
Solar and Heliospheric Radio 
Astronomy

• Solar activity
• Loops and Flares
• Coronal Mass Ejections
• Space Weather





VLA radio image at 5 GHz 
http://images.nrao.edu/506





Radio Heliographs

• Most solar observations at radio 
wavelengths undertaken by dedicated radio 
‘heliographs’
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Magnetic Reconnection

• Understanding the 
physics of 
reconnection events 
requires high time 
and spatial 
resolution as well as 
high dynamic range



Blue: Radio (VLA), Red/Green EUV, White (X-ray) 





Magnetic Flares

• Magnetic flares seen many other areas of 
astrophysics
– Stars
– Interacting binaries
– Forming stars
– AGN



Low Frequency Observations

Dynamic 
Spectrum



Plasma Waves



MHD Waves

Solar and Heliospheric Physics with SKA

the high spatial and spectral resolution of the SKAwill provide far more detailed information about
the magnetic field.

The magnetic reconnection site in flares cannot be directly observed, and indeed, the scale
lengths of the dissipation region are likely to be extremely small, probably of the order of tens of
metres. However, in order to understand the energy-release processes, it is essential to determine
the location and spatial extent of this site. In the standard model this is a single monolithic current
sheet, but there is increasingly strong evidence that the reconnection site is fragmented, either
into a chain of magnetic islands or plasmoids, or into even more complex three-dimensional (3D)
structures (Cargill et al. 2012; Gordovskyy et al. 2013), and reconnection and turbulence interact on
many scales in flares (Browning & Lazarian 2013). Non-thermal particles produced during flares
are a crucial tool for indirectly observing the reconnection site (Zharkova et al. 2011), and are
discussed further in Section 4. Their diagnostic capabilities will benefit greatly from the improved
spatial resolution offered by the SKA.

3. Quasi-periodic pulsations in flares

Figure 1: Quasi-periodic pulsations in the solar flare of 8th May 1998. Left: Solar flux time profiles of
microwave emission at 9.4 GHz (dot-dashed line), 17 GHz (solid line) and 3.75 GHz (dotted line). Right:
Soft X-ray image from Yohkoh. Contour: microwave emission source for the same flare, observed by NoRH
at 17 GHz intensity (from Inglis et al. 2008).

The radio, white light, X-ray and gamma-ray light curves of solar and stellar flares are often
found to have pronounced quasi-oscillatory patterns called quasi-periodic pulsations (QPP; see
Fig. 1, and Nakariakov &Melnikov 2009, for a comprehensive review). The detected periodicities
range from a fraction of a second to tens of minutes and the modulation depth of the main flaring
signal varies significantly between events, from a few percent to a hundred percent.

The strong correlations typically seen between the microwave and X-ray emission indicate that
the phenomenon is associated with non-thermal electrons (Section 4), but the physical mechanisms
for QPP in flares are still uncertain. Theoretical studies show that the detected periodicities may
be caused by MHD oscillations of the flaring active regions or nearby plasma structures. This
interpretation is supported by the recent discovery of ubiquitous MHD wave activity in the solar
corona (see De Moortel & Nakariakov 2012, for a recent review), as space and time resolved MHD
waves and oscillations in coronal plasma structures in the EUV band have periods in the same range
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Coronal Mass Ejections





Solar and Heliospheric Physics with SKA

while the non-radial burst trajectories can be explained by the deflection of radial magnetic fields
as the CME expanded in the low corona. New discoveries, such as the short-duration, fast-drift
metric bursts recently found with the MWA (e.g. Oberoi et al. 2011, and references therein) also
demonstrate the potential of the SKA.

Figure 2: LOFAR tied-array images of a Type III radio burst at (a) 50-55MHz (b) 40-45MHz and (c) 30-35
MHz, separated by 1 s. The inset is an SDO/AIA (19.3 nm) image of the EUV Sun. The dynamic spectra
corresponding to two different beams, Beam 4 and Beam 24, are shown in panels d and e. The full evolution
of the radio sources in the dynamic spectra (Bursts 1, 2 and 3) can be viewed in Morosan et al. (2014)

Newly-available theory and simulation capabilities offer great promise to explain the detailed
properties of Type II and III bursts. For instance, impressive agreement exists between the observed
and predicted dynamic spectra of several type II bursts below about 15MHz (Schmidt & Cairns
2014). These combine 3D MHD simulation of a particular CMEmoving through the event-specific
corona (using the BATS-R-US code with data-driven models) with detailed emission physics, and
show multiple radio sources distributed across the 3D shock front. Type III simulations have also
been developed which can predict the basic properties of emission including its fine structures
in frequency, associated bremsstrahlung X-rays in the chromosphere (Hannah et al. 2013), and
intensification when the electron beam crosses a shock (Li & Cairns 2012). Fully 3D theories for
type III bursts, as well as enhanced theories for decimetric events (Cairns 2011) are expected to be
available before SKA1 is operational.

The SKA therefore offers the ability to address some of the many fundamental and important
issues, both observational and theoretical, for solar radio bursts (see also the related discussion for
the MWA; Bowman et al. 2013), by allowing high time, spatial and spectral resolution imaging.
Correlations with data from other wavelengths, such as EUV and X-ray images of solar flares,
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Particle Acceleration



Interplanetary Scintillation





Space Weather



Summary

• SKA (both LOW and MID) will address a
range of solar radiophysics

• Physics of magnetic reconnection and flares
• Lead to better predictions of space weather

affecting the Earth


