ASTR 407/507
Properties of Extrasolar planets




What kind of physical properties
might be accessible?

* Obviously we would like to know things like
— Mass
— Radius

— Chemical composition
* Bulk
« Upper atmosphere

— Internal structure



IF you can combine RV and transit techniques

:

relative brighiness
4 "
35

velodty (meterasec)
o

Ln

Ln

This 1s a rather
extreme outlier...
' Density of iron!
There are also very low!



100

Currently known estimated masses and densities
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Currently known estimated masses and densities
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Very similar to the values for Earth, Uranus, Neptune, Saturn, Jupiter



Currently known estimated masses and densities
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Mass-radius relationships

- Extract the best measurement, and find (for R <1.5R )

R :
pp = 2.43 4+ 3.39 (—P) gem 3.
R(I;

— Looks like expected self compression for silicate bodies

 For LARGER planets, a mass-radius relation is fit:

For exoplanets satisfying 1.5 < Rp/Rg < 4, we calcu-
late an empirical fit to their masses and radii, yielding:

. . 0.93
Weiss and Mp — 269 (RF)

— 3
Marcy (2013) Mg Rg (3)

with reduced x? = 3.5 and RMS=4.7 Mg. We exclude
Uranus and Neptune from this fit because they difter
from the exoplanets in our sample. Most of the exo-
planets in our sample have P < 50 days, and so we do
not expect them to resemble Uranus and Neptune, which
have orbital periods of tens of thousands of days.

* For even larger planets (Uranus/Neptune scale) the mass-radius
7 relation become quadratic in R



How are M and R
related to bulk

compostion?

e Models of the
mass versus
radisu

3.0}

2.5}

100

flux(F/Fg) T(K)
3000 2000
1000
—1400
300

—1000

700

GJ 1214 b K-20 c

K-26 b ‘

K-26 cl HIP 11

13.0

11.0

15 2 253 4 5 6 7 891012 15 20

m (Mg)



Limited atmospheric composition available in
transit spectroscopy

HST detects Wavelength (nm)
additional sodium
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Planet radius (Rg)
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Exoplanets Data Explorer Table Plots
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Directly imaged planets

» These are detected at great distances

— Thus large orbital semimajor axes, with large orbital
periods

» Too far away to have non-negligible chance of
transiting star, and period would be decades or longer

— Even orbital motion will require a long time to detect
 How can we get any information about the planet? We
can measure only:
— Separation from star

— Since imaged, we can at least get the flux in the detection
band, and sometimes others

— No direct masses
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Masses of imaged planets estimated

via flux models of coolin
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