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The active atmospheres of cool main-sequence stars (F-M type) often release a
fraction of their stored magnetic energy, producing enhanced emissions (flares)
across radio to X-ray wavelengths and associated space weather events like coronal
mass ejections (CMEs) and energetic particle events (EPEs). Detailed imaging
of active regions and CMEs, and in-situ EPE measurements are possible only in
our Sun, making it a benchmark for stellar activity research. Multiwaveband solar
imaging datasets let us define robust disk-integrated ‘Sun-as-a-star’ diagnostics of
active region and space weather, extendable to stellar datasets. Radio waveband
provide diagnostics of particle acceleration, CMEs and EPEs, essential to model
flare events and their space weather impacts. The Square Kilometre Array (SKA)
telescopes will facilitate sub-second scale spectropolarimetric imaging of the solar
corona across 0.05 - 15 GHz, enabling detailed vertical tomographic studies of
the active region across a range of coronal heights. Coupled with high energy
instruments, the SKA telescopes will allow well-constrained modeling of large
samples of diverse active phenomena and the defintion of robust Sun-as-a-star
diagnostics of active region and space weather. Besides, the supreme sensitivity
and angular resolution of the SKA telescopes will help detect quiescent and active
emissions from several nearby stars. This chapter discusses the importance of
comparative solar—stellar studies using Sun-as-a-star diagnostics in understanding
activity and associated space weather conditions in stars across the cool main-
sequence, and presents some research avenues that will benefit solar and stellar
astrophysics.
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Comparative studies of solar and stellar activity A. Mohan et al.

1 Introduction

Cool main-sequence stars (F-M type; cool stars) host most known habitable-zone exoplanets (Bashi
et al., 2020). They possess deep convective envelopes that power strong dynamos that generate
strong and dynamic magnetic fields threading across the stellar atmospheric layers (see, Donati and
Landstreet, 2009, for a review). The active outer atmospheres in cool stars, including our Sun,
are capable of producing major space weather events, including intense hour-long flares across the
electromagnetic spectrum, especially in the ultraviolet to gamma ray bands, coronal mass ejections
(CME?), and energetic particle events (EPEs; Kowalski, 2024). The properties of stellar convective
envelopes and the emergent properties of magnetic field and activity depend on its rotation period
(Prot), effective photospheric temperature (Teg), and age (e.g. Noyes et al., 1984; Stepien, 1994a;
Donati and Landstreet, 2009; Vidotto et al., 2014). Cool stars form high (‘C’) and low (‘I’) activity
populations in the P,y - age -Teg plane (Barnes, 2003; Brown, 2014). The ‘C’ branch has young
(< 1, Gyr), fast-rotating (P.fi5 days) stars and vise versa for the ‘I’ branch. Stars migrate from ‘C’
to ‘I’ branch as they age, with lower Teg stars migrating earlier. Hence, it is essential to model the
atmospheres and emergent activity of stars across Pyo - age - Teg plane.

The Sun—Earth system serves as a benchmark for stellar activity and space weather research,
providing extensive multiwavelength imaging and in-situ energetic particle datasets from a wide
range of space- and ground-based observatories. Data-driven modeling of solar active regions using
these datasets can provide unprecedented insight into the drivers of major space weather events and
associated active regions. Moreover, because the fundamental physical processes and the standard
flare model of magnetic activity generally apply across cool stars (Kowalski, 2024), the decades-
long solar activity database provides a template library for developing robust solar disk-averaged
(Sun-as-a-star) diagnostics of space weather events and active regions. These diagnostics can be
extended to stellar studies that lack spatially resolved observations of active regions and direct
measurements of space weather.

