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C. de Jager: Flares are different 
Flare models are also quite different («standard» CSHKP, current-
interruption,...)
 “Standard” model is realized in 20-30% flares

There are several flare triggers under discussion

• Thermal trigger (Syrovatskii 1976; Ledentsov 2021)
• Topological trigger (Somov 2009; Kusano et al 2012)
• Loop-loop interaction (Kumar et al 2010)
• Prominence trigger (Pustilnik 1973; Zaitsev & Stepanov 1992)

We suggest  the R-T instability as a flare trigger  



Two problems in flare physics

• How to heat plasma for10 s

• How to accelerate huge number of charged particles

The impulsive solar flare produce ~ 1037 >20 keV ellectrons/s 10-100 s.
Total number of electrons Ne (> 20 keV) ≈ 1039 (Miller et al. JGR 1997). 

This exceeds the electron number stored in the coronal part of a magnetic loop : (1-5)×1037 (Emslie & 
Hénoux, 1995). 

In 'giant flares' number of  >20 keV electrons can be as high as 1041 (Kane et al. 1995). 

Bulk loop plasma must be in acceleration regime?

Way out: Acceleration in the chromosphere?



Magnetic Rayleigh-Taylor Instability
(great role in astrophysics)

Kruskal  & Schwarzschild (1954)
Chandrasekhar (1981)



The Rayleigh-Taylor instability
(Ballooning mode)

CME matter 
fell back to 
the surface



We apply the RTI to the typical magnetic flare configuration – a flare loop.
Two cases will be considered
• RTI near loop foot points
• RTI at loop top induced by prominence

Consequences of RTI as a flare trigger:
- plasma heating due to Joule dissipation
- charged particle acceleration



Melnikov et al (ApJ 2024) 

Great currents I = 1011-1012 A in magnetic structures at h=2000-8000 km 
Medium currents I = 109-1010 A in high loops (up to 30 000 km).  

Current-carrying loops organized into arcades under which the flux ropes 
are located with quite strong electric currents 

Reconstruction of electric currents in 
active region using NLFFF approximation  
based on SDO/HMI data 



Loop formed by photosphere convection 
Zaitsev & Stepanov (1992, 2000)

Generation of current in region 1

  ω ci<< νin,   ωce>> νen  → 

    charge separation → 

electric field  Er with Bz give Hall current jφ, 
and as a result Bz  is grow. 

Magnetic field grows up to moment when 
field enhancement due to convection is 
equal to the magnetic field diffusion. 

Max magnetic field is determined by 
energy×time of convective motion. 

e.m.f. 
 Loop footpoints – in nodes of supergranulation cells,  Δ ≈ 

30000 km.

Convection velocity Vr ≈ 0.1 -0.5 km/s
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Alfvén & Carlqvist, Solar Phys. 1967

Current-interruption model for solar flares
Stenflo (1969); Sen & White (1972); Spicer (1977); Kan, Akasofu, Lee (1982); Ionson (1982); 
Zaitsev & Stepanov (1991); Stepanov & Tsap (1993); Melrose (1995); Wheatland & Melrose 
(1995); Zaitsev, Urpo, Stepanov (2000)



Energy release in partially ionized plasma:
Important role of Cowling resistivity (Zaitsev, Urpo, Stepanov A&A 1988, 2000)

From generalized Ohm’s law
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Joule dissipation q = E*j 

The energy release power 
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σ - Spitzer conductivity,
F – relative neutral density
jB - Ampere force 

about  8-10 orders larger (due to Cowling resistance) compared to the Spitzer case.

𝑞 = ൬𝑬 + 1𝑐 𝑽 × 𝑩൰𝒋 = 𝑗𝑧2𝜎 + 𝐹2(2 − 𝐹)𝑐2𝑛𝑚𝑖𝜈𝑖𝑎′ (𝒋 × 𝑩)2  



Stepanov et al (2024): Joule dissipation in solar atmosphere (model by Avrett & Louser, 2008)

On the left: Кcow vs altitude and current value. Cross-sign curves – model by Vernazza et al (1981).

On the right:  The Joule dissipation rates due to the Cowling (solid curves) and Spitzer (dashed curves) 
vs altitude and current value.

