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Exoplanets and UCDs with the SKA Kavanagh et al.

The majority of the Solar System planets are sources of bright radio emission,
driven by energetic electrons trapped within each planet’s magnetic field. Detec-
tion of this emission from exoplanets provides a unique opportunity to characterise
their magnetic fields, which is key to determining the atmospheric evolution of
exoplanets. However, a conclusive detection of radio emission from an exoplanet
remains at large, primarily due to a lack of sensitivity at low radio frequencies. On
the other hand, planet-like radio signatures have been detected on objects called
ultracool dwarfs (UCDs) for over two decades. UCDs are of comparable sizes
to Jupiter, but are more massive. They also possess similar interior structures to
Jupiter, the region where magnetic fields are generated. Therefore, UCDs are ideal
targets to study to advance our understanding of how magnetic fields manifest at
planetary scales. In this Chapter, we outline the revolutionary role that the Square
Kilometre Array will play in the study of exoplanets and UCDs. We anticipate
that it will facilitate the first detection of radio emission from giant exoplanets
with strong magnetic fields, and will deliver thousands of detections of UCDs
within a few hundred parsecs. Combined with very long baseline interferometry,
we also expect that astrometric monitoring will enable the detection of planets
of a few Earth masses orbiting nearby radio-emitting UCDs. These findings will
open a new window into how planets form and evolve in extrasolar systems.
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1 Introduction

Detecting and characterising planets in extrasolar systems, known as exoplanets, is key to under-
standing the diversity of planetary systems and placing our own Solar System in context. The
demographics and atmospheric compositions of exoplanets inform us about their formation (Ful-
ton and Petigura, 2018), evolution (Schlecker et al., 2022; Stefánsson et al., 2023), and potential
habitability (Espinoza et al., 2025). While we have now discovered over 6 000 exoplanets, cur-
rent detection methods heavily skew our statistics towards massive planets that orbit close to their
host stars in edge-on configurations from our vantage point. Additionally, we currently lack the
technology to directly detect the magnetic fields of exoplanets (Oklopčić et al., 2020; Ben-Jaffel
et al., 2022), which is key to regulating planetary atmospheric escape (Owen and Adams, 2014;
Dong et al., 2019; Carolan et al., 2021) and ultimately habitability in the case of terrestrial planets
(Blackman and Tarduno, 2018).

Brown dwarfs and late M dwarfs (effective temperatures ≲ 2700 K), collectively known as ultracool
dwarfs (UCDs), provide unique insights into the magnetic fields and atmospheres of exoplanets.
With sizes comparable to Jupiter but masses about 13 to 70 times greater (Davis et al., 2025),
thousands of UCDs have been discovered in our astronomical backyard1. The cool atmospheres
of UCDs are excellent analogues for those of gas giant exoplanets, and can be studied in isolation
from the irradiation of a host star (Vos et al., 2023; Faherty et al., 2024). UCD demographics
also provide clues about how both stars and planets form (Palau et al., 2024). They also possess
powerful magnetic fields that can be detected with current technology, which allow us to probe their
interior structures. Since the structure, composition, and convective properties of UCD interiors
are thought to resemble those of Jupiter (Showman et al., 2020), studying magnetism on UCDs
provides insights into the magnetic field generation and interior structures of exoplanets, the latter
of which are notoriously difficult to study (van Dijk and Miguel, 2025).

In this Chapter, we discuss the revolutionary role the Square Kilometre Array (SKA) will play in
the detection and study of exoplanets and UCDs. This is anticipated for two reasons. First, bright
low-frequency radio emission is associated with all magnetised planets in the Solar System (Zarka,
1998). Second, emission reminiscent of that observed on the Solar System planets is prevalent
on UCDs. We expect that the unprecedented sensitivity of the SKA will deliver the first concrete
detections of radio emission from magnetised giant planets, and will yield thousands of detections
of UCDs within a few hundred parsecs from Earth. Additionally, long-term monitoring with the
SKA in combination with very long baseline interferometry will enable astrometric detection of
exoplanets orbiting radio-loud stars and UCDs. The wealth of new science enabled by the SKA
will cement radio astronomy as a core technique for discovering and characterising exoplanets and
UCDs in the coming decades.

1The UltracoolSheet: Photometry, Astrometry, Spectroscopy, and Multiplicity for 4000+ Ultracool Dwarfs and
Imaged Exoplanets
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2 Radio emission from planets in the Solar System

To appreciate the SKA’s potential for discovering and characterising exoplanets and UCDs, we first
provide an overview of radio emission from the planets in the Solar System. Most Solar System
planets with intrinsic magnetic fields (Earth, Jupiter, Saturn, Uranus, Neptune) are sources of bright
low-frequency radio emission (Zarka, 1998). This radio emission is particularly prevalent from
Jupiter, which outshines the quiet Sun by up to three orders of magnitude at frequencies below
40 MHz (Zarka, 2007). Planetary radio emission is primarily driven by the electron cyclotron
maser instability (Treumann, 2006). Jupiter is also a known source of broadband emission from
∼ 10 MHz to 10 GHz, which is generated via synchrotron processes (de Pater, 1981; Girard et al.,
2016). We discuss the core physics underpinning these processes in Sections 2.1 and 2.2.

2.1 Auroral emission

Electron cyclotron maser (ECM) emission is driven by the amplification of electromagnetic waves
by semi-relativistic (keV) electrons in strongly magnetised, low density plasmas. First proposed
as the driving mechanism of the Earth’s kilometric (∼100 to 600 kHz) radio emission (Wu and
Lee, 1979), ECM has been validated for the Earth, Jupiter, and Saturn from a wealth of in-situ
observations (e.g Louarn et al., 1990; Lamy et al., 2010; Collet et al., 2024). Given its prevalence
in the Solar System, ECM is thought to be widely applicable to magnetised exoplanets, as well as
UCDs and stars given their similar plasma properties (Treumann, 2006; Zarka, 2007).

When electrons are accelerated in a planetary magnetic field, they travel towards the magnetic poles.
If an electron’s velocity vector is predominantly aligned with the magnetic field, it will precipitate
into the atmosphere and collide with atmospheric molecules. These collisions can produce bright
emission from infrared to X-ray wavelengths (Badman et al., 2015; Saur et al., 2021). Electrons
that do not precipitate however, i.e. those with velocity vectors that are predominantly misaligned
(perpendicular) to the magnetic field, can amplify electromagnetic waves close to the electron
cyclotron frequency (Treumann, 2006; Collet et al., 2024):

𝜈c =
𝑒𝐵

2𝜋𝑚𝑒

≈ 2.8 × 𝐵

1 Gauss
MHz, (1)

where 𝑒 and 𝑚𝑒 are the electron charge and mass, and 𝐵 is the local magnetic field strength. On the
Earth, the optical signature of the precipitating electrons manifests as the well-known phenomenon
of the aurora borealis and australis. Hence, this emission is generally referred to as ‘auroral’
emission, irrespective of wavelength. We adopt this terminology from here onwards.

Auroral radio emission is highly circularly/elliptically polarised (Zarka, 1998, 2004; Lamy, 2020;
Zarka et al., 2021), and provides a direct way to constrain the field strengths of magnetised bodies
(Equation 1). Jupiter exhibits the strongest magnetic field of all the Solar System planets. With
a maximum strength of ∼ 14 G, its auroral emission extends up to ∼ 40 MHz (Zarka, 2007). A
condition for radio aurorae to be generated is that the cyclotron frequency at the emission site
exceeds the plasma frequency:

𝜈p =

√︄
𝑒2𝑛𝑒
𝜋𝑚𝑒

≈ 9 × 10−3
√︂

𝑛𝑒

1 cm−3 MHz, (2)
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where 𝑛𝑒 is the free electron density. In other words, detection of auroral emission also provides
a constraint on the local electron density. Recent in-situ observations of Jupiter taken by Juno
indicate that 𝜈c ≳ 3𝜈p in order for ECM emission to be generated (Collet et al., 2025).

Another defining characteristic of auroral radio emission is its beam pattern, which is highly
anisotropic. Emission is beamed along the surface of a cone that is centered on the magnetic field
line at the emission site, with an opening angle ≤ 90◦. This causes auroral radio emission to
manifest as short pulses in time as the emission cone rotates in and out of view of the observer. This
characteristic can be exploited to infer the geometry of the magnetic field at the source location
(Lamy et al., 2008a; Kuznetsov et al., 2012; Louis et al., 2019; Bastian et al., 2022; Kavanagh et al.,
2024).

