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Introduction Containment of Planetary Wind

Theory

One of the biggest surprises in the discovery of nearly 4,000 exoplanets (planets outside our
solar system) is that the majority of known exoplanetary systems have a very different
architecture than that of the solar system. Many exoplanets orbit very close to their host
stars, with distances that can be more than 10 times smaller the Sun-Mercury distance.

If the ram pressure of the planetary wind is smaller than the ram pressure of the stellar wind at
the sonic point, then the planetary wind will be confined.

Ram Pressure: piqpm = puz pramplanet < Pramg;qy = Confinement

This extreme proximity causes exoplanets to receive a larger dosage of high-energy radiation
from their host stars. This radiation heats exoplanetary atmospheres, which expand and

more than likely 'leak'. The escaping atmosphere then interacts with stellar winds, which can
act to confine this escaping atmosphere, like a fan blowing steam back into a cup of tea!

This is because the sonic point is the maximum distance at which information can be “passed
back” to the planet.

Method

Ran many simulations of models, varying both the escape velocity and the semi-major axis of the
planet.

Equations Governing Atmospheric Escape

Also varied the age of the host star of the planet, for a range of incident stellar irradiance.
These models of stars mimic the Sun throughout its early years up to its current state?:

Momentum Conservation Equation?
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Left term is d—: and right hand side is pressure acceleration plus gravitational acceleration plus
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Energy Conservation Equation?!
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Left term is the enthalpy of system, right hand side is the sum of all the energy terms.
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Q... = radiative recombination coefficient for hydrogen ions 0.6 Gyr Solar-Like Star 0.14 Gyr Solar-Like Star

€ = fraction of energy deposited as heat
Mass Loss Rate

4.6 Gyr Solar-Like Star 1.4 Gyr Solar-Like Star

g, = cross section for photoionization of H

0

Ne, N+, No = NumMber density of electrons protons and neutral H respectively
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Relationships Between Input Parameters and Key Outputs
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Found that the model does not depend on the atmospheric density at the base of the 0.6 Gyr Solar-Like Star 0.14 Gyr Solar-Like Star
atmosphere. This shows that the model is robust as this is not an observable quantity.

Conclusion and Summary

Host stars heat their planets, which causes their atmospheres to evaporate. However, at the We found that the planetary atmosphere is not confined by the stellar wind if both the semi-
same time, the star’s stellar wind, incident on the planet, can act to confine this evaporating major axis and the escape velocity of the planet are sufficiently small. Otherwise, the ram
atmosphere. Thus, we have a trade off between these mechanisms, which the above equations pressure of the stellar wind is larger than the ram pressure of the exoplanetary wind, and the
describe. We modelled the combined effects of these mechanisms for a variety of planets and planetary atmosphere is confined. Furthermore, we found that for young stars, there isn’t a strong
host stars. dependence on age. However, we see a higher mass loss rate, terminal velocity and ram pressure

of the escaping atmosphere for younger systems as that is caused by the higher stellar irradiance.
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