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Massive early-type (B/A) stars and ultracool dwarfs (UCDs) represent two distinct
regimes in which ordered, large-scale magnetospheres are observed. In rapidly
rotating massive stars, incoherent radio emission is explained by the centrifugal
breakout (CBO) mechanism: plasma confined within the rigidly rotating mag-
netosphere accumulates beyond the co-rotation radius, where centrifugal forces
trigger breakout events and magnetic reconnection, generating non-thermal elec-
trons that produce incoherent gyro-synchrotron emission. Empirically, the radio
luminosity correlates with the power released by CBO events, establishing a clear
link between stellar rotation, magnetic confinement, and radio output.
In UCDs, persistent non-thermal radio emission exhibits similar luminosity trends
to those of massive magnetic stars, despite the absence of strong stellar winds.
This similarity suggests that a CBO-like process may also operate in these fully
convective, low-mass objects, though the plasma source and acceleration mecha-
nisms remain uncertain. In both classes, coherent electron cyclotron maser emis-
sion (ECME), characterized by strong polarization and rotational modulation, is
observed, indicating common magnetospheric processes analogous to planetary
auroral emission.
The Square Kilometre Array (SKA) will be able to deeply observe about 70% of
the sky. We expect to observe ∼ 1000 UCDs, enabling better statistical analysis
of their emission and a test of the CBO hypothesis.
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1 Introduction

Magnetically active stars across the Hertzsprung-Russell diagram host large-scale structured mag-
netospheres that mediate the interaction between the stellar magnetic field, stellar winds, and
ambient plasma. Among the large number of types of radio stars with radio emission related to the
presence of magnetic fields, those showing time-stable radio emission are stars hosting large-scale
well-ordered magnetospheres. These magnetospheres serve as efficient sites for a variety of radio
emission processes, both incoherent and coherent, driven by energetic particles propagating along
field lines. This kind of ordered magnetosphere is present in both early-type (B/A) stars and low-
mass ultracool dwarfs (UCD), and both exhibit similarities in their radio behavior. In particular,
rotational modulation of the incoherent radio emission (see for example Leone and Umana 1993;
Leto et al. 2020b for early-type magnetic stars and McLean et al. 2011; Llama et al. 2018 for UCDs)
and time-stable periodic coherent radio pulses (see Trigilio et al. 2000 and Das and Chandra 2021
for the A0-type magnetic star CU Virginis; see Hallinan et al. 2007 and Lynch et al., 2015 for the
M8.5-type TVLM513-46).

Recently, it has been empirically discovered that the observed spectral radio luminosity (𝐿𝜈,rad)
of B/A-type stars depends on a combination of fundamental stellar parameters, where the rotation
speed plays a crucial role (Leto et al., 2021; Shultz et al., 2022). Due to the presence of the strong
magnetic field dense plasma accumulates near the magnetic equatorial plane, at large distance
centrifugal support leads to episodic centrifugal breakout (CBO) events (ud-Doula et al. 2006). In
particular, the radio luminosity correlates strongly with the power released by centrifugal breakouts,
𝐿CBO (Owocki et al., 2022), as visible in Fig. 1.

High-sensitive radio observations highlighted that UCDs may present incoherent emission due to
gyro-synchrotron mechanism (Metodieva et al., 2017), despite the apparent suppression of classical
coronal magnetic activity (McLean et al., 2012; Williams et al., 2014). Empirically, their incoherent
radio luminosities appear to follow trends similar to those observed in B/A-type magnetic stars
(see Fig. 1), ssuggesting the possible presence of related large-scale magnetospheric processes.
Interestingly, the synchrotron radiation of the planet Jupiter (de Pater and Dunn, 2003) seems
to satisfy the same scaling relationship found by studying the B/A type magnetic stars (see Fig.
1). The radio emission from the magnetized planets of the solar system satisfies the generalized
“Radio Bode’s law”, that is possibly extended also to the exoplanets case (Zarka, 2007). Bode’s
law correlates the power released by radio emission to the power released by kinetic or magnetic
interaction of an external body with the magnetosphere. Possibly, the existence of a general
rotational and magnetic dependence seen in the magnetospheric radio emission of stars surrounded
by large-scale and stable magnetospheres suggests a common physical underpinning.

