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Cataclysmic variables and symbiotic stars are interacting binary systems in which
a hot white dwarf (WD) orbits a companion main-sequence or red giant star,
respectively. Accumulation of hydrogen-rich material on the WD surface may
trigger re-ignition of thermonuclear reactions that, under degenerate conditions,
lead to an explosive ejection of the accreted layer mixed with WD material. These
explosions, known as classical novae, provide opportunities to study key astro-
physical processes such as binary evolution, accretion, ionisation of circumstellar
material, mass ejection, jet formation, and thermonuclear burning. Radio emis-
sion in these systems arises from both thermal and non-thermal processes, which
manifest differently in classical and symbiotic novae. 𝛾-ray emission has also been
detected in several cases, and recent progress, driven by coordinated radio and
multiwavelength observations, has greatly advanced our understanding of both
types of novae. Multi-frequency, multi-epoch, and multi-scale interferometric
observations are powerful probes of the evolving physical conditions following
thermonuclear explosions, revealing information from both ionised and relativis-
tic particle populations. The SKAO, particularly its SKA-Mid component, will
enable regular monitoring of Galactic novae, multiple times per year for classical
novae and every few years for symbiotic systems. It will explore a wide range of
conditions, including companion types, WD masses, accretion regimes, and sur-
rounding environments. The VLBI capabilities of the SKAO will target compact
shocked regions, while its exceptional sensitivity will also allow characterisation
of emission during quiescent phases of the binaries.
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1 Science background

Interacting binaries that host accreting white dwarfs (WD) produce a remarkably rich variety of
explosive and variable phenomena (Kenyon, 1986; Warner, 1995). Among these, nova eruptions,
thermonuclear runaways on the WD surface (Starrfield et al., 2016), are the most dramatic ones.
They provide exceptional laboratories for studying mass transfer, thermonuclear burning under
degenerate conditions, shock formation, particle acceleration, the shaping of the circumstellar
environment and chemical evolution of the Galaxy (e.g., Starrfield et al., 2020; Della Valle and
Izzo, 2020; Chomiuk et al., 2021b). Over the past two decades, radio astronomy has evolved from
episodic single-target observations to systematic, multi-frequency programs that have unveiled the
geometry of nova ejecta, the balance between thermal and non-thermal emission, and the evolution
of shocks and circumstellar interactions at spatial scales inaccessible at other wavelengths (see eg.
Chomiuk et al., 2021a).

Depending on the nature of the companion star, novae are broadly classified as classical or symbiotic.
Classical novae occur in close binaries where a WD accretes hydrogen-rich material from a Roche-
lobe-filling, low-mass main-sequence or slightly evolved companion. When the accreted envelope
reaches critical pressure, it ignites a runaway fusion reaction, ejecting material and brightening the
system by about ten magnitudes for weeks to months (Strope et al., 2010; Kawash et al., 2021). After
the outburst, accretion resumes leading to a new eruption on timescales from decades to thousands
of years depending primarily on the mass of the WD and the accretion rate. Classical novae cover a
wide range of ejected masses (∼ 10−7 − 10−4𝑀⊙) and kinetic energies (1043 − 1047 erg), producing
rich spectroscopic evolution and luminous thermal radio emission from their ionized, expanding
ejecta. About 10 novae are discovered in the Galaxy each year, but many more are expected to
evade detection due to dust obscuration, with the total number estimated to be around 30 (Shafter,
2017; Rector et al., 2022) or 45 (De et al., 2021; Zuckerman et al., 2023) per year.

Symbiotic novae are rarer eruptions occurring in binaries where a WD accretes material from a
red giant (RG), either via Roche-lobe overflow or wind accretion. Owing to the presence of a
RG companion, these systems have wider orbital separations, typically a few astronomical units,
and longer orbital periods of a few years (Munari, 2025). The dense, extended circumstellar
medium profoundly alters the eruption dynamics: when the thermonuclear runaway occurs, the fast
nova ejecta interact with the pre-existing, slower-moving RG wind, generating strong shocks and
sustained emission from radio to 𝛾-ray energies. This contrast in scale and ambient density between
symbiotic and classical novae provides natural laboratory for studying how ambient medium and
binary separation control shock strength, particle acceleration, and radiative evolution (see eg. Li
et al., 2017; Azzollini et al., 2023). The current census of symbiotic stars in the Milky Way includes
284 confirmed systems (Merc, 2025). Particularly relevant are recurrent symbiotic novae, such as
RS Ophiuchi (RS Oph), which provide a rare opportunity to observe and compare multiple eruptions
within a human lifetime at different orbital phases, varying the degree to which the red giant wind
obscures our view of the erupting white dwarf (O’Brien et al., 2006). Because of their short outburst
recurrence times, these systems are thought to host very massive WDs near the Chandrasekhar limit,
making them strong candidates as progenitors of Type Ia supernovae (Kato and Hachisu, 2012).