Not long after Voyager 1 discovered auroral radio emission on Saturn (Kaiser et al., 1980), Desch
and Kaiser (1984) reported that the brightness of radio aurorae on the magnetised Solar System
planets appear to be strongly correlated with the solar wind energy flux intercepted by each planet’s
magnetic field. Follow-up studies (e.g. Zarka et al., 2001; Zarka, 2007) interpreted this correlation
as the intercepted solar wind energy regulating the energy released via magnetic reconnection in the
nightside of the planet’s magnetic field (Dungey, 1961), providing the source of the keV electrons
necessary to power aurorae. By analysing data from all the Solar System planets and moons with
intrinsic magnetic fields, Zarka et al. (2018) demonstrated that any magnetised body’s auroral radio
power scales linearly with the magnetic energy flux of the plasma flow it intercepts. This scaling
law is often referred to as the radio-magnetic scaling law.

The magnetic power of the solar wind that is intercepted by a magnetised planet is (Zarka et al.,
2018)

𝑃mag =
𝐵w

2 sin2 𝜃

𝜇0
× Δ𝑢 × 𝜋𝑅m

2, (3)

where 𝐵w is the magnetic field strength of the solar wind, 𝜇0 is the vacuum permeability, and Δ𝑢

is the velocity of the solar wind relative to the orbital motion of the planet. 𝜃 is the angle between
the direction of 𝐵w and Δ𝑢, both of which are vectors in three dimensions. 𝑅m is the size of
‘magnetosphere’ (Bagenal, 2013), the region where the planet’s magnetic pressure dominates. This
can be estimated by balancing the magnetic pressure of the planet with the total pressure of the
incident solar wind 𝑝w. If the planetary magnetic field is dipolar and with its axis perpendicular to
the inflowing wind, one can show that (Voigt, 1995; Grießmeier et al., 2004)

𝑅m
𝑅p

=

( 𝑓0𝐵p
2

4𝜇0𝑝w

)1/6
(4)

where 𝑅p is the planetary radius, 𝐵p is the planetary magnetic field strength at its magnetic poles,
and 𝑓0 is the magnetopause form factor. For a realistic magnetosphere with a magnetotail, 𝑓0 = 1.16
(Voigt, 1995). Equation 3 can be thought of as the flow of Poynting flux through the magnetospheric
cross-sectional area 𝜋𝑅m

2 at a flow velocity of Δ𝑢. In the Solar System, ∼ 0.2% of the magnetic
energy flux intercepted by each planet’s magnetosphere is estimated to be converted into radio
emission (Zarka, 2025).

There are also additional drivers of aurorae on some of the magnetised Solar System planets. For
instance, Jupiter is known to magnetically interact with its innermost moons through ‘sub-Alfvénic’
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interactions (Zarka, 2007; Saur et al., 2013), which accelerate electrons from the surrounding plasma
environment. These electrons accelerate along the planet-moon flux tube, powering auroral ECM
emission as described above. The point where the surrounding plasma ceases to rigidly co-rotate
with Jupiter is also thought to be a source of electron acceleration that can drive the generation of
aurorae (Hill, 2001; Cowley and Bunce, 2001). We note however that the role this mechanism plays
in driving auroral emission has been disputed (see Bonfond et al., 2020; Yao et al., 2022; Sicorello
et al., 2025).

2.2 Radiation belt emission

The magnetospheres of the Earth, Jupiter, Saturn, Uranus, Neptune and Ganymede are also known
to trap energetic charged particles in regions near their magnetic equators, known as radiation belts
(Mauk and Fox, 2010; Kollmann et al., 2022). The kinetic energies of these particles are measured
to range from ∼ 10 keV to tens of MeV. Electrons in this energy regime can power broadband radio
emission via (gyro)synchrotron processes. This emission is brightest close to the critical frequency
(Longair, 2011):

𝜈crit =
3
2
𝛾2𝜈c sin𝛼, (5)

where 𝛾 is the Lorentz factor and 𝛼 is the angle between the magnetic field and the electron’s
velocity vector.

As synchrotron emission is an incoherent emission process, it does not produce the same bright-
ness levels achieved by the coherent ECM mechanism. Nevertheless, the high energy electrons
trapped within Jupiter’s magnetosphere produce synchrotron emission that has been detected from
∼ 10 MHz to 10 GHz (Bolton et al., 2002; Girard et al., 2016). This emission is at least 5 orders
of magnitude dimmer than Jupiter’s auroral emission (Girard et al., 2016), and exhibits significant
linear polarisation (Bolton et al., 2002) – a characteristic trait of synchrotron emission (Rybicki
and Lightman, 1986). The emission pattern of synchrotron emission is also highly collimated,
which induces rotational modulation in Jupiter’s radiation belt emission (Velusamy et al., 2020;
Matuszewska et al., 2022).

While trapped energetic particles have also been measured in-situ for the Earth, Saturn, Uranus,
Neptune, and Ganymede (Mauk and Fox, 2010; Kollmann et al., 2022), their associated synchrotron
emission so far remains undetected. This is likely due to the weaker magnetic fields, which place
their emission below the Earth’s ionospheric cutoff (Equation 5; Hegedus et al., 2020; Marc et al.,
2024), and/or lower particle energies. The prominent ring around Saturn is also thought to inhibit
the build-up of energetic electrons in its radiation belt (Roussos et al., 2014). Finally, while Mercury
in principle could also have a radiation belt (Lukashenko et al., 2020), its magnetosphere is very
small due to its weak field and proximity to the Sun (Bagenal, 2013). The BepiColombo mission
may soon shed new light on this topic (e.g. Williamson et al., 2026).

3 Radio emission from exoplanets and ultracool dwarfs

The prevalence of auroral radio emission from the magnetised Solar System planets naturally
suggests that exoplanets could also be radio emitters. Additionally, GHz radio emission reminiscent
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Figure 1: Sketch highlighting the different windows for studying and characterising exoplanets and ultracool
dwarfs (UCDs) with the SKA. In the center, we see a magnetised planet/UCD. Electrons accelerated within
the magnetic field lines can produce bright ‘auroral’ radio emission near the magnetic poles. This auroral
emission can facilitate the detection and characterisation of magnetised exoplanets and UCDs. Strong
magnetic fields can also trap relativistic electrons in a surrounding radiation belt that produces synchrotron
radio emission, offering an additional detection pathway for UCDs. There are a variety of potential sources
of the energetic electrons powering the radio emission, such as plasma outflow from a nearby star. Another
source could be an orbiting satellite that is outgassing material, which forms an equatorial disk that the host’s
magnetic field interacts with. Satellites orbiting these objects can also induce astrometric motion in the radio
emission of the host, which could be spatially-resolved using very long baseline interferometry. This presents
the opportunity to detect unseen satellites. The same technique can also be applied to a radio-emitting host
star.

of that seen on the magnetised Solar System planets has been detected from UCDs for over two
decades. In this Section, we give an overview of the expected radio signatures from exoplanets,
as well as those observed from UCDs. A graphical overview of the radio emission expected from
exoplanets and UCDs is also provided in Figure 1.

3.1 Exoplanets

Many of the exoplanets discovered to date are giant planets2 in short orbits around Sun-like stars
– main-sequence stars with masses between 0.075 and ∼ 1.8 solar masses (Robrade and Schmitt,
2009; Chabrier et al., 2023). Like our Sun, these stars possess magnetically-heated coronae that
drive outflows of material called stellar winds (Shoda et al., 2023). Giant close-in planets intercept
much higher stellar wind fluxes than the Solar System planets. If the established radio-magnetic
scaling law holds for these systems, these planets could exhibit bright radio aurorae (Zarka et al.,
1997; Zarka, 1998, 2025).

The expectation of bright radio aurorae from giant, short-orbit planets has spurred a number of
radio campaigns aimed at detecting these signatures (e.g. Lazio and Farrell, 2007; Smith et al.,
2009; Lazio et al., 2010; Hallinan et al., 2013; Murphy et al., 2015; Lynch et al., 2018). Despite
these efforts, a conclusive detection remains at large (although see Turner et al., 2021; Zhang et al.,

2Planets with masses greater than ∼ 10 Earth masses – the estimated upper limit for a planet with a rocky composition
(Parc et al., 2024).
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2025, for tentative results). A number of reasons have been proposed to explain this (Callingham
et al., 2024). For instance, the stellar wind conditions of Sun-like stars are notoriously difficult
to constrain (Wood et al., 2021), inhibiting accurate predictions for their expected radio powers
via Equation 3. Dense stellar winds and extended planetary atmospheres could also attenuate or
even inhibit the generation of auroral emission (Vidotto and Donati, 2017; Daley-Yates and Stevens,
2018; Weber et al., 2018; Kavanagh et al., 2019). The transient nature of auroral emission (Hess
and Zarka, 2011; Lamy et al., 2023) also implies that unfavourable geometry and/or insufficient
phase coverage could hinder detection of radio emission from exoplanetary systems, although this is
becoming less of an issue with the advent of long-term wide-field radio monitoring (e.g. Callingham
et al., 2021; Tasse et al., 2026). Radio frequency interference also poses a significant challenge in
searching for exoplanet aurorae comparable to that of Jupiter (Cordun et al., 2025).

