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* V x B = 0 out of the sources (above the planetary surface)

= B =-Vuy (g = scalar potential)

Dipolar approximation :
W =M.r/rs =M cosb / r2

=B: B, =-dylor = 2McosB/r3
By =-1/row/d8 = MsinB /13
B, =0

IB| = M/r3 (1+3cos28)12 = B_/L3 (1+3c0s20)/2

with B, = M/R;3 = field intensity at the equatorial surface and r = L R

Equation of a dipolar field line : r = L sin“6



e Multipolar development in spherical harmonics :
WY=RpZ - . (R/N)™T S + (r/Rp)" S.n

S;" = internal sources (currents)
S "= external sources (magnetopause currents, equatorial current disc ...)
with

S"=2_ -0, P,(cosB) [g,™ cosm@ + h ™ sinm@]

S,"=2. -0, P ,M(cosB) [G,m cosmep + H ™ sinm]

P.M(cosB) = orthogonal Legendre polynomials
g,™, h,m, G,m H ™= Schmidt coefficients (internal and external)

This representation is valid out of the sources (currents). Specific currents (e.g.
equatorial disc at Jupiter & Saturn) are described by an additional explicit model,
not an external potential.

Degree n=1 corresponds to the dipole, n=2 to quadrupole, n=3 to octupole, ...



 Origin of planetary magnetic fields : - ~

- Dynamo : !
Rotation + r
Convection (thermal, compositional) + )
Conducting fluid (Earth : liquid Fe-Ni in \
external core, Jupiter : metallic H) ",

= sustained B field -

- Remanent / ancient dynamo (Mars, Moon...)

- Induced (Jovian / Saturnian satellites)



Planet or satellite

Observed surface field
(in T, approximate)

Comments and interpretation

Mercury
Venus
Earth
Moon
Mars
Jupiter
lo
Europa
Ganymede
Callisto
Saturn
Titan
Uranus
Neptune

2x1077

< 107% (global); no useful constraint on local fields.
51073

Patchy (10 ~°~1077). Impact-generated? No global field
Patchy but locally strong (107°-10~4) field
42x107

<1077

1077

2% 1076

4x107?

2%107°

<107’

2%1073

2%1073

Not well characterized or understood

No dynamo. Small remanence

Core dynamo

Ancient dynamo?

Ancient dynamo, remanent magnetic lineations
Dynamo (extends to near surface)
Complex (deeply imbedded in Jovian field)
Induction response (salty water ocean)
Dynamo likely

Induction response (salty water ocean)
Dynamo (deep down)

Need more data

Dynamo(uncertain depth)

Dynamo (uncertain depth)

1G=104T=10°nT

[Stevenson, 2003]



 In-situ measurements of Terrestrial magnetic field, up to order n=14.

» Ground-based radio discovery and first measurements of Jovian magnetic field :

~20 MHz ~1 GHz
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[Burke & Franklin, 1955]

[Radhakrishnan & Roberts, 1958]

= existence, maximum amplitude, inclination of Jovian B field
system Ill of magnetic longitudes : P = 9 h 55 min 29.37 sec



» Spacecraft measurements of planetary magnetic fields :

- Jupiter : Pioneer 10 & 11 (1973-74), Voyager 1 & 2 (1979),
(Ulysses 1992, Galileo 1995-2003)
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=
Ra= (n+1) X (9n™?2 + (hy™M)2
M=

10 15 20 25
Harmaonic Degres n

[Connerney, 1992]

= intense, N anomaly, no secular variation 1973-2001



» Spacecraft measurements of planetary magnetic fields :

- Jupiter : Pioneer 10 & 11 (1973-74), Voyager 1 & 2 (1979),
(Ulysses 1992, Galileo 1995-2003)
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= current disc, 300 MA, in centrifugal equator
explicit model 5-50 x 5 Ry

[Acuria et al., 1983]



» Spacecraft measurements of planetary magnetic fields :
- Saturn : Pioneer 11 (1979), Voyager 1 & 2 (1980-81), (Cassini 2004-2017)

= axisymmetric field, contradicts Cowling's antidynamo theorem
= filtering or shadowing multipolar terms ?

