used in the next slides.



Comparnsen ATLAS X PRHOENIX-COND
claret 2017

(Claret 20177

Fig. 2. Theoretical linear LDC for ATLAS models (continuous line)
and PHOENIX-COND quasi-spherical ones (dashed line). Log g = 4.5,
log[A/H]= 0.0, V; = 2 km/s. TESS photometric system. LSM calcula-
tions.
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Fig. 4. Theoretical linear LDC for ATLAS models. Continuous line de-
notes TESS while dashed line represents the Kepler photometric sys-
tem. Log g = 4.5, log[A/H]= 0.0, V; = 2 km/s. LSM calculations.
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Fig. 5. Effects of metallicity and evolutionary status on the theoreti-
cal linear LDC for ATLAS models, TESS photometric system. Up-
per panel: continuous line denotes models with log[A/H]= 0.0 while
dashed line indicates log[A/H]|= -0.5 and dashed-dotted line those with

log[A/H]= -1.0. Log g = 4.5 and V, 2 km/s for all models. Lower

panel: continuous line denotes models with log g= 4.5 and dashed line
represents models with log g= 3.0. Log [A/H] = 0.0 and V; = 2 km/s
for all models. LSM calculations for both panels.
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A NEW Menod 1o r*omruw imb=aarken g
COEITCIENtS atmosphere moaels with spnerical
Symmetry.
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Results: Gravity-Darkening Coeificients
Distorted configurations

YA, Ter, log[A/H, log g, Vi) = %(21?1];?) Old formalism Martynov (1973)
et /g

y(/l’ Teﬂ'9 lOg[A/H], lOg 8> Vf) = 5
(dln Teﬁ) (aln I(A)) X (aln I(A)) A new formalism by
g T,

OIn Tege Claret & Bloemen 2011

ding

dlng

1) New term; not negligible for
cool giants

2) New term; effects of convection through

the gravity-darkening exponent B, F = dacr [ dr q N t VA
N d¥ A* A6 )

3kd

-+

3) new equation for the deviations of the classical von Zeipel's theorem (Claret 2012,
2015,2016)



Gravity-Darkening

Theoretical gravity-darkening coefficientes for
Kepler. The continuous line represents the ATLAS
models (corrected), dashed one denotes the
PHOENIX models (corrected) and asterisks represent
the results using ATLAS (uncorrected).

[A/H] =0.00, Log g =4.5, V¢ = 2.0 km/s.



Plans for PLATO (slide by 1. Morel

LEGEND

h istics PLATO

Payload WP (?)

photometric system

WP122: interfaces

other WP12 WP WP outside WP12

Observing
team

WP13
Target/Field Characterisation and Selection

Gaia data
preparatory ground-based dala

WP122100
1D model atmospheres

grids of 1D and 3D
mode! atmospheres

follow-up spectra

WP122200
3D model atmospheres

WP123

Stellar activity and rotation
WP128

Power spectrum fitting tools

prior on logg based on analysis
of PLATO light curve

WP122300

Gaia and interferometric radius

Teff, spectroscopic logg, vsini

WP121 - Stellar models
WP123 - Stellar activity and rotation
WP 126 - Mode physics

boloemetric luminosity

[Fe/H]. [X/Fe]

Fundamental stellar parameters

WP122400

Grids of GDCs and LDCs >

WP123 - Stellar activity and rotation
WP124 - Seismic stellar parameter inferences
WP 125 - Determination of stellar parameters

WP123 - Stellar activity and rotation

Limb darkening

WP122500
Interstellar extinction

L

WP11 - Exoplanet science