One of the major reasons inhibiting a conclusive detection of an exoplanet’s aurora is arguably the
ambiguity about their magnetic field strengths. Magnetic fields are thought to be prevalent on giant
exoplanets (Brain et al., 2024), as they have sufficiently large reservoirs of conductive fluid that can
convect and generate the field via dynamo action. While it is thought that the magnetic field strength
of any planet scales with its internal heat flux provided it rotates sufficiently fast (Christensen et al.,
2009), estimates for giant planets range from around 0.1 G to 1 kG depending on their age, stellar
irradiation, and conductivity (Reiners and Christensen, 2010; Yadav and Thorngren, 2017; Zaghoo
and Collins, 2018; Kilmetis et al., 2024). These quantities are generally poorly constrained or
unknown for exoplanets. Additionally, the validity of these estimates have been disputed more
recently (Kao et al., 2016; Kavanagh et al., 2024). These uncertainties mean that the appropriate
observing frequency for detecting a given exoplanet’s aurora is largely unconstrained (Equation 1).

The existence of magnetic fields on rocky planets is more uncertain, as the conditions to sustain
a dynamo strongly depend on the planet’s interior structure and composition (e.g. Blaske and
O’Rourke, 2021). Even if the conditions are suitable, Bonati et al. (2021) estimated that the
magnetic fields of rocky planets are at most 10 times as strong as that of the Earth (around 3 G),
placing their auroral emission below 8 MHz. Since the high density of free electrons in the
Earth’s ionosphere reflects radio waves with frequencies below 10 MHz, detecting aurorae on rocky
exoplanets will likely require space-based radio infrastructure (e.g. Burns et al., 2021; Knapp et al.,
2024).

We note that auroral emission from the known exoplanet population could also be driven by co-
rotation breakdown or sub-Alfvénic interactions with a satellite. However, both of these mechanisms
require the presence of a satellite such as an exomoon, which so far have yet to be detected (Heller
and Hippke, 2024; Kipping et al., 2025). Additionally, these mechanisms are not thought to produce
observable fluxes without assuming extreme conditions (e.g. Nichols, 2011). Therefore, we do not
consider these scenarios any further. Planets orbiting close to their host stars are also thought to
generate aurora-like emission on the star via sub-Alfvénic interactions (Saur et al., 2013). However,
this topic is covered in detail in Vedantham et al. (2026).

Finally, radiation belt emission is also possible for exoplanets. However, Jupiter’s belt emission is
over 5 orders of magnitude weaker than its auroral emission. As we will show in Section 4.2, the
number of exoplanets with aurorae that are expected to be within the detection capabilities of the
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SKA is low. Therefore, if these planets have Jupiter-like radiation belts, they are likely going to be
very challenging to detect even for the SKA.

3.2 Ultracool dwarfs

Unlike exoplanets, radio emission has been detected from UCDs for over two decades (Berger et al.,
2001). They generally show two distinct forms of emission: bright, short-duration, circularly-
polarised bursts, and weakly polarised quiescent emission. The consensus is that the bursting
emission is driven by auroral processes, whereas the quiescent emission is thought to be synchrotron
emission originating from radiation belts (Kao et al., 2023; Climent et al., 2023). In the absence of
conclusive radio detections from exoplanets, UCDs serve as suitable analogues to study magnetic
field generation at planetary scales.

So far, the bulk of radio detections of UCDs have come at GHz frequencies (Williams, 2018),
although advances at low radio frequencies have begun to discover emission from UCDs in the
MHz regime (Zic et al., 2019; Vedantham et al., 2020, 2023; Yiu et al., 2025). Their GHz auroral
emission implies that UCDs have magnetic fields that are up to a few kilogauss in strength, orders
of magnitude stronger than that of Jupiter (Equation 1). This is thought to be due to their large
internal heat fluxes which drive convection and generate their magnetic fields via dynamo action
(Christensen et al., 2009; Reiners and Christensen, 2010). While UCDs are generally expected to
harbour dipolar magnetic fields (Christensen et al., 2009), complex field topologies have also been
inferred in some cases (e.g Lynch et al., 2015; Kao et al., 2016).

Estimates from volume-limited surveys indicate that ∼ 5% of all UCDs exhibit auroral radio
emission detectable with current radio telescopes (Route and Wolszczan, 2016b). Their auroral
bursts typically repeat over timescales consistent with their rotation periods inferred from their
photometric variability (Pineda et al., 2017). This is reminiscent of Jupiter’s auroral radio emission
that is controlled by its interactions with the solar wind, its rotation, and its surrounding plasma
disk (Marques et al., 2017; Zarka et al., 2021). Unlike Jupiter however, auroral UCDs are not
found orbiting Sun-like stars, implying that their emission is powered by plasma disk interactions
(Hallinan et al., 2015). The strong dependence of UCD radio aurorae on rotation is also apparent
from the onset of their radio detectability at rotation periods less than ∼ 3 hours (Pineda et al.,
2017). Theoretical models also predict that the brightness of aurorae arising from plasma disk
interactions increases with the square of the object’s rotation rate (Nichols, 2011; Saur et al., 2021).

The powerful magnetic fields of UCDs also make them effective traps for energetic particles that can
form radiation belts. Very recently, Kao et al. (2023) and Climent et al. (2023) spatially-resolved
the quiescent emission of the UCD LSR J1835+3259, unveiling a bipolar structure that bears a
striking resemblance to Jupiter’s radiation belt (Bolton et al., 2002). This object’s auroral emission
however remains unresolved, consistent with a compact source size. These results have cemented
the paradigm for the Jupiter-like nature of radio emission from UCDs. Follow-up studies aimed
at detecting the linearly-polarised component of radiation belt emission from UCDs will help to
further solidify this hypothesis.

Despite the prevalence of radio emission from UCDs, the plasma source necessary to drive their
emission is a mystery. The Jupiter-like nature of their emission naturally suggests that radio-emitting
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UCDs are orbited by outgassing satellites. This is supported by planet formation theory, which
predicts that UCDs are orbited by rocky planets (Liu et al., 2020). Additionally, rocky close-in
planets orbiting UCDs are expected to undergo outgassing due to tidal forces (Barr et al., 2018)
and/or induction heating in the presence of the strong magnetic fields of UCDs (Kislyakova et al.,
2023). If satellites do orbit radio-emitting UCDs, the auroral signature is expected to also be
modulated at the satellite’s orbital period, as is seen for the Io-induced radio aurora on Jupiter
(Marques et al., 2017; Kavanagh and Vedantham, 2023). However, radio aurorae on UCDs so
far have only been found to be rotationally modulated. This does not rule out a satellite-driven
origin explicitly. For instance, the plasma disk interaction could outshine the satellite-induced
signal. Alternatively, certain geometric configurations can produce satellite-induced signals that
are modulated at the rotation rate of the UCD and not the satellite’s period (see Figure 2).

Other scenarios have also been inferred to explain the radio signatures from UCDs. At younger
ages and higher masses, it becomes difficult to determine whether a UCD is a brown dwarf or a
star. In the latter case, the UCD may still exhibit coronal activity (Paudel et al., 2020; Magaudda
et al., 2024), which could result in stochastic flaring or even a quiescent stellar wind outflow. Both
scenarios could load the UCD’s magnetosphere with the plasma necessitated by their radio emission
(Leto et al., 2021). However, this picture is difficult to reconcile for objects with spectral types later
than mid L. Alternatively, lightning in the atmospheres of UCDs may liberate electrons that are
supplied to the magnetosphere (Helling et al., 2011), although whether such events could supply
the number of electrons necessary to sustain the observed radio emission from UCDs is unclear.

In Table 1, we list the relevant properties of each individual UCD with detected radio emission.
Objects in binaries/multiple systems are only listed if their radio emission has been associated with
a specific component. There are numerous examples of radio detections from systems containing
UCDs where the emitting component has not been identified (Kao and Pineda, 2025). However, it
is not clear in these cases which component emits or if multiple components contribute by different
amounts. Therefore, we choose to exclude them for our purposes. The frequency and flux densities
listed are indicative values, and can vary in time and frequency.

