
Magnetic reconnection in turbulent space and astrophysical plasmas 

Jörg Büchner1,2 
1 Center for Astronomy and Astrophysics, Berlin, Germany 

2 Max-Planck-Institute for Solar System Research, Göttingen, Germany 

 

Turbulence has been conjectured to be important for magnetic reconnection in hot space and 

astrophysical plasmas. Its consequences have been investigated mainly by externally 

imposing macroscopic fluid-turbulence. Very little is known about the consequences of self-

generated, spontaneously arising turbulence, in particular in the presence of strong external, 

so called guide-magnetic field. While previous attempts to quantify the effect of turbulence on 

reconnection were devoted mainly to anti-parallel (Bg=0) or weakly guided magnetic fields 

(Bg/Brec <~1, where Brec is the resulting reconnection related antiparallel field component 

changing through zero inside current sheets (CSs). Stronger guide fields dominate, however, 

at boundary layers (magnetopauses) or in stellar atmospheres. These plasmas are dominated 

by strong external magnetic field, the Bg/Brec is larger or even much larger than unity. In this 

case the self-generated turbulence in reconnecting plasmas is essentially three-dimensional.  

By means of 3D kinetic PIC (particle-in cell-) code simulations we analysed this self-

generated turbulence in three-dimensional reconnection situations. We obtained the 

turbulence which spontaneously develops in the course of the evolution of force-free current 

sheets.  

We could show that reconnection rates are enhanced in the course of the self-consistently 

developing turbulence. In particular, we found that the kinetic turbulence developing in the 

course of 3D guide-field reconnection exhibits a broadband power-law spectrum extending 

beyond the lower-hybrid frequency and up to the electron frequencies. The broadband kinetic 

turbulence is mainly due to current-streaming and electron-flow-shear instabilities excited in 

thin CSs. The growth of the kinetic turbulence reveals high reconnection rates, which exceed 

those of fast laminar, non-turbulent reconnection. The self-consistent consideration of 

turbulence in low-β, strong guide-field and finite-β collisionless plasmas by means of 3D 

kinetic numerical investigations has revealed new, very efficient reconnection regimes which 

are being verified by in situ space investigations. Similar results recently were obtained by in-

situ MMS spacecraft observations as well as in laboratory reconnection experiments (MRX, 

VTF, and VINETA-II). By the scaling, we obtained by means off numerical simulations,  

these results can be applied to astrophysical plasmas, which are only remotely observable. 
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