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From immense scale galactic plasmas down to micro-discharges, the details of the
diffusion of particles have been the most problematic and challenging in the field of
plasma physics. In solar physics, the diffusion of plasmas across magnetic fields
determines the dynamics of the corona, the solar wind and hence space weather at
the earth [1]. Terrestrial thermo-nuclear fusion experiments have been particularly
hampered by a lack of data, understanding and theory for decades [2, 3]. Cross-field
diffusion is particularly important in the formation and transport of beams of
charged particles [4, 5]. This can be seen in research on magnetized plasma sources
and plasma thrusters for space applications [6, 7]. In low temperature plasmas weak
magnetic field can be applied for better coupling of external power to the plasma or
control of plasma profiles. Unfortunately, control of plasma profiles by applied
magnetic field may be severely limited by complicated anomalous transport [8],
short-circuit and sheath effects [9, 10] or plasma self-magnetic field [11].

Negative ion extraction from plasmas is very poorly understood at the moment

[12, 13]. It is the basis of a fundamental heating mechanism for ITER, a very large
toroidal fusion experiment [2]. More immediate uses are made in the surface
analysis industry of negative ions for Secondary Ion Mass Spectroscopy and other
methods of surface analysis [14]. These involve creating a plasma of negative ions,
hydrogen in the former and oxygen in the latter, then extracting them using a set of
grids or holes. To minimize the effects of co-extracted electrons, a magnetic field is
generated normal to the extraction axis with the hope that the electrons, having a
smaller gyro radius than the heavy negative ions, will be removed from the
extracted beam by impacting one or more of the extraction electrodes.
Unfortunately, these fields create E x B drifts in the plasma resulting in unwanted
anisotropies and major problems in beam forming [15].

With this background, a workshop was held at the Austin GEC in 2012 in order to
assemble as many of the researchers in this area as possible in the one room and
hope for synergy [16]. The one day ‘Workshop on Cross Field Diffusion’ attracted
more than a dozen presentations and 50 to 100 participants. This special edition of
Plasma Sources Science and Technology (PSST) assembles a number of those
presentations allowing the reader easy access to the field. The abstracts of the
remaining presentations, mainly industrial-related, can be found on the GEC2012
website [16].

References

[1] Qin G, He H Q and Zhang M 2011 An effect of perpendicular diffusion on the
anisotropy of solar energetic particles from unconnected sources Astrophys. J.
738 28

1 © 2014 I0P Publishing Ltd  Printed in the UK


http://dx.doi.org/10.1088/0963-0252/23/4/040201
http://dx.doi.org/10.1088/0004-637X/738/1/28

Plasma Sources Sci. Technol. 23 (2014) 040201 Editorial

[2] National Research Council 2007 Plasma Science: Advancing Knowledge in the
National Interest (Washington, DC: The National Academies Press)
Khatchadourian R 2014 A star in a bottle, an audacious plan to create a new
energy source could save the planet from catastrophe. but time is running out
The New Yorker 3 March 2014 www.newyorker.com/reporting/2014/03/03/
140303fa_fact_khatchadourian?currentPage=all

[3] Roche T, McWilliams R, Heidbrink W W, Bolte N, Garate E P, Morehouse M,
Slepchenkov M and Wessel F 2014 Test ion transport in a collisional,
field-reversed configuration Plasma Sources Sci. Technol. 23 044001

[4] Fantz U, Schiesko L. and Wiinderlich D 2014 Plasma expansion across a
transverse magnetic field in a negative hydrogen ion source for fusion Plasma
Sources Sci. Technol. 23 044002

[5] Aanesland A, Bredin J and Chabert P 2014 A review on ion—ion plasmas
created in weakly magnetized electronegative plasmas Plasma Sources Sci.
Technol. 23 044003

[6] Takahashi K, Charles C, Boswell R and Ando V 2014 Effect of magnetic and
physical nozzles on plasma thruster performance Plasma Sources Sci. Technol.
23 044004

[7] Griswold M E, Raitses Y and Fisch N J 2014 Cross-field plasma lens for
focusing of the Hall thruster plume Plasma Sources Sci. Technol. 23 044005

[8] Thakur S C, Brandt C, Cui L, Gosselin J J, Light A D and Tynan G R 2014
Multi-instability plasma dynamics during the route to fully developed
turbulence in a helicon plasma Plasma Sources Sci. Technol. 23 044006

[9] Curreli D and Chen F F 2014 Cross-field diffusion in low-temperature plasma
discharges of finite length Plasma Sources Sci. Technol. submitted

[10] Smolyakov A I, Frias W, Kaganovich I D and Raitses Y 2013 Phys. Rev. Lett.
111 115002

[11] Benyoucef D and Yousfi M 2014 Particle modeling of low pressure
radio-frequency magnetron discharges including the effects of self-induced of
electromagnetic fields Plasma Sources Sci. Technol. 23 044007

[12] Grisham L R 2005 IEEE Trans Plasma Sci. 33 1814

[13] McNeely P, Falter H-D, Fantz U, Franzen P, Froschle M, Heinemann B, Kraus
W, Martens Ch, Riedl R and Speth E 2006 Development of a rf negative-ion
source for ITER neutral beam injection Rev. Sci. Instrum. 77 03A519

[14] Gillen G, King L, Freibaum B, Lareau R, Bennett J and Chmara F 2001
Negative cesium sputter ion source for generating cluster primary ion beams
for secondary ion mass spectrometry analysis J. Vac. Sci. Technol. A 19 568

[15] Boeuf J P, Claustre J, Chaudhury B and Fubiani G 2012 Physics of a magnetic
filter for negative ion sources: II. E x B drift through the filter in a real
geometry Phys. Plasmas 19 113510

[16] Workshop on ‘Plasma Cross Field Diffusion’, 65th Annual Gaseous Electronics
Conf. (Austin, TX, 22 October 2012) vol 57, Number 8, http://meetings.aps.org/
Meeting/GEC12/Session/AM?2


http://www.newyorker.com/reporting/2014/03/03/140303fa_fact_khatchadourian?currentPage$=$all
http://www.newyorker.com/reporting/2014/03/03/140303fa_fact_khatchadourian?currentPage$=$all
http://dx.doi.org/10.1088/0963-0252/23/4/044001
http://dx.doi.org/10.1088/0963-0252/23/4/044002
http://dx.doi.org/10.1088/0963-0252/23/4/044003
http://dx.doi.org/10.1088/0963-0252/23/4/044004
http://dx.doi.org/10.1088/0963-0252/23/4/044005
http://dx.doi.org/10.1088/0963-0252/23/4/044006
http://dx.doi.org/10.1103/PhysRevLett.111.115002
http://dx.doi.org/10.1088/0963-0252/23/4/044007
http://dx.doi.org/10.1109/TPS.2005.860083
http://dx.doi.org/10.1063/1.2166246
http://dx.doi.org/10.1116/1.1340651
http://dx.doi.org/10.1063/1.4768804
http://meetings.aps.org/Meeting/GEC12/Session/AM2
http://meetings.aps.org/Meeting/GEC12/Session/AM2
https://www.researchgate.net/publication/313407941

	 References

