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Potential structure of a plasma in an internal conductor device
under the influence of a biased electrode
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The present study examined the electric field structure in a magnetized plasma in a prototype ring
trap (Proto-RT) device with an internal ring electrode. A radial electric field of up to 3 kVrwvas
produced in the broad region between the electrode and vessel wall when the ring electrode was
negatively biased. The resultakt<x B toroidal rotational speed is comparable to the ion sound
speed. Positive biasing, however, created a gap between the plasma and the electrode, failing to
produce an internal electric field. @004 American Institute of Physics.
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The effects of electric fields and flow play an important sure was 5% 10~ Torr. Inside the chamber, a torus-shaped
role in the fundamental properties of plasmas. The formatiorlectrode is installed on the ring conductor.
of transport barrier at the edge region of the plasma and The potential profiles of the plasma were measured by
improvement of the confinement properties are intensivelyemissive Langmuir probes, terminating the circuits with high
studied in tokamaKsand mirror machine$.Recently, the impedancg100 MQ) voltage probes. The probe characteris-
study of plasmas with flow in the entire region is developing,tics (I-V curves showed that the obtained potentials almost
such as centrifugal confinement of rotating plashw@snew  agree(though typically underestimating some volgith the
relaxation states of plasnfas(represented by Double Bel- space potential of the plasma. Because the electron tempera-
trami field$) that includes the effects of ion flow. ture was low T.~5 eV) and the variation of . was small

In experimental search for the relaxation states of thehroughout the experiments, the gradient of the measured
flowing plasmas, toroidal trap devices equipping a normal-floating” potential gives a good approximation of the elec-
conducting or superconducting internal éait a linear mir-  tric field in the plasma. Plane Langmuir prok@sth a tip of
ror devicé have been constructed and fundamental researchx 3 mm molybdenum plajewere also used to measure
is currently being carried out. When a radial electric field iselectron density and temperature.
generated within the poloidal magnetic field configuration of ~ In the 13.56 MHz rf experiments, the typical electron
the internal conductor device, the expected plasma flow igumber density measured by the Langmuir probe was
induced in the toroidal direction. In contrast to unmagnetized=1x 10> m~2 and the typical electron temperature Was
plasmas, in which electric potentials are Debye shielded=5€V. With an applied magnetic field strength &f
magnetized plasmas can accept various potential structures0.01 T, neutral gas density of,=2x 10" m™3, and esti-
according to the distribution functions of charged particlesmated hydrogen ion temperature Bf=0.5 eV, the plasma
The study of the characteristics of the flowing plasmas reParameters are estimated to be the following: Debye length,
quires the generation of a broad electric field inside the plastp=0.5 mm; Larmor radii for electrons and ions,
mas, and thus the potential control method is one of the=0-7 mm andr ;=10 mm, respectively; ion sound speed,
essential issues for such studies. In the present study, we=2X 10" ms™*; Alfvén velocity,vp=7% 1P msf?i elec-
experimentally tested the effects of electrode biasing andfon cyclotron angular frequencisc.=2x10° s™; ion cy-
demonstrated the formation of the radial electric field of a¢lotron angular frequency,wei=1x10° s *; electron-
plasma in a toroidal internal conductor device. neutral collision frequencype,=3x10° s™%; ion-neutral

Experiments were carried out on a prototype ring trapcollision frequency,vin=61>< 100 s L electron-ion collision
(Proto-RT),”° whose cross-sectional view is shown in Fig. 1. frequency,ve;=5x10° s*; and neutral collisions exceed-
The Proto-RT has an internal conducting ring that generatel€9 ion-electron collisions #e;< vyn). .
a dipole magnetic field. By combining vertical and toroidal !N the above parameter region, electromagnetic forces
magnetic fields, a variety of magnetic field configurationsa”d negtral collisional effegts are dominant in detgrmmmg
can be produced. The typical magnetic field strength is of th&€ motion of charged part|clé$.Becau5e the experiments
order of 102 T. A plasma is generated by a rf electric field Were carried outin a pure poloidal magnetic field configura-
with a frequency of 13.56 MHz and an input power of opotion, a radial el_ectrlc fl_eld y|elds toroidal rotz_mon of th_e
W. The rf power is supplied to the plasma using capacitivelyplasma' Neglecting thg inertia term, the_equatlon_ of motion
coupled plates located inside the chamber. Hydrogen preégr ions and electrons in a steady state is approximated as
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FIG. 1. Poloidal cross section of the Proto-RT chamber and magnetic sur-
faces of the poloidal field configuration. A pair of vertical field coils are v v
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13.56 MHz power source via dc cut capacitors and a matching circuit. Miwg; Mewege

