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ABSTRACT

Context. Evidence of magnetic interaction between late-type staglsciose-in giant planets is provided by the observatiorstadfar hot spots
rotating synchronously with the planets and showing an medraent of chromospheric and X-ray fluxes. Possible phb&ygpsignatures of
such an interaction have also been reported.

Aims. We investigate star-planet interaction in the framework ofagnetic field model of a stellar corona, considering tteraction between
the coronal field and that of a planetary magnetosphere madhiough the corona. This is motivated, among others, bydifieulty of
accounting for the energy budgets of the interaction phemanwith previous models.

Methods. A linear force-free model is applied to describe the cordigddl and study the evolution of its total magnetic energy ealdtive
helicity according to the boundary conditions at the stedlaface and theffects related to the planetary motion through the corona.
Results. The energy budget of the star-planet interaction is digmiassuming that the planet may trigger a release of theyeoktige coronal
field by decreasing its relative helicity. The observedrimiétent character of the star-planet interaction is exygld by a topological change of
the stellar coronal field, induced by a variation of its rehelicity. The model predicts the formation of many prosnice-like structures in
the case of highly active stars owing to the accumulationatten evaporated from the planet inside an azimuthal flug fophe outer corona.
Moreover, the model can explain why stars accompanied Iseeilo planets have a higher X-ray luminosity than those distant planets.
It predicts that the best conditions to detect radio emisfiom the exoplanets and their host stars are achieved wigefidid topology is
characterized by field lines connected to the surface oftdrelsading to a chromospheric hot spot rotating synchusiyowith the planet.
Conclusions. The main predictions of the model can be verified with preséservational techniques, by a simultaneous monitoringpef
chromospheric flux and X-ray (or radio) emission, and speciarimetric observations of the photospheric magnegiddi
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1. Introduction planets (cf. alsa_Walker etal. 2008). Modelling such feadur

) can allow us to obtain information on the magnetic fields ef th
More than .350 extrasolar giant planets are presenftly kiow lanets, although in an indirect way (cf._Shkolnik € al. 00
among V\,'h'ChN 25 percent have a projected orbital semj; ich is of great importance to constrain their internalistr
major axIs Sma”er .than 0.1 AU. Such planets are'expectﬁfge and evolution as well as to characterize a possible-habi
to |nte.ract with their h_OSt stars, _nOt only t'hrough. tldegt bla\bility in the case of rocky planets. A recent step forward in
also with other mechanisms, possibly associated with magne; understanding of the star-planet magnetic interagtiere-
fields. Specifically, reconnection between the coronal fidld inafter SPMI) is the work of Lana (2008). It applies force-
the host star and the magnetic field of f[he planet is expec Lae and non-force-free coronal field models to accountfer t
to releasg heat, produce hydromagnetic waves, and acc Herved phase lags between planets and synchronous chro-
ated particles that may be conveyed onto the stellar chromQsqoperic hot spots. Moreover, it presents conjectureatabo
sphere producing a localized enhanced emission (Cuntz e ossible influence of a close-in planet on the hydromagneti
2000; 1p et all 2004; Preusse etial. 2005; Mclvorr'et al. 200 ynamo action occurring in its host star. In the present pape
Cranmer & Saar 2007). Indeed, Shkolnik et al. (2005, 20(.) shall extend that work discussing topology, total energy
show that HD 179949 and Andromedae have chromosphen%nd relative magnetic helicity of the coronal field and inves

h,?t S_IPOtS tt?]at rottate \lilvghltgge%rgnalaper;pds;)f thelr'c;mlan— ftigating their role in the #ects associated with the motion of
€ts. Two ofher stars, anboolis, SNOW evidence ot , 1, 5y Jupiter inside a stellar corona. We shall propose a new

an excess of chromqsphericva.riability,. probablyque tdrfgar. mechanism to account for the energy budget of SPMI and its
that is modulated with the orbital periods of their respexti intermittent nature, as revealed by the latest obsenafisee
Sect[2). Moreover, we shall discuss how thietent coronal
field topologies and the presence of a planet embedded in the
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corona may fiect the formation of prominence-like structuresrage with that of its planet. Modelling two months of unin-
as well as the X-ray and radio emissions of a star. terrupted CoRoT observations, Lanza etlal. (2009b) fourd ev
idence of a persistent active region at the subplanetary lon
gitude. Five months of observations of CoRoT-2a revealed a
modulation of the total spotted area with a cycle close to ten
Evidence of SPMI was reported by Shkolnik et al. (2003ynodic periods of the hot Jupiter with respect to the stetla
2005,/ 2008) who observed chromospheric hot spots rotatitagion periodi(Lanza et &l. 2009a), again suggesting son ki
with the orbital period of the planets in HD 179949 andnd of SPMI. [Pagano et al. (2009) found that the variance of the
instead of their respective rotation periods. The spotewet stellar flux was modulated in phase with the planetary orbit,
located at the subplanetary point, i.e., along the linajgithe with minimum variance at phase3- 0.4 and maximum at
centre of a star with its planet, but lead the planet-by(®® phase B - 0.9. Finally,\Henry et &l. (2002) found evidence of
in the case of HD 179949 and 170 in the case oy And, a photospheric spot in HD 192263 that in two observing sea-
respectively. The flux irradiated by the hot spot was greatersons rotated with the orbital period of its planet for at telee

the case of HD 179949, with an excess power df*° W, cor- rotation cycles (see_Santos et al. 2003).

responding to that of a large solar flare. The hot spot syachro g preliminary evidence of photospheric cool spots syn-

nized with the planet was observed in four out of six seasofigronized with a hot Jupiter is impossible to explain in the
in HD 179949, suggesting that it is not a steady phenomengameork of a magnetic reconnection model because recon-
but may have a lifetime not exceeding 30800 days. A Sim- action leads to energy release and thus heating of the atmo-
ilarly intermittent interaction is suggested by the obs#ions sphere. Conversely, it suggests that the planet nfésctain

of v And, leading Shkolnik et all (2008) to propose that thegme way the stellar dynamo action or the emergence of mag-
onyoff SPMI transitions are related to a variation of the COMetic flux. as conjectured by LanZa (2008).

figuration of the coronal magnetic field of the host stars; pos ; ] ] )

sibly connected to their activity cycles. For the planetthos ~ SPectropolarimetric observations can be applied to map
HD 189733 and HD 73256, Shkolnik et dl. (2008) suggestPRiotospheric fields outside starspots and indeed fBoo a
correlation of the amplitude of the intranight variabilifthe S€duence of maps has been obtained that suggests that the mag

