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• Exoplanets in Radio ⇒ physical characterization & 
    comparative studies with solar system planets

• Magnetized planets are strong radio sources  (Jupiter ~ Sun)

EXOPLANETS IN RADIO



• 6 magnetized planets (M,E,J,S,U,N) with planetary-scale B field 
 → magnetospheres, accelerating keV-MeV electrons
 → high-latitude (auroral) radio emissions
 → radio sources studied remotely & in situ

EXPERIENCE FROM SOLAR SYSTEM PLANETS + THEORY

[Zarka, 1998]
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Plate 2. Electric field and polarization spectrograms and auroral image from January 27, 1982. Source directions were 
derived for the 5-min interval beginning at 0445 UT and for a selection of frequencies indicated at the bottom of the 
auroral image. The deduced AKR source positions (shown by numbered points on the image) map accurately to the 
brightest region of the auroral oval and also show the expected increase in source altitude with decreasing wave frequency. 
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Plate 3. Observations similar to Plates 1 and 2 for an AKR event from September 28, 1981. Source directions were 
derived for the interval 2109-2113 UT for the frequencies indicated. The AKR source locations show a broad longitudinal 
distribution and map systematically to bright regions along the auroral oval. 
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Fig. 3. The proposed structure of the electric equipotential 
lines in the aurora1 acceleration region for upward current 
conditions and downward flowing electrons. Ions are flow- 
ing upward in this case. Structures like this do however not 
develop on large scale as might be suggested by this figure. 
Instead, they develop in the form of Figure 4. 
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Fig. 4. The typical equipotential line configuration in the 
aurora1 acceleration region. Here the essential prop&ties of 
Figure 3 are conserved, however, the main potential drop is 
on the small scale with many such drops occurring ion the 
aurora1 zone. Acceleration is then provided by these zones 
when the particles (electron, ions) pass across many of them 
picking up energy in each of the structures. 

typically detected in aurora1 activity and substorm activity, it is assumed that mostly reconnection-related acceleration 
is producing them. 

In the downward current region the accelerated particles are, on the other hand, typically ionospheric electrons that 
are accelerated upward in order to contribute to the return current into the magnetosphere there by closing the current 
system. These current are carried by low-energy electrons. Temerin and Carlson (1998) constructed a current-voltage 
relation for the currents ion this region. The fluxes of the upward going electrons are very intense though sporadic 
and are strictly field aligned and indicate strong filamentation in the currents which is not yet contained in any of the 
available models. In many cases they are observed at the edges of the upward current region. The most elaborated 
observations have been reported by Carlson ef al. (1998) from FAST measurements, though Viking (Lonnqvist er 
al., 1993) and Freja (Leutschacher and Treumann, 2001) had anticipated their existence already earlier. The most 
elaborated investigations have been presented by Marklund et al. (1995), and more recently Marklund et al. (1997) 
and Pottelette et al. (2002). Rijnnmark (1999) based on a simple current closure system has considered the problem 
of electron acceleration in the aurora1 current circuit. From all these observations and models one has come up with a 
presumable structure of the electric equipotentials as shown in Figure 3. 

According to the different origins and energies of the electrons in both regions one may conclude that the acceleration 
mechanisms are grossly different. But recent observations of FAST (Pottelette et al., 2002) suggest that in both cases 
the acceleration mechanism is due to electric potential drops along the magnetic field that evolve because of two 
different reasons and thus have different properties. In the upward current region the large-scale potential drop is the 
result of the lack of neutralization of the aurora1 electron beam (shown in Figure 3). This beam (cf. Figure 2) consists 
of mirroring particles that because of the different mirror altitudes of ions and electrons cannot be neutralized along the 
magnetic field and therefore causes a large-scale electric potential that by it accelerates almost all the ionospheric ions 
up along the magnetic field. In the dilute plasma the ionospheric electron distribution is heated in the perpendicular 
direction causing a ring distribution that in combination with the electron beam represents a fast cool beam-hot plasma 
distribution. Such a system readily evolves into instability. The relevant instability driven here is the electron-acoustic 
instability (Gary and Tokar, 1985) which requires the presence of a small amount of cold plasma, a hot plasma and an 
beam in order to undergo instability. Typical for it is that it decays into electron cavities or configuration and phase 

[Huff et al., 1988; 
Treumann & Pottelette, 2002]



