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Requirement
High-fidelity and high 

dynamic-range 
spectro-polarimetric snapshot 

solar imaging



  Murchison Widefield Array 

Image credit : NASA

Kansabanik 2022, Solar Physics, 297, 122



Students: The Driving Force

Rohit Sharma 
NCRA, 2017

Atul Mohan
NCRA, 2019

Patrick 
McCauley

Syd U, 2019

Mozibur 
Rahman

Syd U, 2022

Devojyoti 
Kansabanik 
NCRA, 2023

Puja Majee
NCRA, 2026

Surajit Mondal
NCRA, 2020

Soham Dey 
NCRA, 2025



Students: The Driving Force

Rohit Sharma 
NCRA, 2017

Atul Mohan
NCRA, 2019

Patrick 
McCauley

Syd U, 2019

Mozibur 
Rahman

Syd U, 2022

Devojyoti 
Kansabanik 
NCRA, 2023

Puja Majee
NCRA, 2026

Surajit Mondal
NCRA, 2020

Soham Dey 
NCRA, 2025

MS students 
Akshay Suresh (2017) 

Shilpi Bhunia (2020)
and many many short 

term students



Publication Record (only solar)

4.6 papers/ yr

Start of 
MWA Ops



Absolute Flux Density Calibration
Used the well characterised Galactic 
background and the MWA beams and 
receivers to determine solar flux density 
(Oberoi et al., 2017)

● Relied on availability of baselines 
short enough to not resolve the Sun



Absolute Flux Density Calibration
Used the well characterised Galactic 
background and the MWA beams and 
receivers to determine solar flux density 
(Oberoi et al., 2017)

● Relied on availability of baselines 
short enough to not resolve the Sun

Multipronged approach to flux density calibration (Kansabanik et al., 2022)

● Presence of bright sources in the FoV (Crab, VirgoA)

● High dynamic-range imaging - detect numerous background radio sources 
and use GLEAM catalogue flux densities

● Observations of strong calibrators with and without solar attenuation

● Use the database of calibration solutions by Sokolowski et al. (2020)



  Absolute Flux Density Calibration

Image credit : NASA
Kansabanik et al., 2022a, ApJ 927 17

Detect sources down to 4 Jy flux-density 
in the presence of >104 Jy Sun.

Uncertainty ~10% 



Imaging pipelines (AIRCARS)

Mondal et al., 2019, ApJ 
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Imaging pipelines (P-AIRCARS)

Kansabanik et al., 2022,2023
Kansabanik, 2022

Key Takeaways
● Routinely produce spectroscopic snapshot images with 

dynamic range ~300 – 105 

● Flux density uncertainty is ~10%

● Polarization calibration is comparable to high-quality 
astronomical observations
○ Residual Stokes I ↔ Q is ~1%

○ Residual Stokes I ↔ U, V is  ~0.1%

● Fully automated, user-friendly and robust (work in 
progress)



  Imaging dynamic range comparison

Image credits: Mondal et al. 2019, Zhang et al. 2022, Mercier et al. 2015, Willson 2000 
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 Science targets - chosen to maximize the MWA advantage

● Studies of weak(er) non-thermal emissions

● CME Gyrosynchroton (GS) emissions 

● Targeted studies of well known solar radio bursts 

○ Types I, II, III

● Coronal holes

● Polarimetry

● Propagation effects
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Mercier et al., 1997
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Progressively weaker non-thermal emissions
Non imaging wavelet based 
detection of NT emission 
islands- in dynamic spectra 
(Suresh, 2017) 

Non imaging Gaussian 
mixture based 
decomposition of 
dynamic spectra data 
(Sharma, 2018)

Imaging detection of 
the weakest NT 
emissions reported yet 
(Mondal et al., 2020, 
2021, 2023)

Mercier et al., 1997

Ramesh et al., 2013



Weak Impulsive Narrowband Quiet Sun Emissions (WINQSEs)

Distribution well described by a log-normal function 
Similar result was obtained by Pauluhn and Solanki (2007) for EUV data

Mondal et al., 2020, 2021, 2023; Bawaji et al. 2023

Radio counterparts of 
‘nanoflares’, hypothesised to 
explain coronal heating

● Meet all of the 
expectations

● Enable us to probe much 
weaker energies than 
possible at EVU and 
X-rays



Solar WINQSEs

Investigations so far
● Ubiquitous on the Sun even during the quietest of solar conditions (Mondal et 

al., 2022)
● Found EUV counterparts of a group of co-located WINQSEs (Mondal, 2021)

○ Energy deposited in the corona ~10^25 ergs (DEM analysis)
● Tried to estimate their bandwidth/ spectral shape (Mondal et al., 2023)

○ ~100 kHz
● Examined morphology of WINQSEs (Bawaji et al., 2023)

○ Usually compact morphology 
● Detection of WINQSEs using an independent technique (Sharma et al., 2022)

Radio counterparts of ‘nanoflares’, hypothesised to explain coronal heating
● Meet all of the expectations
● Enable us to probe much weaker energies than possible at EVU and X-rays



Gyrosynchrotron (GS) emission from CMEs

● Limited number of detections due 
to observational challenges.