Ca Il K line core flux with the orbital phase of the planet, wit1€tiC activity cycle of the star is as short 8 years, instead
a maximum of activity leading the planet by7( in the case of 22 years as in the Sun (Donati et al. 2008; Fares|et al! 2009)

of HD 189733. This may be due to some chromospheric flaring Solar system giant planets emit in the radio domain, mainly
activity synchronized with the planet. via the electron-cyclotron maser mechanism. Most of the
The X-ray flux coming from HD 179949 appears to beower is coherently radiated near the cyclotron frequdpcy
modulated with the orbital period of the planet with a varia2.8B MHz, whereB is the intensity of the planet's magnetic
tion of ~ 30 percentl(Saar etial. 2007). A statistical analysiild in Gauss. In the case of Jupiter, the maximum of the flux
of a sample of late-type stars reveals that those hosting a fadls around 40 MHz. Solar system planets follow a scaling
Jupiter closer than 0.15 AU have, on the average, an X-ray fliaxv that relates their emitted radio power to the power Segpl
~ 3 -4 times greater than stars hosting planets farther tt&n Iy the impinging solar wind at their magnetospheric boupdar
AU (Kashyap et dl. 2008). This suggests that a close-in giagéneralizing that scaling law, it is possible to predict@ao-
planet may increase the X-ray activity level of its host.star etary radio emission powers (cf., e.g., Stevens 2005; Zarka
Circumstantial evidence of planet-induced photosphe2007; Jardine & Collier Cameron 2008). FoBoo and some
magnetic activity in stars hosting hot Jupiters has been mher systems, fluxes between 30 and 300 mJy, i.e., within the
ported inT Bootis byl Walker et al.[ (2008) and in CoRoT-2aletection limits of some of the largest radio telescopege ha
and CoRoT-4a by Lanza etlal. (2009a), Paganolel al. (2008 en predicted for favourable conditions. Neverthelespas-
and Lanza et al! (2009b), respectively. FaBoo there is evi- itive detection has been reported yet, not only in the case of
dence of an active region leading the planet by aboutwttbse Boo, observed at several epochs at 74 MHz with upper limits
signatures have been observed both in the Ca Il K line core flogtween 135 and 300 mJy (Lazio & Fairell 2007), but alsefor
and in the wide-band optical flux as monitored by the MOSHEridani and HD 128311 at 150 MHz (George & Stevens 2007)
(Microvariability and Oscillation of STars) satellite. &negion for which tight upper limits of 1620 mJy were derived, and for
shows a rotational modulation ef 1 mmag. In 2004 it re- HD 189733, for which an upper limit of 80 mJy was reached
sembled a dark spot of variable depth, while in 2005 it variexver the 307-347 MHz range _(Smith etlal. 2009). It is hoped
between bright and dark. SineeBoo has an average rotatiorthat the next generation of low-frequency radio telescaaes
period of 3.3 days, synchronized with the orbital periodhaf t lower those limits by at least one order of magnitude allgwin
planet, and displays a surfacdtdrential rotation comparableus to clarify whether the missed detections are due to a lack o
to that of the Sun (Catala et/al. 2007), it is the constanchef tsensitivity or a lack of emission from the exoplanets at ¢hos
phase shift between the spot and the planet that gives supfr@quencies. As a matter of fact, if hot Jupiters have magnet
to a possible SPMI in this case. As a matter of fact, the hat sgield strengths comparable to that of Jupiter, iR+ 145G
can be traced back to 2001, thanks to a previous Ca Il K liaéthe poles (wittB ~ 4.3 G at the planet’s equator), most of
flux monitoring. their radio emission falls at frequencies lower than thdtbh®
The planet host CoRoT-4a as a spectral type similar toabove mentioned surveys. Another possibility is that thesem
Boo and its rotation appears to be synchronized on the &en is beamed out of the line of sight, or that the stellardvin

2. Observations
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power (kinetic angbr magnetic) is significantly smaller thanleads to the strongest interaction. Moreover, since therohs
assumed. tions of star-planetinteraction show a hot spot rotatini wie
orbital period of the planet and do not show the periodicity o
stellar rotation, an axisymmetric field (i.e., with an azthml
degreem = 0) is a good approximation to describe the interac-
We adopt a spherical polar coordinate frame having itsoagi tion, as discussed by Lanza (2008). _

the baricentre of the host star and the polar axis alongéiast ~ Our linear force-free field can be expressed in the for-
rotation axis. The radial distance from the origin is intéch Mulism of Flyer et al.[(2004) as:

with r, the colatitude measured from the North pole witand 1 [1 OA.  OA-

3. Coronal field model

the azimuthal angle with. The planet orbit is assumed circulaB = rsing F———0+ahg|, 1)

roe  or
with a semimajor axis and lying in the equatorial plane of the ] ] ) o
stab. whereA(r, ) is the flux function of the field. Magnetic field

Close to a star, the magnetic pressure in the corona is mlgfﬁs lie over surfaces of constaafr, 6), as can be deduced

greater than the plasma pressure and the gravitationas,fo Y thing thatB - V'_A‘ = 0. The flux funcf[ion for our O"pf?'e'
S0 we can assume that the corona is in a force-free magn@ﬁ’?— field ge_om_etry. ISA(T, .9) = BoRPg(q) sir’ 6, where By is
hydrostatic balance, i.e., the current densitys everywhere '€ magnetic field intensity at the North pole of the skathe
parallel to the magnetic field, viz. J x B = 0. This means Star's radius and the functia{g) is defined by:

thatV x B = aB: with .the force-frge pqramelter constant _ [boJ_3/2(q) + CoJds/2(A)] vA 2)
along each field line (Priesst 1882).dfis uniform in the stellar 9(a) = [boJd_3/2(qo) + CoJs/2(qo)] Vo~ (

corona, the field is called a linear force-free field and is$igs
the vector Helmoltz equatio?B + o?B = 0. Its solutions in WNerebo andcy are free constantss/> and J/, are Bessel

spherical geometry have been studied by, E.g., Chandraiselffinctions of the first kind of order3/2 and 32, respectively,
(1956) and Chandrasekhar & KenHall (1957). g = lelr, anddo = |a|R- Making use of Eq.[{1), the magnetic

Linear force-free fields are particularly attractive inwie field components are:
of their mathematical symplicity and their minimum-energ R?
properties in a finite domain, as shown by Woltjer (1958 ~ ZBOr_zg(Q) cos,
Specifically, in ideal magnetohydrodynamics, the minimum e
ergy state of a magnetic field in a finite domain is a lined
force-free state set according to the boundary conditiowk a
the constrain posed by the conservation of the magnetic ti- = aBng(q) sing,
licity. In a confined stellar corona, magnetic dissipatisto- i i ,
calized within thin current sheets whose globfiket is that Whereg'(a) = dg/dq. A linear force-free field as given by
of driving the field configuration toward the minimum energ$9S- [3) extends to infinity with an infinity energy. We coresid

state compatible with the conservation of the total halittie 1S restriction to the radial domap < q < qi, whereq, is the
so-called Taylor's state, which is a linear force-free fidde, first zero ofg(q), in order to model the inner part of the stel-

e.g., Heyvaerts & Priést 1994: Berger 1985, for details)yOnlar corona where magnetic field lines are closed, as disdusse
in large flares the total helicity is not conserved due torgjro N Lanza (2008) (see_Chandrasekhar 1956, for the boundary

turbulent dissipation and ejection of magnetized plasma. ~ conditions ar =r. = qu/lal). -
The total helicity of a confined magnetic structure con- 1€ Magnetic field geometry specified by E@S. (3) depends

strains its free energy, that is the energy that can be resddas on tWO, independent parameters, i@..and bo/Co. They can

a magnetic dissipation process. It is théiefience between the 2€ derived from the boundary condlt.mns) at the stellar photo
initial energy of the field, which is usually in a non-linearg¢e- SPNere. i.e., knowing the magnetic fiefid) (9, ¢) on the sur-
free state (i.e., with a non-uniform), and the energy of theface_atr =R Us!ng the orthogonality properties of the bas_lc
linear force-free field satisfying the same boundary coouiit poloidal and toroidal fields (see_Chandrasekhar1961), wde fin

