
magnétisme des étoiles jeunes 
magnétisme / activité et exoplanètes

magnétisme et formation stellaire / planétaire :                                        
magnétisme des étoiles jeunes, impact sur l’évolution (structure, rotation)             
relié au thème prioritaire « formation des étoiles et des disques » PNPS 2011-2014                                                    
✒ MaPP : ANR + LP CFHT / TBL MaPP (cTTSs & FU Oris, PI Donati)                                                        
✒ MaTYSSE : LP CFHT / TBL (wTTSs, PI Donati)                                                                          
✒ TOUPIES : ANR + LP HMS (post TTSs, PI Bouvier)                       	


!
magnétisme / activité & exoplanètes :                                
au coeur du thème prioritaire « magnétisme & activité » PNPS 2011-2014                                                                 
✒ projet SPI : interactions étoile / planète (PI Moutou)                                                                                                         
✒ impact de l’activité magnétique sur la vitesse radiale (VR) & filtrage du jitter 
activité dans les courbes VR  



magnétisme des étoiles jeunes 
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magnétisme des étoiles jeunes 
accrétion magnétosphérique, cf présentation J. Bouvier

impact du champ magnétique :                                        
cavité magnétosphérique                                                          
couplage magnétique disque / étoile                                                            
accrétion magnétosphérique étoile / disque                                                    
freinage rotationnel de l’étoile                                                                     
jet collimatés du disque interne                                             
migration interne / survie des planètes géantes	


!
!

premières détections Zeeman                                
désaturation des raies photosphériques (Basri et al 1992)                                    
élargissement des raies photosphériques (Johns Krull et al 1999a)                            
polarisation raies d’émission (Johns Krull et al 1999b)     
polarisation des raies photosphériques (Donati et al 2007) 
polarisation des raies du disque d’accrétion (Donati et al 2005)   



magnétisme cTTS / LP MaPP 
exemple de données spectropolarimétriques : la cTTS DN Tau
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magnétisme cTTS / LP MaPP 
exemple d’images reconstruites : DN Tau
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magnétisme cTTS / LP MaPP 
exemple de résultat

strong & simple 
poloidal large-scale 
field, slow rotation

weak & complex field w/ 
significant toroidal component, 

faster rotation



magnétisme cTTS / LP MaPP 
exemples de modélisation numérique
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magnétisme cTTS / LP MaPP 
exemples de modélisation numérique

Zanni & Ferreira 2013

C. Zanni and J. Ferreira: MHD simulations of accretion onto a dipolar magnetosphere. II.

Ṁacc,s

ṀME,s

ṀSW
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J̇acc,s
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Fig. 13. Left panel. Temporal evolution of different mass fluxes in case C01. Plotted are the mass accretion rate onto the stellar surface (solid line),
the stellar wind outflow rate (dashed gray line), and the stellar mass flux contribution to the MEs (dashed line). Right panel. Temporal evolution
of the torques acting onto the stellar surface, normalized to the stellar angular momentum. Plotted are the spin-up torque associated with accretion
(solid line), the spin-down torque exerted along the magnetic surfaces connecting the star and the disk (dashed line) and the spin-down torque due
to the stellar wind (dotted line).

Fig. 14. Time evolution of an accretion cycle during the propeller phase of case C01. We show logarithmic density maps with sample field lines
(solid lines) and speed vectors (blue arrows) superimposed. The yellow solid line follows the evolution of a single magnetic surface, clearly
showing the periodicity of the accretion-ejection cycles. Time is given in units of the stellar rotation period.

torque associated with accretion. A strong spin-down torque is
exerted along the field lines connected to the disk. Because of
the large amount of angular momentum extracted by the magne-
tospheric ejections, both the accretion disk and the MEs rotate
more slowly than the central star, even in the subcorotation re-
gion. Therefore the star can be efficiently spun-down along the
magnetic surfaces directly connected with the disk and the MEs.

