
Star-Planet Interactions
Explorations with 

ESPaDOnS and SPIRou

J.-F. Donati (IRAP), R. Fares (INAF) 
M. Jardine, V. See (St Andrews),  

A. Vidotto (Dublin), V. Bourrier (Geneva) 
S. Brun (CEA Saclay), A. Strugarek 

(UdeM),D. Lin (UC Santa Cruz), P. Zarka 
(LESIA), E. Shkolnik, D. Bohlender, C. 

Catala, A. Cameron...
[Strugarek+ 2015] 

Claire Moutou (CNRS/CFHT)  



Star-Planet Interactions?
• (exo)planets are impacted by their star in many ways: 

irradiation, tides, winds, magnetism, particles

• precise mechanisms are complex as stars vary in time; 
orbits, internal structure, atmosphere of planets?

• all is worse at short distance, e.g. plasma density 
x1,000 when semi-major axis x0.1

• in hot-Jupiter systems, stars can be impacted by SPI 
too: rotation, induced activity, magnetic field Shkolnik
+03,05,08





Star 

Planet 

[Preusse+ 06, Saur+ 13] 

Sub-Alfvénic interaction: 
star-planet connection 

Super-Alfvénic interaction: 
shock formation 

[Gombosi 98] 

Magnetic SPI: 2 cases Tidal interactions: 
see next talk S. Mathis



the planet migration timescale depends on the star 
mass loss, magnetic topology and rotation

all these properties can be inferred from 
spectropolarimetric data, mostly available at CFHT

Strugarek+15

Orbital decay due to SPI



ESPaDOnS studies of star-
planet interactions 2006+

• investigate magnetic topologies of planet host stars

• coronal extrapolations Jardine+02

• magnetic energy estimate for SPI models

• compare with star w/o planets, with binaries

• induced activity in hot-Jupiter systems

• stellar cycles in hot-Jupiter systems
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Figure 4. Circular polarization profiles obtained in 2008 January with CFHT/ESPaDOnS for stars HD 73256, HD 102195, HD 46375 and HD 130322,
respectively, from left to right. See legend details in Fig. 1.

Fig. 5 (third row) is indicative and fairly similar to the one obtained
by Gaulme et al. (2010).

4.5 HD 130322

Nine ESPaDOnS spectra of HD 130322 (K0V) were secured in 2008
January. The rotation period of this star is 26 d (Simpson et al. 2010),
much longer than our observing run of 10 d. As a consequence, only
one third of the stellar surface is observed. This makes difficult a
full reconstruction of the magnetic topology, since we do not have
observational constraints on the unobserved part of the star (see
appendix B in Fares et al. 2012). The circular polarization profiles
are, however, significantly detected in all observing epochs.

We adopt a value of 80◦ for the stellar inclination and reconstruct
the map with a χ2

r of 0.9 (Fig. 5, fourth row). The circular polariza-
tion profiles (Fig. 4, fourth column) are well fitted by a magnetic
structure dominated by a dipole (only ∼16 per cent of the field en-
ergy is toroidal) of 2.5 G mean strength. Data over more than a full
rotation period would be needed to confirm this result and could
still reveal a more complex large-scale structure of the magnetic
field.

4.6 HD 189733

Table 1 includes three observational campaigns of HD 189733
(K2V) using ESPaDOnS and NARVAL in 2006, 2007 and 2008
for completion with respect to the target sample presented here.
However, their analysis has already been published in Moutou
et al. (2007) and Fares et al. (2010) and will not be repeated
here. HD 189733 has a mainly toroidal surface magnetic field
with a strength of 20–40 G. The stellar surface has a DR of

d" = 0.146 ± 0.049 rad d−1. The field extrapolation up to the loca-
tion of the planet has been derived by Fares et al. (2009) and Cohen
et al. (2011). The planet is found to cross different stellar field
configurations along its orbit. This makes the reconnection events
between stellar and planetary magnetic fields possible on fractions
of the orbit. The planetary radio emission from magnetospheric in-
teraction with the stellar wind varies along the orbit (Fares et al.
2010)

4.7 HD 179949

Two epochs of ESPaDOnS observations of HD 179949 (F8V) have
been discussed in Fares et al. (2012). The 2009 data set is part
of a joined campaign with XMM and ground-based spectroscopic
data taken simultaneously with the spectropolarimetric observa-
tions. The additional data are described in Scandariato et al. (2013).
HD 179949 exhibits a weak and mainly poloidal magnetic field of
a few G and a tilt of ∼70◦. A DR of d" = 0.216 ± 0.061 rad d−1

has been measured. In this case also, the field at the stellar surface
has been extrapolated up to the planetary orbit, for further studies
concerning modelling the interactions (Fares et al. 2012).

