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* ExoPlex (python wrapper to Perple_X

(connolly 2000) [FOrtran77]) > Want to have a reasonably fast

software package for computing

Lorenzo 2018, Hinkel & Unterborn 2018

https://github.com/CaymanUnterborn/ExoPlex accurate minera lOgI €s,

, implemented in a popular and easy-
* Magrathea (C++, tabulated MgSiO; EOS)

Huang et al. 2022
https://github.com/Huang-CL/Magrathea

to-use language

ExoPlex (precomputed mineralogy): ~1.5s
ExoPlex (with Mineralogy computation): >2min
Magrathea: ~0.69s
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] ) 1. Initial guess on interior structure with MgSiO3-
Forward model: computes radius (or mass) as function of ,
perovskite mantle EOS (seageretal 2007)

mass (or radius), mantle & core chemistry.

- obtain Pcus

%

2. Integrate adiabatic gradient Psurace > Pcvs

ar _ar
dP ~ Cpp

compute mineralogy along the way by Gibbs free energy
minimization, using linearized solid-solution series (White et (f, gthon
Fe Ni S. Si al. 1958, Connolly 2009). Implementation in Cython.

Kuwayama et al. 2020

> obtain temperature, density and mineralogy
profile

3. Refine interior structure with these updated
profiles based on mineralogy
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* Oxygen fugacity > controls outgassed atmosphere (e.g. Wang et al. 2022, Noack et al. 2020, Sossi et
al. 2020, Arculus 1985)

* Partial melting > outgassing (e.g. Noack et al. 2020) and crust formation (Brugman et al. 2021)

* (lower) mantle viscosity; sensitive to ferropericlase (e.g. Thielmann et al. 2020) and Ca-pv (Immoor
et al. 2022)

* Water storing capability: ol<px<ring&wad (e.g. Othani 2020)

EGusz, 2022f ajoszozz o8
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* Asoftware package for interior modelling with fast, detailed mineralogy
evaluation

 Open source, written in Python 3 / Cython

e Will be released soon

EGusze,2022f ajoszz e s e



" Ackhowledgements'

Sharing is
encouraged

This work is supported by a Swiss NCCR PlanetS short-term grant

EGusze,2022f ajoszo2 om0 i



- References - -

Sharing is
encouraged

. R.J. Arculus, “Oxidation status of the mantle: Past and present”, Annu. Rev. Earth Planet. Sci. 13 (1985) 75-95
. K. Brugman et al., “Experimental Determination of Mantle Solidi and Melt Compositions for Two Likely Rocky
Exoplanet Compositions”, Journal of Geophysical Research: Planets / Volume 126, Issue 7,

doi:10.1029/2020JE006731

. J.A.D. Connolly, “The geodynamic equation of state: What and how”, Geochem. Geophys. Geosyst., 10, Q10014,
doi:10.1029/2009GC002540

. A.M. Dziewonski & D.L. Anderson, “Preliminary reference Earth model”, Physics of the Earth and Planetary Interiors,
25,4,1981, doi: 10.1016/0031-9201(81)90046-7

. N. R. Hinkel and C. T. Unterborn, “ The Star-Planet Connection. I. Using Stellar Composition to Observationally
Constrain Planetary Mineralogy for the 10 Closest Stars”, ApJ 853 83,2018

. C. Huang et al., “MAGRATHEA: an open-source spherical symmetric planet interior structure code”, arXiv:2201.03094

. L. Kaltenegger, “How to Characterize Habitable Worlds and Signs of Life”, Annual Review of Astronomy and
Astrophysics 2017 55:1, 433-485, doi: 10.1146/annurev-astro-082214-122238

. Y. Kuwayama et al., “Equation of State of Liquid Iron under Extreme Conditions”, PHYSICAL REVIEW LETTERS 124,
165701, 2020, doi: 10.1103/PhysRevLett.124.165701

. A. M. Lorenzo, “ExoPlex: A New Python Library For Detailed Modeling Of Rocky Exoplanet Internal Structure And
Mineralogy”, 2018

. W.F. McDonough & S.-s. Sun, “The composition of the Earth”, Chemical Geology 120 (1995) 223-253, doi:
10.1016/0009-2541(94)00140-4, 1995

L. Noack et al., “Mantle redox state drives outgassing chemistry and atmospheric composition of rocky planets”,
Scientific Reports, 2020, doi: 10.1038/s41598-020-67751-7

E. Othani, “Hydration and Dehydration in Earth’s Interior”, Annu. Rev. Earth Planet. Sci. 2021. 49:253-78, doi:
10.1146/annurev-earth-080320-062509

S. Seager et al., “Mass-Radius Relationships for Solid Exoplanets”, ApJ 669 1279, 2007

L. Stixrude & C. Lithgow-Bertelloni, “Thermodynamics of mantle minerals - Il. Phase equilibria”, Geophys. J. Int.
(2011) 184,1180-1213, doi: 10.1111/j.1365-246X.2010.04890.x

Sossi et al., “Redox state of Earth’s magma ocean and its Venus-like early atmosphere”, Sci. Adv. 2020; 6, doi:
10.1126/sciadv.abd1387, 2020

M. Thielmann et al., “Ferropericlase Control of Lower Mantle Rheology:Impact of Phase Morphology”,
Geochemistry, Geophysics, Geosystems, 21, doi: 10.1029/2019GC008688

H.S. Wang et al., “Enhanced constraints on the interior composition and structure of terrestrial exoplanets”,
MNRAS 482, 2222-2233 (2019), doi:10.1093/mnras/sty2749

H.S. Wang et al., “A Model Earth-sized Planet in the Habitable Zone of a Centauri A/B”, ApJ 927 134, 2022

W.B. White et al., “Chemical Equilibrium in Complex Mixtures”, J. Chem. Phys. 28, 751 (1958), doi:
10.1063/1.1744264

A.B. Woodland, “Variation in oxygen fugacity with depth in the upper mantle beneath the Kaapvaal craton,
Southern Africa”, Earth and Planetary Science Letters 214 (2003) 295-310




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11

