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We examine the capability of the SKA-Mid telescope for probing solar coronal
structure and evolution. Using radiative magnetohydrodynamics simulations of a
solar flare, we synthesize radio emission in bands available to SKA-Mid. SKA-
Mid observations would provide important constraints on plasma processes that
are important to diverse astrophysical environments, including flares/eruptions,
magnetic reconnection, particle acceleration, and gyro-emission processes. Ob-
servations with the AA4 configuration would reveal fine-scale structures in the
solar atmosphere, making SKA-Mid a complementary telescope to other high res-
olution solar observatories operating at optical, infrared, and XUV wavelengths.
Estimates of coronal scattering suggest that angular broadening rather than instru-
mental resolution (0.1 ”at 10 GHz) will limit the detection of the finest structure
under typical conditions. The extent of angular broadening depends on the nature
of turbulence in the corona, and the longer baselines of SKA-Mid will serve to
provide new observational constraints on coronal structure.
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High-resolution Solar Physics with SKA-Mid Cheung et al.

1 Introduction

The solar atmosphere is a natural laboratory for studying fundamental plasma physics processes that
are expected to operate in diverse astrophysical environments. These processes include MHD turbu-
lence, magnetic reconnection, magnetically-driven flares and eruptions, magnetoacoustic waves and
instabilities, astrophysical shocks, particle acceleration and much more. In the past decade, a consid-
erable number of scientific discoveries and advances in our understanding of solar physics have been
enabled by observations at arcsecond and subarcsecond resolutions (corresponding to L fi720km
on the Sun), particularly at microwave, optical, UV, and XUV wavelengths (e.g., Winebarger et al.,
2013; Tian et al., 2014; Hinode Review Team et al., 2019; Chen et al., 2020; De Pontieu et al., 2021;
Fleishman et al., 2020, 2022; Harra et al., 2025). The highly intermittent and structured dynamics
in the solar atmosphere at these scales have raised new questions about the physical mechanisms
underlying coronal heating (De Pontieu et al., 2022) and flares/eruptions (Cheung et al., 2022).

Gary (2023) presents a thorough review of recent solar science enabled by the current generation of
radio astronomy facilities such as the Expanded Owens Valley Array (EOVSA; Gary et al., 2018),
the Murchison Widefield Array (MWA; Tingay et al., 2013), the Jansky Very Large Array (JVLA),
and the Atacama Large Millimeter Array (Wootten and Thompson, 2009). For example, millimeter
observations with ALMA (Wootten and Thompson, 2009) have enabled a limited number of studies
of the thermal structure of the solar chromosphere (Wedemeyer et al., 2016; Bastian et al., 2018)
at close to arcsecond resolution. Under construction, the Square Kilometre Array Observatory
(SKAO) will have wide frequency coverage (50 MHz - 15.4 GHz), which will enable a range of
solar science cases summarised in the overview chapter (Zucca et al., 2026).

2 SKA-Mid as a High Resolution Solar Observatory

When SKA-Mid construction reaches the Array Assembly 4 (AA4) milestone, it would become the
only radio astronomy observatory of capturing (sub)arcsecond, high-fidelity images in its frequency
range. For example, at 10 GHz, SKA-Mid AA4 observing the Sun in December would have an
instantaneous beam size of 0.1”, while the AA* subarray would have a beam size of 0.2” (see
Figure 1). However, it should be noted that resolution across the SKA-Mid band is likely to be
limited by scatter broadening in the intervening corona rather than the resolution of the instrument
in the typical case. This important aspect is discussed further in Section 3.3.

At frequencies available to SKA-Mid, free-free emission from magnetized plasma in the corona
leads to circular polarization signals that are a probe of the coronal magnetic field (e.g., see
observations performed with the Nobeyama Radioheliograph; Iwai and Shibasaki, 2013). Circular
polarization signals from free-free emission arise because the ordinary (O) and extraordinary (X)
modes have different optical depths in an atmosphere with a temperature gradient. For a review
of the relevant radio emission and propagation mechanisms in the solar atmosphere, the reader is
referred to Gary (2023). A summary of open problems addressable with microwave observations
of the solar corona is discussed in Chen et al. (2023).

To illustrate the diagnostic potential of SKA-Mid, we synthesised radio images from snapshots of
a magnetohydrodynamics (MHD) simulation of a solar flare (Rempel et al., in prep; Martinez-
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Figure 1: Top left: Instantaneous monochromatic UV coverage of SKA-Mid AA4 observing the Sun at
midday in December. Top Right: Central area of the UV plane (indicated by cyan square in left panel).
Magenta circle indicates a 3 km radius. Color scale indicates density of baselines in the UV plane. Center
and Bottom: Instantaneous monochromatic PSF at 10 GHz (uniform weighting). Both AA* and AA4
con gurations are shown, with both full array and excluding Meerkat dishes. Dotted vertical lines are