The energy-release events triggered by stellar activity are often observed as enhanced emissions
or flares across the electromagnetic spectrum from long wavelength radio to y-ray band. Figure
la illustrates the standard flare model, in which magnetic reconnection releases a fraction of the
stored free energy to accelerate the particles and subsequently heat the atmospheric layers, namely
the chromopshere and the corona (e.g. Hirayama, 1974; Shibata et al., 1995; Aschwanden et al.,
2014, 2015). Strong flare events can also cause coronal mass ejections (CMEs) and produce
major energetic particle events (Gopalswamy, 2003; Yashiro et al., 2006; Gopalswamy et al., 2018;
Kazachenko, 2023). The SKA telescopes operate in a frequency range that probes both impulsive
and sustained particle acceleration across the corona. They trace the propagation of energetic
electrons and CMEs, thereby providing key space weather diagnostics. In particular, type III
and type IV radio bursts are produced by accelerated electrons traveling along open field lines
and contained in closed magnetic-field structures, respectively, when the electrons accelerated at
CME-driven shocks generate type II bursts (McLean and Labrum, 1985). Meanwhile, emissions
at other wavelengths provide complementary information on flare evolution. Hard X-ray (HXR)
probes the emission from the sudden impact of electron beams in the solar atmosphere. Soft X-rays
(SXR) diagnose subsequent coronal heating, while the extreme ultraviolet (EUV) continuum and
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Figure 1. Standard are model(a): Schematic of the standard model showing the various emission regions.
CME shock front (orange), open/closed eld lines (violet/blue), and the reconnecting eld line (green) are
shown (Lysenko et al., 2019)b): Typical Sun-as-a-star multiwaveband light curves from the impulsive
non-thermal and the gradual thermal phases, highlighting the Neupert e ect (see the text for details).

infrared-to-UV lines probe thermal and non-thermal plasma properties, and bulk ows across the
chromosphere and the low corona. Additionally, quasi-steady magnetic activity in active regions,
even with weak or often undetectable heating signatures, can produce intense coherent type | radio
bursts, o ering diagnostics of persistent particle acceleration in the corona (lwai et al., 2012, 2014;
Li et al., 2017; Mohan et al., 2019a). Additionally, solar observations close to 15 GHz can trace
the regions of the upper chromosphere associated with coronal holes that power the fast solar
wind (Gopalswamy et al., 2000; Akiyama et al., 2013).

Figure 1b shows the typical solar-stellar are light curves during various are phases from the
pre are to the decay phase. The impulsive phase at the start of the are is a direct diagnostic of
non-thermal particle acceleration and the impact of energetic electron beams in the corona and
chromosphere, followed by the gradual heating phase, primarily seen in the high energy continuum
emissions. The integral of impulsive phase emission often correlates well with the gradual phase
thermal emission, as rst noted by Neupert (1968), and henceforth is known as the Neupert e ect.
The Neupert e ect highlights that the energy dissipation by the non-thermal particles produced
during the impulsive phase gradually heats the corona.

1.1 Solar-stellar connection

Several stellar ares demonstrate the Neupert e ect (e.g. Guedel et al., 1996; Tristan et al., 2023).
and show similarities in the timing of the onset and pro les of multiwavelength ares compared

to the typical Sun-as-a-star template (Kowalski, 2024). For instance, Fig.4 shows a typical solar
radio burst dynamic spectrum (DS) during a fast solar CME with a DS from AD Leo during a major
are (Mohan et al., 2024a,d). Beyond individual are analogies, universal scaling relations such as
the Gidel Benz law (GBR; Gudel et al., 1993), linking radio and SXR luminosities across solar and
stellar ares spanning several orders of magnitude (Benz and Guedel, 1994; Guedel et al., 1995),
underscore the shared underlying physics of these phenomena. Additional studies have revealed
consistent ux ux correlations among spectral lines, continua, and surface magnetic ux for the
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Figure 2: Solar-stellar connection. Comparison of radio DS during a fast solar-CME (STOKES I) and during
a burst reported in AD Leo (STOKES V), revealing the various radio burst types Mohan et al. (2024d,b).

Sun and solar-type stars (e.g. Pevtsov et al., 2003; Toriumi et al., 2022). These results highlight the
phenomenological correspondence between solar and stellar ares.

Meanwhile, sensitive multiwaveband telescopes capable of observing stellar and solar ares with
high sensitivity and spectro-temporal resolution are being commissioned. These sensitive facilities
will enable detections of stellar ares over a large sample of stars with varying physical parameters,
while also enabling detailed modeling of solar ares and derivation of robust space weather and
active region diagnostics. Extending solar-based diagnostics to a statistically signi cant sample of
stellar events will help explore the long-term evolution of activity and associated space weather
conditions around Sun-like stars, and contrast solar activity in the context of the broader main-
sequence.

