
Nonlinear growth acceleration in gyrofluid simulations of collisionless

reconnection

A. Biancalani∗, B. D. Scott

Max-Planck-Institut für Plasmaphysik, Euratom Association, D-85748 Garching, Germany

Introduction

Magnetic reconnection is an instability which occurs in magnetized plasmas, associated to a

breaking and reconnecting of the magnetic field lines [1]. Characteristic resistive times are too

large in many situations, like for instance in hot plasmas, where the resistivity is low. In these

situations, collisionless reconnection, due to finite inertia of the electrons, can provide faster

reconnection rates than resistive reconnection [2, 3]. In many cases the ion Larmor radius is

larger than the reconnective inertial layer and 3 dimensional nonlinear phenomena can develop.

In this paper we want to face these cases, therefore we adopt a3D gyro-fluid model.

Two dimensional studies with a gyrofluid model were performed in Ref. [4] with gyrofluid

code REC2, in periodic configuration, with flat temperature and density profiles. Finite Larmor

radius effects (FLR) were investigated with REC2 in Ref. [5]and more recently in Ref. [6]:

linear growth rates were found consistent with analytical scaling with ρi . Three dimensional

studies were performed with a two-fluid model in Ref. [7], in the large∆′ regime. It was found

that small perpendicular scales develop in proximity of theisland separatrix [8, 9]. Nonlinear

acceleration has been found at the beginning of the nonlinear phase in Ref. [10]. The value

of the nonlinear growth rate was found to increase for smaller values ofρs/L andde/L. The

nonlinear growth rate was found at values up to twice the linear growth rate.

In this paper, we investigate the small∆′ regime, and push the limit of very small values of

ρs/L andde/L, for values ofβ in the transition between fusion and space plasmas.

Model equations.

Reconnecting modes are investigated, evolving in a three dimensional Harris-pinch configu-

ration (By(x) = B̂y tanh(x) , Bz = const.). Flat density and temperature profiles are initialized.

A 3D gyrofluid code named GEM (Gyrofluid ElectroMagnetic) is used for our numerical

simulations [11]. A strong guide fiels is assumed and fast magneto-sonic waves are neglected.

Frequencies lower than the ion gyro-frequency are considered. The gyrofluid model equations
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for the ions are:
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and for the electrons:
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where the tilde symbol denotes perturbed quantities,τi = Ti/Te, n, u andv are the fluid den-

sity and ion and electron velocities, andφ and A are the scalar and vector potentials. The

parametersβ̂ , ε̂ and µ̂ are defined by:β̂ = βeε̂, ε̂ = (qR/L)2 and µ̂ = µeε̂ = (me/mi)ε̂,

1 1.5 2 2.5 3 3.5
0.022

0.024

0.026

0.028

0.03

0.032

0.034

0.036

ρτ / ρs

γ L L
x / 

c s

Figure 1: Linear growth rate, normal-

ized to the sound speed, versus the gyro-

radius to sound gyro-radius avarageρτ ,

for ∆′ρs = 0.7, βe = 5.4 ·10−5.

whereβe = 4π pe/B2, andqR and L are the scale

length along and perpendicular to the equilibrium

magnetic field.

Note that all quantities with symbolˆare normal-

ized to ε̂. The parallel gradient is calculated in the

direction parallel to the total (equilibrium plus per-

turbed) magnetic field, and the gyro-averaged scalar

potential is defined as̃φG = Γ1/2
0 (φ̃). The advection

velocitiesvE anduE are theE×B drifts, given by

c∇φ̃G×B/B2 (where for the electrons̃φG = φ̃ ).

Moreover, the polarization and induction equa-

tions are:

Γ1/2
0 ñi +

Γ0−1
τi

φ̃ = ñe , −∇2
⊥Ã‖ = J̃‖ = ũ‖− ṽ‖

We also use the Padé approximant forms:Γ0 = (1−ρ2
i ∇2

⊥)−1, Γ1/2
0 = (1−ρ2

i ∇2
⊥/2)−1, where

ρi is the ion gyro-radius.

We consider a plasma regime with∆′ρs = 0.7. We obtain a very thin reconnection layer

with respect of the perpendicular size of the simulation box(ρs/Lx = 0.008). A deuterium

plasma is considered (µe = 0.00027) in our simulations. The ion to electron temperature ratio

is considered unitary,τi = 1, unless otherwise specified.

A gyro-fluid model is capable of investigating finite Larmor radius effects on the reconnection

dynamics. The linear growth rateγL, is shown to increase with the ion Larmor radius via the
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Figure 2: Evolution of the growth rates for the run starting with a magnetic island seed (left),

and with a white noise (right). The nonlinear acceleration is found in the phase t=350-400L/cs

for the case with initial seed, and at t=500-550L/cs for the case with initial white noise.

quantityρτ , whereρτ =
√

ρ2
i +ρ2

s (see Fig. 1). This is consistent with the analytical theoretical

prediction given in Ref. [3]. No qualitative changes are found in the dynamics of our interest

due to finite larmor radius effects, neither in the linear norin the nonlinear phase.

Nonlinear evolution.

We perform two kinds of runs: one starting with an island seedand one starting with an initial

white noise. In both the cases, after a transient phase the growth becomes exponential in time,
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Figure 3: Growth rates vs beta. Nonlinear

growth rates are in blue; linear growth rates in

black. Note that forβe of the order of 10−3-

10−2, the nonlinear growth rate is one order of

magnitude higher than the linear growth rate.

and the growth rate tends to a constant value.

This phase where the growth rate is constant

in time is named linear phase. At the begin-

ning of the nonlinear phase, we have an accel-

eration of the reconnection growth, associated

with a peak in the growth rate (see Fig. 2).

The ratio between nonlinear and linear

growth rates increases with increaing beta,

reaching values up to more than one order of

magnitude atβe of the order of 10−3-10−2.

For our normalization convention (all quanti-

ties are normalized toρs) increasingβe corre-

sponds in keeping constantde and increase all

other length scales. After the nonlinear accel-

eration we find a saturation of the island, due

to smaller structures forming inside the magnetic island and to secondary instabilities of the

Kelvin-Helmoltz type, forming at the separatrix. For the whole runs the energy conservation is

accurately checked. In fact, the contribution of the sub-grid dissipation is always calculated and
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checked to be negative: this gives us the certainty that reconnection is physical and is not driven

by artificial effects.

Acceleration in collisionless reconnection growth rates were studied in literature in Ref. [10]

and found to be linked to the presence of narrow current layers. Also, in resistive reconnection

nonlinear acceleration was found to be associated with turbulence forming around the X-point

(see e.g. Ref. [12]). In our simulations, the novel result isthat the nonlinear acceleration is

reaching values one order of magnitude higher than the linear growth rates, assuming the form of

explosive reconnection. Current singularities are confirmed to be present at the separatrix during

the nonlinear phase of reconnection. The study of their sizeand importance in the reconnection

dynamics is still in progress.
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