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I. Introduction

The problem of driven magnetic reconnection is of importance in several physical situa-

tions of interest such as fusion plasmas, the solar corona and the earth magnetosphere,

where magnetic storms originate. In most of these cases the plasmas are weakly colli-

sional or completely collisionless. These two regimes have been studied in several works

for many years considering the importance of the different terms in Ohm’s law that

may lead to reconnection, besides the collisional resistivity, mainly the electron inertia

and the pressure tensor. Also the effect of the Hall term has been studied and it has

been found that it is most important when there is no guide field, perpendicular to the

reconnecting magnetic field. Analytical studies are normally limited to linear regimes

and the nonlinear cases have to be treated by means of numerical computations.

In a previuos work [1] we studied the forced magnetic reconnection of a typical

magnetospheric plasma using a collisionless reduced model, given in [2], developed

when a guide field is present, which we argue is the relevant case for the magnetosphere.

The starting magnetic configuration was a neutral X-point. That model includes also

the effect of resistivity and of flow aligned with the guide field that were not deemed

to be important in our case of interest. In this work we explore the effects that a small

amount of collisions may have on the reconnection process. We follow two different

approaches. First, the terms related to the resistivity given in [2] are included in the

numerical code, but assuming they are very small. Second, a new computation is made

based on a set of equations derived recently by Ramos [3]. As a reference system, we

will consider a magnetospheric plasma with the following parameters: n ∼ 10cm−3,

T ∼ 10eV and B ∼ 10−4Gauss, for which the ion-sound gyroradius is ρs ∼ 20km,

the electron inertial skin depth is de ∼ 1km, while β ∼ 1/4. Thus relevant range to

consider has ρs/de > 1 but β < 1, which we analyze using the nonlinear equations.

II. Reduced model for weakly collisional evolution

Our configuration consists of a magnetic null X-point in 2D contained in the x − y

plane and a guide field in the z direction. The magnetic field is represented by B =

ẑ × ∇ψ(x, y, t) + Bz(x, y, t)ẑ. The equilibrium magnetic potential is ψ0 = B′
⊥xy and

is characterized by a scale length defined by l0 ≡ Bz0/B
′
⊥. The plasma velocity is

written in terms of the potential φ as v = ẑ ×∇φ(x, y, t) + vz(x, y, t)ẑ. The two fluid

34th EPS Conference on Plasma Phys. Warsaw, 2 - 6 July 2007 ECA Vol.31F, P-4.143  (2007)



equations, when the conditions β < 1 and l0/di ≫ 1 are assumed, where di is the

ion skin depth, can be reduced to a set of three equations for the variables ψ, φ and

the density contained in ξ ≡ l0/di log(n/n0), with n0 the equilibrium density. These

equations for a weakly collisional plasma, in the limit vz → ∞ and cold ions, are [4]:

∂U

∂t
= [U, φ] + [ψ,∇2ψ] (1)

∂

∂t
(ψ − d2

e∇
2ψ) = [ψ − d2

e∇
2ψ, φ] − ρ2

s[ψ, ξ] + η∇2ψ (2)

∂ξ

∂t
= [ξ, φ] + [φ,∇2ψ] (3)

where [f, g] = ẑ ·∇f ×∇g, and all variables are normalized according to φ → φ(τA/l2),

ψ → ψ/(l2B′
⊥), the lenghts to the system size l, and the time to the Alfvén time

τA = (4πn0mi)
1/2/B′

⊥. The term proportional to ρs in (2) is proportional to the

electron compressibility and the resistive collisional diffusivity is η.

In [1] equations (1-3) were numerically solved for η = 0 when a plasma flow is driven

towards the X-point, in order to force the reconnection. It was found that the results

agreed with the analytical solutions found for small constant forcing [5], consisting in

attaining a constant central current. But a more general case in which the forcing is

arbitrarily large and with a finite duration was also considered. Here we include η 6= 0

to still study driven magnetic reconnection in the so-called Taylor problem, i.e. with

a finite-time forcing-flux that increases from zero at t = 0; so the boundary conditions

are,

φ(±1, y, t) =
1

4B′
⊥

df(t)

dt
ln(y2 + δ2), φ(x,±1, t) = −

1

4B′
⊥

df(t)

dt
ln(x2 + δ2) (4)

ψ(±1, y, t) = ±B′
⊥y + f(t), ψ(x,±1, t) = ±B′

⊥x + f(t) (5)

where f(t) = v∞Bz0τd(1 − (1 + t/τd) exp[−t/τd]) and the density is constant at the

boundaries. The integration domain is [−1, 1] for both x and y. The parameter δ is

of the order of ρs and is introduced to avoid singularities. The initial conditions are,

ψ(x, y, 0) = B′
⊥xy, φ(x, y, 0) = 0 and ξ(x, y, 0) = 0.