In parallel, a coherent radio emission component—arising from the electron cyclotron maser (ECM)
instability—has been detected in both early-type stars (Trigilio et al., 2000; Das et al., 2025b) and
UCDs (Berger, 2002; Guirado et al., 2025). These emissions are highly polarized, beamed, and
often rotationally modulated, forming a “radio lighthouse” (Trigilio et al., 2011). In UCDs and very-
low-mass stars, such coherent bursts occur despite strong suppression of coronal X-ray emission,
challenging classical magnetospheric models (Williams et al., 2014). The source of plasma in these
magnetospheres is likely non-stellar, with proposed origins including moon–planet interactions
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Figure 1: Relationship between CBO power 𝐿CBO and radio luminosity 𝐿𝜈,rad

analogous to the Jupiter–Io system (Badman et al., 2015).

Collectively, these findings demonstrate that the presence of structured magnetospheres and their
interaction with plasma reservoirs—whether wind-fed or externally sourced—governs both inco-
herent and coherent emission processes. The Square Kilometre Array (SKA), with its sensitivity
and spectral coverage, could advance our understanding of these mechanisms across the stellar
mass spectrum. In particular, confirm or disprove the CBO model for UCDs and, if confirmed,
understand what could cause the presence of a dense enough plasma around them. This paper
reviews the current status of radio emission from ordered magnetospheres in massive stars and
UCDs, and outlines the SKA’s transformative potential for this field.

This chapter aims to provide the following take-home points for the SKA community:

1. Observational status: A synthesis of coherent (ECME) and incoherent (gyro-synchrotron)
emission from ordered magnetospheres in hot magnetic stars and ultracool dwarfs (UCDs);

2. physical interpretation: A critical assessment of the centrifugal breakout (CBO) paradigm
and its possible extension to UCDs;

3. SKA discriminants: Identification of specific observational tests enabled uniquely by SKA
sensitivity, bandwidth, and survey scale;

4. forecast framework: Transparent and reusable estimates for detection yields in wide-area
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surveys and targeted observations, with clearly stated assumptions.

2 Coherent Emission Processes

Coherent radio emission from main-sequence stars and sub-stellar objects can arise through two
main mechanisms: (a) plasma emission and (b) electron cyclotron maser emission (ECME). In the
context of emission produced within large-scale, ordered magnetospheres, ECME is generally the
dominant process, responsible for coherent radiation from stars across the H-R diagram, brown
dwarfs, and even planets. In this section, we focus on the stable form of ECME generated in
long-lived magnetospheres, typically observed as periodic radio pulses rather than sporadic flares.
For a broader picture about transient phenomena in radio stars please see Driessen et al. (2026).

The ECME mechanism produces highly beamed radiation, confined within a hollow cone aligned
with the local magnetic field lines of each emitting region (Melrose and Dulk, 1982). It is intrinsi-
cally narrow-band, with the emission frequency directly proportional to the magnetic field strength
at the source (e.g. Treumann, 2006). Consequently, different frequencies originate at different
heights within the stellar magnetosphere. Drawing an analogy with auroral radio emission from
magnetized planets in the solar system (Zarka, 1998), each frequency corresponds to a thin auroral
ring located above the magnetic poles.

Because ECME is a directional process, the emission becomes detectable only when the beam
intersects the observer’s line of sight as the star rotates—producing the characteristic periodic
pulses often compared to a “radio lighthouse” effect.

In the following section, we summarize the main observational properties of ECME as identified in
stellar systems where this phenomenon has been most extensively studied.

2.1 ECM emission from hot magnetic stars

Magnetic hot stars are characterized by their large-scale, kG-strength surface magnetic fields that
are stable throughout their lifetimes. In most cases, these fields can be described as dipoles inclined
to the stellar rotation axes (e.g. Shultz et al., 2018), in accordance with the oblique rotator model
(ORM; Babcock, 1949; Stibbs, 1950). Among the different types of stars and substellar objects
that produce coherent radio emission, magnetic hot stars exhibit potentially the most stable form of
this phenomenon, because of the extraordinary stability of their magnetic fields as well as the stable
supply within the stellar magnetosphere of particles with unstable energy distribution powering the
maser emission. Magnetic hot stars producing ECME are now called “Main-sequence Radio Pulse
emitters” (“MRPs”, Das and Chandra, 2021).

The first MRP was discovered by Trigilio et al. (2000). This star, CU Virginis (hereafter CU Vir),
was found to produce two ≈ 100% circularly polarized pulses at 1.4 GHz that are observable
over a set of narrow rotational phase ranges surrounding the phases where the stellar longitudinal
magnetic field ⟨𝐵z⟩ is zero (called magnetic nulls). The combination of high circular polarization,
high brightness temperature and their periodic arrivals around the magnetic nulls led Trigilio et al.
(2000) to attribute the emission to ECME. To explain the arrival of the pulses around magnetic nulls
and their narrow width (duty cycle of ≈ 10% for each pulse), Trigilio et al. (2011) proposed the
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Figure 2: Tangent plane beaming model. Figure taken from Leto et al. (2016).