During the high-accretion phases, the disk can deposit its an-
gular momentum along the funnel flows, exerting a small but
noticeable spin-up torque. The spin-down torque exerted along
the closed magnetosphere is reduced, since the MEs, which are
the main cause of this torque, are weaker during the accretion
phases; nevertheless, it is still possible to balance the torque due
to accretion. The accreting phases of case C01 resemble, at least
qualitatively, the steadily accreting case C03.

Finally, it is important to notice that a stellar wind is also
present in case C01, exerting a strong spin-down torque onto the
star. Table 2 shows that in this case the stellar wind can exploit
a larger amount of open stellar flux, which further increases dur-
ing the nonaccreting phases, when the stellar wind torque seems
to become even stronger. This is obviously not consistent with

having a stellar wind fueled by the accretion power. In case C01
the stellar wind would require a considerable driving power,
even during the phases during which the disk is not accreting.
On the other hand, in this case the role played by the stellar wind
can be neglected, since the torque exerted by the star-disk-MEs
interaction is generally sufficient to brake the stellar rotation.
Even neglecting the stellar wind torque, we can estimate that,
on average, the characteristic spin-down timescale in case C01
is approximately equal to 8 × 105 yr.

5. Discussion

In this section we compare our findings with works that have
described related scenarios and addressed similar issues. First
of all, we point out that phenomena qualitatively similar to the
MEs have been observed in a number of simulations of magnetic
star-disk interaction. In spite of differences in interpreting the re-
sults, we have the feeling that these numerical experiments es-
sentially show the same process. For example, Hayashi et al.
(1996) observed a plasmoid ejection associated with the ex-
pansion of the magnetosphere and associated the reconnection

A99, page 15 of 20
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magnétisme cTTS / LP MaPP 
exemples de synergie observationnelle

A&A 530, A1 (2011)

Fig. 1. Chandra light curve in the 0.5−10.0 keV band combining events from the zeroth-order image and the HEG and MEG first-order spectra,
with 2 ks time bin. Shown above the light curve are images of the excess emission due to accretion (upper row) and of the radial component of
the magnetic field (lower row) as reconstructed with quasi-simultaneous Zeeman-Doppler imaging by Donati et al. (2011). Colors scales are as
in Donati et al. (red and blue in the lower row indicate positive and negative B-fields, respectively). The images refer to rotational phases at the
beginning and the end of each of the two X-ray exposures.

Fig. 2. Emission measure vs. time. Red and blue points refer to the EM of the cool and hot components, respectively. See Sect. 3.3.2 for details.

that, given the mass-LX relation of Preibisch et al. (2005), is∼8×
1029 erg s−1, about 3% of the observed LX.

We then analyzed the CCD ACIS spectrum obtained from
the undispersed zeroth order image with the main goal of
constraining the amount of absorption affecting X-rays from
V2129 Oph. Absorption, parametrized as usual by the equiva-
lent hydrogen column density NH, alters the shape of the X-ray
spectrum mostly at energy below 1 keV (for modest values
of NH) and, in this energy range, the zeroth order spectrum
has a higher signal-to-noise ratio (hereafter S/N) than HEG and
MEG spectra.

We considered the zeroth order spectrum integrated over
the whole Chandra observing time (we found no evidence of
NH variations within the Chandra observation, see Sect. 3.3).
The spectrum, binned between 0.5 and 10 keV to ensure a S/N
of 10.0 per bin, was analyzed using XSPEC. A two-temperature

thermal model (APEC, in XSPEC) subject to interstellar absorp-
tion (WABS) was found to adequately fit the observed spectrum.
Elemental abundances were fixed to the reference values ob-
tained by Maggio et al. (2007) from the X-ray emission of young
stars of the Orion nebula cluster (ONC). We determined the
statistical quality of the fits from the null probability implied
by the χ2 and the number of degrees of freedom. The param-
eters of the emission model are T1 = 9.6+1.5