= origin of magnetospheric periodicities ?
(complex & variable — unknown rotation period)
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[Gurnett et al., 2005]
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» Spacecraft measurements of planetary magnetic fields :
- Uranus, Neptune : Voyager 2 (1986 & 1989)

= strongly offset & tilted B fields
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» Magnetic field of Giant planets compared to Earth :

Plancte Terre Jupiter Jupiter Saturne Uranus Neptune
R, (km) 6378 71372 71372 60330 25600 24765
Modele IGRF 2000 06 VIT4 Z3 Q3 08
gf -0.29615 | +4.24202 | +4.28077 | +0.21535 | +0.11893 | +0.09732
gf -0.01728 | -0.65929 | -0.75306 0 +0.11579 | +0.03220
hf +0.05186 | +0.24116 | +0.24616 0 -0.15685 | -0.09889
gf -0.02267 | -0.02181 | -0.04283 | +0.01642 | -0.06030 | +0.07448
g; +0.03072 | -0.71106 | —-0.59426 0 -0.12587 | +0.00664
h; -0.02478 | -0.40304 | -0.50154 0 +0.06116 | +0.11230
g; +0.01672 | +0.48714 | +0.44386 0 +0.00196 | +0.04499
h; -0.00458 | +0.07179 | +0.38452 0 +0.04759 | -0.00070
gf +0.01341 | +0.07565 | +0.08906 | +0.02743 0 -0.06592
g; -0.02290 | -0.15493 | -0.21447 0 0 +0.04098
h; -0.00227 | -0.38824 | -0.17187 0 0 -0.03669
gf +0.01253 | +0.19775 | +0.21130 0 0] -0.03581
hf +0.00296 | +0.34243 | +0.40667 0 0 +0.01791
g; +0.00715 | -0.17958 | -0.01190 0 0 +0.00484
h; -0.00492 | -0.22439 | -0.35263 0 0] -0.00770
M dipolaire (G.R;) 0.305 4.26 0.215 0.228 0.142
Inclinaison (B / €2) +11° -9.6° -0° -58.6° -46.9°
Offset centre dipdle 0.08 0.07 0.04 0.31 0.55
/ centre planete (R;)
EARTH JUPITER SATURN URANUS NEPTUNE
Q QM QM Q
M
Q
M M
Obliquity 23.5° 3.7 26.7° 97.9° 29.6°




« Spacecraft measurements of planetary magnetic fields :
- Mercury: Mariner 10 (1974-75), (Messenger 2011-13)

= weak B ~400 nT, tilt ~10°
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[Ness et al., 1976, Connerney et al., 1988]



» Spacecraft measurements of planetary magnetic fields :

- Mars: Mars Global Surveyor (1996-2006)

= no global magnetosphere, up to 104° nT locally at surface tectonics-related ?
"mini-MS" form small bumps above the ionosphere, up to >1000 km altitude

MARS CRUSTAL MAGNETISM ABry MARS GLOBAL SURVEYOR MAG/ER

"90%e 90° 180° 270° 360°
East Longitude

~ | ABy/ALat (nT/deg) [ - [Brain et al., 2003 ;

Connerney et al., 2005]




« Spacecraft measurements of planetary magnetic fields :

- Moon: Lunar Prospector (1998-99)

= no global MS, B up to 100 nT at surface, opposed to impact craters
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» Spacecraft measurements of planetary magnetic fields :

- Ganymede: Galileo (1996-2003)

= internal B field and magnetosphere (embedded in Jupiter’s, ~100 nT)
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» Spacecraft measurements of planetary magnetic fields :

- other Galilean satellites, Enceladus: induced field

ionospheric current
‘_parallel J
foaube, \ A P oo induced A V
trajectory \ } A
N £ —
rd B \6B
‘ - S 8 Z
e ionospheric current |
\_perpendicular
atmosphere// B Y
J
yvyvy yYvyy
Btotal

to Jupiter =

[Saur et al., 2002,
Khurana, 2009]



Planet or satellite

Observed surface field
(in T, approximate)

Comments and interpretation

Mercury
Venus
Earth
Moon
Mars
Jupiter
lo
Europa
Ganymede
Callisto
Saturn
Titan
Uranus
Neptune

2x1077

< 107% (global); no useful constraint on local fields.
51073

Patchy (10 ~°~1077). Impact-generated? No global field
Patchy but locally strong (107°-10~4) field
42x107

<1077

1077

2% 1076

4x107?

2%107°

<107’

2%1073

2%1073

Not well characterized or understood

No dynamo. Small remanence

Core dynamo

Ancient dynamo?