4.8 Stars without detected fields

4.8.1 XO-3

We have secured 20 independent observations of XO-3 (F5V) with
ESPADONS in 2009 October. Despite a high SNR for most spectra
(12 out of 20 have SNR above ∼300), there was no detection of
polarization in the Stokes V profiles.
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Magnetic fields of planet-host stars 1457

Figure 5. Magnetic maps of HD 73256, HD 102195, HD 46375 and HD 130322 from top to bottom rows. See legend details in Fig. 5.

In order to quantify an upper limit for a magnetic field of XO-3,
we propose the following analysis.

(i) We select a star with similar mass and a rotation period to
XO-3, but for which we have a magnetic field detection. The re-
constructed magnetic field of the chosen star is used as a magnetic
topology model for X0-3.

(ii) From this fake magnetic field, we calculate Stokes V profiles.
We compare these profiles to the observed noise properties at the
phases of our observations.

(iii) If the signal exceeds the noise and should have led to a detec-
tion, we decrease the field strength, without changing its topology.
We repeat (ii) until the signal from the fake Stokes V profile is just

about the noise level of the observations, at which a lower limit on
the magnetic field of the star is derived.

This analysis may give a reasonable order of magnitude of the
maximum field strength excluded by our data for a chosen field
topology. It must be noted, however, that other parameters may alter
this value as the inclination (low impact), the temporal sampling of
the observations and the field complexity. This attempt to quantify
our non-detection should therefore not be overinterpreted.

In the case of XO-3 where we have numerous observations and
a fast rotating star (v sin i = 18.3 km s−1), the detection limit has
the most relevant significance. We injected signals corresponding
to two stars where a magnetic topology has been deduced from
previous observations, and relatively close in stellar properties to
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Figure 5. Magnetic maps of HD 73256, HD 102195, HD 46375 and HD 130322 from top to bottom rows. See legend details in Fig. 5.

In order to quantify an upper limit for a magnetic field of XO-3,
we propose the following analysis.

(i) We select a star with similar mass and a rotation period to
XO-3, but for which we have a magnetic field detection. The re-
constructed magnetic field of the chosen star is used as a magnetic
topology model for X0-3.

(ii) From this fake magnetic field, we calculate Stokes V profiles.
We compare these profiles to the observed noise properties at the
phases of our observations.

(iii) If the signal exceeds the noise and should have led to a detec-
tion, we decrease the field strength, without changing its topology.
We repeat (ii) until the signal from the fake Stokes V profile is just

about the noise level of the observations, at which a lower limit on
the magnetic field of the star is derived.

This analysis may give a reasonable order of magnitude of the
maximum field strength excluded by our data for a chosen field
topology. It must be noted, however, that other parameters may alter
this value as the inclination (low impact), the temporal sampling of
the observations and the field complexity. This attempt to quantify
our non-detection should therefore not be overinterpreted.

In the case of XO-3 where we have numerous observations and
a fast rotating star (v sin i = 18.3 km s−1), the detection limit has
the most relevant significance. We injected signals corresponding
to two stars where a magnetic topology has been deduced from
previous observations, and relatively close in stellar properties to
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Results with ESPaDOnS
(1) first sample1458 R. Fares et al.

XO-3: HD 102195 (Section 4.3) and HD 179949 (Fares et al.
2012). HD 179949 has an effective temperature close to that of
XO-3, but has Rossby number >1.0, while HD 102195 has a lower
mass than XO-3, but has, as XO-3, Rossby number <1.0 (magnetic
fields show similar properties for stars in different Rossby regimes,
see Section 5). A field with similar properties than HD 102195
(with mean field strength ∼10 G) projected on the observation
space of XO-3 remains undetected at 3σ except in one spectrum
and represents a reasonable detection limit in the context of an
HD 102195’s 55 per cent toroidal magnetic field topology. The field
of HD 179949, as characterized from the 2009 ESPaDOnS cam-
paign (Fares et al. 2012), is undetectable in the signal of XO-3. We
multiplied by 10 all components of this magnetic field and found
that the fake Stokes V signatures would have been detected in 7
over the 15 best quality spectra with a significance larger than 3σ .
Thus, a mostly (90 per cent) poloidal field with an amplitude of 20 G
would have been unambiguously detected. We adopt this more con-
servative value for an upper limit for the magnetic field strength of
XO-3 during the 2009 observation campaign.