Radio wavelengths probe both free-free emission from ionized gas and synchrotron emission from
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shock-accelerated particles (Kantharia et al., 2007; Eyres et al., 2009; de Ruiter et al., 2023),
providing insights into ejecta mass, magnetic fields, and shocks. High-resolution, multi-frequency
and multi-epoch radio observations allow us to constrain the ejecta morphology, asymmetries and
evolution, as well as the mass ejection history, the particle acceleration mechanisms and the role
of the circumstellar medium in shaping the remnant (O’Brien et al., 2006; Rupen et al., 2008;
Sokoloski et al., 2006; Lico et al., 2024; Munari et al., 2022). These diagnostics were pivotal in
a number of recent discoveries: clear evidence of bipolar and non-spherical ejecta, challenging
earlier assumptions of spherical symmetry (O’Brien et al., 2006; Lico et al., 2024), unambiguous
detection of non-thermal emission associated with shocks (e.g., Munari et al., 2022; Sokolovsky
et al., 2023; de Ruiter et al., 2023), milliarcsecond scales complex structure connected to the pre-
outburst activity, as well as the association of novae with 𝛾-ray (Abdo et al., 2010; Cheung et al.,
2022) and very-high energy (H. E. S. S. Collaboration et al., 2022) emission, implying efficient
particle acceleration (Giroletti et al., 2020).

The Square Kilometre Array Observatory (SKAO), with its unprecedented sensitivity, angular res-
olution, and survey capabilities will be a game-changer in the context of transient phenomena,
particularly for nova science. Compared with current facilities, SKA will detect much fainter
thermal radio emission, produce dense multi-epoch spectral monitoring, and conduct large-scale
surveys of the Milky Way, providing a statistically complete picture of the nova population. More-
over, thanks to the ability to phase-up many dishes together for participation in very long baseline
interferometry (VLBI) networks, it will map the complex geometries of nova ejecta with unprece-
dented detail (O’Brien et al., 2015). These capabilities (detailed in Section 3) address the key open
questions in nova physics: how mass is ejected (mass, velocity and geometry), how shocks form
and accelerate particles, what fraction of the ejecta remains bound, and how repeated mass-loss
shapes the circumstellar environment.

2 Recent results

2.1 Classical novae

The explosion of the nova V906 Carinae (V906 Car) in 2018 provided one of the clearest demonstra-
tions that even classical novae can be powerful sources of particle acceleration (Aydi et al., 2020).
Coordinated multiwavelength observations revealed that rapid optical flares were contemporaneous
with high-energy emission (𝛾-rays and hard X-rays), showing that a significant fraction of the optical
light was produced by shock heating rather than only thermal radiation from the expanding shell.
NuSTAR and XMM-Newton data confirmed the presence of hot shocked plasma, while follow-up
radio monitoring detected clear evidence of non-thermal (synchrotron) emission in the immediate
aftermath of the outburst and showed evolving structures consistent with colliding flows. Spectro-
scopic and infrared observations reinforced the picture that early, strong shocks play a central role
in the radiative output and dust formation history of this nova. Overall, V906 Car established a
direct observational link between shocks, particle acceleration, and multi-band emission in classical
novae (Aydi et al., 2020; Sokolovsky et al., 2020).