EXPERIENCE FROM SOLAR SYSTEM PLANETS + THEORY

• Coherent cyclotron (Maser) radiation from keV electrons 
 → frequency ≤ a few 10's MHz (fce ∝ |B|)

 → intense (TB~1015-20 K)
 → sporadic (msec-hour)
 → anisotropic
 → circularly polarized

• + weaker incoherent synchrotron emission 
      from MeV e- in radiation belts
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[Wu, 1985 ;  Treumann, 2006 ; Hess et al., 2008]



• Energy (keV electron acceleration) drivers

EXPERIENCE FROM SOLAR SYSTEM PLANETS + THEORY

 → Stellar Wind-Magnetosphere interaction (super-Alfvénic, compression, reconnection)
 → Magnetosphere-Ionosphere coupling
 → Magnetosphere-Satellite coupling (sub-Alfvénic, reconnection, unipolar inductor)
 → Star-Planet Interaction       ( " " " )

[Zarka et al., 2001 ; Zarka, 2007 ; Nichols, 2011]



→ Stellar Wind-Magnetosphere interaction

Poynting flux of BIMF on obstacle :
Pm = B⊥

2/µo V  πRobs
2

Dissipated power :
Pd = ε Pm (ε = 0.1 - 0.2)

[Ip et al., 2004]



→ Magnetosphere-Satellite interaction (unipolar inductor)

Dissipated power :
Pd = ε VB⊥

2/µo πRobs
2 = ε Pm

(ε ~ MA = 0.1 - 0.2)

Chromospheric hot spot on 
HD179949 & υ And ?

[Shkolnik et al., 2005, 2008]

[Preusse et al., 2006]



Dissipated power :
Pd = ε k VB⊥

2/µo πRobs
2 = ε k Pm

(k = cos4(θ/2) = 1 ; ε = 0.1 - 0.2)

≈ Interacting magnetic binaries or star-
planet systems

Downstream               Upstream

→ Magnetosphere-Satellite interaction (reconnection)



PREDICTIONS FOR EXOPLANETS

• Jupiter detectable to <0.2 pc on the Galactic background

• Scaling laws & extrapolations : 
 → SW-M : LF radio output vs kinetic/CME/magnetic power inputs, up to 103-5 x Jupiter's 
 → SPI : LF/HF radio output vs Poynting flux input, up to 106 x Jupiter's

[Zarka et al., 2001 ; Zarka, 2007, 2010]

RS CVn system V711τ
[Budding et al., 1998]



 - Spin-orbit synchronisation (tidal forces)   ⇒   ω↓

   but M ∝ ωα     with ½ ≤ α ≤ 1 ⇒   M↓     (B decay)  ?

• Magnetic field decay for hot Jupiters ?

[Sanchez-Lavega, 2004]

 - Internal structure + convection models
   ⇒ self-sustained dynamo ⇒   M could remain ≥ a few G.RJ

3

A&A 522, A13 (2010)

Fig. 1. Average magnetic field on the surface of the object, Bdyn, for M > 13 MJ, and dipole field, Bpol
dip, for M ≤ 13 MJ, as a function of age for

giant planets, brown dwarfs, and a very-low mass star with M = 125 MJ. All low-mass objects are assumed to be rapidly rotating. An estimate of
the average magnetic field of the Sun is overplotted (gray shaded area; for today’s average field see Schrijver 1987).

masses has a magnetic field at the surface that is consistently
stronger by a factor of four to five over the entire evolutionary
history.

Because of the higher luminosity that is essentially available
for magnetic flux generation, magnetic fields in brown dwarfs
are larger than fields on extrasolar giant planets, varying typi-
cally between a few kG and a hundred G depending on age and
mass. Magnetic fields in brown dwarfs also weaken over time as
brown dwarfs cool and loose luminosity as the power source for
magnetic field generation. Low-mass stars show a generally dif-
ferent behavior. A low-mass star with M = 125 MJ can produce
a magnetic field of about 2 kG during the first ten Myr, and the
field grows by about a factor of two until it stays constant from
an age of a few hundred Myr on. For the solar case, the mag-
netic field is roughly constant between 5× 107 and 108 yr, which
is maintained by the constant luminosity and rapid rotation.

