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Outline

Ø Star-Planet Interactions – An overview 

Ø Main ingredient for Star-Planet Interactions – Magnetic Field

Ø SPI and Activity proxies: a love/hate story 
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Star-Planet Interactions (SPIs)
SPIs refer to several types of interactions between a planet and its hosting star
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Star-Planet Interactions (SPIs)
SPIs refer to several types of interactions between a planet and its hosting star
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Photo by Albert Llop

Northen light over Berga, Spain, May 2024

Sun – Earth distance: ∼ 215 R☉

Solar strom – May 2024

SDO



Exoplanets
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How far are they from their stars?
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Planets are relatively close 
to their stars 
(in terms of stellar radius)

The ratio of planet mass 
to stellar mass is an 
important factor



How far are they from their stars?
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CREDIT: S. Redfield/T. Jones/McDonald Obs

CREDIT: Joe Llama

They could be as close as few stellar radii
(Mercury is at about 83 R☉ )



Star-Planet Interactions (SPIs)
SPIs refer to several types of interactions between a planet and its hosting star
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Magnetic Interaction/Stellar Wind Interaction
(e.g. Cuntz et al 2000, Shkolnik et al 2003,2005,2008, Kashyap et al 2008,
Zarka et al 2007, Smith et al 2009, Lanza 2013, Llama et al 2013, Vidotto et al 2015, 
Strugarek 2021, Fischer &Saur 2022, Alvarado-Gómez et al 2022, Lloyd et al 2023, 
Chebly et al 2023, Vidotto et al 2023, Ilin et al 2024)

Ip et al 2004
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Magnetic Interaction/Stellar Wind Interaction
(e.g. Cuntz et al 2000, Shkolnik et al 2003,2005,2008, Kashyap et al 2008,
Zarka et al 2007, Smith et al 2009, Lanza 2013, Llama et al 2013, Vidotto et al 2015, 
Strugarek 2021, Fischer &Saur 2022, Alvarado-Gómez et al 2022, Lloyd et al 2023, 
Chebly et al 2023, Vidotto et al 2023, Ilin et al 2024)

NASA



Star-Planet Interactions (SPIs)
SPIs refer to several types of interactions between a planet and its hosting star
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Tidal Interactions
(e.g. Cuntz et al 2000, Brown et al 2008, Pont 
2009, Ibigui et al 2010, Winn et al 2010, 
Cebron et al 2010, Damiani 2015, Lin & 
Ogilvie 2017, Gallet et al 2018, Ogilvie 2020)

Arras et al 2012



Star-Planet Interactions (SPIs)
SPIs refer to several types of interactions between a planet and its hosting star
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Radiative Interactions
(e.g. Vidal-Madjar et al 2008, Lecavalier Des Etangs et 
al 2010, Haswell et al 2010, Fossati et al 2013, Bourrier 
et al 2013, Mordasini 2020, Modirrousta-Galian  
Korenaga 2023 )

CREDIT: ESA, A.Vidal-Madjar (Institut
d'Astrophysique de Paris, CNRS, France) & 
NASA



Manifestation of SPIs
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Star

Rotation spin-up (T)
Stellar inclination (T)
Stellar activity (Spots, Flares, …) (M + T)
Stellar magnetic field (M + T)

SPIs: Tidal (T) , Magnetic (M) and Stellar Wind (W), Radiative (R)

Ip et al 2004



Manifestation of SPIs

Tidal heating? (T)
Orbital evolution (T + W?)
Atmospheric evaporation (W + R) 
Aurora / Radio emission (W) 
Bow shock formation (W) 
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Planet

SPIs: Tidal (T) , Magnetic (M) and Stellar Wind (W), Radiative (R)

Llama et al 2013



Manifestation of SPIs – wavelength approach
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Vidotto 2019

Techniques: Spectroscopy, Photometry, Spectro-Polarimetry



How to study SPIs? 
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Ø Statistical approach
- Observe a sample of planet hosting stars
- Study the effect you want to explore (magnetic field cacaretristics, activity, flares, 