4 Detecting exoplanet aurorae with the SKA

As discussed in Section 3.1, radio emission from exoplanets that is detectable with the SKA is
likely limited to auroral emission from magnetised giant planets, with the most plausible driver
of their emission being arguably the winds of their host stars. The state-of-the-art for predicting
the strength and frequency of this emission involves solving the magnetohydrodynamics equations
describing the stellar wind outflow in three dimensions (e.g. Vidotto et al., 2012; Kavanagh et al.,
2019; Elekes and Saur, 2023). However, these models are computationally expensive, and the
information required to construct them (such as the surface magnetic field topology of the host star)
is generally only available in a handful of cases. Lacking this information, simpler stellar models
such as the isothermal model developed by Parker (1958) can provide sufficiently accurate results.
This model assumes that the plasma temperature is constant from the stellar corona outwards. The
benefit of the isothermal model is that it only depends on two parameters, and can be computed
rapidly for a large set of parameters. In this Section, we use this model to predict the emission
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Table 1: The catalogue of individual radio-detected UCDs listed in order of discovery. The columns list
each UCD’s name, spectral type (SpT), distance (𝑑), rotation period inferred from its photometric variability
(𝑃phot

rot ) and radio bursts (𝑃radio
rot ) rounded to two decimal places (if available), detected quiescent flux density

(𝐹Q) and frequency (𝜈Q), and burst flux density (𝐹B) and frequency (𝜈B). The last column lists the reference
for the discovery paper, followed by the references for SpT, 𝑑, 𝑃phot

rot , 𝑃radio
rot , 𝐹Q & 𝜈Q, and 𝐹B & 𝜈B. The

values in brackets following the rotation periods are the errors on the least significant digit(s). Of the 24
objects listed, 21 exhibit quiescent emission, and 17 exhibit burst emission. Names superscripted with a
† have been shortened, with the full names listed at the end of the Table. Entries denoted with “–” have no
reported values.

Name SpT 𝑑 𝑃
phot
rot 𝑃radio

rot 𝐹Q 𝜈Q 𝐹B 𝜈B References
(pc) (hr) (hr) (µJy) (GHz) (µJy) (GHz)

LP 944-20 M9 6.427 3.84 – 100 8.5 2600 8.5 1, 2, 3, 4, –, 1, 1
TVLM 513† M8.5 10.734 1.96 1.96 464 8.44 5000 8.44 5, 2, 3, 4, 6, 6, 6
J0036+18† L3.5 8.736 2.7(3) 3.08(5) 240 8.46 500 4.88 5, 2, 3, 7, 8, 5, 8
BRI 0021† M9.5 12.446 3.05 – 25 8.46 360 8.46 5, 2, 3, 9, –, 5, 5
J1048-39† M8 4.045 – – 140 4.8 29600 8.64 10, 2, 3, –, –, 10, 10
LHS 3003 M7 7.053 – – 270 4.8 – – 10, 2, 3, –, –, 10, –
J1835+32† M8.5 5.689 2.84 2.84(1) 722 8.44 2500 8.44 11, 2, 3, 4, 8, 8, 8
J0523-14† L2.5 12.734 – – 231 8.46 – – 11, 2, 3, –, –, 11, –
LP 349-25 A M8 14.128 – – 200 5 – – 12, 13, 3, –, –, 13, –
LP 349-25 B M9 14.128 – – 110 5 – – 12, 13, 3, –, –, 13, –
J0746+20 A† L0 12.352 3.32(15) 3.2(2) 71 5 500 5 14, 15, 15, 16, 15, 15, 15
J0746+20 B† L1.5 12.352 2.07 2.1(1) 138 5 1000 5 14, 15, 15, 17, 15, 15, 15
J1314+13 B†,𝑎 M7 16.39 – – 1000 5 7000 5 18, 2, 19, –, –, 19, 19
J1047+21† T6.5 10.56 1.74(1) 1.76(1) 9 6 1550 5 20, 2, 21, 22, 23, 23, 23
J1906+40† L1 16.759 8.9 – 16.5 5 – – 24, 2, 3, 24, –, 24, –
J0136+09† T2.5 6.118 2.39 2.88+0.34

−0.27 11.2 10 51.5 10 21, 2, 3, 26, 27, 27, 27
J1043+22† L8 16.4 – 2.21+0.14

−0.13 16.3 6 69.0 6 21, 2, 21, –, 27, 21, 21
J1237+65† T6.5 10.42 – 2.28+0.10

−0.09 27.8 10 160 10 21, 2, 21, –, 27, 27, 27
J0607+24† L8 7.243 – – 15.6 6.05 – – 25, 2, 3, –, –, 25, –
J1122+25† T6 17.7 – 1.93 – – 2000 5 28, 2, 29, –, 29, –, 28
J1750-00† L4.5 9.210 – – 56.4 6 667 6 30, 30, 3, –, –, 30, 30
Elegast†,𝑏 T6.5 65 – – 1100 0.144 – – 31, 31, 31, –, –, 31, 31
J0623-04† T8 11.44 – 1.91(1) – – 3000 2.1 32, 32, 32, –, 32, –, 33
J0752+16† M7 18.881 21.21(5) – – – 130 9 34, 34, 3, 34, –, –, 34

References – 1: Berger et al. (2001), 2: Pineda et al. (2017), 3: Gaia Collaboration et al. (2023), 4: Miles-Páez et al. (2023), 5: Berger
(2002), 6: Hallinan et al. (2007), 7: Metchev et al. (2015), 8: Hallinan et al. (2008), 9: Dulaimi et al. (2023), 10: Burgasser and Putman
(2005), 11: Berger (2006), 12: Phan-Bao et al. (2007), 13: Curiel et al. (2024), 14: Antonova et al. (2008), 15: Zhang et al. (2020),
16: Harding et al. (2013), 17: Berger et al. (2009), 18: McLean et al. (2011), 19: Williams et al. (2015a), 20: Route and Wolszczan
(2012), 21: Kao et al. (2016), 22: Allers et al. (2020), 23: Williams and Berger (2015), 24: Gizis et al. (2013), 25: Gizis et al. (2016),
26: Artigau et al. (2009), 27: Kao et al. (2018), 28: Route and Wolszczan (2016a), 29: Williams et al. (2017), 30: Richey-Yowell et al.
(2020), 31: Vedantham et al. (2020), 32: Rose et al. (2023), 33: Kavanagh et al. (2024), 34: Magaudda et al. (2024)
† Full names – TVLM 513-46546, LSPM J0036+1821, BRI 0021-0214, DENIS J104814.6-395606, LSR J1835+3259,
2MASS J05233822-1403022, 2MASS J07464256+2000321 A, 2MASS J07464256+2000321 B, 2MASS J13142039+1320011 B,
2MASS J10475385+2124234, WISEP J190648.47+401106.8, SIMP J013656.5+093347.3, 2MASSI J1043075+222523,
2MASS J12373919+6526148, WISEP J060738.65+242953.4, WISEP J112254.73+255021.5, 2MASS J17502484-0016151,
BDR J1750+3809, WISE J062309.94-045624.6, 2MASS J07522390+1612157
Other notes – 𝑎: The quiescent and bursting values quoted for J1314+13 B come from Williams et al. (2015a), who do not spatially-
resolve the binary. However, Forbrich et al. (2016) later showed that component B is the only detectable radio emitter in the system, so we
assume the emission reported by Williams et al. (2015a) also originated from component B. 𝑏: While this UCD does not show bursting
emission, its quiescent emission is fully circularly polarised, a characteristic generally associated with auroral emission processes (see
Vedantham et al., 2020).
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Figure 2: The periodicity of satellite-induced radio emission on a magnetised host for different geometric
configurations. The top panels correspond to the configuration where the rotation and magnetic axes of the
host (in this case, a UCD) are aligned, whereas the bottom panels show the case where they are misaligned
by 90 degrees. The left panels show to-scale sketches of each configuration, and the middle panels show the
visibility of the satellite-induced signal over time for each configuration, computed using the MASER code
(Kavanagh and Vedantham, 2023). The right panels show the normalised histograms of the phases of the
satellite’s orbit and the rotation of the UCD when the signal is visible. In the aligned configuration, the signal
is predominantly modulated with the satellite’s orbital period, whereas in the misaligned configuration, the
signal is predominantly modulated at the UCD’s rotation period. A misaligned configuration could explain
the phenomenon of radio aurorae on UCDs being modulated at the UCD’s rotation period. The same
phenomenon is also applicable to magnetically-interacting stars and planets (see Vedantham et al., 2026).
The UCD is 10 Jupiter masses, 1 Jupiter radius, has a rotation rate of 1.28 hours and a dipole field strength
of 1 kG, and is seen edge-on. The satellite’s orbit is aligned with the UCD’s rotation axis, and has an orbital
period of 20 hours. The observing frequency is 1 GHz, and the ECM emission cone has an opening angle
of 75◦ and a thickness of 2◦. The histograms are computed for an observing window of 1 000 hours with
100 000 points.

strength and frequency of all known giant exoplanets and assess their detectability with the SKA.

4.1 Stellar wind prescriptions for known exoplanet hosts

To predict the wind-driven auroral emission of each giant exoplanet, we take a similar approach to
Grießmeier et al. (2007) and Mauduit et al. (2023). We first use the code developed by Kavanagh
and Vidotto (2020) to obtain the stellar wind velocity profile for each system as described by Parker
(1958). For a given stellar mass and coronal (wind) temperature (𝑇), we obtain the wind velocity
𝑢w as a function of distance from the star 𝑟. We then compute the mass density profile of the wind
via the conservation of mass:

𝜌w =
¤𝑀

4𝜋𝑟2𝑢w
, (6)

where ¤𝑀 is the stellar wind mass-loss rate. With this, we compute the pressure exerted by the stellar
wind on each exoplanet:

𝑝w = 𝜌w(𝑎2 + Δ𝑢2) + 𝐵w
2

2𝜇0
. (7)
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Here 𝑎 is the sound speed, which depends on the temperature 𝑇 :

𝑎 =

√︄
2𝑘B𝑇

𝑚p
, (8)

where 𝑘B is Boltzmann’s constant and 𝑚p is the proton mass.