4.2. Comparison to other field predictions

Magnetic field estimates for extrasolar giant planets are avail-
able from a variety of different scaling laws. Christensen (2010)
summarized scaling laws for planetary magnetic fields that
were proposed by different authors. Most of them assume a
strong relation between field strength and rotation rate. As an

example, Sánchez-Lavega (2004) estimated the dipolar mag-
netic moments of exoplanets using the “Elsasser number” scal-
ing law, which predicts the field to depend on the square root
of the rotation rate, but assumes no dependence on the energy
flux. Sánchez-Lavega (2004) predicts average magnetic fields of
∼30–60 G for rapidly rotating planets and ∼1 G for slowly rotat-
ing ones. The range of values is comparable to our predictions.
If young planets were generally fast rotators while old planets
rotate slowly, which could be the case when tidal braking plays
a role, the results would be similar. However, our model predicts
that energy flux rules the magnetic field strength so that extra-
solar giant planets have high magnetic fields during their youth
and weak magnetic fields at higher ages even if their rotational
evolution is entirely different (given that they are still rotating
fast enough for dynamo saturation).

Stevens (2005) used a very simplistic method to scale the
magnetic fields of extrasolar giant planets assuming that the
planetary magnetic moment is proportional to the planetary
mass. This implies no difference between magnetic fields in
young and old planets, and no difference between rapid and slow
rotators (but note that slow rotators were explicitly left out of
his analysis). Stevens (2005) also provides radio flux predictions
that we compare to our predictions in the next section.
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[Reiners & Christensen, 2010]

A. Reiners and U. R. Christensen: A magnetic field evolution scenario for brown dwarfs and giant planets

Table 1. Parameters of known planets around stars with X-ray detections within 20 pc.

Planet name Planet mass a d1 Ṁ Age Bpol
dip Radio flux1 fce

[MJup sin i] [AU] [pc] [Ṁ!] [Gyr] [G] [mJy] [MHz]

Jupiter 1.00 5.20 1.0 4.5 9 4.E+09 27
eps Eridani b 1.55 3.39 3.2 25.9 1.7 19 6.3 53
Gliese 876 b 1.93 0.21 4.7 0.1 2.4 23 3.1 66
Gliese 876 c 0.56 0.13 4.7 0.1 2.4 6 2.1 16
GJ 832 b 0.64 3.40 4.9 0.2 2.0 7 0.1 19
HD 62509 b 2.90 1.69 10.3 0.3 5.6 24 0.1 68
Gl 86 b 4.01 0.11 11.0 9.4 2.9 40 43.8 113
HD 147513 b 1.00 1.26 12.9 150.4 0.8 15 4.1 43
ups And b 0.69 0.06 13.5 20.2 1.4 10 41.8 27
ups And c 1.98 0.83 13.5 20.2 1.4 30 2.8 84
ups And d 3.95 2.51 13.5 20.2 1.4 58 1.0 163
gamma Cephei b 1.60 2.04 13.8 1.1 3.6 16 0.1 44
51 Peg b 0.47 0.05 14.7 0.2 6.2 3 0.8 7
tau Boo b 3.90 0.05 15.0 198.5 0.8 58 692.2 161
HR 810 b 1.94 0.91 15.5 103.9 0.8 30 5.5 83
HD 128311 b 2.18 1.10 16.6 39.9 0.9 33 2.1 92
HD 128311 c 3.21 1.76 16.6 39.9 0.9 48 1.5 134
HD 10647 b 0.91 2.10 17.3 22.9 1.4 14 0.3 38
GJ 3021 b 3.32 0.49 17.6 170.2 0.8 49 19.5 138
HD 27442 b 1.28 1.18 18.1 1.9 2.7 14 0.1 39
HD 87883 b 1.78 3.60 18.1 2.6 3.3 19 0.0 54
HD 189733 b 1.13 0.03 19.3 17.3 1.7 14 57.1 39
HD 192263 b 0.72 0.15 19.9 7.1 2.5 8 2.4 23

Notes. (1) The distance to Jupiter was set to 5.2 AU for the calculation of its radio flux.

