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Magnetic reconnection is considered to be a fundamental energy release process 
that could be applied to explain eruptive phenomenon like solar flare, which is an 
important research target in Hinode observation. We solve the 3D resistive MHD 
equations in a periodic box to understand the basic reconnection process in a 
current sheet with small uniform guide field. Multiple tearing layers emerge 
across the current due to the initial random perturbed velocity field. Small 
diffusion regions on different layers build a positive-feedback system that 
accelerates the local reconnection, which gradually results in a global fast 
reconnection. We then apply two rotational-symmetric tearing eigenmodes onto 
the same box to have a clearer picture. We find that in addition to the positive-
feedback system built by the diffusion regions, coupling of the flux tubes across 
the current sheet also creates smaller size of diffusion region that contributes to 
the positive-feedback system further.
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Abstract

Introduction
Many flare events are successfully captured by Hinode satellite. By far, various 
models of reconnection are built (Kusano et al. 2012, etc.). Among which, the 
hierarchical reconnection model raised by Shibata&Tanuma (2001) is the most 
plausible model in two-dimension (2D) which couples the systematic size with 
small diffusion region size (Barta et al. 2011) while triggering fast reconnection 
spontaneously (Loureiro et al. 2012, etc.). One should be cautious when applying 
this model to its three-dimensional (3D) counterpart:
1) Will the nice hierarchical structure maintain when we allow variation in the 
third dimension?  Oishi et al. (2015) confirmed that this could be possible as 

long as no 3D perturbation is applied in the initial condition; otherwise, the 
development of current sheet will lead to a turbulent state where no fractal 
structure could be identified;
2) Will the nice hierarchical structure maintain when no null point exists inside 
the slab current sheet?  Galeev&Zelenyi (1977) proposed that multiple tearing 

layers exist inside one randomly perturbed current sheet. These tearing layers 
together will result in a cascade into 3D structures (flux tube) with even smaller 
wavelengths (Landi et al. 2008, etc.).
In short, the 3D magnetic reconnection still holds many secrets to be revealed. 
In this study, we are trying to examine the detail of 3D magnetic reconnection 
with a guide field in resistive MHD regime, to
1) track the reconnection rate change;
2) disclose the reason for reconnection rate change.

Result 1: random perturbation

arrows with color: 𝑩 lines

1) Equations: 3D resistive MHD equations; negligible 
viscosity and heat conduction; no gravity; uniform 
and constant diffusivity  𝜂 = 3 × 10−4𝛿2/𝑡𝐴 → 𝑆 ~ 2 × 105

2) Initially random perturbation on velocity while 
𝑣𝑥 , 𝑣𝑦 , 𝑣𝑧 ≤ 10−3𝑣𝐴0, while 𝜆𝑦

2 + 𝜆𝑧
2 ≥ 116𝛿2

3) time  𝛿/𝑣𝐴; mass  initial uniform 𝜌0
length  current sheet full width 𝛿;

6) Code: CIP with artificial Lapidus viscosity

4) Box in Cartesian coordinate with periodic boundary 
condition on each side:

∆𝑥 ≥ 0.02𝛿, ∆𝑦 = ∆𝑧 = 0.03125𝛿
5) Total pressure balance is maintained:

𝑃𝑡𝑜𝑡 =
𝐵0
2

2
1 + 𝛼2 1 + 𝛽 ,where 𝛽 = 0.2

1. Reconnection rate
We calculate the reconnection rate of our basic model (𝛼 = 0.1) as:

It is shown that (Figure 1) the reconnection rate (𝑀𝐴) is about 5 times of the 
Sweet-Parker simulation. It is also higher than the 2.5D simulation with 𝛼 = 0.1
and random perturbation, 3D simulation with 𝛼 = 0 under random perturbation, 
3D simulation with 𝛼 = 0.1 and single mode perturbation.
 Existence of multiple tearing layers is important in boosting reconnection fast;
 Three dimension, non-zero guide field and perturbation with multiple modes 

are required to give birth of multiple layers.

