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The solar coronal magnetic field drives nearly every aspect of solar phenomena
and activity – from flares, coronal mass ejections, and solar wind that governs
space weather to the much weaker nanoflares. These magnetic fields are routinely
measured at the visible surface of the Sun, the photosphere. However, detailed and
direct measurements of the magnetic fields in the solar atmosphere, particularly
in the coronal layer, have remained rather limited. Mostly, these are estimated
from vector magnetic field measurements at photospheric heights through dif-
ferent extrapolation models. In the case of the corona, these extrapolations lack
observational constraints from the corona, especially during periods of intense
activity when magnetic structures evolve rapidly. Measurements of coronal mag-
netic fields from observations, therefore, remain one of the most crucial and
unresolved challenges in solar and space-weather research. Radio observations
of the Sun hold considerable potential in this regard. Observations of diverse
emission mechanisms, ranging from plasma emissions at lower frequencies to
thermal Bremsstrahlung and gyro-resonance at higher frequencies, provide mul-
tiple avenues to probe the coronal magnetic fields, unique at radio wavelengths.
SKAO, with its broad frequency coverage (0.05 to 15 GHz), will allow us to probe
wide range of coronal layers through unprecedented high-fidelity polarimetric
imaging at high temporal, spectral, and spatial resolutions. This chapter details
how the coronal magnetic field measurements can be achieved through spectro-
polarimetric imaging of the Sun with the SKAO.
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1 Introduction

The magnetic field in the solar atmosphere plays a central role in shaping plasma structures and
dynamics, as well as in the manifestation of solar activities. In contrast to the photosphere and the
chromosphere, the magnetic pressure in the corona dominates the plasma pressure. As a result,
the magnetic field determines the distribution and plasma structures of the corona. Moreover, the
magnetic energy accumulation and release drive energetic phenomena, such as flares, acceleration of
solar energetic particles (SEPs), coronal mass ejections (CMEs), which have a significant impact on
the heliosphere and the space weather (SpWx) around Earth. Hence, understanding and quantifying
the coronal magnetic fields and their temporal evolution is important for studying the energetics in
the corona, including the storage and release of magnetic energy.

Until recently, in-situ measurements of the coronal magnetic field were not possible. With the
closest approach of the Parker Solar Probe (PSP; Raouafi et al., 2023) to ∼9.8𝑅⊙, it is now possible
to obtain in-situ magnetic field measurements of the middle and outer corona. However, these
measurements only provide localized information. Hence, the global coronal magnetic fields
measurement entirely relies on remote sensing observations – inferring magnetic fields from the
influence of it on the electromagnetic radiation from the corona. Magnetic field measurement via the
Zeeman effect on the spectral line emission from the ion is routinely used for the solar photosphere
(Lagg et al., 2017). However, it becomes ineffective for coronal magnetic field measurements
because the coronal magnetic fields produce extremely small Zeeman splittings, far below the line
broadening caused by thermal motions of the coronal plasma. Moreover, the corona is optically thin,
so emission integrated along the line-of-sight (LoS) leads to the signal being mixed and cancelled.

There are several techniques for coronal magnetic field measurement across the electromagnetic
spectrum (as listed in Table 1 of Gibson et al. (2016)). Radio wavebands provide unique stands,
particularly in providing both quiet time and active time magnetic field measurements over a wide
range of heights. Solar radio emissions can be divided into two parts – the highly variable,
bright ‘active’ emission, and comparatively faint, slowly varying ‘quiet’ emission. To probe the
ever-evolving solar corona, one requires wideband observations with very high spectro-temporal
resolution and a high dynamic range to capture both faint and bright features simultaneously.

In this chapter, we first describe the challenges in measuring the coronal magnetic field and the
role of radio observations in overcoming those, in Section 2. This is followed by a brief discussion
of the different remote-sensing techniques in the radio band to probe the coronal magnetic field in
Section 3. Section 4 discusses how the SKAO will play a crucial role in coronal magnetography
and is followed by a Summary in Section 5.

2 Overcoming Challenges in Coronal Magnetography using Radio Observations

The coronal magnetic fields are intrinsically three-dimensional (3D), which makes their measure-
ment a significantly different problem compared to two-dimensional (2D) photospheric magnetic
fields. At the photosphere, magnetic field strength can vary from several Gauss to several thou-
sand Gauss. Hence, the Zeeman effects in the optical spectral lines are measurable and provide
measurements of the photospheric surface magnetic field. In the solar corona, magnetic fields

2



Coronal magnetography Patra et al.

weaken rapidly with height, while the low-density plasma produces optically thin spectral lines.
Consequently, Zeeman polarization signals originating from regions with different magnetic field
orientations cancel along the line of sight, yielding a negligible net polarization. Coronal Zee-
man splittings are far smaller than thermal Doppler widths of coronal emission lines due to the
higher temperature than the photosphere. The signal-to-noise ratio (SNR) is also limited due to
the faintness of coronal emission lines, making precise spectro-polarimetric detections extremely
challenging, even in infrared lines where the Zeeman sensitivity is enhanced (Lin et al., 2004).
Recent advances, such as high-sensitivity infrared coronal polarimetry with instruments such as
DKIST (Rimmele et al., 2020) have enabled localized detections of Zeeman signatures in coronal
Fe XII lines, marking a promising step toward direct magnetic mapping in the low corona (Schad
et al., 2024). However, these measurements remain restricted to bright, low-altitude regions under
highly favourable conditions.

Numerical modelling offers a way to understand the structure and strength of the coronal magnetic
fields. These models typically rely on extrapolations of the photospheric magnetic field to recon-
struct the three-dimensional coronal field under various physical assumptions (Wiegelmann and
Sakurai, 2021). The simplest of them is the potential field source surface (PFSS) model, which
assumes a current-free, static corona. PFSS model has been widely employed to study the global
magnetic topology and open field regions such as coronal holes (Schatten et al., 1969). It imposes
a spherical potential source surface, typically at ∼2.5𝑅⊙, where all the field lines are constrained to
be radial. This assumption makes the model incapable of capturing the complex magnetic field over
active regions. More advanced linear and nonlinear force-free field (LFFF and NLFFF) models,
which include electric currents, provide improved representations of active regions, capturing the
non-potential structures associated with flares and filaments (Wiegelmann, 2008). Beyond these,
data-driven and data-constrained magneto-hydrodynamic (MHD) simulations have emerged as pow-
erful tools for reproducing the temporal evolution of coronal magnetic fields and plasma dynamics
(van der Holst et al., 2014; Perri et al., 2022, 2023; Daei et al., 2023; Downs et al., 2025). Despite
their widespread use, coronal magnetic field models suffer from several fundamental limitations
that constrain their accuracy and physical realism. Most extrapolation techniques, such as the PFSS
and NLFFF models, assume static or quasi-static, force-free conditions while using photospheric
magnetic field measurements as lower boundary conditions. The most important issue in these
approaches is that the photospheric high-𝛽 1 plasma conditions do not match the low-𝛽 coronal con-
ditions, as evident from Figure 1, making it physically inconsistent to directly use the photospheric
field as a boundary condition for coronal models (Wiegelmann et al., 2017). Moreover, the photo-
spheric plasma dominates the dynamics, and hence, the force-free assumption on the photosphere
is not valid. While MHD models provide a global, self-consistent coronal magnetic field, they are
limited by the resolution and cadence of photospheric magnetograms. Hence, such models cannot
capture small-scale, rapidly evolving features such as reconnection sites or flare-driven dynamics
(Brchnelova et al., 2023).