−1.0, T2 = 34+5
−4 MK,

log EM1 = 52.94 ± 0.11, and log EM2 = 53.21+0.05
−0.07 (with EM

in units of cm−3). The best-fit model value for the hydrogen col-
umn density, NH, is (8+6

−4) × 1020 cm−2, fully compatible with the
value estimated from AV using the standard conversion relation
NH = 1.6 AV × 1021 (Vuong et al. 2003). We finally note that the
best-fit model value for NH does not change significantly if the
zeroth order spectrum is fit adopting the abundances that result
from our analysis of the dispersed spectrum (Sect. 3.4.2).
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S. H. P. Alencar et al.: Accretion dynamics in the classical T Tauri star V2129 Oph

Fig. 15. Hα model intensity maps (top panels) and the corresponding
profiles (bottom panels, solid lines) computed at rotational phases 0.0,
0.25, 0.5, and 0.75 (from left to right) for the 3D MHD simulation with
a dipole+octupole magnetic field (see Fig. 12). The intensity maps are
shown in the plane perpendicular to our line-of-sight. The parameters
used in the simulations are listed in Table 4. The intensity is shown on a
logarithmic scale with an arbitrary unit. The model profiles (solid lines)
are compared with the observed mean Hα profiles (dotted lines) ob-
tained with HARPS and shown in Fig. 10. The profiles are normalized
to the continuum level.

Fig. 16. Same as in Fig. 15, but for Hβ.

while the theoretical FWHM of Hα are a bit overestimated
when compared to the observations. The Hα and Hβ theoret-
ical emission-line widths vary during the rotational cycle, be-
ing wider at phases 0.0 and 0.25 than at phases 0.5 and 0.75,
as observed. However, as seen in the bottom panels of Figs. 17
and 18, although the qualitative behavior of the line width is
similar between models and observations, the model profiles are
much narrower than the observed ones. This is also clearly seen
in the bottom panels of Figs. 13–16. In these figures, we can
see that the intensity and shape of the theoretical and observed
emission lines closely resemble each other, especially around
phases 0.0 and 0.25. At phases 0.5 and 0.75, the match is not
so good, the line strengths of the models being slightly weaker
and stronger than those of the observations at phases 0.5 and
0.75, respectively. The differences in the line strengths at phases
0.5 and 0.75 may be attributed to differences between the flow
geometry of the MHD models and the real system. The exten-
sion of the red wing is similar in models and observations and
both the dipole-only and dipole+octupole models display clear
redshifted absorption going below the continuum and extending
up to 300–350 km s−1 in Hβ at phase 0.5, in agreement with the
observations. In the dipole-only models, we also see some hint
of redshifted absorption in Hβ at phase 0.75, as observed, while
no absorption is seen at these phases in the dipole+octupole
models. Most of the line variability and the appearance of red-
shifted absorption in the Balmer lines can therefore be attributed
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Fig. 17. Hα line EW (top), full width at half maxima (middle), and blue
side width at 10% of the peak intensity (bottom) as a function of rota-
tional phase. HARPS and ESPaDONs data are shown as filled and open
dots, respectively. The values measured in the profiles of the dipole-only
(solid line) and dipole+octupole (dashed line) models are overplotted.
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Fig. 18. Same as in Fig. 17, but for Hβ.

to changes in the observer’s viewing angle of the system due to a
combination of the rotational motion of the star and its inclined
and non-aligned magnetosphere.