X-ray luminosity, …)
- Compare to a sample of stars not hosting planet

Ø Multi-wavelength observations of particular systems
Stellar magnetic field & stellar activity, model the stellar wind, predict and radio 
emission/ bow shock formation, study effect of activity of the planetary atmosphere
(e.g. MOVES programme -Multiwavelength Observations of an eVaporating Exoplanet 
and its Star, Fares et al 2017, Kavanagh et al 2019, Bourrier et al 2020, Barth et al 2021, 
Strugarek et al 2022)



Key element in SPI – Magnetic Field
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Star

Rotation spin-up
Stellar inclination
Stellar activity (Spots, Flares, …)
Stellar magnetic field 

Tidal heating
Orbital evolution (partially)
Atmospheric evaporation 
Aurora / Radio emission
Bow shock formation

Planet



Solar magnetism

Rim Fares –  7th ICE summer school

SDO – 27 June 2024

üSpots
üFaculae

Ø Small Scale Magnetic Field

Ø Solar Activity



Solar cycle
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SDO – 27 June 2024

Butterfly Diagram

Hathaway 2015

Sunspot Area

Sunspot Cycle ~ 11 years



Solar cycle
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SDO – 27 June 2024

Hathaway 2015

Sunspot number/5

Geomagnetic perturbation follow the solar cycle

Geomagnetic Index



Activity tracers
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In CaII H&K lines: 

Emission in the line core can be present (in case of 
activity) 
due to (magnetic) heating 
Chromospheric emission

Ca II K line

Some spectral lines are activity tracers

CaII H (396.8 nm)
CaII K (393.4 nm)
Halpha (656.3 nm)
…



Activity tracers
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Ca II H&K

S-index 

𝑆 =
𝐹(𝐻) + 𝐹 𝐾
𝐹 𝑅 + 𝐹(𝑉)

(See, Mount Wilson HK 
project, Baliunas et al 1995)



Activity tracers
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Ca II H&K

S-index 

𝑆 =
𝐹(𝐻) + 𝐹 𝐾
𝐹 𝑅 + 𝐹(𝑉)

(See, Mount Wilson HK 
project, Baliunas et al 1995)

Egeland et al  2017



Solar cycle
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SDO – 27 June 2024

Solar Minimum       Solar Maximum

Large-Scale Magnetic Field 

Different Configurations at 
different epochs 



Solar cycle – polarity reversal every 11 years
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SDO – 27 June 2024

Sanderson et al., 2003

POLARITY 
FLIP

1997

2001



Solar cycle – polarity reversal every 11 years
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SDO – 27 June 2024

Sanderson et al., 2003

POLARITY 
FLIP

More complex field 
configuration in between

1997

2001

1999



How about stars?
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CaII H&K lines for cool stars of different activity levels

HD189733 (K dwarf) HD179949 -  Tau boo (F stars)

CaII HCaII K 



Stellar magnetism
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Sunspot

Inside the sunspot: 
Line splitting due to Zeeman Effect

Zeeman Effect

Outside the sunspot:
A single line



Stellar magnetism
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1. Zeeman broadening is prop. to magnetic field

2. It depends on wavelength of the line  and lande factor

Johns-Krull 2009



Stellar magnetism
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Zeeman Effect The new spectral lines are polarised 

The polarisation depends on the magnetic field orientation relative to the observer



Stellar magnetism
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Zeeman effect

Polarization in spectral linesMagnetic field on the surface

ü Field Orientation
ü Rotational phase

depends on 

Stokes V, Circular polarisation



Stellar magnetic fields
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Radial

Credit: J.-F. Donati

Azimuthal



Zeeman-Doppler Imaging ZDI
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ZDI maps and SPI
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Vidotto et al, 2012

• Model the corona 
and stellar wind  - 
See Julian’s talk

• Model exoplanet 
radio emission – See 
J.-M.’ s talk

• Study effect on 
planetary 
atmosphere – See 
Ekatrina and 
Sudeshna’s talks



ZDI maps and SPI
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Credit: A. Strugarek

• Stars have a complicated magnetic field (usually not a 
simple dipole)

• The magnetic fields of cool stars evolve over short period e.g. 
Tau Boo (F, planet hosting) has a magnetic cycle of 8 months!