3 × 109 A 

3 × 1010 A   

3 × 1011 A 

𝑞 = 𝑗𝑧2𝜎 ሺ1 + 𝐾𝑐𝑜𝑤ሻ 𝜔𝑒 = 𝑒𝐵𝜑𝑐𝑚𝑒,  𝜔𝑖 = 𝑒𝐵𝜑𝑐𝑚 𝑖 ,  𝜏𝑒 = 1𝜈𝑒𝑖′ , 𝜏𝑖𝑎 = 1𝜈𝑖𝑎′ .    



The Rayleigh-Taylor instability at the foot-point of a current-
carrying magnetic loops (ballooning mode)
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Pre-heating of the R-T instability domain to 
T ≈ 104 K by the electric current in a loop is 
needed.

),( tzI z),(B,),( trtrBz 
β=8πp/B2≈1 β << 1

Zaitsev & Stepanov (Solar Phys. 2015)    R-T instability condition:
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Chromosphere pre-heating for ballooning instability
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KKKT 444 102.1,105.1,102 3141516 10,10,10  cmnnn atot

Current dissipation is provided by Cowling conductivity related to electron-atom collisions 
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The radiation losses 

nnnTq ar )()10397.1( 15.68  

From  qj > qr we obtain the lower boundary for the rate of photosphere convection that 
provides pre-heating: 

scmVr /105.3 4

Temperature to which the chromosphere should be heated for ballooning instability (n > na) 
.
     Chromosphere density                                         Temperature should be as high as

)/( annnx 

(Sen & White,1972)



Energy release in current-carrying coronal loop loaded by prominence

Pustyl'nik (1974) 
Zaitsev & Stepanov (1992)

‘Heavy liquid’ of the prominence provokes a ‘bad’ curvature with the radius R.
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Instability condition: 

Particle number supplied by a prominence into a loop for Δt ≈100 s is 
Np ≈ 2πnplpaVTiΔt ≈ 1036.  ‘Prominence above loop’ approach can explain electron 
acceleration in moderate flares. 

L 

Partially-ionized plasma penetrates 
in a current-carrying loop. 
Cowling resistance is important.
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Acceleration rate (Knoepfel & Spong, 1979): 

ZD EEx /

e

e

Electron acceleration in DC electric field is most effective

x < 1:  bulk of electrons are in ‘run away’ mode
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Induced electric field in a current-carrying loop
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A pulse of magnetic field tension 𝐵𝜑2/8𝜋 escapes from RTI  
region in form of non-linear Alfvén wave. Pulse of magnetic  
field pressure  𝐵𝑧2/8𝜋 remains in the RTI domain, and excites  
sausage oscillations. 
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Region of optical
flares (Fritzová-
Švestková & Švestka, 
1967)Ez > ED

Ez > ED

Ez < ED
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Powerful 
flares

Diagram ‘plasma density vs electric current’ for a = 107 cm, Bz0 = 2×103 G, T = 2×104 K, Δξ = 5×107 cm. 
The regions of super-Dreicer (in grey) electric fields at the leading edge of the current pulse propagating 
along magnetic loop away from the R-T instability domain are shown. 
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ED = 0.1-10 V/cm

Induced electric fields must be close to ED  

or more to accelerate 10
38

-10
39

 electrons. 

Super-Driecer fields can arise at the front  

of electric current pulse generated in the loop  

by RTI if the current value exceeds 10
10 

A. 

No enough particles in coronal part  

of a loop ~(1-5)×10
37

 



Dynamics of plasma tongue penetrating into a flux tube

The examples of light curves from solar flares at 37 GHz observed with Metsähovi radio telescope 
(Zaitsev et al., 2000), which illustrate two regimes of penetration of the plasma tongue into a flux 
tube  



Summary
From observations: ‘Standard’ flare model is not universal. 
Substantial part of the magnetic energy is released directly in the low atmosphere.

Two ways out:
(i) Magnetic reconnection in partially-ionized plasma
- Ni Lei et al. (2007): Fast magnetic reconnection with Cowling's conductivity (Sweet–Parker’s).
- Tsap et al. (2012): Ambipolar diffusion and magnetic reconnection (Δ ≥ 100 km).
- Sharykin et al. (2016): Magnetic reconnection triggered by two interacting magnetic flux tubes in the 
chromosphere.

(ii) The Rayleigh-Taylor instability
Key role in particle acceleration and heating of the lower solar  atmosphere.  
Heating and acceleration by electric field in the chromosphere in situ.
Coronal flares are also possible  due to RTI of prominence  at  the loop top.

déjà vu: back to the “chromospheric flare” 
(Giovanelli, 1946; Švestka,1976).



Thank you
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