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Twisted flux ropes as the key to solar flares and atmospheric 
heating 

 

 
 Zoom in on a quiet region of the Sun, populated by ‘magnetic ropes’, which play a key role in active regions. 

© Tahar Amari et al. / Centre de physique théorique (CNRS/École Polytechnique/Institut Polytechnique de Paris). 
 

FRANCE –A study published in The Astrophysical Journal Letters by an 
international team* coordinated by Tahar Amari, CNRS research director at the 
Center for Theoretical Physics (CPHT**) at École Polytechnique, shows that 
twisted flux ropes (TFRs) are omnipresent in the Sun, even in its quietest regions. 
Their work, combining high-resolution observations and advanced simulations, 
explains how those TFRs help to heat the solar atmosphere to extreme 
temperatures. 

The study published in The Astrophysical Journal Letters by the team led by Tahar Amari, 
CNRS research director at École Polytechnique's CPHT, is a new episode in the scientific series 
seeking to understand which magnetic structures provide the energy necessary for the Sun's 
eruptive phenomena. The Sun is in fact made up of plasma that is subject to convection 
movements, like those of boiling water. These movements of electric fluid inside the star create 
complex magnetic fields, including ‘twisted flux ropes’ that rise well above the surface. This 
new work helps to answer one of the great enigmas of our star: how its atmosphere can reach 
temperatures of more than a million degrees while its surface does not exceed 6,000 degrees. 

https://iopscience.iop.org/article/10.3847/2041-8213/adb74f
https://www.researchgate.net/profile/Tahar-Amari


This study confirms a prediction, made in 2015 in the journal Nature, which was based on 
numerical simulations. In this now study, in addition to the simulations, high-resolution 
observations of the Sun's surface by the Hinode satellite are combined with advanced 
environment reconstruction models which have made these structures visible for the first time 
and have revealed a multitude of magnetic twists on small and medium scales.   

Previously, Tahar Amari and his colleagues had shown the role of magnetic ‘ropes’ and 
magnetic ‘cages’ in the different types of solar eruptions in the so-called active regions of the 
Sun. The new results, combined with new high-resolution numerical simulations, show that 
those structures are also omnipresent, on smaller scales, within the ‘quiet’ Sun. The 2015 
prediction has been validated by going even further. 

Despite its name, the quiet Sun is incredibly dynamic. Observed by Solar Orbiter, it releases 
small amounts of energy, such as spicules, jets or ‘campfires’. 

 
TFRs in the quiet Sun, produced before and during an eruption, revealed by a high-resolution simulation including the thin 

layer beneath the solar surface.  © Tahar Amari et al. / Centre de physique théorique (CNRS/École Polytechnique, IPP) 

 “We have shown that these quiet solar ropes appear at the same altitude as these campfires 
and contain the energy needed to power them. What's more, unlike what happens in active 
solar regions, these magnetic structures in quiet regions can connect to larger magnetic loops 
that relay energy even higher up in the Sun's atmosphere, via so-called Alfven waves”, Tahar 
Amari points out. 

Those ropes not only contribute to this localised heating: they also generate small eruptions, 
which may be less violent than those in active regions, but which also transport energy and 
contribute to the heating of the solar atmosphere. 

Magnetic ropes could therefore constitute a very important part of the energy chain between 
the Sun's surface and its upper atmosphere, and provide a unified view of the eruptive 
processes in the active and quiescent regions of our star. For scientists, the story goes on, as 
ongoing observations by Solar Orbiter and the DKIST telescope will provide new data. 
 

*The international collaboration brought together researchers from the CNRS, École Polytechnique, 
the University of California at Los Angeles (UCLA), the Predictive Science Incorporation (San Diego), 
Inria, the Institut d'Astrophysique Spatiale (IAS), the CEA and the National Solar Observatory 
(Hawaii). 

** CPHT: a joint research unit CNRS, École Polytechnique - Institut Polytechnique de Paris 

Article: The Ubiquity of Twisted Flux Ropes in the Quiet Sun, Tahar Amari et al., The Astrophysical 
Journal Letters, March 2025: DOI 10.3847/2041-8213/adb74f 

https://www.nature.com/articles/nature24671
https://iopscience.iop.org/article/10.3847/2041-8213/adb74f
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ABOUT ÉCOLE POLYTECHNIQUE / École Polytechnique, also known as L’X, is the leading French institution combining top-level 
research, academics, and innovation at the cutting-edge of science and technology and cultivates multidisciplinary and 
scientific excellence. L’X combines research, education and innovation at the highest scientific and technological level. The 
Institution promotes a culture of excellence with a strong emphasis on science, anchored in humanist traditions. Through its 
range of training programs – Bachelor of Science, École Polytechnique engineering program, Masters of Science and 
Technology, Executive Masters, Continuing education - École Polytechnique trains leaders with a sound multidisciplinary 
scientific culture by exposing them to both the world of research and industry. With its 23 laboratories, including 22 joint research 
units with the CNRS, École Polytechnique works at the frontiers of knowledge on major interdisciplinary challenges in the 
scientific, technological and societal fields. École Polytechnique is a founding member of Institut Polytechnique de Paris. 
www.polytechnique.edu  
 
 
ABOUT THE CNRS / A major player in basic research worldwide, the National Centre for Scientific Research (CNRS) is the only 
French organisation active in all scientific fields. I ts unique position as a multi-specialist enables it to bring together all of the 
scientific disciplines in order to shed light on and understand the challenges of today's world, in connection with public and 
socio-economic stakeholders. Together, the different sciences contribute to sustainable progress that benefits society as a 
whole. www.cnrs.fr 
 
ABOUT INRIA / Inria is the French national institute for research in digital science and technology, and since January 2024 has 
been responsible for the Agence de programmes dans le numérique (Digital Programs Agency), designed to strengthen the 
collective dynamics of higher education and research. I ts DNA is based on world-class research, technological innovation and 
entrepreneurial risk. Within 220 project teams, most of which are shared with major research universities, more than 3,800 
scientists are exploring new avenues, often in interdisciplinary collaboration with industrial partners, to meet ambitious 
challenges. As a technology institute, Inria supports a wide range of innovation paths: from open source software publishing 
to the creation of technology startups (Deeptech). www.inria.fr 
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