Under the present experimental conditions, the ion term is
dominant, and thus the radial current is transported primarily
The pressure term can be neglected because of low densiy ions:
and temperature. Heke=i,e indicates ion and electron, and

vhi IS the collision frequency between neutral particles and 92N,
charged particles. By solvind) for the velocity perpendicu- ji=——>"E,=1x10 °E,. (4)
lar to the magnetic field, , we obtain an approximate solu- m; @
tion Figure 2 shows the single ion orbit under the influence of
dc electric and magnetic fields in the geometry of Proto-RT
Qv EXB including the finite inertia term. The ions undergo X B
Vi, = E+ —. (2)  drift motion in the toroidal direction, and also the orbit takes

B z B? ) . - .
M@y a banana-like trajectory due to magnetic mirror reflection. In

Here, w2,/ v2,=5X 10° (for electron, and 3x 10 (for ion)  the experimentally obtained electric field Bf- 10°Vm?
>1 were used. In the geometry of the Proto-RT, the firstand with a typical magnetic field strength Bf~0.01 T, the
term corresponds to the radial motion of charged particle$oroidal rotational speed of charged particles by EB
across the magnetic surfaces and the second term is the télift motion is ~1x10° ms *. The mean free path of the
oidal drift speed. The relation betwe&n and radial current ion between the collisions with neutral atoms sl m,

densityj, is then given by which is comparable to the machine scale length, and thus
the individual motion induces an effective toroidal flow in
the plasma.
: For the formation of the radial electric field, a dc bias
Center axiSiOf the device voltageV,- was applied on the IC electrode against the ves-
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FIG. 2. Hydrogen ion orbits in the radial electric field and poloidal magnetic R (cm)

field of the Proto-RT. The initial position of the ion i® r=0.4m, z

=0.1 m and(@) r=0.4 m, z=0.2 m, respectively. Charged particles un- FIG. 4. Radial profiles of electron number densityzat0, (a) whenVc
dergo toroidalE X B motion and reflection motion due to magnetic mirror =0, the electrode is groundeth) positively biased/,c=+300 V, and(c)
effects. negatively biased/,c=—300 V.
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sel wall. Figure 3 shows a Curreh't:_between the 1C e,lec_ FIG. 7. The profiles of(a) radial electric field strength an¢b) poloidal
trode and the chamber as a function\t. The applied  magnetic field strengts andEx B drift speed az=0, when the electrode
magnetic field suppressed the radial current carried by thsias voltage was modified froi,c=—600 V to — 100 V, calculated from
collisional transport of ions, and a bias voltage up tothe potential distribution in Fig. 5.
+600 V was successfully applied. As shown in Fig. 4, the
density distribution of the plasma was modified by the ap-
plied bias voltage on the electrode. The displacement of theegion of the plasma between the IC electrode and the vessel
density profile (-2 cm) is much larger than the Debye wall because the low density region was not formed in these
length (\p~0.5 mm). When the IC electrode, which is lo- cases.
cated in the confinement region of plasmas, is positively bi-  The profiles of radial electric field strength and the cor-
ased, a region of very low densityess than 1% of when respondingz X B drift speed obtained from the potential pro-
V,c=0) is formed around the IC electrode. files in Fig. 5 are shown in Fig. 7. Because the rf coupling

The radial potential profiles of plasmas in the variationand density distribution of the plasmas were modified ac-
of V,c, and the two-dimensional potential profiles whencording to the magnetic field strength or background neutral
V\c= %600 V are shown in Figs. 5 and 6. Potential contoursdensity, it was not a straightforward operation to obtain the
coincide almost exactly with the flux surfaces of poloidal parameter dependence of the radial electric figldand the
magnetic fields excepting the neighborhood of the rf antenradial currentl c between the IC electrode and the vessel
nas, and the electric fields are mainly generated in the radiavall. However, with the surface area of the IC electrode
direction. In the potential distribution of the conditidf)c ~ Sc=0.59 n? and by assuming the radial symmetry of plas-
>0, a voltage drop was observed in a very limited regionmas around the IC electrode, the obsenigd-3 kv m™?
near the electrode, which corresponds to the low density reaear the IC electrode arlge~1 A generally agree with the
gion in Fig. 4. In contrast, wheW,:<0, a smooth potential relation betweerkE, and | ,c in (4), suggesting that the ob-
gradient was generated in the wide range of the confinemeiserved radial electric field and electrode current are under-
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FIG. 6. (Color) Potential distribution of plasmas in the poloidal cross section of the Proto@Twhen the IC electrode was positively biased
(V,c=+600 V), and(b) negatively biased\(,c=—600 V). Thin lines show the poloidal magnetic surfaces.
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