Radio observations can be used to fill the gap between measuring and modeling the coronal magnetic

1𝛽 = Plasma Pressure
Magnetic Pressure = 16𝜋𝜉𝑛𝐾𝐵𝑇/𝐵2, where 𝜉 = 1 for corona and 1/2 for photosphere, n is particle density, T is

temperature and B is magnetic field.
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field (see review by Alissandrakis and Gary, 2021). Radio emission processes such as gyroresonance
and gyrosynchrotron radiation depend directly on the local magnetic field strength and orientation,
enabling spatially resolved measurements of coronal magnetic fields in active regions, where optical
or EUV techniques fail (Gary and Hurford, 1994). Moreover, the propagation effects (e.g., quasi-
transverse (QT) propagation) affect the observed polarization properties of radio waves. This
encodes additional information about the magnetic field’s direction and plasma parameters along
the line of sight. Additionally, plasma emissions, such as solar radio bursts, serve as valuable probes
of coronal magnetic field strength and topology, as their generation, propagation, and polarization
characteristics are intrinsically linked to the local magnetic field configuration. Hence, it can
provide an indirect estimate of the magnetic field strength at low frequencies (<500 MHz) i.e.,
higher heights in the corona. By comparing synthetic radio maps derived from PFSS, NLFFF,
or MHD models with spectro-polarimetric radio images, quantitative constraints can be placed on
the model parameters. Figure 1 schematically summarizes the observational probes and numerical
models used to measure and model magnetic fields across the solar atmosphere as a function of
height.
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Figure 1: This schematic shows the variation of plasma 𝛽 parameter with height above an active region.
The right side shows the current numerical models used for magnetic field modeling at different heights. On
the left side are the observations from which magnetic field information can be obtained at different heights.
The original plot was taken from Gary (2001).

3 Magnetic field measurement using Radio observations

3.1 Free-free emission

3.1.1 Emission mechanism

Under the electric fields of ions, electrons produce continuum thermal free-free (bremsstrahlung)
emission. At radio wavelengths, this mechanism dominates the quiet Sun and also many active
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region conditions, with the plasma remaining optically thin except in dense loops or low-lying
structures. The observed brightness temperature (𝑇𝐵), therefore, becomes a reliable tracer of the
thermal plasma distribution, provided the temperature profile is constrained independently. The
free–free absorption coefficient arises from bremsstrahlung theory (Kramers, 1923), while Dulk
(1985) provided convenient approximations tailored for solar radio applications. Recently, an
extended formulation that correctly accounts for the varying Gaunt factor and different ionisation
states has been presented by Fleishman et al. (2021). Assuming a Maxwellian distribution, no
magnetic field and unit refractive index, one can write the absorption coefficient as:

𝜅 𝑓 𝑓 =
8𝑒6

3
√

2𝜋𝑐𝑘𝐵𝑚3/2
𝑒

𝑛2
𝑒 lnΛ𝑐

𝜈2𝑇3/2 (1 + 𝜁 (𝑇, 𝜈)) (1)

where the constants have their usual meaning. The ionization term, 𝜁 (𝑇, 𝜈) is given by

𝜁 (𝑇, 𝜈) =
𝑁∑︁
𝑖=2

𝑍𝑖 (𝑔𝑖𝑍𝑖 − 1) 𝑛𝑖
𝑛𝑒

(2)

here, 𝑔𝑖 = 𝐺𝑖/𝐺1 is the ratio of Gaunt factor of i-th ionized ion (𝐺𝑖) to the singly ionized ion (𝐺1).
Furthermore, the Coulomb logarithm with the correct boundary temperature 2 can be written as:

lnΛ𝐶 =


17.718414 + ln

(
𝑇3/2

𝑍𝑖

)
− ln 𝜈, 𝑇 < 0.89125 MK,

24.569056 + ln𝑇 − ln 𝜈, 𝑇 > 0.89125 MK.
(3)

Although free–free emission is intrinsically unpolarized, it acquires weak circular polarization in a
magnetized plasma. This arises due to the difference in absorption of extraordinary (x) and ordinary
(o) modes in anisotropic coronal plasma in the presence of magnetic field. Using the treatment
prescribed in Zlotnik (1968), one can write:

𝜅𝜎𝑓 𝑓 =
𝜅 𝑓 𝑓

𝑛𝜎
𝐹𝜎 (4)

where, 𝜎 represents both magnetoionic modes and 𝜎 = +1 for o-mode and -1 for x-mode. In cold
plasma approximation, 𝐹𝜎 and 𝑛𝜎 are defined as:

𝐹𝜎 = 2
𝜎
√
𝑃[𝑢 sin2 𝜃 + 2(1 − 𝑣)2] − 𝑢2 sin2 𝜃

𝜎
√
𝑃[2(1 − 𝑣) − 𝑢 sin2 𝜃 + 𝜎

√
𝑃]2

(5)

𝑛2
𝜎 = 1 − 2𝑣(1 − 𝑣)

2(1 − 𝑣) − 𝑢 sin2 𝜃 + 𝜎
√
𝑃

(6)

where, 𝑢 = 𝜈2
𝐵
/𝜈2, 𝑣 = 𝜈2

𝑝/𝜈2, 𝑃 = 𝑢2 sin4 𝜃 + 4𝑢(1 − 𝑣)2 cos2 𝜃, 𝜈𝐵 is the gyro frequency, 𝜈𝑝 is
the electron plasma frequency, 𝜃 is the angle between the magnetic field (B) and the LoS. However,
under quasi-longitudinal (QL) approximation, one can write:

𝜅𝜎𝑓 𝑓 =
𝜅 𝑓 𝑓

(1 + 𝜎
√
𝑢 cos 𝜃)2 (7)

2The correct transition temperature of 0.89125 MK was derived by Fleishman et al. (2021). Using the previous value
of 0.2 MK as derived by Dulk (1985) introduces a small (∼3%) error.
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Hence, the radiative transfer equation can be written as:

𝑇𝜎
𝐵 =

∫
𝑇 (𝜏𝜎)𝑒−𝜏𝜎

𝑑𝜏𝜎 (8)

𝜏𝜎 =

∫
𝜅𝜎𝑓 𝑓 (𝑙)𝑑𝑙 (9)

where 𝑇𝜎
𝐵

and 𝜏𝜎 represent the brightness temperature and the optical depth of the two modes,
respectively. Due to the difference in their absorption coefficients and their sense of polarization
being opposite, circular polarization is generated. Let us denote the degree of polarization as𝑉 𝑓 𝑟𝑎𝑐.
Then, for optically thin regions, we can write:

𝑉 𝑓 𝑟𝑎𝑐 =
𝑉

𝐼
=
𝑇𝑅
𝐵
− 𝑇𝐿

𝐵

𝑇𝑅
𝐵
+ 𝑇𝐿

𝐵

=
𝑇 𝑥
𝐵
− 𝑇𝑜

𝐵

𝑇 𝑥
𝐵
+ 𝑇𝑜

𝐵

=
𝜅𝑥
𝑓 𝑓

− 𝜅𝑜
𝑓 𝑓

𝜅𝑥
𝑓 𝑓

+ 𝜅𝑜
𝑓 𝑓

≈ 2
√
𝑢 cos 𝜃 (10)

Substituting u and calculating the numerical values gives:

𝐵 cos 𝜃 [G] ≈ 5400
𝑉 𝑓 𝑟𝑎𝑐

𝜆 [cm]
(11)

This expression gives a very convenient way to relate the observed 𝑉 𝑓 𝑟𝑎𝑐 to the LoS component
of B. The ability to measure very low 𝑉 𝑓 𝑟𝑎𝑐 over a large range of frequencies will allow SKA
telescopes to measure 𝐵𝐿𝑜𝑆 in the corona through the continuum thermal free-free emission. In the
following subsection, we discuss a few studies that have used such methods to estimate the coronal
magnetic field.