Simulation setup
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2. Positive-feedback system (2D and 3D plot)
Observation of plasma flow inside current sheet exhibit a positive-feedback
feature (Figure 2&3): outflow region of one diffusion region couples with inflow 
region of another diffusion region on another tearing layer thus accelerates the 
local reconnection. All existing tearing modes here are oblique, then the positive-
feedback system is not always held along the guide field direction (z-direction).
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Figure 1

positive-feedback system by showing plasma 
flow plotted over current density 𝑱/𝐽0

Figure 2

Result 2: eigenmodes perturbation
1. Eigenmode of 𝛼 = 0.1 case
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Ψ: re-plotted stream function of 𝑩1

Φ: re-plotted stream function of 𝒗1
𝐹 = 𝑩 𝒙 ⋅ 𝒌 and 𝒌 = 𝑘𝑦𝑒𝑦 + 𝑘𝑧𝑒𝑧 is the 

wavenumber of selected tearing mode
 𝜂: magnetic diffusivity. 

We solved the linearized equations of tearing mode in resistive MHD regime 
(similar to Onofri et al. 2004 and Baalrud et al. 2012) by relaxation method (2nd 
order). Magnetic Reynolds number 𝑆 ∼ 2 × 105. Magnetic field configuration is the 

same as the previous study. Assume all perturbations are in the form of:

𝑓1 𝑥, 𝑦, 𝑧, 𝑡 =  𝑓1 𝑥 exp 𝑘𝑦𝑦 + 𝑘𝑧𝑧 𝑒𝛾𝑡

Colored crosses: possible 2D tearing modes.
Colored triangles: possible 3D tearing modes.
The modes are labeled as 𝑀𝑛𝑚, where 𝑚, 𝑛 are the 
quantized wavenumbers along 𝑦, 𝑧-direction.
1) the emerging modes should be 2D modes with 𝑘𝑧 = 0; 

but in our study, the emerging modes are always 
oblique modes, the same as Landi et al. (2008);

2) the emerging 3D modes should be 𝑀12&𝑀13, which are 
much closer to the current sheet center. But in the 
simulation result, 𝑀11&𝑀12 could be found.

2. Simulation of rotational-symmetric eigenmodes
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𝜖𝑚: magnetic energy density

 𝑑𝑉: inside the central current sheet

The linearized equations are:

We selected a pair of rotational-symmetric eigenmodes 𝑚, 𝑛 = 1,1 + (1, −1), 

where 𝑚,𝑛 = 𝑘𝑦𝐿𝑦 , 𝑘𝑧𝐿𝑧 /2𝜋. The diffusion region configuration across the 

current sheet exhibits as symmetric-asymmetric-symmetric.
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Summary and future work
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Figure 6: color contour - 𝜔𝑧/𝜔0, line contour – selected 𝑱/𝐽0
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An additional feature of the mode coupling across the current sheet is found 
(Figure 6). In the asymmetric structure, the continuous transportation of 
magnetic flux results in building up of 𝑩 just in front of the original diffusion 
region thus new diffusion regions are created. In the symmetric structure, 
growing of the flux tubes also creates new diffusion regions. It is notable that 
new diffusion regions participate (in asymmetric structure) or construct (in 
symmetric structure) positive-feedback system thus improve reconnection as a 
whole. This cascading of the structure is caused by the coupling of the tearing 
layers and goes perpendicular to the sheet-wise direction, different from the 2D 
hierarchical reconnection.

We show that the 3D resistive MHD reconnection with a finite guide field provides 
faster reconnection than the classical Sweet-Parker reconnection. This 
enhancement is achieved by the existence of multiple tearing layers, which build 
positive-feedback systems by diffusion regions on different layers. We further 
investigate the layer coupling by applying a pair of rotational-symmetric tearing 
eigenmodes in the same simulation box. Unlike the 2D reconnection in one 
current sheet, a cascading of structure (diffusion region) is found going across 
the current sheet. These new diffusion regions also help the positive-feedback 
system and increase the reconnection rate. In the future, we will try to 
understand the dependence of reconnection on 𝜂, 𝐵𝑧, 𝐿𝑦 𝐿𝑧 by parameter survey, 

in order to approach the reality.
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When plotted to the 2D plane (Figure 4), 
𝑣𝑥 contour forms an oblique checkered 
pattern on 𝑥 = 0 plane. This work is 
accepted by ApJ (to be published).