R2 )
—Bolal 79’((4) sine, (3

and having the same total helicity (see, elg., Régnier &dPri 8r 9
2007). Therefore, a decrease of the total helicity prodgeal 3 BoR® = (R B(Y cosod,
change of the boundary conditions or a strong magnetic-disgj ) ©
pation will in general make available more free energy fer th§|a|50R39 (%) = —f By’ singdz, (4)
heating of the corona. =R
To model the magnetic interaction between the stellar coro- %QBOF& = — f B((;) singdz,
nal field and a close-in planet, we consider only the dipikie-| 3 I(R)

component (i.e., with a radial ordar= 1) of the linear force- where £(R) is the spherical surface of radil® anddx =
free solution of_Chandrasekhar & Kendall (1957) becauseRt sinddgde.
has the slowest decay with distance from the star and threrefo  The magnetic energi of the field confined between the

_ o ~ spherical surfacas= Randr = r_ can be found from Eq. (79)
2 About 70 percent of the hot Jupiters within 0.1 AU from theish in § 40 of[ChandrasekHar (1961):
stars have a measured orbital eccentricity lower than @@asistent o '

with a circular orbit (seg httpexoplanet.ef). E=E {2 + 0oa[g'(qL)]? - qg[g’(qo)]2 - qg} , (5)
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whereE, = g—ZR38§ is the energy of the potential dipole field4. Applications

with the same radial component at the surface R, andu is In this Secti hall id licati f thab
the magnetic permeability. The relative magnetic heliéity, n this Section we shall consider some applications of tieye
odel for the stellar coronal field to the phenomena intreduc

as defined by B (1985), be found f his Eq. (1!
o iS:me v Berger ( ), can be found from his Eq (@Sect[l

, 8t E |lal
Hr = B3R* [29'(qo) + A (6)  4.1. Power dissipated in SPMI

Note that the field obtained by changing the signvdfas the The power needed to explain the excess flux from a chromo-
same poloidal componenB andBy, and energ\E, while the Spheric hot spot or an X-ray emission synchronous with the
toroidal componenB, and the relative helicitylg become op- planet s of the order of 8- 10°* W. Magnetic reconnection
posite. between the stellar coronal field and the planetary fieldeat th

In the limitq < 1, i.e., close to the stellar surface, neglechoundary of the planetary magnetosphere is ndiicent to
ing terms of the orde®(q?), we find thatg(q) ~ go/q and account for such a power, as we show in Sect. #.1.1. Therefore
g (q) ~ —go/9?, independently ob, andc,. From Eqgs.[(B), we We propose an interaction mechanism that may be capable of
see thaB, andBy close to the star are similar to the analogougistaining that level of power in Sefct. 411.2.
components of the potential dipole field with the same radial
component at the surface.

It is also interesting to study the limit — O of our force-
free field. In this limitr. — oo and the radial extension of theThe first mechanism proposed to account for the energy budget
field grows without bound. Nevertheless, the field tends to bef SPMI is reconnection between the planetary and the stel-
come indistinguishable from the corresponding potentidifi lar magnetic fields at the boundary of the planetary magneto-
andE — E,. In the same limit, the relative magnetic helicitysphere. This boundary is characterized by a balance between
grows without bound becausg — 0 in Eqg. [6), but the he- the magnetic pressure of the coronal field and that of the plan
licity density (i.e., the magnetic helicity per unit voluiends etary field. The ram pressure is negligible because the plane
to zero (see_Berger 1985; Zhang & Liow 2005, for further dés inside the region where the stellar wind speed is subaiéve
scription of this limit state). (cf., e.g., [ Preusse etlal. 2005), and the orbital velocitthef

For a finitee, E > E, because the potential field has th@lanet is about one order of magnitude smaller than the Alfve
minimum energy for a giveB'. If we consider all magnetic velocity (Lanza 2008). Therefore, assuming a planetary fiel
fields with one end of their field lines anchoredrat R and With a dipole geometry, the radius of the planetary magneto-
the other out to infinity, satisfying the same boundary cendiPhereRn, measured from the centre of the planet, is given by:
tions of our field atr = R, the field with the lowest possible
energy is called the Aly field and its enerByy, = 1.66E, (see . [B&3)
Flyer et all 2004). We assume that the Aly energy is an upp%? - Rp'[ Bpi
bound for the energy of our field because it is the lowest gnerg
allowing the field to open up all its lines of force out to infini WhereRy is the radius of the planef(a, 5) is the coronalfield
driving a plasma outflow similar to a solar coronal mass ejegf the star on the stellar equatorial plane ata, andBy is the
tion. magnetic field strength at the poles of the planet.

From a topological point of view, the fields obtained from We specialize our considerations for the SPMI model of
Egs. [B) can be classified into two classes. If the funagi@) HD 179949 developed by Lanza (2008) that assubggs, =
decreases monotonously in the intergal< g < q., all field —1.1 ande = -0.12R"* to explain the phase lag between the
lines are anchored at both ends on the boundasy R. On chromospheric hot spot and the planet. The magnetic field in-
the other hand, if the function has a relative minimum (arf@nsity vs. the distance from the star is plotted in Elg. 1e Th
a relative maximum) in that interval, the field contains an afield strength decreases as that of a potential dipole fielskcl
imuthal rope of flux located entirely in the > R space and t0 the star, i.e., wherg(q) ~ do/q (cf. Sect[B), then it decreases
running around the axis of symmetry. The magnetic field coRtore slowly forr > (6 — 7)R because the decreaseggf)) be-
figurations considered By LanZa (2008) to model SPMI are é@mes less steep (cf., e.g., Hif. 3).
the first kind; an example of a field configuration containing At the distance of the planet, i.e,= 7.72R, the field is
an azimuthal flux rope will be discussed in S&cf] 4.2. An andpduced by a factor of 300 with respect to its value at the
ogous topological classification holds in the case of the no#tellar surface. Assuming a mean field at the surtice 10 G
linear force-free fields considered by Flyer et al. (2004).  (cf. [Donati et all 2008), the field at the boundary of the plane

Note that the photospheric magnetic field components ci@ty magnetosphere B(a, ) ~ 0.03 G. Adopting a planetary
be measured by means of spectropolarimetric techniquies if field By = 5 G (cf., e.g.,. GrieBmeier etlal. 2004) and a radius
star rotates fast enoughgini > 10— 15 km s1) as shown in Of the planet equal to that of Jupiter, we fiRg ~ 5.5R; =
the case of, e.gr, Boo by Catala et al (2007) ahd Donati et a3-8 x 10° m. The power dissipated by magnetic reconnection
(2008). Therefore, Eq4.](4) can be applied to derive therparacan be estimated as:
eters of the coronal field model and its topology, as we shall T o5
show in Sec@Z' I:)d = 7;[5(5" E)] ernvl'eh (8)

4.1.1. A simple magnetic reconnection model

-1
3

: (7)
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where 0< y < 1 is a factor that depends on the angle betwe&nthe electric conductivity of the plasma. We assume that th
the interacting magnetic field lines (see, e.g., PRiiest [p00Bconnected field is in a force-free state, thmds= oB, and
andvig is the relative velocity between the planet and the stadhoose a gauge transformation for the vector potential ¥e ha
lar coronal field. Adopting the parameters for HD 179949 andl = o« B. Sincev,e - B ~ 0 in the reconnected region, we
vy = 0.5, we findPy ~ 1.3 x 10" W, which is insificient by have:

at least a factor of 0 SincePy ~ B**B%°, to explain the H P2

observed power the stellar surface field should be incra:ﬂ]seeiLﬂ ~ —2(a_1)uf —dV, (10)