3.1.2 Magnetic field measurements

Several studies have shown that thermal free–free emission—particularly its weak circular polar-
ization—can provide quantitative constraints on LoS coronal magnetic fields. The classical work
of Bogod and Gelfreikh (1980) demonstrated that the opacity difference in the o-x mode can
produce reliable estimates of (𝐵∥ ), recovering a value of 40 G above a plage. Building on this,
later articles formalized the inversion and clarified its limits, showing that the weak-field linear
approximation is accurate when (𝜈𝐵/𝜈 ≪ 1) and when independent temperature information is
available. Modern analyses, such as Iwai et al. (2014), combined the Nobeyama Radioheliograph
(NoRH; Nakajima et al., 1994) Stokes (V) maps with EUV differential emission measure (DEM)
constraints using the observations of the Atmospheric Imaging Assembly (AIA; Lemen et al., 2012)
onboard Solar Dynamics Observatory (SDO) and retrieved coronal fields of ∼ 84 G in post-flare
loops. Sastry (2009) showed that even very weak coronal magnetic fields (∼0.2-1 G) at heliocentric
distances of 1.5–3 𝑅⊙ produce measurable circular polarization in low-frequency (10–80 MHz)
thermal free–free emission. Recent studies by Ramesh et al. (2010) and McCauley et al. (2019)
have estimated circular polarization of 10-15% and 5-8% for coronal streamers and coronal holes,
respectively. In the millimeter/submillimeter regime, circular polarization measurements of the
Sun can enable diagnostics of the chromospheric LoS magnetic field via weak Stokes V signals
from thermal free–free emission. Initial ALMA (Atacama Large Millimeter/submillimeter Array)
solar polarimetry efforts have reported detectable circular polarization in active regions (Shimojo
et al., 2024), while simulations and observational analyses show that ALMA-band measurements
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can reliably recover chromospheric magnetic fields from such signals(e.g., Loukitcheva et al., 2017;
Loukitcheva, 2020). However, estimating the magnetic field strength across a range of coronal
heights through faint free-free circular emission requires wide-bandwidth sensitive radio observa-
tions. We discuss this in later sections how such needs will be fulfilled by SKA telescopes in section
4.

3.2 Gyro-resonance

3.2.1 Emission mechanism

In the early 1960s, it was independently demonstrated theoretically by Zheleznyakov (1962) and
Kakinuma and Swarup (1962) that gyroresonance emission dominates centimetric emission from
active regions. The million kelvin solar corona can be characterized by two crucial frequencies
– the plasma frequency (𝜈𝑝 = 8980√𝑛𝑒 Hz where 𝑛𝑒 is electron density in 𝑐𝑚−3) and the gyro
frequency (𝜈𝐵 = 2.80× 106𝐵 Hz where B is measured in Gauss) due to the magnetic Lorentz force.
The gyrating electrons can emit and absorb radiation at the fundamental and low harmonics of the
gyro frequency (𝜈 = 𝑠𝜈𝐵 where s=2,3,4...). Hence, the gyroresonance emission comes from a very
narrow iso-Gauss layer in the corona. Electromagnetic waves propagating through coronal plasma
have two circularly polarized modes (Ginzburg et al., 1962) under most conditions. Of them, the
x-mode gyrates in the same sense as the electron in the B field, and the o-mode gyrates in the
opposite sense. Hence, the two modes interact with the thermal electrons differently, where the x-
mode interacts strongly, compared to the o-mode. The equation for optical depth of gyroresonance
for a thermal (Maxwellian) velocity distribution of the electrons has been derived and discussed
in many articles (e.g. Zheleznyakov, 1970; Dulk, 1985). A simplified expression was provided by
White and Kundu (1997) :

𝜏𝑥,𝑜 (𝑠, 𝜈, 𝜃) ≈ 0.0133
𝑛𝑒𝑠

2

𝜈𝑠!

(
𝑠2 sin2 𝜃

2𝜇

)𝑠−1

𝐿𝐵𝐹𝑥,𝑜 (𝜃) (12)

where, 𝜇 = 𝑚𝑒𝑐
2/𝑘𝐵𝑇 , the scale length 𝐿𝐵 = 𝐵/∇𝐵 is calculated along LoS and the function

𝐹𝑥,𝑜 (𝜃) is defined such that it is unity at 𝜃 = 90𝑜 for the x-mode. For angles far away from 90𝑜,
one can approximate, 𝐹𝑥,𝑜 (𝜃) ≈ (1 ± cos 𝜃)2 while the ‘+’ sign corresponds to x-mode and the ‘-’
sign corresponds to the o-mode.

It can be understood that if the photospheric magnetic field is sufficiently low or the frequency is
sufficiently high, no gyro-resonance emission will be seen. This is expected because the third and
the second harmonic layers will be below the transition region (TR), making it impossible for these
frequencies to escape the TR. When the frequency is appropriately low and/or the magnetic field
is sufficiently high, the third harmonic enters the transition region, and a strong (almost 100%)
circular polarization in the sense of x-mode is observed (Shibasaki et al., 1994; Nindos et al.,
2000). Gyro-resonance emission for fourth harmonics and higher do not have significant optical
depth in the corona and hence are not usually important. Although by definition gyro-resonance
radiation is emitted in discrete frequencies, due to the variation of the magnetic field with height, the
resultant emission appears continuous in nature. But this is only true if the magnetic field decreases
monotonically with height. However, there are exceptions to these. For example, when there’s a
hot structure in corona, the frequency of the third harmonic of the emission will be higher than in
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nearby regions. This gives rise to cyclotron lines, the width of which depends on the magnetic field
gradient. Zhelezniakov and Zlotnik (1980) showed that the bandwidth of these lines can be written
as:

𝛿𝜈

𝜈
=
√

2𝛽𝑇 cos𝛼 (13)

where 𝛿𝜈/𝜈 is the fractional bandwidth, 𝛽𝑇 is the ratio of thermal velocity of electrons and the
speed of light, and 𝛼 is the angle between the magnetic field and the LoS. The following subsection
summarizes selected studies that have utilized these methods to infer the coronal magnetic field.

3.2.2 Magnetic field measurements

Since the gyro-resonance (g-r) emission and the magnetic field are closely related, it is a valuable
tool in studying the atmospheric layers above active regions. With early modelling and imaging
Alissandrakis et al. (1980) established it as a direct probe of strong (≈ 102 − 103 G) magnetic
layers above sunspots. The g-r opacity depends strongly on electron temperature and density,
harmonic number, wave mode, and the angle between B field and LoS (x-mode ≫ o-mode; 2nd
harmonic ≫ 3rd in opacity) (Akhmedov et al., 1982; Shibasaki et al., 1994). High-resolution, multi-
frequency imaging and spectral modeling have since refined this technique and been reviewed in
comprehensive syntheses (White, 2004; Lee, 2007), while more recent observational and data-driven
modeling studies (RATAN-600/SSRT/NoRH; Stupishin et al., 2018; Nita et al., 2018; Alissandrakis
et al., 2019)and updated theoretical treatments of thermal gyro-resonance/free-free emission (e.g.
Fleishman et al., 2021) have improved the mapping of harmonic layer heights and enabled routine
magnetic-field estimates from the spectral onset of polarized emission (routinely applied to RATAN-
600 and other data). Contemporary efforts focus on combining NLFFF / DEM-driven 3D models
with multi-frequency imaging to produce full-Stokes synthetic maps and quantitative magnetic
diagnostics.

Another interesting application can be studying coronal bright points which are a class of coronal
structures which practically make them behave like mini-active regions. Like active regions, they
are also quite stable structures and can last for several days. Their magnetic fields strengths lie in
the range 10–200 𝐺, higher than the diffuse quiet solar corona, but lower than that generally seen in
active regions. This suggests that it might be possible to detect the gyro-resonance emission from
coronal bright points, albeit weaker and at frequencies lower than that generally observed in active
regions. Kansabanik et al. (2024, 2025) have already demonstrated that with the availability of high
fidelity solar radio imaging using MeerKAT, coronal bright points can be detected quite easily all
over the solar disc (see figure 2). With its broad frequency coverage and enhanced sensitivity, the
SKA telescopes are expected to not only detect coronal bright points, but also enable modeling their
spectrum and determine their magnetic field. Additionally, since coronal bright points are present
in much larger numbers compared to active regions, coronal magnetic field measurements might
become available over much larger areas once this method becomes available.

