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The newborn Sun: V830 Tau
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Vidotto & Donati 17 Why so special?

‣ star young & active: 2Myr-
old, B~1kG

‣ youngest-detected hot 
Jupiter (Donati+ 15,16)

‣ star detected with 
VLA&VLBA (Bower+16)

Prediction: planets orbiting 
young stars should emit 
larger radio fluxes

Donati+2015, 2017

3352 J.-F. Donati et al.

Figure 8. Top panel: raw (top), filtered (middle), and residual (bottom) RVs of V830 Tau (open symbols and 1σ error bars, with circles, squares, and triangles
depicting ESPaDOnS, NARVAL, and ESPaDOnS/GRACES data, and colours coding rotation cycles). The raw RVs exhibit a semi-amplitude of 1.2 km s−1

and an rms dispersion of 0.65 km s−1 throughout the whole run. Rotation cycles of the 2016 data are shifted by +24 in this plot with respect to their values in
Table 1 and Fig. 2. The RV jitter predicted by ZDI at both epochs, as well as the best sine fit to the filtered RVs, are added in the top and middle plots (cyan
lines). Note how the jitter model changes between late 2015 and early 2016, and how both of them slowly evolve with time as a result of differential rotation.
The rms dispersion of the residual RVs is 44 m s−1, in agreement with our measurement errors (see Table 1). Bottom panel: activity-filtered RVs phase-folded
on the planet orbital period. The fit to the data is only marginally better with an eccentric orbit (dashed line) than with a circular one (solid line).
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where θ1 is the amplitude of the GP (in km s−1), θ2 the recurrence
time-scale (i.e. close to 1 here, in units of Prot), θ3 the decay time-
scale (i.e. the typical spot lifetime here, in units of Prot), and θ4

a smoothing parameter (within [0,1]) setting the amount of high-
frequency structure that we allow the fit to include. For a given set
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(Exo)planetary radio emission from stellar wind-
planet interactions
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(Exo)planetary radio emission from stellar wind-
planet interactions
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V711 Tau 
(RS CVn 
magnetic 
binary) 

Incident wind power (W)
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Zarka+15

scaling law seems to apply more generally to 
any plasma flow-obstacle interaction 
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→ more on the technique & 
other objects: Vidotto+09a,

10ab,11a,12,14a,15; etc

Initial state: 
potential field 
incorporated in 
MHD simulations
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Magnetic field from observations

Final state: self-consistent 
MHD wind solution

How do we characterise stellar winds?

(BATS-R-US)
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• From wind simulations → calculate the 
strengths of the physical interactions 
between the wind of the star and the hot 
Jupiter

• Then, we compute the radio flux:

How to estimate exoplanetary
radio emission
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rM: Planet’s magnetosphere

Incident solar wind power (W)
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Vidotto and Donati: Predicting radio emission from V830 Tau b and its host star

Fig. 1. Simulated wind of V830 Tau. Thin grey lines represent the mag-
netic field of V830 Tau that is embedded in the wind. The circle depicts
the orbital radius of V830 Tau b, assumed to lie in the equatorial plane
of the star (xy plane). The white line represents a cut of the Alfvén
surface at the equatorial plane, while the colour shows the total wind
pressure.

compute the radio powers coming from both kinetic and mag-
netic energies. As we will see, the latter is much larger than the
former and, following the arguments in Zarka (2010), is the pre-
ferred method for estimating radio fluxes.

The dissipated kinetic and magnetic powers of the impacting
wind on the planet are approximated as, respectively, (Appendix
A)
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where B? is the magnetic field component perpendicular to �u.
Here, |�u| = |u � v

K

| is the relative velocity between the wind
and the Keplerian velocity (v

K

) of the planet, and ⇢, p , and B are
the local density, pressure, and magnetic field intensity of the
stellar wind. Neglecting planet thermal pressure, the size of the
planet’s magnetopause r

M

can be estimated by pressure balance
between the stellar wind total pressure and the planet’s mag-
netic pressure: ptot = B

2
p

(r
M

)/(8⇡), where ptot = ⇢�u

2 + B

2

8⇡ + p

is the sum of the ram, magnetic, and thermal pressures of the
wind; B

p

(r
M

) is the intensity of the planet’s magnetic field at
the nose of the magnetopause. For a dipolar planetary magnetic
field: B

p

(r
M

) = 1
2 B

p

(R
p

/R)3, where R

p

is the planetary radius, R

is the radial coordinate centred at the planet, and B

p

is the polar
magnetic field intensity (at the equator, the intensity is 1

2 B

p

). As-
suming the dipole is aligned with the planetary orbital spin axis,
the magnetospheric radius (where R = r