4.8.2 HAT-P-2 = HD 147506

HAT-P-2 (F8) has been observed four times between 2007 June 26
and July 1. None of the spectra shows a detection of the magnetic
field, with a mean rms noise level in the LSD profiles of 0.5 × 10−4.
HAT-P-2 is a fast rotating star with an effective temperature of
6290 K, so its properties closely match the ones of τ Boo. In order
to investigate the detection limit of the magnetic field in our data,
we thus used one of the magnetic configurations depicted for τ Boo,
scaled the field strength and calculated the fake Stokes V signatures
that would have been produced at our observing sampling. We find
that a 75 per cent poloidal field of 40 G would have been detected
in two over the four observed phases. The actual field is thus either
of very different configuration or of lower strength (or both).

4.8.3 CoRoT-7

Four spectra of CoRoT-7 (G9V) have been secured with NARVAL
in 2010 January. Due to the faint luminosity of the star
(V magnitude = 11.7), the field detection represents a real challenge,
especially for NARVAL. The SNR of the profiles is 10 times lower
than that for HAT-P-2. In all four spectra, there is a spurious detec-
tion in the Stokes V profile, also detected in the null-polarization
check profiles. Only the last exposure shows a marginal detection
of the magnetic field, with a Stokes V profile slightly larger than the
null profile. We applied the same strategy described for XO-3 and
HAT-P-2, taking a dipole as the magnetic model for this star (similar
to the topology of HD 46375). We compared the fake Stokes V sig-
natures that a dipolar field would produce at our observing phases.
We find that a dipole with more than 150 G strength would have
been significantly detected in two spectra over the four available
ones and beyond the marginal detection on 2008 January 27. The
detection limit represents a poorer constraint than for XO-3 and
HAT-P-2, because the star is of lower mass, a slower rotator, and
the spectra have lower SNR.

5 D ISCUSSION AND SUMMARY

A summary of the main characteristics of the stellar magnetic fields
observed in this study is given in Table 1. When the field is not
detected, the upper value derived as explained above is shown.
The stars of this study, with stellar masses 0.8–1.4 M⊙, feature
large-scale magnetic fields of 2–40 G. Except at two epochs for

Figure 6. Mass–rotation diagram of 18 reconstructed stellar magnetic fields
(not including dM stars for instance). Planet-host stars studied in this paper
have their names indicated in red, while other stars without detected HJ
have their names indicated in black (data from Donati & Landstreet 2009).
The dashed line represents Rossby number = 1.0 (calculated using results
of Landin, Mendes & Vaz 2010). The size of the symbol represents the field
strength, its colour the contribution of the poloidal component to the field
and its shape how axisymmetric the poloidal component is. For τ Boo, we
show here the field for one epoch of observation (mainly poloidal). HJ host
stars do not seem to have different magnetic properties than the other stars.

HD 189733 and HD 102195, all other targets have mainly poloidal
fields, with varying degrees of axisymmetry.

The presence of a giant planet at a small orbital distance is thought
to have influences on the star. Empirical evidence suggest that tidal
interactions can cause excess rotation of the parent star (Pont 2009).
Cuntz, Saar & Musielak (2000) suggest that these interactions can
cause local instabilities in the tidal bulges and thus modify the local
dynamo on action in these regions. Cebron et al. (2011a,b) present
theoretical work on the effect of tidally driven elliptical instability
on a star hosting a hot-Jupiter (HJ) and suggest that eventually these
instabilities can produce a dynamo. In order to study possible pe-
culiarities in the magnetic topologies of HJ host stars, one should
compare their magnetic topologies to that of similar stars without
detected close-in giant planets. Fig. 6 shows a mass–rotation plane
including the magnetic properties of the stars of our sample (whose
names are shown in red) as well as other published stellar field prop-
erties (from Donati & Landstreet 2009). A main transition appears
in this plot for stars with masses above 0.5 M⊙: (i) below Rossby
number of ∼1, the large-scale field is mainly toroidal, with a non-
axisymmetric poloidal component and (ii) above Rossby number
of ∼1, the field is weaker, poloidal and axisymmetric. The long-
term evolution of the magnetic fields should however be taken into
account, with possible cycles, as for the Sun and a few other known
examples (Donati et al. 2008; Fares et al. 2009; Morgenthaler et al.
2011). Our HJ host stars show similar field topologies as the stars
without a discovered close-in giant planet. The strength of their
magnetic fields seems weaker; however, our sample is basically of
stars chosen for radial-velocity studies, they are less active than the
other stars shown in Fig. 6. In addition, if the data quality is poor
(poor SNR and poor phase coverage), the reconstructed magnetic
field strength is reduced below what would be reconstructed with
higher quality data (see Fares et al. 2012). In order to comment of
the field strength of planet-host stars, it is necessary to enlarge our
sample.
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10 stars surveyed btw 
2007 and 2011Magnetic fields of planet-host stars 1455

Table 3. Summary of magnetic topology evolution of τ Boo: average magnetic field B, percentage of the toroidal energy
relative to the total energy, percentage of the energy contained in the axisymmetric modes of the poloidal component (modes
with m < l/2) and percentage of the energy contained in the modes of l ≤ 2 of the poloidal component for each epoch of
observations.