3.3 Gyrosynchrotron Emission

3.3.1 Emission Mechanism

Mildly relativistic electrons trapped in flaring coronal loops produce gyrosynchrotron (GS) radia-
tion. The emission depends sensitively on the magnetic field magnitude (B), pitch-angle distribution,
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Figure 2: Comparison between synthetic and observed MeerKAT radio images on 2020 September 27,
10:45 UTC. Left panel: synthetic MeerKAT solar radio image. Right panel: observed MeerKAT solar radio
image. In both images, multiple bright regions have been detected. Some of them are marked by cyan circles.
Small green-filled circles at the bottom left corner marked by a green box represent the PSF of the images.
Figure adapted from Kansabanik et al. (2024)

electron energy spectrum, and the viewing geometry. The classical expressions for emission and
absorption of gyro-synchrotron emission in a magneto-active plasma were given by Ramaty (1969).
Dulk (1985) gave the expected spectral shape for both thermal and power law non-thermal electron
distributions. The emission is quasi-continuous in frequency and has a peak at the low harmonics of
the gyrofrequency. However, magnetic fields in flaring sources are highly inhomogeneous, which
makes direct magnetic field measurement less straightforward than other methods. As discussed in
the following text, most studies assume a homogeneous distribution of energetic electrons. However,
simplistic models do not agree well with observational data (Kansabanik et al., 2024). Several other
studies have considered inhomogeneous and anisotropic distributions of non-thermal electrons and
temporal variability (e.g Fleishman and Melnikov, 2003; Tzatzakis et al., 2008; Simões and Costa,
2010; Nita et al., 2015).

3.3.2 Magnetic Field Measurements

Despite difficulties, earlier studies included detailed modelling of flaring loop observations at high
radio frequencies. Nindos et al. (2000) derived magnetic-field strengths of 870 G at the footpoints
and 270 G at the loop top of a flaring structure by combining data from Karl G. Jansky Very
Large Array (VLA; Perley et al., 2011) and spectral data from Owens Valley Radio Observatory
(OVRO; Hallinan et al., 2023). Comparable values, spanning 1,700–200 G, were later obtained
from Nobeyama (Nakajima et al., 1985) 17 and 34 GHz imaging by Kundu et al. (2001, 2004),
Tzatzakis et al. (2008), and Kuznetsov and Kontar (2015). In recent years, with the Expanded
Owens Valley Solar Array (EOVSA; Gary et al., 2018) providing spatially resolved, high-cadence
broadband spectra, direct spectral fitting of GS emission has been done. One of EOVSA’s earliest
limb-flare studies, involving imaging at 30 frequencies between 3.4–18 GHz, yielded preliminary
magnetic-field estimates of 150–520 G (Gary et al., 2018). Fleishman et al. (2020) showed that
the decrease in stored magnetic energy is sufficient to power solar flares. Chen et al. (2020)
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measured the magnetic field profile along the reconnecting current sheet and compared it with
MHD simulations. Gyrosynchrotron diagnostics have also been applied to Coronal Mass Ejections

Figure 3: Comparison of gyrosynchrotron emission spectra from CME plasma as reported in various studies.
The figure is adapted from Kansabanik et al. (2023b)

(CMEs), provided that the associated type IV emission arises from GS rather than plasma emission
processes—a distinction identifiable from low brightness temperatures and peaked spectra (Klein
and Trottet, 1984). Although radio-bright CMEs are rare, early work by Gopalswamy and Kundu
(1987) estimated about 2.5 G at ∼ 2.3𝑅⊙, and subsequent studies (e.g., Bastian et al., 2001; Maia
et al., 2007; Tun and Vourlidas, 2013; Bain et al., 2014; Carley et al., 2017; Mondal et al., 2020b;
Kansabanik et al., 2023b) reported values ranging from 0.3 to 23 G at 1.3–2.7 𝑅⊙, with the spread
reflecting intrinsic differences among CMEs rather than ambient coronal conditions. Notably, all of
these studies employed homogeneous source models and simplified emissivity expressions, which
could not provide enough constraints. These underscore the need for more sophisticated modelling
in future CME magnetography. In order to achieve reliable diagnostics of GS emission, one needs
highly sensitive data with high spectral, spatial and temporal resolution. With SKA telescopes,
such needs will be fulfilled. We will return to this discussion in Section 4.

3.4 Plasma emission

3.4.1 Emission Mechanism

Plasma emission is a coherent emission mechanism produced by non-thermal electrons – usu-
ally accelerated by magnetic reconnection or MHD shocks – that excite Langmuir waves in the
background coronal plasma as they propagate (Melrose, 1977). These electrostatic plasma waves
convert into the escaping electromagnetic radiation through non-linear processes near the local
plasma frequency and its harmonics. The fundamental emission (F) occurs when Langmuir waves
are scattered by plasma ions or otherwise decay, whereas the harmonic emission (H) arises from the
coalescence of two Langmuir waves. The background magnetic field influences both the nonlinear
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conversion processes and the properties of the escaping magnetoionic modes (x and o modes),
thereby determining the total degree of polarization (Melrose and Sy, 1972; Melrose et al., 1978).
Most solar radio bursts (such as type I, II, III, V, and some IV bursts) at decimetric and higher
wavelengths are produced by plasma emission. For a detailed discussion on the spectroscopic
properties of solar radio bursts, refer to the chapter on "Solar Radio Bursts" by Kumari et al.

Many theoretical studies have examined the expected polarization properties of plasma emission.
Melrose and Sy (1972) examined this regime assuming weak magnetic fields and Langmuir-wave
phase speeds well below the speed of light. They found that a one-dimensional Langmuir-wave
distribution aligned with the magnetic field favors o-mode in the F component. Hence, when
the emission frequency lies below x-mode cutoff (𝜔 < 𝜔𝑥), the F component shows circular
polarization arising from the o-mode. Later, with extended treatment using isotropic Langmuir-
wave distributions and narrow angular ranges, Dulk et al. (1976) and Melrose (1977) predicted that
the H component becomes partially polarized in the x- mode.

Several studies further demonstrated that H emission can appear in the o-mode only if the Langmuir-
wave propagation is tightly confined within a small cone – roughly 𝜃 ≲ 20◦ – around the magnetic
field direction, a condition requiring relatively strong magnetic fields (Melrose and Sy, 1972;
Melrose et al., 1978, 1980; Zlotnik, 1981). When this confinement is absent, partial x-mode
polarization is expected. Because the degree of o-mode polarization (dcp) depends sensitively on
the field strength, H polarization provides a potential diagnostic for the coronal magnetic field as
follows:

dcp =
11
48

(
𝜈𝐵

𝜈𝑝

)
|cos 𝜃 | (14)

where 𝜈𝐵 = 2.80 × 106𝐵 Hz (B is the background magnetic field strength measured in Gauss) is
the gyrofrequency, 𝜈𝑝 is the local plasma frequency, and 𝜃 is the angle between the magnetic field
(B) and the direction of propagation of radiation (k).

Since the polarization properties of the radio bursts are directly related to the local magnetic field
strength and orientation, they are one of the most direct remote-sensing probes for the magnetic field
estimation from the lower corona upto the inner heliosphere. However, the propagation effects such
as scattering, mode-coupling, as will be discussed in section 3.6, change the polarization signatures,
making it hard to interpret. Despite these challenges, there have been efforts in constraining the
magnetic field from various radio bursts. In the following paragraphs, we discuss how polarimetric
properties of radio bursts, particularly their Stokes-V signatures, have been used to infer coronal
magnetic-field strength and topology.

