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The results of the plasma parameters  optimization measured via two-chord interferometry, radiometry, and the 
registering of the Нα, CIII, OII lines intensity are discussed. The optimization was realized by variation of RF scenario 
of the RF power introduction, pressure and magnetic field.
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1.  INTRODUCTION

Experiments on plasma production and heating had 
been started in Uragan-2М (U-2M) device  after 
modification of the magnetic and vacuum systems. U-2M 
is a torsatron (l=2, m=4) with the additional toroidal and 
the compensating vertical magnetic  field.  The  magnetic 
configuration  was  measured  for  different  operation 
regimes [1,2].

The RF discharges in U-2M were produced by using 
of two antennas which are fed by two RF oscillators. Both 
oscillators  are  operated  at  the  frequency  near  5  MHz. 
Magnetic  field  values  at  the  axis  varied  from  0.44  to 
0.48 T and the launched power was about 100 kW. One of 
the RF oscillators (K2) was used for plasma production. 
Antenna with wide toroidal spectrum of exited waves  (λ
=80÷1068  cm)  performs  gas  break  down  and  plasma 
build  up  with  the  hydrogen  plasma  density  up  to  1⋅
1012 cm-3. Another  oscillator (K1) was started with some 
delay. Its  plasma heating antenna has a  narrower wave 
spectrum (λ=50…120  cm) and could excite  the  Alfvén 
waves in plasmas produced by another antenna that fed by 
oscillator K2 [3].

The  main  goal  of  the  experiment  was  to  found 
optimal  antennas  excitation  conditions  for  plasma 
production.  Achievement  of  optimum  conditions  was 
investigated by varying of  magnetic  field,  pressure and 
RF heating parameters. The first experiments were aimed 
to adjustment of all systems including diagnostics, search 
for  proper  scenarios  of  the  RF  system  operation,  the 
neutral gas pressure and the magnetic field values. In this 
paper spatial and time evolution of the plasma density, the 
electron cyclotron emission (ECE) data and spectroscopy 
(luminescence of  work and  impurity  gases)  at  different 
conditions is analysed.

2.  EXPERIMENTAL SET-UP

The diagnostics of U-2M during at this phase of the 
experiments  included  the  spectroscopy  for  observation 
hydrogen  and  impurity  lines  behavior,  ECE  (2nd 

harmonic) and two channel microwave interferometer.

The line electron density measurements were done by 
the  2-channel  dual  frequency  (λ1=12 mm,  λ2=8.1  mm) 
interferometer.  One  of  the  interferometer  chords  (λ2) 
passes  through  the  magnetic  axis.  Another  chord  was 
shifted outward by 7.8 cm.

To receive ECE radiation, a superheterodyne receiver 
with the frequency tuning (25...37.5 GHz) was used.  It 
has an intermediate  frequency (IF)  of  30 MHz and the 
sensitivity of 10-10 W.

3. EXPERIMENTAL RESULTS
The plasma build up was done by the oscillator K2 

with the pulse length 10 ms (Fig. 1). The oscillator anode 
voltage UK2 for gas breakdown and plasma ignition was 
set at 4 kV. Another oscillator K1 was switched on with 
2 ms time delay lag and its voltage UK1 is varied from 0 to 
6 kV. It was found that "better" discharges were produced 
when antenna is not grounded.

Fig. 1 Temporal changes of plasma density, ECE 
emission, intensity of Нα, CIII, OII  lines

Experiments show that plasma density rise caused by 
increasing of UK2 oscillator anode voltage value.  In the 
case of "ungrounded" antenna plasma density increased 
during first 8 ms, and then reaches a flattop. Until the RF 
oscillator  switch-off  ECE  signals  shows  the  similar 
behavior. This figure shows a time behavior of spectral 
line intensities of the hydrogen atoms λ= 653,3 nm and 
the ions of the oxigen (OII λ = 441,5 nm) and the carbon 
(CIII  λ =  229,7 nm). It  was  noticed  that  for  weakly 
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ionized plasmas a density build up is accompanied with 
the strong fluctuation in the interferometer phase signal.

ECE  signals  showed  strong  peak  at  the  discharge 
beginning which could be a result of existence of group of 
fast electrons. When density increase up to 0.4⋅1012 cm-3 

ECE signal level gradually decreases.
Investigations of the high achievable plasma density 

production in the RF discharges in U-2M was studied  at 
the  magnetic  field  В0 =  0.48  T  with  two  antennas 
powered. Oscillator's anode voltage  UK1 and UK2 were 5 
and 4 kV correspondingly.  It  was noticed that  electron 
density increased by factor of 2  and intensity of Hα line 
increased when the gas pressure decreased from 7⋅10-5 to 
2⋅10-5 Torr (Fig. 2).
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Fig. 2 Change of plasma density and Hα intensity on 
pressure (24.01.08)

Studies  of  dependence  of  plasma  density  maximum on 
magnetic  field  value  were  performed without  oscillator 
frequency change. Experimental discharge sequence was 
carried out at gas pressure  Р=5⋅10-5 Torr, RF oscillators 
voltage UK1=6 kV, UK2=5 kV. Maximum electron density 
increased by factor 1.5 when magnetic field was changed 
in the range of 0.44…0.48 T (Fig. 3).
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During sequence produced on 31 discharges were made 
in 91 minutes. Plasma was produced by both oscillators 
(UK1=5 kV,  UK2=4 kV)  with  magnetic  field  of  0.48  T, 
launched power P0=100 kW with gas pressure of p=(4…
4.3)⋅10-5 Torr.