Epoch B Per cent toroidal Per cent axisym in poloidal Per cent l ≤ 2 in poloidal Reference
(G) (per cent) (per cent) (per cent)

2007 June 3.7 17 60 52 Donati et al. (2008)
2008 January 3.1 62 20 50 Fares et al. (2009)
2008 June 2.3 13 36 36 Fares et al. (2009)
2008 July 1.7 9 62 47 Fares et al. (2009)
2009 May 2.7 12 43 47 This work
2010 January 3.8 38 46 40 This work
2011 January 3.2 30 37 50 This work

Figure 3. Fluxes of the radial field (red) and azimuthal field (blue) versus HJD, calculated for the Northern hemisphere of τ Boo. In the particular case of Br,
the magnetic flux is counted positive for latitudes superior to 30◦ and negative for latitudes between 0◦ and 30◦ to take into account the contribution of both
dipolar and quadrupolar terms of the poloidal field (as in Fares et al. 2009). The best sinusoidal fit for P = 240 d (left-hand panel) and P = 740 d (right-hand
panel) are plotted.

profile for the radial velocity of the star, we found that our measure-
ments did not match the orbital ephemeris published in the literature,
T0 = 2452 500.18 ± 0.28 (Udry et al. 2003). We updated the orbit
phase using a measured T0 = 2452 500.42. The magnetic map is
reconstructed for a χ2

r of 1.15, which produces a reasonable fit to
the Stokes V profiles (Fig. 4 first column). The magnetic field that
best matches the observations is an 80 per cent poloidal field with a
mean strength of 2.7 G. A small fraction of the poloidal field is in
axisymmetric modes (∼4 per cent). The reconstructed topology of
the stellar surface field is shown in Fig. 5 (top row).

4.3 HD 102195

10 spectra of HD 102195 (K0V) were obtained with ESPaDOnS in
2008 January (spanning 11 d), among which eight show a definite
detection of the magnetic field. The data do not show any evidence
for DR, we consider a solid rotation at the 12 d period measured
by Ge et al. (2006) and an inclination of 50◦ for the magnetic field
reconstruction. The radial velocity of the star is corrected from the
systemic velocity and the planet induced motion, as given in the
literature (Melo et al. 2007). Our ESPaDOnS observations are not
of sufficient velocity precision to permit the detection of the planet
signal, especially on this star that exhibits activity jitter (Melo et al.
2007).

Our observations cover almost one stellar rotation. The circu-
lar polarization profiles are well fitted as shown in Fig. 4 (sec-

ond column). The field modelling is achieved for χ2
r = 1.2. The

characteristics of the best-fitting magnetic model features a dipole
contributing by 70 per cent to the poloidal component. The field’s
mean strength is of 12.5 G, 45 per cent of the magnetic energy in the
poloidal field (Fig. 5, second row) and 25 per cent of the poloidal
field is axisymmetric.

4.4 HD 46375

HD 46375 (K1IV) has been first observed with ESPaDOnS in 2008
January and then with NARVAL in 2008 October. This later data
set has been obtained simultaneously with CoRoT photometric ob-
servations and is described in Gaulme et al. (2010). We describe
in the following the data obtained with ESPaDOnS, although its
temporal coverage is much poorer: only one quarter of the rota-
tional period has been covered. Such a poor sampling of the stellar
surface prevents the reconstruction of a magnetic map. We just re-
call the properties of the field as characterized by the NARVAL
observations in 2008 October: the field is dominated by a slightly
tilted and mostly axisymmetric dipole with respect to the rotation
axis; the magnetic strength at the pole is of the order of 5 G. The
Stokes V profiles observed in 2008 January with ESPaDOnS (Fig. 4,
third column) are compatible with a dipole observed partially and
also correspond to a dipole of a few G amplitude. We cannot how-
ever constrain the dipole tilt nor get a high confidence on the mean
magnetic strength of the large-scale structure. The map given in
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Several polarity reversals 
observed for tau Boo

cycle < 800d !

No clear indication of induced 
activity due to the planet

Fares+13

Fares+09



3290 A. A. Vidotto et al.

Figure 4. The wind velocity distributions for each epoch are shown in the equatorial plane of the star.

For each epoch, we compute the mass-loss rate, defined as the
flux of particles flowing across a closed surface S:

Ṁ =
!

