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Reconnection of quasi-singular 
current sheets and tearing in the 

ideal limit 



The tearing mode 

The typical equilibrium considered is the  
Harris current sheet (either kept in equilibrium 
via pressure or with a sheared field 
component B0z) 



Tearing mode eigenfunctions 

Introducing the explicit k-dependence 
 
 
one finds the maximal growth rate 
 
 



Tearing summarized 

Impossibly Slow ! 



If the Sweet-Parker current sheet were unstable to the tearing mode, then, because 
in all our calculations we have used the scale  
 
 
 
Where S has been redefined as     Renormalization then gives 
 
 
 
 
 
 
 
Or  
 
 
Which grows without bound with S  
 

Tearing on  Sweet Parker current sheets 



In reality though 

You can not imagine going beyond  



Tearing mode on current sheet with 
thickness scaling with S 

SP 

S-1/3 

S-1 

S-1/3 

Velli, Matthaeus et al. 2013 
Pucci and Velli, 2013  
Interesting this is exactly the same scaling for the Resonant absorption singular layer 
with an S – independent damping  



The value of the Dreicer electric field for typical values of coronal plasma parameters 
n=109 cm-3, T=106 K (the Coulomb logarithm L~20) is ED=10-7 statvolt/cm [Mangeney 
1999]. 

 
Average heat flux, lost  F ~ 106 erg/cm2/sec, E=h j.   
 
Height H and surface S the volumetric heating rate is then e = F/H implying 
that h j2f= e  where f is a filling factor giving the fraction of the volume over 
which currents effectively dissipate. 
 
 Observations of very fine scale structure in the corona would seem to indicate 
that it must be fairly small, say f~ 0.1.  
 
Then E = h j =(he/f)1/2. Taking a volume of height 105 km and typical coronal 
values for the resistivity, one obtains E~ 1 statvolt/cm…… 

Conclusions -  current sheets must be intrinsically turbulent, 
Kinetics picks up where MHD gives up.  



Parker 

“Reality” 

Model 

 Heating the confined corona 



Conclusions 
 
 
MHD Turbulence 
 Current Sheets formation and dissipation 
 Magnetic reconnection 
 Nanoflares 

 
are not independent physical processes.Current Sheets are the 
dissipative structures of  MHD Turbulence, which self-consistently 
account for all these phenomena. 
 
Current Sheets do not generally result directly from a “geometrical” 
misalignment of  neighboring magnetic field lines stirred by their 
footpoint motions, they are the result of  a nonlinear cascade in a 
self-organized system.  
 
Beyond a numerical threshold total dissipation is independent of  
the Reynolds number.  
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Towards a scaling: turbulence? 



Chaotic time-
series 



Red = 1000   Yellow = 350    Max = 2.7x104     min = 0 

J2/R 

 Full RMHD simulations 







Perpendicular spectra as a 
function of the control 
parameter f = lVa/L uph 

Perpendicular spectra  



2D Models first showed that the time-series of  squared current 
(dissipation) was intermittent and to lead to discrete events with 
power law statistics (Einaudi et al. ‘96, Georgoulis et al. ‘98) 
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Reconnection at high S :  
the “speed of reconnection problem” 


