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• Limited angular resolution (λ/D)

• Very bright galactic background (Tb ~103-5 K)

• RFI (natural & anthropic origin)

• Ionospheric cutoff ~ 10 MHz,

      perturbations ≤30-50 MHz, 

      scintillations IP/IS

Limitations of Radio observations



• Galactic radio background: T ~ 1.15 × 108 / ν2.5  ~ 101-5 K  (10-1000 MHz)

→  S =  2kT/Ae   with statistical fluctuations σ =  2kT/Ae(bτ)1/2

→  N = s / σ with s = ζ SJ / d2

            SJ ~ 10-18 Wm-2Hz-1   (108 Jy)    à 1 UA

Sensitivity of Radio observations



• Galactic radio background: T ~ 1.15 × 108 / ν2.5  ~ 101-5 K  (10-1000 MHz)

→  S =  2kT/Ae   with statistical fluctuations σ =  2kT/Ae(bτ)1/2

→  N = s / σ with s = ζ SJ / d2

            SJ ~ 10-18 Wm-2Hz-1   (108 Jy)    à 1 UA

Sensitivity of Radio observations

• Maximum distance for Nσ detection of a source ζ x Jupiter :

       dmax = (ζSJA/2NkT)1/2(bτ)1/4

  ⇒ dmax (pc) =  5×10-8 (Ae ζ)1/2 f5/4 (bτ)1/4



⇒ ζ =1 
 b  = 106 

(1 MHz, 1 sec) 
b  = 2×108 

(3 MHz, 1 min) 
b  = 4×1010 

(10 MHz, 1 hour) 
 f = 10 

MH z  
f = 100 
MH z  

f = 10 
MH z  

f = 100 
MH z  

f = 10 
MH z  

f = 100 
MH z  

 
Ae = 104 m2 

(~NDA) 
0.003 0.05 0 .01  0.2 0 .04  0.7 

 
Ae = 105 m2 
(~UTR-2) 

0 .01  0.2 0 .03  0.6 0 . 1  2.2 

 
Ae = 106 m2 

(~LOFAR77) 
0 .03  0.5 0 . 1  2. 0 . 4  7. 

 
(distances in parsecs)

[Zarka et al., 1997; Zarka, , 2004, 2007]
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Solar Wind - Magnetosphere Interaction …



Aurorae
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Magnetospheric (auroral) radio emissions

[Zarka, 1998]



Properties of auroral radio emissions 

• f ~ fce ,  Δf ~ f 

• TB > 1015 K

• circular/elliptical polarization (X mode)

• very anisotropic beaming (conical, Ω<<4π sr)

• variability /t (bursts, rotation, solar wind…)

• correlation radio / UV

• radiated power : 106-11 W
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• Cyclotron-Maser (coherent) emission : 2 conditions within sources :

       - low β magnetized plasma (fpe << fce)

       - energetic electrons (keV) with non-Maxwellian distribution

   → high magnetic latitudes 

   → direct emission at f ~ fx ≈ fce

Generation of auroral radio emissions 



• Cyclotron-Maser (coherent) emission : 2 conditions within sources :

       - low β magnetized plasma (fpe << fce)

       - energetic electrons (keV) with non-Maxwellian distribution

   → high magnetic latitudes 

   → direct emission at f ~ fx ≈ fce

• Acceleration of electrons :

    - interactions B/satellites  E// , heating

    - magnetic reconnection

    - MS compressions

Generation of auroral radio emissions 



NB : Strong correlation between Solar Wind (P, V…)
                                           and auroral radio emissions

[Desch, 1981,]

[Gallagher et d’Angelo, 1981]
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Solar Wind - Magnetosphere Interaction
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Magnetopause radius RMP  from 

pressure equilibrium :

Solar Wind - Magnetosphere Interaction

• Kinetic energy flux on MS cross-section : PC ~   NmV2 V  πRMP
2

 N=No/d2 No=5 cm-3 m~1.1×mp

[Akasofu, 1981, 1982]



• Poynting flux of BIMF on MS cross-section : PB = ∫MP(E×B/µo).dS

 E=-V×B  E×B = VB⊥
2     PB = B⊥

2/µo V  πRMP
2

Magnetopause radius RMP  from 

pressure equilibrium :

