Ot Sl L W b
4 ‘fc’."' ‘.‘.’ ‘.b'.‘c vt . S

Using Stellar Abundances
to Determine Planetary
Mineralogy and Structure

Natalie Hinkel

and Cayman Unterborn (arXiv:1709.08630)
Vanderbilt University

Know Thy Star, Know Thy Planet
0-12 Oct, 2017


http://wallpaperswa.com
http://wallpaperswa.com
http://wallpaperswa.com
http://wallpaperswa.com
http://wallpaperswa.com

So oo Want PETaKe o Planet'? :

Stars and planets are formed at the same time, meaning
they have the similar core compositions.

Right now, we are unable to directly observe the
composition of the planet.

Need the mineralogy of a planet to really understand
whether a planet 1s habitable, since it affects melting,
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The Hypatia Catalog
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Element Abundance [X/H]

Compiled spectroscopic abundance determinations for
stars in the solar neighborhood from published literature
sources (Hinkel et al. 2014, 2016, 2017). Variation between
groups who measure the same element in the same star =
spread in the abundance data.
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So You Want to Make a Planet'?

Go from stellar abundances (Mg, Al, Si, Ca, Fe) to
element molar fractions.

Examined the 10 nearest stars using elements from the
Hypatla Catal()g (Hinkel et al. 2014).
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Used the ExoPlex (unterborn et al. so17a — talk on Tuesday)
mass-radius package, which calculates a planet's
interior mantle mineralogy and core mass fraction.
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Planet Mineralogy -

They look the same!?!

While the stellar abundances differ, the molar
fractions are similar.

Sample of 10
Hypatia stars
@) @0
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Planetmeeralogy .

They look the same!?!

While the stellar abundances differ, the molar
fractions are similar. Additionally! There are large

spreads (range between groups) in the stellar
abundances.

How do we get them to not look the same?
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Mineralogy Algebra

We know how to calculate the error in molar
fraction based on the spread/error in the
stellar abundances.

So, looking at the “extremes” in the molar
fractions, we split those populations in two
and work backwards to determine what
precision is needed.
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Sample of 10
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Can we do 1t'?

For our sample of 10 stars, the precision in [Fe/H],
[Mg/H], [Al/H], [Si/H], [Ca/H] need to be < 0.02 dex!

For the Hypatia sample, or stars within 150pc, we
need precision that’s < 0.03 dex.

Ditficult — but not impossible. There are current
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The Hypatia

Hypatia Catalog

Elements & Properties
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Database

Filter:

none - minimum maximum

none - minimum maximum

none - minimum maximum

X-axis:

Fe « /' He

Y-axis:

S] - / H - |°9

Z-axis (color):

none « log

Solar Norm:

Absolute

If element ratio is in multiple catalogs:

Use the median

Exclude ¥ | catalogs:

Submit
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www.HypatiaCatalog.com

v Stellar Data Table 5377 stars selected

Use stars plotted in the graph above
» Use stars from a list of [ HIP ¥ | identifiers: e.q. 56572,7599,57172
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Add Stellar Properties Add Planet Properties Add Spread or Error

Submit Reset Download Data Table ~
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