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Editorial on the ResearchTopic

Flux rope interaction with the ambient corona: From jets to CMEs

Eruptive events within the Sun’s corona occur across a broad range of scales, from

abundant small-scale jets to highly energetic coronal mass ejections (CMEs) (e.g., Webb and

Howard, 2012; Raouafi et al., 2016; Kumar et al., 2021). Flux ropes have been understood to be

a fundamental constituent of CMEs for many years, but it has only been more recently that

their role in smaller eruptive events has become more appreciated (e.g., Sterling et al., 2015;

Wyper et al., 2017). The key to understanding the differing morphology and nature of

eruptions on these vastly differing scales is to understand the nature of the interaction between

the flux ropes involved and themagnetic field of the surrounding corona. This Research Topic

invited perspectives on (and examples of) flux rope eruptions across this broad range of scales,

from formation to ejection, with the aim of highlighting commonalities and differences to aid

in ultimately building a common framework for their understanding. Starting at the smallest

scales, Schmieder presented a historically ordered review of jets and surges. The parallel

improvements in instrumentation, physical insight and numerical simulations over time were

highlighted along with the ways in which improvements in one area led to developments in

another. Overall, jets of all forms are presented as the result of magnetic reconnection between

two magnetic domains, with the reconnection involving a null point, bald patch separatrix or

quasi-separatrix layer. In particular, jets with observed rotational motions often involve the

transfer of twist from a small-scale filament or flux rope by reconnection across the separatrix.

Twist transfer via flux rope reconnection is also known to occur in larger events, such as

circular ribbon flares. Lee focused on such an event which had both a circular ribbon flare and

CME. The novel diagnostic capability of microwaves was discussed and used to show that

breakout reconnection above the flux ropes involved was the likely trigger of this event.

Yurchyshyn et al. employed non-linear force-free field extrapolations to study the magnetic

configuration throughout a similarly complex slow-rise flare and fast CME from an overall

bipolar active region. They too find multiple flux rope structures are present before the

eruption and that the surroundings also strongly influence the direction of CME flux rope

OPEN ACCESS

EDITED AND REVIEWED BY

Scott William McIntosh,
National Center for Atmospheric
Research (UCAR), United States

*CORRESPONDENCE

Peter Wyper,
peter.f.wyper@durham.ac.uk

SPECIALTY SECTION

This article was submitted to Stellar and
Solar Physics,
a section of the journal
Frontiers in Astronomy and Space
Sciences

RECEIVED 28 June 2022
ACCEPTED 06 July 2022
PUBLISHED 04 August 2022

CITATION

Wyper P, Kumar P and Lynch B (2022),
Editorial: Flux rope interaction with the
ambient corona: From jets to CMEs.
Front. Astron. Space Sci. 9:980183.
doi: 10.3389/fspas.2022.980183

COPYRIGHT

© 2022Wyper, Kumar and Lynch. This is
an open-access article distributed
under the terms of the Creative
Commons Attribution License (CC BY).
The use, distribution or reproduction in
other forums is permitted, provided the
original author(s) and the copyright
owner(s) are credited and that the
original publication in this journal is
cited, in accordance with accepted
academic practice. No use, distribution
or reproduction is permittedwhich does
not comply with these terms.

Frontiers in Astronomy and Space Sciences frontiersin.org01

TYPE Editorial
PUBLISHED 04 August 2022
DOI 10.3389/fspas.2022.980183

https://www.frontiersin.org/articles/10.3389/fspas.2022.980183/full
https://www.frontiersin.org/articles/10.3389/fspas.2022.980183/full
https://www.frontiersin.org/articles/10.3389/fspas.2022.980183/full
https://www.frontiersin.org/researchtopic/20607
https://www.frontiersin.org/articles/10.3389/fspas.2022.820183/full
https://www.frontiersin.org/articles/10.3389/fspas.2022.855737/full
https://www.frontiersin.org/articles/10.3389/fspas.2022.816523/full
https://crossmark.crossref.org/dialog/?doi=10.3389/fspas.2022.980183&domain=pdf&date_stamp=2022-08-04
mailto:peter.f.wyper@durham.ac.uk
https://doi.org/10.3389/fspas.2022.980183
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/astronomy-and-space-sciences
https://www.frontiersin.org
https://www.frontiersin.org/journals/astronomy-and-space-sciences
https://www.frontiersin.org/journals/astronomy-and-space-sciences#editorial-board
https://www.frontiersin.org/journals/astronomy-and-space-sciences#editorial-board
https://doi.org/10.3389/fspas.2022.980183


propagation. In this case they note that the decay index calculated

along an oblique path (Kliem et al., 2021) proved useful in explaining

the CME’s initial non-radial ejection.

Flux rope deflection and coronal reconnection also played a

major role in the events studied by Pal et al., who analysed a series of

three sequential, slow eruptive transients that ultimately resulted in a

classic 3-part streamer-blowout flux rope CME. The eruption of the

first narrow, unstructured CME appears to remove the outer layers

of helmet streamer flux from above an energised multi-polar

topology, triggering the sympathetic eruption of the next two

CMEs. Furthermore, the final, well-structured CME was

encountered by Parker Solar Probe (PSP) which revealed the

draping of the heliospheric current sheet/plasma sheet around

the CME and their dynamic interaction, resulting in magnetic

reconnection eroding the interplanetary flux rope ejecta as it

travelled. Finally, Rice and Yeates performed a comprehensive

parameter study to investigate the eruptivity of translationally-

symmetric (2.5D) bipolar helmet streamer configurations using

magnetofrictional simulations. Their simulations produced both

partial, streamer-detachment transients as well as larger and

more complete streamer-blowout flux rope CME eruptions.

Interestingly, the authors find that the recently developed

eruptivity index (e.g., Pariat et al., 2017) does not appear to be

particularly well-suited for predicting magnetofrictional flux rope

CME eruptions from these helmet streamer configurations.

So what does this Research Topic tell us about eruptions across

different scales in the solar corona? It is clear that coronal

reconnection plays a key role in shaping solar eruptions,

particularly in smaller scale jets (Schmieder) and confined events

(Lee). While larger-scale events are also strongly influenced by flux

rope expansion and deflection. The latter of which can be predicted

to a certain extent by either the decay index along different paths

(Yurchyshyn et al.), or somewhat equivalently by identifying nearby

regions of lowermagnetic field strength/energy (Pal et al.). However,

despite their similarities it is clear there is still a long way to go to be

able to reliably predict eruptions at different scales, even in idealised

configurations (Rice and Yeates).

Encouragingly, there has never been a better time to study these

fascinating events. We are entering an new era of solar and

heliospheric physics where coordinated in-situ and remote

sensing observations, driven for example by the latest results

from the PSP and Solar Orbiter missions, can be contrasted

against increasingly sophisticated data-driven and idealised

magnetohydrodynamic models being run on ever more powerful

high-performance computing platforms and resources. This

Research Topic represents the type of cross

collaboration—between theory, modelling, and observations, and

between different fields and disciplines—that will almost certainly

result in important progress toward understanding the fundamental

physics of energetic transient and eruptive phenomena that occur

over a vast range of spatiotemporal scales in the solar atmosphere

and their resulting heliospheric consequences.
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