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Abstract

The study of partially ionized plasmas is important in
a number of astrophysical situations and is vital for the
study of laboratory plasmas. The interactions between
a neutral gas and a plasma define a hybrid medium that
has aspects of each, but does not only sustain the pure
modes of the individual species. Previously we have
shown that momentum coupling between the gas and
the magnetized plasma alters the behaviour of both;
as an extension of that simulation, we present results
for the extension to the coupling in which the relative
motion between the species provides enough kinetic
energy in the flow to allow a measure of species ex-
change Alfvén ionization (AI) (also known as critical
velocity ionization), allowing the ionization fraction to
evolve as the dynamics evolve.

1. Introduction

In a partially ionized MHD-plasma neutral and ionized
species coexist, with disturbances in one producing a
dynamical response in the other through momentum
coupling induced by their relative motion. However,
if this interaction is sufficiently strong, then ionization
of the neutral can take place: Alfén’s mechanism [1]
allows neutral breakdown if the relative speed exceeds
a critical threshold vc:

vc =
(

2Ei

mg

)1/2

(1)

where Ei is the (first) ionization energy of the neu-
tral particle. The underlying physical mechanism de-
pends on accelerating pockets of unbalanced electron
populations to non-equilibrium distributions in sub-
nanosecond timescales [2], and so is not appropri-
ately described in the fluid limit. We present a hybrid
scheme here that incorporates the physics in both lim-
its.

2. An MHD Alfvén Ionization Code
We assume that relative motion between the two fluid
species can be considered a source of energy for AI
when the energy in the relative motion exceeds the
requisite ionization energy: this is motivated by the
concept that the bulk (fluid) velocity is underpinned
by an equilibrium velocity distribution. Hence for any
given fluid velocity, there is a high-energy tail (albeit
small) of particles that contribute to the bulk average.
In our modelling, we can generate ionization with a
relative flow, but for practical reasons, the change in
species number densities has to be measurable in the
fluid context, which places a further constraint on the
’free energy’ threshold before ionization can be ob-
served. The approach is summarised as follows:

1. Identify cells where the relative motion, perpen-
dicular to the magnetic field, between species exceeds
the ionization energy. |vg − vp| > vc.

2. Calculate the amount of AI expected and adjust
the densities of both fluids accordingly.

3. Subtract the energy required for this ionization
from the kinetic energy of the fluids such that total en-
ergy (that is, including the neutral internal energy) is
conserved.

4. Advance the code, with a finite difference algo-
rithm, to the next fluid timestep and return to step 1.

3. Results
The relative motion needed for AI is perhaps most ob-
viously available when a neutral gas flow impinges on
a region of magnetized plasma however this is not the
only source of relative velocities in our fluids. A wave
in one or other of the species will result in relative ve-
locity that can be extracted for AI additionally since
the phase speeds in the plasma are different in the par-
allel and perpendicular directions, and therefore paral-
lel and perpendicular propagating waves cannot simul-
taneously be undamped in the same gas-plasma mix-
ture. This means that, in the presence of a magnetic
field, there is always a direction in which a propagat-
ing wave results in relative velocity between the two
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fluids. [3]

Figure 1 shows an initially spherically symmetric
acoustic wave set off in the gas propagating outwards
from the centre, the magnetic field is in the horizontal
direction. The relative motion between these species
induces some measure of AI with the new plasma cre-
ated by this ionization shown in fig 2. Most of the ion-
ization takes place near the disturbance before AI and
momentum coupling between the species has damped
the wave amplitude below vc. The anisotropy in this
example is partly a consequence of the anisotropy in
the AI process - with only perpendicular motion induc-
ing ionization - and also due to the new overdensities
of plasma being a source for new waves to propagate
through the computational domain.

Figure 1: A snapshot of a spherically symmetric wave
generated in the neutral. The relative motion caused
by this wave is used to drive AI.

4. Summary and Conclusions

We have demonstrated a technique for incorporating
Alfven ionization into an MHD-neutral gas interac-
tions code. This technique is consistent energetically
and with both the fluid models and the physics of AI it-
self. This technique could be utilised to understand the
behaviour of any partially ionized magnetized plasma
both for astrophysical, such as brown dwarf atmo-
spheres [4], the solar photosphere [5] or even Sun im-
pacting comets [6] as well as laboratory plasmas such
as neutral pellet injection in fusion tokamaks [7].

Figure 2: A density map of the new plasma created
by the spherical bomb in figure 1. It contains all the
plasma created by the ionization front up to this time.
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