• Planetary environment is thus:
• Variable on the orbit
• Variable over time

And so are SPIs …



ZDI Challenges
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Ø Telescope time, ZDI is very demanding

                        Spectropolarimetry

                        Spectroscopy
                       (to collect more  
                        spectra than in polar)

Ø ZDI recovers large-scale polarity, small-scale field can cancel out in some field 
geometries



Spectropol signatures
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Ø Polarised signatures within the noise level

                    

                    

Ø Extract the signal from many lines, e.g. LSD 10-3 Ic

HD189733, Fares et al 2010



Stellar activity as tracer of SPI?
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Spot on the stellar surface à It has the 
same rotation as the star (at its latitude) 

Activity index à Modulated by the Stellar 
Rotation



Stellar activity as tracer of SPI?
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Spot on the stellar surface à It has the 
same rotation as the star (at its latitude) 

Activity index à Modulated by the Stellar 
Rotation

Fares et al 2010

HD189733

Prot ~ 12 days



Stellar activity as tracer of SPI?
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Tidal Interactions

Arras et al 2012

Two tidal bulges 

Scale height depends on relative masses 
of the planet and the star

Expansion & contraction of tidal bulges à 
waves à non-radiative energy

Enhanced heating à Stellar Activity



Stellar activity as tracer of SPI?

Rim Fares –  7th ICE summer school

Tidal Interactions

Arras et al 2012

Two tidal bulges 

Scale height depends on relative masses 
of the planet and the star

Expansion & contraction of tidal bulges à 
waves à non-radiative energy

Enhanced heating à Stellar Activity



Stellar activity as tracer of SPI?
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Tidal Interactions

Arras et al 2012

Two tidal bulges 

Scale height depends on relative masses 
of the planet and the star

Expansion & contraction of tidal bulges à 
waves à non-radiative energy

Enhanced heating à Stellar Activity



Stellar activity as tracer of SPI?
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Tidal Interactions

Arras et al 2012

Two tidal bulges 

Scale height depends on relative masses 
of the planet and the star

Expansion & contraction of tidal bulges à 
waves à non-radiative energy

Enhanced heating à Stellar Activity

Observed twice in every planetary orbit

Activity modulated by Porb/2



Stellar activity as tracer of SPI?
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Magnetic Interactions

Magnetic Reconnection 
(other models to be detailed in E. Ilin talk)

Particle impact the star

Enhanced heating à Stellar Activity

L2 T. McIvor, M. Jardine and V. Holzwarth

2 M O D E L L I N G T H E C O RO NA

The model for the stellar magnetic field is not strictly dipolar. In the

case of a true dipole, all field lines are closed. At some height, how-

ever, the gas pressure will exceed the magnetic pressure and coronal

plasma will escape to form the stellar wind (Mestel & Spruit 1987).

For a hydrostatic corona with typical solar parameters this happens

at a height of 2.5R!. As shown in Fig. 1, we allow for the opening

up of field lines by introducing a ‘source surface’ at some height

Rs above the star, beyond which we assume that the field is radial

(Newkirk & Altschuler 1969). We write the magnetic field B in

terms of a flux function " such that B = −∇" and the condition

that the field is potential (∇×B = 0) is satisfied automatically. The

condition that the field is divergence-free then reduces to Laplace’s

equation ∇2" = 0. Solutions are written in terms of spherical har-

monics,

" =

N
∑

l=1

l
∑

m=−l

[

almrl + blmr−(l+1)
]

Plm(θ )eimφ, (1)

where the associated Legendre functions are denoted by Plm. The

coefficients alm and blm are determined by imposing the radial field

at the surface and the height of the source surface. In the case of a

dipolar field we take the l = 1, m = 0 component of (1). The field

configuration is then written in terms of a correction to the classical

dipole field which allows for the effect of the source surface:

Br =
2M cos θ

r 3
f (r , Rs), Bθ =

M sin θ

r 3
g(r , Rs), (2)

where

f (r , Rs) =

(

r 3 + 2R3
s

R3
! + 2R3

s

)

, (3)

g(r , Rs) =

(

−2r 3 + 2R3
s

R3
! + 2R3

s

)

, (4)

Figure 1. Magnetic structure of a dipole field where the magnetic axis

is aligned with the stellar rotation axis. Beyond the source surface (here at

R s = 2.5R!), the pressure of the hot coronal gas is large enough to force open

the magnetic field lines. Shown are the surface spots that mark the footpoints

of those field lines intercepted by a planet orbiting in the equatorial plane.