Bo ~ 180 G, which is too high in view of the mean values mea-Dt 2

sured at the surface ofBoo (Donati et al. 2008) that is a fastefyhere(a~1) is some average value @f! over the volumea/(t).
rotator than HD 179949, but with a comparable X-ray lumigq, [10) shows that the absolute value of the helicity dewsa

nosity (Kashyap et al. 2008). Christensen et al. (2009) ssiggsteadily inside the volume¥(t) following the motion of the re-
that the surface fields of hot Jupiters may be up tol® times connected region through the stellar corona.

stronger than tha; Cng Jupiter. However, if we adBpt= 75 G We conjecture that once a magnetic energy release is trig-
and consider th&?° dependence, we obtain a power increasgered by such a decrease of helicity in the reconnection vol-
by only a factor 0F6. ume, it extends to the whole flux tube connecting the plagpetar

magnetosphere with the stellar surface and proceeds &asler
faster thanks to a positive feed-back between energy eleas
and helicity dissipation. In other words, the fast and |zeal
energy release produces a turbulent plasma which in turn en-
To solve the energy problem, it is important to note that the ehances turbulent dissipation of magnetic energy and Ielici
ergy released at the reconnection site is only a fractiomef tgiving rise to a self-sustained process.

energy that is actually available. The emergence of magneti An order-of-magnitude estimate of the helicity dissipatio
flux from the convection zone and the photospheric motiorate can be based on EQ.]10), now considering turbulerit diss
lead to a continuous accumulation of energy in the cororftion; it can be recast in the approximate form:

field, independently of the presence of a planet. Our conjeg;

4.1.2. Magnetic energy release induced by a hot
Jupiter

ture is that a close-in planet triggers a release of such an a?R ~ uéPy, (12)
cumulated energy, modulating the chromospheric and cbron
heating with the orbital period of the planet. where§ is the lengthscale of variation of the magnetic field

As a matter of fact, the reconnection between the coror@gsociated with the current density, i.é.~ B/(6u), andPyq
and the planetary field lines has remarkable consequenceggdhe dissipated power. We assume that the largest tutbulen
the topological structure of the coronal field. The final corengthscaleis ~ o™ = 0.12R™ = 6.7x10° m forR = 8x10°
figuration of the coronal field after reconnection is in gaherm. Adopting the maximum dissipated power suggested by the
a non-linear force-free one, i.ay,is no longer spatially uni- observations, i.eRPq = 10°* W, we find:
form. This happens because the field must simultaneously BH, s 41
isfy the boundary conditions at the photosphere, which isepo—— ~ 8.37 107 T2 m* st (12)
the value ofa close to the star, and those at the reconnection o o
site close to the planet which in general will not be compati- N the above derivation we have guessed the dissipated
ble with a uniform value of. Sincea must be constant alongPOWer from the available observations. For the mechanism to
a given field line, the field re-arranges itself into a configur Pe at least plausible, we need to show that it is possible to
tion with different values of along diferent field lines to sat- Sustain that level of dissipated power. This implies a compu
isfy the boundary conditions. We know from Woltjer theorerftion of the energy stored in the non-linear force-freefigat
that the energy of the field in such a state is greater than tifaProduced by the reconnection process, which is beyond the
of the linear force-free field with the same magnetic hgjicitt@pability of our simple linear model. Nevertheless, we may
and boundary conditions at the stellar surface. In othedgjor €Stimate the energy available by means of a simplified argu-
some energy can be released if the field makes a transitiodlgnt that is by no means rigorous, but has the advantage of
this linear force-free state, restoring its unperturbetfigaira- USing our mode for linear force-free configurations. Itsules
tion. Such a transition can be stimulated by the fact that tRBould be regarded only as an illustration of the plaugybdlf
helicity in the region where the field has reconnected is towie Proposed mechanism, Qeferrlng a more detailed and rigor
than the initial helicity because reconnection processas fo OUS treatment to future studies.
a steady dissipation of helicity. Considering the volux(® To compute the available energy, we assume that the recon-
occupied at any given timieby the plasma where reconnectiof€ction between the coronal and planetary fields produces a
has just occurred, the rate of helicity change in8i@@ is given dissipation of the helicity of the initial field configuratipi.e.,
by Eq. (13) of Heyvaerts & Prieédt (1984): that.unperturbed by the planet. Again, we .specify our consid
DHg AxJ B.J erations for the case of HD 179949, adopting the linear force
:f (A'Vrel)(B’dS)+f .ds_zf_d\/, (9) free model of Lanza (2008). Therefore, we fix= -0.12R?!
Dt sv) S(v) v g andbg/co = —1.1 in the initially unperturbed state, giving a
whereS(V) is the surface bounding the volurivt), A is the total energyE/E, = 1.0273 and a relative helicitjHg| =
vector potential of the magnetic field, viz.x A = B, ando 55.3116 B%R4 (cf. Eqs[® and6). The boundary conditions at
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the stellar surface specify the valuesgifqo) and « through
Egs. [4). The value ok depends on the radial and azimuthal
field components at the surface and must be regarded as fixed. ,\\
Conversely, the value dfy/cy is pratically independent of the AN
value ofg’(qo) for bp/co < —1.0. This is illustrated in Fid.]2 and i AR 1
is discussed further in SeEi. 4.2. In other words, the taticy [ ]
is only marginally constrained by the boundary conditiond a
can be assumed to vary in order to decrease the total hadicity
the field. The minimum helicity is obtained fbg/co — —oo,
which givesg'(qo) = —8.2133 while for the initial field config-
uration withbg/co = —1.1, g'(go) = —8.2021, corresponding to
a variation of the boundary condition by only 0.13 percehisT r 1
state of the field hak/Ep = 1.0180 andHg| = 54.6421B3R’, I
i.e., an helicity variatiomAHr = 0.67B§R4 with respect to

the initial state. Assuming® = 10 G andR = 8 x 10°
m, the transition from the initial state to this final state re
leases an energdE = 0.009F, = 1.6 x 10°° J. A crucial M
point is the timescale for the release ME because it deter- 5 10 15 20 25 30
mines the power available to explain the observed phenomena (/R)

It depends on the time scale for the dissipation of the helic- L .
ity and can be computed from the helicity dissipation rate g.1. The modulus of.the megnetlc field on the equatorial
Tha ~ AHr/(dHg/dt) ~ 3.3 x 10° s, where we made use offlane of the star normalized to its value at the surface esah

o _ _ 1
Eq. (12). Therefore, the available maximum power, esti[hat?IaI -d|s.tance from the etar fim/Co = —1.1 anda = 0.12F§
from AE /g, tUmns out to be- 4.9 x 107° W which is of the solid line). For comparison, we plot also the case of a p@kn

right order of magnitude to account for the chromospheric h%eld (dotted line) and of a field decreasingra$ (dashed line).

