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We know a lot of very close exoplanets

3630 known exoplanets
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| Star Star-planet magnetic interaction regimes
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Sub-Alfvénic interaction:

star-planet connection
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Super-Alfvénic interaction:

shock formation
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Alfvenic regimes and shock geometry

(a)

dayside-shock
(6=90°)

(c)

intermediate case
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Rorb < Rcrit — R* (f"' U)_l/z

[e.g. Vidotto+ 2010]



Main effects of magnetic star-planet interactions

. MHD shock

. Energy channeling
. Planet migration

. Planet heating

. Planet emissions

. Atmospheric escape
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Planetary ‘winds” and material accretion on the host

Type |I: bowshock and thin tail | Type Il: colliding winds and tail

Type lll: strong planetary-wind,| Type IV: Roche-lobe overflow,
accretion and tail accretion and tail

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



Planetary ‘winds” and material accretion on the host

Different scenarii for
the interaction, in some

of them some planetary
(atmospheric) material
is able to fall onto the
central star.
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This mechanism promotes the monitoring
of the central star out of transit due to
the phase lag

A. Strugarek [Matsakos+ 15; Pillitteri+ 15;...]



Transit spectroscopy of HD 189733b: bow-shock trace?
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Missing data to confirm/refute scenario:
- Stellar magnetic topology/wind
- More pre-transit observations
- More realistic bow-shock model (to constrain Bpjanet)
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Main effects of magnetic star-planet interactions

1. MHD shock
2. Energy channeling
3. Planet migration

6. Atmospheric escape

PLATO Mission Conference, Warwick, 06/09/2017



A first guess based on analytical models

Chromospheric [Ip+ 200 4]
Heating
Magnetic
Reconnection
7
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Stotal : total Poynting flux [W]
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3D modelling of magnetic star-planet interactions
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3D modelling of star-planet interactions: topology effects

Two strong Alfvén wings Two weak Alfvén wings One strong Alfvén wing

Alfvén wing foot point
localized at the equator over
a large longitudinal range

Alfvén wings foot point localized at specific
latitude and longitude

PLATO Mission Conference, Warwick, 06/09/2017 A. Strugarek [Strugarek+ 15] 13



3D modelling of star-planet interactions: topology effects
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Poynting flux in Alfven wings: parametrization
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Poynting flux in Alfven wings: parametrization

Poynting flux ~ Reconnection eff.

P= A7 (caSwM572) - (RPN - (AF)
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Poynting flux in Alfven wings: parametrization

Poynting flux ~ Reconnection eff. Pedersen diff.
P — A17T (CdSwMag _53 ) p ( ?377]”34) . (A?D)
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Poynting flux in Alfven wings: parametrization

Poynting flux

Reconnection eff.

P=Am (CdSwMg _53) - (

Pedersen diff.

D) - (A%)

drag coeff.

Wind-dependant parameters J
(magnetic field, density, velocity)

Planet-dependant parameters —
(radius, composition)

Magnetosphere/wind pressure ratio
(planetary magnetic field, wind)
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Application: Kepler 78 wind model using an observed ZDI map

Stellar and Planet parameters

Tog [K] 5089 + 50
M, [Mg]  0.81 + 0.08
R. [Ro]  0.74 +0.1-0.8
Prot [days] 12.5

R, [Rg] 1.16 +0.19,-0.14
My [Mg]  1.86 £+ 0.25
Rorb [Rx] 3.0 +0.5,-1.0
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Footpoints of the interaction at the stellar surface

Front Back
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Footpoints of the interaction
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Footpoints of the interaction at the stellar surface

Front Back

Stellar surface
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Anomalous emissions/absorption: is there enough power?

Radial magnetic field
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Anomalous emissions/absorption: is there enough power?

Radial magnetic field
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Anomalous emissions/absorption: is there enough power?

Radial magnetic field
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Anomalous emissions/absorption: is there enough power?

Radial magnetic field
0.50

)
o
30 r@ o o -
0 ° ¢
VA [~ ' —
oo ®
10 ® .
0F, @ ICall H&II(_
40 = T T T T
® o
30 F -
PY o
‘. _' . ' ' ‘ =
10 ®9 §
o
oL ] ] . ] H(I')d_
0.00 0.25 0.50 0.75 1.00
Rotation phase
[Moutou+, MNRAS 2016]

PLATO Mission Conference, Warwick, 06/09/2017

2

0.0

A. Strugarek

20

0.25 _

I?t;ynting Flux (Jupiter-like planet)

o,
.
.
]
.
.
“,
LS

o,
.
.
L]
]
.
.
“,
o,

| e Bp = 50.0uT
e Bp = 0.1mT
— Bp:l.OmT

0.4 0.6
Orbital Phase
[Strugarek+, in prep]

0.2

0.8

1.0

17



Main effects of magnetic star-planet interactions

1. MHD shock
2. Energy channeling

3. Planet migration

6. Atmospheric escape
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Magnetic vs tidal torques in close-in systems

Tide Magnetism

Equilibrium | Dynamical Dipolar i Unipolar
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Magnetic torque: parametrization

T =Agm (chthﬁgl) : (
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Magnetic torque: parametrization

Wind Pressure  Reconnection eff.
T = Ao (caPM;7y) - (RPRoME) - (AB)

drag coeff. Alf. Mach
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Magnetic torque: parametrization

Wind Pressure  Reconnectioneff.  Orbital Rad. Pedersen diff.
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Magnetic torque: parametrization

Wind Pressure  Reconnectioneff.  Orbital Rad. Pedersen diff.

T=Agr (caPMPTY) - (RERoZ) - (AD)
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Application: TTauri with hot Jupiter (like Tap 26 system)
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Porb [d ays]
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[Strugarek+, submitted to ApJL]
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Application: TTauri with hot Jupiter (like Tap 26 system)

P,ot [days]

Porb [d ays]
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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)
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Summary: main effects of magnetic star-planet interactions

. MHD shock

. Energy channeling
. Planet migration

. Planet heating

. Planet emissions

. Atmospheric escape
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Thank you for your attention
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