3.4.2 Magnetic field measurements

1. Type II bursts: Type II bursts are produced by shocks that are often driven by flares and
CMEs. The favorable conditions for the occurrence of a type II emission are believed to be
shock regions with a quasi-perpendicular geometry relative to the ambient coronal magnetic
field (Cho et al., 2011; Zimovets and Sadykov, 2015; Zucca et al., 2018; Kouloumvakos et al.,
2021). Type IIs occur over a wide frequency range, from 100s of MHz to a few kHz, allowing
them to probe magnetic field conditions across a wide range of height in solar atmosphere. In
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dynamic spectrum, type II bursts appear as slowly drifting emissions at the fundamental and
harmonic of the local plasma density. Each of these emission bands is frequently observed
to exhibit band-splitting, which is commonly interpreted as radiation originating from the
upstream and downstream regions of the shock front (Smerd et al., 1974, 1975; Vršnak et al.,
2001; Zimovets et al., 2012; Zucca et al., 2018). However, an alternative explanation for
band-splitting exists, which interprets the split bands to originate from different parts of the
shock front. (Du et al., 2014; Zimovets and Sadykov, 2015; Bhunia et al., 2023; Zucca et al.,
2025).

Type II bursts, exhibiting split bands, are used to estimate the shock-entrained magnetic field
strength under the assumption that the split bands originate from the upstream-downstream
regions of the shock front (Smerd et al., 1974, 1975). Following the Rankine-Hugoniot
relation, the Alfvén mach number (𝑀𝐴) is related to the shock compression ratio (X). For a
quasi-perpendicular shock approximation and plasma 𝛽 ≪ 1, the relation can be written as
(Vršnak et al., 2002),

𝑀𝐴 =

√︄
𝑋 (𝑋 + 5)
2(4 − 𝑋) (15)

where the compression (X) is defined as,

𝑋 =
𝑁𝑒2
𝑁𝑒1

=

(
𝑓2
𝑓1

)2
(16)

here 𝑁𝑒2 and 𝑁𝑒1 are the downstream and upstream regions of the shock and 𝑓2 and 𝑓1 are
the corresponding plasma frequencies, i.e., the frequencies of the split bands.

Finally, from 𝑀𝐴 (= 𝑣/𝑣𝐴, where 𝑣 is the shock speed and 𝑣𝐴 is the Alfvén speed), one can
estimate 𝑣𝐴 and thus the magnetic field strength from an emission with frequency of 𝑓 as,

𝐵 [G] = 5.1 × 10−5 𝑓 [MHz] × 𝑣𝐴 [km s−1] (17)

Many studies have employed this approach to estimate the magnetic field strength, combining
the drift rate (shock speed), coronal density model (height of the emission), and the band-split
ratio (shock compression) (Vršnak et al., 2002; Zimovets et al., 2012; Hariharan et al., 2015;
Mahrous et al., 2018; Kumari et al., 2017a, 2019). Although this method has been widely
used for metric and interplanetary type IIs with band-splitting, its approach relies heavily on
assumed electron density models, shock geometry, and the interpretation of the split bands.
Several later studies have included multi-wavelength information (whitelight coronagraph,
EUV images) in an attempt to reduce these model-dependent uncertainties (Gopalswamy
et al., 2012; Kumari et al., 2017b, 2019).

In the literature, type II bursts are reported to show a diverse range of circular polarization
properties, from weak or unpolarized to strongly polarized (e.g., Komesaroff, 1958; Hariharan
et al., 2014; Ramesh et al., 2022; Alissandrakis et al., 2021). However, the fine structures,
known as herringbones, exhibit a higher polarization fraction than the burst continuum. The
degree of circular polarization, in the sense of o-mode, from harmonic emission has also
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been used to estimate the magnetic field strength through equation 14 (Hariharan et al., 2014;
Kumari et al., 2017b; Ramesh and Kathiravan, 2022; Ramesh et al., 2023).

2. Type III bursts: Type III radio bursts are produced by beams of energetic electrons – typically
accelerated during magnetic reconnection – that propagate along open magnetic field lines
from the low corona into interplanetary space. In dynamic spectra, they appear as intense,
rapidly drifting features and are detected over an exceptionally broad frequency range, from
GHz to kHz, making them excellent tracers of open magnetic structures throughout the corona
and heliosphere.

The polarization properties of Type III bursts offer important diagnostic information. As
discussed in Section 3.4.1, the sense and degree of circular polarization of the F and H
components can be used to infer both the magnetic-field orientation and, under appropriate
conditions, its strength (e.g. Melrose and Sy, 1972; Melrose et al., 1978; Dulk and Suzuki,
1980; Zlotnik, 1981). Although theory predicts that the fundamental component can be
nearly 100% circularly polarized, observations typically show much lower values due to the
propagation effects from the intervening coronal medium. In their survey of 997 bursts, Dulk
and Suzuki (1980) reported average degrees of circular polarization of ∼ 35% for F, ∼ 11%
for H, and only ∼ 6% for structureless events. At higher, near-microwave frequencies, events
with polarization approaching 100% have been documented (Wang et al., 2003).

Observations across multiple instruments and frequencies further support the diagnostic
potential of polarization. Several studies have shown that the degree of circular polarization
tends to increase with observing frequency (Benz and Zlobec, 1978; Mercier, 1990). The
temporal evolution of polarization is also revealing: in many events, the polarization peaks
before the total intensity, suggesting rapid variations in either the emission conditions or
propagation effects such as mode coupling and scattering (Benz et al., 1982; Mercier, 1990).
These trends can help distinguish whether the radiation originates from a single magnetic-
polarity region or involves a transition between fundamental and harmonic emission.

Polarimetric imaging studies remain rare , largely due to calibration challenges at low radio
frequencies. A significant advancement was made by Rahman et al. (2020), who used the
Murchison Widefield Array (MWA; Tingay et al., 2013) to obtain Stokes I and V images
of Type III bursts between 80 and 240 MHz. They found that the circular polarization
fraction increases with frequency and is strongest near the onset of each burst – consistent
with expectations that the fundamental component appears first. As the bursts evolved,
the polarization systematically decreased, which they attributed to enhanced scattering and
propagation-induced depolarization. Although plasma emission is intrinsically expected
to be circularly polarized, in a recent polarimetric imaging study, Dey et al. (2025) has
demonstrated a robust detection of linear polarization associated with a Type III burst. They
interpret it as a propagation-induced effect rather than an intrinsic property of the emission.
These results highlight the capability of modern low-frequency interferometers to investigate
the magnetic environment of type III-producing electron beams.

3. Type IV bursts: Type IV bursts are long-duration broadband continuum emission asso-
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ciated with flares and the lift-off and the wakes of CMEs. They span a broad frequency
range—from decimetric to decametric wavelengths—and often persist for tens of minutes
to hours (e.g., Wild and Smerd, 1972; Salas-Matamoros and Klein, 2020). Based on their
spectral morphology, type IV bursts are commonly divided into two subclasses (Boischot,
1957). Moving type IV (IVm) bursts exhibit an outward propagation of the source region,
producing a characteristic frequency drift that typically tracks the CME core or flux rope. In
contrast, stationary type IV (IVs) bursts appear at fixed coronal heights, often above post-flare
loops, and show little to no systematic drift (Kundu, 1965).

The emission mechanisms responsible for type IV bursts remain a subject of active debate.
Depending on the coronal environment and electron population, type IV emission has been
interpreted as gyrosynchrotron radiation from mildly relativistic electrons (e.g. Kai, 1969;
Carley et al., 2017), plasma emission driven by coherent processes (e.g. Duncan, 1981;
Hariharan et al., 2016), or, in rare cases, electron–cyclotron maser (ECM) (e.g. Melrose and
Dulk, 1982; Vasanth et al., 2016). Observations further indicate that the emission mechanism
can evolve during the course of an event, reflecting changes in magnetic topology, density,
and electron acceleration conditions (Morosan et al., 2019).

While the sense and degree of circular polarization can, in principle, be used to estimate
magnetic-field strength in type IV sources produced by plasma emission, only a limited
number of studies have explored the polarimetric properties of such events in detail. By
contrast, a substantial amount of work has used gyrosynchrotron type IV bursts. Particularly
the IVm sources associated with CMEs are used to estimate the magnetic field entrained
within CME flux ropes. These diagnostic applications have been discussed in Section 3.3.2.

