
Exo-Planets and Radio 
Astronomy

• Planet Detection
• Radio detections of planets in Solar System
• Radio detections of exo-planets
• Search for Extra-Terrestrial Intelligence



Planet Detection

• The radial velocity technique relies on 
detecting the effect of a planet on the 
motion of its parent star



eo.ucar.edu/staff/dward/sao/exoplanets/methods.htm



51 Pegasi b – the first exo-planet
• The radial velocity curve (against time)



Direct 
Detection



Transits

• A transit occurs when a planet crosses in 
front of the disc of the star



Kepler Satellite Mission
• Looked for transits in a sample of 100 000 

stars
• Finding rocky planets in habitable zones



Kepler Mission Results

• All stars have planetary systems



What 
type of 

exo-
planets 
have been 
found?

Jupiter-like

Super Earths 
(rocky)

Hot Jupiters



We can probe their atmospheres to 
study composition



Discussion

• Why is it so difficult to detect planets 
similar to the Earth around other stars?



Exo-planet characterization

• What can radio studies of exo-planets tell 
us?

• Radio emission from interaction between 
solar wind from host star and planetary 
magnetic field

• Compare with planetary radio emission in 
our own Solar System



Solar Wind Interaction



Aurorae



Aurora on the Earth



Aurorae on Jupiter and Saturn





Jupiter’s Radio Emission



Circularly Polarized Emission



Planetary Magnetic Fields

• Tells us about the interior of the planet



Discussion

• Why does Mars no longer have a magnetic 
field?



Magnetic Field Strength

• Cut-off in radio spectrum gives strength of 
magnetic field



Planetary Rotation Period

• The dynamic spectra and polarization would 
tell us various parameters

Model dynamic spectra (Hess, Zarka et al., 2008, 2011)



Orbital Inclination



Tilt of the Magnetic Axis



Star-Planet Interaction

• Planets can 
also generate 
aurora on the 
host star

• Similar to Io-
Jupiter 
mechanism



Possible Detections

• LOFAR detection of nearby star with 
variable, circularly polarized emission

Vedantham et al. (2021) Mahadevan et al. (2021)



• Proxima Cen – closest star to us
• Radio emission properties consistent with 

known planet Proxima Cen b

M. Pérez-Torres et al.: Monitoring the radio emission of Proxima Centauri

Fig. 1. Contour maps of radio continuum emission from the Prox-
ima Centauri system on April 24, 2017. The maps correspond to total
(Stokes I) and circularly polarized (Stokes V) flux density, for two
bands: 400 MHz centered at 1.62 GHz, and 1 GHz centered at 2.52 GHz.
Contour levels are drawn at �2, 2, 4, 6, 8, 10, 12, 14, and 16 times the
rms of each map (denoted by � in each panel). The sign of the Stokes V

maps was inverted for better visualization, so solid contours in the two
bottom panels actually represent negative values of the circularly polar-
ized flux density. The hatched ellipse in the bottom right corner of each
panel represents the half-power contour of the synthesized beams. The
cross corresponds to the position of the star Proxima for the observing
epoch, obtained from the 1.3 mm ALMA data reported in Anglada et al.
(2017), taking into account the proper motion and parallax of the star.

Stokes I flux density of the low-frequency band, centered at
1.62 GHz (�⌫ = 400 MHz), has an average value of '0.31 mJy
over the whole observing period. This value corresponds to an
in-band isotropic radio power Pr ⇡ 2.51 ⇥ 1020 erg s�1, for an
assumed solid angle ⌦ = 4 ⇡ sr. The radio emission of Prox-
ima shows significant variability over the observing campaign,
especially at the low-frequency band. The 1.62 GHz Stokes I

