The Need of Precise Planetary Parameters:
How To Get Radius with PLATO

Sz. Csizmadia

PLATO 2.0 Science Workshop
ESTEC, Noordwijk, The Netherlands

b
orgen

V & L 2
Institut fur Planetenforschung i Institute of Planetary Research
LR Deutsches Zentrum fur Luft- und Raumfahrt i German Aerospace Center
Berlln I BerII‘n | ‘



mailto:szilard.csizmadia@dlr.de

motivation: parameters for transiting planets
to which precision?
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mass to 10% and radius to 5% to distinguish between solid rocky and water rich planets

better than 2% in radius for further bulk characterization. Atmosphere studies: ~0.1%.
(Valencia et al. 2009, ApJ, 665; Grasset et al. 2009, ApJ, 693; Wagner et al. 2011, Icarus, 214,

366; Bean et al. 2011, ApJ 743, 92 )
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Among other factors, the radius determination of
the exoplanet is affected by:
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Among other factors, the radius determination of
the exoplanet is affected by:

A F +dilution= factor xXk>, — k==z=

- S/N ratio R,
- dilution (crowding, physical companion, spots etc)

- limb darkening

- planet rotational, tidal distortion, etc.

- knowledge of stellar radius (GAIA: ~2%)
- therefore the goal is to minimize uncertainty of the radius ratio k.

Spots affect the shape and depth of transits:
Timing, so TTVs (see e.g. Oshagh et al. 2013)
Transit depth, so radius ratio determination (Csizmadia et al. 2013).
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Effect of imb darkening on transit depth and shape

~50% precise approximation:
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FiG. 2 —Transit light eurves forp = 0.1 and ¢, = ¢, = &, = ¢, = 0 (solid line), and all coefficients equal zero but ¢, = 1 (dofted line). ¢, = 1 (dashed ling),
¢; = 1 (dash-dotted ling), or ¢, = 1 (dash—triple-dotfed line). The thinner lines (nearly indistingnishable) show the approximation of § 5.
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Calculation shows (Csizmadia et al. 2013, A&A 549, A9): to measure the
planet-to-stellar radius ratio with 5% uncertainty, you need to know the limb
darkening with at least 0.5% precision.
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Theoretical uncertainties of 1D limb darkening

log(g)=4.5; [MH]=0.0; v=2 km s™'
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Fig.1. Predicted Kepler-band imtensity profiles for plane-

parallel (solid line) and spherically symmetric (dotted line)

# model stellar atmosphere with 7.4 = 5800 K. logg = 4.5 and
DLR M =1.1 M,.



modelling of planetary parameters:
impact of limb darkening

Fig. 4. Illustration of the effect of Type I spots. Left: the planet crosses
an unmaculated star that is characterized with some limb darkening co-
efficient uy. Right: the planet crosses the appareant stellar disc of a spot-
ted star, where the spots and the planet have different impact parame-
ters. as well as the stellar photosphere and the spots have different limb
darkening coefficients (ug. ). Grey area is the planet. black ellipses

represent the spots. Csizmadia et al. (2013) ARA
apparent stellar disk cannot be characterized with single effective temperature
(and not only because of gravity darkening, von Zeipel 1924; Barnes 2009...)
surface brightness cannot be characterized with single limb darkening coefficient
(associated to a single effective temperature
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Stellar spots and faculae

Type | Type Il Type I
Short life-time, Short life-time, Long life-time, pole-on,
not occulted occulted slow rotation, no modulation
o —® 4
4

t Can be removed by t Can be removed o Jackson & Jeffries

baseline-fitting by spot-modeling 812, MRAS 423
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modelling of planetary parameters:
impact of limb darkening

spots act as sources of contamination, but they also change the effective
measured limb darkening coefficients
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Factors which affect the planetary radii determination

Clausen et al. 2009

Random and systematic errors
in stellar parameters

Theoretical uncertainties of LD
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Uncertainty in fixing LD-coefficients
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Factors which affect the planetary radii determination

Stellar radius from GAIA
(~1-2%)

Adjusting LD-coefficients

A 4

Uncertainty in R /R

planet’ = “star

Uncertainty in R

planet
~2%, dominated by Rstar
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CONCLUSIONS

3D, spherical symmetric, spotted

1D, plane-parallel, unspotted
P P P stellar atmosphere models
stellar atmosphere models .
(3D+spherical exists since 2013,
(poorly checked, but bad
but observationally not checked yet
ones)

- theory of convection etc. can be improved)

The ultimate limit of precision of planetary characteristics is the precision of
Stellar parameters. Radius mostly will be dominated by stellar radius (~2%).

Transits light curves require careful analysis and a lot of accurate stellar
physics. We learned a lot from CoRoT & Kepler and we are prepared to
interpret the light curves of PLATO.
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