For the magnetic field strength of the wind 𝐵w, we follow the same approach as described in
Section 2.2 of Vedantham et al. (2026). Within the region where the wind’s magnetic pressure
dominates, i.e.

𝐵w
2

2𝜇0
> 𝜌w𝑢w

2, (9)

we describe the magnetic field as a closed dipole, whose axis is aligned with both the stellar rotation
and planetary orbital axes:

𝐵w =
𝐵★

2

( 𝑅★

𝑟orb

)3
. (10)

Here, 𝐵★ is the dipole field strength of the star at its magnetic poles, 𝑅★ is the stellar radius, and 𝑟orb

is the planet’s orbital distance. In this configuration, 𝐵w points in the meridional direction. Then
outside the magnetically-dominated region, we assume the wind magnetic field is purely radial:

𝐵w =
𝐵★

2

( 𝑅★

𝑟orb

)2
. (11)

With the wind velocity and magnetic field profiles obtained for each exoplanet, we then compute
the power dissipated onto the planetary magnetosphere via Equations 3 and 4. The isothermal
wind model used assumes that the wind flows radially outward, perpendicular to the planet’s orbital
direction. This gives Δ𝑢 =

√︁
𝑢w2 + 𝑢p2, where 𝑢p is the planet’s orbital velocity. If the planet is

in the closed-field region, the angle 𝜃 between Δ𝑢 and 𝐵w is 90◦. In the open-field region on the
other hand, 𝑢w is parallel to 𝐵w, so 𝜃 is the angle between 𝑢w and Δ𝑢. To determine if the wind
magnetic field is open or closed at the planet’s position for a given 𝐵★, we check if Equation 9 is
true assuming a closed field configuration, since the open field strength drops off more slowly as a
function of distance than the closed field. Note that we do not account for the rotation of the star
here, which will induce an azimuthal component to both the wind velocity and magnetic field (e.g.
Weber and Davis, 1967) and alter the angle 𝜃.

We assume that some fraction 𝜀 of the magnetic power intercepted by each planet’s magnetosphere
is dissipated over a bandwidth Δ𝜈, producing radio emission that is beamed outwards with a solid
angle Ω and received at a distance 𝑑 (Grießmeier et al., 2007):

𝐹 =
𝜀𝑃mag

𝑑2ΩΔ𝜈
. (12)

If the emission bandwidth Δ𝜈 = 𝜈max − 𝜈min is sufficiently wide (𝜈max ≫ 𝜈min), then Δ𝜈 ≈ 𝜈max.
The maximum emission frequency corresponds to the cyclotron frequency where a dipolar field
line of size 𝑅m meets the surface (Vidotto and Donati, 2017):

Δ𝜈 ≈ 𝜈max = 2.8
( 𝐵p

1 Gauss

) (
1 −

3𝑅p

4𝑅m

)1/2
MHz. (13)
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If 𝑅m is sufficiently large, Δ𝜈 ∝ 𝐵p, giving the following scaling relation for the auroral radio flux
density:

𝐹 ∝
(𝑅p

𝑑

)2
𝐵p

−1/3𝐵w
2Δ𝑢2𝑝w

−1/3. (14)

4.2 Expected detection yields for aurorae on giant exoplanets

We now compute the expected flux density and frequency of aurorae of all known giant exoplanets
as described in Section 4.1. We obtain the value of each planet’s orbital period (𝑃orb), radius (𝑅p),
and (minimum) mass (𝑀p), as well as the stellar mass (𝑀★) and radius (𝑅★) and the distance (𝑑)
to the system from the Default Parameter Set of the NASA Exoplanet Archive3. We compute the
planet’s orbital distance using the orbital period and stellar mass via Kepler’s third law, neglecting
the planet’s eccentricity.

We filter out systems where the values for 𝑃orb, 𝑀★, 𝑅★ or 𝑑 are missing. If a planet’s radius is not
known, we compute it via their (minimum) mass (if available) as described in Parc et al. (2024). In
the cases where the mass is a minimum mass, then the radii computed using it is also a lower limit.
We then discard those which are not giant planets (those with masses below 10 Earth masses). We
also limit our calculations to systems where the host star is Sun-like, as they are both the most
common exoplanet hosts and have thermal winds as described by the model deployed from Parker
(1958) (Section 3.1). We note however that evolved stars with dense stellar winds could power
aurorae on exoplanets that are much brighter than those possible for main sequence stars (Fujii
et al., 2016). To determine if the host star is ‘Sun-like’, we compare the physical properties of each
star to those estimated from main sequence relations derived as functions of stellar mass. From
0.076 to 0.616 solar masses, we use the absolute visual magnitude relation given in Equation 10
of Benedict et al. (2016), and above 0.616 solar masses we use the stellar radius and effective
temperature relations given in Equations 3 and 4 of Eker et al. (2024). We consider the star to be
on the main sequence if it is within one standard deviation of these relations. We also only consider
systems where the stellar effective temperature is less than 8 000 K. Above this temperature, main-
sequence stars no longer possess magnetically-heated coronae (Robrade and Schmitt, 2009), which
are necessary to drive hot magnetised stellar wind outflows akin to that of the Sun. Finally, we
discard systems with declinations outside the observing capabilities of the SKA (> +30◦). These
filtering steps bring the number of exoplanets from 6 028 down to 613.

For each exoplanet, we have four unknowns: the magnetic field strength of the host star 𝐵★, the
wind temperature 𝑇 and mass-loss rate ¤𝑀 , and the planet’s field strength 𝐵p. As these parameters
are all largely unconstrained, we explore two scenarios each for both the star and the planet. For
each planet, we consider both a strong (𝐵p = 100 G) and weak (𝐵p = 25 G) field, corresponding to
emission frequencies in the observing range of SKA-Low (Equation 1). For each star on the other
hand, we consider an ‘active’ and ‘inactive’ state. For the active state, we adopt a strong surface
magnetic field of 100 G and a wind mass-loss rate of 1000 ¤𝑀⊙, where ¤𝑀⊙ = 1.26 × 1012 g s−1 is
the solar wind mass-loss rate (Cohen, 2011). The stellar magnetic field strength adopted here is
representative of the dipolar magnetic field of an active planet-hosting star (e.g. Klein et al., 2021),
and the mass-loss rate is comparable to the highest values inferred for Sun-like stars to date (Jardine

3NASA Exoplanet Archive (accessed on 10 Oct 2025)
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and Collier Cameron, 2019). For the wind temperature, we use the maximum physical coronal
temperature that gives a supersonic outflow at the stellar surface, which is necessary to drive the
outflow (Kavanagh and Vidotto, 2020):

𝑇 <
𝐺𝑀★𝑚p

4𝑘B𝑅★

. (15)

For the systems we consider, this maximum temperature ranges from ∼ 4 to 8 million Kelvin. The
high temperature and large mass-loss rate assumed for the active state result in a fast and dense
wind for each star, as are inferred for active low-mass main-sequence stars (Kavanagh et al., 2021).
For the inactive state, we adopt a stellar magnetic field of 1 G, a mass-loss rate of 0.1 ¤𝑀⊙, and a
coronal temperature of 0.5 MK.

We now compute the flux density and peak frequency of the aurorae on each giant planet as
described in Section 4.1 for each combination of an active/inactive host star and strong/weak
planetary magnetic field. In Equation 12, we assume a magnetic energy conversion efficiency of
𝜀 = 2 × 10−3 and a solid angle of Ω = 1.6 sr, which are the inferred values from Solar System
observations (Zarka et al., 2004; Zarka, 2007). Given the existing uncertainties on the properties
considered here, we do not propagate the errors in the values taken from the NASA Exoplanet
Archive.

In Figure 3, we show the expected flux density and peak frequency of the auroral emission on
each giant exoplanet for a strong and weak planetary field. We only show the results assuming an
active host star, as all systems for an inactive state are below the detection threshold of SKA-Low
in configuration AA4 for an 8-hour image observation. While weaker planetary magnetic fields
produce slightly higher fluxes (see Equation 14), the sensitivity of SKA-Low is significantly lower at
the corresponding peak frequencies (∼ 60 MHz). Additionally, conditions are more favourable for
generating ECM emission if the field strength is higher (Section 2.1). We also note that absorption
of the auroral emission by the wind of the host star is likely to be more severe at lower frequencies
(Vidotto and Donati, 2017; Kavanagh et al., 2019). However, emission from planets around active
stars may be absorbed substantially more than those around inactive stars, as active stars likely
possess dense stellar winds (e.g. Jardine and Collier Cameron, 2019).

