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Heliopolarimetry: An Innovative Remote Sensing of Solar Eruptions Magnetic Fields

Coronal Mass Ejections (CMEs) are large eruptions of magnetized plasma from the Sun and represent the main driver of space weather at Earth. Their impact is governed by the strength and structure of the CME magnetic fields, yet direct remote measurements of these fields in the solar atmosphere and heliosphere remain elusive. One promising technique is to track variations in Faraday rotation of background linearly polarized sources caused by the CME plasma, though this requires high precision and careful removal of ionospheric effects. In this talk, I will outline the challenges of implementing such innovative observations and present the first results of CME magnetic field measurements in the inner heliosphere using Faraday rotation data from the Murchison Widefield Array.
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A Detailed Polarimetric Study of a Type-II Solar Radio Burst with MWA

Type-II solar radio bursts are plasma emissions generated by collisionless shocks in the corona and interplanetary space, typically driven by energetic solar eruptions such as flares and coronal mass ejections (CMEs). Their close association with such large-scale eruptions makes them relevant for space weather studies as well. The geoeffectiveness of a CME largely depends on the properties of the magnetic field it carries and how it interacts with the ambient solar magnetic field. Therefore, probing the magnetic field entrained in CMEs is crucial. The polarimetric properties of type-II bursts offer one of the few remote-sensing tools available for directly studying the strength and topology of magnetic fields in CME-driven shocks. However, reported polarization levels in the literature span a broad range, from negligible or weak polarization to strong circular polarization of several tens of percent. Most of the earlier studies are based on Sun-as-a-star observations, which provide spatially averaged measurements. Given the presence of multiple active regions and spatially varying polarized emission on the Sun, such integrated measurements are susceptible to beam depolarization, potentially leading to inaccurate results. To overcome these limitations, spatially resolved imaging is essential. The advent of new-generation instruments, like the Murchison Widefield Array (MWA), has made it possible to obtain high-dynamic-range, high-fidelity full-polar solar radio images with good temporal, spectral, and angular resolution. Leveraging these capabilities, we have conducted a detailed polarimetric imaging study of a type-II solar radio burst. Our analysis includes characterization of sources in both total intensity and polarized emission, along with an in-depth examination of their temporal and spectral evolution. This study represents an important step toward using polarimetric imaging to advance our understanding of type-II bursts and coronal propagation. 

Silvia mantovanini silvia.mantovanini@postgrad.curtin.edu.au
Galaxies and 
Milky Way GaLactic and Extragalactic All-sky Murchison Widefield Array survey eXtended (GLEAM-X) III: Galactic Plane Radio surveys of the Galactic Plane are essential for understanding how the Milky Way evolves, what it is composed of, and what emission processes take place. Low radio frequencies are particularly useful for constraining the distribution of cosmic rays and magnetic fields, as well as studying the spectral properties of pulsars and the diffuse emission of supernova remnants. The GLEAM-X survey is incrementally made available to the community as portions are completed. The first two data releases covered 14892 deg2 of the extragalactic sky. We present here the third data release for the GLEAM-X survey, covering ≈ 3800 deg2 of the southern Galactic Plane (GP) with 233◦ < l < 44◦ and |b| < 11◦ over a frequency range of 72–300 MHz. However, GLEAM-X alone is not sensitive to the large-scale diffuse emission, abundant along the GP. To address this, we jointly deconvolved GLEAM-X data with the original GLEAM survey to recover spatial scales 45′′ − 15◦ - a capability unmatched by other low-frequency surveys - using a GPU-based Image Domain Gridding (IDG) extension of WSCLEAN. This release represents the most detailed low-frequency survey of the GP to date, with only the SKA expected to produce deeper and broader coverage. The GP release has an RMS noise level of 10–2 mJy beam−1 across the observing band, and almost 90000 sources with spectral fitting. In this talk, we will present the new images and catalogues, and showcase some early science results including spectral studies of SNRs, HII regions classification and pulsar detections at low frequencies.
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Ultra-fast real-time imaging with large aperture arrays
Real time imaging at high time cadence (~ms) can open up a new window to the Universe by detecting rapid transients at unprecedented scales. However, conventional imaging techniques based on visibility formation, gridding and Fourier transforming to the image plane are restrictive in achieving the full potential offered by large aperture arrays such as the SKA-Low, due to the O(N2) scaling relation governing visibility generation. As an alternative, an ultra-fast imaging technique by gridding at the voltage level and Fourier transforming - called EPIC - has been developed, which scales as O(N log N). While EPIC has been implemented in GPUs, the memory bandwidth limitations posed by the GPU hardware has limited the performance of such systems. In this talk, we will present results from implementation of this technique on FPGAs. We will present results from tests carried on hardware, including images generated using this technique, as well as benchmarking results. We will also explore scalability and potential for deployment of EPIC imagers on current and future radio telescopes.

Julie Hlavacek-Larrondo j.larrondo@umontreal.ca
Clusters+Large
Scale Doubling the redshift of known radio mini-halos in clusters of galaxies Clusters of galaxies host spectacular diffuse radio sources, extending over scales from 100 kpc to several Mpcs. These sources, with extremely faint surface brightness (micro-Jy level), are not tied to individual galaxies but trace synchrotron emission from large-scale magnetic fields and relativistic particles within the intracluster environment. Here, we report the discovery of a radio mini-halo in SpARCS104922.6+564032.5, the most distant cool-core galaxy cluster identified to date at z=1.709, using deep LOFAR 120-168 MHz observations. We show that this emission originates from diffuse cluster-associated processes rather than unresolved AGN or star-forming galaxies. The diffuse radio emission coincides spatially with the X-ray emission of the hot intracluster medium and has a radio power of P_150 MHz=49.8*10^24 W/Hz, exhibiting striking similarities to low-redshift radio mini-halos. This discovery doubles the redshift of previously known mini-halos, challenging models of inverse Compton losses and indicating the presence of strong magnetic fields, enhanced turbulence, or active hadronic processes in high-redshift clusters. It further implies that magnetic fields are efficiently amplified to 10 micro-G levels within a Mpc3 volume during the epoch of cluster formation before z=2. These findings provide critical insights into high-redshift cluster physics and emphasize the transformative potential of next-generation radio surveys, such as those with the SKA and ngVLA, in exploring the early evolution of galaxy clusters..
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