THREEHALF-TURN ANTENNAS START-UP
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The start-up experiments were carried out at Uragan-2M stellarator with the Three-Half-Turn antenna (THT)
without any pre-ionization. Conditions for optimal gas breakdown were found out through the variation of the
neutral gas pressure, magnetic field strength and anode voltage of RF generator. The plasma parameters were
measured with three Langmuir probes, optical spectroscopy and mutichord optical diagnostics.

PACS: 52.55.Hc; 52.50.0t

INTRODUCTION

Plasma heating at the ion cyclotron range of
frequency (ICRF) is not the most promising technique
nowadays, and it is used for hot plasma studies. This
means that devices with ICRF equipment can create
plasma target for other heating methods. RF plasma
start-up experiments were carried out at Uragan-3M [1].
Current work is devoted to Three-Half-Turn (THT) [2]
antenna start-up experiments at Uragan-2M stellarator.

THT antenna has 3 straps oriented perpendicular to
the magnetic field lines. Each strap is aligned to the
form of the last closed magnetic surface and is placed at
2 cm distance from it. Straps are 8 cm wide and 90 cm
long. The THT antenna is fed through the central strap.
THT antennas routinely are used for plasma heating
[3, 4]. The research task was to study independent RF
plasma creation with THT antenna in Uragan-2M with
use of Uragan-3M [5, 6] experience.

EXPERIMENTAL SETUP

Fig. 1. THT antenna was made from crankshaft one by
replacing central crankshaft strap with the straight one

Uragan-2M is a stellarator of the torsatron type (1=2,
m=4) which has the additional toroidal and
compensating vertical magnetic fields.

The crankshaft antenna was installed between
toroidal coils along the longer plasma column side until
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2017 experimental campaign. Then it was modified into
THT antenna (Fig. 1) substituting the central crankshaft
strap with the straight one.
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Fig. 2. Typical THT Antenna Discharge. H,, Oll and
CIlI emission lines were measured with 4-channel
optical monochromator n, — with 2 mm interferometer.
Kaskad-1 RF-generator start is shown with vertical line.
Uwi=7 KV, piy2=6.2-10"° Torr

The experiments on ICRF discharge initiation were
performed at variable RF power (P=50...100 kW, anode
voltage at generator, Uk1=5...7 kV), confining magnetic

field Bp=0.4T, k,0.32 to produce RF plasma in
hydrogen at a continuous gas puff with pressure range
pH2:7.5-10'6...1.5~10'4 Torr. The density ne increased

continuously ~ from  units  109cm3,  passes
(2...3)-1012 cm3 in the Te maximum and achieved a

“quasistationary” level of ~7-1011ecm3. Plasma was
monitored with H,, OIl and CIlI optical emission lines
during constant parameters change (Fig. 2). The optimal
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regimes were measured in details with Langmuir probes
and multichord optical diagnostics.
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Fig. 3. Chords (red — top, blue — side) overview for both
bolometers of H, multichannel diagnostics

Fig. 4. 12 H, channels as seen with multichold
diagnostics during startup. Magnetic field
B=3700 Oe, k,=0.337, pu,=7.2-10"5 Torr, Kaskad-1
T=12;25 ms, P=50...100 kW
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Fig. 5. Total light emission for top (a) (red chords) and
side (b) (blue chords) views

Two multichannel pinhole cameras were installed in
Uragan-2M for monitoring the distributions of visible
light emission from two positions in the same plasma
cross-section (Fig. 3). The plasma column H, emission
profile (Fig. 4) clearly shows the plasma creation in the
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camera centre. The luminous region splitting at the side
view of total light emission (Fig. 5) is interpreted as the
light reflection from vacuum chamber smooth metallic
wall.
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Fig. 6. Startup evolution of total light emission from side
view (1), top view (2), charge exchanged atoms flux with
1350 eV energy (3), and CI1I emission (4)

Neutral Particle Analyser (NPA) signals were
measured with the same hardware used at Uragan-3M
[7]. The peak of NPA signal coincided with the initial
ionisation peak of the optical chords signals (Fig. 6).
The signals of four different energies from NPA
diagnostics (Fig. 7) were read during the sequential
discharges with the same conditions. Uragan-2M device
parameters are highly persistent which manifests itself
in high reproducibility of discharges.
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Fig. 7. NPA signals in the set of similar discharges.
CX flux with higher energy appears later
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GAS BREAKDOWN DELAY DEPENDENCES
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Fig. 8. Gas breakdown delay dependence from voltage
(pr2=6.2-10"6 Torr, By=0.37 T, k ,=0.337)
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Fig. 9. Gas breakdown delay dependence from neutral

gas pressure (Uk1=6 kV)

T T

20
15 .
g
o 10| .
5+ 4
0 | 1 1
3100 3200 3300 3400 3500 3600 3700 3800
Bg. Oe

Fig. 10. Gas breakdown delay dependence from
magnetic field (Ux1=6 kV, p.,=6.2:10" Torr)
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Fig. 11. Langmuir probes positions (fat dots) in cross-
section between toroidal coils. Closed magnetic
surfaces are shown for k(,=0.31, B/Bp=1.85 %

The step by step change of discharge parameters
allowed to summarize results as the gas breakdown
dependencies of each parameter pass. Every pass
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parameter was changed until the boundaries of the
discharge existence were found.