Fig.  4  shows  time  evolution  of  maximum  value  of 
average  density  and  maximum  value  of  ECE  signal 
intensity, build up time, maximum density existence time 
with  vertical  strokes,  spectroscopy  signals.  Discharge 
numbers are shown on X-axis.

Temporal  evolution of  the average maximum density 
shows that  discharges  became reproducible  (with small 
variance ± 5 %) after 10…12 shots. The line density value 

N  keep constant  until  the  end of  RF pulse.  The ECE 
emission  signal  level  become  smaller  with  density 
increase. This could be explained as a result of impurity 
population increase that also depends on the time interval 

between the discharges.
4. PLASMA DENSITY PROFILE EVOLUTION

To obtain information on plasma density profile two 
chord  interferometric measurements  were done.  One of 
the  channels  passes  through  the  plasma  center  another 
through the plasma edge. If plasma profile can be define 
as ( )[ ]qarNrN /1)( 0 −= , two unknown parameters N0, q 
can be derived by means of
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were a -  average radius of last flux surface (LCFS),  r - 
minimal  distance  between  edge chord  and  plasma 
magnetic  centre.  Parameter  q  as  a  function  of  η was 
calculated for the U-2M plasma experiment conditions a  
= 15.8cm,  r  = 5.9cm. Proposed reversion method could 
be applied in assumption that  profile density maximum 
position and value of LCFS are known and profile must 
have monotonic shape.
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Fig. 3 Plasma density change on magnetic field

Fig. 4. The evolution of the maximum value of average 
density, ECE signal intensity, maximum density 
existence time and spectroscopy signals during 

sequence 31 discharge (25.01.08)
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Plasma  profile  evolution  was  studied  when  plasma 
conditions varied by changing of K1 RF oscillator power. 
One can see that for all  measurements at the beginning 
phase  of  the  discharge  lateral  channel  value  is  almost 
same  or  more  that  for  the  central  one.  This  could  be 
explained by the assumption that  K2 oscillator produce 
low dense plasma at  the edge region. RF oscillator K1 
ionized hydrogen in  the plasma core  only after  density 
reaches  "threshold"  level.  During  rest  of  the  discharge 
central density value is higher than at the edge. In the case 
when only K2 operated, edge density becomes higher for 
all time of the RF discharge (see Fig.5). 

Table 1 shows that the profiles on different magnetic 
fields differ slightly during RF discharge.  Table 2 shows 
that for the pressure parameter more than 5·10-5 Torr plasma 
density profile becomes more peaked.

Table 1

Table 2

5. CONCLUSIONS
Diagnostics  used  on  this  phase  of  experiments 

(interferometry, ECE measurements, spectroscopy) allow 

to study plasma parameters evolution in different regimes 
of device operation.

Better "quality" plasma with maximum density (n ≈ 3.5⋅
1012 сm-3)  in these experiments  was  achieved  during 
“ungrounded”  antenna  operation  with  narrower  wave 
spectrum. Lower density  plasma  (n ≤ 0.4⋅1012 сm-3)  has 
been  created  at  antenna  with  wider  spectrum.  Density 
profile is varied during the discharge and depends on the 
gas pressure.

In the range of operation gas pressure (2…7)⋅10-5 Torr 
higher plasma density with flatter profile was obtained at 
lower pressure.

In  the  range  of  magnetic  field  change  0.44…0.48  T 
plasma density increased in the range (2.2…3.4)⋅1012 cm-3 

without density profile change.
Studies  of  vacuum  chamber  (in  sequence  of 

37 discharges)  showed  that  stationary  conditions  are 
established  after  8…10  discharges.  Discharges  became 
almost  reproducible  with  highest  values  of  N ,  I and 
duration of quasistationary state has tendency of increase 
with highest density in discharge.

Best discharges can be obtained as result of improved 
vacuum chamber wall conditions in U-2M.
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ЭВОЛЮЦИЯ ПАРАМЕТРОВ ПЛАЗМЫ В ТОРСАТРОНЕ У-2М В ПРОЦЕССЕ 
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Обсуждаются  результаты  оптимизации  параметров  плазмы, измеряемых  с  помощью  двуххордовой 

интерферометрии, радиометрии и регистрации интенсивности линий Нα, СІІІ, ОІІ. