
  

Olga Khabarova1, Helmi Malova2,3, Roman Kislov1, 2, 
Lev Zelenyi2, Vladimir Obridko1,

 Alexander Kharshiladze1, and Vladimir Kuznetsov1                 
                                                                                                                 
                                                                                                                 
                                                                                                                 
                                                                                                                 
                                                                                                                 
                                                                                                                 
                                                                                                                 

                                                                   

Polar magnetic tornadoes - the structures 
that connect the Sun and the heliosphere 

habarova@izmiran.ru

1 Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radio Wave 
Propagation of the Russian Academy of Sciences (IZMIRAN), Moscow, Russia
2 Space Research Institute (IKI RAS), Moscow, Russia
3 Skobeltsyn Institute of Nuclear Physics, MSU, Moscow, Russia

Hebe Cremades4, Olga Malandraki5, 
Luciano Merenda4, Alessandro Bemporad6

+

4UTN - FRM and CONICET, Mendoza, Argentina 
5 National Observatory of Athens, Athens, Greece
6 INAF - Torino Astronomical Observatory, Italy



  

Courtesy of K. Hayashi

HCS

Balogh et al., 1995; Smith et al., 2001

The heliospheric current sheet and large-scale current sheets 
representing an extension of solar magnetic field neutral lines
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Khabarova et al. ApJ, 2017



  

Nature 2012

Small-scale magnetic tornadoes can occur at low latitudes 
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Large-scale high-latitude magnetic tornado bounded by a conic current sheet  
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Khabarova et al. ApJ, 2017

Rotation of the magnetic field

Boundary of the tornado represents an azimuthal Alfven surface 



  

Polar tornado-like structure bounded by a conic/cylindrical current 
sheet in the polar heliosphere 

- Drop of V

- Very low plasma beta

- Embedded current sheets

- Rotation of B

• Diameter at 2-3 AU is ~16 solar radii
• Occurs within the high-speed polar coronal hole 
• Rotates with a period of ~30 days
• Solar minimum only
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reconstructed coronal magnetic field 

Khabarova et al. ApJ, 2017
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IPS reconstructions of the solar wind speed/ Восстановленная скорость СВ. 

Tokumaru et al. 2017, SolPhysKhabarova et al. ApJ, 2017

Areas of the decreased speed observed at high latitudes via the IPS technique



  



  

• There is a problem of the unusual presence of energetic particles of 
MeV energies at high heliolatitudes, which is still poorly understood 
(Smith et al. 2001; Sanderson et al. 2003; Lario et al. 2004; Sanderson 
2004; Malandraki et al. 2009 etc.).

• Energetic particles of keV-MeV energies should propagate mainly 
along magnetic field lines, but if a source is an active region at low 
latitudes, it is not clear how they get to high latitudes. They are 
detected sometimes at high latitudes with a very short time delay with 
in-ecliptic observations that cannot correspond to particle diffusion 
across magnetic field lines.

• Observations of keV–MeV energetic particles in polar regions in quiet 
times of solar minima are also puzzling.

The existence of long-lived CCSs in the high-latitude solar wind could 
shed light on how energetic particles reach high latitudes



  

Energetic particle flux enhancements (up to tens MeV) at 
the borders of the polar conic current sheet in 1994. 

1994

Khabarova et al. ApJ, 2017



  

2007

Energetic 
particle flux 

enhancements 
(up to several 
MeV) at the 

borders of the 
conic current 

sheet in 2007. 

Khabarova et 
al. ApJ, 2017



  

Titov et al. ApJ, 
2012

Edmondson et al. ApJ 2010
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Interchange reconnection



  

high heliolatitudes

low heliolatitudes

Interchange reconnection

The way to deliver energetic particles from low to high heliolatitudes



  

3-D modeling of formation of plasmoids/streamer blobs at the HCS at low 
heliolatitudes and torsional Alfvén waves at high heliolatitudes. 

Higginson & Lynch, ApJ, 2018 



  

3-D modeling of formation of plasmoids/streamer blobs at the HCS at low 
heliolatitudes and torsional Alfvén waves at high heliolatitudes. 

Higginson & Lynch, ApJ, 2018 



  

PROBA2/SWAP and 
SDO/AIA EUV imagers 



  



  

polar coronal hole

See also Karpen et al. ApJ, 
2017; Tian et al. ApJ, 2017



  

polar coronal hole jetspolar coronal hole jets

Position of jets at 1 R⊙ are in red, at 2 R⊙ in green, respectively

Rotating root of a conic current sheet 
serves as a foot-circle for reconnection-

driven polar jets inside polar coronal holes. 
This phenomenon naturally explains the 
occurrence of energetic particles of keV-

MeV energies observed by Ulysses at 
edges of CCSs in the solar wind. 



  



  
Reconstruction of the magnetic field lines in the corona (12 June 1997)  



  

Location of reconnection-driven polar jets 
inside the North coronal hole in June 1997  

Location of polar jets is identified by Hebe Cremades and Luciano Merenda 



  



  

Juno observationsJuno observations

Similarities with JupiterSimilarities with Jupiter



  

- Khabarova, Malova, Kislov, Zelenyi, Obridko, 
Kharshiladze, Tokumaru, Sokół, Grzedzielski, Fujiki, 

High-latitude conic current sheets in the solar wind, 
The Astrophysical Journal, 836, 108, 1, 2017  

- Khabarova, Cremades, Malandraki, Kislov, Malova, 
Obridko, Bemporad, Zelenyi, Kuznetsov, Kharshiladze, 

2021, in preparation

• Polar multi-structural magnetic tornados exist! 

• Those boundaries represent conic current sheets (CCSs) that may be observed at 
the Sun as neutral lines rooting magnetic reconnection driven polar jets. 

• CCSs rotate faster than the surrounding coronal hole. 

• In the corona, CCSs are seen as cones of magnetic field lines. The speed and the 
plasma beta decrease inside CCSs,.

• CCSs represent (i) sources of local particle acceleration via magnetic  reconnection  
in  the  solar  wind,  and (ii) magnetic channels for energetic particles accelerated at 

the Sun. 
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