A noticeable difference between models and observations
is the strength and extension of the blue wings of the Balmer
line profiles (especially in Hβ), as can be seen in the bottom
panels of Figs. 13–16. The emission in the blue wings ex-
tends to ∼300 km s−1 in the observations, but it extends only to
∼150 km s−1 in most of the Hβ theoretical profiles. An excep-
tion is the dipole+octupole model at a phase of around 0.25,
which shows a weak extension of the blue wing emission up
to ∼300 km s−1. Possible causes of this discrepancy are (1) the
uncertainty in the flow geometry; (2) the inclination angle; or
(3) the presence of non-negligible wind emission. Although the
observations do not show any clear sign of an outflow/wind, such
as a blueshifted absorption component, the wind may contribute

A116, page 11 of 14
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magnétisme cTTS / LP MaPP 
résultats principaux

origine & impact du champ magnétique :                                        
champs magnétiques cTTSs variables & similaires à ceux des naines M :    
    ✒ produits par dynamo non-stationnaire                                              
topologies magnétiques cTTSs corrélées avec taux de rotation : 
    ✒ confirmation du couplage magnétique disque / étoile,                                                           
simulations numériques plus réalistes (topologie magnétique)            
    ✒ freinage de l’étoile possible par effet magnéto-centrifuge (« propeller »)                                                   
synergie observationnelle multi longueur d’onde (eg Chandra) :         
    ✒ meilleure description physique de l’accrétion magnétosphérique	

!

publications & bibliométrie                                                  
~40 publications référées (~30 depuis 2009)                                                                                    
1400+ citations & H-index ~25 (ADS Feb 2014)



magnétisme wTTS / LP MaTYSSE 
exemple d’image reconstruite : la wTTS LkCa 4 (2014 Jan)
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magnétisme wTTS / LP MaTYSSE 
premiers résultats préliminaires 

MaPP
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magnétisme postTTS / TOUPIES-HMS 
histoire magnétisme / rotation du Soleil - PI J. Bouvier

Magnetic maps 

Expected data (14A)

Snapshot detection

CFHT LP2015-2016

TBL NARVAL 2015-2016

Figure 3: Spectropolarimetric targets are shown in the rotational period (days) vs. age (Myr) plane. Dashed
lines: angular momentum evolution models for fast and slow rotators (from Gallet & Bouvier 2013, Gallet &
Bouvier 2014), which define the lower and upper envelopes, respectively, of the rotational evolution of young
suns in the Prot-Age diagram. Black dots: stars for which we have secured magnetic maps from previous runs.
Red squares: data expected to be obtained in 2014A. Blue triangles: stars for which we got a positive magnetic
field detection in snapshot mode during previous runs. Open circles: proposed targets for the CFHT
2015-2016 Large Program. Open triangles: targets that will be proposed with TBL/NARVAL in 2015-2016.
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Figure 4: Left panel: Mean surface magnetic field, measured from ZDI maps, as a function of age. Observations
obtained for the HMS project are in red, other observations are collected by Vidotto et al. (2014) are in blue
and black. Right panel: Mean surface magnetic field as a function of rotation period, for the same stars as
the left panel.

8 CFHTLP2014_science.pdf uploaded on 2014/02/01 16:02 UTC

Petit HMS : the History of the Magnetic Sun No code

Sun-like 
stars

MaPP + 
MaTYSSE

TOUPIES-HMS 
the missing link



magnétisme postTTS / TOUPIES-HMS 
résultats préliminaires 

Evolu&on(of(stellar(magne&sm:(observa&onal(constraints
A.#A.#Vido(o1*,"S."G."Gregory1,"M."Jardine1,"J.2F."Dona52,"P."Pe5t2,"J."Morin3,"A."C."Cameron1,"
R."Fares1,"S."Marsden4,"I."Waite4,"C."Folsom2,"G."Hussain5,"S."Jeffers6,"J."Bouvier7
*RAS"Fellow,"1St."Andrews;"2Toulouse;"3Montpellier;"4USQ,"Australia;"5ESO;"6GoeTngen;"7Grenoble

We investigate how the large-scale surface magnetic fields of 
cool dwarf stars, reconstructed using the Zeeman-Doppler 
Imaging technique, vary with age, rotation periods, Rossby 

numbers and X-ray luminosity. 

Fig.1: Correlation between age (t) and rotation period (Prot) for the stars 
in our sample, indicating that the non-accreting stars follow the 
Skumanich law (t∝Prot²). The solid and dashed lines are power-law fits 
for the non-accreting and accreting (blue points) stars. 

