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Star-planet interactions

Close-in planets
(a<0.15 AU), around 
MS late-type stars



Star-planet interactions

• Irradiation
• EUV flux (1-100nm) 

➡ evaporation

Close-in planets
(a<0.15 AU), around 
MS late-type stars Haswell et al 2012

Carole Haswell - PLATO 2.0, July 2013
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HD 102634: Teff=6223 K, Age=2.6 Gyr, Vsini=6.6 km/s, d=34.5 pc
HD 107213: Teff=6166 K, Age=2.2 Gyr, Vsini=10.0 km/s, d=50.5 pc
Procyon: Teff=6592 K, Age=1.7 Gyr, Vsini=3.9 km/s, d=3.5 pc
WASP-12: Teff=6250 K, Age=2.0 Gyr, Vsini<4.6 km/s, d=380 pc

Fig. 16.— Our Visit 1 NUVC coverage of the cores of the Mg II resonance lines compared with

those of three other stars (see text). The cores of the WASP-12 lines show no emission whatsoever,

and are suggestive of narrow absorption components which reduce the flux in the cores of these

lines to zero. WASP-12 is remarkable in the appearance of its Mg II resonance line cores.

The stellar disc is 
obscured at all 
observed phases

The WASP-12 systems is 
shrouded in diffuse gas



Star-planet interactions

• Irradiation
• EUV flux (1-100nm) 

➡ evaporation

• Magnetic filed(s)
• Sub-alfvénic regim, 

magnetic reconnections 
possible

Close-in planets
(a<0.15 AU), around 
MS late-type stars (a)

(c) (d)

(b)

Cohen et al 2011

Time-dependent MHD 
simulations  of  HD 189733



• Close-in giant planets cannot form 
in situ

• How did they migrate?
• planet-disc interactions 

• planet-planet interactions

• planet-planetesimal disc interactions

• planet-distant star companion (Kozai-Lidov)

Star-planet interactions

• Irradiation
• EUV flux (1-100nm)

➡ evaporation

• Magnetic filed(s)
• Sub-alfvénic regim, 

magnetic reconnections 
possible

• Gravitation 
• Tidal torque ∝ a-6 

Close-in planets
(a<0.15 AU), around 
MS late-type stars

• The end of migration is the 
beginning of tidal interactions



Tidal evolution outcome
Tidal circularization time (for co-planar orbit)

Tidal alignement time (for circular orbit and small inclination)

Tidal inspiral time (neglecting tides in the planet and for circular and co-planar orbit)

Barker & Ogilvie 2009



Tidal evolution outcome
Tidal circularization time (for co-planar orbit)
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Tidal inspiral time (neglecting tides in the planet and for circular and co-planar orbit)
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Observations



Observations

• How efficient is tidal 
dissipation?
• observational constraints:

Jackson et al 2008, Matsumura et al 
2008, Deleuil et al 2012, Carone & 
Patzold 2007, Lanza et al 2011...

➡ See next talk 



Excentricity

Origin?

simulation setup of Marzari &Weidenschilling (2002). Orbital
angles are selected randomly. We repeat the orbital integration
with different seeds of random number generation for the initial
orbital angles with the same initial a, e, and i.

With this choice, the shortest semimajor axis after the scattering
is expected to be amin ¼ 2:26 AU (eq. [1]). The tidal damping
timescale is a function of mass and radius of planets. Although
we fix the planetary mass, we test R ¼ RJ and 2 RJ cases. The
latter case corresponds to newborn planets that have not cooled
down. Since an averaged orbital separation of the system is
"3.6RH in this choice of semimajor axes, it is expected that the
orbital instability starts on timescales of "103 yr (see x 2.1).

Oscillation modes are raised in the planetary interior by the
tidal force from the host star in the vicinity of the pericenter. We
assume that the energy of the modes is dissipated, and the angular
momentum is transferred to the orbital angular momentum before
the next pericenter passage. Assuming that the orbital changes are
small in individual approaches, we change the orbit impulsively at
the pericenter passage as mentioned below.

We have performed six sets of simulations (Table 1). In set V,
we adopt the simplest model, that is, the velocity (v) of the planet
is changed discontinuously to v0 at the pericenter passage as

v0 ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2!Etide þ v2

p v

v
; ð12Þ

where!Etide is given by equation (5). In this set we adopt"r ¼ 0
and R ¼ 2 RJ. Since we do not change the location of the peri-
center and direction of motion there, the angular momentum var-
iation is specified as q!v, which is inconsistent with equation (4).
In sets T1 and T2, on the other hand, the pericenter distance is also
changed, as well as velocity, so as to consistently satisfy both
equations (4) and (5) for"r ¼ 0, but the direction of the motion
does not change. Equations (6) and (7) are satisfied in sets T3
and T4 ("r ¼ "crit). Planetary radius is R ¼ 2 RJ in sets T1 and
T3, while R ¼ RJ in sets T2 and T4. As we will show later, the
probability for the tidal circularization to occur does not signifi-
cantly depend on themodels of orbital change by tidal dissipation.
For comparison, we also test the case without the tidal circulari-
zation (set N).

