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Introduction

Magnetic reconnection is an instability which occurs in metized plasmas, associated to a
breaking and reconnecting of the magnetic field lines [1p1i@hteristic resistive times are too
large in many situations, like for instance in hot plasmasene the resistivity is low. In these
situations, collisionless reconnection, due to finite tiaeof the electrons, can provide faster
reconnection rates than resistive reconnection [2, 3]. &fmyrcases the ion Larmor radius is
larger than the reconnective inertial layer and 3 dimeradinanlinear phenomena can develop.
In this paper we want to face these cases, therefore we ad@ipgstro-fluid model.

Two dimensional studies with a gyrofluid model were perfadnreRef. [4] with gyrofiuid
code REC2, in periodic configuration, with flat temperature density profiles. Finite Larmor
radius effects (FLR) were investigated with REC2 in Ref. #8d more recently in Ref. [6]:
linear growth rates were found consistent with analyticaliag with p;. Three dimensional
studies were performed with a two-fluid model in Ref. [7], lne farged’ regime. It was found
that small perpendicular scales develop in proximity ofii@nd separatrix [8, 9]. Nonlinear
acceleration has been found at the beginning of the nomliplease in Ref. [10]. The value
of the nonlinear growth rate was found to increase for smatéues ofps/L andde/L. The
nonlinear growth rate was found at values up to twice theliggowth rate.

In this paper, we investigate the smallregime, and push the limit of very small values of
ps/L anddg/L, for values off in the transition between fusion and space plasmas.

Model equations.

Reconnecting modes are investigated, evolving in a thm@emsional Harris-pinch configu-
ration By(x) = éytanr(x) , B, = const.). Flat density and temperature profiles are irggal

A 3D gyrofluid code named GEM (Gyrofluid ElectroMagnetic) sed for our numerical
simulations [11]. A strong guide fiels is assumed and fastrmaegsonic waves are neglected.
Frequencies lower than the ion gyro-frequency are consitd@rhe 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; Ti/Te, n, u andv are the fluid den-
sity and ion and electron velocities, agdand A are the scalar and vector potentials. The
parameters3, & and I are defined by = Bef, & = (QR/L)? and I = Ut = (mg/m)E,
where B = 4mpe/B?, andgR and L are the scale

length along and perpendicular to the equilibrium o.036

magnetic field. 0.034

Note that all quantities with symbol~are normal- 0.0%2

©” 003

ized to€. The parallel gradient is calculated in theﬁ " 0008

direction parallel to the total (equilibrium plus per- 0.026

turbed) magnetic field, and the gyro-averaged scalaro.024

potential is defined a@ = 'y 2(@). The advection ~ °%F 15 2 25 3 a5

velocitiesve andug are theE x B drifts, given by

clgs x B/B? (where for the electrongs = ¢). Figure 1: Linear growth rate, normal-

Moreover, the polarization and induction equasqq to the sound speed, versus the gyro-

tions are: radius to sound gyro-radius avarage,

fo—1-~ ~ ~ '0s = =54.10°
r(l)/zﬁi+ 0 o= fie, _DiAH:JH:GH_‘N’H for A'ps=0.7, e =5.4-10">.

We also use the Padé approximant formg:= (1 — p?02 )1, 1/ 2

= (1-p20%/2)71, where
pi is the ion gyro-radius.

We consider a plasma regime wiffijp; = 0.7. We obtain a very thin reconnection layer
with respect of the perpendicular size of the simulation foyLx = 0.008). A deuterium
plasma is considereqif = 0.00027) in our simulations. The ion to electron temperatator
is considered unitary; = 1, unless otherwise specified.

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

dynamics. The linear growth rate, 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 startinghva magnetic island seed (left),
and with a white noise (right). The nonlinear accelerat®found in the phase t=350-400cs

for the case with initial seed, and at t=500-35@; for the case with initial white noise.

quantitypr, wherep; = |/ p2 + p2 (see Fig. 1). This is consistent with the analytical théoabt
prediction given in Ref. [3]. No qualitative changes areridun the dynamics of our interest

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

Nonlinear evolution.
We perform two kinds of runs: one starting with an island sasdione starting with an initial
white noise. In both the cases, after a transient phase twetlybecomes exponential in time,

and the growth rate tends to a constant value.
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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, associatedi: w0
with a peak in the growth rate (see Fig. 2).
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The ratio between nonlinear and linear

growth rates increases with increaing beta, .
10° 107 10°

reaching values up to more than one order of Pe

magnitude atBe of the order of 103-102. _
Figure 3: Growth rates vs beta. Nonlinear

For our normalization convention (all quanti- ) _ _
growth rates are in blue; linear growth rates in

ties are normalized tps) increasing3e corre- 3
black. Note that forf of the order of 10°-

1072, the nonlinear growth rate is one order of

other length scales. After the nonlinear accel- | _ _
magnitude higher than the linear growth rate.

eration we find a saturation of the island, due

sponds in keeping constaifand increase all

to smaller structures forming inside the magnetic island #@nsecondary instabilities of the
Kelvin-Helmoltz type, forming at the separatrix. For theoddruns the energy conservation is

accurately checked. In fact, the contribution of the sul-dissipation is always calculated and



38" EPS Conference on Plasma Physics (2011) 04.409

checked to be negative: this gives us the certainty thatwesion is physical and is not driven
by artificial effects.

Acceleration in collisionless reconnection growth ratesenstudied in literature in Ref. [10]
and found to be linked to the presence of narrow current faydso, in resistive reconnection
nonlinear acceleration was found to be associated withutenigce forming around the X-point
(see e.g. Ref. [12]). In our simulations, the novel resulthit the nonlinear acceleration is
reaching values one order of magnitude higher than therlgreavth rates, assuming the form of
explosive reconnection. Current singularities are corddito be present at the separatrix during
the nonlinear phase of reconnection. The study of theiraizeimportance in the reconnection

dynamics is still in progress.
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