1.1.1 Importance of Sun-as-a-star diagnostics in stellar space weather research

Stellar astronomy is in a transformative phase with a new generation of sensitive multiwavelength
observatories that are operational or are soon to be commissioned and can detect ares from large
stellar samples. However, there are no means yet or in the near future to directly detect and estimate
the parameters of are-associated space weather events or active regions. The vast solar database
with detailed multiwaveband are and associated in-situ EPE data will allow us explore robust
Sun-as-a-star are diagnostics that correlate well with the occurrence and properties of major space
weather events and active regions. A set of such robust Sun-as-a-star diagnostics in wavebands
that are accessible to stellar research will facilitate the inference of space weather impacts of stellar
ares, while also providing a parameter space for comparative solar-stellar activity research.

Several studies have explored Sun-as-a-star diagnostics across multiple wavebands and their cor-
relations with space weather and magnetic eld properties. For instance, when it comes to CME
diagnostics, ux dimming in EUV and SXR emissions provides a diagnostic of CME mass (Hud-
son et al., 1996; Harrison et al., 2003; Veronig et al., 2021), while spectral line Doppler shifts
and line-width variations yield information on bulk plasma ows (e.g. Namekata et al., 2024). In
addition, statistical studies show that the stronger the SXR are ux, the higher the chances of a
CME (Kazachenko, 2023). Nevertheless, the wealth of solar observations shows that many erup-
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Figure 3: Radio emission mechanisms. The pro lesagfandag are shown with the dominant emission
mechanisms within various frequency ranges demarcated. The frequency at which optical depth becomes
unity is shown as a function of height. The density was computed based on VAL model B (Vernazza et al.,
1981) and 5 times the Saito et al. (1970) model. Temperature pro le was obtained from the VAL model to
about 105 km, and was extended using a hydrostatic equilibrium model. Adapted from Gary and Hurford
(2004).

tive (CME-associated) ares lack one or more of these signatures, whereas some strong con ned
(CME-less) ares exhibit some of them (Nitta and Mulligan, 2017; Veronig et al., 2021). In the
case of SXR ares, about 10 - 20% of solar ares belonging to the strongest energy class do not
cause CMEs, while several ares belonging to an order of magnitude weaker class are occasionally
linked to CMEs. In this context, the relevance of radio diagnostics is notable j WEko of type

Il bursts andj 81% of type IV bursts associated with CMEs (Kumari et al., 2021b, 2023). The
association rates increase to nearly 100% when the radio burst emission is observed to extend from
decimetric to decameter-hectometric ranges (Gopalswamy et al., 2005; Gopalswamy, 2011; Miteva
etal., 2017; Mohan et al., 2024a).

1.2 Radio diagnostics and their relevance

Solar-stellar radio emission can be produced by ve di erent mechanisms that are well understood
and provide complementary diagnostics of physical conditions in the solar atmosphere:

~ Bremsstrahlung, also known as free-free emission, is due to the collisions of electrons with
ions. At radio wavelengths, the opacity of this mechanism is dominated by thermal electrons
and varies a®’T 1a 2, where n, T, anch denote the electron density, temperature, and
emission frequency. The density dependence makes this a ubiquitous source of radio emission
throughout the solar atmosphere.

~ Gyroresonance emission results from the opacity of electrons orbiting magnetic eld lines
at the gyrofrequencyag = 2.8 ®pggjMHz). Field strengths of order 100 - 1000 G are
common in solar active regions, and the corresponding valueg € in the microwave
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range. This mechanism provides high opacity purely due to the presence of ambient thermal
plasma and is therefore used to measure coronal magnetic elds (White and Kundu, 1997).
This mechanism can produce high degrees of circular polarization depending on whether the
sense of polarization matches the sense of rotation of electrons about the magnetic eld.

Gyrosynchrotron emission has the same basic physics as gyroresonance emission, but is
produced by nonthermal high energy electrons accelerated in ares. The radio spectrum can
provide the physical characteristics of the radiating electrons. A typical are has a spectral
peak due to gyrosynchrotron at around 10 GHz, but in large solar ares, gyrosynchrotron
emission can be seen up to hundreds of GHz.