S

ρu · dS. (6)

The calculated Ṁ for each cycle phase is presented in Table 3, where
we note that the derived mass-loss rates are about two orders of mag-
nitude larger than the solar wind value (Ṁ⊙ ∼ 2 × 10−14 M⊙ yr−1).
We warn the reader that the values of Ṁ obtained here (and, in gen-
eral, by any stellar wind models) strongly depend on the choice of
the base density n0. One way to constrain coronal base densities is
to perform a direct comparison between our derived mass-loss rates
and the observationally determined ones. However, to the best of our
knowledge, mass-loss rates determination for τ Boo are not avail-
able in the literature. A less-direct way to constrain coronal base
densities is through the comparison of EM values derived from X-
ray spectra. Coronal X-ray emission comes from flaring loops with

different sizes. The net effect of the superposition of the small-scale
loops should be to form the observed regions of closed magnetic
field lines (large-scale structure). Therefore, to compute the EM, we
concentrate only on the closed field line regions. The EM is defined
as

EM =
"

neni dVclosed =
"

n2
e dVclosed, (7)

where ne and ni are the electron and ion number densities, respec-
tively. The integration above is performed in the region of closed
field lines (with a volume Vclosed), where the temperature is ∼1.5–
2 × 106 K. The values obtained are presented in Table 3. We found
that EM ∼ 1050.6 cm−3, which is consistent with observations of
Maggio, Sanz-Forcada & Scelsi (2011), who found that the EM
distribution peaks at ∼1051 cm−3. This suggests that our choice for
the coronal base density is representative of τ Boo, implicating that
this star might indeed have a denser wind than that of the Sun
(Ṁ ≈ 135 Ṁ⊙ according to our models).

C⃝ 2012 The Authors, MNRAS 423, 3285–3298
Monthly Notices of the Royal Astronomical Society C⃝ 2012 RAS
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topologies to derive mass loss rates and wind density @ 
planet orbit

• estimates of radio flux from magnetic connections with 
the planet, assuming a planet magnetic field (need SKA)

4328 V. See et al.

planet. The corresponding predicted radio flux received at Earth,
over one synodic period, is also plotted in red. Fig. 2 has been
formatted such that the stellar longitudes of the top and bottom
rows are aligned.

Over each synodic period (5.2 d), HD 179949b exhibits highly
variable radio emission that correlates strongly with the local stel-
lar field strength. The variability can be mostly attributed to the
orbital motion through the stellar magnetic field. Comparing the
source surface maps with the predicted radio flux curves, negligible
emission occurs as the planet crosses the polarity inversion lines.
Conversely, the highest emission occurs when the planet is over the
magnetic poles, i.e. when the field strength is strongest. This is true
during both epochs, between which, the stellar field has evolved.

As well as planetary radio emission, several authors have sug-
gested that magnetic interactions may also induce enhanced chro-
mospheric activity near the stellar surface (Shkolnik et al. 2008;
Lanza 2009). Fares et al. (2012) searched for this type of interac-
tion at HD 179949 finding hints of activity enhancement modulated
at the synodic period of the system. Given that enhanced chromo-
spheric activity and planetary radio emission are both thought to
occur as a result of magnetic interactions between a planet and host
star, it is unsurprising that both would be modulated on the synodic
period.

4.2 HD 189733

In Fig. 3, we plot the same information as Fig. 2 but for the HD
189733 system. The ZDI maps used for the field extrapolations
were presented by Fares et al. (2010). Comparing Figs 2 and 3, we
see that HD 179949b and HD 189773b both display strong vari-
ability, modulated on the synodic period of their respective systems
during a given epoch. Given that both planets orbit stars where the
dipole component of the magnetic field is tilted, the similarity is
to be expected. The main difference between these systems is the
magnitude of the radio flux density, smaller by roughly an order of
magnitude at HD 179949b. This can be attributed to the lower pho-

tospheric magnetic field strength, the larger star–planet distance,
and the greater distance from Earth for HD 179949.

Using the model presented by Grießmeier et al. (2007b) and Fares
et al. (2010) have also predicted the radio emission expected from
HD 189733b. The shape of their radio flux curve as a function of
subplanetary point is in agreement with ours though the magnitude
of their radio emission is higher, reaching the hundreds of mJy, due
to a higher conversion efficiency from the Poynting flux to radio
emission.