‘tangent plane beaming model’ inspired from the observed beaming geometry of auroral kilometric
radiation from Earth. According to this model, radiation is emitted tangentially to the auroral rings
(see Fig. 2). This is obtained as sum of the individual ECME elementary sources radiating within
the ‘hollow-cone beams’ that are able to cross the line of sight. In addition to the new beaming
model, Trigilio et al. (2011) also pointed out the role of the magnetospheric plasma in determining
the relative arrival times of pulses at different frequencies, which is subsequently investigated in
much greater detail by Leto et al. (2016) and Das et al. (2020).

The current MRP sample size is 22 (Trigilio et al., 2000; Chandra et al., 2015; Das et al., 2018; Lenc
et al., 2018; Leto et al., 2019; Das et al., 2019a,b; Leto et al., 2020b,a; Pritchard et al., 2021; Das
et al., 2022c,b; Biswas et al., 2025; Das et al., 2025b). It is worth noting that seven of the sample
were first discovered as candidates in surveys using the SKA pathfinders and precursors (uGMRT,
MWA and ASKAP; Chandra et al., 2015; Lenc et al., 2018; Pritchard et al., 2021; Das et al.,
2025b). Among the 22 MRPs, nine were observed over wide enough frequency range to constrain
the upper cut-off frequencies (e.g., see Table 1 of Das et al., 2022a, and references therein). The
significance of the ECME upper cut-off is that it is expected to be related to the maximum magnetic
field strength in the stellar magnetosphere, which for a star with dipolar magnetic field, is the
magnetic field at the poles. This is indeed observed for ECME produced by Jupiter (Zarka, 2004).
However, for the MRPs, the ECME upper cut-off frequencies are found to be significantly smaller
than the electron gyrofrequencies corresponding to the polar magnetic field strengths (obtained
from spectropolarimetry) in all cases (Das et al., 2022a). The underlying reason is not known. This
is an important problem to resolve as it impacts the usage of ECME to estimate magnetic field
strength in objects for which alternative magnetic measurements are much more challenging.

Another new phenomenon that came to light with ultra wideband observation of ECME is the

6



Ordered Magnetosphere Radio Stars F. Cavallaro et al.

strong frequency dependence of the ‘duty cycle’. For the first discovered MRP CU Vir, ECME is
observable for ≈20% of the rotation cycle at 1.5 GHz (e.g. Trigilio et al., 2011). This increases to
nearly 40% at 700 MHz (Das and Chandra, 2021). In addition, at 400 MHz, ‘off-pulse’ emission
(for which there are no higher frequency counterparts) were also observed (Das and Chandra, 2021).
Most recently, off-pulse emission (secondary pulses) were also reported from another MRP HD
142990 at ≈ 1 GHz showing that this is not a low-frequency only phenomenon (Das et al., 2025a).
This is an important observation in the context of searching for ECME signatures not only to find
new MRPs, but also for areas like star-planet interaction. Once fully characterized, this could
help us in deciding optimal frequency ranges and/or times of observations to detect signatures of
star-planet interaction (in the form of ECME).

It has been proposed that strong frequency dependence of ECME properties could arise due to
propagation effects in the magnetospheres of stars with highly misaligned rotation and magnetic
axes (both CU Vir and HD 142990 belong to this category, Das et al., 2020). In those cases, the
density distribution in the stellar magnetosphere is expected to be highly azimuthally asymmetric
w.r.t. the magnetic axis. As a result, ECME at different frequencies that are produced at different
heights from the stellar surface can experience very different plasma densities on their way to the
observer. These effects can significantly impact the duty cycle, arrival times, and even the cut-offs.
Although the propagation effects seemingly complicate the observable properties of ECME, it also
means that ECME properties over wideband can be used to map the magnetospheric plasma density.
This has recently been demonstrated by Das et al. (2024).