3.5 Fibre and zebra bursts

Fibre bursts and zebra pattern bursts are fine structures of broadband type IV solar radio
bursts. They can serve as valuable diagnostics of the coronal magnetic field. Fibre bursts
are narrowband features with intermediate frequency drift rates, and both whistler-wave
and Alfvén-wave models have been proposed for their origin (Kuijpers, 1975; Bernold and
Treumann, 1983; Benz and Mann, 1998). The frequency drift rate of fibre bursts is directly
related to magnetic field strength, allowing the field in the flaring source region to be derived.
This approach has been validated observationally, with fibre burst field estimates agreeing
with extrapolated potential-field models to within a factor of ∼0.6–1.4, supporting their use
as a 3D coronal magnetic field probe in post-flare loops (Aurass et al., 2005).
Zebra patterns, most commonly explained via the double plasma resonance (DPR) mechanism
have been analysed alongside type II band-splitting to constrain the coronal magnetic field
at heights of ∼1.9–2 solar radii, yielding field strength estimates on the order of ∼0.43 G
(Stanislavsky et al., 2015). At lower coronal heights, zebra patterns and co-temporal fibre
bursts have been used together as complementary diagnostics providing collateral evidence
for field strengths in zebra pattern source regions (Tan et al., 2012).
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Figure 4: The upper panel illustrates the expected brightness temperatures (red bars) and circular polarization
fractions (blue bars) of several low-frequency solar radio emissions, including type III, II, I, and IV bursts,
quiet-Sun free–free emission, and CME-associated gyrosynchrotron radiation (from left to right). The lower
panel presents corresponding dynamic spectra and radio images. The type II–IV spectra are derived from
the Learmonth spectrograph data, while the type I dynamic spectrum and the quiet-Sun and CME images
are obtained from MWA observations. The dynamic spectra highlight the wide variety of spectral and
temporal behaviors across different burst types, whereas the radio images emphasize the broad range of
spatial structures that give rise to these emissions. This figure is adapted from Kansabanik (2022).

3.6 Propagation effects

During propagation through the coronal plasma, the polarization of the electromagnetic field changes
along the path. As a result the observed polarization is not the same as that at the origin of the
emission. In a few special cases, the circular polarization of the wave changes sign due to the
orientation of the local magnetic field and the direction of propagation. The effect of polarization
inversion in microwave sources was discovered by Piddington and Minnett (1951). It was later
explained by Cohen (1960) as being the result of quasi-transverse (QT) propagation of microwaves.
In this section, we describe how information about the magnetic field above the active regions can
be extracted by using this effect.

3.6.1 Mode coupling

The EM wave passing through the cool and collisionless plasma (e.g. the solar corona) can be
expressed as a linear combination of two opposite elliptically polarized modes (x-mode and o-
mode). The ellipticity of the polarization of these two modes depends on the angle 𝜃 between
the magnetic field vector (B) and the direction of propagation (k). For most values of 𝜃, these
two modes are circularly polarized (quasi-longitudinal propagation or QL). At 𝜃 ≈ 90◦, both of
these modes become linearly polarized, with the o-mode aligning with the B and the x-mode being
perpendicular to it (Quasi-transverse propagation or QT, Zheleznyakov and Zlotnik (1977)).
When an EM wave passes through a region of transverse magnetic field, depending on the strength
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of the magnetic field and the frequency of the wave, an inversion of circular polarization can occur
(see figure 5). The wave-mode coupling theory discusses this interaction in detail. The parameter
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Figure 5: (Right) This schematic diagram shows propagation of x-mode through a bipolar magnetic field
and it effects on the observed polarization depending on the viewing angle (R and L denotes RCP and LCP
respectively). When it crosses a transverse magnetic field (𝐴𝑟2) the sense of circular polarization changes.
Also in case of acute angles the polarization of x-mode is RCP and if the angle becomes obtuse it changes
to LCP. The opposite happens for o-mode. (Left) This shows how the emitting region A appears in Stokes
V radio images with frequency if the direction of propagation follows the grey region (figure inspired from
Bandiera (1982))

dictating the interaction known as the coupling parameter Q was derived by Cohen (1960) :

𝑄 =
16 𝜋2 𝑚4

𝑒 𝑐
4

𝑞5
𝑒

𝜈4 |𝑑𝜃/𝑑𝑠 |
𝑁𝑒 𝐵

3 (18)

here, the constants have their usual meaning and 𝜈, |𝑑𝜃/𝑑𝑠 |, 𝑁𝑒 and B are frequency, viewing angle
variation scale length, electron density and magnetic field respectively. If𝑉𝑖𝑛 is the initial degree of
circular polarization before entering the quasi-transverse region (QTR) then the degree of circular
polarization after crossing the region can be written as (Zheleznyakov and Zlotnik, 1964):

𝑉𝑜𝑏𝑠 = 𝑉𝑖𝑛 (2 exp(−𝜋/2𝑄) − 1) (19)

There can be 3 scenarios when the wave crosses the QTR:

• 𝑄 << 𝜋/2: Weak mode coupling; polarization changes sense (𝑉𝑜𝑏𝑠 ≈ −𝑉𝑖𝑛)

• 𝑄 = 𝜋/2 ln 2: Critical coupling; polarization becomes linear (𝑉𝑜𝑏𝑠 = 0)

• 𝑄 >> 𝜋/2: Strong coupling; polarization does not change sense (𝑉𝑜𝑏𝑠 = 𝑉𝑖𝑛)
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From 19 we can write:

𝑄 =
𝜋

2

[
ln

(
2

𝑉𝑜𝑏𝑠/𝑉𝑖𝑛 + 1

)]−1
(20)

Using typical values of 𝑁𝑒 and |𝑑𝜃/𝑑𝑠 | in equation 18, one can simply write 𝑄 = 𝑘 𝜈4/𝐵3 where
k is constant3. Equating equation 18 and equation 20 one can derive expressions for B and 𝜈. The
critical frequency at which the depolarization occurs can be written as:

𝜈𝑐𝑟𝑖𝑡 =

(
𝜋 ln 2

2𝑘

)1/4
𝐵3/4 (21)

In a similar approach, one can also calculate the magnetic field from equation 20:

𝐵 =

(
2𝑘
𝜋

)1/3 [
ln

(
2

𝑉𝑜𝑏𝑠/𝑉𝑖𝑛 + 1

)]1/3
𝜈4/3 (22)

3.6.2 Limiting polarization

The polarization of the two wave modes depend solely on the medium of propagation and not
on the emission mechanism. In weak coupling the two wave modes are almost independent
of each other. Hence, their polarization properties are affected by the local plasma conditions.
However, when the waves encounter such a region where the coupling switches from weak to strong
the polarization properties after that change no longer. This leads to the fact that the observed
polarization properties can be significantly different from the source such as the case of magnetic
field reversal or QT propagation. For QL propagation, it can be shown from the coupling coefficient
that strong coupling occurs at much lower values of electron density. Hence, in QL propagation the
polarization properties are not affected much by the limiting polarization.

3.6.3 Observations and Results

The effect of circular polarization inversion has been observed for a long time (Kundu, 1965;
Zheleznyakov, 1970). Due to the viewing angle geometry, the limb-ward part of an active region
typically encounters the transverse field region (TFR), rather than the disk-ward part. In addition,
the depolarization strip (the line that separates two opposite polarizations) deviates from the pho-
tospheric neutral line. The deviation in lower frequency (higher TFR), the displacement is larger
than in higher frequency (lower TFR). Initial studies with low-resolution observation (Peterova and
Akhmedov, 1974) and later with high-resolution (Chiuderi Drago et al., 1987) have confirmed this
effect. Under reasonable assumption of 𝑁𝑒, the magnetic field in the depolarization strip can be
estimated (Kundu and Alissandrakis, 1984). Table 1 summarises studies in constraining magnetic
field above an active region at different heights.