If the coronal temperature and hence pressure are increased, or the stellar

field strength is decreased, the source surface moves inwards and the angle

% increases. The projected spot area is largest when the angle of inclination

between the stellar rotation axis and the observer equals the co-latitude %

of the spot.

Figure 2. Change in latitude % of the edge of the polar hole as a function

of source surface radius (Rs). Our model assumes that field lines originating

from the stellar surface at this latitude will interact with the planet.

and M is the dipole moment defined as M = Br (r = R!, θ = 0)R3
!/2.

In the limit R s → ∞, we recover a dipolar field. The path of a field

line is given by sin2 θ = Ar/(r 3 + 2R3
s ). The last closed field line,

that is the field line at the edge of the polar hole, passes through

θ = π/2 close to r = R s, and so for this field line A = 3R2
s . It

then follows that the last closed field line will connect to the stellar

surface at a latitude which is dependent entirely on the location of

the source surface (see Fig. 2). Since HD 179949 is fairly Sun-like

in its spectral type (F8 V) and activity levels, and rotates reasonably

slowly (P rot = 9 d), we place the source surface at r = 2.5R!, which

is the value used for similar models of the Sun (Schrijver, DeRosa

& Title 2003). Given that the orbit of the planet in HD 179949 is at

8.5R!, this suggests that the planet moves through the open field of

the star, not through the closed corona.

3 D E T E R M I N I N G T H E L O C AT I O N
O F S U R FAC E E M I S S I O N F E AT U R E S

The latitude % is then a lower limit to which open field lines can

connect. We map the open field of the star by determining the longi-

tude and latitude of the planet throughout its orbit and then tracing

from these coordinates back to the stellar surface along the path of

the magnetic field. Fig. 1 shows a star with an aligned dipole. We

propose that open field lines interact with the magnetic field of the

planet and in turn produce an enhanced chromospheric emission

at the footpoints. We assume that each planetary–stellar interaction

releases the same amount of energy at the chromosphere. Following

this assumption, we also assume that the energy is radiated from

an area at the chromosphere that is proportional to the energy. Ne-

glecting the effect of limb darkening, we then calculate the apparent

size of the bright spot as seen on the stellar disc and take this as a

proxy for the magnitude of the Ca II emission. From the observer’s

point of view, the magnitude of the emission will be greatest when

the footpoint lies at the disc centre and least if it lies at the stellar

limb. Obviously no emission will be observed if the footpoint of the

field line is hidden by the star and not on the visible stellar disc.

We would also like to note that our model does not account for any

time taken for the energy to dissipate at the chromosphere. Instead

we have assumed that a bright patch will persist for as long as the

planet and stellar field line are connected.

4 R E S U LT S

4.1 An aligned dipole field

To get some bearings on this problem, we will start with a star that

has an aligned dipole and a source surface at 2.5R!. We also adopt

C© 2006 The Authors. Journal compilation C© 2006 RAS, MNRAS 367, L1–L5

McIvor et al 2006



Stellar activity as tracer of SPI?
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Magnetic Interactions

Magnetic Reconnection 
(other models to be detailed in E. Ilin talk)

Particle impact the star

Enhanced heating à Stellar Activity
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Stellar activity as tracer of SPI?

Rim Fares –  7th ICE summer school

Magnetic Interactions

Magnetic Reconnection 
(other models to be detailed in E. Ilin talk)

Particle impact the star

Enhanced heating à Stellar Activity

L2T.McIvor,M.JardineandV.Holzwarth

2MODELLINGTHECORONA

Themodelforthestellarmagneticfieldisnotstrictlydipolar.Inthe

caseofatruedipole,allfieldlinesareclosed.Atsomeheight,how-

ever,thegaspressurewillexceedthemagneticpressureandcoronal

plasmawillescapetoformthestellarwind(Mestel&Spruit1987).