To summarize, the study of ECME from MRPs has led to a number of new insights about the phe-
nomenon that are also highly relevant for other magnetic systems. The current sample is, however,
inadequate to help us fully exploit the potential of ECME as a stellar (sub-stellar) magnetospheric
probe. The biggest limitation is the small sample that does not allow drawing robust conclusions.
Besides, the current sample is dominated by MRPs discovered from targeted searches that involved
imposing selection criteria based on pre-existing notions about what types of magnetic massive
stars emit ECME. This is the reason that all but one MRPs are rapid rotators (𝑃rot < 2 days, the only
exception is HD 79158 that has a period of ≈ 4 days), since longer Prot means larger telescope time
required to cover a given range of rotational phases. In contrast, the 𝑃rot range of known radio-bright
magnetic massive stars extend to > 10 days (Leto et al., 2026). As all the MRPs have very similar
𝑃rot, it has not been possible to investigate the role of 𝑃rot in driving ECME (rotation has been
established to play a key role for incoherent radio emission, Leto et al., 2021; Shultz et al., 2022).
Similarly, to confirm or rule out magnetospheric propagation effects as the reason for seemingly
anomalous behaviour of ECME as a function of frequencies, it will be important to observe a larger
number of MRPs over wideband, preferably simultaneously.

2.2 Advances in studying ECME from hot stars using the SKA

With the combination of unprecedented sensitivity and resolution, the SKA (Mid and Low) will
help us overcome this limitation. The detection statistics of the existing MRP sample suggests that
the Band 1 (0.35-1.05 GHz) of the SKA-Mid will be a very suitable frequency range to search
for new MRPs. The current sample spans a distance range up to ≈ 400 pc (HD 37017). With
the SKA, we will be able to detect MRPs from a few kilo parsecs (based on the observed spectral
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ECME luminosities of the existing sample, Das et al., 2022b) leading to a significant expansion
of the MRP sample. Besides, the high sensitivity will enable observing at multiple bands using
subarray mode. With the SKA-Mid alone, it will be possible to cover a frequency range of 350
MHz to 1.8 GHz simultaneously (Band 1 plus Band 2), which is wider than the frequency range of
observations of most MRPs at present. The SKA-Low, on the other hand, will provide access to a
new phase space. Little is known about the MRP properties below 400 MHz, though there are strong
evidences suggesting that the ECME spectra from MRPs extend well below 400 MHz (e.g. Lenc
et al., 2018; Das and Chandra, 2021, etc.). With co-ordinated observations between the SKA-Low
and SKA-Mid, one will be able to cover the frequency range of 0.05–1.8 GHz simultaneously,
which will be pivotal in fully characterizing the phenomenon and thus enabling implementation of
ECME as a versatile magnetospheric probe.

3 Incoherent Emission Processes

The study of stellar radio emission has gained growing attention in recent years (Matthews, 2025).
The mechanisms responsible for this emission involve both thermal and non-thermal processes
(Dulk, 1985). In particular, the non-thermal component requires the presence of a magnetic field
and a population of energetic electrons. For mildly relativistic electrons, the dominant emission
process is gyro-synchrotron radiation, which produces a broad-band radio spectrum that is typically
unpolarized or only weakly circularly polarized.

Stars possessing convective envelopes beneath their photospheres—mainly those of spectral type
later than F—exhibit coronal magnetic activity and often show flare-like non-thermal radio emission.
In contrast, stars of spectral type earlier than A, when radio emitters, display time-stable emission
in both their incoherent (Leto et al., 2012) and coherent (Trigilio et al., 2011) components.

In the following subsection, we summarize recent results obtained from the study of incoherent
radio emission in early-type magnetic stars.

3.1 The stable gyro-synchrotron radio emission from the hot magnetic stars

Incoherent radio emission from magnetized stars is dominated by the gyrosynchrotron mechanism,
powered by populations of mildly relativistic electrons spiraling in large-scale magnetic fields.
Unlike coherent processes, these emissions are broadband, weakly polarized, and trace the global
structure of the stellar magnetosphere. Radio observations across the mass spectrum — from early-
type (B/A) magnetic stars to ultracool dwarfs (UCDs) — evidence an overall commonality in their
radio behavior (see Fig. 1) which reveals common physical drivers.

In magnetic B/A type stars, large-scale kilogauss dipolar fields (Shultz et al., 2019a; Sikora et al.,
2019) confine the line-driven stellar wind into rigidly rotating magnetospheres (RRMs; Townsend
and Owocki 2005), enabling the accumulation of dense plasma in the magnetic equatorial plane.
The outward centrifugal force acting on this co-rotating material can exceed the magnetic tension at
distances beyond the Kepler co-rotation radius 𝑅𝐾 , resulting in centrifugal breakout (CBO) events
(ud-Doula et al., 2006). These breakouts are hypothesized to generate magnetic reconnection in
current sheets, leading to the production of non-thermal electrons (Hoshino et al., 2001; Zweibel
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and Yamada, 2009). These semi-relativistic particles emit via the incoherent gyro-synchrotron
mechanism, producing a broad-band radio spectrum modulated by stellar rotation (Trigilio et al.,
2004; Leto et al., 2006, 2017).