Skumanich(law

Fig.3: Correlation between <|BV|> and rotation period (Prot). For the 
non-accreting stars in our sample, our data support the presence of a 
linear-type dynamo (i.e., <|BV|>∝Ω*∝Prot

-1), although a large scatter 
exists. No statistically significant trend is found for the accreting stars 
(blue points, dashed line).

Linear:type(dynamo

Fig.4: Correlation between <|BV|> and Rossby number (Ro). 
The non-accreting stars in our sample indicate that the large-
scale field <|BV|> does not saturate at Ro≈0.1, while there is 
evidence that <|BI|> (from Zeeman broadening 
measurements) saturates for Ro≲0.1 (Reiners+09, ApJ 692, 
538). No statistically significant trend is found for the 
accreting stars (blue points, dashed line).

Lack(of(satura&on

Fig.2: Correlation between the unsigned average large-scale field 
strength derived from ZDI technique (<|BV|>) and age (t). For the non-
accreting stars, the trend (solid line) has the same age dependence as 
the Skumanich law (Ω*∝t-0.5). No statistically significant trend is found 
for the accreting stars (blue points, dashed line).

Magne&c:Skumanich(law

Fig.5: Correlation between X-ray luminosity (Lx) and 
large-scale magnetic flux derived from the ZDI 

technique (ΦV=4πR*
2 <|BV|>). For the non-

accreting stars, we found that Lx∝ΦV
1.7. Our data 

suggests that, while the accreting stars show 
saturation in Lx, ΦV does not saturate for all the 

stars in our sample.

Trend(with(X:ray(luminosi&es

Vidotto et al 2014

MaPP stars

Sun-like stars

TOUPIES-HMS  
targets

magneto-
chronology ?



magnétisme des étoiles jeunes 
prospective 2014+

2014 - 2017 : exploitation LPs en cours :                                        
MaPP : publications des derniers résultats                                             
MaTYSSE / TOUPIES-HMS : collecte & exploitation des données / publications                                                                                                      
préparation scientifique observations nIR SPIRou / SPIP 
!

2017+ : observations nIR avec SPIRou / SPIP :                                        
5+ mag de gain en sensibilité magnétique pour les étoiles froides                                                          
✒ SPIRou Legacy Survey & LPs : observations de ~200 cTTSs / wTTSs dans 
~5 SFRs et de ~50 protoétoiles enfouies (classe I)                                                      
✒ observations d’étoiles post TTSs & régions internes des disques 
✒ synergie avec missions spatiales (JWST) et équipements sol (ALMA, SKA) 
✒ interfaces avec PNCMI et PNP      



magnétisme / activité & exoplanètes 
interactions étoile / planète - PI C. Moutou

projet SPI - interactions étoile / planète :                                                         
estimer le surcroît d’activité induit par la présence d’un Jupiter chaud       
étude spectropolarimétrique d’un échantillon de ~10 étoiles :                                                                              
    ✒ thèse R. Fares (IRAP, 2011)                                                               
études théoriques sur les marées étoile / planète et interactions MHD :                                
    ✒ thèses D. Cébron (IRPHE, 2011), F. Remus, (SAp), A. Strugarek (SAp, 2013)   	


!
résultats principaux :                                                        
7 détections magnétiques, 3 étoiles avec suivi multi-époques                       
    ✒ découverte du cycle magnétique rapide de 𝞃 Boo - Jupiter chaud ?                              
interaction complexe étoile / planète (magnétosphère, vent)     
    ✒ observations coordonnées sol / espace (CoRoT, Kepler, Chandra)   
meilleure description des effets de marée étoile / planète                                                           
    ✒ importance d’une synergie observation / théorie                                       
~20 publications référées (~15 depuis 2009) 



magnétisme / activité & exoplanètes 
exemples de résultats / simulations

Magnetic fields of planet-host stars 9

Figure 6.Mass-rotation diagram of 18 reconstructed stellar mag-
netic 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 hot Jupiters have their names in-
dicated in black (data from Donati & Landstreet (2009)). The
dashed line represent Rossby number = 1.0 (calculated using
results of Landin, Mendes & Vaz (2010)). The size of the sym-
bol represents the field strength, its color the contribution of the
poloidal component to the field, and its shape how axisymmet-
ric the poloidal component is. For τ Boo, we show here the field
for one epoch of observation (mainly poloidal). Hot-Jupiter host
stars do not seem to have different magnetic properties than the
other stars.