Plasma emission is responsible for the well-known low-frequency solar radio bursts (Type
[-V). Itis a coherent mechanism where energetic electron beams e ciently excite electrostatic
waves at the Langmuir (or plasma) frequeney,= 9000 nHz, and get converted to
propagating electromagnetic waves at the plasma frequency and its harn@nil@sma
emission is hence a powerful diagnostic of electron beams in the solar atmosphere. However,
absorption of plasma emission depends on a high power of electron density, and this limits
its occurrence above several hundred MHz on the Sun.

Electron-cyclotron maser emission (ECM) is another coherent mechanism that produces
intense radio bursts in the frequency range around 1 GHz, immediately above the frequency
domain dominated by plasma emission. It is producesl=atg, and is due to the structure

in the 2-dimensional (perpendicular and parallel to the magnetic eld) electron velocity
distribution that provides free energy for a relativistic resonance. Jovian decametric emission
at Jupiter).

Figure 3, adapted from Gary and Hurford (2004), summarizes the dominant emission mechanisms
with various spectral bands and the variationagfand ag with height based on standard 1D
atmospheric models. The plasma emission mechanism powers active solar/stellar emissions in
the operational band (0.05 0.35 GHz) of the SKA-Low telescope. The supra-thermal electron
beams accelerated at reconnection sites and CME-driven shocks produce various types of radio
bursts with characteristic dynamic spectral variability (type | - IV; see Sect. 1), and ux densities
exceeding the quiescent emission by several orders of magnitude. These burst types form excellent
diagnostics of active regions, CMEs, and solar energetic particle (SEP) events (Gopalswamy et al.,
2005; Miteva et al., 2017). Almost all type Il bursts and more than 85% of type IV bursts are
CME-associated (Gopalswamy, 2000, 2011; Kumari et al., 2023; Hillaris et al., 2016; Mohan et al.,
2024a). About 75% of type IV bursts accompany fast, wide CMEs, which are highly geo-e ective,
often producing strong SEPs (Miteva et al., 2017; Kumari et al., 2021a; Mohan et al., 2024a).
Mohan et al. (2024c) further derived relations connecting active-region and CME parameters to
Sun-as-a-star type Il burst observables and SXR ux. Type lll bursts trace electrons propagating
along open magnetic eld lines, providing direct diagnostics of impulsive SEPs (Cane et al., 2002;
Winter and Ledbetter, 2015; Miteva et al., 2017).

Meanwhile, at higher frequencies covered by the SKA-Mid telescope (0.35 15 GHz), both coherent
(ECM) and incoherent mechanisms (gyrosynchrotron, gyroresonance) power the emission from
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are-accelerated electrons (see Gary, 2001; Gudel, 2002). The emission mechanisms can be inferred
from the dynamic spectral evolution and polarization. Coherent bursts, forming near harmonics
of the locala, or ag enable direct inference of local plasma parameters. Modeling incoherent
emission, on the other hand, constrains the electron energy distribution and magnetic eld strength
in active regions, particularly when combined with spectro polarimetric diagnostics (e.g. Dulk,
1985; Gary et al., 1996; White et al., 2000; Lee et al., 2003; Gary et al., 2018; Alissandrakis and
Gary, 2021; To et al., 2023; Kuznetsov et al., 2025).

Several solar studies have also reported quasi-periodic pulsations (QPPs) and ne structures in
0.05 - 15GHz dynamic spectra, linking them to local plasma or MHD wave processes, density
perturbations, and particle acceleration scales in active regions (see, Aschwanden, 1987; Arzner
and Magun, 1999; Nakariakov and Melnikov, 2009; Alissandrakis et al., 2023, for a review).
The SKA precursors and path nders are already making major progress in this eld, which will
also bene t the exploration of robust Sun-as-a-star metrics and insights extendable to stellar are
studies (e.g. Kontar et al., 2017b; Sharykin et al., 2018; Mohan et al., 2019b; Mohan, 2021b; Mondal
and Oberoi, 2021; Mohan, 2021a). Besides their physical relevance, radio bursts frequently outshine
the integrated quiescent solar or stellar disk emission by several orders of magnitude, making them
excellent Sun-as-a-star activity diagnostics detectable from sources at far greater distances than
guiescent stellar emission.