The resulting radio emission arises from dipole-like magnetic shell where the energetic electrons
propagate, similar to radiation belts covering a large range of magnetic latitudes. The observing
radio emission features of the incoherent radio emission from the BA-type magnetic stars is the
almost flat radio spectrum, covering a wide spectral range from about hundred of MHz up to tens
GHz due to the radial dependence of the magnetic field strength of the stellar magnetosphere region
where the radio emission at a given radio frequency mainly arises, and the rotational modulation,
mostly given by the consequence of the changing optical depth across the magnetosphere whose
orientation respect to the line of sight changes as function of the rotation cycle. In addition, the
collection of a large number of radio measurements of BA-type magnetic stars with well known
stellar parameters has demonstrated a robust correlation between radio luminosity and fundamental
stellar parameters (Leto et al. 2021; Shultz et al. 2022). Specifically, the emitted power correlates
with the centrifugal breakout luminosity,

𝐿rad ∝ 𝐿CBO ∝ 𝐵2
𝑝𝑅

4.5
∗ 𝑀−0.5

∗ 𝑃−2
rot , (1)

as derived by Owocki et al. (2022). The inferred efficiency of conversion from centrifugal breakout
power into non-thermal radio emission is extremely low (∼ 10−19), but appears sufficient to account
for the observed radio luminosities of currently known systems. The radio emission from magnetic
B/A stars should also be considered within the broader context of feedback from massive stars,
whose winds and magnetized outflows affect both their immediate surroundings and the larger
Galactic environment (Anderson et al., 2026).

3.2 The use of SKA for indirect magnetometry of hot magnetic stars

Reliable measurements of the magnetic fields of the early-type magnetic stars have been performed
only for stars located within 1-2 kpc from the Sun (Shultz et al., 2019b). The Ap/Bp stars are
uniformly distributed in space (Renson and Manfroid, 2009) and approximately 10% of them are
magnetic stars (Grunhut et al., 2012; Wade et al., 2016; Sikora et al., 2019).

As previously discussed (see Sec. 2.2), at the lower frequencies (namely the Band 1 and Band
2 of SKA), the radio spectra of the hot-magnetic star may be contaminated by the presence of
the coherent radio emission component. In fact, multi-frequency radio observations of early-type
magnetic stars covering their entire rotational periods never reported highly polarized pulses of
auroral origin at frequencies higher than 5 GHz (Das and Chandra, 2021). Therefore, the optimal
radio frequency window to search for evidence of incoherent non-thermal radio emission from
the early-type magnetic stars is Band 5. In particular, Band 5a, tuned at 6.6 GHz, maximizes the
observing sensitivity, allowing to reach the noise of about 0.5 𝜇Jy/beam in 1 hour of integration
time, estimated using the SKAO Sensitivity Calculator for the AA4 configuration. In this case, the
3𝜎 detection threshold is about 1.5 𝜇Jy/beam.

Looking at Fig. 1, the average spectral radio luminosity of the B/A-type magnetic stars is roughly
centered at 1016 erg s−1 Hz−1. Assuming such radio luminosity, SKA will be able to detect, with
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1 hour integration time, all the hot-magnetic stars brighter than this average value up to a distance
from the Sun of about 2 kpc. All the stars brighter than 1017 erg s−1 Hz−1 will be instead visible
up to the distance of the center of the Galaxy (≈ 8 kpc). Whereas the few stars brighter than
1018 erg s−1 Hz−1 should be detectable wherever they are located in the Galaxy.

Taking into account the relation between the radio luminosities of the stars and their fundamental
stellar parameters, summarized by Eq. 1, the detection of the incoherent non-thermal radio emission
from such kind of stars could be used as a useful tool for the estimation of the fundamental stellar
parameters. In particular, the detection of the incoherent radio emission from B/A-type stars should
be highly valuable for the indirect estimate of the magnetic field strength. Therefore, the SKA
will be able to deeply study the magnetism of such kind of stars. In fact, SKA will be able to
detect the radio emission from far B/A stars whose magnetic fields are not detectable by the current
ground-based instruments (i.e., for stars more distant than 2 kpc).

