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We know a lot of very close exoplanets
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Star-planet magnetic interaction regimes
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[Preusse+ 06; Saur+ 13; Strugarek 16]]

Sub-Alfvénic interaction:
star-planet connection

Star-planet magnetic interaction regimes
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Star

Planet

[Preusse+ 06; Saur+ 13; Strugarek 16]]

Sub-Alfvénic interaction:
star-planet connection

[Gombosi 98]

Super-Alfvénic interaction:
shock formation

Star-planet magnetic interaction regimes
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Alfvénic regimes and shock geometry

4PLATO Mission Conference, Warwick, 06/09/2017 A. Strugarek [e.g. Vidotto+ 2010]

No shock is formed

(d) 



Main effects of magnetic star-planet interactions

1. MHD shock 
2. Energy channeling 
3. Planet migration 
4. Planet heating 
5. Planet emissions 
6. Atmospheric escape 
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Planetary ‘winds’ and material accretion on the host

7PLATO Mission Conference, Warwick, 06/09/2017 A. Strugarek [Matsakos+ 15; see also Khodachenko+12,15…]



Planetary ‘winds’ and material accretion on the host

8PLATO Mission Conference, Warwick, 06/09/2017 A. Strugarek [Matsakos+ 15; Pillitteri+ 15;…]

Different scenarii for 
the interaction, in some 
of them some planetary 
(atmospheric) material 
is able to fall onto the 
central star.

This mechanism promotes the monitoring 
of the central star out of transit due to 
the phase lag

!



Transit spectroscopy of HD 189733b: bow-shock trace?

9PLATO Mission Conference, Warwick, 06/09/2017 A. Strugarek [LLama+ 13; Cauley+ 15,17a&b; Turner+ 16]

Missing data to confirm/refute scenario: 
- Stellar magnetic topology/wind 
- More pre-transit observations 
- More realistic bow-shock model (to constrain Bplanet)



Main effects of magnetic star-planet interactions

1. MHD shock 
2. Energy channeling 
3. Planet migration 
4. Planet heating 
5. Planet emissions 
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Main effects of star-planet magnetic interaction
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A first guess based on analytical models
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[Saur+ 2013]

Known exo-planets: expected fluxes 1014–1020 W 

[Ip+ 2004]

Poynting Flux



3D modelling of magnetic star-planet interactions

12PLATO Mission Conference, Warwick, 06/09/2017 A. Strugarek [Strugarek+, 15]



3D modelling of magnetic star-planet interactions

12PLATO Mission Conference, Warwick, 06/09/2017 A. Strugarek [Strugarek+, 15]



3D modelling of star-planet interactions: topology effects
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Two strong Alfvén wings Two weak Alfvén wings One strong Alfvén wing

Alfvén wings foot point localized at specific 
latitude and longitude

Alfvén wing foot point 
localized at the equator over 

a large longitudinal range

[Strugarek+ 15]



3D modelling of star-planet interactions: topology effects
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Two strong Alfvén wings Two weak Alfvén wings One strong Alfvén wing

Alfvén wings foot point localized at specific 
latitude and longitude

Alfvén wing foot point 
localized at the equator over 

a large longitudinal range

[Strugarek+ 15]

Mean 
Poynting 
flux [W]

1.5 1019 (x2) 8.9 1017 (x2) 2.2 1018 (x1)



Poynting flux in Alfvén wings: parametrization

14PLATO Mission Conference, Warwick, 06/09/2017 A. Strugarek [Strugarek 2016]
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Poynting flux in Alfvén wings: parametrization
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Poynting flux in Alfvén wings: parametrization
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Poynting flux in Alfvén wings: parametrization
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Application: Kepler 78 wind model using an observed ZDI map

15PLATO Mission Conference, Warwick, 06/09/2017 A. Strugarek [Strugarek+, in prep]

Stellar and Planet parameters



Application: Kepler 78 wind model using an observed ZDI map
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Stellar and Planet parameters



Footpoints of the interaction at the stellar surface

16PLATO Mission Conference, Warwick, 06/09/2017 A. Strugarek [Strugarek+, in prep]

Front Back

Footpoints of the interaction

Stellar surface



Footpoints of the interaction at the stellar surface
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Front Back

Stellar surface



Anomalous emissions/absorption: is there enough power?

17PLATO Mission Conference, Warwick, 06/09/2017 A. Strugarek [Strugarek+, in prep]

[Moutou+, MNRAS 2016]
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Anomalous emissions/absorption: is there enough power?
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Anomalous emissions/absorption: is there enough power?
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Anomalous emissions/absorption: is there enough power?
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[Moutou+, MNRAS 2016]
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Main effects of magnetic star-planet interactions

1. MHD shock 
2. Energy channeling 
3. Planet migration 
4. Planet heating 
5. Planet emissions 
6. Atmospheric escape 
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Main effects of star-planet magnetic interaction
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Magnetic vs tidal torques in close-in systems

19PLATO Mission Conference, Warwick, 06/09/2017 A. Strugarek [Strugarek+, submitted to ApJL]

Equilibrium Dynamical

Footpoint

Dipolar Unipolar

Tide Magnetism



Magnetic torque: parametrization
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Magnetic torque: parametrization
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Magnetic torque: parametrization
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Magnetic torque: parametrization
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Application: TTauri with hot Jupiter (like Tap 26 system)

21PLATO Mission Conference, Warwick, 06/09/2017 A. Strugarek [Strugarek+, submitted to ApJL]
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Application: TTauri with hot Jupiter (like Tap 26 system)
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Application: TTauri with hot Jupiter (like Tap 26 system)

21PLATO Mission Conference, Warwick, 06/09/2017 A. Strugarek [Strugarek+, submitted to ApJL]
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Application: TTauri with hot Jupiter (like Tap 26 system)

21PLATO Mission Conference, Warwick, 06/09/2017 A. Strugarek [Strugarek+, submitted to ApJL]
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Application: TTauri with hot Jupiter (like Tap 26 system)

21PLATO Mission Conference, Warwick, 06/09/2017 A. Strugarek [Strugarek+, submitted to ApJL]
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Summary: main effects of magnetic star-planet interactions

1. MHD shock 
2. Energy channeling 
3. Planet migration 
4. Planet heating 
5. Planet emissions 
6. Atmospheric escape 

1

2

4

3
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Main effects of star-planet magnetic interaction
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