separated by 099
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Sykora et al., in prep). The single- uid MHD model that takes into account magnetoconvection,
self-consistent coronal heating, radiative transfer and eld-aligned thermal conduction along mag-
netic eld lines. Details of the model and simulation setups are described in Cheung et al. (2019)
and Rempel et al. (2023). These simulations were developed to guide the development of science
and technical requirements for NASA's upcoming Medium Class Explorer mission, the Multi-slit
Solar Explorer (MUSE; De Pontieu et al., 2020, 2022; Cheung et al., 2022). MUSE will observe
the solar corona at sub-arcsecond resolution, delivering active-region scale spectral rasters at ca-
dences of 10-20s to capture the spatiotemporal evolution of the solar corona. Additionally, the
Solar-C/EUVST mission (Shimizu et al., 2019) would provide subarcsecond resolution UV/EUV
spectra covering spectral lines that span the full temperature range (photosphere to are corona)
of the solar atmosphere. The two missions are scheduled to launch before science veri cation
for SKA-Mid is completed. Coordinated simultaneous observations with ground-based solar opti-
cal/infrared telescopes with similar local sidereal time as SKA-Mid, including the Swedish Solar
Telescope (Scharmer et al., 2003; Scharmer et al., 2008; Lofdahl et al., 2021) and GREGOR (Kleint
et al., 2020) in the Canary Islands, would provide complementary observations of the photosphere
and chromosphere at sub-arcsecond resolution. The operational opportunities and challenges of
coordinated observations are discussed in Section 4.1.

Following Rempel et al. (2023), this simulation models a are by driving two opposing photospheric
polarity regions (sunspots) against each other, leading to the formation of a ux rope which
eventually results in an eruptive are. The numerical grid spacing of the simulation is 192 km in
the horizontal directions, and 64 km in the vertical direction, corresponding t8%u26 0.088°
respectively. Figure 2 shows the synthesized radio emission over the simulation domain for lines-of-
sight parallel to the vertical axis of the simulation (i.e. top-down view). The synthesis was performed
by extracting columns of the plasma (electron) temperature, electron density and magnetic eld
vector sampled along the line of sight, and synthesising the free-free and gyroresonance emission
for the multi-thermal plasma populations using the method and code detailed in Fleishman et al.
(2021). The code can compute gyro-emission in various energy regimes and for di erent electron
distributions (including kappa distributions), so comparisons of forward-modeled spectra and SKA-
Mid observations would enable ruling out certain physics models of coronal heating and particle
acceleration.

The radio emission maps in Figure 2 are displayed for frequencies that fall in the SKA-Mid band,

1, 4, 5a and 5b receivers. We note that the band 4 receiver covering 2.8 to 5.18 GHz is part of
the baseline design but not one of the rst generation receivers. For a ® 10 GHz, the emission is
dominated by gyroresonance (as opposed to free-free). The image at 1 GHz shows loops associated
with the erupting ux rope, whereas images at higher frequencies progressively show magnetic
loops closer to the polarity inversion line. SKA-Mid observations would provide observational
constraints to test models of coronal are plasma that consist predominantly of multi-thermal
plasmas (Cheung et al., 2019) and models that consist of non-thermal populations (e.g. Krucker
and Battaglia, 2014; Chen et al., 2023, 2024).

Figure 3 shows a comparison between synthetic magnetograms at the photosphere and 3200 km
above (top panel), as well as the map of circular polarization at a = 10 GHz. This pre are snapshot
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Figure 2: Synthetic radio images of a simulated solar are at a = 10— 40—8+3 and 151 GHz. Each of the
radio images is overlaid above the photospheric magnetogram showing the distribution of a pair of opposite
polarity sunspots that are undergoing shearing motion.
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Figure 3: Pre are state from a MURaM radiative MHD simulation of an M- are (Rempel et al., in prep). Top
panel: Distribution of line of sight magnetic eld at the photosphere (contours at 1-2 kG; red is negative,
blue positive) and at a height of 3200 km (i.e. coronal eld). Middle panel: Synthesized Stokes | at 10 GHz.
Bottom panel: Degree of circular polarization at 10 GHz.

precedes the are snapshot (Figure 4; same time as Figure 2) by 580s. The magnetograms and cir-
cular polarization maps show morphological correspondence, consistent with previous microwave
observations (e.g. from Nobeyama Radioheliograph, see Iwai and Shibasaki, 2013). In the are
state, the corrugation of edge of the are loop system are apparent in the Stokes | and circular
polarization images and could be a sign of MHD instabilities are current sheet out ow (French

et al., 2021). Such signatures would be di cult to detect without observations resolved at the
arcsecond scale.

High-resolution imaging observations with SKA-Mid will provide important constraints on the
fundamental physics of solar ares. To illustrate this point, Figure 5 shows the synthetic spectra
spatially-averaged over the entire computational domain of the pre are (Figure 3) and are (Figure 4)
shapshots. The spatially-averaged pre are spectrum is dominated by gyroresonance emission below
roughly 10 GHz and by free-free emission at higher frequencies, where it monotonically increases
with frequency. In comparison, the spatially-averaged are spectrum peaks at 20 GHz (for this
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