4 The case of the Ultra Cool Dwarfs

Strong magnetic fields, with intensities of several kilogauss, have been confirmed in very cool stars
(spectral type later than M7) located at the bottom of the main sequence (Reiners and Basri, 2007).
These Ultra Cool Dwarfs (UCDs) are fully convective and therefore cannot sustain the classical
dynamo mechanism, which operates in the separation region between the radiative internal stellar
layers and the convective envelope, and which is responsible for the solar-like coronal magnetic
activity. Both theoretical (Yadav et al., 2015) and observational studies (Donati et al., 2006; Morin
et al., 2010) support the presence of large-scale, well-ordered (mostly dipolar) magnetic fields in
such fully convective objects.

Persistent, unpolarized radio emission has been detected in a subset of UCDs (Metodieva et al.,
2017), despite their weak coronal activity and low flaring rates (McLean et al., 2012; Williams
et al., 2014). This steady emission has a non-thermal origin and is attributed to incoherent gy-
rosynchrotron radiation. Its presence suggests that steady plasma processes occurring within their
ordered magnetospheres — rather than transient flare-driven events — maintain the energetic elec-
tron populations. Empirically, the incoherent radio emission of UCDs shows a striking similarity to
that observed in B/A-type magnetic stars, as illustrated by the position in the 𝐿𝜈,rad–𝐿CBO diagram
of the few UCDs having the incoherent radio emission component detected and also having reliable
information of their stellar parameters (see Fig. 1). The radio luminosities and stability of UCDs
follow the same trends observed in massive magnetic stars, reinforcing the hypothesis of a shared
underlying mechanism. The existence of large-scale, stable magnetic fields may therefore explain
the continuity of magnetospheric behaviour across such widely different stellar regimes.

The incoherent emission from UCDs can also be modulated by stellar rotation (McLean et al.,
2011). In hot magnetic stars, such modulation arises from a combination of frequency-dependent
absorption by thermal plasma trapped along closed magnetic field lines and changes in the optical
depth of the non-thermal gyrosynchrotron-emitting regions (Trigilio et al., 2004). Similarly, in
UCDs, the modulation may result from large-scale magnetospheric structures containing mildly
relativistic electrons responsible for the non-thermal emission, together with anisotropies in the
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Figure 3: Differential source counts dN/dS of UCDs within a 100 pc radius sphere as a function of flux
density.

thermal plasma distribution. These anisotropies could be influenced by external sources, such
as planetary companions or residual chromospheric outflows, which introduce absorption effects
across the magnetosphere.

Population studies indicate that approximately 15% of UCDs produce persistent incoherent radio
emission (Kao and Shkolnik, 2024), which combined with the space density estimates from Best
et al. (2024) and Cruz et al. (2007), corresponds to about 12,500 detectable sources within 100 pc .
These systems provide an ideal laboratory to test the applicability of the centrifugal breakout (CBO)
paradigm beyond the main sequence.

The comparison across spectral types highlights a continuity in the underlying physical processes,
with the main differences arising from the origin of the plasma supply, stellar winds in massive
stars, versus external or chromospheric sources in UCDs.

In magnetic early type stars, centrifugal breakout (CBO) operates within wind-fed magnetospheres:
radiatively driven stellar winds continuously supply plasma, which accumulates beyond the Kepler
co-rotation radius until centrifugal stress triggers reconnection events. In this context, the existence
of a plasma reservoir is not in doubt.
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In UCDs, however, the situation is fundamentally different. Radiatively driven winds are expected
to be extremely weak, and the coolest atmospheres are largely neutral, potentially suppressing
sustained coronal outflows. A CBO-like interpretation in UCDs therefore requires a mechanism
to load the magnetosphere with sufficient plasma and replenish it at at least the same rate of the
particle loss rate.

At present, the plasma supply mechanism in UCDs remains uncertain. Plausible contributors
include:

• weak but non-zero outflows,

• satellite or star–planet interactions (Jupiter–Io analogues),

• sputtering or impact ionisation from close-in bodies or debris,

• reconnection-driven interchange processes that recycle magnetospheric plasma.

Without a clearly identified supply channel, the transplantation of the hot-star CBO paradigm to
UCDs remains suggestive rather than demonstrated. One of the key roles of SKA observations will
be to constrain whether a sustained plasma reservoir is present and dynamically replenished.

4.1 SKA Discriminants of CBO-like Behaviour in UCDs

The sensitivity and spectral coverage of the SKA will make it possible to test whether UCD
magnetospheres are in a steady state, analogous to continuously occurring centrifugal breakout
events, which explain the time-stable radio emission observed in magnetic hot stars, or undergo
loading–release cycles.

