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Heating mechanisms

* Magnetic footpoints get
randomly moved by convective
motions in convective zone.

* Energy gets stored in the
magnetic field

» Exact detalls of how energy is
transported to corona and
dissipated is different

* \Wave heating theories

e Parker’s nanoflare
hypothesis



Nanoflare heating

Parker 1983

* Reconnections within these e /ﬁ;io‘c?l /
complex geometry converts

magnetic field energy to heat
In the corona.
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* Flare energy~ 10%* ergs; 109
times smaller than larger ones
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 Parker’s postulate: Such A
. . /cyb:c: /
reconnections are ubiquitous

and are responsible for
coronal heating.




Observing nanoflares

No direct observation of nanoflares till date.

Believed to happen at small spatial, temporal and energy
scales not resolvable by present instrumentation

Few indirect evidence exists: often high instrumental
requirements

Importance of nonthermal beams realized (Testa et al. 2014,
Reale et al. 2019).



Importance of radio observations

These small reconnections are expected to produce
nonthermal electron beams

These nonthermal electrons on interaction with the thermal
plasma can emit plasma emission

Low frequency radio observations highly sensitive to these
nonthermal signatures.

High temporal resolution: can detect highly impulsive
emissions.

Multiple searches for impulsive emissions: again focussed
on active regions (e.qg.: Mercier & Trottet 1998).



lmportance of quiet Sun

* A much larger area
than active regions

e Often no active
region present on
the solar disc.




ISSues

Necessary to image the quiet sun at high fidelity and high temporal
and spectral resolution.

Radio interferometry: Fourier imaging technigue,

e Dense instantaneous sampling in fourier plane critical.

Instruments capable of achieving this only came online recently.
Eg: MWA provides 8128 Fourier measurements every snapshot.

Huge dataset problem:

* AIRCARS: automated imaging pipeline for Solar imaging
with compact arrays (Mondal et al. 2019)

* Imaging dynamic range is regularly 10 times higher than
earlier works.



Review of Mondal et al. (2020)

We tor the first time detected weak impulsive radio
emissions from the quiet Sun using data from the
Murchison Widefield Array (MWA).

These emissions are very impulsive (width ~1s) and

have bandwidths <12 M

z. named "Weak Impulsive

Narrowband Quiet Sun Emission (WINQSE)”

Based on their impulsive nature, we concluded that
these are nonthermal in origin.

Similar results obtained in different data.



Detecting transients
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Occurrence probabillit
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Spatial structure

* These reconnections
are expected to happen
at smallest spatial
scales.

* Radio emission
expected to be
compact in nature.

« WINQSESs detected are
generally compact.




AlA counterparts

* Very difficult to calculate
energy from the radio
emission.

It EUV/X-ray counterparts
can be identified, energy
can be calculated using
DEM analysis.
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Future studies

Work already in progress to understand their spectro-
temporal structure.

Working towards robust energy estimation of
WINQSESs using EUV/X-ray counterparts.

Characterisation of WINQSEs in spatial domain also in
progress.

Ongoing work to understand if the statistical
characteristics of WINQSEs are time variable.



Conclusion

WINQSEs have been detected from the quiet sun in
multiple datasets

Demonstrated that these are ubiquitous in nature.

WINQSESs satisfy the necessary conditions for them to be
are radio counterparts of the hypothesised nanotlares.

Work In progress in several fronts spanning a large
wavelength range to understand WINQSEs better and
quantity their importance in coronal heating.