We also estimate the number of systems detectable with SKA-Low for different array configurations
and observing times. For this, we compute the image noise of the SKA as outlined in Section 8 of
Braun et al. (2019), linearly interpolating the array sensitivities for each frequency4. We consider
a system to be detected if it reaches a signal to noise ratio (SNR) of 5 or greater. In Table 2 we
list the number of systems detectable with SKA-Low in array configurations AA* and AA4, for
observing times of 1 and 8 hours. Overall, prospects are more favourable in the strong field scenario
and longer integration times. With weak planetary magnetic fields, the only planet detectable is
𝜏 Boo b, requiring at least an 8 hour integration for a conclusive detection. With strong planetary
magnetic fields however (corresponding to higher frequencies, and consequently greater sensitivity),
more planets become detectable. This implies that SKA-Mid could be better suited for detecting

4The most recent estimates for the sensitivities of SKA-Low and Mid are given in Tables 5 and 6 of the Anticipated
SKA1 Science Performance document (Revision 002).
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Figure 3: Predicted auroral radio signatures of the known giant planet population assuming their host stars
are active, for a planetary magnetic field strength of 100 G (left) and 25 G (right). Each planet is coloured
based on its orbital period. The detection thresholds of SKA-Low in the AA* and AA4 configurations for an
8-hour image exposure are also shown as dashed and solid lines.

exoplanets, although the field strengths detectable with SKA-Mid may only be attainable for young,
massive Jupiter-like planets in wide (> 1 au) orbits (Kilmetis et al., 2024). Irrespective of the
observing time and array configuration, the five brightest planets in the strong field regime are
𝜏 Boo b, TOI-2109 b, HIP 65 A b, WASP-18 b, and 51 Peg b. We note that the auroral signatures
modelled here are likely short in duration due to the intrinsic beaming of the emission mechanism
(Ashtari et al., 2022), which we do not account for. As a result, a single integration may smear out
the signal. Therefore, conclusive detection may require stacking multiple observations of a given
system.

While the prospects presented here for detecting exoplanet aurorae with the SKA are uncertain,
wide field surveys at low frequencies will allow us to assess the uncertainties on the stellar wind,
planetary magnetic field, conversion efficiency, and beaming geometry of each known exoplanet
system at an unprecedented level. These surveys may also lead to the detection of aurorae from
undetected planets, such as those with long periods in face-on orbits. Due to the uncertainties
on the relevant physical parameters and beamed nature of the emission, blind surveys may be the
most promising pathway to discovering exoplanet aurorae (e.g. Callingham et al., 2021; Tasse et al.,
2026).

5 Detecting ultracool dwarf aurorae with the SKA

The observed radio aurorae on UCDs (Table 1) can inform us about their expected detection yields
with the SKA, without utilising scaling laws that contain unknown parameters as in Section 4. With
sufficient telescope sensitivity, the detectability of auroral emission is limited by the viewing and
magnetic geometry (Hess et al., 2008; Louis et al., 2019; Kavanagh and Vedantham, 2023; Lamy
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Table 2: The number of known giant exoplanets detectable with the SKA at an SNR > 5. Results are shown
for the AA* and AA4 configurations of the SKA for different observing times and planetary field strengths.
Note that these numbers are computed under the assumption that the host star of each planet is in an ‘active’
state, with a strong surface magnetic field and dense, fast stellar wind (see text).

Planet field strength 1 hour (AA*) 8 hours (AA*) 1 hour (AA4) 8 hours (AA4)
Weak (25 G) 0 1 0 3

Strong (100 G) 5 11 8 16

et al., 2023). On UCDs, auroral emission is generally interpreted as originating from either a shell
of field lines (Leto et al., 2016; Pineda et al., 2017; Bloot et al., 2024; Guirado et al., 2025) or
individual ‘active field lines’ (AFLs) within a dipolar (Kuznetsov et al., 2012; Bastian et al., 2022;
Kavanagh et al., 2024) or multipolar field geometry (Lynch et al., 2015). Of all these different
scenarios, the shortest visibility window for the emission is that on a single AFL. A number of
numerical tools have been developed to compute the visibility of auroral emission from magnetised
bodies like UCDs, such as ExPRES (Hess et al., 2008; Louis et al., 2019) and MASER (Kavanagh and
Vedantham, 2023). The CHARM5 framework recently developed by Kavanagh et al. (2024) contains
different physical models for the origins of auroral emission within dipolar magnetic fields. CHARM is
designed to efficiently explore large parameter spaces, making it well-suited for parametric inversion
studies and Monte Carlo simulations. One such model included predicts emission from AFLs. In
this Section, we use this model to estimate the detectability of the population of UCDs with the
SKA, assuming they all exhibit radio aurorae.

5.1 Simulating a population of auroral UCDs

To estimate the number of UCD aurorae detectable with the SKA, we use the AFL model from
CHARM to simulate the radio lightcurves of a population of UCDs within 300 pc, comparable to the
scale height of the Milky Way (Aganze et al., 2022). There are a number of parameters required to
use this tool. We describe our sampling method for each one below:

• Viewing angle: The viewing angle or inclination of the system is defined by the angle 𝑖 formed
between our line of sight and the UCD’s rotation axis. To randomly orient the rotation axis of
each UCD, we uniformly sample cos 𝑖 (Kavanagh and Vedantham, 2023).

• Magnetic obliquity: This describes the angle 𝛽 between the rotation and dipole axis of the UCD.
While there may be an underlying distribution of magnetic obliquities relating to the dynamo
processes on these objects, it is unknown. Therefore, we opt to uniformly sample 𝛽 from 0 to 90◦.

• Field strength: Like the obliquity, there is presumably some underlying distribution of field
strengths for UCDs, which is unknown. So far, UCD aurorae have been predominantly detected
from ∼ 1 to 20 GHz (Kao et al., 2018; Rose et al., 2023), corresponding to dipolar field strengths
(𝐵0) of ∼ 350 G to a few kG. To keep our estimates consistent with this range, we draw samples
for 𝐵0 from a log uniform prior ranging from 350 G to 10 kG. We note however that Vedantham
et al. (2023) recently reported detection of auroral bursts from a binary UCD system at 144 MHz,

5https://github.com/robkavanagh/charm
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suggesting that some UCDs may have magnetic fields much weaker than our adopted range.

• Rotation period: The rotation periods of UCDs with spectral types from mid-L to late-T are
estimated to follow a log-normal distribution (Radigan, 2014):

𝑓 (𝑃rot) =
1

𝑃rot𝜎
√

2𝜋
exp

{
− 1

2

( ln 𝑃rot − 𝜇

𝜎

)2
}
, (16)

where 𝑃rot is in hours, 𝜎 = 0.48 and 𝜇 = 1.44. While Route (2017) have extended this distribution
to late-M UCDs, this can increase the risk of including UCDs that are above the hydrogen-burning
limit. These UCDs likely possess coronae that drive stellar winds, which will spin down the UCD
over time (e.g. Popinchalk et al., 2021). For instance, the most recently-detected radio-emitting
UCD (the M7 J0752+16) has an estimated rotation period of 21 hours (Table 1). According to
the distribution above, the probability of a UCD possessing a rotation period exceeding 20 hours
is 0.05%. Additionally, an M7 UCD must be younger than ∼ 100 Myr in order to be below
the hydrogen burning limit, whereas mid-Ls can have ages up to ∼ 1 Gyr (Davis et al., 2025).
J0752+16 also does not show any lithium absorption (Wang et al., 2022), indicative of a stellar
nature. Therefore, we draw the values of 𝑃rot for each UCD from the distribution presented by
Radigan (2014). We also note that a period of less than 1 hour is below the breakup limit for
objects with masses less than 10 Jupiter masses.

• Rotation phase: At the start of each observation, we randomly choose the initial rotation phase
of the UCD 𝜙0 from 0 to 2𝜋. The rotation phase is then:

𝜙rot = 𝜙0 +
2𝜋𝑡
𝑃rot

(17)

When 𝛽 ≠ 0◦, the magnetic axis precesses about the rotation axis, with its position described by
𝜙rot (Kavanagh et al., 2024).

• Active field line properties: The AFL is defined by its magnetic longitude 𝜙B and spatial extent or
‘loop size’ 𝐿B in the magnetic equator (Kavanagh et al., 2024). For the longitude, we uniformly
draw values from 0 to 2𝜋, whereas for the loop size, we choose values from 1 to 100 times
the radius. The physical meaning of the loop size relates to the region in the magnetosphere
where the electrons are accelerated (e.g. Zarka et al., 2025). We currently do not have any means
to place constraints on these values. This likely requires solving the magnetohydrodynamic
equations describing the flow of plasma in the UCD’s magnetosphere for different rotation rates
and magnetic geometries.