Ancient dynamo, remanent magnetic lineations
Dynamo (extends to near surface)
Complex (deeply imbedded in Jovian field)
Induction response (salty water ocean)
Dynamo likely

Induction response (salty water ocean)
Dynamo (deep down)

Need more data

Dynamo(uncertain depth)

Dynamo (uncertain depth)

1G=104T=10°nT

[Stevenson, 2003]
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e Context

High plasma conductivity
= B frozen-in
= E =-VxB almost everywhere (0 in plasma frame)
=> quasi-neutrality
& E.B=0 (A¢ conserved along B lines,

= electric equipotentials)



e Solar Wind

- dominated by bulk energy density : NmV?2/2

- carries away solar B rooted in the Sun = ballerina skirt

Orbite de la Terre

Alfven Mach number

- SW parameters at planetary orbits (r in AU) : 0600} T3
V ~400/r27 km/s T ~2x105/r27 K 10.00 AT
N = 5/r2 cm3 o :
B, =3/r2nT B,=B,Qr/V = 3/r nT o0, ; 1:% |

Ve~ B0/ kmis  V,~40x(1/24r22) 2 kmls 0t s om0

Distance (Rs)



a Perturbations ¢
e Solar Wind - Obstacle interaction | By 4 lm.m T |
‘B <] - PseudO
P, S N0 — Thagnetopause
Soleil R - = .1 u}nmhrc :
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 Magnetopause
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- Pressure equilibrium : Pg,, = KNmV?cos?y =  P,,s = B2y,
with B; = Bp+B; = 2 B, at MP nose K=1-2
= MP shape

- MP sub-solar point (dipolar field : By = B, (1+3c0s20)"?/R3 ) :
Rup = (2 Beg?/u ,KNmV2)1/6



 Magnetopause

MERCURY

3.5 x 103 km

EARTH

JUPITER

SATURN

URANUS

NEPTUNE

- |- .
6.5 x 10* km 4.3 x 105km 1.2 x 10%km 4.3x10%km

Mercure Terre Jupiter Saturne Uranus Neptune
R, (km) 2 439 6 378 71 492 60 268 25 559 24 764
D orbitale (UA) 0.39 1 5.2 9.5 19.2 30.1
My, (G km?) 55x10" | 79x10" | 1.6x 10" | 47x 10" | 3.8x 10" | 22x 10"
Champ a
I'équateur 0.003 0.31 4.3 0.21 0.23 0.14
B. (G)
Inclinaison [B.<] +14 +11.7 9.6 0. 58.6 -46.9
(°) et sens L
Ry (Rp) )
calculée 1.4 9 ‘ 40 > 17 22 21
[mesurée] [~1.5] [~10] \ [~90] J/ [~20] [~18] [~23]

[Encrenaz et al., 2003]



e Bow Shock

- supersonic / super-Alfvénic flow = bow shock ahead of MP

- in magnetosheath : slowed flow (V:4 for M, >> 1)

=> B draping / pile-up (|V|.|B]| = c!)

- Field Line
--==Streamline
=+ 1 —Foreshock

[Spreiter et al., 1966]






- if no intrinsic B field = induced MS, bow shock, B draping, tail, but no cusp

byd e ety
B i
SN R e m = e
- D |- 1 - IONOPAUSE
__[:;__.___
SOLAR _ 4
WIND
__E}_._____
MAGNETOTAIL
__D-.._____
__[:}_____ _‘_“_'_‘__‘-_‘
= MAGNETOSHEATH  © ~

e e [:3' — —
—_— e ‘E}— o
BOW SHOCK

[Bagenal, 2002]



» Planetary Magnetic Fields
» Magnetospheric structure
» Magnetospheric dynamics
 Electromagnetic emissions

« Exoplanets



* Plasma Sources

- Solar Wind : cusp + diffusion/reconnection across Magnetopause
(H & He, T~100 eV, ~1% of SW flow)
- lonosphere : vertical diffusive equilibrium of cold plasma (T~0.1-1. eV)

- Satellites : lo : volcanism = plasma torus [Bagenal, 1994]

Titan : atmospheric escape [Sittler et al;, 2005]
Enceladus : exosphere, plumes [Dougherty et al., 2005]

Icy satellites or Mercury’s surface : sputtering

- Rings : sputtering / photo-dissociation + ionisation [Young et al., 2005]

= Total MS mass ~101° kg @ Jupiter, ~107 kg @ Earth



* Plasma Circulation

- 2 convection cells + large scale E (dawn — dusk) inside Earth’s MS

- energetic plasma inside MS

- quasi permanent circumpolar aurora (< = 10°-20°)