Forahydrostaticcoronawithtypicalsolarparametersthishappens

ataheightof2.5R!.AsshowninFig.1,weallowfortheopening

upoffieldlinesbyintroducinga‘sourcesurface’atsomeheight

Rsabovethestar,beyondwhichweassumethatthefieldisradial

(Newkirk&Altschuler1969).WewritethemagneticfieldBin

termsofafluxfunction"suchthatB=−∇"andthecondition

thatthefieldispotential(∇×B=0)issatisfiedautomatically.The

conditionthatthefieldisdivergence-freethenreducestoLaplace’s

equation∇
2
"=0.Solutionsarewrittenintermsofsphericalhar-

monics,

"=

N
∑

l=1

l
∑

m=−l

[

almr
l
+blmr

−(l+1)
]

Plm(θ)e
imφ

,(1)

wheretheassociatedLegendrefunctionsaredenotedbyPlm.The

coefficientsalmandblmaredeterminedbyimposingtheradialfield

atthesurfaceandtheheightofthesourcesurface.Inthecaseofa

dipolarfieldwetakethel=1,m=0componentof(1).Thefield

configurationisthenwrittenintermsofacorrectiontotheclassical

dipolefieldwhichallowsfortheeffectofthesourcesurface:

Br=
2Mcosθ

r3f(r,Rs),Bθ=
Msinθ

r3g(r,Rs),(2)

where

f(r,Rs)=

(

r
3
+2R

3
s

R3
!+2R3

s

)

,(3)

g(r,Rs)=

(

−2r
3
+2R

3
s

R3
!+2R3

s

)

,(4)

Figure1.Magneticstructureofadipolefieldwherethemagneticaxis

isalignedwiththestellarrotationaxis.Beyondthesourcesurface(hereat

Rs=2.5R!),thepressureofthehotcoronalgasislargeenoughtoforceopen

themagneticfieldlines.Shownarethesurfacespotsthatmarkthefootpoints

ofthosefieldlinesinterceptedbyaplanetorbitingintheequatorialplane.

Ifthecoronaltemperatureandhencepressureareincreased,orthestellar

fieldstrengthisdecreased,thesourcesurfacemovesinwardsandtheangle

%increases.Theprojectedspotareaislargestwhentheangleofinclination

betweenthestellarrotationaxisandtheobserverequalstheco-latitude%

ofthespot.

Figure2.Changeinlatitude%oftheedgeofthepolarholeasafunction

ofsourcesurfaceradius(Rs).Ourmodelassumesthatfieldlinesoriginating

fromthestellarsurfaceatthislatitudewillinteractwiththeplanet.

andMisthedipolemomentdefinedasM=Br(r=R!,θ=0)R
3
!/2.

InthelimitRs→∞,werecoveradipolarfield.Thepathofafield

lineisgivenbysin
2
θ=Ar/(r

3
+2R

3
s).Thelastclosedfieldline,

thatisthefieldlineattheedgeofthepolarhole,passesthrough

θ=π/2closetor=Rs,andsoforthisfieldlineA=3R
2
s.It

thenfollowsthatthelastclosedfieldlinewillconnecttothestellar

surfaceatalatitudewhichisdependententirelyonthelocationof

thesourcesurface(seeFig.2).SinceHD179949isfairlySun-like

initsspectraltype(F8V)andactivitylevels,androtatesreasonably

slowly(Prot=9d),weplacethesourcesurfaceatr=2.5R!,which

isthevalueusedforsimilarmodelsoftheSun(Schrijver,DeRosa

&Title2003).GiventhattheorbitoftheplanetinHD179949isat

8.5R!,thissuggeststhattheplanetmovesthroughtheopenfieldof

thestar,notthroughtheclosedcorona.