Solar Wind - Magnetosphere Interaction

• Kinetic energy flux on MS cross-section : PC ~   NmV2 V  πRMP
2

 N=No/d2 No=5 cm-3 m~1.1×mp

[Akasofu, 1981, 1982]



V ~ cte

N ~ d-2 (mass conservation)
BR ~ d-2 (magnetic flux conservation)

Bϕ ~ d-1     (BR/Bϕ = V/Ωd)  B ~ d-1

(beyond Jupiter orbit, B ~Bϕ)

Solar Wind expansion



V ~ cte

N ~ d-2 (mass conservation)
BR ~ d-2 (magnetic flux conservation)

Bϕ ~ d-1     (BR/Bϕ = V/Ωd)  B ~ d-1

(beyond Jupiter orbit, B ~Bϕ)

 PC/ PB ~ 170 beyond 1 UA

 B2 varies as NV2 thus PC varies as PB

Solar Wind expansion
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• Interaction via Alfvén waves & currents

  (e.g. Io-Jupiter)  φ = E× 2Robs = V×B⊥×2Robs

  Pd = ε’ VB⊥
2/µo πRobs

2

  ε’ = (1+MA
-2)-1/2   MA ≤ ε’ ≤ 1

 Pd = ε’ PB

Unipolar interaction

[Neubauer, 1980; Zarka et al., 2001]
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2.5-3 RG

• Magnetic reconnection 

  (e.g. Ganymede-Jupiter)

Pd = ε K VB⊥
2/µo πRMP

2

Efficiency  ε ~ 0.1–0.2

K= sin4(θ/2)  ou cos4(θ/2)

 Pd = ε PB

Dipolar interaction

[Kivelson et al., 1997][Ip et al., 2004]
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« Radio-kinetic Bode’s law » (auroral emissions)

PRadio ~ η1 × PC  with η1 ~ 10-5

[Desch and Kaiser, 1984 ; Zarka, 1992]



[Zarka et al., 2001]

« Radio-magnetic Bode’s law » (auroral emissions)

PRadio ~ η2 × PB  with η2 ~ 2×10-3



[Zarka et al., 2001, Zarka, 2007]

« Generalized radio-magnetic Bode’s law » (all emissions)

PRadio ~ η × PB  with η ~ 2-10 ×10-3
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~330 exoplanets (in ~260 systems)

 60   with   a ≤ 0.05 AU = 10 Rs   (18%) 

 93   with   a ≤ 0.1   AU    (28%) 

 → >50 « hot Jupiters » with periastron @ ~5-10 RS

Planet & Star data

exoplanet.eu

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


~330 exoplanets (in ~260 systems)

 60   with   a ≤ 0.05 AU = 10 Rs   (18%) 

 93   with   a ≤ 0.1   AU    (28%) 

 → >50 « hot Jupiters » with periastron @ ~5-10 RS

Planet & Star data

Magnetic field at Solar surface :
 → large-scale ~1 G (10-4 T)

 → magnetic loops ~103 G,

     over a few % of the surface

Magnetic stars : > 103 G

exoplanet.eu

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


• Electron density in Solar corona

Modelling of a hot Jupiter (magnetized) orbiting a Solar type star 

[Zarka, 2007]



• Solar wind speed in the planet’s frame

[Zarka, 2007]



[Zarka, 2007]



• Interplanetary magnetic field

[Zarka, 2007]



• Dissipated power per unit area of the obstacle

[Zarka, 2007]



• Magnetospheric compression

[Zarka, 2007]



• Total dissipated power on obstacle

[Zarka, 2007]



• Total dissipated power on obstacle
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• Total dissipated power on obstacle

105

103

[Zarka, 2007]



 [Zarka et al., 2001; Zarka, 2007]
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• Extrapolation / Radio-kinetic Bode’s law        PRadio= PRadio-J × 

