Geophysical Research Abstracts
Vol. 13, EGU2011-12774, 2011 "\
EGU General Assembly 2011 G

© Author(s) 2011

Numerical Testing of Magnetic Reconnection in the Presence of
Turbulence

Grzegorz Kowal (1,2), Alex Lazarian (3), Ethan Vishniac (4), and Katarzyna Otmianowska-Mazur (5)

(1) Astronomical Observatory, Jagiellonian University, Krakow, Poland (kowal@oa.uj.edu.pl), (2) Department of Astronomy,
Institute of Astronomy, Geophysics and Atmospheric Sciences, University of Sao Paulo, Sao Paulo, Brazil

(kowal @astro.iag.usp.br), (3) Department of Astronomy, University of Wisconsin-Madison, Madison, WI, USA
(lazarian@astro.wisc.edu), (4) Department of Physics and Astronomy, McMaster University, Hamilton, ON, Canada
(ethan@mcmaster.ca), (5) Astronomical Observatory, Jagiellonian University, Krakow, Poland (otmian@oa.uj.edu.pl)

We study the effects of turbulence on magnetic reconnection using three-dimensional direct numerical simula-
tions. This is the first attempt to test a model of fast magnetic reconnection in the presence of weak turbulence
proposed by Lazarian & Vishniac. This model predicts that weak turbulence, which is generically present in most
astrophysical systems, enhances the rate of reconnection by reducing the transverse scale for reconnection events
and by allowing many independent flux reconnection events to occur simultaneously. As a result, the reconnec-
tion speed becomes independent of Ohmic resistivity and is determined by the magnetic field wandering induced
by turbulence. We test the dependence of the reconnection speed on turbulent power, the energy injection scale,
and resistivity. We apply the open and experiment with the outflow boundary conditions in our numerical model
and discuss the advantages and drawbacks of various setups. To test our results, we also perform simulations of
turbulence with the same outflow boundaries but without a large-scale field reversal, thus without large-scale recon-
nection. To quantify the reconnection speed we use both an intuitive definition, i.e., the speed of the reconnected
flux inflow, and a more sophisticated definition based on a formally derived analytical expression. Our results
confirm the predictions of the Lazarian & Vishniac model. In particular, we find that the reconnection speed is
proportional to the square root of the injected power, as predicted by the model. The dependence on the injection
scale for some of our models is a bit weaker than expected, i.e., lf’,{j compared to the predicted linear dependence
on the injection scale, which may require some refinement of the model or may be due to effects such as the finite
size of the excitation region, which are not a part of the model. The reconnection speed was found to depend on the
expected rate of magnetic field wandering and not on the magnitude of the guide field. In our models, we see no
dependence on the guide field when its strength is comparable to the reconnected component. More importantly,
while in the absence of turbulence we successfully reproduce the Sweet-Parker scaling of reconnection, in the
presence of turbulence we do not observe any dependence on Ohmic resistivity, confirming that the reconnection
of the weakly stochastic field is fast. We also do not observe a dependence on anomalous resistivity, which suggests
that the presence of anomalous effects, e.g., Hall MHD effects, may be irrelevant for astrophysical systems with
weakly stochastic magnetic fields.



