53rd Lunar and Planetary Science Conference (2022)

2931.pdf

VOLCANIC EXORINGS Apurva V. Oza'? and Sebastien Charnoz 2, !Jet Propulsion Laboratory, Califor-
nia Institute of Technology, Pasadena, USA , 2 Physikalisches Institut, Universitit Bern, Bern, Switzerland,
(Apurva.V.0za@ jpl.cultcch.cdu),?’ Université de Paris, Institut de Physique du Globe de Paris, CNRS, Paris, France

Introduction Atmospheric evolution and escape,
when coupled to a magma ocean, leads to metallic
gas and plasma tori in our solar system and beyond
(Oza et al. [1]; Charnoz et al. [2]). The recent tech-
nique of evaporative transmission spectroscopy has
enabled the study of escaping metals and grains in
gas absorption via radiative transfer simulations dur-
ing transit (Seager and Sasselov [3]; Gebek and Oza [4]).

Here, with keen interest for the newly launched
JWST spacecraft to capture evaporating magma oceans
and volcanism in the mid-infrared with MIRI [5], we de-
velop a toy model to assess the average abundance of
~ pm grains at close-in rocky exoplanet and exomoon
systems.

Candidate Volcanic Systems Candidate systems are
identified based on their prodigious heating rates by the
stellar tide Quick et al. [6] or their sodium and potassium
(Na/K) signatures Oza et al. [1]. For their stark similar-
ities to lo, these systems are often referred to as Super-
Tos (super-Earth sized exoplanets) and exo-los (evaporat-
ing/disintegrating exomoons).

Surface-Atmosphere Model We employ two indepen-
dent magma ocean vaporization codes (Oza et al. 2019b;
Charnoz et al. 2021) to study the Hill sphere and Roche
limit of close-in rocky exoplanets. This exercise illu-
minates possible circumplanetary environments immedi-
ately accessible in the thermal infrared based on reason-
able geophysical assumptions.

Atmosphere-Exosphere Model The secondary atmo-
sphere of a close-in rocky exoplanet not only experi-
ences extreme outgassing but also extends far beyond to
a length scale dR. This length scale is independent the
scale height of the atmosphere . This length scale is the
pull from the star on the planet, similar to the Earth’s tide
on the proto-Moon. Gas escape is calculated via energy-
limited escape easily M ~ Q/U, but the dust escape
of grains of r, ~0.1 um size is more difficult to probe ,
motivating this volcanically-coupled model .

Given a broadband flux decrease of (dF/F) the ob-
served occulting cloud radius is:

R.\*
dF/F = (R> 1)

*

The above radius is of course of unknown geometry
but we assume the differential area is that of a circle so
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Figure 1: Schematic diagram of the surface-atmosphere
system. A volcanic cloud of radius R, evaporated into
the orbit of a tidally-heated close-in exoplanet. N, is the
total number of dust grains derived from Eqn. 2. The
radius of a dust grain, r, is set to be ~ 0.1 yum, which is
used as a free parameter depending on the wavelength to
be probed along the line-of-sight (LOS).

that dA, ~ mR2. An occulting cloud of dust grains of
quantity NV, will be of the same geometry, so that
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This permits us to easily derive the average line-
of-sight (LOS) column density of grains during transit
(Johnson Huggins 2006; Oza 2019):

3)

Npos = 8
LOS = R?
where geometry dictates the average vertical column
density N, is related to the LOS column via the Chapman
enhancement factor so that:
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Figure 2: Schematic diagram of atmosphere-exosphere
system highlighting several lengthscales during relative
to the stellar radius R,.: The Hill sphere R 7, Roche limit,
RRoche, the observed photometric radius of the planet
R,, and finally a canonical gas at altitude ~ dR above
the planet .
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These two geometrical derivations of the LOS col-
umn density are independent of each other and can there-
fore be used to derive either the scale height of the atmo-
sphere, or the vertical column densities N, via N, ~
Nros. The observations require one assumption either
on the magnitude of N, (sourced by vaporization of a
magma ocean or volcanism) or dR (a length scale that
has a minimum due to either the isothermal scale height
H = kT /pwmg or the tidal length scale dRy ~ U7 /g,
both of which are ~ 100 km.

Npos = N,

Discussion All giant planets (icy & gaseous) possess
rings in our solar system. Neptune’s rings for instance
were predicted before the Voyager 2 flyby by Rawal [7].
Burns et al. [8] was also able to describe the origin and
formation of Jupiter’s gossamer rings by the impact and
evaporation of Amalthea, ongoing today. Dust grains at
close-in exoplanet systems should be the same.