A number of authors have searched for radio emission from HD
189733b. While none produced positive detections, 3σ upper limits
of 2.1 mJy, 2 mJy, 81 mJy, and 160 µJy were found at frequencies of
150MHz (Lecavelier Des Etangs et al. 2011), 244 MHz (Lecavelier
Des Etangs et al. 2009), 307–347 MHz (Smith et al. 2009), and
614 MHz (Lecavelier Des Etangs et al. 2009), respectively. Recall-
ing that our model does not predict emission of a specific frequency,
we can compare these limits to our predicted radio flux densities.
Assuming our predictions are correct, it is unsurprising that Smith
et al. (2009) were not able to detect any radio emissions given their
upper limit of 81 mJy. However, at the other three frequency bands,
the upper limits are either comparable, or significantly lower, than
our predictions. Lecavelier Des Etangs et al. (2009) discuss several
reasons for the lack of detection and conclude that the most likely
is because the emission was at a lower frequency.

4.3 τ Boo

Similarly to Figs 2 and 3, we plot magnetic maps of the source
surface and the predicted planetary radio emission for the τ Boo
system in Fig. 4. We use seven ZDI maps, with epochs spread over
3 yr, for the field extrapolations of τ Boo (Donati et al. 2008; Fares
et al. 2009, 2013).

Unlike the previous systems, the orbital motion of τ Boo b is
tidally locked to its host star (Donati et al. 2008). Consequently, the
subplanetary point is fixed at one stellar longitude (180◦ in Fig. 4).
Since there is no relative motion between planet and host star, radio

Figure 3. Properties of the HD 189733 system during the 2007 June (left) and 2008 July (right) epochs. Data displayed in the same format as Fig. 2.

MNRAS 450, 4323–4332 (2015)
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4122 A. A. Vidotto et al.

Figure 2. Left: the final configuration of the magnetic field lines after the wind solution has relaxed in the grid. Overplotted at the surface of the star is
the observationally reconstructed stellar magnetic field (Fares et al. 2012, 2013), used as boundary condition for the radial magnetic field. Right: the Alfvén
surfaces are shown in grey. Note their irregular, asymmetric shapes due to the irregular distribution of the observed field. The equatorial (xy) planes of the star,
assumed to contain the orbits of the planet, are also shown, as are the intersections between the xy plane and the Alfvén surface (thin black contour) and the
orbital radius of the planet (thick blue contour).

MNRAS 449, 4117–4130 (2015)
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Results with ESPaDOnS
(2) exploration program

• snapshot over 4 semesters

• 55h validated, obs/val=70% (fills holes in queues) 

• 158 spectra in polarimetric mode, 70 stars

• completed with archive results +28 stars, 100 spectra 
(PolarBase, Petit+14)

• objective: search for planet-host stars with magnetic 
detection for further follow-up; compare with Bcool

• other similar prog held on NARVAL (2*) and HARPSpol (4*)



RA distribution (holes) V distribution (bad weather)

V versus M* Mp versus Porb



wave [nm]

Measurement of activity proxies: CaHK, Halpha, CaII IRT



Results with ESPaDOnS
(2) exploration program

• a dozen good detections

• CaII HK activity correlated with literature

• to be continued... 
Blong versus SHKSHK calibration



Results with ESPaDOnS
(3) Kepler-78

• SPI on super-hot Earth like planets (Lin&Laine12)

• Conductivity, composition & differentiation depend 
on the magnetic topology/strength of host star

• Kepler-78 b: an Earth in 8h orbital period Sanchis+14

• Kepler-78: 625Myr G7 star, 12d rotation period 

• challenging observations for ESPaDOnS! 2h/visit 
13 visits in August 2015



Results with ESPaDOnS
(3) Kepler-78

magnetic strength 16G 
and extrapolated field 
as inputs to SPI model 
(Lin in prep)

Moutou+16



residuals CaHK versus 
synodic phase

16

Figure 6. The activity signals are modulated as a function of the rotation cycle of the star for H↵ (top left), H� (top right),
CaII H and K (bottom left) and CaII IRT (bottom right). The dash lines show the best-fit model made of two sine waves at
P

rot

and P
rot

/2. Minimum of activity is observed when closed field lines are facing the observer.

et al (2013) and phase 0 at transit configuration (T
tr

=245,453.95995). There is no hint for

enhanced stellar variability at any synodic phase. The residual scatter is due either to some

non-periodic intrinsic stellar variability, or an under-estimation of the errors. We find a very

similar result when the freely-adjusted value of 11.9 days is used as rotational period.

