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Introduction 1 Magnetic Reconnection 1.1 What is magnetic reconnection? 1.1.1 Neutral points of a magnetic field
1.1.2 Reconnection in vacuum 1.1.3 Reconnection in plasma 1.1.4 Three stages in the reconnection process 1.2
Acceleration in current layers, why and how? 1.2.1 The origin of particle acceleration 1.2.2 Acceleration in a neutral
current layer 1.3 Practice: Exercises and Answers 2 Reconnection in a Strong Magnetic Field 2.1 Small
perturbations near a neutral line 2.1.1 Historical comments 2.1.2 Reconnection in a strong magnetic field 2.1.3 A
linearized problem in ideal MHD 2.1.4 Converging waves and the cumulative effect 2.2 Large perturbations near
the neutral line 2.2.1 Magnetic field line deformations 2.2.2 Plasma density variations 2.3 Dynamic dissipation of
magnetic field 2.3.1 Conditions of appearance 2.3.2 The physical meaning of dynamic dissipation 2.4
Nonstationary analytical models of RCL 2.4.1 Self-similar 2D MHD solutions 2.4.2 Magnetic collapse at the zeroth
point 2.4.3 From collisional to collisionless reconnection 3 Evidence of Reconnection in Solar Flares 3.1 The role
of magnetic fields 3.1.1 Basic questions 3.1.2 Concept of magnetic reconnection 3.1.3 Some results of observations
3.2 Three-dimensional reconaection in flares 3.2.1 Topological model of an active region 3.2.2 Topological portrait
of an active region 3.2.3 Features of the flare topological model 3.2.4 The S-like morphology and eruptive activity
3.3 A current layer as the source of energy 3.3.1 Pre-flare accumulation of energy 3.3.2 Flare energy release 3.3.3
The RCL as a part of an electric circuit 3.4 Reconnection in action 3.4.1 Solar flares of the Syrovatsky type 3.4.2
Sakao-type flares 3.4.3 New topological models 3.4.4 Reconnection between active regions 4 The Bastille Day 2000
Flare 4.1 Main observational properties 4.1.1 General characteristics of the flare 4.1.2 Overlay HXR images on
magnetograms 4.1.3 Questions of interpretaion 4.1.4 Motion of the HXR kernels 4.1.5 Magnetic field evolutioa
4.1.6 The HXR kernels and field evolution 4.2 Simplified topological model 4.2.1 Photospheric field model.
Topological portrait 4.2.2 Coronal field model. Separators 4.2.3 Chromospheric ribbons and kernels 4.2.4
Reconnected magnetic flux. Electric field 4.2.5 Discussion of topological model 5 Electric Currents Related to
Reconnection 5.1 Magnetic reconnection in the corona 5.1.1 Plane reconnection model as a starting point 5.1.2
Three-component reconnection 5.2 Photospheric shear and coronal reconnection 5.2.1 Accumulation of
magnetic energy 5.2.2 Flare energy release and CMEs 5.2.3 Flare and HXR footpoints 5.3 Shear flows and
photospheric reconnection 5.4 Motions of the HXR footpoints in flares 5.4.1 The footpoint motions in some flares
5.4.2 Statistics of the footpoint motions 5.4.3 The FP motions orthogonal to the SNL 5.4.4 The FP motions along
the SNIL 5.4.5 Discussion of statistical results 5.5 Open issues and some conclusions 6 Models of Reconnecting
Current Layers 6.1 Magnetically neutral current layers 6.1.1 The simplest MHD model 6.1.2 The current layer by
Syrovatskii 6.1.3 Simple scaling laws 6.2 Magnetically non-neutral RCL 6.2.1 Transversal magnetic fields 6.2.2 The
longitudinal magnetic field 6.3 Basic physics of the SHTCL 6.3.1 A general formulation of the problem 6.3.2
Problem in the strong field approximation 6.3.3 Basic local parameters of the SHTCL 6.3.4 The general solution of
the problem 6.3.5 Plasma turbulence inside the StITCL 6.3.6 Formulae for the basic parameters of the SHTCL 6.4
Open issues of reconnection in flares 6.5 Practice: Exercises and Answers Reconnection and Collapsing Traps in
Solar Flares 7.1 SHTCL in solar flares 7.1.1 Why are flares so different but similar? 7.1.2 Super-hot plasma
production 7.1.3 On the particle acceleration ina SHTCL 7.2 Coronal HXR sources in flares 7.2.1 General
properties and observational problems 7.2.2 Upward motion of coronal HXR sources 7.2.3 Data on average
upward velocity 7.3 The collapsing trap effect in solar flares 7.3.1 Fast electrons in coronal HXR sources 7.3.2 Fast
plasma outflows and shocks 7.3.3 Particle acceleration in collapsing trap 7.3.4 The upward motion of coronal HXR
sources 7.3.5 Trap without a shock wave 7.4 Acceleration mechanisms in traps 7.4.1 Fast and slow reconnection
7.4.2 The first-order Fermi-type acceleration 7.4.3 The betatron acceleration in a collapsing trap 7.4.4 The betatron
acceleration in a shockless trap 7.5 Final remarks 7.6 Practice: Exercises and Answers 8 Solar-type Flares in
Laboratory and Space 8.1 Solar flares in laboratory 8.1.1 Turbulent heating in toroidal devices 8.1.2 Current-driven
turbulence in current layers 8.1.3 Parameters of a current layer with CDT 8.1.4 The SHTCL with anomalous heat
conduction 8.2 Magnetospheric Physics Problems 8.2.1 Reconnection in the Earth Magnetosphere 8.2.2 MHD
simulations of space weather 8.3 Flares in accretion disk coronae 8.3.1 Introductory comments 8.3.2 Models of the
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0000 OO0 Accordingto Moiseev and Chkhetiani (1996), the mechanism that gen-erates the mean
hydrodynamic helicity leads to a second cascade range inaddition to the Kolmogorov range (vol. 1, Section 7.2.2).
The constant thatdoes not depend on the scale of the helicity here is its flux. Neverthelessthis requirement, like the
requirement that the energy flux F be constantin the Kolmogorov range, is not inflexible. The spectral
characteristics un-dergo significant changes. They are associated, as we understand, with atleast a partial inverse
cascade into the large-scale region. There is a broad class of effects that generate both hydrodynamic helic-ity itself
and large helicity fluctuations under terrestrial and astrophysicalconditions. In particular, the simultaneous
presence of such factors as tem-perature and density gradients, shearing flows, and nonuniform rotation
issufficient. Like the direct cascade in the Kolmogorov turbulence, the inverse cas-cade is accomplished by
nonlinear interactions, suggesting that nonlin-earity is important. However a spectral type of inverse cascade is
thestrongly nonlocal inverse cascade process, which is usually referred to asthe a -effect (Moffatt, 1978; Krause and
R(a)dler, 1980). This effect existsalready in linear kinematic problems. A strong indication, that the a-effect is
responsible for large-scale mag-netic field generation, comes from detailed analysis of
three-dimensionalsimulations of forced MHD turbulence (Brandenburg, 2001). This mayseem rather surprising at
the first glance, if one pictures large-scale fieldgeneration as the result of an inverse cascade process, that
(Brandenburgand Subramanian, 2000) the exact type of nonlinearity in the MHD equations is unessentialas far as
the nature of large-scale field generation is concerned.However, magnetic helicity can only change on a resistive
timescale. So thetime it takes to organize the field into large scales increases with magneticReynolds number.
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