• Emission cone properties: An ECM emission cone at a given frequency is defined by its opening
angle 𝛼 and thickness Δ𝛼 (Louis et al., 2019). We opt for fixed values of 𝛼 = 75◦ and Δ𝛼 = 1◦,
in line with those inferred for Jupiter (Hess et al., 2008; Lamy et al., 2021).

We also require the following parameters to estimate if the system is visible:

• Distance: We draw the distance to each UCD from 2 to 300 pc assuming a constant space density.
We achieve this by drawing the volume 𝑉 of the spherical shell formed between 2 pc and 𝑑 from
a uniform prior. The lower limit adopted for the distance is that of binary system Luhman 16, the
closest known UCDs (Luhman, 2013).
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• Luminosity: The radio luminosity 𝑙 of each UCD depends on its observed flux densities 𝐹 and
distance 𝑑:

𝑙 = 𝐹𝑑2, (18)

which ranges from ∼ 2 × 1011 to 2 × 1014 erg s−1 Hz−1 for the UCDs listed in Table 1. For each
simulated UCD, we sample 𝑙 from a log uniform distribution in this range, and then compute the
received flux density by dividing by its sampled distance squared. This implicitly assumes that
the solid angle of the emission is in the same range as for the detected UCDs, which should relate
to the emission cone properties (see Equation 7 of Kavanagh et al., 2022).

• Observing frequency: We uniformly sample the observing frequency 𝜈obs from 1 to 1.76 and
4.6 to 15.3 GHz, corresponding to the frequencies where UCD aurorae have been predominantly
detected so far that are observable with the planned configuration of SKA-Mid. The observing
frequency maps to the magnetic co-latitude of the emission cone along the AFL, which we
compute as described in Kavanagh and Vedantham (2023).

With the required parameters established, we simulate the lightcurves of 106 UCDs for observing
times of 1 and 8 hours. We compute each lightcurve at a resolution of 1 second, and then re-bin
to a resolution of 10 minutes. An example is shown in Figure 4. We then count the number of
10 minute bins that achieve an SNR > 5 as described in Section 4.2. We note that the AFL model
produces both right and left circularly polarised signals (RCP and LCP). If the pulses overlap, they
could result in a non-detection in Stokes V. However, for simplicity we assume that a detection
is obtained provided either the RCP or LCP signal is bright enough, irrespective of whether they
overlap. We also note that this effect can be circumvented if the observing bandwidth is sufficiently
wide (Lamy et al., 2008b).

5.2 Expected detection yields of UCD aurorae

In Figure 5, we show the fraction of UCDs with aurorae detectable by SKA-Mid in configurations
AA* and AA4 as a function of distance, for observing times of 1 and 8 hours. We estimate that 9.8
to 18.5% of all UCDs within 25 pc will be detectable with SNRs exceeding 5. The completeness is
above 5% out to 60 to 120 pc, where the known population is very incomplete (Best et al., 2024),
and drops below 1% at distances of around 150 to 250 pc. It is interesting to note that our estimated
completeness within 25 pc is close to the 5-10% burst rate inferred from volume-limited surveys
by Route and Wolszczan (2016b). This may indicate that most UCDs exhibit radio aurorae, but we
only detect a fraction of them due to unfavourable geometry. To further explore this, we re-ran our
simulation for 105 UCDs within 25 pc, using a similar observing setup as Route and Wolszczan
(2016b) (0.4 mJy noise, 5 GHz observing frequency, SNR detection threshold of 3). From this, we
find that 3.3± 0.5% of the 25 pc sample are detectable. In other words, the occurrence rate of radio
bursts on UCDs can be reproduced with our geometric prescription combined with the assumed
priors on the magnetic and radio properties of UCDs.

In terms of the actual number of UCDs we expect to be detected with the SKA, the space density
of UCDs within 25 pc with spectral types from M7 to M9.5 is estimated to be 7.1 × 10−3 pc−3

(Bardalez Gagliuffi et al., 2019), and 8.1 × 10−3 pc−3 from L0 to T8 (Best et al., 2024), giving a
total space density of 15.2× 10−3 pc−3. Given our computed completenesses out to 300 pc and the
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Figure 4: Example detection of auroral radio emission at 1 GHz from UCD at 12 pc with AA*. The top and
bottom panels show the right and left circularly polarised signal respectively (RCP and LCP). The lighter
thinner line in each panel show the auroral signal at a very high time resolution, and the darker stepped line
shows the signal binned to a 10 minute resolution. The dashed horizontal line shows the sensitivity of AA*
at 1 GHz for a 10 minute exposure computed as described in Section 4.2. At this resolution, the pulses reach
SNRs of ∼ 6 and 12 in RCP and LCP respectively. The parameters used are: 𝑖 = 90◦, 𝛽 = 10◦, 𝐵0 = 1 kG,
𝑃rot = 2 hours, 𝜙rot,0 = 0, 𝐿B = 10 radii, 𝜙B = 0, 𝛼 = 75◦, Δ𝛼 = 1◦, 𝑙 = 1013 erg s−1 Hz−1.

75% sky coverage of the SKA, we estimate that 1 600 to 8 000 will be detected, which is at least a
two order of magnitude increase in the number of UCDs with detected aurorae.

Large radio transient surveys that will be carried out with the SKA will be key to delivering these
estimated numbers. Source identification efforts will greatly benefit from the Euclid mission,
which is anticipated to detect millions of UCDs within the thin disk of the Milky Way (Solano et al.,
2021). The large statistics the SKA will deliver for radio-emitting UCDs will allow us to quantify
the underlying demographics of their magnetic fields and radio emission. This will be particularly
fruitful at lower frequencies with SKA-Low, which so far remains largely unexplored for UCDs (Zic
et al., 2019; Vedantham et al., 2020, 2023; Yiu et al., 2025). Additionally, our estimated yields here
assume a detection is achieved within an 8-hour window. Stacking observations covering multiple
rotation phases of UCDs could allow for fainter targets to also be detected.

5.3 Demographics and detection biases for auroral UCDs

The large number of UCDs we anticipate the SKA will detect will allow us to explore underlying
detection biases. For instance, Kavanagh et al. (2024) recently suggested that there should be
a bias towards detecting radio aurorae on UCDs with certain viewing and magnetic geometries,
analogous to the geometric bias expected for detecting magnetic star-planet interactions (Kavanagh
and Vedantham, 2023). In Figure 6, we show the viewing angle against the magnetic obliquity of
each UCD with a duty cycle exceeding 50% from the simulated 8 hour observations with AA4.
We find a bi-modal distribution akin to that found by Kavanagh and Vedantham (2023). The two
modes of this distribution describe two distinct geometric configurations for UCDs – an edge-on
view with a low obliquity, and a pole-on view with a large obliquity. Both configurations enable
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Figure 5: The estimated completeness of UCDs as a function of distance with aurorae detectable by SKA-
Mid. Results are shown for both the AA* and AA4 configurations, for observing times of 1 and 8 hours.
The distances where 1 000, 5 000, and 8 000 UCDs are detected are marked for the 8 hour observations with
AA4, assuming the maximum 75% sky coverage of the SKA is achieved.

the magnetic axis to form the angle 𝛼 with the line of sight over the UCD’s rotation, providing
favourable conditions for the emission cone to intersect the line of sight (Kavanagh and Vedantham,
2023; see also Section 2.3 of Vedantham et al., 2026).

UCD viewing angles can be inferred from their rotation periods and velocities (Vos et al., 2017), and
their magnetic obliquities can be estimated via CHARM Kavanagh et al. (2024). Confirmation of the
expected detection bias presented here will improve targeting strategies to boost detection yields.
Comparison of the detected distribution of magnetic obliquities will also allow us to estimate the
true underlying distribution, which will inform us about magnetic field generation on UCDs, and in
turn their interior structures (Stanley and Bloxham, 2004).

In terms of the other parameters, we expect that nearby UCDs with strong magnetic fields, short
rotation periods, and bright aurorae are more favourable for detection. Additionally, lower observing
frequencies are favoured, as a wider range of magnetic field strengths can be seen. We caution
however that the results presented here are dependent on a number of assumptions about the system
priors and underlying magnetic geometry. The large statistics of UCDs delivered by the SKA will
facilitate extracting the true distributions of radio and magnetic properties for UCDs.