• Extrapolation / Radio-magnetic Bode’s law    PRadio = PRadio-J × 105

 [Zarka et al., 2001; Zarka, 2007]



except if there is a « saturation » mechanism

• Extrapolation / Radio-kinetic Bode’s law        PRadio= PRadio-J × 

• Extrapolation / Radio-magnetic Bode’s law    PRadio = PRadio-J × 105

 [Zarka et al., 2001; Zarka, 2007]



• Radio detection  f > 10 MHz  Bmax-surface ≥ 4 G

• Jupiter : M = 4.2 G.RJ
3, Bmax-dipole= 8.4 G, Bmax-surface = 14 G, fmax = 40 MHz

• Spin-orbit synchronisation (tidal forces)  ω↓

• But M ∝ ωα     with ½ ≤ α ≤ 1  M↓     (B decay)  ?

Planetary magnetic field decay ?



• Radio detection  f > 10 MHz  Bmax-surface ≥ 4 G

• Jupiter : M = 4.2 G.RJ
3, Bmax-dipole= 8.4 G, Bmax-surface = 14 G, fmax = 40 MHz

• Spin-orbit synchronisation (tidal forces)  ω↓

• But M ∝ ωα     with ½ ≤ α ≤ 1  M↓     (B decay)  ?

Planetary magnetic field decay ?

[Sanchez-Lavega, 2004]

• Internal structure + convection models
   self-sustained dynamo  M could remain ≥ a few 



 Unipolar inductor in sub-Alfvénic regime
   (as for Io-Jupiter)

[Zarka, 2007]



• But radio emission possible only if fpe/fce << 1
   intense stellar B required (κ = 10-100 x BSun)

   emission ≥30-250 MHz from 1-2 RS

[Zarka, 2007]



• Extrapolation / Radio-magnetic Bode’s law

  PRadio = PJ × 105 × (Rexo-ionosphere/Rmagnetosphere)2×(Bstar/BSun)2 

              = PRadio-J × 106

• 

[Zarka, 2007]



 Magnetic reconnection and electron acceleration at the magnetopause
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[Jardine & Collier-Cameron, 2008]



B*=1G,   η=10%

 Magnetic reconnection and electron acceleration at the magnetopause
[Jardine & Collier-Cameron, 2008]



⇒ ζ = 105

 
 b  = 106 

(1 MHz, 1 sec) 
b  = 2×108 

(3 MHz, 1 min) 
b  = 4×1010 

(10 MHz, 1 hour) 
 f = 10 

MH z  
f = 100 
MH z  

f = 10 
MH z  

f = 100 
MH z  

f = 10 
MH z  

f = 100 
MH z  

 
Ae = 104 m2 

(~NDA) 
1  16 3  59 1 3  220 

 
Ae = 105 m2 
(~UTR-2) 

3  50 1 1  190 4 0  710 

 
Ae = 106 m2 

(~LOFAR77) 
9  160 3 3  600 1 3 0  2200 

 

(distances in parsecs)

[Zarka, 2007]
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Other studies …

• Application of unipolar inductor model to white dwarfs systems

[Willes and Wu, 2004, 2005]

• Role of (frequent) Coronal Mass Ejections 

  [Khodachenko et al., 2006]

• Time evolution of stellar wind and planetary radius (young systems better)

  [Griessmeier et al., 2004 ; Stevens, 2005]  

• Stellar wind modelling (spectral type spectral, activity, stellar rotation)
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Fig. 1. Unipolar inductor model for white-dwarf systems.

predicted period increase by alternative models, which invoke
steady mass transfer between the white dwarfs to explain the
X-ray emission.

The unipolar inductor model for terrestrial planets in close
orbits around magnetic white dwarfs was originally con-
structed by Li et al. (1998) to explain the emission lines
detected in the white dwarf system GD 356. Willes & Wu
(2002) proposed that white-dwarf planet systems undergo-
ing the unipolar induction process are also detectable radio
sources. More definitive predictions are made in this paper,
which is structured as follows. In Sect. 2, we deduce the
range of parameters (white dwarf magnetic moment and or-
bital period) in which detection of white-dwarf/planet systems
is most likely. In Sect. 3, we discuss an evolution scenario
for close white-dwarf/planet systems. We estimate the fraction
of main-sequence-star/terrestrial-planet systems which evolve
into white-dwarf/planet systems operating in the unipolar in-
ductor regime. In Sect. 4, we present predictions of radio flux
densities from the systems, based on the electron-cyclotron
maser model for white dwarf systems developed by Willes
& Wu (2004), at frequencies accessible to the VLA, ALMA,
Arecibo, ATCA, MERLIN and Effelsberg radio telescopes. In
Sect. 5, we compute the radio luminosity function of the white-
dwarf/planet systems and estimate the number of detectable
systems for various observational settings.