spot and the enhancement of X-ray flux.
It is important to note that our argument provides us onl . )
with a lower limit for the energy that can be released becaudé Which can account for the observed energy release in the
we approximate the process as a transition between two f#rona.
ear force-free fields. As a matter of fact, when the field is in a It is interesting to note that the greater the magnetic field
non-linear force-free state, its energy is greater tharetieegy ©Of @ hot Jupiter, the morefiecient the triggering of helicity
of the initially unperturbed linear force-free field, allmg the dissipation in a stellar corona by the planet itself becahse
system to release more energy than we have estimated ab8iasipated power scales B in Egs. [8) and[{10). However,
This can explain the modulation of the emitted flux with theven if the planetary magnetic field is negligible, we st e
orbital phase of the planet if only a portion of the stellararea.  PeCt some dissipation by the currents induced in the planeta
surrounding the flux tube connecting the planet with theistarconductive interior by its motion through the stellar caabn
involved in the energy release process at any given time. field (Laine etall 2008) or by the currents associated wi¢h th
The initial field configuration needs to be restored on a tinfdfven waves excited by the motion of the planet through the
scale comparable with the orbital period of the planet toeneh Stellar wind (Preusse etal. 2005, 2006). The corresporiuéng
a quasi-stationary situation in agreement with the obsiens.  licity dissipation rate in Eq[(10) is expected to be at lewast
An order of magnitude estimate of the helicity flux comin§rders of magnitude smaller than when the planet has aBjgld
from the photospheric motions can be obtained from Eq. (125 — 10 G, essentially because the current dissipation is con-

Logio [B(r, m/2)/B(R, n/2)]

of Heyvaerts & Prie5t (1984) as: fined within a much smaller volume. Therefore, thBatency
dH of the proposed mechanism is likely to be significantly restlic
d_tR ~ 47R2BVea ., (13) When the planetary field vanishes.

wherev, is the velocity of magnetic qux'emergence atthe ph%‘.z. The intermittent nature of SPMI

tosphere, that we can take as a fraction, say 0.1, of the con-

vective velocity, yieldingve = 150 m st. The timescale for The fact that chromospheric hot spots rotating sychroryous!

restoring the helicity of the above magnetic configurat®ni with the planetary orbit have not always been observed in
AHr HD 179949 and And (.Shkol_n.ik et al. 2008) can be interpreted

Thr = dh/dt ~32x10%s, (14) by assuming that their activity cycles are very short, iof.,

R the order of 1- 2 years. If the large scale dipole field cycli-
wheredHg/dt comes now from EqL(13). It is comparable taally reverses its direction, we have alternate phasesarfigt
the fastest helicity dissipation timescale applied abowktia and weak interactions with the magnetic field of the planet
significantly shorter (i.es 10 percent) than the orbital period(see | Lanza 2008). Such a hypothesis has received some sup-
of the planet. The magnetic energy flux associated with the hport from the observation of two consecutive field reverseds
licity build up can be estimated as:2xR?B2ve/u ~ 4.8 x 10%°  couple of years irr Boo (Donati et al. 2008; Fares etlal. 2009).
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(dg/dq)(q0)
g(a)

Fig. 2. The first derivative of the functiog at the surface of the
star (i.e.y = R) vs.bp/co for a = 0.12R1.

dg/dq

Moreover, Cranmer & Saar (2007) and Shkolnik etlal. (2009) -gf -
build a statistical model for SPMI, based on the observation [ s s s L]
of the solar photospheric field along cycle 22 and its extrapo 1 2 3 4
lation to the corona by means of a potential field model, which q

predicts an intermittent interaction. The relative dumas of

the on and & phases depend on the phase of the solar cy@lgy 3. Upper panel The radial functiong vs. q for @ =
and are in general agreement with the few available observay;1or-1 and diferent values obo/co as indicated by the
tions reported in Sedi] 2. Nevertheless, another inteapiogtis giferent linestyles, i.e., solih/co = —0.107; dotted:—0.2;
possible which does not require a global reversal of the magzshed=0.5; dash-dotted:0.9745 (critical value for the for-
netic field or a complex geometry of the coronal field, but onbyation of the azimuthal flux rope); dash-dot-dottee?.0.
a change of the photospheric boundary conditions that e&lug ower panel:The first derivativey vs.qfor @ = 0.12R"* and
a change of the global topology of the coronal field. different values dfy/co, according to the same linestyle coding
We shall explore thefkect of a change of the boundaryadopted in the upper panel.
conditions on the force-free configuration adopted by Llanza
(2008) to model SPMI in the case of HD 179949. It assumes
a = -0.12R! andby/cy = —1.1. The mean of the merid-
ional field component over the surface of the ﬁés? in the anchored onto the photosphere. A sketch of the meridiogal se
r.h.s. of the second of Eqg.](4) fixes the valueyty) from tion of the field lines is given in Fig. 1 of Lanza (2008) for
which we can derive the model paramelgycy. A plot of py/cy = —1.1. On the other hand, forbg/co) > —0.9745,
g'(do) vs.bo/co is given in Fig[2 fore = —0.12R™* and shows the derivativeg’ vanishes at two points within the interval
that there is a large interval dib/co where the variation of gy < g < g, and the field develops an azimuthal rope of flux
d'(qo) is very small. In other words, a modest variation of theentred around the maximum gfq) and whose inner radius
meridional field component produces a remarkable variatfoncoincides with the minimum ofi(g). The dependences of the
bo/co. On the other hand, to change significantly the paramragnetic field energ§, outer radius,, and absolute value
etera we need a remarkable change of the axisymmetric ax-the relative helicity|Hg| on bg/co for @ = —0.12R are
imuthal field component over the surface of the star that clustrated in Fig[#%. For-2.0 < bg/cy < -0.3, the energy,
be achieved only on timescales comparable with the stedlar auter radius, and absolute value of the relative helicityral
tivity cycle. Therefore, the dependence on the boundarglieoncrease very slowly with the parameter, thus we restrict the p
tions suggests to explore the modification of the field togglo to the interval showing the steepest variations. The pateme
for a variableno/co heldinga fixed. corresponding to the Aly energy By/co = —0.107 and it is
The plots of the radial functiog(g) and its first deriva- marked by a vertically dashed line. A meridional sectiorhef t
tive g’(g) vs. g are shown in FigI3 for several valueslmficy  field lines when the field has the Aly energy is plotted in Elg. 5
ande = —-0.12R%. For (0o/co) < —0.9745, the functiorg is and shows how the azimuthal flux rope has extended to occupy
monotonously decreasing and all the field lines have botk endost of the available volume, while the domain with field §ne
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—0.30 —0.25 —0.20 —0.15 —0.10
bo/ <o

Fig.4. Upper panel: The magnetic field energy as a frac-
tion of the corresponding potential field energy fag/co for
a = —-0.12R%. The Aly energy limit is marked by the hori-
zontal dotted line while the vertically dashed line marks th
corresponding value dfy/co = —0.107 and has been reported
into all the other plotsMiddle panel: The outer radial limit T T
of the field vs.bp/co for @ = —0.12R"L. Lower panel:the

. . . 0 10 20 30
absolute value of the relative magnetic helicity tag/co for s/R
a=-012R1

Fig.5. Meridional section of the magnetic field lines fer=
connected to the surface of the star has been squeezed belew.a2R* andby/cy = —0.107 which corresponds to the Aly
radial distance- 5R. energy limit. The distance from the rotation axis is incécht