5.1 Looking for reflected light and exospheric signature from the planet

While the stellar radial velocity variation induced by the planet is only ⇠1.8 m/s (Howard

et al. 2013; Pepe et al. 2013), the radial velocity semi-amplitude of the planet along its orbit

is ⇠ 250 km/s. This wide variation would put an hypothetical peak of the planet in the

intensity profile far enough from the stellar profile to be looked at. We therefore conducted

a search for an attenuated secondary peak in the stellar profile, using the same mask as for

the star (5000K ATLAS9 model) since it is expected that the planet surface mainly emits

by reflection at such a short distance. The search was done in a velocity range wide enough
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• differential rotation of the star and an activity cycle clearly 
show up in the Kepler light curve

• having measured rotation properties helps B reconstruction
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• magnetic topologies for most stars obs by SPIRou 

• Planets in the HZ of M stars have orbital periods 
<100d, ~ Prot ; M stars are magnetic : 

• SPI are expected to be of large impact

• distinguishing rotational/orbital effects is critical

• Short-period massive planets around young stars: 
different scales, same problems
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Figure 2. Magnetospheres of Planet A (top) and Planet B (bottom) for sub-Alfvénic (left) and super-Alfvénic (right) stellar wind conditions. Color contours show the
number density (note the different scales in the panels) and selected magnetic field lines are shown in gray. The direction of the star (the direction from which the
stellar wind is coming) is marked by the small yellow Sun shape. The structures and trends are similar for Planet C.
(A color version of this figure is available in the online journal.)

For comparison with the case of the Earth, we ran the model
using the planetary parameters of the Earth, and upstream
conditions of a typical quiet solar wind, as well as with upstream
conditions of a strong CME event. The upstream parameters
of these reference runs are summarized in Table 3. Figure 4
shows the ionospheric Joule Heating for Planet A and for these
reference Earth cases. It shows that the heating by the ambient
stellar wind conditions at close-in orbits is about four orders
of magnitude higher than the case of the ambient solar wind
conditions at Earth, and is even higher than the heating during
a strong space weather event on Earth.

The top panel in Figure 5 shows the total area integrated
power, P =

!
Qlda, for all the solutions, where da is the

surface element of the two-dimensional ionospheric sphere. It
is consistent with the trend which is usually seen in Figure 3,
with the power being the greatest for the closest planet. For the

Planet A, the power reaches 1014–1015 W, which is 0.01%–0.1%
of the total incident radiation of the M-dwarf star, assuming
Lbol = 4.5×1024 W, a = 0.06 AU (36 R⋆), and P ≈ (1/4)Lbol
(Rp/a)2 ≈ 1018 W. Since the planetary albedo is likely not zero,
much of this radiation will be reflected, and the significance of
the Joule Heating can be even greater. For all cases, the heating
in the super-Alfvénic regime is higher than the sub-Alfvénic
one, and for the case of Planet C, the heating is greater for
the super-Alfvénic regime with a slow stellar wind than for the
super-Alfvénic upstream conditions with a fast stellar wind. This
is due to the order of magnitude density variation of the stellar
wind upstream conditions, which increases the wind’s dynamic
pressure (i.e., ρu2

sw). Moreover, the super-Alfvénic sectors are
located near the helmet streamers, where the velocity component
which is not parallel to the magnetic field (i.e., the non-radial
component) is greater. As a result, and the upstream electric

6

Cohen+14simulations of a planet in the HZ of an M star. 

sub-Alfven: poor 
atmospheric protection

super-Alfven: a protective 
bow shock forms 

Magnetic topologies are key to understand the survival of 
the planet atmosphere, even at > 0.1 au

Magnetospheric sizes of M-HZ-Earth 
depend on B*, Prot, M*, Bp Vidotto+13
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XO-3: HD 102195 (Section 4.3) and HD 179949 (Fares et al.
2012). HD 179949 has an effective temperature close to that of
XO-3, but has Rossby number >1.0, while HD 102195 has a lower
mass than XO-3, but has, as XO-3, Rossby number <1.0 (magnetic
fields show similar properties for stars in different Rossby regimes,
see Section 5). A field with similar properties than HD 102195
(with mean field strength ∼10 G) projected on the observation
space of XO-3 remains undetected at 3σ except in one spectrum
and represents a reasonable detection limit in the context of an
HD 102195’s 55 per cent toroidal magnetic field topology. The field
of HD 179949, as characterized from the 2009 ESPaDOnS cam-
paign (Fares et al. 2012), is undetectable in the signal of XO-3. We
multiplied by 10 all components of this magnetic field and found
that the fake Stokes V signatures would have been detected in 7
over the 15 best quality spectra with a significance larger than 3σ .
Thus, a mostly (90 per cent) poloidal field with an amplitude of 20 G
would have been unambiguously detected. We adopt this more con-
servative value for an upper limit for the magnetic field strength of
XO-3 during the 2009 observation campaign.