2. Detectability of terrestrial planets orbiting
magnetic white dwarfs

Figure 1 shows a schematic illustration of the system geome-
try. In our model, the system comprises a magnetic white dwarf
with mass MWD and magnetic moment µ and a terrestrial planet
with mass MP. The white dwarf radius RWD is given by the
Hamada & Salpeter (1961) mass-radius relation. The terres-
trial planet is assumed to have a metallic core which is exposed
during the late stellar evolution phases. Electron currents are
driven in the flux tube current circuit as the planet traverses
the magnetic white dwarf’s field lines, inducing a potential dif-
ference across the planet. The induced currents are carried by
mildly relativistic electrons. These energetic (>keV) electrons
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are the source of free energy for wave growth via the electron-
cyclotron maser.

The induced potential across a terrestrial planet (see Fig. 1)
is (Wu et al. 2002)

Φ =
(µRP

c

) (2π
P

)7/3 [
G(MWD + MP)

]−2/3
, (1)

where µ is the white dwarf magnetic moment, RP is the plane-
tary radius, P is the orbital period, and MWD, MP are the white
dwarf and planetary masses. The detectability of a system de-
pends the brightness of its maser emission, which is contin-
gent on the avaliability of energetic electrons. This condition
is easily satisifed for systems with reasonable parameter val-
ues. Figure 2 shows the region of µ − P space in which the
induced potential exceeds one kV (which consists of the grey
band and the region to its left) for a characteristic white-dwarf
planet system with MWD = 0.7 M", MP = 1.2 × 10−6 M", and
RP = 3.5 × 108 cm.

Another constraint to the probability of detection for white-
dwarf planets is the lifetime of the unipolar-inductor phase and
the system lifetime. The system lifetime is limited by the slow
inward drift of the planet due to Lorentz torques (Li et al.
1998), with

τ =
G MWD MP (a/RWD)1/2

60σRWD RPΦ2 , (2)

where a is the orbital separation. This lifespan thus scales with
binary period as P5 and with magnetic moment as µ−2. In
Fig. 2, we show the region of µ − P space in which the sys-
tem lifetime exceeds 10 million years, (which includes the grey
band and the region to its right). The grey band thus repre-
sents the optimal region in the µ − P space where a white-
dwarf/terrestrial-planet system satisfies the “detectablity” cri-
teria, i.e., it is capable of generating bright radio emissions,

[Willes & Wu, 2004, 2005]
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orbits around magnetic white dwarfs was originally con-
structed by Li et al. (1998) to explain the emission lines
detected in the white dwarf system GD 356. Willes & Wu
(2002) proposed that white-dwarf planet systems undergo-
ing the unipolar induction process are also detectable radio
sources. More definitive predictions are made in this paper,
which is structured as follows. In Sect. 2, we deduce the
range of parameters (white dwarf magnetic moment and or-
bital period) in which detection of white-dwarf/planet systems
is most likely. In Sect. 3, we discuss an evolution scenario
for close white-dwarf/planet systems. We estimate the fraction
of main-sequence-star/terrestrial-planet systems which evolve
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ductor regime. In Sect. 4, we present predictions of radio flux
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maser model for white dwarf systems developed by Willes
& Wu (2004), at frequencies accessible to the VLA, ALMA,
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dwarf/planet systems and estimate the number of detectable
systems for various observational settings.
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are the source of free energy for wave growth via the electron-
cyclotron maser.