We have illustrated the dependencesgof field energy by s = r sing, while the distance from the equatorial plane is
and helicity on the paramet®p/co for the particular case of z = r cosg, with R being the radius of the star.
a = —0.12R%, but their qualitative behaviours are the same
also for diferent values ofr. Specifically, we have explored
numerically the dependence Bf E, and|Hg| in the rectangle values. If such a range is large enough, the value of the pa-
(0.01R™? < |a| < 0.6R™Y) x (-1.5 < bg/cy < —0.001) find- rameter can sometimes cross the thresgjd, = —0.9745 for
ing that they are always monotonously increasing functafnsthe transition to a flux rope topology, thus halting the SPMI
bo/co for any fixed value ofr. mechanism described in Sect. 4]1.2. Conversely, when the pa

In Sect.[4.1R, we have assumed that the helicity of th@meter crosses the threshold in the reverse direction,|SPM
stellar corona is determined by a dynamical balance betwdgemesumed. The relative durations of such on aficpbases
the opposite contributions of the emerging magnetic fietibs adepend on the statistical distribution of the fluctuatiohthe
photospheric motions that build it up, and the orbital metiomeridional component of the surface field which is presently
of the planet that triggers a continuous dissipation ofdieliunknown. However, an gaff transition can take place on a
ity and magnetic energy in the corona. Therefore, the photiwne scale as short as 16 10° s assuming the helicity fluxes
spheric boundary conditions that fix the value of the hslicit and dissipation rates estimated in Sect. 4.1.2.
our model can be regarded as a result of those processes thathe phase lag\¢ between the planet and the chromo-
rule the helicity balance of the stellar corona. spheric hot spot depends &wp/c; for a fixeda (see | Lanza

To explain the transition between states with and wit2008, for the method to computip). We plot such a de-
out a chromospheric hot spots, we assume that the helicitypgihdence in Figl16. When the field has no flux rope, i.e.,
the coronal field and the corresponding boundary conditiobg/cy < —0.97,A¢ depends only slightly ohg/co varying only
can vary on a timescale shorter than the stellar activityecycby +20° around the mean observed value~of7f0°, even for
Specifically, the flux of helicity into the corona and the nderi values ofbg/cy as small as-3.0, i.e., well beyond the range
ional component of the surface field are expected to vary @nsidered to model the observations of HD 179949. The vari-
a result of the fluctuations characterizing turbulent hyaing- ation of A¢ becomes steep only when the field is very close to
netic dynamos (cf., e.d., Brandenburg & Subramanhian |2008gvelop a flux rope. The inner radius of the flux rope reaches
As a consequencédy/cy varies, spanning a certain range othe distance of the planet/R = 7.72) whenbg/co = —0.908.
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A (deq)
Logio [B(r, m/2)/B(R, n/2)]

40b 0 v oo ] ) B A I S A B
-3.0 —2.5 2.0 —1.5 ~1.0 10 20 30
(bo/co) (r/R)

Fig.6. The phase lag between the planet and the synchron&ig 7. The modulus of the magnetic field on the equatorial
chromospheric hot spot visg/co for @ = 0.12R™1. plane of the star normalized to its value at the surface vs.
the radial distance from the star ftg/co = -0.107 and
@ = —0.12R™! (solid line). For comparison, we plot also the
We assume that the transition from, shy/co = —1.1t0-0.9 Case of a potential field (dotted line) and of a field decrensin
occurs on a time scale so short that it has no observable-co$d  (dashed line).
guences o given the limited duty cycles of present ground-
based observations.

By increasingoo/co, the energy of the field grows up to the?lanation gains support. In principle, by measuring théesier
Aly limit where an instability opening the field lines may poscomponents of the field and the anglg with suficient ac-
sibly be triggered. The magnetic field intensity vs. theatise Ccuracy, it is possible to estimat®/co, thus constraining the
from the star is plotted in Figf] 7 for a model with= —0.12R"1 model parameters during the SPMI on phases. Specifically, we
and the Aly energy. Following a rapid initial decrease, elps can use the first and the third of Eds. (4) to fidglande, and
similar to that of a potential field, the field stays almoststant then fix the range dfio/co that reproduces the observad (cf.,
for 5 < (r/R) < 14, and then decreases slowly far away fro®-9., FigL®). The second of Egfs] (4) can be used as an indepen-
the star. This is due to the slow decrease of the field intensitent check of the accuracy of the linear force-free assumpti
with radial distance inside the flux rope. A first consequeng&cause the resulting value gf{(do) should be close te-8 if
is a remarkable increase of the power dissipated at the boufdlr model is indeed applicable.
ary of the planetary magnetosphere, as given by[Eqg. (8)&n th
case of HD 1799429, the field intensityaat 7.72Ris ~ 3 times
greater than in the absence of the rope (cf.Hig. 1), leadiagt
increase oPq4 by a factor of~ 4. Nevertheless, the released enmAn interesting property of the flux rope topology is the pos-
ergy cannot reach the chromosphere and no hot spot is forrsédllity of storing matter in the stellar corona. The evapor
in the present case. If a balance is eventually reached batwton of hot Jupiters under the action of the ionizing radia-
the helicity flux from the photosphere and the dissipatiohé tion of their host stars originates a flow of cool plasma at a
corona, the flux rope configuration may become stationasy. temperature of~ 10* K that escapes from the planetary at-
end may occur either by an increase of the energy above thespheres into the stellar coronae (cf., elg., Ehrenr¢igh e
Aly limit which may open up the field lines, or by a sudde2008; Murray-Clay et al. 2009). The flux rope geometry keeps
decrease of the helicity flux which will change the topolody dhe evaporating plasma confined into a torus in the equéatoria
the field into one with all field lines connected to the stellgslane of the star, thus making its detection easier in the ohs
surface, thus resuming a chromospheric hot spot. transiting hot Jupiters (Vidal-Madjar et/al. 2003).

The explanation suggested above for the intermittent be- Considering a moderately active star and assuming a life-
haviour of SPMI can be tested by measuring the direction tifhe of ~ 300 days for the flux rope configuration accord-
Bgs), i.e., the meridional field component at the stellar surfadag to the duration of the b phases of chromospheric inter-
which is possible by means of spectropolarimetric techedquaction, the evaporated mass is of the order af BY'# kg (cf.,

(cf. [Moutou et all 2007; Donati et al. 2008) if the star rosatee.g.,| Murray-Clay et al. 2009). Such a material may evehtual
fast enoughy(sini > 12— 15 km s1). If the orjoff SPMI tran- condense in the form of prominence-like structures arobad t
sition is not associated with a reversalBif), the present ex- minimum of the gravitational potential inside the flux roffet

4.3. Azimuthal flux rope and planetary evaporation
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is in the equatorial plane of the star, possibly closer tostae crease of the intensity along thenHine profile is between

than the hot Jupiter (cf. Fifgl 5). It is unlikely that all theap- 5 and 20 percent, with typical equivalent widths of the ab-

orated matter collects into a single condensation. Thertaker sorption features between 50 and 500 mA, as reported by

instability of the plasma is expected to lead to many conde@ellier Cameron & Robinson (1989) for AB Dor, whose coro-

sations with typical lengthscales of80 10° m, comparable nal parameters can be considered fairly typical of thosenf v

in order of magnitude to those observed in, e.g., solar proractive stars.

nences|(Field 1965). Moreover, a high degree of inhomogene-

ity is expected inside each condensation, in analogy wih th - Finally, note that a prominence does not form at the dis-

filamentary structure of solar prominences, because th& pi@nce of the planet when the field topology does not contain

sure scale height at a temperature~ofl0* K is only of the 3 flux rope because in that case all the evaporated matter will

order of 16 - 10° m. fall onto the star, except when the star rotates so fast lfeat t
Assuming a mass ofil, for the star and aradit®= 1Ro,  centrifugal force reverses théective gravity at the top of the

the gravitational potential energy of the whole prominemee loops interconnecting the planet with the star.
terial is~ 2x 107 J, for a mean radial distance dR7lt is only

1 percent of the magnetic energy of the coronal field, theeefo
it is not expected to perturb appreciably the field geometry.