1.2.1 Tomographic exploration with wideband radio imaging spectroscopy

Figure 4: Tomographic exploration using spectroscopic radio imag{ay. Illustration of coherent radio

bursts triggered at varying density {((n2 »1-3Y}) regions, located at di erent heights along the tragectory

of an accelerated electron beam. The burst emission occurs at the harmonics (s) of tlag. logst
Tomographic mapping of a solar active region using spectroscopic images within 80 - 240 MHz range from
the MWA. For each observing frequency, contours at 20, 50, and 80 % of the peak intensity are shown.
Colors from red to blue indicate increasing frequency, and marker separation denotes the source size at
each frequency. The image contours at various frequencies collectively trace the vertical magnetic structure
transporting the are-accelerated electrons. (McCauley et al., 2017).

The di erent types of stellar active phenomena energise plasma and accelerate particles across
coronal heights, often evolving into major space weather events. Hence, to study the evolution and
space weather impacts of an active event, we require a robust tomographic exploration strategy that
probes the event-associated dynamics across coronal heights. A strategy to de ne a tomographic
tool is to identify a set of spectral bands sensitive to speci ¢ thermal and non-thermal processes
within narrow height ranges across the corona to interplanetary space.
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Spectral line inversions using simultaneous multi-line data are often used to infer the heights and
dynamics of plasma and energetic particles across the chromosphere to the corona. However, vari-
ous non-local thermodynamic equilibrium (non-LTE) processes and propagation e ects introduce
degeneracy in the multi-line inversion procedure, making it di cult to accurately infer emission
heights (e.g. Mashonkina et al., 2017; Je rey et al., 2017; Kontar et al., 2017a; Zhou et al., 2022).
Besides, the time resolution obtained in multi-line spectral inversion studies is of the ord&0sf

to min even for stellar ares, making it di cult to trace seconds-scale non-equilibrium dynamics,
known to exist from high cadence radio and X-ray observations (e.g. Dennis, 1985; Osten et al.,
2008; Endo et al., 2010; Saint-Hilaire et al., 2013). Meanwhile, the optically thin coronal plasma
continuum in the SXR band provides thermal diagnostics averaged over a very wide height range
along the line-of-sight.

In contrast, coherent radio bursts associated with active events form at the harmonics of dyelocal

ag both of which vary with heightin the corona (see Fig. 3). This property makes spectroscopic radio
imaging across wide bandwidths at sub-second timescales an excellent tool to perform tomographic
studies of the onset and propagation of energetic particleas and their progenetors (e.g., CME) across
corona and into the interplanetary space causing space weather impacts. Figure. 4a illustrates
this idea using a cartoon of an accelerated electron beam propagating along an open magnetic eld
structure generating coherent bursts at varying frequencies as a function of height. Figure. 4b shows
shapshot spectroscopic images from MWA within 80 -240 MHz. The image contours clearly map
the vertical structure of the active region magnetic eld. Hence, modeling the dynamic spectral
variability of the stellar coherent bursts by extending insights and diagnostics from solar studies
can help constrain the evolution of energetic particles, instabilities, and their progenetors during
active phenomena along the line-of-sight axis, providing valuable insights into the associated space
weather impacts.

1.3 Radio instrumentation requirements for comparative solar-stellar studies

The interdisciplinary eld of comparative solar-stellar research relies on a Sun-as-a-star analysis
framework, which enables robust quantitative comparisons between solar and stellar phenomena.
Developing a robust Sun-as-a-star framework requires characterizing the solar emission variability
across dimensions of ux density, frequency, time, and polarization in the image plane to identify
the sources, understand the drivers of magnetic activity, and de ne meaningful multi-dimensional
diagnostics sensitive to major space weather events and active region properties despite spatial
averaging of the data.

The dynamic spectral studies of the Sun and magnetically active stars have reported signatures of
polarized emission variability at sub-MHz and sub-second scales. Hence, the identi cation and
tracking of aring regions require wideband spectro-polarimetric imaging at sub-MHz and sub-
second scales with sub-arcmin angular resolution, necessary to resolve active regions. Additionally,
there can be multiple co-temporal active events on the solar disk capable of producing radio bursts
that are brighter than the event of interest by several orders of magnitude. So, robust tracking of
the evolution of a single event in the image plane requires high delity and high dynamic range
imaging capability, which directly translates to the need for dense instantaneplene coverage
enabled by a compact core large-N array con guration.
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On the stellar side, we require the capability to perform polarimetric imaging of stellar elds with

high spectro-temporal resolution comparable to solar observations. To study activity across the
cool main sequence, wideband, long-term monitoring datasets are required for stars spanning a
range ofP, age, and ¥ values. For meaningful comparisons with the Sun, target stars should

be either isolated or members of non-interacting binary systems with a typical separatiaf of

AU like the UCen AB. Telescopes with high sensitivity and angular resolution of the order of a few
arcseconds to sub-arcseconds are therefore essential for generating large samples of such stars by
scanning sources within several tens to a few hundred parsecs.