Summary Exorings appear to be inevitable at close-
in rocky exoplanet systems. Extreme temperatures cou-
pled with atmospheric loss or ionization will result in va-
porized magma ocean atmospheres whose gas will or-
bit the parent planet. As current visible and ultravio-
let data appear to suggest the presence of a variable cir-
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cumstellar torus sourced by volcanic escape at a rocky-
exoplanet system (Oza 2021). This companion paper
suggests that future infrared spacecraft may reveal the
presence of variable circumplanetary tori. The ballistic
and orbital timescale of the dust grains we study show
that these volcanic exorings may pulsate, and if atmo-
spheric escape is sufficient, drive a plasma tail ahead of
the planet. Evidence of exorings so far appear at J1407b
Kenworthy et al. [9] and several alkali-rich gas giant sys-
tems Oza et al. [1]. Monitoring close-in rocky exoplanets
may be far more efficient with particular interest to the
newly launched JWST/MIRI spectrograph [5].
Acknowledgments: Part of this work was conducted
at the Jet Propulsion Laboratory (JPL), California Insti-
tute of Technology (Caltech), under contract with NASA.

References: [1] Apurva V. Oza et al. “Sodium and
Potassium Signatures of Volcanic Satellites Orbiting
Close-in Gas Giant Exoplanets”. In: 885.2, 168 (Nov.
2019), p. 168. por: 10 . 3847 / 1538 — 4357 /
ab40cc. arXiv: 1908 . 10732 [astro-ph.EP].
[2] Sébastien Charnoz et al. “Tidal pull of the Earth
strips the proto-Moon of its volatiles”. In: 364, 114451
(Aug. 2021), p. 114451. DOT1: 10.1016/7.icarus.
2021 . 114451, [3] S. Seager and D. D. Sasselov.
“Theoretical Transmission Spectra during Extrasolar Gi-
ant Planet Transits”. In: 537.2 (July 2000), pp. 916—
921. por: 10 . 1086 / 309088. arXiv: astro -
ph /9912241 [astro-ph]. [4] Andrea Gebek and
Apurva V. Oza. “Alkaline exospheres of exoplanet sys-
tems: evaporative transmission spectra”. In: 497.4 (Oct.
2020), pp. 5271-5291. por: 10 . 1093 / mnras /
staa2193. arXiv: 2005.02536 [astro-ph.EP].
[5] Pierre-Olivier Lagage. “Characterisation of exoplanet
atmosphere with the JWST and then ARIEL”. In: Planets
2020, Ground and Space Observatories: a Joint Venture
to Planetary Science. Mar. 2020, 13, p. 13. DOIL: 10 .
5281 / zenodo . 4435587, [6] Lynnae C. Quick et
al. “Forecasting Rates of Volcanic Activity on Terrestrial
Exoplanets and Implications for Cryovolcanic Activ-
ity on Extrasolar Ocean Worlds”. In: 132.1014, 084402
(Aug. 2020), p. 084402. por: 10 . 1088 / 1538 —
3873 /ab9504. [7] J. J. Rawal. “Resonant Structures
in the Solar System”. In: Moon and Planets 24.4 (June
1981), pp. 407—414. DOL: 10 . 1007 /BF0O0896906.
[8] Joseph A. Burns et al. “The Formation of Jupiter’s
Faint Rings”. In: Science 284 (May 1999), p. 1146. DOTI:
10.1126/science.284.5417.1146.[9] M. A.
Kenworthy et al. “Mass and period limits on the ringed
companion transiting the young star J1407”. In: 446.1
(Jan. 2015), pp. 411-427. por: 10 . 1093 /mnras /
stu2067.arXiv: 1410.6577 [astro-ph.SR].


https://doi.org/10.3847/1538-4357/ab40cc
https://doi.org/10.3847/1538-4357/ab40cc
https://arxiv.org/abs/1908.10732
https://doi.org/10.1016/j.icarus.2021.114451
https://doi.org/10.1016/j.icarus.2021.114451
https://doi.org/10.1086/309088
https://arxiv.org/abs/astro-ph/9912241
https://arxiv.org/abs/astro-ph/9912241
https://doi.org/10.1093/mnras/staa2193
https://doi.org/10.1093/mnras/staa2193
https://arxiv.org/abs/2005.02536
https://doi.org/10.5281/zenodo.4435587
https://doi.org/10.5281/zenodo.4435587
https://doi.org/10.1088/1538-3873/ab9504
https://doi.org/10.1088/1538-3873/ab9504
https://doi.org/10.1007/BF00896906
https://doi.org/10.1126/science.284.5417.1146
https://doi.org/10.1093/mnras/stu2067
https://doi.org/10.1093/mnras/stu2067
https://arxiv.org/abs/1410.6577