However, these studies did not have wide frequency coverage and were performed at a few discrete
frequencies. With SKAO’s enhanced sensitivity, the circular inversion can be observed with even
finer spectral resolution, and the wide bandwidth will allow the study of multiple polarization
inversions.

3𝑘 =
16 𝜋2 𝑚4

𝑒 𝑐4

𝑞5
𝑒

|𝑑𝜃/𝑑𝑠 |
𝑁𝑒
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Table 1: Summary of magnetic field measurements from circular polarisation inversion. Adapted from
Alissandrakis and Gary (2021)

References Frequency (GHz) Height (Mm) B (G)
Kundu and Alissandrakis (1984) 4.8 110 20

Alissandrakis et al. (1996) 4.8 130 10
100 16

Segre and Zanza (2001) 4.8 11.2–12.8
Gelfreikh et al. (1987) 7.5-15 120 16

Nagelis and Ryabov (1992) 7.5-15 38 26
Lang et al. (1993) 7.5-15 50–200 50–15

200–300 10–5
Ryabov et al. (1999) 8.7-17 57–87 65–20

8.7-17 37–64 125–30
Ryabov et al. (2005) 5.7 50–90 30–10

17 15–38 110–50

4 The role of SKAO in coronal magnetography

4.1 Advancement in coronal polarimetric imaging with new generation instruments

Legacy instruments like RATAN-600 have been used to study the coronal magnetic field for
decades (e.g. Bogod and Gelfreikh, 1980). While it lacks full two-dimensional imaging capability,
it routinely measures Stokes V at microwave frequencies to estimate coronal magnetic field strengths
above active regions through the gyroresonance emission mechanism. Along with RATAN-600,
VLA (e.g. Schmahl et al., 1982; Brosius et al., 2002), WSRT (Kundu and Alissandrakis, 1984) also
helped in probing the solar corona and magnetic fields using microwave polarimetric imaging. With
the new generation of instruments — MWA, The LOw-Frequency ARray (LOFAR; van Haarlem
et al., 2013) and EOVSA — coronal magnetography through imaging studies of the quiet Sun
and a wide range of active solar emissions has been demonstrated across frequencies from a few
megahertz to several gigahertz, as discussed in Section 3. More recently, the Mingantu Spectral
Radioheliograph (MUSER; Yan et al. (2021)) has begun spectropolarimetric imaging of the solar
corona over a broad frequency range (0.4–15 GHz), providing a new observational capability for
future coronal magnetography studies. These efforts have shown the significant potential of low-
and mid-frequency solar radio observations but have also highlighted key challenges that must be
addressed for the SKAO. A detailed discussion on the challenges and requirements for facilitating
solar science with SKAO can be found in the chapter by Oberoi et al. (2026).

Reliable polarization calibration at low radio frequencies remains difficult due to strong direction-
dependent instrumental effects, ionospheric phase distortions, and complex primary beam re-
sponses. For wide-field instruments such as MWA, LOFAR, The Owens Valley Radio Observatory
Long Wavelength Array (OVRO-LWA; Hallinan et al., 2023), New Extension in Nançay Upgrading
LOFAR (NenuFAR; Hicks et al., 2012), and the upcoming SKA-Low, accurate modeling of the
frequency and direction-dependent beam is particularly critical, as deviations between the modeled
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and true beam responses leave behind uncorrected instrumental leakage. Such leakage results in
polconversion, where Stokes I contaminates Stokes Q, U, and V. Errors in cross-hand phase cali-
bration introduce polrotation, mixing the polarized Stokes parameters (Hamaker et al., 1996; Sault
et al., 1996). These issues are further compounded by the scarcity of well-characterized polarized
calibrators at low frequencies, making external polarization calibration difficult. In such cases,
self-calibration approaches are often used. At higher frequencies, although the number of polarized
calibrators increases, the intense solar flux often contaminates the calibrator scans, reducing their
effectiveness.

Many of these calibration challenges have been systematically addressed by using the opportunity
presented by the SKAO precursors and pathfinders. A dedicated automated polarimetric calibration
and imaging pipeline that explicitly incorporates instrumental leakage has been developed for MWA
(Kansabanik et al., 2022a,b, 2023a). A cross-hand phase estimation technique using the unpolarized
sky has also been created and validated with MWA data, enabling more reliable polarization-angle
measurements (Kansabanik et al., 2025). LOFAR employs automated solar imaging pipelines
capable of high-fidelity spectroscopic snapshot imaging (Dey, S. et al., 2025). Ongoing efforts aim
to extend these pipelines to full-Stokes polarimetric calibration.

For the SKA-Mid precursor MeerKAT (Jonas and Team, 2016), the primary beam response has
been measured holographically (de Villiers, 2023). Recent work has demonstrated broadband
spectroscopic solar imaging with MeerKAT (Kansabanik et al., 2024, 2025), marking a major
step toward full-Stokes solar polarimetry with the instrument, which remains an ongoing area of
development.

Together, these efforts constitute crucial technical and algorithmic advances. The lessons learned
from MWA, LOFAR, and MeerKAT can directly help with the calibration strategies, beam modeling
requirements, and pipeline requirements for reliable solar observations with the SKA telescopes.

4.2 Capabilities of SKA telescopes

The upcoming SKA telescopes (SKA-Low and SKA-Mid) will provide unprecedented sensitiv-
ity and wide frequency coverage (Figure 6), significantly advancing coronal magnetography and
polarimetry. While the SKAO remains committed to achieving its full design baseline of 512 SKA-
Low stations and 197 SKA-Mid dishes, initial operations will begin with an interim configuration
known as AA* (Seethapuram Sridhar et al., 2025). This subsection refers to the AA* design of the
SKAO.

SKA-Low consists of 307 stations, each containing 256 log-periodic dipole antennas arranged in
a dense core with three spiral arms. This configuration provides extremely dense instantaneous
monochromatic uv coverage and a maximum baseline of about 74 km. Similarly, SKA-Mid will
comprise 144 dishes (80 new 15-m SKA dishes and 64 MeerKAT 13.5-m dishes), delivering dense
uv coverage and maximum baselines up to ∼108 km (exclusion of SKA008 makes the maximum
baseline 36km). Both arrays will produce high-fidelity spectro-polarimetric images with a much
higher dynamic range than the current instruments, along with excellent angular resolution.

As shown in Fig. 4, solar emissions span a wide range of brightness temperatures and polarization
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states. SKA’s enhanced sensitivity and imaging capability will enable the recovery of faint features
— such as quiet Sun free–free emission, faint gyrosynchrotron emission from CMEs, and the narrow-
band faint emissions, known as Weak Impulsive Narrowband Quiet Sun Emission (WINQSEs;
Mondal et al., 2020a) — even in the presence of bright active regions. For more information in
this regard, refer to the chapter by Mondal et al. (2026). Recent work by Dey et al. (2025) has
demonstrated that although Stokes I sources may appear morphologically simple, the corresponding
Stokes Q, U, and V maps reveal significant spatial, temporal, and spectral structure. Such behaviours
will be captured even more effectively with SKA, owing to its high temporal and angular resolution
and its ability to achieve spectral resolutions down to a few hertz in zoom modes. The SKA-
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Figure 6: Bandwidth coverage of radio interferometers currently in operation for solar observations. Each
interferometer is represented by its operational frequency bands, with solid colors indicating frequencies
currently utilized for solar polarimetry studies and hatched patterns indicating frequency ranges where solar
polarimetry observations have not been reported. The upcoming telescopes (SKA-mid and SKA-low) are
indicated with dashed lines.