star (similar to the topology of HD 46375). We compared the
fake Stokes V signatures that a dipolar field would produce
at our observing phases. We find that a dipole with more
than 150G strength would have been significantly detected
in two spectra over the four available ones, and beyond the
marginal detection on 27 January 2008. 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 DISCUSSION 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 to 1.4 M⊙, feature large-scale magnetic
fields of 2 to 40 G. Except at two epochs for 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 dis-
tance is thought to have influences on the star. Empirical
evidence suggest that tidal interactions can cause excess ro-
tation of the parent star (Pont 2009). Cuntz et al. (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. (011a,b) present the-
oretical work on the effect of tidally-driven elliptical insta-
bility on star hosting a hot-Jupiter (HJ) and suggest that
eventually these instabilities can produce a dynamo. In or-
der to study possible peculiarities in the magnetic topologies
of HJ host stars, one should compare their magnetic topolo-
gies to that of similar stars without detected closed-in giant
planets. Figure 6 shows a mass-rotation plane including the
magnetic properties of 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; 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 topologyies 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 Figure 6.
In addition, if the data quality is poor (poor S/N 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.

τ Boo’s magnetic cycle is confirmed to be a short one.
Observed between June 2006 and January 2011, the large-
scale magnetic field of this star switches polarity yearly.
However, the cycle duration might be of 2 years or of 8
months, as both periods are good solutions for the data we
have. In the frequency domain, the 240 day period is the
third harmonic of the 740 day period. The period of 740 days
seems more likely. Previous studies of the chromospheric ac-
tivity of this star found a period of 126 days persistant over
30 years (Maulik et al. 1997; Baliunas et al. 1997). If the re-
lation between the activity cycle to the large-scale magnetic
field cycle in stars is similar to that of the Sun, this favours
the 8 month period for the magnetic cycle. However, such a
relation is not known for stars (there is a lack of observed
large-scale magnetic cycles), and thus it can not help us rule
out one of the the two values we get. In order to favor one
value over the other, we suggest dense observations of this
star over a year, with at least 4 epochs of observations. Con-
straining the period will permit a comparison with the solar
chromospheric/magnetic cycle behaviour.

Poppenhaeger et al. (2012) observed τ Boo in X-rays
over six epochs (one observation in June 2003 and then 5
between June 2010 and June 2011). The star shows vari-
ability in X-rays, but a cyclic behaviour was not observed.
They conjecture that the lack of X-ray cycles could be ex-
plained by either their sparse sampling, or that the polarity
switch could be an artificial feature from the reconstruction
method (ZDI) rather than being a real polarity switch. We
note however that the lack of X-ray cycle does not rule out
the presence of polarity switches (magnetic cycles), as have
been predicted by theoretical works (McIvor et al. 006b, see

Fares et al 2013

magnetic topologies 
of stars w/ & w/o 

hot Jupiters

simulating the tidal 
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Cébron et al 2012



magnétisme / activité & exoplanètes 
impact de l’activité magnétique sur les mesures VR

activité magnétique & vélocimétrie :                                        
détecter les exoTerres habitables autour d’étoiles peu actives :                                                                
    ✒ filtrage du bruit VR dû à l’activité (3-10 m/s) incontournable                                                                            
    ✒ modéliser la distribution des taches et la topologie magnétique 
    ✒ observation nIR (effet des taches ➘ mais effet magnétique ➚ )              
    ✒ synergie photométrie spatiale et observations VR                                
détecter les Jupiters chauds autour d’étoiles jeunes :                                      
    ✒ modélisation de l’activité nécessaire pour filtrage bruit VR (~km/s)                                              	


