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The eruptions in the solar atmosphere exhibit distinctly diverse patterns across a vast range of spatio-temporal scales, from ever-expanding large-scale coronal mass ejections (CMEs), to localized flares within active regions harboring sunspots, to collimated jets down to the resolution limit of modern telescopes. As the core structure of various eruptive phenomena in the solar atmosphere, magnetic flux ropes, which are characterized by coherently twisted magnetic field lines, hold the key to understanding the physical mechanisms of solar eruptions and to our predictive capability of space weather. The purpose of this Frontiers Research Topic on magnetic flux ropes is to provide a forum to bring together multi-wavelength remote sensing and in-situ diagnostics, to integrate observation and numerical modeling, and to confront established models with new observations. The articles published in this Topic represent the most active fronts of research on a few important questions, namely, how flux ropes originate and evolve toward destabilization and beyond, how they are structured, and how they interact with each other and with surrounding magnetic fields and plasma. Below we briefly summarize the major results achieved by these articles.
Solar filaments (or prominences if appearing above the solar limb) are an important indicator of magnetic flux ropes on the Sun, although it has been controversially debated how a filament is magnetically structured, more specifically, whether the dense filament mass is supported against gravity by magnetic dips in a flux rope or a sheared arcade. Since the coronal magnetic field is extremely difficult to measure, filament mass serves as a valuable field tracer, especially when the individual threads are resolved and their dynamic motions are monitored. In equilibrium, dense filament plasmas may only trace a portion of magnetic field lines, but when disturbed, they must flow dominantly along field lines in a low-β plasma environment. Mainly in chromospheric Hα filtergrams, signatures of flux ropes in the lower atmosphere have been detected by meter-class ground-based telescopes with a spatial resolution as high as 0.1 to 0.2 arcsec [see the review article by Wang and Liu, 2019]. Combining Doppler maps with flow maps in the plane of sky, [Awasthi and Liu, 2019] revealed a complex yet organized flow pattern inside a bubble underneath a prominence, which could be envisaged as counter-streaming mass motions in a helically distorted field resulting from the internal kink mode [image: image].
Magnetic twist is an inherent property of flux ropes. A CME flux rope is often envisaged to build up like an onion with nested layers of magnetic flux added sequentially as the eruption progresses, which leads naturally to a non-uniform twist profile. Heating and dynamic motions as well as substructures are expected inside non-uniformly twisted flux ropes. MHD simulations of the prominence-cavity system [Fan and Liu, 2019] corroborated that there exist different types of twisted field lines threading the cavity. These field lines also possess different thermodynamic properties, therefore giving rise to the substructures of different appearances in EUV. In contrast to moderately twisted flux ropes (less than 2 turns) that are normally reconstructed within active regions by non-linear force-free field (NLFFF) extrapolations, [Jiang et al., 2019] found a highly twisted magnetic flux rope (over 6 turns) that connects two active regions, but a different NLFFF extrapolation fails to yield a flux rope in the same region, which poses again two controversial questions: 1) how the different NLFFF results can be reconciled? 2) what is the role of the kink instability in solar eruptions? To bear on the question as to how much twist a kink-stable flux rope could contain, [Liu et al., 2019] studied magnetic twist in rotational solar coronal jets and found a lower limit of 1.3 turns of twist as released by the rotation.
The evolution of magnetic flux ropes near the Sun and in interplanetary space has significant space-weather implications. [Vršnak, 2019] studied the pre-eruptive gradual rise of flux ropes with an analytical model, considering three different driving processes. [Ma and Chen, 2020] investigated two Type II radio bursts associated with three slow CMEs. [Mishra et al, 2020] made an effort to extrapolate the internal thermodynamic properties of a CME flux rope near the Sun to 1 AU by using a model constrained by the CME kinematics. They concluded that the CME of interest releases heat throughout its journey from the Sun to Earth. Employing spacecrafts orbiting Venus and at the L1 point close to Earth, [Kilpua et al., 2019] found two CMEs coalesce into one coherent flux rope. [Zhao et al., 2019] concluded that the coalescence process between interplanetary CME flux ropes can operate in scales of hundreds of Earth radii and persist for hundreds of minutes.
In this Research Topic, we also identify two important trends: 1) utilizing high-resolution observations [e.g., Awasthi and Liu, 2019; Wang and Liu, 2019], and 2) integrating observations with models [e.g., Fan and Liu, 2019; Jiang et al., 2019; Kilpua et al., 2019; Mishra et al., 2020]. To further advance our understanding of the origin, structure, and evolution of magnetic flux ropes in the heliosphere, we look forward to observations obtained by next-generation instruments such as the 4-m Daniel K. Inouye Solar Telescope, Parker Solar Probe (PSP), Solar Orbiter, as well as the Advanced Space-based Solar Observatory (ASO-S) that is scheduled to launch in 2022 by China.
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