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Introduction

One of the main challenges in (space) plasma
physics is to provide a clear analysis of the electron
dynamics and the electromagnetic fields in the re-
connection layer, in particular in the so-called electron
diffusion. Here we present new results using a hybrid
model with kinetic ions and fluid electrons. The
electron model adopts the 3+1 moments Landau
Fluid closure, a nonadiabatic closure recently devel-
oped aimed at reproducing the Landau damping effect
and gyrotropic anisotropy. The model is integrated nu-
merically using a Eulerian Vlasov code and an isothermal
closure for the electrons has been also adopted for com-
parison.

Model: the Landau Fluid

Several closures have been formulated to capture
certain aspects of kinetic physics. The Hammett-
Perkins closure [2] was derived by matching the linear
Landau damping rate and then various gyrokinetic
effects had been added, both gyrotropic [7] and non-
gyrotropic [5, 6, 8]. These descriptions involve dynami-
cal equations for the parallel and perpendicu-
lar temperatures (or pressures), and thus permits the
development of temperature anisotropies. In this
study, we adopted the 3+1 moments gyrotropic
Landau Fluid closure for the electrons, as pre-
sented in [8], i. e., the electrons’ heat fluxes are:
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where ~b = ~B/| ~B|, ~j = ~∇×~b and H is the Hilbert trans-
form (Hf ) (~k) = (~b · ~∇f )(~k)/

√
ki〈bibj〉kj. It has been

shown [7] that, unlike previous models such as the CGL
closure [1], these Hammett-Perkins-like models correctly
predict the threshold for the mirror instability.

Numerical approach: HVM

The numerical models integrate the Vlasov equa-
tion for the ions in the 2D-3V phase space, self-
consistently coupled with the Faraday’s equation, the gen-
eralized Ohm’s law, and an electron fluid. To advance
in time the distribution function, we solve the Vlasov
equation by using a Eulerian approach, allowing an
accurate and almost noise-free investigation of the dis-
tribution function. The algorithm treats the Vlasov equa-
tion as a multi-advection system advanced by using
a third-order Van Leer scheme [3]. The integra-
tion of the equations for the electromagnetic fields
is based on the Current Advance Method [10]. In
this project, the same randomly perturbed mag-
netic shear was evolved with the LF closure and
an isothermal one (for comparison).
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Results: LF vs. isothermal closure

Inflow streams are symmetric in both mod-
els, outflow jets and current sheets
are asymmetric in the LF one. The
fact that they are oblique (not normal to the
shear gradient) is something expected dur-
ing magnetic reconnection in the presence of
a guide field, and it is observed in situ
and from full-kinetic simulations, but
not in hybrid models with isotropic closures.

In [9] is argued that the LF model should drive the system
toward an isothermal behavior. Studying the reconnected flux
over time, we see that in late times that seems the case, but in the
linear phase, reconnection starts faster in the LF model.
After investigations, we find that the initial condition results mir-
ror unstable with the LF closure: it is sensitive to some kinetic
effects. Indeed, we can see how electrons take part in pushing
the system near the mirror stability threshold.

We studied E‖ and E⊥ as a measure for parallel vs. perpendicular heating. Assumed a polytropic closure, E‖
linearly depends on the polytropic factor as E‖ = −γ(Pe/n

2
e)
~∇ne · ~B (see [4]). Indeed, in later times, power

spectra show clearly the isothermal tendency of the LF model and, at the same time, suggest differences in
the generated anisotropy.

Future work

We started new simulations with a ki-
netic stable initial condition and al-
ready found no break in the reconnected
flux. Also, we start a new kind of analy-
sis based on the study of local polytropic
parameters, which can be used to define
barotropic barriers.
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