Exoplanet Modulations of Stellar Coronal Radio Emissions
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» Using an MHD model for the corona of a Sun-like star, we create synthetic radio images of the free-free Bremsstrahlung stellar coronae radiation for a range of

radio frequencies.

* We impose a planet in the simulation domain and place it at different semi-major axes, and with a different dipole field strength.
* For each case, we calculate the ratio of the coronal radio emissions with and without the planet.
* We estimate the modulation of the coronal radio emissions from four viewing angles — pre-transit, transit, post-transit, and planet eclipse.

Methodology

* We use the AWSoM (BATS-R-US) MHD model to self-consistently simulate the stellar corona and stellar wind of a Sun-like star with a dipole magnetic field of

10 G.

* The planet is implemented in the simulation as an additional boundary condition. We use planetary field of 0.3 G (Earth-like) and 1 G (Jupiter-like).
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Synthetic Radio Images
1. The intensity of each pixel, /, for a given frequency, v, is the integral over the emissivity along the ray:

2. For Bremsstrahlung emission, where hv << kT, the Planckian spectral black body intensity is:
3. The absorption coefficient, ky, is:

and the index of refraction is related to the dielectric permittivity: —n’
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Figure 2 - Three-dimensional display of the
results for planetary field of 0.3 G (left) and
1G  (right), for the ifferent  orbital
separ s (top to bottom). Each plot shows
the star and planet as red and blue spheres,
respectively, color contours of the number
den. and selected field lines. The white
solid line marks the Alfv'en surface of the star
and the planet.
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Figure 1 - Left: Simulated radio
spectrum for the case without a

planet using stellar dipole field of

10 and 100 G as seen from the
Earth. Dotted line the
observed solar spectrum (Taken
Sfrom Zar 07). Right, the same
radio flux spectrum as seen from 1
and 10 pc.
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showing the relative radio flux modulation. These modulations are

significant for some frequencies and may be observable.

Main Findings

» We find that the source of the modulations is the
modification of the radio wave refraction pattern as a result
of the change in the ambient plasma density by the planet.

» We find that the absolute magnitude of the modulation is
significant, above 10% in the 10-100MHz bands and
between 2-10% in the frequencies above 250 MHz.

* We find that the planetary magnetic field strength does not
have a strong impact on the radio flux modulations, while the
polarity of the planetary field can play a role when the planet
is very close to the star.

* We also find that the strength of the stellar field affects the
modulations due to the increase in coronal density for a
stronger stellar field.

‘We plan to apply the new radio tool to specific planetary
system in order to provide predictions for radio
observations of exoplanets.
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