Possible observational discriminants include:

• Abrupt changes in quiescent continuum level or spectral turnover frequency followed by
slower recovery, consistent with large-scale reconnection or magnetospheric emptying events;

• Systematic wideband spectral evolution associated with changes in magnetospheric plasma
density or optical depth;

• Correlated variability between coherent ECME activity and the incoherent gyro-synchrotron
component, indicative of a shared particle reservoir;

• Population-level scaling relations linking radio luminosity with stellar rotation and large-scale
magnetic field properties.

Such observations will help determine whether UCD radio emission is primarily driven by CBO-like
magnetospheric dynamics, auroral current systems, or hybrid scenarios.

4.2 The detection of the ECM Emission as signature of plasma processes in the
magnetosphere of the Ultra Cool Dwarfs

Many UCDs exhibit coherent radio bursts (Berger, 2002; Burgasser and Putman, 2005; Hallinan
et al., 2008; Route and Wolszczan, 2016; Kao et al., 2016) generated by the electron cyclotron maser
emission (ECME) mechanism.
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The coherent emission is highly directive and transient, often appearing at specific rotational phases.
Such events are short-lived, from a few minutes to a few hours, as a result of rotational modulation,
and are not continuously present. Their detection therefore depends on the fraction of time during
which these bursts are active. Despite their transient nature, coherent bursts provide an exceptional
diagnostic of the magnetospheric structure and plasma environment in UCDs.

These coherent bursts are typically one to two orders of magnitude brighter than the quiescent
component and show strong circular polarization, with flux densities ranging from tens of 𝜇Jy
(Lynch et al., 2016) to several tens of mJy (Burgasser and Putman, 2005), making them easily
identifiable in radio observations, in particular using the future high sensitivity measurements that
will performed by SKA.

Using the SKAO sensitivity calculator for Band 2, we estimate the detectability of coherent ECME
bursts assuming a characteristic burst duration of approximately 10 minutes and a corresponding
snapshot sensitivity. Since coherent bursts are transient and strongly time-dependent, detectability
depends on the instantaneous sensitivity achieved over the burst duration rather than the total
integration time of a survey map.

Under these assumptions, any UCD within approximately 300 pc observed during an active coherent
emission phase would lie above the nominal detection threshold.

Assuming a 70% sky coverage, an average burst duty cycle of approximately 5%, and neglecting
additional geometric beaming effects, we estimate that the SKA could detect of the order of 10,000
coherent radio bursts from UCDs. These estimates should be interpreted as illustrative order-
of-magnitude forecasts, since the intrinsic burst occurrence rate, burst duration distribution, and
beaming fraction remain uncertain.

The possible detection of intense, highly polarized radio emissions from UCDs at a distance of less
than 100 pc will be useful to support the search for the weak radio emission counterpart produced
by the incoherent gyro-synchrotron.

4.3 SKA’s detection capability of incoherent emission from UCDs and Statistical Analysis

To predict the number of UCDs that could be detected by the SKA through their stable incoherent
emission, we will use the space density estimates from Best et al. (2024) and Cruz et al. (2007),
calculating the total UCD population within a 100 pc radius and the 15% occurrence rate of
incoherent radio emission from (Kao and Shkolnik, 2024). As said in section 4, this gives an
expected ∼12,500 radio-emitting UCDs in this volume. For our detectability forecast, we adopt the
radio luminosity limits measured by (Kao and Shkolnik, 2024):

𝐿min = 1012.7 erg s−1 Hz−1, 𝐿max = 1013.6 erg s−1 Hz−1

and assume a uniform distribution of luminosities between these bounds. We then compute the
expected flux densities by slicing the spherical volume with radius 100 pc into concentric shells
and applying

𝑆𝜈 =
𝐿𝜈

4𝜋𝑑2
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Figure 4: Expected numbers of UCDs detected with a 70% sky survey in Band 2 carried with AA4 SKA as
a function of the integration time per pointing (bottom x-axis) and the 5𝜎 sensitivity (top x-axis)

for each luminosity–distance combination, weighted by the shell volume 4𝜋𝑑2 Δ𝑑. Fig. 3 shows the
resulting density distribution of sources as a function of flux density. The distribution peaks at a few
𝜇Jy, reflecting the prevalence of moderately luminous emitters, and declines smoothly toward higher
fluxes corresponding to the upper end of the luminosity range. The adopted luminosity distribution
and occurrence fractions are intended as simplified assumptions for illustrative forecasting purposes
and do not account for possible population substructures or variability-dependent selection effects.

