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We know a lot of very close exoplanets

2Star-Planet Interaction and Habitability, November 2014 A. Strugarek

[Source: exoplanet.eu]
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Compared to the planets in the solar system,  
planets orbiting close to their stars
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Interact with a stronger stellar wind magnetic field

Develop stronger tidal interactions

Are exposed to stronger radiation from their host

Orbit in a denser interplanetary medium

…



Magnetic interactions: Alfvén wings
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[Preusse+ 2006, Saur+ 2013]

Sub-Alfvénic interaction:
star-planet connection

Super-Alfvénic interaction:
shock formation

[Gombosi 1998]



Alfvénic regimes and shock formation
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No shock is formed
(d) 



A typical case with multiple interaction regimes: 
M-dwarf EV Lac
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[Cohen+ 2014]

Super-Alfvénic

Sub-Alfvénic



Where does the Alfvénic transition 
occur in stellar winds?
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Thermally-driven stellar winds: structure

8Star-Planet Interaction and Habitability, November 2014 A. Strugarek PLUTO code



Thermally-driven stellar winds: dipolar family

9Star-Planet Interaction and Habitability, November 2014 A. Strugarek [data from Réville+ 2014, submitted to ApJ]
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Thermally-driven stellar winds: quadrupolar family

10Star-Planet Interaction and Habitability, November 2014 A. Strugarek [data from Réville+ 2014, submitted to ApJ]
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Star-Planet magnetic interactions: what to expect
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[Ud Doula & Owocki 2002; 
Matt+ 2012]
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HD189733: effect of realistic topologies
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Magnetic map 
from ESPaDOnS, 
courtesy R. Fares

[Strugarek+, in prep]



What controls the strength of 
magnetic interactions? 

What are the associated time-scales?

13Star-Planet Interaction and Habitability, November 2014 A. Strugarek [Strugarek+ ApJ, 2014]



Modelling a planet (and its magnetosphere)
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Planet radius = 10 % stellar radius
Planet mass = 1% stellar mass
~ e.g., Corot-27b, WASP-18b

Planet as a boundary condition:
m Zero velocity condition
m Keplerian orbital velocity
m Fixed pressure
m Density & magnetic field BC 
depends on planet type



Sub-Alfvénic regime: Unipolar and Dipolar cases
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Angular momentum transfers
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F = ⇢$v�vp �$B�
Bp

vp
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Effect on the stellar surface: modification of the wind
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Torque applied by the wind to the star
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Angular momentum transfers
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F = ⇢$v�vp �$B�
Bp

vp
vp

Closed configuration Open configuration



Effect on the star: magneto-gyrochronology
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Torque applied by the planet to the star
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Angular momentum transfers
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F = ⇢$v�vp �$B�
Bp

vp
vp

Closed configuration Open configuration



Magnetic torque as a source of planet migration
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~ constant 
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the wind to 
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[Strugarek+ ApJ, 2014]



Magnetic topology and magnetic interactions
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The magnetic torque originates mainly from the connection 
of the planet’s field to the ambient magnetic field

[Strugarek+, in prep]



Take home messages
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Close-in planets are expected to interact magnetically with their host in 
a large variety of ways

The knowledge of the location of the stellar wind’s Alfvén surface is 
mandatory to estimate the effect of magnetic interactions

l Rotation, magnetic field, mass loss rate and coronal T of the host

The magnetic interactions strongly depend on the strength and 
topology of the stellar and planetary magnetic field

The habitable zone of cool stars can be very close: planets in the HZ 
around M-dwarfs can also orbit inside the Alfvén surface and be subject 
to intense magnetic interactions

[Strugarek+, ApJ 2014]