6 Detecting ultracool dwarf radiation belts with the SKA

As for their auroral emission, we can use the observed levels of quiescent/radiation belt emission
from UCDs to estimate their expected detection yields for the SKA. Additionally, the recent findings
from Kao et al. (2023) and Climent et al. (2023) have unveiled the prospects for spatially-resolving
the radiation belt emission of UCDs using very long baseline interferometry (VLBI). We explore
these two scenarios for the SKA in Sections 6.1 and 6.2.
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Figure 6: The geometric bias we expect for detecting auroral emission on UCDs with the SKA. The filled
contour in the bottom left panel shows the bivariate kernal density estimation (KDE) above the 10th percentile
for the magnetic obliquity and viewing angle of UCDs with duty cycles exceeding 50%. The dashed white
lines show the 20th, 50th, and 80th percentiles. The two distinct geometric configurations of an edge-on
view with a low obliquity and a pole-on view with a high obliquity can be clearly seen. The panels above
and to the right show the univariate KDE of each variable. The data used here is that simulated for the 8 hour
observations with AA4. Figure made using seaborn.PairGrid (Waskom, 2021).

6.1 Unresolved radiation belts

The observed unresolved quiescent radio luminosities of individual UCDs range from ∼ 4 × 1010

to 4 × 1014 erg s−1 Hz−1 (Table 1), and have been detected from 144 MHz to 100 GHz (Williams
et al., 2015b; Vedantham et al., 2020). While synchrotron emission from a single electron is highly
collimated (Rybicki and Lightman, 1986), radiation belt emission is comprised of synchrotron
beams from many individual electrons with different phases, frequencies, and locations within the
magnetosphere. As a result, the expected signature should not vary significantly as the UCD rotates,
assuming the underlying population of relativistic electrons is stable. This means that detection
of UCD radiation belt emission is more suited to single longer exposures, as opposed to the short
cadence observations necessary to detect their aurorae.

To estimate the number of UCDs with unresolved radiation belts detectable by the SKA, we simulate
emission from 1 million UCDs, uniformly sampling the log of the luminosity in the aforementioned
range, the distance from 2 to 300 pc as described in Section 5.1, and the observing frequency
from 144 MHz to 1.76 GHz and 4.6 to 15.3 GHz. We then compute the synthetic flux density
observed via Equation 18, and count the number of systems with SNRs of 5 or greater as described
in Section 4.2). We show the completeness as a function of distance in Figure 7. We estimate that
66 to 85% of UCDs within 25 pc are detectable with the SKA. This is significantly larger than the
inferred rate of 15 to 20% for individual UCDs (Kao and Shkolnik, 2024). However, we assume
that all UCDs possess radiation belt emission, which may not be the case. This contrasts with our
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Figure 7: Same as Figure 5 but for unresolved radiation belt emission from UCDs.

findings in Section 5.2, which suggest that most UCDs possess auroral emission. Additionally,
we assume that the lower limit on the luminosity is the lowest observed value, which skews our
simulation towards bright UCDs only. Reducing the lower limit of the radio luminosity by three
orders of magnitude, we obtain completeness rates of 40 to 50%. As for their auroral emission, the
large number of UCDs with quiescent emission detected with the SKA will provide more robust
estimates for these underlying distributions. We also note that Kao and Pineda (2025) recently
showed that radiation belt emission is enhanced for UCDs in binaries. While the underlying cause
of this enhancement remains unclear, this phenomenon can be exploited in the SKA era to achieve
higher detection yields by targeting known binaries.

6.2 Resolvable belts around UCDs

SKA-Mid operating as a phased array within a global VLBI network will deliver sub-milliarcsecond
(mas) resolution at GHz frequencies with an unprecedented sensitivity. This will provide the
opportunity to spatially-resolve the radiation belt emission of nearby UCDs, a technique recently
demonstrated for the UCD LSR J1835+3259 by Kao et al. (2023) and Climent et al. (2023). These
images contain a wealth of information about UCDs, such as the large-scale magnetic field geometry
and the energetic electron properties throughout their magnetospheres. Extracting this information
will facilitate a better understanding of radiation belt emission detected from more distant UCDs,
where spatially resolving the belt is no longer feasible. Temporal tracking of the radiation belt
can also provide a direct measurement of the rotation periods of UCDs, which is generally only
derivable if the UCD exhibits detectable photometric variability (Miles-Páez et al., 2023).

Forming a 10 000 km baseline with a 100-m dish, we expect that SKA-Mid will achieve a sensitivity
at GHz frequencies of 4 µJy per beam for a 1 hour integration (Rioja and Dodson, 2020) and a
spatial resolution of 1 mas. The spatial extent of the radiation belt around LSR J1835+3259 is
∼ 35 Jupiter radii (Climent et al., 2023), which we expect to be resolvable out to ∼ 17 pc. From
our calculations in Section 6.1, we estimate that 78% of the UCDs within 17 pc have radiation belts
with SNRs > 5. This corresponds to around 300 UCDs, assuming they all possess radiation belts.
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7 Detection prospects via astrometric monitoring

So far, we have focussed on methods for directly detecting and characterising exoplanets and UCDs
with the SKA. However, there are also viable pathways to indirectly study these objects. For
instance, the SKA is ideally suited to detect magnetic interactions between exoplanets/UCDs with
magnetised hosts (see Vedantham et al., 2026). Additionally, exoplanets and UCDs that orbit a
radio-emitting star or UCD can induce astrometric motion in the radio centroid of the host which
could be resolvable using the SKA in tandem with VLBI. This has already been demonstrated as
a viable detection pathway for satellites using current radio telescopes (e.g. Forbrich et al., 2013;
Curiel et al., 2020, 2022). Given the order of magnitude increase in sensitivity expected for sub-
mas imaging with SKA-VLBI, long-term monitoring may unveil a wealth of previously undetected
satellites to nearby radio-emitting UCDs and stars.

The angular shift or reflex motion induced by a satellite on a host is (Forbrich et al., 2013):

𝜃 =
𝑟orb
𝑑

𝑀sat
𝑀host

, (19)

where 𝑟orb is the orbital distance, 𝑑 is the distance to the system, and 𝑀sat and 𝑀host are the masses of
the satellite and host. At GHz frequencies, the 5𝜎 astrometric accuracy of SKA-VLBI is estimated
to be ∼ 0.5 mas (Rioja and Dodson, 2020). In Figure 8, we show the parameter space of satellites
corresponding to a reflex motion at this level. We show results for both a UCD host of 13 Jupiter
masses (the lower limit for UCDs), and an M dwarf host of 0.2 solar masses, which are the most
prevalent radio emitters on the main sequence (Driessen et al., 2024). In the UCD host case, a
10 Earth-mass planet in a 1000 day orbit is detectable within 22 pc. Prospects for detecting such
planets are likely most favourable for UCDs with high duty cycles, such as those with persistent
radiation belt emission. From our calculations in Section 6.1, we estimate that ∼ 680 UCDs are
within 22 pc with radiation belts at a level detectable with SKA-VLBI (i.e. with fluxes above
40 µJy), again assuming they all possess radiation belts.

These results show the promise of SKA-VLBI for expanding the demographics of satellites around
low-mass stars and UCDs. While formation theory predicts that UCDs likely host rocky planets
(Liu et al., 2020), the intrinsic faintness of UCDs hinders their detectability with current technology.
Astrometric detection of satellites is also biased towards face-on orbits (Smith et al., 2024; El-Badry
et al., 2024), which cannot be detected via the transit or radial velocity methods. Radio monitoring
of such systems may also unveil signatures of magnetic interactions between the host and satellite,
which have favourable detection prospects in face-on systems (Kavanagh and Vedantham, 2023).

8 Looking towards operations

The uncertainties on the physical and geometric properties of exoplanets and ultracool dwarfs that
underpin the brightness of their radio emission in frequency and time mean that their detection
prospects for the SKA are most favourable for wide-field surveys with high time cadences. One
approach could be to monitor specific regions of the sky via regular SKA Cycle proposals. Alter-
natively, wide field transient surveys akin to those being carried out with LOFAR will likely yield a
large number of detections (Shimwell et al., 2022; Callingham et al., 2023). This however will be
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Figure 8: The parameter space of satellites around a radio-emitting host UCD (left) and an M dwarf star
(right) that are detectable via astrometric monitoring with SKA-VLBI. The coloured lines show the detection
limits at different distances, above which the satellite-induced astrometric motion exceeds 0.5 mas. The Solar
System planets are overplotted for reference. Prospects for detecting exoplanets around radio-emitting UCDs
are particularly favourable, with planets of a few Earth masses being detectable in orbits less than 1000 days
for the closest systems.

a significant undertaking, and is likely at a level appropriate for a Key Science Project. Collabora-
tion and efficient communication between different working groups will be key to maximising the
science output for all in this case.

Targeted observations will also be a viable detection strategy in specific cases, such as for monitoring
the most promising exoplanetary systems (e.g. Turner et al., 2021; Zhang et al., 2025) and the known
population of radio-emitting UCDs. New candidate systems detected in surveys with the SKA and
other operating radio telescopes may also be suited to targeted follow-up. Detecting satellites around
nearby radio-emitting stars and UCDs through astrometry will also demand targeted monitoring
over multiple years. Any one of these approaches will likely deliver unprecedented insights into the
formation and evolution of extrasolar worlds.
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