- SW control (B,) of MS activity : By # 0 when B, // B,

| —r Bl
{ Jupier \ ' Boundary Normal Coordnates
24 ! .o |
1 | #H \
B .0 - —t
N\ [
2 E V"-’*’“"/\N\’,-/}
By 0
24 h
l ' \[/\,_4."
41 ¥
B" GM. - 'i' Y- TA ‘r - "
o } - :
‘ ! L I
5 : "‘\v*’”/\\ y
8 | i
(nT) o4 : — —
1923 1928 1833
Universal Time November 27, 1573

= Open magnetosphere concept + Dungey cycle [Dungey, 1961]



cycle of plasma
and B field
circulation in
the Earth’s

magnetosphere

[Hughes, 1995]




* Plasma Circulation

- Neutral (X) line at equator : penetration of plasma in MS = MP no more equipotential
- Auroral oval = limit open/closed field lines

= projection of equatorial neutral line on ionosphere
- Tail stores / releases energy and magnetic flux

- Poynting flux on obstacle : P, =B ?/u, V TRy’




* Plasma Circulation

- Solar Convection in MS [antisolar above the poles]

E =-VxB ~ ¢ Vg X Bgyy
e =0.1-0.2
Ap ~ & Vg Bgwy X 3 Ryp
~ 50 kV @ Earth
~1 MV @ Jupiter

- Corotation
E=QRxB (radial)
A ~ Q B, Rp?
~ 90 kV @ Earth
~ 400 MV @ Jupiter

(dawn — dusk)

12 HL

L

et
A 4

12 ;

24

24




* Plasma Circulation

- Global circulation = Convection + Corotation

Equipotentials = flow lines

Stagnation pointat LT =18 h

12

18

24



* Plasma Circulation

“~. Equipotentielles

du champ E

-.._Points de

stagnation
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du champ E it

Points de

stagnation

MERCURY

Magnétosphére



* Plasma Circulation

- Jupiter : outward radial transport (centrifugal interchange instability)

. °_ [André, 2006]

=> Vasyliunas cycle ~ rotation driven Dungey cycle

Magnetic >

[Vasyliunas, 1983]

- Saturn : intermediate Earth - Jupiter ?



* Plasma Circulation

- Uranus : convection L corotation = helicoidal plasma trajectories ?

URANUS
* GNETOPAUSE
5 2 & MAGNETOPAUSE
T
y £
S MAGNETOTAIL 2)
S S
N SN
SOLAR @ N
wino | G < PLASMASHEET G\
—\ \

PLASMASHEET

- Neptune : Magnetosphere alternately Earth-like & pole-on
= no plasmasphere, mid-latitude aurorae
NEPTUNE

2
£
2
3
o

i

PLASMASHEET




e Currents, Magnetosphere - lonosphere coupling

ON/Gt+V.NV,=Q-L, = V.J=0

= closed current circuits, M-I coupling (region 2)

REGION 2 RING
CURRENT




e Currents, Magnetosphere - lonosphere coupling

- Plasma sources vs Synchronous orbit (where F

centrifugal =

F

gravitation)

Planet R, [km]

€2 [rads/s]

(Foer (18 <]

Revoet f Roianer  Plasma sources

Mercury 2440 1.24%x107° 33 96 None

Earth 6371 7.20% 1077 9.8 6.6 lonosphere
Tupiter 70000 177 x 10~ 25.6 q To

Saturn 60000 1.71x10°¢ 10.8 3 Rings, moons
Uranus 25500 1.01x10°° 8.6 3.2 Moons
Neptune 24830 1.01x 10 10.1 34 Moons

- At Jupiter : extended current disk

[Russell, 2004]



e Currents, Magnetosphere - lonosphere coupling

- radial diffusion from lo = J,

- plasma pick-up + mass-loading, acceleration to corotation by J x B,,5 at expense
of ionospheric plasma momentum via J; x B,

V.J=0=J =JB/B,s~2R3J <0,E ~0c QR B_/R3 R = g Q B_/R?

= possible as long as J, < 6 QB_/2R7?