Because of the chaotic nature of the scattering processes, we
integrate 100 runs in each set. We integrate orbits for 107Y108 yr.
We stop the calculation when a planet hits the surface of the host
star with 1 R& or when!Ltide overcomes the angular momentum
that a circularized planet has. The latter condition happens in sets
T1YT4. In set V, a collision against the host star occurs to a tidally
circularized planet. In other cases, we check the stability of the
systems every 106 yr after 107 yr. If only one planet survives and
its pericenter is far from the star, or two are left with dynamically
stable orbits with relatively large ‘z, we stop the simulation. We
continue the simulation until 108 yr, as long as the system con-
tains three planets.

3.2. Outcome of Planet-Planet Scattering: Set N

The result of the planet-planet scatterings without tidal force
is consistent with previous studies of Marzari & Weidenschilling
(2002). Systems ending with two planets are the most common
outcome. In 75 cases of set N, one planet is ejected. In 22 cases,
one of the planets hits the host star. This mainly occurs during
the chaotic phase of planetary interaction, namely, before the first
ejection of a planet. The case in which two planets are ejected is
rare, as Marzari & Weidenschilling found. We observed such
outcome in five runs.
The distribution of semimajor axis and eccentricity of the final

systems is shown in Figure 5. The innermost planets are scattered
into orbits at a ’ 2:5 AU. Since a small difference in the orbital
energy causes large difference in the semimajor axis in the outer
region, the semimajor axes of outer planets are widely distributed.
The figure includes planets that hit the star; they are clumped
around e ’ 1. The planets with small pericenter distance q P
0:05 AU are the star-colliding planets. Since there is no damping
mechanism in set N, the small q planets also have a " 2Y3 AU.

3.3. Orbital Evolution to Hot Planets

The star-approaching planets are circularized to become close-
in planets when we include tidal force in our simulation. A typical
evolution of semimajor axis, pericenter, and apocenter in the case
of set V is shown in Figure 6. The system enters the chaotic phase
quickly, and originally the outermost planet is scattered inward
into a ’ 3 AU through several encounters. The planet is detached
from other planets and becomes marginally stable with a " 3 AU
after t " 105 yr, until it suffers tidal damping (t k 3:9 ;106 yr), al-
though the outer two planets still continue orbital crossing. Dur-
ing the tentative isolation period, the eccentricity and inclination
of the innermost planet are mostly varied by secular (distant) per-
turbations from the outer two planets (Fig. 7). Since the perturba-
tions are almost secular, the semimajor axis of the isolated planet
does not change greatly until 3:9 ; 106 yr, but its eccentricity
randomly varies at the occasions when the middle planet ap-
proaches. As a result of one of these repeated close encounters,
the isolated planet acquires relatively large e and i at t ’ 1:0 ;
106 yr. Its eccentricity oscillates with large amplitude, exchanging

TABLE 1

Characteristics of Simulations

Set "r R/RJ Comments Close-in Planets

Set N ........... . . . . . . No tide . . .
Set V ........... 0 2 !v2 ¼ 2!Etide 37%

Set T1.......... 0 2 Eq. (4) 38%

Set T2.......... 0 1 Eq. (4) 29%
Set T3.......... "crit 2 Eq. (6) 33%

Set T4.......... "crit 1 Eq. (6) 32%

Fig. 5.—Final distribution of a and e in the case of set N (without tide).
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Planet-planet scattering
(Rasio & Ford 1996, Weidenschilling & Marzari 1996) 

Nagasawa et al 
2008, no tides



Excentricity

Origin? Planet-planet scattering & 
tidal circularization

(Nagasawa et al 2008)

Spread?



Role of angular momentum loss
• G-type stars loose angular momentum from their magnetized 

wind, F-type stars too but less so

• The dynamical evolution of orbital elements is driven by the 
resultant of the wind torque and the tidal torque

towards the star
Damiani & Lanza, under revision

towards the star



Role of angular momentum loss
• G-type stars loose angular momentum from their magnetized 

wind, F-type stars too but less so

• The dynamical evolution of orbital elements is driven by the 
resultant of the wind torque and the tidal torque

• The wind efficency dependance on stellar parameters is not 
well known but

➡ Could explain the spread in excentricity (Dobbs-Dixon et al 2004)

➡ Could explain the spin/orbit misalignement (Dawson 2014)

➡ Could explain the delay of the tidal decay (Damiani et al 2014)



Conclusion
• Understanding star-planet interaction is a necessary step to 

confront observations and predictions of formation/migration 
models

• For hot-Jupiters around late-type stars the magnetized wind 
torque can be comparable (and opposite) to the tidal torque

• By providing accurate masses, radii and orbital parameters, 
CoRoT and Kepler have helped put constraints on tidal 
dissipation efficency and magnetic braking

• Better ages and stellar physics are essential to understand 
exoplanetary systems dynamics (we need PLATO)



Thank you!



Damiani & Lanza, under revision


