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Guest Editorial
Special Issue of Invited Papers of 2005
Workshop on Nonlocal, Collisionless

Electron Transport in Plasmas

THIS Special Issue consists primarily of invited papers pre-
sented at the 2005 Workshop on Nonlocal, Collisionless

Electron Transport in Plasmas held at Princeton Plasma Physics
Laboratory (PPPL), Princeton, NJ. The presentations from this
workshop are available online.

The purpose of the workshop was to facilitate discussion on
nonlocal, collisionless phenomena in low-pressure plasmas be-
tween scientific communities working on high-temperature, fu-
sion plasmas and low-temperature, gas discharge plasmas. Such
low-pressure plasmas have remarkable property: changing con-
dition at one place may lead to unexpected changes far away
in another part of the plasma. In the last decade, there have
been major developments in studies of collisionless dynamics
in plasmas, particularly in glow discharges, plasma sources for
material processing, and plasma thrusters. These developments
have been reported in separate papers published in many dif-
ferent journals. The workshop and this Special Issue aimed at
updating and coordinating the research advances in this field.
Another important goal of the workshop was to form a bridge
between high- and low-temperature plasma communities. Both
communities have developed many useful tools, little known
outside their own communities. Therefore, it is important to
summarize the current state-of-the-art for both communities in
one volume.

Low-pressure discharges (mainly capacitively coupled
plasmas and inductively coupled plasmas) are widely used in
industry as the main plasma sources for many plasma applica-
tions [1], [2]. Notwithstanding the significant improvements
of these plasma sources for technology applications during the
last decade, the majority of commercial plasma devices have
far-from-optimal performance due to the lack of a detailed un-
derstanding of the underlining physics and plasma chemistry.
The creation of low-temperature plasmas with controllable
parameters, in particular, the plasma density, the electron
temperature, and the electron and ion energy spectra, is one
of the major tasks of modern plasma engineering. The need
for optimization of plasma parameters and comprehensive
modeling of the radio frequency plasma and sheaths calls
for basic research in this area. Another growing application
of collisionless and weakly collisional plasmas is the plasma
thrusters (sometimes called electric thrusters). Understanding
of the key plasma science underlying the operation of these
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devices is essential for the development of advanced thruster
technology. Basic plasma phenomena in such devices include,
but are not limited to, plasma–wall interaction, plasma expan-
sion in the magnetic field, anomalous cross-field transport,
waves, and instabilities.

The distinctive property of partially ionized plasmas in gas
discharges is that such plasmas are always in a nonequilibrium
state: the electrons are not in thermal equilibrium with the neu-
tral species and ions, because the electron temperature is typ-
ically much larger than the temperature of the ions and of the
neutrals. In addition, the electrons are also not in thermody-
namic equilibrium within their own ensemble, which results in
a significant departure of the electron energy distribution func-
tion from a Maxwellian. These nonequilibrium conditions pro-
vide considerable freedom to choose optimal plasma parameters
for applications and make gas discharge plasmas a remarkable
tool for a variety of plasma applications, including plasma pro-
cessing, discharge lighting, plasma propulsion, sources for par-
ticle beams, and nanotechnology [3].

Physical phenomena in low-pressure gas discharges are sub-
stantially different from those in high-pressure gas discharges.
In high-pressure discharges, due to the high rate of collisions
and slow particle diffusion, the plasma parameters are deter-
mined by the local value of the electric field. In low-pres-
sure gas discharge plasmas, the electron mean-free path can
be comparable to or larger than the plasma density profile and
the electromagnetic field inhomogeneity scales. Therefore, in
its thermal motion, an electron can move between collisions
sampling different values of electric field along its trajectory.
As a result, the electron current at some point in the plasma
is determined not by the local electric field, but by the entire
profile of the electric field. Nonlocal electron kinetics, nonlocal
electrodynamics with collisionless electron heating, and non-
linear processes in the sheaths and in the bounded plasmas are
typical for such discharges. The synergism of nonlocal elec-
tron kinetics with collisionless, nonlocal electrodynamics may
result in a wide multiplicity of nonequilibrium plasma states.
The electrons tend to stratify into different groups depending
on their origin and the confinement or heating mechanisms.
The electron energy distribution functions are even more com-
plex in molecular gases.