● Most of them are associated with 
the fast CMEs.

● Spectral coverage is not always 
good.

● Many of them are non-imaging 
studies, hence cannot provide 
any spatial information.

One of the few remote sensing techniques for estimating CME magnetic fields

First detection in 2001 (Bastian et al.) from Nançay Radioheliograph.



Gyrosynchrotron (GS) emission from CMEs

● Limited number of detections due 
to observational challenges.

● Most of them are associated with 
the fast CMEs.

● Spectral coverage is not always 
good.

● Many of them are non-imaging 
studies, hence cannot provide 
any spatial information.

One of the few remote sensing techniques for estimating CME magnetic fields

First detection in 2001 (Bastian et al.) with Nançay Radioheliograph.

CME GS with MWA
Imaging quality sufficient for routine 
detection for slow and otherwise 
unremarkable CMEs.
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First detection of CME GS Stokes V 

Image credit : NASA Kansabanik et al. 2023b



First detection of CME GS Stokes V 

Image credit : NASA

Prompting us to question model assumptions

● Homogeneous distribution along the LoS

● Isotropic pitch-angle distribution of electrons

Kansabanik et al. 2023b





Type IIIs - splitting & estimating coronal densities

McCauley et al. 2018McCauley et al. 2017



Coronal Holes (CH)

CH - Regions of low density wrt 
ambient medium

● Sometimes transition from 
being darker at high 
frequencies (low heights) 
to being brighter at lower 
frequencies

● Explained in terms of 
refraction of radio waves 
from neighbouring regions 
into in the CH regions

Mozibur et al. 2019



The first polarimetric study - survey of Stokes V

Found ~700 compact Stokes V sources in ~100 observing runs near solar 
maximum, but during quiet periods
Plasma emission from active regions (noise storms  - continuum of type I 
bursts)

Bulls-eye structure in Stokes V in low-latitude coronal holes

McCauley et al. 2019



Polarimetric imaging of type IIIs

Mozibur et al. 2020

Detailed study examining many different aspects of type IIIs
● Polarisation fraction as a function of bursts position (higher 

pol close to centre and lower close to the limb)
● Correlation between source motion and degree of 

polarisation
● Variations in fractional polarisation as a function of time
● …



  Recent Discoveries and Results from polarimetric imaging

Image credit : NASA

First detection of low-level (<1%) circular 
polarization from quiet Sun thermal emission

First ever robust imaging detection of linearly 
polarized emission in a variety of active solar 

radio emissions (types I, II and III)

● Average Stokes V is 0.5% (residual leakage < 
0.07%).

● Can provide BLoS at mid and higher coronal 
heights,           <BLOS > ≈ 100 mG

● Expected no linear polarization from 
meter-wavelength coronal radio emission.

● Recent simultaneous MWA and GMRT 
observation confirm this (work in progress)



MWA solar imaging status

To our credit:

● The highest imaging dynamic range at metrewaves
● The highest polarimetric purity 
● Perhaps the best flux density calibration

● Discovery of the weakest (mSFU level) nonthermal emissions yet
○ Weak Impulsive Narrowband Quiet Sun emissions (WINQSEs) 

● CME GS emissions
○ Detection at the largest heliographic heights
○ First detection of Stokes V from CME GS emission

● First detection of Stokes V from the Quiet Sun
● Robust imaging detection of linearly polarised emission in many active solar 

emissions



Future plans

● ~1% solar data imaged yet. Obtain resources for imaging an order of magnitude larger fraction

○ Access to the proto Proto-SKA-Regional-Centre is being set up at NCRA (240 cores, 1 PB)

○ 3 different proposals in 2 countries currently in varying stages of evaluation/ submission

■ ~20-30% of the carefully selected parts of archived data

●  Making solar radio imaging mainstream

○ Dramatically reduce the potential barrier by providing an easy to drive and robust pipeline for 
producing state-of-the-art spectro-polarimetric snapshot images

● 2 thesis + a smaller term project currently underway (polarimetry, larger scale explorations of archival 
data)

● Space weather - detecting and modeling the FR due to CME plasma to arrive vector B of the CME

● Plenty of good stuff to look forward to both in the short and the longer term…
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Explore higher frequencies - MeerKAT

Kansabanik et al. 2023,
arXiv:2307.01895, in prep0.9 GHz 1.3 GHz 1.4 GHz 1.7 GHz
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● We are a small team with unusual needs and requests

● Physically distant ⇒ not as well plugged into the MWA world/ realities/ plans

● Sincere gratitude to the MWA Project team - Management and Ops

● Big thanks to all the people who have contributed to make our enterprise a 
success
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● We are a small team with unusual needs and requests

● Physically distant ⇒ not as well plugged into the MWA world/ realities/ plans

● Sincere gratitude to the MWA Project team - Management and Ops

● Big thanks to all the people who have contributed to make this enterprise a 
success, especially the students