To quantitatively assess the sensitivity requirements, let us consider the Sun and AD Leo, an active
star located at 5 pc. The typical solar quasi-steady ux can vary during its activity cycle within 50

- 100 SFU (White, 2004; Shibasaki et al., 2011; Shimojo et al., 2017) in the 0.05 - 0.35 GHz range
(SKA-Low's operational band), while in 0.35 - 15.4 GHz range (SKA-Mid's operational band), the
ux can be about a few to 60 SFU (McLean and Labrum, 1985; Oberoi et al., 2017). If Sun were
located at 1 pc, its disk-integrated quiescent ux would 5 -30° Jy in the SKA-Low's and

25-50 Jyinthe SKA-Mid's operational bands. Additionally, solar radio bursts canbe 1 -2 or 3 -

6 orders of magnitude brighter than the quiescent emission (see, Saint-Hilaire et al., 2013; Nindos
et al., 2000; Reid and Ratcli e, 2014). Likewise, if AD Leo were located at 1 pc, it would have a
quasi-steady ux of 50-100 mJy in the 0.5 - 1 GHz range (Villadsen and Hallinan, 2019; Mohan

et al., 2024d). During strong ares, AD Leo can be 10 1000 times brighter than the quiescent
level (White et al., 1989; Osten and Bastian, 2006; Villadsen and Hallinan, 2019).

2 Advancements with the SKA telescopes

The SKA telescopes will facilitate sensitive sub-second sub-MHz snapshot spectro-polarimetric
solar and stellar imaging observations in the 0.05 - 15 GHz range. The large-N architecture of the
SKA telescopes will enable high- delity imaging required for solar activity studies. The telescopes
will o er signi cantly higher sensitivity across their operational bands than current state-of-the-art
facilities, owing to their higher collecting area {Pand lower system temperatureg(Jy values.
Besides, owing to their long baselines, the angular resolution of the SKA telescopes will be an order
of magnitude ner than the leading telescopes in the 0.05-15 GHz range.

2.1 SKA-Mid in AA4 and AA* con gurations

The SKA-Mid telescope, planned to operate over 0.35 - 15.4 GHz, will enable high dynamic
range imaging at about 0.14 s and 13 kHz resolution, with an angular resolution of abd\t 0.23
0.2%%n the AA4 con guration at 1.4 GHz. Meanwhile, the resolution for the AA* con guration is
expected to be about 098 0.29° This is a signi cant improvement compared to the few arcsec
resolution o ered by the solar imaging mode of the Jansky Very Large Array (JVary) the 0.2%
resolution o ered by the most extended JVLA con guration for general astronomical observations.
The sensitivity (measured ag A gy of the AA* (AA4) array at 1.4 GHz is expected to be about
6(8) times better than MeerKAT (Jonas and MeerKAT Team, 2016), whichis an SKA precursor. The
AA*(AA4) array would help achieve a root mean square (RMS) noise level of 15.8(10yZheam

Ihttps://science.nrao.edu/facilities/vla/docs/manuals/obsguide/modes/solar
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with 1 h and 0.81 GHz averaging in Band 2, centered at 1.4 GHz. This sensitivity will let us
detect quiescent emission from stars like AD Leo out to 25 (30) pc using the AA*(AA4) array
con guration, with § detection signi cance. On the contrary, signi cant detections of radio
bursts from stars at similar distances will be possible with temporal averaging of 0.11 s and
spectral averaging of 0.1 1 MHz. The strongest class of coherent bursts could be detected with
similar spectro-temporal averaging by AA* and AA4, from stars at distanceQdfkpc. At
0.1kpc, 20 AU corresponds to 82which will be barely resolved by the AA4 con guration, while

AA* will resolve all binaries with a separation80 AU and located at distances up to 0.1 kpc.