flux density clearly shows several increases over the quiescent
state, each lasting 2–3 days, with an especially long burst dur-
ing the last 3 days of the observations, which reached '5 mJy.
This flux density corresponds to a brightness temperature Tb &
3.1 ⇥ 1011 [�l/(0.1R⇤)]�2 K, where R⇤ = 0.145 R� is the radius
of the Proxima Cen star, and �l is the size of the emitting region,
which we have normalized to the typical size of a stellar mag-
netic loop (López Fuentes et al. 2006). In Fig. 3 we show Stokes I

images at 1.62 GHz on April 28 (the day with the highest flux
density at this frequency), and for the combined data of April
16, 20, 22, 23, and 26. While the source is not detected above the
3� threshold in any of the individual epochs of the combined
image, it clearly shows emission at a level of 0.174 ± 0.038 mJy,
indicating the presence of a relatively weak yet quiescent radio
emission from Proxima.

The low-frequency (1.62 GHz) data is strongly circularly
polarized (typically 40–80%), reaching 80–90% during the long
burst (Fig. 2 and Table 1). The radio emission also shows a
remarkable inversion of its circular polarization, with the Stokes
V > 0 for the first half of our observations (until around April 20)

Fig. 2. Time evolution of flux density in Proxima. Variation of total
(Stokes I; panels a and b) and circularly polarized (Stokes V; panels c

and d) flux density as a function of time during our ATCA observ-
ing campaign. For each observing session the data is averaged over a
bandwidth of 400 MHz and 1 GHz centered at 1.62 GHz [wavelength
'18.5 cm; (b,d)] and 2.52 GHz [' 11.9 cm; (a,c)], respectively. Vertical
lines indicate 1� uncertainties for each data point, and blue shaded rect-
angles are 3� upper limits for non-detections (in the case of Stokes V,
they correspond to upper limits to the absolute value of the flux density).
The duration of the observation on April 24, 2017 (12 h), is represented
with a horizonal blue bar, while the observing time of the other days
(⇠2 h) is smaller than the symbol size of data points. Dashed orange
lines show the quadratures, Q1 and Q2, of Proxima b, with the horizon-
tal orange bars indicating the statistical uncertainty on the determination
of the epoch of the quadratures (see text for details). The horizontal
dashed line in the plot of Stokes I at 1.62 GHz (b) corresponds to a flux
density of 0.174 ± 0.038 mJy, obtained by averaging together the data
over the five observing sessions where the source was not detected indi-
vidually at that frequency. No map could be obtained at low frequency
on April 15, 2017, due to an insufficient number of unflagged visibil-
ities. Panels e and f : variation of Stokes I during April 24, 2017, for
data averaged over 20 s intervals. Two short-duration flares are evident
at 1.62 GHz (f). Panels g and h: temporal close-up of the two flares. The
black and red lines correspond to Stokes I and V, respectively. The sign
of Stokes V has been reversed for better visualization.

and V < 0 from April 24 onwards (panels b and d of Fig. 2). The
high degree of circularly polarized emission indicates that the
mechanism responsible for the observed emission is coherent.

The variability and degree of circular polarization are sig-
nificantly lower at the higher frequency band (2.52 GHz; Fig. 2
and Table 1). This is also illustrated in Fig. 4, where we show
the ATCA radio spectrum of Proxima over the observing band-
width (from 1.3 up to 3.1 GHz) for three representative days:
April 18, 24, and 28, 2017. We also show the stacked data for
the five epochs where no individual detection could be obtained,
which indicates the presence of some level of quiescent radio
emission. The spectral behavior of the radio emission from
Proxima shows evident changes with time. This is particularly
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Perez-Torres et al. (2021)



SETI
• Search for Extra-Terrestrial Intelligence
• Looking for non-natural radio signals



• SKA has sensitivity to detect Earth-like 
communications from near-by systems



Known Earth-like Exoplanets or Solar 
System-like Exoplanet Systems

Sun-like Stars

Nearby Stars

Potential Targets



Summary

• Radio observations can contribute unique 
insights in to the study of exo-planets

• Detect and characterize the magnetic field 
of exo-planets

• Search for intelligent life