On the other hand, in the case of a very active star, i.e., ha4. Consequences for X-ray emissions
ing an X-ray luminosity 2- 3 orders of magnitude greater than
the Sun (cf., e.g.,_Penz etal. 2008), the planet evaporetien o )
may increase by a factor ef 100, leading to a potential energy‘” our model, all the magnetic field lines are closed, so the
of the whole prominence material of the order of101(?8 J. corona consists of closed loops. However, if we adopt a more
This can significantly perturb the field, whose configuratigigalistic model, such as the non-linear force-free model of
can no longer be assumed force-free. A non-force-free mo&éfer etal.(2004), itis possible to have open field linesalhi
may be applicable, such as that of NeuKirfch (1995), disclisdBay account for the configuration observed in solar coronal
by|Lanz&(2008). It gives rise to the same field topologies Bples. Also in those. non-linear models we can have a coronal
the present force-free model because it is obtained from-a [field with a large azimuthal flux rope whiclifacts the topol-
ear force-free model by means of a linear transformatiohef t09Y of the coronalfield lines close to the star. From a qualia
independent variablg of the radial functiorg(q) (cf. [Lanza Point of view, we can refer to Fig] 5 showing that all the mag-
2008). A large amount of prominence material may help to sfaetic structures at low and intermediate latitudes muse lzav
bilize the flux rope configuration, because lifting up thempio  closed configuration with a top height lower thar — 5 Rbe-
nences to open or change the geometry of the magnetic figR¥Se they must lie below the flux rope. This implies that open
lines requires a comparable additional amount of energig THeld configurations, akin solar coronal holes, are not adidw
may imply that the flux rope topology is the most stable in tH low latitudes when a sizeable flux rope has developed in the
case of very active stars, leading to a lower probability lnf oOUter corona. Since closed magnetic configurations areachar
serving a chromospheric hot spot synchronized with thegtlant€rized by X-ray fluxes up te- 10 - 100 times greater than

Prominence-like structures have indeed been detecf&qonal holes, an azimuthal flux rope configuration is exgubct

around some young and highly active dwarf stars, throuffhPe associated with a greater X-ray luminosity of the tant
the absorption transients migrating across their, i€a 1IN the case when all magnetic field lines are connected to the

H & K and Mg Il h & k emission line profiles (e.g., Photosphere. Of course, this is independent of the preseince

Collier Cameron & Robinson 1989). Typical masses are in tRg?lanet.
range (2- 6) x 10 kg for the young £ 50 Myr), single KO
dwarf AB Dor (Collier Cameron et al. 1990). We expect a re- When a star is accompanied by a close-in planet, it may
markable increase of the number of such phenomena in highilgrease the dissipation of magnetic helicity and energy, a
active stars hosting evaporating hot Jupiters. Assuminifg-a | conjectured in Sedt. 4.7.2. According to Kashyap et al. £00
time of ~ 300 days for the flux rope configuration, a total evaystars with a distant planet have an average X-ray luminos-
orated mass of & 106 kg can lead to the formation of 100 ity Lx ~ 7 x 10?9 W, while stars with a hot Jupiter have
prominence-like structures akin those observed in AB Dor. Ly ~ 5.5 x 10 W. Considering the model introduced in
The most favourable geometrical conditions for their d&ect[4.1.R, the dissipated power is proportionﬁ!@,omhereBo
tection are found in transiting systems where the pronisthe photospheric magnetic field (see Séct. 3). This holds t
nences are expected to transit across the disc of the hast &t@th for a field topology with all field lines connected to the
The radial distance of a condensation inside a flux rope ghotosphere and with an azimuthal flux rope. We find that for
of several stellar radii, in contrast to a minimum distandeoth field topologies an average photospheric figjd~ 30 G
of a few stellar radii observed in the case of the promis suficient to account for the enhancement of X-ray luminos-
nences formed by evaporation from the chromosphere of thein stars with hot Jupiters. Since our model underest@mat
star (Collier Cameron & Robinson 1989). This implies that ththe free energy available in real non-linear force-freedfiel
transit times of the absorption features across the line pguch a value 0By should be regarded as an upper limit, thus
files are shorter by a factor of 25 in the case of flux rope our estimate agrees well with the available observationg,(e
condensations. On the other hand, the expected relative [Bi®utou et al. 2007).
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4.5. Consequences for radio emission nection events triggered by the orbital motion of the plaAét
given time, most of the energy is dissipated in the loop co
ting the planet with the stellar surface and in its nedginb
gnetic structures rather than at the boundary of the f@ane
agnetosphere.

9"This scenario is quite ferent from that characteristic of

The frequency of radio emission from exoplanets depends %E?C/
the planetary magnetic fields (Zarka 2007). According to tl}ﬁa
scaling laws adopted hy Griel3meier et al. (2004), the m&gn%
moments of hot Jupiters are expected to be one order of ma

?|tudbe tsmalle{r;[hgn Tatl.t of JuglteL.?V\lnng ;.0 tldzldsyrtlphzam stars with distant planets, like our Sun. In that case the-acc
'on between their rotation and orbital Motion. AAOPUNGES ., ation of magnetic helicity and energy in the corona leads

face field 9f .10 percent of Jupiter, i.e., 1'4. G,_th.e cyclqtro[B an instability of closed field structures that erupt asoeor
maser emission shou!d peak-at4 MHz, which is impossi- nal mass ejections (CMESs) eliminating the excess of hglicit
ble to detect because it falls below the plasma frequenayicu Zhang & Lowl 2005} Zhang et al. 2006). In the present model
(Jardine & Collier Cameran 2008). The situation is much mo}ﬁ addition to the CME mechanism. the interaction betweer;
favourable if the magnetic fields of hot Jupiters are indeed e coronal field and the planetary m’agnetosphere take@part
gtrong as predicted by the moo!els of Christenseq atal. 20 e helicity dissipation process. In principle, one expéhat

in which the planetary dynamo is powered by the internal COQ’Iarge flare that extends over most of the stellar corona may

vective motions and the field intensity is pratlcallly |n.de¢ent sometimes occur thanks to the capability of the planetgg i
of the rotation rate of the planet. Assuming a field intenaity large-scale helicity dissipation process. If most of ti@pal

the surface 0f 25 G, the cyclotron maser emission peaks-at ﬁ%licity is dissipated during such an event, the maximuni-ava
quencies around 70 MHz.