Low array (operating within 50–350 MHz) will provide a contiguous 300-MHz instantaneous
bandwidth, while SKA-Mid will cover 0.35–15.4 GHz across four operational bands: Band 1
(350–1050 MHz), Band 2 (950–1760 MHz), Band 5a (4.6–8.5 GHz), and Band 5b (8.3–15.4 GHz).
SKA telescopes can be configured into up to 16 independent subarrays, enabling simultaneous
observations across a wide frequency range. Figure 6 illustrates the frequency-band coverage of
existing radio interferometers for which polarimetric observations have been reported. Figure 8
reveals the general trade-off between frequency and time resolution across instruments. While the
above plots present the capabilities of currently operational instruments, earlier facilities such as
Culgoora (Wild, 1967), Clark Lake (Kundu et al., 1983), and NoRH (Nakajima et al., 1994) — now
decommissioned — were also capable of carrying out spectro-polarimetric imaging studies of the
corona.
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As discussed in Section 3, studies of gyroresonance and free–free emission require wide frequency
coverage for accurate magnetic-field diagnostics. Similarly, plasma emissions – typically spanning
broad metric to decimetric wavelength ranges – demand a wide instantaneous bandwidth. With
the SKA, simultaneous observations of solar emission across a wide range of coronal heights and
into the inner heliosphere will become possible, offering transformative opportunities for coronal
magnetic field measurements.
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Radio Interferometer Capabilities: Time-Frequency Resolution Space

Figure 7: The observational characteristics of radio interferometers, currently in operation for solar obser-
vation, across different frequency and time resolutions. The horizontal axis (logarithmic scale) represents
frequency resolution, ranging from 0.5 kHz to 1 MHz, where higher values indicate coarser frequency reso-
lution. The vertical axis (logarithmic scale) shows time resolution, ranging from 0.003 s to 5 s, with higher
values indicating coarser temporal resolution.

4.3 Co-ordinated Radio and EUV/soft X-ray observations

Several attempts have been made to measure the coronal magnetic fields with coordinated observa-
tions from radio and space-based instruments. Brosius et al. (2002) had measured the 3D coronal
magnetic fields (𝐵(𝑥, 𝑦, 𝑇)) with the Very Large Array and with the Coronal Diagnostic Spectrom-
eter, the EUV Imaging Telescope, and the Michelson Doppler Imager aboard the NASA/ESA Solar
and Heliospheric Observatory satellite. They used the temperature as a proxy for the height in the
corona. Chen et al. (2020) used MK4 coronameter data to constrain the electron density, while
Kumari et al. (2019) used space-born whitelight coronagraph images to constrain the electron den-
sity for the estimation of magnetic field strength following this approach. Similarly, Gopalswamy
et al. (2012) have used EUV images from SDO/AIA to measure shock standoff distances and derive
Alfvénic Mach numbers and thus estimated the magnetic field. With wideband spectro-polarimetric
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Figure 8: Comparison of radio interferometers, currently in operation, in the Field of View (FOV) vs. Point
Source Sensitivity plane. Each instrument is represented by a unique marker and color, plotted according to
its instantaneous FOV (x-axis, deg²) and point-source sensitivity achieved in 12 hours of integration (y-axis,
mJy) at representative centre frequencies. The instruments span frequencies from ∼ 40 MHz (NenuFAR) to
∼ 3 GHz (EOVSA), exhibiting dramatically different sensitivities and FOVs based on their physical design:
aperture arrays (SKA-Low, MWA, NenuFAR, OVRO-LWA) achieve large FOVs but modest sensitivity, while
traditional dish arrays (SKA-Mid, VLA, MeerKAT) provide higher sensitivity over smaller fields. Point-
source sensitivities are estimated using 𝜎 = SEFD

𝜂
√

2Δ𝜈𝑡int
with 𝜂 = 0.9 and representative SEFD values from

published instrument specifications. This figure is styled after Figure 12 from Tingay et al. (2013), adapted
to include current facility specifications.

images available from the SKAO, coordinated observations with space-based instruments have a
huge potential for 3D magnetic field modelling of the global corona as well as active regions.
Coordinated observations between SKAO and modern heliophysics missions, such as Solar Orbiter
(Müller et al., 2020), PUNCH (DeForest et al., 2025), PROBA3 (Zhukov et al., 2025), Aditya-L1
(Tripathi et al., 2023), and PSP, offer a multi-wavelength pathway towards coronal diagnostics.
When paired with the detailed temperature, density, and elemental abundance information from
Solar Orbiter’s EUV/X-ray spectrometers, SKA-Mid can provide fully constrained 2D and even 3D
coronal magnetograms across active regions and the quiet Sun. Meanwhile, PUNCH’s continuous
wide-field imaging of the outer corona complements SKAO by tracking CMEs, shocks, and density
structures as they propagate outward, allowing magnetic and plasma parameters to be connected
directly to their large-scale evolutionary signatures. Instruments like Aditya L1, Solar Orbiter,
PUNCH are expected to be operational when SKA becomes operational. Alongside these, a few
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upcoming missions will increase the capabilities of coordinated observation. For example:

1. NASA’s MUSE (Multi-slit Solar Explorer, De Pontieu et al., 2022) will deliver high-cadence
EUV spectroscopic measurements of coronal temperature, density, and flows, providing
essential plasma diagnostics for magnetic field estimation.

2. ESA’s Vigil (Palomba and Luntama, 2022) will observe the Sun from the L5 vantage point,
providing complementary perspectives for stereoscopic reconstruction of active-region and
CME magnetic topologies.

3. NASA’s HelioSwarm (Klein et al., 2023) will characterize multi-scale solar-wind turbulence
and magnetic fluctuations, improving our understanding of radio-wave propagation effects
and the evolution of heliospheric magnetic fields.

Together, these facilities form a multi-layered diagnostic system, connecting magnetic and thermal
conditions at the Sun to their evolution in the extended corona and inner heliosphere. This coordi-
nated approach provides constraints needed to probe the magnetic drivers of solar variability and
space weather with unprecedented completeness.

5 Summary

Coronal magnetic field measurements remain one of the most critical challenges in solar and
space-weather research. While traditional photospheric magnetography is well-established through
Zeeman effect measurements, coronal field measurements face fundamental obstacles: extremely
weak Zeeman splittings, optically thin emission, and line-of-sight cancellation effects that render
optical techniques largely ineffective above the photosphere.

Radio observations provide unique diagnostic capabilities across multiple emission mechanisms
and coronal heights. Free-free emission acquires weak circular polarization in magnetized plasma,
enabling line-of-sight magnetic field measurements through the refractive index difference between
extraordinary and ordinary modes. Gyroresonance emission at centimetric wavelengths directly
probes strong magnetic fields (10²-10³ G) in narrow iso-Gauss layers above active regions, while
gyrosynchrotron radiation from mildly relativistic electrons in flaring loops and CMEs provides
diagnostics of fields ranging from sub-Gauss to hundreds of Gauss at coronal heights. Plasma
emission mechanisms—manifested in type II, III, and IV radio bursts—offer both direct (through
polarization signatures) and indirect (through shock dynamics and band-splitting) constraints on
magnetic field strength and topology from the low corona into the heliosphere. Propagation effects,
particularly mode coupling in quasi-transverse regions, provide additional diagnostic pathways. The
circular polarization inversion observed when electromagnetic waves traverse transverse magnetic
fields enables estimation of field strength at different coronal heights through spectral analysis of
the critical depolarization frequency.

The SKA telescopes will transform coronal magnetography through unprecedented capabilities: (1)
wide instantaneous bandwidth coverage (50-350 MHz for SKA-Low; 0.35-15.4 GHz for SKA-Mid)
enabling simultaneous multi-height observations, (2) high sensitivity recovering faint emissions
alongside bright active regions, (3) excellent spectro-temporal resolution capturing rapid magnetic
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evolution, and (4) superior imaging fidelity through dense uv coverage. Combined with coordinated
observations from space-based missions (Solar Orbiter, PUNCH, PROBA-3, Aditya-L1, Parker
Solar Probe), SKA will enable comprehensive 2D and 3D coronal magnetic field mapping across
quiet Sun, active regions, and eruptive events—bridging the critical gap between photospheric
measurements and heliospheric observations for understanding solar variability and space weather
drivers.
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