M

) is
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Figure 2a shows the stand-o↵ distance of V830 Tau b’s mag-
netopause calculated using Eq. (4) as the planet orbits around

Fig. 2. (a) Estimated sizes of the planetary magnetospheres along a
planetary year assuming three di↵erent values of the polar planetary
magnetic field: 10, 50, and 100 G. (b) Predicted maximum frequency
of the radio emission of V830 Tau b. This frequency is calculated at the
border of the polar-cap boundary, which is located at di↵erent colati-
tudes depending on the size of the planet magnetosphere (cf, Eq. A.1).
The magnetic field intensity at this position in shown in the right axis.

the star.2 We assume three di↵erent values of B

p

: 10, 50, and
100 G. For comparison, we note that the maximum intensity of
Jupiter’s magnetic field is 14.3 G (Bagenal 1992). For B

p

= 10
G, the average magnetospheric radius is ⇠ 1.31R

p

(i.e. very
close to the planet surface), while in the second and third cases,
r

M

⇠ 2.2R

p

and 2.8R

p

, respectively. If the wind densities (and
therefore mass-loss rates) were to decrease by a factor of 100, the
magnetospheric sizes would increase by about 20% of the values
presented in Figure 2a (in such a case, the planet’s orbit would lie
completely within the Alfvén surface). This shows that, even in
the case of a “high” planetary magnetic field and low wind den-
sities, the magnetosphere of V830 Tau b is expected to be quite
small, due to the harsh conditions of the external environment.

The radio flux is related to the radio power as

�radio =
Pradio

d

2!� f

, (5)

where ! is the solid angle of the (hollow) cone of emission, d

is the distance to the system (147 pc in the case of V830 Tau),
and � f is the emission bandwidth, approximately the cyclotron
frequency (Grießmeier et al. 2007). In Appendix A, we show
that the radio flux density due to the dissipated wind kinetic and

2 The right hand side of Eq. (4) is often multiplied by a correction fac-
tor 21/3 used to account for the e↵ects of currents (e.g. Cravens 2004).

Article number, page 3 of 11

incident stellar
wind power
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Characteristics of the planet’s magnetosphere
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‣Compare to Earth’s 
magnetospheric size: ~10-15 Rearth

‣Compare to Jupiter’s 
magnetospheric size: ~70-90 Rjup

Vidotto & Donati 17
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Radio emission from V830 Tau b

10

Bp=10G

Vidotto & Donati 17

‣Average flux: 24mJy with peak 
fluxes of ~44 mJy (versus 1mJy for 
hot-Jupiters around MS stars)
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Radio flux not strongly 
dependent on Bp (good news)

‣Average flux: 6mJy with peak 
fluxes of ~11 mJy

10G: 18 MHz
50G: 114 MHz
100G: 240 MHz

Cyclotron frequency of 
emission depends on Bp:
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Radio flux density of the stellar wind

11

‣Note: Wind emission is a 
lot smaller than exoplanet’s 
emission: ~44 mJy at 
~18MHz (Bp=10G)

• Observations (even if 
only non-detections) 
allow us to place an 
upper limit in mass-
loss rates: 
Ṁ<3x10-9 M⊙/yr

• Best estimates: the 
wind of V830Tau 
should have 
Ṁ ~ [10-12,10-10] M⊙/yr
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Panagia & Felli 75, Guedel 02, 
Villadsen+14, Fichtinger+17
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Can planetary emission “escape” the stellar wind?

12

A&A proofs: manuscript no. radio_V830Tau_vidotto

Fig. 4. (a) Size of the stellar wind radio-emitting region as a function
of frequency for a range of stellar mass-loss rates: 3 ⇥ 10�12 M� yr�1 to
3⇥10�9 M� yr�1 from bottom to top solid lines. The dotted line indicates
the orbital radius of V830 Tau b. (b) The same as in (a), but for the flux
density of the emitting wind, S ⌫. Circles are the upper limits for the
radio emission of V830 Tau b as presented by Bower et al. (2016).

is met when

B(↵0) >
✓

n

e

105 cm�3

◆1/2
G, (15)

where n

e

is taken as the electron density at the planetary orbit.
Figure 5 shows the minimum planetary magnetic field intensity
of V830 Tau b required for the propagation of planetary radio
emission through the wind of the host star, as a function of the
stellar wind mass-loss rates.

