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Abstract [5] and [1]. The core is assumed to be vigorously con-
vecting and fully adiabatic.

In this study, we model the thermal state of terrestrial Ve model COROT-7b as a type-example for a terres-

exoplanets such as CoRoT-7b [2] using mass and en-tfial exoplanet with an average compressed density of

ergy balance constraints. Our results imply that plan- 5-6 = 1.3 Mg m~? [3], yielding a central iron core of

ets more massive than the Earth do have an extened® Wt.-%. As thermal boundary conditions we assume

sluggish convective regime in the lowermost mantle. & surface temperature 8270 K (assuming an albedo

This results from the impact that elevated pressure hassimilar to Venus) and a specific heat production rate

on viscosity. In comparison to parameterized convec- Similar to that of the present day Earth.

tion models, we find higher temperatures, but those are ) )

not high enough to melt the outer core, thereby pro- 2. Results and Discussion

ducing a liquid shell within the planet. Therefore, our

calculations imply that a self-sustained magnetic field

should be absent for exoplanets as massive and ever  “*7 ‘ ‘ =

as hot as CoRoT-7b. -

1. Introduction and Methodology

6000~

Temperature, K

In recent years, theoretical modeling of the internal
structure has made tremendous progress. We are nov ~ “®/
able to predict atmospheric characteristics, physical ’
properties, and internal structure and composition of
the existing planets in the solar system and beyond. O sereld | aoiobe iz i ised
But one of the main uncertainties remaining is the ra- Prossue. 6P

dial distribution of temperature within these planets.

We consider spherically symmetric and fully differ- Figure 1: Pressure-temperature structure and melting
entiated planets consisting of an iron core and a sili- regime for CoRoT-7b: The solid line denotes an iron-
cate mantle. Based on these assumptions, the depthdepleted model with a planetary radiuslaf8 R, and
dependent structure of these planets can be obtained planetary mass @6 Mg, corresponding to an iron
by solving the mass and energy balance equations incore mass fraction df5 wt.-%. The dashed line shows
conjunction with an equation of state (EoS) for the the melting relation for appropriate materials.
internal density distribution (e.g., [7]). We apply a
mixing length formulation to self-consistenly calcu- In general, we find noticeably higher mantle and
late the temperature profile within planetary mantles. core temperatures for all model planets compared to
In this approach, heat transfer by thermally-induced previously reported temperature profiles calculated by
buoyancy forces operating on parcel of mantle rock using parameterized convection models (e.g., [6]).
balanced by Stokes’ viscous drag is assumed [4]. TheWith increasing surface temperatures we observe a
viscosity is treated pressure- and temperature depenshrinking conductive lid on top of the mantle. Due
dent according to an Arrhenius law. Similar mixing to the high compression of the material in the deep in-
length formulations have been successfully applied by terior, extended regions within the lowermost mantle
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are affected by an increasingly superadiabatic temper-[4] Sasaki, S., & Nakazawa, K.: Metal-silicate fractiona-
ature gradient, thereby impeding fully adiabatic con-  tion in the growing Earth - Energy source for terrestrial
vection. Hence, these regions in the lowermost part ~Magma ocean. Journal of Geophysical Research, Vol. 91,
of the mantle must be expected to operate in sluggish ~PP- 9231-9238, 1986.

convective regime. For close-in exoplanets, with el- |5 senshuy, H., Kuramoto, K, & Matsui, T.: Thermal evolu-

evated surface temperatures (e.g., CoRoT-7b), Fig. 1 tjon of a growing Mars. Journal of Geophysical Research,
illustrates that, due to the high compression of the ma-  vol. 107, pp. 5118, 2002.

terial, the lower mantle and the core are expected to be _

in the solid state. At the core-mantle boundary, we find [6] Valencia, D., O'Connell, R. J., & Sasselov, D. D.: In-
a temperature d§530 K for the CoRoT-7b model, re- ternal structure of massive terrestrial planets. Icarus, Vol.
sulting in a temperature deficit of more th2%00 K in 181, pp. 545-554, 2006.

order to facilitate melting of a pure iron core. There- [7] wagner, F. W., Sohl, F., Rauer, H., Hussmann, H., &
fore, our calculation suggests that no magnetic field  Grott, M.: Interior structure models of terrestrial exo-

should be present under those circumstances. planets and application to CoRoT-7 b. Highlights of As-
tronomy, Vol. 15, pp. 33-34, 2010.

3. Summary and Conclusions

We apply a mixing length formulation to self-
consistenly calculate the radial distribution of temper-
ature within terrestrial-type exoplanets. Our model
calculations suggest that for increasingly massive exo-
planets an extented part of the lowermost mantle oper-
ates in a sluggish convective regime, primarily due to
the elevated pressure and its impact on viscosity. Fur-
thermore, for planets more massive than the Earth, our
results would imply entirely solid iron cores, due to the
high pressure condition within these planets, suggest-
ing that self-sustained magnetic fields might be absent.
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