V5668 Sagittarii (V5668 Sgr), is one of the most luminous fast novae of the last decade, and was
extensively observed across the electromagnetic spectrum after the 2015 eruption. Multi-band
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Figure 1: Natural-weighted RS Oph total intensity images obtained with the EVN at 5 GHz during 2021.
The observing epoch, measured in days following the outburst of 2021 August 08, appears in the top-left
corner of each image. All images are convolved with a beam of 9.8 mas × 12.8 mas at 0◦, with the color
scale and the overlaid contours representing the total intensity emission. Adapted from (Lico et al., 2024).

radio observations using facilities like the Atacama Large Millimeter Array (ALMA), the Jansky
Very Large Array (JVLA) and the Australia Telescope Compact Array (ATCA) successfully traced
the rapid evolution of its radio flux from the earliest stages, indicating that even in these fast
classical novae, the expansion often deviates significantly from spherical symmetry (Diaz et al.,
2018; Abraham et al., 2024).

2.2 Symbiotic novae

The 2021 outburst of the recurrent symbiotic nova RS Ophiuchi (RS Oph) provided an exceptional
opportunity to study the physics of nova eruptions through high-resolution radio VLBI imaging,
offering the most detailed view to date of bipolar ejecta interacting with a dense RG wind. Multi-
epoch European VLBI Network (EVN) + e-MERLIN observations between 14 and 65 days after the
outburst, at 1.6 and 5 GHz (Fig.1), traced the expansion geometry of the remnant and enabled the
construction of a comprehensive 3D model that connects the spatial origin of the hard and supersoft
X-rays, thermal and non-thermal radio emission, and the permitted and forbidden optical/UV
lines (Munari et al., 2022; Lico et al., 2024). The radio images revealed asymmetry between
the approaching and receding lobes, with the latter appearing fainter and partially absorbed in
the earliest epochs. This asymmetry is naturally explained by the presence of a dense equatorial
structure, identified as a Density Enhancement on the Orbital Plane (DEOP). This indicates that in
addition to a massive accretion disk around the WD, the WD’s gravity channels most of the RG’s
lost mass towards the orbital plane, creating the observed density enhancement. Consequently, the
combined effect of the WD accretion disk and the DEOP confines the ejecta, forcing it to expand
primarily in the bipolar structure perpendicular to the orbital plane. The density of the DEOP,
as well as its degree of ionization, was found to decline from ∼ 1 × 107 cm−3 near the binary to
∼ 9× 105 cm−3 at a few hundred astronomical units. The ejecta were found to propagate at a speed
of 8150 km s−1, with no evidence of significant deceleration, suggesting that the density gradient
perpendicular to the orbital plane is very steep, and that the bulk of the ejecta’s deceleration could
have occurred within the initial two weeks after the eruption. These VLBI studies provide one of
the most complete, spatially resolved views yet obtained of shock propagation and bipolar outflow
formation in a symbiotic nova system.

Among symbiotic novae, V407 Cygni (V407 Cyg) stands out as the first nova ever detected in GeV 𝛾-
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rays, following its 2010 eruption, providing clear evidence that shocks in nova ejecta can accelerate
particles to relativistic energies (Abdo et al., 2010). The 𝛾-ray emission observed by Fermi-LAT
originated as the nova ejecta impacted the dense wind of the Mira-type companion, generating
strong shocks and non-thermal radiation while ionizing the surrounding circumstellar environment.
A comparison with the recurrent symbiotic nova RS Oph highlights a striking difference in ejecta
deceleration dynamics. In RS Oph, the bipolar lobes could have slowed significantly within the first
two weeks of the eruption, whereas in V407 Cyg the deceleration persisted for several months. This
extended deceleration reflects the system’s larger orbital separation, which limits the white dwarf’s
ability to deflect the Mira wind away from polar directions (Munari, 2025). High-resolution radio
VLBI imaging also uncovered an unexpected radio-emitting feature moving radially outward along
the same axis as the bipolar outflows, with a projected velocity of about 700 km s−1. Extrapolating
its trajectory places its ejection roughly 6.5 years before the 2010 eruption, during a phase of
enhanced accretion activity, likely representing a polar blob of material expelled from the WD in
a prior mass-ejection episode (Giroletti et al., 2020). Such pre-eruption ejections are consistent
with behavior observed in other symbiotic systems, most notably T Coronae Borealis (T CrB),
which experienced a similarly super-active accretion episode prior to its 1946 outburst and is now
approaching another anticipated eruption (Munari et al., 2025).

