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Fig. 1. (a) Schematic of the experimental setup; (b) schematic of left-handedness HP plume; (c) schematic of right-handedness HP

plume.

130501-2



#) 32 2 3R Acta Phys. Sin. Vol. 72, No. 13 (2023)

130501

0mT
60 mT
120 mT

200 mT

0mT
60 mT

120 mT

200 mT

B2 R 3.5 kV I, 22 P HP 7E A Rl A A0 i
SR T RIMA (a) SHREES T 22 T4 HP I L4
(b) N R T £ T4k HP s 4

Fig. 2. Photographs of the left-handedness chiral HP plume
at different polarity and intensity of the magnetic field at
the applied voltage is 3.5 kV: (a) Contraction photographs
of the left-handedness chiral HP plume at S-pole; (b) stre-
tching photographs of the left-handedness chiral HP plume
at N-pole.
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Fig. 3. Photographs of the right-handedness chiral HP
plume at different polarity and intensity of the magnetic
field at the applied voltage is 3.8 kV: (a) Contraction pho-
tographs of the right-handedness chiral HP plume at S-pole;
(b) stretching photographs of the right-handedness chiral
HP plume at N-pole.
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Table 1.
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Fig. 4. Shrunken or stretched length curve of HP plume.
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Fig. 5. Left-handedness chiral HP plume at S-pole changes
the chirality with the increase intensity of the magnetic
field, when the applied voltage is 3.9 kV.
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Fig. 6. Left-handedness chiral HP plume at N-pole chan-
ging the clarity in the process of increasing the intensity of
the magnetic field.
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Fig. 7. Schematic diagram of the magnetic field force com-
ponent of Lorentz force.
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Abstract

Electric phenomena and magnetic phenomena are inseparable. The magnetic field affects the ionization
balance and spatial distribution of the plasma. A new type of plasma discharges has been found in nitrogen gas
under sub atmospheric pressure condition without external magnetic field. Because of its regular helical
propagation pattern, it is called helical plasma (HP) plume. Although a great deal of research has been carried
out on the key characteristics of the HP plume, the formation mechanism of it remains unclear, which affects its
applications in materials and nanotechnology.

By applying magnetic field to HP with different chirality, the regulation behavior of the external magnetic
field on HP is studied. It is found that the external magnetic field will make the HP shrink or stretch. With the
magnetic field intensity increasing from 0 mT to 200 mT, the left-handed HP plume stretches under the
magnetic field of S-pole. Conversely, the left-handed chiral HP plume contracts when the magnetic pole changes
to N-pole. However, when the chirality of HP plume is changed to being right-handed by adjusting voltage,
phenomenon opposite to the previous one is observed. Moreover, the applied magnetic field also affects the
divergence of HP. With the increase of S-pole external magnetic field, the HP plume stretches until the external
magnetic field reaches to 80 mT. When the magnetic field intensity is 80 mT, the HP disappears. The plasma in
the quartz tube appears in the divergent form. With the magnetic field intensity increasing to 160 mT, the
plasma in the form of a helix appears again. Finally, in the process of changing the intensity of the magnetic
field, the clarity of the HP plume will also change.

The radial electric field of HP is calculated by electromagnetic wave theory, and the mechanism of the
influence of external magnetic field on the behavior of HP is clarified. It is found that the magnetic field force
component of Lorentz force is responsible for the external magnetic field regulating the HP behavior. This study
lays a theoretical foundation for understanding the motion behavior of HP, which is conducive to the practical

applications in the field of materials and nanotechnology.
Keywords: atmosphere pressure plasma, plasma jet, nonequilibrium plasma, electrohydrodynamic
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