The induced potential across a terrestrial planet (see Fig. 1)
is (Wu et al. 2002)

Φ =
(µRP
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G(MWD + MP)

]−2/3
, (1)

where µ is the white dwarf magnetic moment, RP is the plane-
tary radius, P is the orbital period, and MWD, MP are the white
dwarf and planetary masses. The detectability of a system de-
pends the brightness of its maser emission, which is contin-
gent on the avaliability of energetic electrons. This condition
is easily satisifed for systems with reasonable parameter val-
ues. Figure 2 shows the region of µ − P space in which the
induced potential exceeds one kV (which consists of the grey
band and the region to its left) for a characteristic white-dwarf
planet system with MWD = 0.7 M", MP = 1.2 × 10−6 M", and
RP = 3.5 × 108 cm.

Another constraint to the probability of detection for white-
dwarf planets is the lifetime of the unipolar-inductor phase and
the system lifetime. The system lifetime is limited by the slow
inward drift of the planet due to Lorentz torques (Li et al.
1998), with

τ =
G MWD MP (a/RWD)1/2

60σRWD RPΦ2 , (2)

where a is the orbital separation. This lifespan thus scales with
binary period as P5 and with magnetic moment as µ−2. In
Fig. 2, we show the region of µ − P space in which the sys-
tem lifetime exceeds 10 million years, (which includes the grey
band and the region to its right). The grey band thus repre-
sents the optimal region in the µ − P space where a white-
dwarf/terrestrial-planet system satisfies the “detectablity” cri-
teria, i.e., it is capable of generating bright radio emissions,

[Willes & Wu, 2004, 2005]
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predicted period increase by alternative models, which invoke
steady mass transfer between the white dwarfs to explain the
X-ray emission.

The unipolar inductor model for terrestrial planets in close
orbits around magnetic white dwarfs was originally con-
structed by Li et al. (1998) to explain the emission lines
detected in the white dwarf system GD 356. Willes & Wu
(2002) proposed that white-dwarf planet systems undergo-
ing the unipolar induction process are also detectable radio
sources. More definitive predictions are made in this paper,
which is structured as follows. In Sect. 2, we deduce the
range of parameters (white dwarf magnetic moment and or-
bital period) in which detection of white-dwarf/planet systems
is most likely. In Sect. 3, we discuss an evolution scenario
for close white-dwarf/planet systems. We estimate the fraction
of main-sequence-star/terrestrial-planet systems which evolve
into white-dwarf/planet systems operating in the unipolar in-
ductor regime. In Sect. 4, we present predictions of radio flux
densities from the systems, based on the electron-cyclotron
maser model for white dwarf systems developed by Willes
& Wu (2004), at frequencies accessible to the VLA, ALMA,
Arecibo, ATCA, MERLIN and Effelsberg radio telescopes. In
Sect. 5, we compute the radio luminosity function of the white-
dwarf/planet systems and estimate the number of detectable
systems for various observational settings.

2. Detectability of terrestrial planets orbiting
magnetic white dwarfs

Figure 1 shows a schematic illustration of the system geome-
try. In our model, the system comprises a magnetic white dwarf
with mass MWD and magnetic moment µ and a terrestrial planet
with mass MP. The white dwarf radius RWD is given by the
Hamada & Salpeter (1961) mass-radius relation. The terres-
trial planet is assumed to have a metallic core which is exposed
during the late stellar evolution phases. Electron currents are
driven in the flux tube current circuit as the planet traverses
the magnetic white dwarf’s field lines, inducing a potential dif-
ference across the planet. The induced currents are carried by
mildly relativistic electrons. These energetic (>keV) electrons

3 4 5 6 7

Log   [    ]
10 µ

( G cm  )3

Log   [ P ]
10

(s)

Log   [ a  / R     ]
10 WD

1.5 2 2.5 3 3.5

30

31

32

33

34

35

system lifetime
< 10  yr

7

 induced 
potential
too low

de
te

ct
ab

le
 sy

ste
m

s

Fig. 2. Range of parameter space (white dwarf magnetic moment µ vs.
orbital period P and separation a) in which terrestrial planets orbiting
white dwarfs are likely to produce detectable radio emissions.

are the source of free energy for wave growth via the electron-
cyclotron maser.