3DETERMININGTHELOCATION
OFSURFACEEMISSIONFEATURES

Thelatitude%isthenalowerlimittowhichopenfieldlinescan

connect.Wemaptheopenfieldofthestarbydeterminingthelongi-

tudeandlatitudeoftheplanetthroughoutitsorbitandthentracing

fromthesecoordinatesbacktothestellarsurfacealongthepathof

themagneticfield.Fig.1showsastarwithanaligneddipole.We

proposethatopenfieldlinesinteractwiththemagneticfieldofthe

planetandinturnproduceanenhancedchromosphericemission

atthefootpoints.Weassumethateachplanetary–stellarinteraction

releasesthesameamountofenergyatthechromosphere.Following

thisassumption,wealsoassumethattheenergyisradiatedfrom

anareaatthechromospherethatisproportionaltotheenergy.Ne-

glectingtheeffectoflimbdarkening,wethencalculatetheapparent

sizeofthebrightspotasseenonthestellardiscandtakethisasa

proxyforthemagnitudeoftheCaIIemission.Fromtheobserver’s

pointofview,themagnitudeoftheemissionwillbegreatestwhen

thefootpointliesatthedisccentreandleastifitliesatthestellar

limb.Obviouslynoemissionwillbeobservedifthefootpointofthe

fieldlineishiddenbythestarandnotonthevisiblestellardisc.

Wewouldalsoliketonotethatourmodeldoesnotaccountforany

timetakenfortheenergytodissipateatthechromosphere.Instead

wehaveassumedthatabrightpatchwillpersistforaslongasthe

planetandstellarfieldlineareconnected.

4RESULTS

4.1Analigneddipolefield

Togetsomebearingsonthisproblem,wewillstartwithastarthat

hasanaligneddipoleandasourcesurfaceat2.5R!.Wealsoadopt

C©2006TheAuthors.JournalcompilationC©2006RAS,MNRAS367,L1–L5
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Stellar activity as tracer of SPI?

Rim Fares –  7th ICE summer school

Magnetic Interactions

Activity modulated by Porb

Magnetic Reconnection 
(other models to be detailed in E. Ilin talk)

Particle impact the star

Enhanced heating à Stellar Activity

Observed once every planetary orbit

L2 T. McIvor, M. Jardine and V. Holzwarth

2 M O D E L L I N G T H E C O RO NA

The model for the stellar magnetic field is not strictly dipolar. In the

case of a true dipole, all field lines are closed. At some height, how-

ever, the gas pressure will exceed the magnetic pressure and coronal

plasma will escape to form the stellar wind (Mestel & Spruit 1987).

For a hydrostatic corona with typical solar parameters this happens

at a height of 2.5R!. As shown in Fig. 1, we allow for the opening

up of field lines by introducing a ‘source surface’ at some height

Rs above the star, beyond which we assume that the field is radial

(Newkirk & Altschuler 1969). We write the magnetic field B in

terms of a flux function " such that B = −∇" and the condition

that the field is potential (∇×B = 0) is satisfied automatically. The

condition that the field is divergence-free then reduces to Laplace’s

equation ∇2" = 0. Solutions are written in terms of spherical har-

monics,

" =

N
∑

l=1

l
∑

m=−l

[

almrl + blmr−(l+1)
]

Plm(θ )eimφ, (1)

where the associated Legendre functions are denoted by Plm. The

coefficients alm and blm are determined by imposing the radial field

at the surface and the height of the source surface. In the case of a

dipolar field we take the l = 1, m = 0 component of (1). The field

configuration is then written in terms of a correction to the classical

dipole field which allows for the effect of the source surface:

Br =
2M cos θ

r 3
f (r , Rs), Bθ =

M sin θ

r 3
g(r , Rs), (2)

where

f (r , Rs) =

(

r 3 + 2R3
s

R3
! + 2R3

s

)

, (3)

g(r , Rs) =

(

−2r 3 + 2R3
s

R3
! + 2R3

s

)

, (4)

Figure 1. Magnetic structure of a dipole field where the magnetic axis

is aligned with the stellar rotation axis. Beyond the source surface (here at

R s = 2.5R!), the pressure of the hot coronal gas is large enough to force open

the magnetic field lines. Shown are the surface spots that mark the footpoints

of those field lines intercepted by a planet orbiting in the equatorial plane.