Dependencies are shown at Figs. 8-10. RF generator
anode voltage dependency (see Fig. 8) shows the slump
during RF-generator anode voltage change from 5 to
6 kV and stable values at higher voltages. The fnode
voltage was bounded above with 7 kV for the safety
reasons. The neutral gas pressure dependency
measurements (see Fig. 9) were limited with safe RF-
generator impulse duration and includes measured delay
times less than 10 ms. The magnetic filed dependency
(see Fig. 10) shows RF-discharge existence range. There
was no gas breakdown at <3200 and >3700 Oe
magnetic fields.

LANGMUIR PROBE MEASUREMENTS

Three probes measured plasma properties in the
same cross-section (Fig. 11). The upper and the bottom
probe were aligned along the vacuum camera surface
and the long probe was placed 15 cm far from the wall.
Each measurement (Fig. 12) shows electron temperature
and density measured with Langmuir probe during
Kaskad-1 discharge. The measurement time range was
limited with diagnostics sensitivity. Each signal time
evolution shows electron temperature and density of
already created plasma during the whole RF discharge.
It is the evidence of plasma heating and close to
working discharges density that was created even with
the single THT antenna.
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Fig. 12. Values based on bottom, upper and long
Langmuir probe measurements. Consecutive Langmuir
probe measurements of electron temperature and

density at one cross-section

265



CONCLUSIONS

The experimental conditions at Uragan-2M were
changed through the variation of magnetic field,
pressure and RF-generator parameters in order to find
the optimal regime of THT antenna start-up. The
optimum magnetic field was 0.37...0.38 T while
standard field was 0.4...0.42 T.

THT antennas was capable of creating dense plasma
at decreased compared to the regular regime magnetic
fields, but with long idle time what is dangerous for
antenna insulators because of high voltage at the
antenna elements.

The electron plasma density and temperature were
measured with Langmuir probe, the electron
temperature was observed in real time with the separate
spectral lines, the electron plasma density was measured
in real time with microwave interferometer and multi-
chord visible light diagnostics showed the shape and
position of the plasma column.

The existence of cyclotron zone that crosses the
closed magnetic surface creates conditions for Alfven
resonance at low plasma density where the relay race
occurs. The success of THT antenna startup experiments
showed fullfillment of these conditions in the range of
experimental parameters.
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CTAPT TPEXIIOJIYBUTKOBOI AHTEHHBI

B.E. Mouceenko, A.B. Jlo3un, M.M. Ko3ynsa, B.b. Kopoeun, A.A. beneyxui, /1. 4. bapon, /1. U. I puzopvesa,
B.B. Yeukun, I0.K. Muponos, B.C. Pomanos, A.H. Illlanosan, M.H. Maxoe, B.I. Konosanos, P.O. Ilagnuuenxo,
H.B. 3amanoe, H.b. /Ipesanv, A.C. Cnaguwiit, E.B. Typanckaa u komanoa Ypazana-2M

Ha cremnaparope Yparan-2M Obun NTPOBENEHBI MOJEIHPYIOIINE 3KCIEPHUMEHTHI TI0 CTapTy TPEXIIOIYBUTKOBOM
(TIIB) anTenus! 6e3 npeanonu3anuu. [londbopom naBieHNsT HEWTPAIBHOTO Ta3a, HANPSDKEHHOCTH MarHUTHOTO OIS
1 aHOAHOTO HanpshkeHus BU-reneparopa ObuTH HaliIeHbI ONTUMAJIBHBIE YCIOBHUS Ipo0osd ra3a. IlapamMeTps! 11a3Mel
HU3MEPSIMCh TPEMsl JICHTMIOPOBCKUMH 30HJAaMM, ONTUYECKOW CIIEKTPOCKONMEH M MHOIOXOPIOBOW ONTHYECKON
JIMarHO CTHKOH.

CTAPT TPbOXHAIIIBBUTKOBOI AHTEHH

B.€. Moiceenxo, A.B. Jlozin, M.M. Ko3ynsa, B.b. Kopogin, O.0. bineuvkuii, /I.1. bapon, JI1.1. I'puzop’csa,
B.B. Yeukin, 10.K. Miponoes, B.C. Pomanos, A.M. Illanosan, M.M. Maxos, B.I. Konoeanos, P.0O. Ilagniuenxo,
M.B. 3amanoe, M.b. /[pesanv, A.C. Cnasnuii, O.B. Typancoka ma xomanoa Ypazana-2M

Ha crenaparopi Yparan-2M Oyio nmpoBeJeHO MOAENBHI €KCIIEpUMEHTH 31 cTapTy TphoxHamiBBuTKoBOi (THB)
anTteHn Oe3 mpenionizanii. I1inGopoM THCKY HEHTpaIbHOTO Tasy, HaNpyXEHOCTI MAarHiTHOIO IOJsI ¥ aHOAHOI
Hanpyru BU-renepatopa Oyro 3HaiiieHO ONTHMajbHI yMOBH mHpo0oro rasy. Ilapamerpm muia3mMu BHMIipIOBaJICh
TPbOMA JICHI'MIOPIBCbKUMH 30HAaMH, ONITHYHOIO CIIEKTPOCKOIII€I0 Ta 0AraroXxop0BOI0 ONTHYHOIO [IarHOCTHKOIO.
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