Using the SKAO sensitivity calculator for Band 2, we estimated the number of UCDs detectable in a
wide-area survey as a function of integration time per pointing, adopting the luminosity distribution
and spatial model described above. Fig. 4 presents the results for a 70% sky survey with the
AA4 SKA configuration, showing the detection curve together with reference lines for 30-minute
and 1-hour integrations. The top axis indicates the corresponding 5𝜎 point-source sensitivities,
ranging from ∼ 8 𝜇Jy for the shortest exposures to ∼ 1.5 𝜇Jy for the deepest considered. For short
integrations, the number of detectable UCDs grows rapidly, exceeding 900 sources for 0.5 h per
pointing. The curve flattens toward longer integrations, reaching over 7000 detections at 10 h per
pointing. These results demonstrate that even moderate integration times per pointing will allow the
SKA surveys to uncover thousands of new incoherent radio-emitting UCDs. Large-area continuum
surveys conducted with the SKAO will provide an ideal framework for the systematic discovery of
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Figure 5: Cartoon illustrating the two radio emission components originating within a typical, well-ordered
dipolar magnetosphere. The incoherent radio emission, produced by energetic electrons trapped in radiation
belts, is shaded in green. The colored spots indicate the sources of the coherent ECME emission arising from
the northern (red) and southern (blue) auroral rings. The radiation beam pattern follows the tangent plane
beaming model described in Fig. 2. Each ECME source is fully circularly polarized, with the northern and
southern auroral emissions exhibiting opposite polarization senses. Figure adapted from Leto et al. (2020a).

radio-emitting stellar populations, complementing dedicated Galactic Plane surveys at higher radio
frequencies (Traficante et al., 2026).

5 SYNERGY

5.1 VLBI observations of new nearby UCDs detected by SKA

The M8.5-type star TVLM 513–46546 (hereafter TVLM 513) was the first UCD detected using
very long baseline interferometry (VLBI) techniques (Forbrich and Berger, 2009). Located at a
distance of about 10 pc, its radio magnetosphere was marginally resolved through combined VLBA,
VLA, and GBT observations, marking the first direct spatial constraint on a UCD magnetosphere.

The ability of VLBI to directly image the radio magnetospheres of UCDs was later confirmed by
Climent et al. (2023) and Kao et al. (2023). The VLBI maps of the M6 dwarf LSR J1835+3259,
located approximately 6 pc from Earth, clearly reveal the presence of radiation belts producing
incoherent emission, together with a central, compact, and highly polarized source corresponding
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to the region where the ECME mechanism amplifies the coherent radio component.

These spatially resolved measurements of LSR J1835+3259 provide direct observational confir-
mation of the scenario illustrated in Fig. 5, where both the radiation belts and the auroral rings
are clearly distinguished. The combination of the wide bandwidth and high sensitivity offered by
the future SKA in its AA4 configuration, together with the milliarcsecond-scale spatial resolution
achievable with VLBI arrays, will provide a powerful means to study plasma processes within UCD
magnetospheres and to search for potential exoplanetary companions through their magnetospheric
interactions.

Existing VLBI observations (Forbrich and Berger, 2009; Climent et al., 2023; Kao et al., 2023)
indicate that a distance of roughly 10 pc represents the practical limit for resolving UCD radio
magnetospheres. The forthcoming SKA all-sky surveys, with their exceptional sensitivity, are
expected to uncover a large number of nearby, radio-loud UCDs. The discovery of such sources
will be particularly valuable for planning targeted, high-resolution VLBI observations aimed at
resolving their magnetospheres and probing the mechanisms responsible for their non-thermal
radio emission. The combination of SKA sensitivity and VLBI resolution will not only resolve
magnetospheric structures but may also enable companion searches through precision astrometry
(Curiel et al., 2026).

SKA outlook for this science case

The analysis of coherent and incoherent radio emission from stars and substellar objects hosting
ordered magnetospheres suggests that related magnetospheric processes may operate across very
different stellar mass regimes. In particular, the observed relationship between radio luminosity
and centrifugal breakout power in hot magnetic stars, together with analogous trends observed in
UCDs, points toward an important role played by large-scale magnetic topology and rapid rotation.

The Square Kilometre Array (SKA) will provide the sensitivity, bandwidth, and survey scale
required to test these scenarios under a broad range of physical conditions. Combined with VLBI
observations, SKA measurements will enable detailed studies of magnetospheric geometry, plasma
distributions, and particle acceleration processes, helping establish a quantitative observational
framework for magnetospheric radio emission from stars, brown dwarfs, and star–planet systems.
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