2.2 SKA-Low in AA4 and AA* con gurations

The sensitivity of the SKA-Low telescope (operational band: 0.05 - 0.35GHz) at 70 (200) MHz
will be 120 (400) M/K in AA* and 200 (600) nt/K in AA4 con gurations. At 70 (200) MHz,

the AA* array will be 15 (5) and AA4 about 28 (7.5) times better in sensitivity than the SKA
path nder, LOw Frequency ARray (LOFAR; van Haarlem et al., 2013). In the 0.2-0.5MHz
range, the sensitivity of the SKA-Low telescope will be higher than the state-of-the-art instrument,
the upgraded Giant Meterwave Radio Telescope (UGMRT Gupta et al., 2017), by a few factors.
The SKA-Low telescope will achieve an RMS noise level of 81 (132 with 1 h integration at

200 MHz in AA4 (AA*) con guration, with an angular resolution 0f3.89°

The high sensitivity and large elds of view of the SKA telescopes directly translate to orders of
magnitude higher survey speeds in the radio band, compared to the current state-of-the art facilities.
The faster survey speeds coupled with high sensitivity will help generate large samples of stellar
ares with signi cantly less telescope time. Additionally, the imaging high dynamic range will
advance solar activity and Sun-as-a-star research. All sensitivity estimates presented here are based
on the Square Kilometre Array Observatory's sensitivity calcufasmd the data released by the
observatory onliné

3 Research avenues

A combined solar-stellar are and space weather analysis framework is essential to infer not only
the space weather relevance of ares across the stellar main-sequence but also to compare so-
lar atmospheric structure and activity against other main-sequence stars acrBgs fheage.
Comparative solar stellar studies focusing on Sun-like G dwarfs of varying ages can also provide a
picture of solar activity evolution across ages and test the applicability of the standard are model
and emission mechanisms across a wide range of ares in stars with di erent atmospheric plasma
and magnetic eld parameters. The following subsections will discuss some of the solar-stellar
research avenues that will bene t from the SKA telescopes.

3.1 Sun-as-a-star classi cation scheme for solar-stellar activity

As discussed in Sect. 1.2, there are multiple emission processes in the broader radio wavelength
range, and the dominance of the emission process depends closely on the local plasma and

2https://sensitivity-calculator.skao.int/
Shttps:/www.skao.int/en/science-users/118/ska-telescope-specifications
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magnetic eld parameters and their variability scales (Gary, 2001; Zhang et al., 2024). Hence,
depending on atmospheric physical parameters, di erent emission mechanisms may dominate
within a given observing frequency range for di erent stars. There have been reports of mixed
emission mechanisms and deviations from the general picture presented in Fig. 3 even for solar
radio bursts (e.g. Morosan et al., 2016; Carley et al., 2019; Morosan et al., 2019). In addition,

Figure 5: Top: A sample radio contour map of the Sun from Nov 3, 2014, overlaid on co-temporal EUV
image at 94A from SDO/AIA instrument. Radio contours are marked at 0.5, 0.7, 0.9, 1.3, 1.8, 3.6, 5.4, 7.2,
9, and 11 10° K to highlight the co-temporal radio burst sources, Al and A2. A Sun-as-a-star/total ux
density dynamic spectrum is shown on the rigiitddle: Al region overlaps an active region that produced

a weak coronal jet (arrow). SPREDS for Al reveals quasi-periodic type Il buBsitom: A2 overlaps

an active region that produced a con ned micro are (arrow). SPREDS for A2 reveals numerous coherent
emission ne structures{@® 2B Xa 10 -13MHz). Credits: Mohan et al. (2019b,a)

solar and stellar activity studies that rely primarily on total- ux dynamic spectra without snapshot
spectroscopic imaging are susceptible to contamination from co-temporal bright events, as discussed
in Sect. 1.3. For the Sun, we can combine the coronal plasma diagnostics based on EUV to X-
ray imaging, magnetic eld diagnostics based on vector magnetograms (Bobra et al., 2014), and
non-thermal radio emission variability in a spatially resolved manner along the axes of intensity
and polarization to reliably constrain the emission mechanism and study correlations between the
radio source variability and local dynamics at the associated active regions.
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