4.3. Radio flux and field predictions for known planets

We have calculated the radio flux and cutoff emission frequency
for the known planets of stars within 20 pc and with X-ray
detections. Planet parameters are from The Extrasolar Planets
Encyclopaedia. The results are given in Table 1 and are plot-
ted in Fig. 2. Stevens (2005) assumes the peak radio flux oc-
curs at the electron cyclotron frequency of the equatorial surface
field, i.e. at half the cutoff frequency. We mark the frequency
range, (0.1−1) fce, over which significant radio emission can be
expected for each planet by horizontal lines in Fig. 2. The ex-
tension of the range to lower frequencies is rather arbitrary but
indicative for the emission from most of the planets of our solar
system (e.g., Zarka 1992). We include only planets that are more
massive than about 0.5 MJup because in Saturn-sized or smaller
planets helium separation may lead to stable stratification at the
top of the electrical conducting region (Stevenson 1980). The
associated reduction of the surface field strength is difficult to
quantify.

The maximum radio flux predicted for known extrasolar
planets is about 700 mJy in the case of τ Boo b. Maximum emis-
sion frequencies are between 7 and 160 MHz, i.e., in most cases
above the ionospheric cutoff frequency of 10 MHz. However,
when the maximum frequency is less than 20 MHz, the peak
radio emission may fall below the ionospheric cutoff. The pre-
dicted flux for planets other than τ Boo b is at least one or-
der of magnitude smaller. The fluxes for υ And b, Gl 86 b, and
HD 189733 b fall into the range of 40–60 mJy, and their max-
imum frequencies are well above the ionospheric cutoff. For
GJ 3012 b we predict 20 mJy, and all other planets fall below
10 mJy.

Our predicted radio flux values are similar to those in Stevens
(2005), mainly because the distance to the object is an important
factor in the observed radio emission, and because we use the

same assumptions for the stellar mass-loss rate. Our Fig. 2 can be
compared to Figs. 1–3 in Grießmeier et al. (2007a). In general,
the range of radio frequencies and radio flux are comparable but
can differ substantially between individual objects. Note that we
only show estimates for the planets within 20 pc. These are the
most likely candidates for the detection of radio emissions.

5. Summary and discussion

We applied the energy flux scaling relation from Christensen
et al. (2009) to estimate the magnetic field evolution on giant
extrasolar planets and brown dwarfs. This magnetic field scaling
is independent of the rotation of the objects given that they ro-
tate above a critical rotation limit, which probably is the case for
isolated brown dwarfs, for young exoplanets, and for exoplanets
in orbits not too close to their central star. Close-in planets suffer
tidal braking. This applies to all candidate planets for which we
predict a radio flux above 10 mJy, except GJ 3021 b. However,
for planets that are very close to their host star the synchronous
rotation rate may still lie above the critical limit. The critical pe-
riod is on the order of four days in M-dwarfs, and if we assume
the that the critical limit is somewhat higher, the top candidate
for the detection of radio emissions, τ Boo b (3.3 d), as well as
υ And b (4.6 d) and HD 189733 b (2.2 d) rotate rapidly enough.
At this point, we cannot say more about the real critical limit.
Gl 86 b (15.8 d) is probably rotating too slowly and our mag-
netic field and radio flux estimates are likely too high.

Because energy flux scales with luminosity, young exoplan-
ets have magnetic fields about one order of magnitude higher
than old exoplanets. Brown dwarfs go through a similar evolu-
tion but may go through a temporal magnetic field maximum
depending on the details of the luminosity and radius evolution.
Very low-mass stars build up their magnetic fields during the
first few 106 years and maintain a constant magnetic field during

Page 5 of 7



• Computation of parallel E field    (assuming B*=1G)
• Number and energy of runaway electrons
• Parametrization by “efficiency” η

in SW

in stellar MS

• Magnetic reconnection and electron acceleration at the magnetopause ?

[Jardine & Cameron, 2008]



• Theoretical predictions : 
 → M-I : LF radio output vs M-I coupling (rotation), up to 104 x Jupiter's
 → SPI : HF radio output from terrestrial planets around White Dwarfs

PREDICTIONS FOR EXOPLANETS

• Star-Planet discrimination : polarization (circular) + periodicities 
 (rotation, orbital)

[Willes & Wu, 2004]

[Nichols, 2011, 2012]



MOTIVATIONS FOR STUDYING EXOPLANET'S RADIO 
EMISSIONS

• Planetary |B| & tilt (e.g. Jupiter) ⇒ dynamo
 ⇒ planetary interior structure

• Planetary rotation (J, S, U, N) ⇒ spin-orbit locking ?