In figure (1) we compare the results for a collisionless and a weakly collisional

plasma, when the forcing time is τd = 5τA. The reconnected flux, measured by ψ(x =

0, y = 0, t) at the X-point, is larger for the resistive plasma as one would expect, but

the asymptotic value is the same. In contrast, the central current shown in Figure (2)

is much larger for the collisionless case and it increases up to t > τd.

III. Fluid model with pressure variation

Next we take the two-fluid equations developed in [3] for the slow dynamics, in

which the flow velocity and time scales are of the order of the diamagnetic velocity and

frequency, respectively. Here, the effect of anisotropic pressures for ions and electrons

is retained. However, the electron inertial effects are not present, so a completely
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Figure 1: Reconnected flux
with (solid) and without
(dashed) collisions.
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Figure 2: Current at X-
point with (solid) and with-
out (dashed) collisions.
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Figure 3: Surface diagram
of pressure pe‖ for t = 4τA

based on Eqs.(6-12)

collisionless reconnection could not be considered. The small, but finite collisionality is

what will drive reconnection. When these equations are normalized such that t → t/τA,

x → x/di, φ → φ/(d2

i B0/τA), ψ → ψ/(diB0), n → n/n0, p → 8πp/(ρsB0/di)
2 and

adapted to our cartesian geometry, the reduced model for the seven fields can be cast

as,

∂n

∂t
= [n, φ] (6)

∂pe‖

∂t
= [pe‖, φ] + 2νe(pe‖ − pe⊥) (7)

∂pi‖

∂t
= [pi‖, φ] + 2νi(pi‖ − pi⊥) (8)

∂pe⊥

∂t
= [pe⊥, φ] − νe(pe‖ − pe⊥) +

ρ2

s

3n2
(pe‖ − pe⊥)[n, pe⊥] (9)

∂pi⊥

∂t
= [pi⊥, φ] − νi(pi‖ − pi⊥) −

ρ2

s

3n2
(pi‖ − pi⊥)[n, pi⊥] (10)

∂ψ

∂t
= [ψ, φ] −

ρ2

s

n
[ψ, pe‖] −

ρsǫνe

n
(pe‖ + pe⊥) (11)

∂U

∂t
= [U, φ] +

1

2n
[n, |∇φ|2] +

1

n
[ψ,∇2ψ] +

ρ2

s

n
[∇φ;∇pi⊥]

−ρ2

s

∂

∂x
(pi‖ + pi⊥ + pe‖ + pe⊥) (12)

Here we assumed simmetry along the perpendicular z direction and used the simplest

approximation for the collisional friction: F coll
e ∼ νepe, gcoll

α ∼ να(pα‖ − pα⊥). The

dimensionless constants are ǫ = (me/2mi)
1/2, να → νατA and the function U is,

U =
1

n

(

∇ · (n∇φ) + ρ2

s∇
2pi⊥

)

(13)

The characteristic length is the ion skin depth, so the reconnection region must be

smaller than this. It is clear that the driving term for reconnection in Eq.(11) is quite

small being proportional to ǫ.

Based on Eqs.(6-12) we created a code for the simulation of the reconnection Taylor

problem, as described in the previous section. An approximation was made, that
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Figure 4: Magnetic field
lines at X-point for t = 6τA
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Figure 5: Evolution of ψ(0)
and central current
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Figure 6: Pressure for high
collisionality, ν = 0.9

assumes the density in Eq.(13) is constant, in order to speed up the process of inverting

the operator to obtain φ. It was checked a posteriori that the assumption is indeed

satisfied, when n is kept constant at the boundaries. For the pressures, although they

have constant boundary values, there is a continuous increment towards the central

X-point, as it is shown in Figure (3) for pe‖; similar behaviors are observed for the

other pressures when pα‖/pα⊥ = 1.1.

An interesting result, not observed in the zero-pressure case, is that the forcing flow

at the border gives rise to an MHD wave that wiggles the magnetic field lines. Figure

(4) shows how the originally smooth field lines are twisted as a result of the wave. The

reconnected flux can be seen in Fig.(5) and is quite small, for the value ν = 0.09 used.

It has opposite sign to that for the collisionless case, since the currents are also negative

initially. For higher collisionality, ν = 0.9, the distorting effects are quite large and the

reconnected flux does not vary so much (see Fig.(6)).

IV. Conclusions

The collisional contribution to the reconnection rate in a quasi-collisionless plasma were

analyzed usind two different approaches. When pressure variations are ignored, the

collisionality increases the instantaneous reconnection rate but the asimptotic values

of ψ(o) do not change, while the current at the X-point is reduced substantially. With

a model that includes anisotropic pressure perturbations the presence of MHD waves

is observed and the reconnection rate is very low.
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