Q

IONOSPHERE

ATMOSPHERE

e —p B

-------- » E=-(QxR)xB E

s U

[Bagenal, 1989]



e Currents, Magnetosphere - lonosphere coupling

- Corotation breakdown at 20-50 R,

= J,, max = main auroral oval at Jupiter

(w/€y)

0.8

0.6

0.2 n=4

20 40 60 80

[Cowley & Bunce, 2001]



 Magnetosphere-Satellites coupling

- Unmagnetized satellite / MS interaction [Saur et al., 2004]
E=-VxB, with V=V_, -V« (=57 km/s @ lo)
Ap~2R. E (=4x10°V @ lo) = induced current (a few 106 A)

sat

M, < 1 (no bow shock) = Alfvén wings / unipolar inductor ?
[Goldreich & Lynden-Bell, 1969; Neubauer, 1980]

Flow dominated by magnetic energy, dissipated powed : P, = € B,?/u, V TR ps?
(E~Ma=0.1-0.2)



 Magnetosphere-Satellites coupling

- Magnetized satellite / MS interaction : B reconnection
Z

mPp [orus Plasma Flow

> Ganymede's Magnetospheric Flow _ 2 2
@® Upstream Reconnection Line Pd - & k BJ /IJO \ TrRObS

A

Plasma
Flow

Dissipated powed :

B8 Downstream Reconnection Line

open-closed boundary (k =cos*(6/2)=1;e=0.1-0.2)

[Kivelson et al., 2004]
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e Aurorae

- reconnection at limit open / closed B lines at Earth
- corotation breakdown at Jupiter
- 7 at Saturn
=> e- acceleration 1-10 keV = visible (O, N, N2) & UV (H, H2) aurorae

Jupiter Aurora
Hubble Space Telescope * STIS « WFPC2

o .




e Aurorae

- IR, X and radio counterparts

IRTF - H3+ (8,5 pm) S X-rays (CHANDRA)

J.E.P. Connerney
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* Radio emission process : the Cyclotron Maser Instability

« Emissions intense (T =2 107%-20 K), broadband (f~f..), 100% elliptical
consistent with X mode, very anisotropic (widely open hollow cone)

e Sources where B, f  <<f,

unstable keV e- distributions (high latitude)

Resonance condition : . = ), /1" — kv

Growth rate :  ~ — —£ / V2 (6 0
84-‘-/'(.‘ 0 .

014

V.I. 0.07

0.00 | -
-0.14 0.00 0.14 [Wu, 1985]
Vi



 Satellite-induced emissions)

- strong currents + low plasma density [Knight, 1972]

= e- acceleration 1-10 keVV = auroral-like emissions

Downstream / Upstream
[Feldman et al., 2000 ; McGrath et al., 2002]



» Planetary Magnetic Fields
» Magnetospheric structure
* Magnetospheric dynamics
 Electromagnetic emissions

« Exoplanets



~862 exoplanets (in >678 systems)
~157 (18%) with a<0.05AU =10 Rs

« hot Jupiters »
~272 (32%) with a<0.1 AU

exoplanet.eu

R TR

3333232232 AI0AI I I/INEEE

B field at Solar surface :
— large scale ~1 G

— magnetic loops ~103 G over a few % of the surface

Magnetic stars : > 103 G
(cf. ESPADONS / NARVAL measurements)

W



http://www.exoplanet.eu
http://www.exoplanet.eu

* Types of interaction : Magnetospheric interaction

Poynting flux of B, on obstacle :

BJ_Z/“O \ TrRobsz

Dissipated power :

Pm

0.2)
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(b)
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[Ip et al., 2004]
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* Types of interaction : Unipolar inductor

Chromospheric hot spot on
HD179949 & u And ?
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7N\ P

//ﬁ,»» \-\\ O Aug2001 //,K '3.‘\\ Heating
4 0.04 oo 0 July2002 7 v
E| /f Y A\ Aug 2002 f 'y\3 =
Z ¢ i ! E
: . ; v N\
% 0.03 / D\} /l \
R / \ / i AN
Z 002 i ,]/7 \ = :ff- N
] ! CH ChH /7
= \\ T ! T / Exoplanet
=) g ]
Z 0.011 g Y': ‘f i
5 A /}? A { -
5 \ { 1

0 (] (W]
- 1 | l 1 | !
0 0 0.4 0.6 0.8 1 1 1.4 1.6 1.8
°© or'

Dissipated power :
Pq=¢€VB,?%/y, TRps? = € P,

(€~Ma=0.1-0.2)

[Preusse et al., 2006]



» Types of interaction : Dipolar interaction

Interacting magnetic binaries or star-
planet systems

Downstream Upstream

Dissipated power :
Py=¢k VB ?/y, TRy,2 =€k P,

(k = cos#(8/2) =1:e=0.1-0.2)




* Electromagnetic emissions

uv ? Radio ?

logAN, photons m-2s-1
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* Electromagnetic emissions : Radio-Magnetic Bode's law

v radio emission PRradgio ~ N * Pn, with n ~2-10 x10-3
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[Zarka et al., 2001, 2007]



* Electromagnetic emissions : Radio-Magnetic Bode's law

Incident kinetic power (W) /
o107 10" 10° 10" 102
10 I T T T I T T T T T
10 '
3 ¢ * .
10"+ i
1021 |

Radio power (W)

e _

) j:ﬁ? _

106_‘..‘,‘“?,...,.