• Presence of satellites (e.g. Io)

[Higgins et al., 1997]
[Bigg, 1964][Desch & Kaiser, 1981]



MOTIVATIONS FOR STUDYING EXOPLANET'S RADIO 
EMISSIONS

• Planetary |B| & tilt (e.g. Jupiter) ⇒ dynamo
 ⇒ planetary interior structure

• Planetary rotation (J, S, U, N) ⇒ spin-orbit locking ?

• Presence of satellites (e.g. Io)
• SPI energetics, magnetospheric dynamics, M-I coupling
• Orbit inclination

[Hess et al., 2008 ; Lamy et al., 2008]



[Hess & Zarka, 2011]



MOTIVATIONS FOR STUDYING EXOPLANET'S RADIO 
EMISSIONS

→ Conditions for life (shielding planet's atmosphere and 

 surface vs CR/SW/CME, O3 destruction, atmospheric erosion/escape)

Strong atmospheric erosion

[Griessmeier et al., 2004; 
Khodachenko et al., 2006...]

+ Independent discovery tool ? (planets around active, 
 magnetic or variable stars)



• Targeted searches 

- theory/scaling laws applied to exoplanet 
  census ⇒ τ Boo, υ And, 55 Cnc …

- strongly magnetized stars ⇒ HD 189733 …

- planets with very elliptical orbit and close-in 
  periastron ⇒ HD 80606

- optical SPI signatures

PAST AND ONGOING OBSERVATIONS AND RESULTS

[Shkolnik et al., 
2003, 2005, 2008]

[Donati et al., 2006]

[Donati et al., 2006][Lazio et al., 2004 ; 
Griessmeier et al., 2007]

[Lazio & Farrell, 2007 ; 
Lazio et al., 2010]

[Farès et al., 2010]



• Past observations
 VLA 74+ MHz,    UTR-2 10-32 MHz,    GMRT 150+ MHz 

PAST AND ONGOING OBSERVATIONS AND RESULTS

HD80606, 330 MHz,  1.7 mJy

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

τ Boo, 74 MHz,  100 mJy ρ Cr, 160 mJy  (On / Off)

Corot 7, ~1 Jy  (On / Off)

[Ryabov et al., 2004 ; 
Zarka et al., in prep.]

  → no confirmed detection : |B|, beaming, flux density ?
  → hint on HAT-P-11 @ GMRT

τ Boo, 150 MHz,  1 mJy

[Hallinan et al., 2013]

Hat-P-11, 150 MHz,  3.9 mJy

[Lecavelier et al., 2013]



• Ongoing observations 
- UTR-2 10-32 MHz    (100+ h) 

- LOFAR 20-80 MHz  (~100 h)

- LWA/HJUDE               (~5000 h)

PAST AND ONGOING OBSERVATIONS AND RESULTS

LOFAR-LBA : Ups And

[Zarka et al.]

[Lazio, Zarka et al.]

[Hartman, Hallinan, et al.]



• Surveys-Catalogs correlations 

- TGSS 150 MHz
  → 4 candidates out of 
   175 exoplanetary systems
   (61 Vir, 1RXS1609, HD 86226, 
    HD 164509) 18-120 mJy
  + 171 3σ upper limits 8.7 - 136 mJy

- LOFAR MSSS
  → HBA : 120-160 MHz  (≤120", ≤5 mJy/b)
  → LBA : 30-75 MHz  (≤100", ≤15 mJy/b)

- OLWA

PAST AND ONGOING OBSERVATIONS AND RESULTS
A&A 562, A108 (2014)

Fig. 9. TGSS (left panel) and NVSS images (right panel) of the 61 Vir field at 150 MHz and 1.4 GHz.

Fig. 10. TGSS (left panel) and NVSS images (right panel) of the HD 86226 field at 150 MHz and 1.4 GHz. In the TGSS image the 3σ contour of
the emission is about 7′′ west from the position of the planet host star (blue cross).

period of 23± 4 days (Marmier et al. 2013). The CORALIE
measurements covering 11 years of observations confirm the
companion to be a Jupiter-like planet with a minimum mass
Mp sin i = 0.92± 0.10 Jupiter mass, and an orbital period of
4.6 years corresponding to a semi-major axis of 2.84± 0.06 au
(Marmier et al. 2013).