o h ission f h | fthe ol able energy can approach théfdience between the Aly limit
In addition to the emission from the poles of the planet, We, § the energy of the potential field with the same radial com-

expect radio emission from the stellar corona. When the ﬁeﬁ%nent at the photosphere, i 8Eax = 0.66E,. For the case of
lines are connected to the stellar surface, electronsereded HD 179949 with an assumed photospherig fiel®gk 10 G,

at the reconnection sites travel down to the star produgirig-e we haveAEmay = 1.1 x 1077 J. Assuming a photospheric mean
sions up to the GHz range from localized regions above phofgyq Bo = 40 G andR = 0.75 R, as suggested by the observa-
spheric spots with fields of £0- 10° G. However, this is not ¢ of the K dwarf HD 189733 by Moutou et dl. (2007), we
possible when the field has a topology with an azimuthal ﬂlﬁétAEmax — 52% 1027 J. Such Iargé energies may éxplain the

rops- In this case the coronal field intensity is of the order @ e fjares observed in some dwarf stars, giving support to a
107“ G and the emission peaks at very low frequencies, COMPBhjecture by Rubenstein & Schaéfer (2000).

rable to or be!ow the plasma frgquency, le., it i?‘ self-absd Processes like CMEs, i.e., capable of reducing the helic-
before escaping from the emitting region. In this case, we &g, ot the stellar field, are required for the operation of el-st
pect detectaple radio emission pnly fromthe pples of theqila lar hydromagnetic dynamao_(Blackman & Brandenburg 2003;
l.e., from a hlghly Iocallzeo! region. The beaming of cyalotr Brandenburg & Subramanian 2005). Therefore, a hot Jupiter
maser emission may additionally decrease the power towgtdy he|, the star to get rid of the helicity generated by its dy
the observer thus explaining the lack of detection at freque, ;15 in the convection zone, increasing dynatigiency and
cies of 50- 10_0 MHz. the overall level of magnetic activity. This may ultimately-

In conclusion, we expect that the best chances of detectifigin the greater X-ray luminosity of stars with hot Jugter
radio emission from exoplanets with the current instrurenty;reover. shorter activity cycles may be expected (cf.,,e.g
tion can be achieved when observing systems with a chrongoll_z_l of Brandenburg & Subramarian 2005), which might

sphgric hot spot synchronized with the planet. In this caseg.cqount for the 2-year magnetic cycle suggested by thet lates
fraction of the electrons accelerated at the reconnectien S observations of Boo (Fares et al. 2009).

inside the long loop connecting the star with the planet M@y b the modulation of the helicity loss with the orbital period
driven to the polar regions of the planet and to the stellar S\t the planet might account for the photospheric cool sps t
face increasing the irradiated power. In'thls case,'theswms appear to rotate synchronously with the planet, as conjedtu

is expected to be strongly modulated with the orbital pedbd by|LanzA [(2008). These spots are related to the emergence of
the planet. magnetic flux from the convection zone that may contribute
to the formation of hot spots in the chromosphere and in the
corona by reconnecting with pre-existing fields, thus dbatr

ing to the energy budget of SPMI.

We have presented a model for the coronal magnetic field of Our model predicts a field intensity that decreases slower
late-type stars that allows us to investigate the magnetigs-i than that of a potential field far away from the star. In thesaafs
action between a star and a close-in exoplanet. The samd maige flux rope topology, the field decreases even sloweritian
was used by Lanza (2008) to explain the observed phase lagthe outer part of the closed corona. This may enhance the dy
between chromospheric hot spots attributed to SPMI and the@mical coupling between the star and the planet, as suaghest
planets. Now, we have discussed the energy budget of SAMIsome preliminary computations of the angular momentum
and its intermittency on the base of that model. We suggast texchange between CoRoT-4a and its hot Jupiter having an or-
the coronal field evolution in a star hosting a hot Jupiteuisd  bital semimajor axi® ~ 17.4R, whereR s the stellar radius.

by a dynamical balance between the helicity coming up ingo tifhey indicate that the rotation of the outer convection zahe
corona from the photosphere and that dissipated by the recthre star may have been synchronized with the orbital motion o

5. Discussion
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the planet if the surface fieldy > 10 G and the age of the sys-Moreover, it suggests that the best chances to detect rase e
tem is> 0.5 Gyr. These results may explain the tight synchraion from hot Jupiters or their host stars are found in system
nization observed in the CoRoT-4 system which is impossitdeowing a chromospheric hot spot rotating synchronoudly wi
to understand with tidal models given the large distanc@ef tthe planet.
hot Jupiter and its low mass (0.7 M;, lLanza et al. 2009b). We have also investigated the consequences of tfereint

A limitation of the present approach is the use of a linegield topologies for the confinement and the storage of the mat
force-free model for the stellar coronal field. This mainfy ater evaporated from a planetary atmosphere under the axftion
fects our energy estimates, while the main topologicali@st the radiation from the host star. When the field has an aziahuth
of our linear model are shared by non-linear models (cf., e.gope of flux encircling the star, the evaporated matter can ne
Flyer et al. 2004; Zhang et al. 2006). The latter can be usefhér escape nor fall onto the star and is expected to condense
to treat the contribution of the outer coronal fields becdlieg the outer corona forming several prominence-like strigstuit
can provide us with field configurations that extend to the igan in principle be detected in the case of rapidly rotating a
finity with a finite magnetic energy. However, given the muchighly active stars through the observations of transibabep-
greater mathematical complexity of non-linear force-fremd-  tion features moving across the profile of their chromosigher
els, the present treatment is preferable for a first desengf emission lines.
the most relevant physicaffects. Simultaneous optical, X-ray and radio observations can

Non-linear models can be useful also to investigate tigove the association between a chromospheric hot spot in-
Stablllw of coronal magnetOhydrOStatiC Configuratiomsthe duced by a hot Jupiter and the X-ray and radio emission en-
framework of the adopted model, stability is warranted Byancements expected on the basis of our model because the
Woltjer theorem because a linear force-free configurationdnergy is mainly released in the corona of the star and then
the minimum-energy state for given total helicity and boun@onveyed along magnetic field lines to heat the lower chro-
ary conditions (Berg'ffr 1985) However, a real coronal fiedd t mospheric |ayers_ Most of the coronal energy should be re-
is in a non-linear force-free state may become unstableréefased within one stellar radius, where the magnetic field is
reaching the Aly energy limit by, e.g., kink modes, when & destronger. Therefore, no large phase lags are expected dretwe

velops an azimuthal flux rope. the chromospheric enhancement and the X-ray and radio en-
hancements varying in phase with the orbital motion of the
6. Conclusions planet. On the other hand, when there is no signature of SMPI

in the chromosphere, we expect that also the modulation of
We have further investigated the model proposed by Langs X-ray flux with the orbital motion of the planet is sig-
(2008) to interpret the observations of star-planet magimet pjficantly reduced. No detectable radio emission is expkcte
teraction. A linear force-free model of the stellar corofi@ld  in this case, except when the planet has a polar field of at
has been applied to address the energy budget of the intefagst 20- 30 G. Finally, we expect to observe the signatures
tion and to understand its intermittency. We propose that thf several prominence-like condensations in the coronae of
magnetic helicity budget plays a fundamental role in therint rapidly rotating ¢sini > 40 — 50 km s2), highly active stars
action. An hot Jupiter contributes to this budget by inciregs (L, ~ 10?2 — 10%® W) hosting transiting hot Jupiters, if our

the helicity dissipation that triggers an additional magnen- assumption that coronal flux ropes have a typical lifetime of
ergy release in the stellar corona. 200- 300 days is true.
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