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In this thesis, presented are the development of an open boundary particle simulation
code and a formation of the double layer under the open configuration.

Studies on the ion-acoustic double layer were performed by Sato and Okuda’s particle
simulation. However their simulation models are the simple periodic case or the field-opened
system (with external constant voltage source). Their results indicated that the amplitude
of the double layer is smaller than realistic one, for example, the generation mechanism of
the high energy particle such as the auroral electron.

In order to treat the system as more realistic situation, where the terget plasma contacts
with the external constant current source along the magnetic field line, a new open particle
simulation argorithm is developed. Namely, the auther’s particle simulation model is appli-
cable to a system in which the internal plasma smoothly contacts with an external plasma
source such as a current generator. The internal system can exchange both the energy and
constituent with the external system. In other words, the whole system can be treated as
the grand-canonical system from the thermodynamical viewpoint. The author presents the
formalism and examine the range of applicability of the procedure. The scheme assures a
balance between the outgoing and incoming particle flux through the boundaries at each
time step.

Based on the above open simulation model, the ion acoustic instability under the one-
dimensional electrostatic open configuration has been investigated, so that the ion acoustic
double layer (IADL) can be formed. The condition of the formation of the IADL has to
satisfy (a) the minimum average drift velocity:v§;,/vf, > 0.3 and (b) the minimum system
length(L): L > 512Ap.

The features of the generated IADL in the early phase of the temporal evolution under
the open configuration are as follows: a stepwise type of the potential jump is formed and
its maximum amplitude is the order of electron thermal energy, v -like potential structure,
the minimum physical length, transient life, and so on. These features are similar to those
in the closed (simplified periodic) and semi-open (filed-opened and particle-closed) systems
which were shown by Sato and Okuda[1979]. The author found that this IADL structure
is not maintained and is destroyed via the ion-Landau dumping mechanism. He also found
that TADL under the open system is generated and destroyed repetitively.

The author discovers a new phenomenon in an open system, which can be named as
”the super ion acoustic double layer.” The super IADL exhibits such characteristics as
the v -like potential structure and the minimum physical length. However, the prominent
difference between the normal and super IADL is the magnitude of the DL potential gap.
The potential gap of the super IADL in a typical case reaches up to more than ten times
larger than the initial thermal energy of electrons, when the mass ratio is 100. This implies
that when the thermal energy of electrons is 200eV, then electrons can be easily accelerated
to several keV energy by the super IADL through the highly nonlinear evolution of the ion

acoustic instability. This fact may account for the auroral electron acceleration which has
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been observed but remains as one of unexplained issues in space physics. Thus, an extremely
large collisionless dissipation, in other words, anomalous resistivity arises.

It is found that the transition mechanism lies in the nonlinear driven electron-ion two-
stream instability which is generated by locally accelerated electrons during the evolution
of the normal IADL. The normal and super IADL are generated and destroyed repeti-
tively. Namely, the IADLs under the open configuration does not reach to a stationary
and monotonic state. The simulation runs through a long time reveal its repetitive appear-
ance and disappearance of the super IADL. The life time of the super IADL is roughly 500
Tpe(Tpe =27 wpe) which is much longer than normal IADL.

A super IADL is self-exited when the drift velocity v§.;;,/v, > 0.5, and the maximum
amplitude of the double layer has a strong dependence on the drift speed. In fact, when the
drift velocity is taken as v, /vg, = 0.7, the generated potential gap reaches up to 45 times
larger than the initial electron thermal energy.

Through the diagnosis of the kinetic entropy, the entropy production rate is maximized
as the DL is being formed, while it is minimized when the DL structure is destroyed. In the
open system, a negative entropy production occurs in accordance with the destruction of the
generated DL potential structure, while the entropy production rate in the closed system is
always positive. Namely, an unexpected highly ordered structure (IADL) is spontaneously
created when a fresh free energy is externally supplied, and a generated entropy is expelled
towards the surroundings.

Through the comparison of the temporal evolution of the kinetic entropy between the
closed (periodic), the semi-open (field-opened and particle-closed), and the open system,
the author satisfied that the destruction mechanism of the normal type of the IADL is
the ion-Landau dumping mechanism. The fact indicates that the description of the kinetic
entropy is extremely useful representation of the self-organization process.

Through the comparison between MHD self-organization and kinetic self-organization
processes, the scenario of the self-organization is found to be essentially the same. In
the open system with continuous energy inputting condition, the ordered structure can be
realized and its structure is repetitively or intermittently generated and destroyed in both
MHD self-organization and kinetic self-organization processes.

The common scenario of self-organization is that the self-organization takes place in an
open system when (1) the free energy is continuously inputted, (2) a global instability is
excited, (3) a localized energy conversion takes place, and (4) an enhanced disorderliness
(entropy) is emitted.

This thesis contains four key-points. Firstly, generalized particle simulatin model un-
der the open system is develped. Secondly, a new physical phenomenon named ”super
ion-acoustic double layer” is found. Thirdly, one candidate of the auroral particle gener-
ation mechanism is presented. Finaly, from the generalized viewpoint of the kinetic self-

organization, one important scenario is presented.
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