If the coronal temperature and hence pressure are increased, or the stellar

field strength is decreased, the source surface moves inwards and the angle

% increases. The projected spot area is largest when the angle of inclination

between the stellar rotation axis and the observer equals the co-latitude %

of the spot.

Figure 2. Change in latitude % of the edge of the polar hole as a function

of source surface radius (Rs). Our model assumes that field lines originating

from the stellar surface at this latitude will interact with the planet.

and M is the dipole moment defined as M = Br (r = R!, θ = 0)R3
!/2.

In the limit R s → ∞, we recover a dipolar field. The path of a field

line is given by sin2 θ = Ar/(r 3 + 2R3
s ). The last closed field line,

that is the field line at the edge of the polar hole, passes through

θ = π/2 close to r = R s, and so for this field line A = 3R2
s . It

then follows that the last closed field line will connect to the stellar

surface at a latitude which is dependent entirely on the location of

the source surface (see Fig. 2). Since HD 179949 is fairly Sun-like

in its spectral type (F8 V) and activity levels, and rotates reasonably

slowly (P rot = 9 d), we place the source surface at r = 2.5R!, which

is the value used for similar models of the Sun (Schrijver, DeRosa

& Title 2003). Given that the orbit of the planet in HD 179949 is at

8.5R!, this suggests that the planet moves through the open field of

the star, not through the closed corona.

3 D E T E R M I N I N G T H E L O C AT I O N
O F S U R FAC E E M I S S I O N F E AT U R E S

The latitude % is then a lower limit to which open field lines can

connect. We map the open field of the star by determining the longi-

tude and latitude of the planet throughout its orbit and then tracing

from these coordinates back to the stellar surface along the path of

the magnetic field. Fig. 1 shows a star with an aligned dipole. We

propose that open field lines interact with the magnetic field of the

planet and in turn produce an enhanced chromospheric emission

at the footpoints. We assume that each planetary–stellar interaction

releases the same amount of energy at the chromosphere. Following

this assumption, we also assume that the energy is radiated from

an area at the chromosphere that is proportional to the energy. Ne-

glecting the effect of limb darkening, we then calculate the apparent

size of the bright spot as seen on the stellar disc and take this as a

proxy for the magnitude of the Ca II emission. From the observer’s

point of view, the magnitude of the emission will be greatest when

the footpoint lies at the disc centre and least if it lies at the stellar

limb. Obviously no emission will be observed if the footpoint of the

field line is hidden by the star and not on the visible stellar disc.

We would also like to note that our model does not account for any

time taken for the energy to dissipate at the chromosphere. Instead

we have assumed that a bright patch will persist for as long as the

planet and stellar field line are connected.

4 R E S U LT S

4.1 An aligned dipole field

To get some bearings on this problem, we will start with a star that

has an aligned dipole and a source surface at 2.5R!. We also adopt

C© 2006 The Authors. Journal compilation C© 2006 RAS, MNRAS 367, L1–L5
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Stellar activity as tracer of SPI?

Rim Fares –  7th ICE summer school

Magnetic Interactions

Ip et al 2004 Activity modulated by
Beat Period |Porb-1 - Prot-1|-1

Magnetic Reconnection 
(other models to be detailed in E. Ilin talk)

Particle impact the star

Enhanced heating à Stellar Activity

Observed once for every beat period (the 
period after which the star and the planet 
have the same configuration relative to 
the observer)

Fares et al, 2009



Hurray! Magnetic SPI detection on HD179949

Rim Fares –  7th ICE summer school

Normalise the lines

Calculate the mean profile for all observations

Calculate nightly variations by subtracting the 
mean from each observation

Shkolnik et al 2003

System:
F8 star                          Planet: 0.92 MJup, orbits at 8.8 Rstar
Prot ~ 9 d               Porb = 3.09 d

Ca H
Ca K



Hurray! Magnetic SPI detection on HD179949

Rim Fares –  7th ICE summer school

Nightly variations in Ca II K line

Shkolnik et al 2003

System:
F8 star                          Planet: 0.92 MJup, orbits at 8.8 Rstar
Prot ~ 9 d               Porb = 3.09 d