All the characteristics of this planet resemble a Jupiter-like
planet. Given its distance of 45 pc, HD 86226 b is not at the top
of the list of the targets for which detection at radio-wavelengths
can be expected with existing facilities. However, a 3σ peak of
19 mJy is detected at about 7′′ from the star coordinates in the
TGSS map (Fig. 10). This distance is well below the uncertainty
on the position on TGSS map (about 9′′ for a 3σ source if we
take systematic errors into account). Therefore, the TGSS source
can be the central star or the planet (both have a separation of
0.065′′). If one considers the star-planet interaction, HD 86226 b
appears to lack the extreme characteristics believed to be neces-
sary for a radio detection. As noted for 61 Vir, radio emission can
be strong enough to be detected if the planet is rotating rapidly.
There are still many unknowns that could make this object radio-
loud, e.g., the presence of a massive satellite, or an extremely
strong planetary magnetic field. Deeper radio observations to-
ward HD 86226 are needed to discriminate between a possible
background radio source and an exotic radio-loud planet.

3.4. 1RXS1609 b

The source 1RXS1609.1−210524 is a pre-main-sequence star, a
young solar analog (about one solar mass) within the 5 Myr old
Upper Scorpius stellar association. Direct imaging has revealed
a ∼8 Jupiter-mass object orbiting at 2.2′′ (330 au) from the par-
ent star (Lafrenière et al. 2008). Because of its young age, the
companion has a temperature of 1800± 200 K (Lafrenière et al.
2010). The large orbital distance of the planet, amounting to sev-
eral hundred astronomical units, poses a serious challenge to cur-
rent models of planet formation. Nonetheless, recent analysis of
star-formation history in the Upper Scorpius association led to
an older estimate of ∼11 Myr for the mean age; subsequently,
the mass of the companion was re-estimated as 14 Jupiter mass,
possibly arguing that the companion should more likely be clas-
sified as a low-mass brown dwarf, rather than a planet (Pecaut
et al. 2012).

The TGSS map shows a rather strong point source at about
8′′ from 1RXS1609.1−210524 (Fig. 11), with a flux density of
28± 4.5 mJy at 150 MHz; the source is detected at about 6.2σ. It
is also seen in the NVSS map, with a flux density of 5± 0.5 mJy
at 1.4 GHz. Its spectral index is thus about α = −0.77, between
150 MHz and 1.4 GHz.

A108, page 6 of 9

[Sirothia, et al., 2014]

! MSSS-HBA is now ~100% complete!

MSSS-HBA Observing Status

6George Heald / LOFAR collaboration workshop / 08-04-2014

Swinbank

[Heald, et al., 2014]

[Hallinan, et al.]



PAST AND ONGOING OBSERVATIONS AND RESULTS

[Lazio]

• Radio emissions much stronger than Jupiter's at frequencies 
 ≥150 MHz is rare ?



SCIENCE OUTCOME ENABLED BY SKA

• Radio emissions much stronger than Jupiter's at frequencies 
 ≥150 MHz is rare ? |B| to low, narrow beaming, low flux density

→ Need to explore a large sample of targets with highest possible 
 continuum sensitivity, LF, circular/full Stokes

 NB: ~11" resolution at 110 MHz → no star-planet resolution

• Imaging down to thermal (confusion) noise + beamformed 
 observations (time variations)



• Jupiter bursts at 30-40 MHz : ~40 µJy at 10 pc range

• SKA-Low 50-350 MHz : sensitivity ~10-17 µJy (20 MHz × 1 hour), 
 10-30 x better than LOFAR
 → Jupiter ~detectable at a few parsecs
  (~independent on high power / high B extrapolations)
 → highly likely that SKA-Low will 
  detect exoplanetary radio signals

SCIENCE OUTCOME ENABLED BY SKA



• Targets
 → exhaustive survey up to 10(30) pc
  ~400(2500) stars/WD/BD within 10(30) pc, with ~35(200) known exoplanets
 → targeted SPI, bright XUV stars, high B stars, Kepler fields … 
 → surveys, commensal analyses

SCIENCE OUTCOME ENABLED BY SKA

• Observations
 → several epochs x several hours (phase effects/variability)   [multi-beam]
 → circular / full Stokes

⇒ many detections expected, with higher S/N 
⇒ quantitative interpretations
⇒ opening new field of comparative exo-magnetospheric physics



SYNERGIES

• With other SKA observations

 → solar-like bursts
 → stellar flares : planet induced, cool stars cyclotron Maser

VLA : RMS noise ~1.6 μJy/beam

→ Brown dwarfs pulses discovered at GHz frequencies
→ Periodic pulses (~2 h), 100% circularly polarized, TB > 1015 K, |B| ~2 kG

[Hallinan et al., 2007, 2008]

[Osten, Hallinan, et al.]