10" 16‘2 | 16‘4 | 1(1)16 | 10
Incident magnetic power (W)

Hot Jupiters = Pr. 0= Pragio.y X 103 (except if saturation or magnetic field decay)

[Zarka et al., 2001, 2007]



* Magnetic field decay for hot Jupiters ?

- Spin-orbit synchronisation (tidal forces)
but

M « w@

with ’2<a<1 = M|

= W)
(B decay) ?

- Internal structure + convection models

Magnetic Field B (Teslas)

= self-sustained dynamo
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Planet Mass (M)

UpPER LiMIT OF MAGNETIC FIELDS IN HOT JUPITERS

M P, R M, B
Planet (M) (days) (R) (G ) (G)
HD 179949b* ....... 0.84 3.093 1.3 1.1 x 10* 1.4
HD 209458b ........ 069 352 143 08 x 10* 08
7Boob*............. 3.87 3.31 1.3 1.6 x 10* 2
OGLE-TR-56b ...... 09 1.2 1.3 22 x 10* 28

[Sanchez-Lavega, 2004]
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* Magnetic field decay for hot Jupiters ?

10000

1000

100

Scaling for fast rotators

!

Planet name

Planet mass

a

dl

. dip
[Mypsini]  [AU]  [pc]  [Mo] [Gyr] [G]
Jupiter 1.00 5.20 1.0 4.5 9
eps Eridani b 1.55 3.39 32 259 1.7 19
Gliese 876 b 1.93 0.21 4.7 0.1 24 23
Gliese 876 ¢ 0.56 0.13 4.7 0.1 2.4 6
GJ832b 0.64 3.40 4.9 02 20 7
HD 62509 b 2.90 1.69 103 03 56 24
G186 b 4.01 0.11 11.0 94 29 40
HD 147513 b 1.00 126 129 1504 08 15
ups And b 0.69 0.06 135 20.2 1.4 10
ups And ¢ 1.98 0.83 135 20.2 1.4 30
ups And d 3.95 251 135 20.2 1.4 58
gamma Cephei b 1.60 2.04 138 1.1 3.6 16
51 Pegb 0.47 0.05 147 02 62 3
tau Boo b 3.90 0.05 150 1985 0.8 58
HR 810 b 1.94 091 155 1039 038 30
HD 128311 b 2.18 1.10  16.6 399 09 33
HD 128311 ¢ 3.21 1.76  16.6 399 09 48
HD 10647 b 0.91 210 173 229 1.4 14
GJ 3021 b 3.32 049 17.6 1702 0.8 49
HD 27442 b 1.28 1.18  18.1 19 27 14
HD 87883 b 1.78 3.60 18.1 26 33 19
HD 189733 b 1.13 0.03 193 17.3 1.7 14
HD 192263 b 0.72 0.15 199 7.1 2.5 8

[Reiners & Christensen, 2010]



* Electromagnetic emissions

Incident kinetic power (W)
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[Zarka et al., 2001, 2007]

IDRadio - PJ x 105 x (Rexo-ionosphere/Rmagnetosphere)2X(B*/BSun)2 = PRadio-J x 106



Log(P, / W)

* Electromagnetic emissions : other predictions

- M-I coupling for fast rotators
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[Nichols, 2011, 2012]

B, Reiners et al.

(2010), M = 10 M,
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- Variable SPI for HD 189733 ?

[Fares et al., 2010]
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* Prospects for radio detection

- measurement of B = constraints on internal structure
- measurement of Prot = test spin-orbit synchronization

- possible access to inclination [Hess & Zarka, 2011]
- comparative magnetospheric physics, planet-star plasma interactions
- implications for exobiology (magnetosphere limits atmospheric erosion by SW and

CME, cosmic ray bombardment) [Griessmeier et al., 2004 ; Khodachenko et al., 2006]

= LOFAR, UTR-2, GMRT, VLA
observations ongoing ...

Flux Density (Jy)

10 100
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