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The Need for Precise & Accurate
Fundamental Parameters of Transiting Planets
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Goals of This Work

Analyze one system with Check agreement
four mass-radius between the methods

Quantily the systematic
error introduced by
mass-radius degeneracy
breaking method

degeneracy breaking
techniques




Maximal Difference Mist vs YREC

Tayar et al. 2022
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Breaking the Mass-Radius Degeneracy
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Replicating discovery with EXOFAS1vV2

EXOFASTVQ Distribution of Parameters

Simultaneously fits  Jointly fits transit
the planet and host and RV
star observations

Based on a Markov
Chain Monte Carlo
approach

Eastman et al.
2012, 2017




Analyze one system with
four mass-radius
degeneracy breaking
techniques




All fits use the
same transit and
radial velocity

observations -
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Overview of Process
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Check agreement
between the methods
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stellar che.u'acterlzatl(.)n selection == SED — vy
leads to important differences Torres =3 MIST

The systematic difference
in radius is TWICE the
statistical uncertainty




Stellar characterization selection
leads to important differences
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Combining = MIST & SED
characterization methods YY & SED

Torres & SED
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Quantify the systematic
error introduced by
mass-radius degeneracy
breaking method
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Stellar Mass vs Radius Estimate
for Different Degeneracy Breaking Methods
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Stellar characterization 18 not
the only source of systematic
uncertamtes
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Initial Assumptions Contribute to Systematic
Uncertainties

—— Torres Default ® Torres ECC Torres No Claret Torres No Tef Prior
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Combination Constraints

—— MIST+SED Default & MIST+SED ECC MIST+SED No Claret MIST+SED No Tefr Prior
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Need for Consistent Modeling Practices

* There is a significant contribution of systematic error from model choice alone
 Systematic Uncertainties can be TWICE statistical uncertainties

 Detailed choices of priors introduce additional systematic uncertainties at the same
magnitude as statistical uncertainties

22



: : : Dragomir et al 2020 highlights
Evolution of Ephemeris Uncertainty For KELT-15b that 81 % of simulated TESS
1 —— Updated i E planets would have expired
—— Rodriguez et al. 2016 ephemerides after | year
Bl Transit Duration i ::
JWST Launch Zellem et al 2020 shows that
ARIEL Launch | citizen observations are an
Rodriguez et al. 2016 Ty E Ariel Launch important tool in refreshing
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Application to
Ecclipsing binaries
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Future Work Outline

* Reanalyze a sample of exoplanet hosts with interferometrically derived radii
* Explore the MR degeneracy breaking techniques for circular and eccentric orbits
* Quantily systematics compared to a fiducial dataset

» Re-analyze a sample of Hot Jupiters with consistent methods
* Would have similar systematic errors
« Updated ephemerides from recent TESS observations
* Could be more directly compared for demographic studies
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Conclusions

* In order to make meaningful comparisons between planets we need full
understanding of their error budgets

* There is a significant contribution of systematic error from model choice
* In R« and R, we find a difference of 6% or twice the statistical uncertainty

* We encourage exoplanet researchers to consistently report the mass-radius
degeneracy breaking method used to characterize their host stars

* Future Work: larger sample & benchmark models

Alison Duck =& duck.18@osu.edu W @alisoneduck u.osu.edu/duck.18
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Distributions of Parameters
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Distributions of Parameters
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Difference in Medians for Variations of Default Models

Single Constraint
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Default — Variation

Default — Variation
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Difference in Medians for Variations of Default Models

Combination Constraints
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