!
résultats & travaux en cours :                                                                       
impact de l’activité (taches) sur les courbes VR (visible et nIR), filtrage Fourier,       
calibration indices d’activité vs rotation pour les naines M :                          
    ✒ thèses I. Boisse (IAP, 2010), N. Astudillo, N. Cabrera, S. Borgniet (IPAG)                                        
    ✒ observations HARPS / Sophie / IRTF + CoRoT / Kepler                                                                                                                                                                   
modélisation de l’activité et du champ magnétique :                                                                                                 
    ✒ thèse E. Hébrard (IRAP)                                                           
    ✒ obs HARPS-Pol / Sophie / NARVAL / ESPaDOnS                                                       
atelier PNPS / PNP Octobre 2011 « Magnétisme stellaire & exoplanètes »        
atelier PNST / PNPS / PNP Juin 2014 « Interactions étoiles planètes »                                                
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exemple de résultat
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Figure 6. Same as Fig. 1 except for the spot, now being a magnetic region with a radial field of 1.8 kG. The line central wavelength is

set to �

0

= 2.2 µm.

Figure 7. Same as Fig. 2 but now for the synthetic star and magnetic topology shown in Fig. 6.

cal, except again in the upper section, but globally shifted
by up to ±100 m s�1 when the magnetic region is close to
the center of the visible stellar disk (phases B and D). We
also note that V

b

has the same sign as V

t

at all times, with
V

b

slightly larger than V

t

. In this case, V
b

remains corre-
lated with V

t

(respectively V

s

anti-correlated V

r

), but both
are still very close to the variations expected in the case of
a planet (Fig. 10).

• For v sin i = 8 km s�1, the slope of the bisector gets
much higher at phases B and D. In particular, the crossing
point of bisectors at phases B and D is now located in the top
section of the bisector, so that V

t

and V

b

have opposite signs.
The distortion a↵ects more or less equally both the top and
bottom parts of the bisectors. The dual-loop diagrams are
significantly impacted, and no more compatible with what

we expect for a planet. The slope of V
s

vs V
r

(see Fig. 10, left
panel) is much larger than in the case of a dark spot (see
Fig. 3, left panel), whereas V

b

is now even anti-correlated
with V

t

(see Fig. 10, right panel) and not correlated as in
the case of dark spots (see Fig. 3, right panel).

• For v sin i = 12 km s�1, the bisector is strongly a↵ected
at most rotation phases when the magnetic region is visi-
ble, with a bottom part much more impacted ( V

b

reach-
ing almost ±900 m s�1) than the top part (±250 m s�1).
The crossing point between bisectors at phases B and D
now reaches the lower section of the bisector, while the top
part is more or less vertical. Both dual-loop diagrams have
a larger amplitude than, but otherwise similar shape to, the
case with v sin i = 8km s�1, with V

b

again strongly anti-
correlated with V

t

(see Fig. 10).
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prospective 2014+

2014 - 2017 : exploitation programmes en cours                                                           
observations HARPS-Pol / ESPaDOnS / Narval / Sophie + CoRoT / Kepler                       
travaux théoriques sur les interactions étoile / planète               
modélisation activité / champ magnétique pour filtrage du bruit RV 
préparation scientifique observations nIR SPIRou / SPIP                     	


!
2017+ : observations nIR avec SPIRou / SPIP :                       
vélocimétrie & spectropolarimétrie simultanées                          
✒ SPIRou Legacy Survey & LPs : filtrage activité sur ~600 naines M et 
~200 étoiles jeunes                                                                 
✒ synergie avec missions spatiales (TESS, CHEOPS, PLATO) et 
équipements sol (LOFAR, SKA)                                                     
✒ interface avec PNP                                                 