Ca H
Ca K



Hurray! Magnetic SPI detection on HD179949

Rim Fares –  7th ICE summer school

Nightly variations in Ca II K line Modulated by Orbital phase

Shkolnik et al 2003

Orbital Phase
System:
F8 star                          Planet: 0.92 MJup, orbits at 8.8 Rstar
Prot ~ 7.6 d              Porb = 3.09 d



SPI detection is not reccurent for every obs

Rim Fares –  7th ICE summer school

Modulated by Orbital phase

Shkolnik et al 2003, 2005, 2008

Modulated by Rotational phase

SPI has an ON/OFF Nature

HD 179949 observed at different epochs

Orbital Phase Rotational Phase



SPI detection generated a lot of interest 
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Modulated by Orbital phase Modulated by Rotational phase

Photometry
Corot-2 spot modelling (Pagano et al 2009)

Hints of SPI?



SPI detection generated a lot of interest 
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Ca II K line modulated by Rotational phase

No activity variations in the X-Ray that could 
hint to SPI 

X-Ray 
υ And in CaII and X-Ray (Poppenhaeger et al 2011)



SPI detection on HD189733
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Fares et al 2009

July 2008

Modulated by Rotational phase

Subtract the rotational modulation and 
look for SPI modulation in the residuals

System:
K dwarf (active)                        Planet: 1.13 MJup, orbits at 8 Rstar
Prot ~ 12 days         Porb = 2.2 days



SPI detection on HD189733
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Star’s magnetic field (ZDI) was studied over 9 epochs (Moutou et al 2007, Fares et al 2010, 2013,2017)

System:
K dwarf (active)                        Planet: 1.13 MJup, orbits at 8 Rstar
Prot ~ 12 days         Porb = 2.2 days
      

Cauley et al 2018: Looking for SPI signals after removing the rotational modulation



SPI detection on HD189733
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Star’s magnetic field (ZDI) was studied over 9 epochs (Moutou et al 2007, Fares et al 2010, 2013,2017)

System:
K dwarf (active)                        Planet: 1.13 MJup, orbits at 8 Rstar
Prot ~ 12 days         Porb = 2.2 days
      

Cauley et al 2018: Looking for SPI signals after removing the rotational modulation

ZDI

Yes
No
Yes
Yes
Yes
Yes
Yes
Yes



SPI detection on HD189733
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System:
K dwarf (active)                        Planet: 1.13 MJup, orbits at 8 Rstar
Prot ~ 12 days         Porb = 2.2 days
     

Cauley et al 2018

1 out of 6 epochs showed SPI (August 2013)



SPI detection on HD189733
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System:
K dwarf (active)                        Planet: 1.13 MJup, orbits at 8 Rstar
      

Fares et al 2017

ZDI maps of the stellar field show:
It varies in strength and characteristicsCauley et al 2018

August 2013



SPI detection on HD189733
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System:
K dwarf (active)                        Planet: 1.13 MJup, orbits at 8 Rstar
      

Orbital phase modulation Aug 2013 corresponds to the Largest stellar magnetic field



Modelling SPI detection 
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Strugarek et al 2019

ZDI Magnetic Maps

Stellar wind model

Planet Orbit

With the scarcity of data, SPI detection 
rate is estimated to 12-23%

Cauley et al 2018 found SPI in 1 out of 6 
epochs (i.e. 17%)

Need: Dense observation campaigns, with several observations per night 



SPI detection
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Cauley et al 2019

CaII K Flux

Power as a function of

Date

Rotational Phase

Orbital Phase

 



SPI detection
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Cauley et al 2019

Assuming some models of 
interactions 

B(Planet) varies between 20 to 
120 G 

 



To conlcude
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• SPI  has an ON/OFF nature

• SPI activity enhencement is still controversial 

• Well sampled observational campaigns are needed

• If well designed, a campaingn could:

• Favour one model of interactions (see Ekatrina’s talk)
• Measure the planetary magnetic field
• Interpret planetary emissions
• Predict best observing times for SPI

  
 