2.3 Cataclysmic variables - dwarf novae

During the inter-eruption intervals, the classical novae build mass in their disk at a rate faster than
the disk can smoothly transfer to the WD; upon reaching a threshold in mass, the disk becomes
unstable and discharges most of its mass onto the WD. The potential energy released in the process
powers a surge in luminosity, known as a dwarf nova outburst. Such outbursts do not involve nuclear
burning and therefore are far less energetic than those of classical novae, recur on much shorter
timescales, from weeks to years, and do not eject mass into the circumbinary space (Hameury, 2020;
Jordan et al., 2024). In a recent radio survey using the South African MeerKAT radio telescope,
Kersten et al. (2025) report the detection of three dwarf novae (IP Pegasi, V426 Ophiuchi, and RU
Pegasi) during optical outbursts in L-band (∼ 1.28 GHz). Although several thousands of dwarf-
nova systems are currently known, these are among the very few ones ever clearly detected in
radio, raising the confirmed radio-emitting dwarf-nova population to about ten systems. These new
detections show that dwarf novae, though intrinsically faint in the radio band, can produce detectable
emission during outbursts. The emission mechanisms remain uncertain, with synchrotron emission
from a jet or coronal emission from the donor star discussed as possibilities. Thanks to its superb
𝜇Jy sensitivity, the SKAO will transform this field by enabling the detection and monitoring of
dozens to hundreds of dwarf novae throughout the Galaxy.

3 The role of the SKAO in novae studies

The SKAO will enable a step-change in novae science. With its unprecedented sensitivity, wide-
field and VLBI imaging capabilities, it will provide the tools necessary to move beyond the study
of a handful of bright, nearby novae to a comprehensive understanding of the entire Galactic nova
population and beyond. The most significant impact for novae studies will come from SKA-Mid, that
covers the 0.35 - 15.4 GHz frequency range. The higher frequency bands of SKA-Mid, particularly
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band 5b at 8.3 - 15.4 GHz where both the free-free and synchrotron emission opacity decreases,
are crucial for resolving the compact structures in the early phases that follow the nova outburst.
Moreover, the 𝜇Jy sensitivity of these bands will enable the characterization of the fine structure of
the ejecta as well as the detection of novae from greater distances than ever before (O’Brien et al.,
2015).

To date, approximately 400 classical novae have been identified in the Milky Way through optical
observations. In contrast, detections at radio wavelengths remain comparatively rare. Despite
decades of monitoring, only a few dozen novae have been observed in the radio band. A com-
prehensive compilation by Chomiuk et al. (2021a) reports 36 classical novae with confirmed radio
detections, gathered from more than fifty years of observations published in the literature. This
disparity reflects both the observational challenges inherent to radio follow-ups, such as limited sen-
sitivity and cadence, and the intrinsically diverse radio behavior of novae, which depends strongly
on ejecta mass, density, and geometry. A further bias derives from the northern location of observ-
ing facilities like the JVLA, while the classical novae are primarily a Galactic Bulge population
and therefore mostly located at low southern declinations. One of the SKAO’s most impactful con-
tributions will be population-scale science. With its sensitivity, field of view and flexible cadence,
the SKAO surveys can detect the radio counterparts of most Galactic novae, not only the northern
and/or the brightest nearby ones, enabling a near 1:1 radio-to-optical detection rate, effectively
capturing the ’faint end’ of the population that is currently missed (O’Brien et al., 2015). This will
strongly reduce biases in ejecta mass and energetics estimates currently imposed by incomplete
radio follow-up. By surveying the Galactic plane and targeting known optical transients, the SKAO
will build large, homogeneous radio light-curve samples and produce the first statistically complete
radio nova population. Frequent, broadband monitoring over months to years will map the variety
of radio spectral evolution, characterizing both thermal and non-thermal emission, tracing shock
lifecycles in a population sense, and investigating the variability, properties of mass accretion and
ejection, nuclear burning, and the outflows of hundreds of novae. The multi-epoch data will provide
a wealth of information on the evolution of nova light curves, enabling a more accurate determi-
nation of ejecta masses and providing a better understanding of the different physical processes at
play. Beyond the outburst phase, the 𝜇Jy level sensitivity of the SKAO will allow to probe the
quiescent phase of novae, characterizing the faint, steady radio emission, likely originating from the
underlying binary’s wind or low-level accretion processes. These observations will provide critical
constraints on the mass-transfer efficiency, the nature of the accretion disk, as well as the presence,
role, and intensity of the magnetic fields that shape the environment of the progenitor binary.