Mass-loss rates of weak-lined T Tauri stars have not been
observationally constrained. It is expected that these winds are
intermediate between those of classical T Tauri stars with dense
winds (Ṁ ⇠ 10�10 � 10�8 M� yr�1, Hartigan et al. 1995; Iguchi
& Itoh 2016) and zero-age main sequence stars with less dense
winds. Very active, main sequence stars can have mass-loss rates
of Ṁ ⇠ 2 ⇥ 10�12 M� yr�1 (Wood et al. 2005). In our work, we
estimate an upper limit for the wind of V830 Tau to be Ṁ .
3 ⇥ 10�9 M� yr�1 (Figure 4b). Given these values, we speculate
that the most probable Ṁ for the winds of weak-lined T Tauri
stars lies in the range ⇠ 10�12 – 10�10 M� yr�1. We use this
range of values for the estimates we present next.4

4 The non-detection of radio emission from stellar winds can be a use-
ful way to observationally constrain mass-loss rates in solar-type stars,
which have rarefied winds (e.g. Gaidos et al. 2000; Villadsen et al. 2014;
Fichtinger et al. 2017).

Fig. 5. Minimum planetary magnetic field intensity required for the
propagation of planetary radio emission through the wind of the host
star (Equation 15) as a function of stellar wind mass-loss rate. The right
hand side axis shows the corresponding frequency of planetary emission
(cyclotron).

For Ṁ ⇠ 10�12 – 10�10 M� yr�1, the size of the wind-emitting
region ranges between R⌫ ⇠ 3 – 15 R? at 275 MHz and between
R⌫ ⇠ 5 – 30 R? at 50 MHz (cf. Figure 4a). At these frequen-
cies, R⌫ is comparable to the planetary orbital radius (6.1 R?),
implying that V830 Tau b might be embedded in the regions of
the stellar wind that are optically thick to radio wavelengths, al-
though not so deeply embedded. Given that the radio flux we
computed for the planet (⇠ 6 – 24 mJy, Figure 3b) is several
orders of magnitude larger that the stellar radio flux (⇠ 10�6 –
10�3 mJy, Figure 4b), it is possible that, even after attenuation,
a significant fraction of the planetary radio flux can escape. An
accurate radiative transfer calculation of the amount of planetary
flux that reaches the observer is left for a more detailed future
study.

For the same range of Ṁ, planetary radio emission can prop-
agate through the stellar wind if the planetary magnetic field
strength is & 1.3 – 13 G (Figure 5). These minimum values
encompass Jupiter’s magnetic field intensities and appear to be
physically reasonable. The equivalent (minimum) frequency of
planetary emission is about & 4 – 40 MHz. At a frequency of
⇠ 50 MHz (see previous paragraph) the wind is (radio) optically
thick out to ⇠ 5 to 30 R? and the planet is not so deeply em-
bedded in the radio-emitting wind. Altogether, these conditions
seem very encouraging for planetary radio emission to escape
the stellar wind of V830 Tau and be detected at Earth.

5. Discussion and Conclusions

Based on 3D MHD simulations, we presented here estimates of
the radio emission expected for V830 Tau b, the youngest de-
tected exoplanet to date. It orbits an active 2 Myr-old weak-lined
T Tauri star at a distance of 0.057 au, which is about 6.1 stel-
lar radii. At this distance, the environment surrounding this ex-
oplanet is quite harsh. Using the observationally reconstructed
stellar magnetic field, we simulated the wind of this star, allow-
ing us to infer the conditions of the external ambient medium
surrounding V830 Tau b. With these conditions, we then com-
puted the planetary radio emission, using, as analogy, the radio-

Article number, page 6 of 11

‣planetary radio emission 
can propagate through the 
stellar wind if the planetary 
magnetic field strength is 
<1.3 – 13 G .

• The planetary radio 
emission can only 
propagate in the 
stellar wind plasma if 
the frequency of 
emission Ωc is larger 
than the stellar wind 
plasma frequency ωp. 
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Summary and Conclusions
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• 3D MHD simulations+ZDI maps used to describe the wind of V830Tau
• Wind-planet interaction: radio emission from the planet (if magnetised)
‣ Predicted radio emission: 

➡6mJy for Rp=Rjup (peaks at ~11mJy) 
➡24mJy for Rp=2Rjup (peaks at ~44mJy) 
➡frequency of emission ∝ Bp: from 18 to 240 MHz for Bp=[10,100] G

• Dense winds can produce free-free emission at radio wavelengths. 
Wind emission (<μJy) is much smaller than planet emission though.
‣ Important upper limit on wind mass-loss rates: Ṁ<3x10-9 M⊙/yr
‣ Best estimates: Ṁ ~ [10-12,10-10] M⊙/yr

• Planet orbit is at 6Rstar → even after attenuation, a significant fraction of 
the planetary radio flux can escape (note thought that Bp > 1.3 -- 13 G)
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