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Indroduction

The metallicity of a main sequence star is directly related to the composition of its
protoplanetary disk and influences the chemical elements and the distribution of

planetary building blocks.

Equilibrium condensation simulations are used to

understand this relationship. Here we present a model that predicts the composition
of planetary building blocks based on the metallicity of the parent star. In contrast to
complex models such as GGChem or FastChem, this model emphasizes speed and
simplicity and provides for a fast, accessible first approximation for integration into
more complex models. As a first application of this model, we estimate the
composition of the TRAPPIST-1 planets and use these as input for an interior structure
model. We predict the core mass fraction and radii for the inner planets, which agree
well with the observed values from Agol et al. (2021), and suggest that the outer
planets should have a maximum water fraction below 20 wt% to match their observed

radil.

e With

Model - boundary conditions

Fe/Hl+ solar abundance = elemental abundance

e simple chemical equilibrium

o all molecules are formed in the gas phase
o stoichiometric mixing ratios

e constant disk pressure
e no disk dynamics
e simple inverse power law for the temperature profile
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calculated composition as mol% (top) and as wt% (bottom) of planetary
building blocks.
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..served as input for
perple_x [4] to archive
thermodynamic mantel
properties, which we
eventually incorporated
INto an interior structure
model [5]
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Datasets and boundaries

e we derived the data for metallicity ([Fe/HI) from the GALAH+ Survey: Third Data

Release [1] and the Hypatia catalogue [2]
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Model - condensation

e elements condensate into host phases [3]
e Hill radius determines feeding zone

precipitated fraction at given T
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Radii of TRAPPIST-1 b to d

Calculated Radii of TRAPPIST-1 b, c and d with a
core-mass fraction of 25% (Fe)
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b 1.119 1.116 (+0.012/-0.014)
C 1.104 1.097 (+0.012/-0.014)
d 0.777 0.788 (+0.01/-0.011)

Combinations of core mass fractions and water
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mass fractions for TRAPPIST-1 e, f and g that
match the observed radii from Agol et al.

Conclusion

e the predicted radii for TRAPPIST-1 b, ¢ and d matches the measured

radil within the observational error

o this suggest that our compositional model is able to correctly
predict the composition of planetary building blocks of these

planets

e for the outer planets of the system, the appearance of volatiles adds a

degeneracy to our interior structure

e \We show different combinations of core mass fractions and water mass
fractions to match the data of Agol et al. for TRAPPIST-1 ¢, fand g
o but we never reach a water mass fraction > 20 %
o late accretion processes will change the the composition of

compositional model
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