Another transformative advance that the SKAO will bring to nova studies is its ability to phase the
SKA-Mid dishes into a single, highly sensitive element for VLBI. When linked with existing arrays
such as the EVN and global VLBI networks, the phased SKA-Mid will deliver sub-milliarcsecond
resolution across a wide 1.4–15 GHz frequency range (Bempong-Manful et al., 2026). This config-
uration will significantly enhance uv-coverage, particularly in the southern hemisphere where VLBI
facilities are limited, and enable ultra-sensitive, high-resolution studies of novae, including those in
the Galactic Centre and Magellanic Clouds. As demonstrated by O’Brien et al. (2015), the SKAO’s
sensitivity in the AA* configuration will make it feasible to monitor the brightest novae in the Large
Magellanic Cloud (LMC), providing a benchmark population at known distance and metallicity,
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both key parameters for testing how composition influences thermonuclear burning and mass ejec-
tion. Phased SKA-VLBI will deliver the sharpest radio images ever obtained of nova eruptions, and
it will be crucial for investigating the ejecta geometry, shock evolution, and interactions with the
circumstellar medium with unprecedented detail. A recent successful experiment between the EVN
and the phased MeerKAT array in South Africa, an SKA-Mid precursor, has already validated the
substantial improvements in sensitivity, uv-coverage, and resolution achieved when large southern
arrays join global VLBI efforts1. The future addition of African VLBI Network (AVN) stations will
further enhance these capabilities, enabling the mapping of novae shock fronts on mas and sub-mas
scales. Moreover, the unprecedented 𝜇as sensitivity of SKA-VLBI will allow searches for faint
emission from remnants of previous outburst phases, such as that seen in V407 Cygni (Giroletti
et al., 2020), potentially linked to super-active accretion phases that precede nova explosions and
record the long-term history of mass ejection and wind shaping.

The full scientific potential of the SKAO will be realized through synergies with other major
astronomical facilities. The SKAO’s radio observations can be combined with millimeter and
submillimeter wavelength data from ALMA, optical/IR photometric and spectroscopic observations
by the Vera C. Rubin Observatory, X-ray observations from Swift and Athena when available, as well
as high- and very-high-energy 𝛾-ray data from space-borne and ground-based detectors, including
Fermi-LAT and the Cherenkov Telescope Array Observatory (CTAO) (Castignani et al., 2026).
This multiwavelength approach will provide a holistic view of novae, from the initial outburst to the
long-term evolution of their remnants, from the cool, dusty ejecta to the high-energy processes that
accelerate particles to near the speed of light. To ensure efficient multiwavelength coordination,
the SKAO is designed with a Rapid Response Mode (RRM) that provides a level of operational
flexibility beyond that of traditional arrays (Anderson et al., 2026). This will enable near-real-time
transient alerts, autonomous triggering, and sub-arraying capabilities, allowing a portion of the
array to be instantly diverted to a transient target without disrupting ongoing primary observations.

The ability to conduct quasi-simultaneous multi-band observations will also be a major asset. By
observing a nova at multiple frequencies at the same time, we can perform detailed spectral studies
of the ejecta. This will enable us to investigate the particle energy distribution and disentangle the
different emission mechanisms at play, such as thermal bremsstrahlung and non-thermal synchrotron
emission, providing a more complete picture of the physical processes within the nova shell.

4 Concluding remarks

The SKAO will fundamentally transform our understanding of novae, enabling a shift from the
study of individual, well-known systems to a comprehensive, statistically complete census of the
Galactic nova population. This will help addressing far-reaching questions like the role played by
recurrent novae as progenitors of type Ia supernovae, which are key tools in the cosmic distance
ladder and in probing the expansion and acceleration of the Universe. Its unparalleled sensitivity
and the possibility to use it as a phased array in global VLBI experiments will allow us to ‘film’ the
evolution of nova explosions and reveal the small-scale physics of shocks, particle acceleration and
ejecta shaping with an unprecedented level of detail. Working together with other observatories, the

1
https://www.jive.eu/news/earth-sized-radio-observatory-just-got-better-south-africas-meerkat-telescope-joins-forces
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SKAO will reveal the complete multiwavelength picture of these thermonuclear eruptions across
different environments and metallicities, answering long-standing questions while almost certainly
leading to surprising new discoveries.
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