The induced potential across a terrestrial planet (see Fig. 1)
is (Wu et al. 2002)

Φ =
(µRP
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) (2π
P

)7/3 [
G(MWD + MP)

]−2/3
, (1)

where µ is the white dwarf magnetic moment, RP is the plane-
tary radius, P is the orbital period, and MWD, MP are the white
dwarf and planetary masses. The detectability of a system de-
pends the brightness of its maser emission, which is contin-
gent on the avaliability of energetic electrons. This condition
is easily satisifed for systems with reasonable parameter val-
ues. Figure 2 shows the region of µ − P space in which the
induced potential exceeds one kV (which consists of the grey
band and the region to its left) for a characteristic white-dwarf
planet system with MWD = 0.7 M", MP = 1.2 × 10−6 M", and
RP = 3.5 × 108 cm.

Another constraint to the probability of detection for white-
dwarf planets is the lifetime of the unipolar-inductor phase and
the system lifetime. The system lifetime is limited by the slow
inward drift of the planet due to Lorentz torques (Li et al.
1998), with

τ =
G MWD MP (a/RWD)1/2

60σRWD RPΦ2 , (2)

where a is the orbital separation. This lifespan thus scales with
binary period as P5 and with magnetic moment as µ−2. In
Fig. 2, we show the region of µ − P space in which the sys-
tem lifetime exceeds 10 million years, (which includes the grey
band and the region to its right). The grey band thus repre-
sents the optimal region in the µ − P space where a white-
dwarf/terrestrial-planet system satisfies the “detectablity” cri-
teria, i.e., it is capable of generating bright radio emissions,

[Willes & Wu, 2004, 2005]
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Fig. 7. Predicted flux densities at 5, 8, 43, 100, 250 and 650 GHz as a function of white dwarf magnetic moment µ and planetary orbital period P
(assuming system parameters described in the text). The grey band denotes the detection band in Fig. 2.

constant. Willes & Wu (2004) derived an expression for radio
flux densities generated within the white dwarf pair unipolar
inductor circuit, based on semi-quantitative expressions for the
loss-cone-driven electron-cyclotron maser growth rate, emis-
sion bandwidth, and angular ranges, obtained by Melrose &
Dulk (1982). The highest maser growth rates are attained in
the extraordinary (x) and ordinary (o) modes at the electron cy-
clotron frequency. The electron-cyclotron maser thus produces
100% circularly polarized emission. Higher cyclotron harmon-
ics have considerably lower growth rates and are unlikely to
be observed. The peak brightness temperature in the source re-
gion is estimated by assuming saturation of the reactive ver-
sion of the electron-cyclotron maser instability at wave lev-
els where electrons become trapped in the electric field of the
growing waves. Maser radiation encounters harmonic damping
as it propagates away from the source region towards decreas-
ing magnetic field strengths. The degree of harmonic damping

depends on the thermal (background) electron density nth, and
temperature kBTth. Harmonic damping effects become negligi-
ble for nth < 108 cm−3 and kBTth < 10 eV (Willes & Wu 2004).

In the following flux density calculations, we assume:
(i) harmonic damping from a white dwarf magnetosphere with
constant density nth = 107 cm−3, and thermal temperature
kBTth = 1 eV; (ii) 1% of current electrons in the unipolar induc-
tor circuit contribute to the mildly relativistic loss-cone electron
distribution, with mean energy of 1 keV (provided that the in-
duced potential across the planet exceeds 1 kV); (iii) an angular
loss-cone width ∆α = 0.01; and (iv) a source-observer distance
of 100 pc.

Figure 7 displays the predicted flux densities at the ob-
serving frequencies 5, 8, 43, 100, 250 and 650 GHz. Points to
note concerning Fig. 7 are that: (i) Greater than micro-Jansky
flux densities are predicted over a relatively broad range of
µ − P space (where radio detections are most likely in the grey

saturated loss-cone driven cyclotron-maser emission
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• Low-frequency radio observations of exoplanets

• Theoretical predictions 

- planetary radio emissions

- energy sources

- scaling laws

- extrapolation to exoplanets

• Ongoing observations

• Future observations
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Low-frequency radio observations

       1 UA à 1 pc = 1 " ⇒ No imagery

→ Direct detection of a Jovian like emission / burst

→ Planet-Star distinction via polarization (circular/elliptical) & periodicity (orbital ?)