A very productive workshop Electron Kinetics and Applica-
tions of Glow Discharges was held in 1997 in St. Petersburg,
Russia [4]. That workshop discussed the plasma self-organi-
zation in gas discharges and resulted in a broad dissemination
of existing developments in theory, diagnostics and modeling
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of nonequilibrium electron kinetics in glow discharges. The
workshop at PPPL during summer 2005 updated and summa-
rized progress since 1997 and discussed future directions in
the field.

Progress in understanding the interaction of electromagnetic
fields with a real, bounded plasma created by this field and the
resulting changes in the structure of the applied electromag-
netic field, has been one of the major achievements of the last
decade. The improved understanding of the nonlocal electron
kinetics and electrodynamics in gas discharge plasma is recog-
nized by the scientific community as one of significant achieve-
ments in plasma physics. The 2004 Maxwell Prize in Plasma
Physics by the American Physics Society has been awarded to
Hershkowitz and Godyak for fundamental contribution to gas
discharge physics.

Workshop speakers were asked to deliver review papers suit-
able for students and nonexperts. A Special Issue, a collection
of these review papers, was designed to serve as an advanced
textbook on electron kinetics in plasmas.

ACKNOWLEDGMENT

The Guest Editors would like to thank the authors for their
contributions to this Special Issue and referees for their time and

effort to make Special Issue enhanced, and to Dr. S. Gitomer for
his support.

IGOR KAGANOVICH, Guest Editor
Princeton Plasma Physics Laboratory
Princeton University
Princeton, NJ 08543 USA

YEVGENY RAITSES, Guest Editor
Princeton Plasma Physics Laboratory
Princeton University
Princeton, NJ 08543 USA

SAMUEL COHEN, Guest Editor
Princeton Plasma Physics Laboratory
Princeton University
Princeton, NJ 08543 USA

REFERENCES

[1] M. A. Lieberman and A. J. Lichtenberg, Principles of Plasma Dis-
charges and Materials Processing. New York: Wiley, 1994.

[2] F. F. Chen and J. P. Chang, Lecture Notes on Principles of Plasma
Processing. New York: Kluwer Academic/Plenum, 2003.

[3] V. A. Godyak, “Non-equilibrium EEDF in gas discharge plasmas,”
IEEE Trans. Plasma Sci., vol. 34, no. 3, Jun. 2006.

[4] U. Kortshagen and L. Tsendin, Eds., Electron Kinetics and Applica-
tions of Glow Discharges. New York: Plenum, 1997.

Igor D. Kaganovich received the B.S. and M.S. degrees from the Physical–Mechanical Department, St. Petersburg Technical
University, St. Petersburg, Russia, and the Ph.D. degree from Ioffe Physical Technical Institute, St. Petersburg, Russia.

He is the Research Physicist at Princeton Plasma Physics Laboratory (PPPL), Princeton, NJ. His professional interests include
plasma physics with applications to nuclear fusion (heavy ion fusion), gas discharge modeling, and plasma processing, kinetic
theory of plasmas and gases, hydrodynamics, quantum mechanics, nonlinear phenomena, and pattern formation.

Dr. Kaganovich was the recipient of the Alexander von Humboldt Fellowship in 1996. His research was supported by individual
grants from international and national funding agencies including DOE, NSF, INTAS, ISF, and RFBR.

Yevgeny Raitses received the Ph.D. degree from the Technion-Israel Institute of Technology, Haifa.
He has been with the Plasma Physics Laboratory, Princeton University, Princeton, NJ, since 1998, where he is currently Research

Physicist and the lead scientist on the plasma thruster experiments. Previously, he has held research positions at the Propulsion
Physics Laboratory of Soreq NRC, Israel. His current research is focused on plasma–wall interaction in low pressure gas dis-
charges, physics of Hall thrusters, novel plasma and ion sources with applications to satellite propulsion and material processing,
and plasma diagnostics.

Samuel A. Cohen received the B.S. and Ph.D. degrees from the Massachusetts Institute of Tech-
nology (MIT), Cambridge, in 1968 and 1973, respectively.

He is a Lecturer with rank of Professor in the Department of Astrophysical Sciences and Di-
rector of the Program in Plasma Science and Technology at Princeton University. His research is
on plasma physics for controlled fusion, with focus on the reversed-field configuration (FRC), an
innovative confinement concept that holds much promise for clean compact fusion reactors. He has
published over two hundred refereed papers, co-edited three books, and co-authored two books. For
13 years, he served as the Resident Associate Editor of Physics of Plasmas.

Dr. Cohen has won MIT’s Goodwin Medal for Distinguished Teaching and is a fellow of the
American Physical Society.