4.8.2 HAT-P-2 = HD 147506

HAT-P-2 (F8) has been observed four times between 2007 June 26
and July 1. None of the spectra shows a detection of the magnetic
field, with a mean rms noise level in the LSD profiles of 0.5 × 10−4.
HAT-P-2 is a fast rotating star with an effective temperature of
6290 K, so its properties closely match the ones of τ Boo. In order
to investigate the detection limit of the magnetic field in our data,
we thus used one of the magnetic configurations depicted for τ Boo,
scaled the field strength and calculated the fake Stokes V signatures
that would have been produced at our observing sampling. We find
that a 75 per cent poloidal field of 40 G would have been detected
in two over the four observed phases. The actual field is thus either
of very different configuration or of lower strength (or both).

4.8.3 CoRoT-7

Four spectra of CoRoT-7 (G9V) have been secured with NARVAL
in 2010 January. Due to the faint luminosity of the star
(V magnitude = 11.7), the field detection represents a real challenge,
especially for NARVAL. The SNR of the profiles is 10 times lower
than that for HAT-P-2. In all four spectra, there is a spurious detec-
tion in the Stokes V profile, also detected in the null-polarization
check profiles. Only the last exposure shows a marginal detection
of the magnetic field, with a Stokes V profile slightly larger than the
null profile. We applied the same strategy described for XO-3 and
HAT-P-2, taking a dipole as the magnetic model for this star (similar
to the topology of HD 46375). We compared the fake Stokes V sig-
natures that a dipolar field would produce at our observing phases.
We find that a dipole with more than 150 G strength would have
been significantly detected in two spectra over the four available
ones and beyond the marginal detection on 2008 January 27. The
detection limit represents a poorer constraint than for XO-3 and
HAT-P-2, because the star is of lower mass, a slower rotator, and
the spectra have lower SNR.

5 D ISCUSSION AND SUMMARY

A summary of the main characteristics of the stellar magnetic fields
observed in this study is given in Table 1. When the field is not
detected, the upper value derived as explained above is shown.
The stars of this study, with stellar masses 0.8–1.4 M⊙, feature
large-scale magnetic fields of 2–40 G. Except at two epochs for

Figure 6. Mass–rotation diagram of 18 reconstructed stellar magnetic fields
(not including dM stars for instance). Planet-host stars studied in this paper
have their names indicated in red, while other stars without detected HJ
have their names indicated in black (data from Donati & Landstreet 2009).
The dashed line represents Rossby number = 1.0 (calculated using results
of Landin, Mendes & Vaz 2010). The size of the symbol represents the field
strength, its colour the contribution of the poloidal component to the field
and its shape how axisymmetric the poloidal component is. For τ Boo, we
show here the field for one epoch of observation (mainly poloidal). HJ host
stars do not seem to have different magnetic properties than the other stars.

HD 189733 and HD 102195, all other targets have mainly poloidal
fields, with varying degrees of axisymmetry.

The presence of a giant planet at a small orbital distance is thought
to have influences on the star. Empirical evidence suggest that tidal
interactions can cause excess rotation of the parent star (Pont 2009).
Cuntz, Saar & Musielak (2000) suggest that these interactions can
cause local instabilities in the tidal bulges and thus modify the local
dynamo on action in these regions. Cebron et al. (2011a,b) present
theoretical work on the effect of tidally driven elliptical instability
on a star hosting a hot-Jupiter (HJ) and suggest that eventually these
instabilities can produce a dynamo. In order to study possible pe-
culiarities in the magnetic topologies of HJ host stars, one should
compare their magnetic topologies to that of similar stars without
detected close-in giant planets. Fig. 6 shows a mass–rotation plane
including the magnetic properties of the stars of our sample (whose
names are shown in red) as well as other published stellar field prop-
erties (from Donati & Landstreet 2009). A main transition appears
in this plot for stars with masses above 0.5 M⊙: (i) below Rossby
number of ∼1, the large-scale field is mainly toroidal, with a non-
axisymmetric poloidal component and (ii) above Rossby number
of ∼1, the field is weaker, poloidal and axisymmetric. The long-
term evolution of the magnetic fields should however be taken into
account, with possible cycles, as for the Sun and a few other known
examples (Donati et al. 2008; Fares et al. 2009; Morgenthaler et al.
2011). Our HJ host stars show similar field topologies as the stars
without a discovered close-in giant planet. The strength of their
magnetic fields seems weaker; however, our sample is basically of
stars chosen for radial-velocity studies, they are less active than the
other stars shown in Fig. 6. In addition, if the data quality is poor
(poor SNR and poor phase coverage), the reconstructed magnetic
field strength is reduced below what would be reconstructed with
higher quality data (see Fares et al. 2012). In order to comment of
the field strength of planet-host stars, it is necessary to enlarge our
sample.
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