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In weakly ionized plasmas, there are two types of
collisional interactions between ions and neutrals, i.e.,
elastic scattering and charge exchange scattering. In usual
collision processes, small angle scattering is dominant and
the resultant momentum change of ions is small, which
makes us possible to consider the plasmas as collisionless.
However, when we take into account charge exchange
process, the momentum change of ions becomes large, and
the force generated in this process may be the dominant
force to build up the ion flow structure in the plasma.

Figure 1 shows an ion-neutral collision with and
without charge exchange. As seen in Fig.1(a), the
momentum change during the collision is small in the small
angle scattering. However, when the charge exchange
process occurs during the collision, the momentum
difference of incident and resultant ion becomes large even
in small angle scattering. This phenomenon is called Sena
effect [1]. It should be noted that the density of neutral
particles is much higher than the ion density in weakly
ionized plasmas, the total momentum of neutral fluid is
comparable or greater than that of ion fluid even though the
neutral flow velocity is much smaller than the ion flow
velocity.
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Fig.1 Ion-neutral collision process with and without

neutral particle

charge exchange. Enhanced momentum exchange

during charge exchange process is called Sena effect.

In the circumstances where the ion-neutral
interaction is strong, the force generated in the ion-neutral
collision may essentially modify the ion flow structure
through F X B drift. Recently, it has been found that there is
a class of vortices which counter-rotate to the EX B drift.
The cause of counter-E X B rotation is considered to be the
radial neutral flow from the wall. This means that the force
acting on ion fluid is greater than the electric field in the
plasma, and that the flow structure is determined by the
F X B drift due to ion-neutral interaction.

To clarify the physics of counter-rotating vortices,
we have developed a high resolution laser induced
fluorescence spectroscopy system [2] and measured the
slowly flowing neutrals of the order of several meters per
second. Although measurement of small Doppler shift
(8f/f =107°) by LIF has not been established so far, we
have demonstrated that the neutral flow velocity with a few
m/s can be measured by combining saturated absorption
spectroscopy (SAS) and the LIF spectroscopy. A strong
inward (radial) flow of neutrals is found in the region
where the counter-rotating vortex is present.

When the electric field is greater than the force
generated in the charge exchange process, the resultant drift
is determined by the E X B drift, while the force due to ion-
neutral interaction is greater than the electric field, the flow
structure may be built up by the ion-neutral interaction.
These two forces are estimated by the electrostatic potential
and the chemical potential of neutrals. The following
quantity may be the key parameter of this phenomenon, i.e.,

electric force
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where ¢ is the electrostatic potential, n, the neutral density,
and , the chemical potential of neutral particles.

In conclusion, there are two types of flow structures in
weakly ionized plasmas; “electrical structure” which is
determined by the EX B drift and “chemical structure”
which is driven by the neutral flow.
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