SYNERGIES

• With other SKA observations

 → from brown dwarfs to exoplanets  (decreasing Prot, cooler & more neutral 

  atmosphere, larger-scale stable B topologies, weaker |B|)

 → lower mass planets more frequent around M dwarfs, 
  close-in planets in habitable zone
 → commensal SETI searches
  (if beamformed raw voltages can be exported in // to imaging or BF spectral data)

[Hallinan]

 → tracing B and radio flux densities from brown dwarfs to planets
  will bring unique constraints for dynamo theories & 
  radio emission scaling laws



• With other wavelengths

SYNERGIES

 → UTR-2, OLWA, NenuFAR ⇒ f ≤ 50 MHz, follow-up

 → ESO-VLT/NGTS, ESPRESSO, GAIA ...
   ⇒ 10's exoplanets per SKA-Low FoV

 → PLATO, TESS ⇒ more nearby exoplanets
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Figure 3. Flare analysis described in Section 3 as applied to an archetypal flare, CXOANC J182943.0+010207 (Chandra observation 4479). The topmost plot is the
light curve for the source. Segments considered at the characteristic level are plotted as blue squares, rise and decay segments are plotted as green diamonds, and peak
flare segments are plotted as red triangles. The next two plots show the evolution of the flare’s temperature and emission measure with time. The bottom plot shows the
evolution of the flare in the log T–log

√
EM plane, with the points used to obtain ζ connected by a best-fit line (the characteristic point on the lower left is excluded).

(A color version of this figure is available in the online journal.)

We then calculate ζ and subsequently the sustained heating
correction F (ζ ) for all sources in our sample by fitting the slope
of log T versus log

√
EM (see the bottom of Figure 3 for an

example). Finally, loop lengths and other derived quantities are
determined for the flare events in our sample through application
of Equations (9) through (14).

It should be noted that our procedure closely follows the
analysis of Favata et al. (2005) but does not replicate it exactly:
differences in the sample selection techniques, light curve
subdivision, etc., could potentially affect derived characteristics
for the flare. In order to calibrate and verify our implementation,
we processed source 1246 from the COUP survey (Favata et al.
2005). We derived a value of 1.03 ± 0.21 for ζ , which agrees
within uncertainty to the value of 0.90 ± 0.18 reported by
Favata et al. Our loop half-length of 50 × 1010 cm (with a
range of 43–55 × 1010 cm) is also consistent the value of
40 × 1010 cm reported by Favata et al. (37–47 × 1010 cm).
All other derived flare characteristics agree to within a factor
of about two. Infrared photometry for COUP 1246 is included
in Table 3, and its derived flare characteristics are included in
Table 4.

4. RESULTS

Table 4 summarizes the physical characteristics of the flares
inferred from the analysis in Section 3 and includes the energy
released by the entire flare event and the YSO class of the
sources when it is known. The total energy released by a flare
event was calculated as follows: for each segment of the flare
modeled, the APEC/WABS model outputs an X-ray flux as well
as temperature and emission measure. Multiplying this flux by
the duration of the segment and scaling by the distance to the
source yields the energy emitted by that particular flare segment.
Summing over all segments modeled yields the total energy
emitted by a flare. The log10 of the average energy emitted by
all flares in this sample is 35.7 ± 0.7 erg. The average energy
emitted by flares on known Class II sources is 36.4 ± 0.8 erg,
while flares on known Class III YSOs emit an average of
36.0 ± 0.5 erg. These two values agree within uncertainties and
we conclude that the presence of a circumstellar disk does not
appear to affect total energy emitted by a flare.

Figure 4 shows plots of the relationships among derived flare
characteristics. Although the longer flares in this sample tend

8

[McCleary & Wolk, 2011]

 → UV-X observations (HST, JWST, XMM, Chandra, Athena)

   ⇒ stellar flares, atmospheres

[Donati et al., 2006+]

 → ZDI (CFHT/Espadon, TBL/Narval, CFHT/Spirou)

   ⇒ stellar B, planets around M dwarfs



RADIO DIAGNOSTIC OF
STAR-PLANET PLASMA INTERACTIONS

• Broad New Field to Explore

• Theoretical Frame ~Ready

• Optimistic Prospects with SKA