→ Planetary rotation period ⇒ tidal locking ?

→ Measurement of B ⇒ contraints on scaling laws & internal structure models

→ Comparative magnetospheric physics (star-planet interactions)

→ Discovery tool (search for more planets) ?



1999 VLA measurement
73 MHz, 0.3 Jy sensitivity

• VLA  

• f ~ 74 MHz
• target Tau Bootes
• epochs 1999 - 2003
• imaging

     [Bastian et al., 2000 ; Farrell et al., 2003, 2004; Lazio & Farrell, 2007]



• VLA

• f ~ 300 MHz
• target RX J0806+15 = binary white dwarf

   (+ unipolar induction ?)
• epochs 2005 & 2006
• transient ~0.1 mJy

[Ramsay et al., 2007]



• GMRT

• f ~ 153 MHz

• several targets (Tau Boo, Ups And...)

• epochs 2005 - 2007

• imaging + tied array mode

• sensitivity ~ a few mJy

360 

60 

Tau Boo

     [Winterhalter et al., 2005 ; George and Stevens, 2007 ; ...]



• UTR-2

• f ~ 10-32 MHz
• a few 10’s targets (hot Jupiters)
• epochs  (1997-2000)  &  2006-2008+
• Simultaneous ON/OFF (2 tied array beams)
• sensitivity ~1 Jy within (1 s x 5 MHz)
• t,f resolution (~ 10 msec x 5 kHz)

[Zarka et al., 1997 ; Ryabov et al., 2004]
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+ large dynamic range required

28

14

F 
(M

H
z)

<------------------------------ dt = 100 sec ---------------------------------->

nσnσ

[Zarka et al., 2004]



No observation

• UTR-2 : detection of Saturn’s lightning

[Zarka et al., 2009]



• Dispersion : Δt(sec) = 4150 [DM] / f2     (f in MHz)
   → typically 1 - 100 sec

• Pulse temporal broadening : τB ∝ f-4.4     (Kolmogorov)
  → typically 1 - 100 msec

• De-dispersion & temporal broadening

PSR0809+74



• UTR-2 : parametric dedispersion of pulsar signals

[Ryabov et al., 2004]
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Optical observations

➡ hot spot 60° ahead of sub-planetary point (P=3.1d)

→ Ok wrt “backwards” Alfén waves propagation in the stellar wind  [Preusse et al., 2006]

• Super-flares ?                                                [Rubenstein & Schaefer, 2000 ; Schaefer et al., 2000]

• Chromospheric hot spot (optical) on HD179949 + υ And           [Shkolnik et al. 2003, 2004, 2005]

➡ unipolar or dipolar interaction ?

➡ Pspot > 1019  W but  Pd =0.15×1015×πRJ
2   W       → energy crisis ?

→ larger obstacle or wind strength + stellar B ? (FX ~10× solar)
[Shkolnik et al., 2005 ;  Zarka, 2007]



ESPaDOnS spectropolarimeter @ CFHT

• Magnetic field of Tau Bootes

[Catala et al., 2007]



• Low-frequency radio observations of exoplanets

• Theoretical predictions 

- planetary radio emissions

- energy sources

- scaling laws

- extrapolation to exoplanets

• Ongoing observations

• Future observations



• LOFAR  

• 30-250 MHz

• Epoch 2009+  (solar max. !)

• Sensitivity ≤ mJy

• Imaging + tied array modes

• Built-in RFI mitigation & ionospheric calibration

  Exoplanet search part of “Transients” KP

  Candidate exoplanets + all close-by stars

www.lofar.org

http://www.lofar.org
http://www.lofar.org
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[Lazio et al., 2008]



• SKA

• High frequencies (0.2-20 GHz)

• ≥2015-20

• Sensitivity down to µJy ?

 Unipolar inductor systems

  (e.g. hot Earths around White dwarfs)

 Detection of artificial emissions ?

 Astrometry (planets around M dwarfs)

www.skatelescope.org

http://www.skatelescope.org
http://www.skatelescope.org


[Zarka, 2004]



• LOFAR-on-the-Moon ?


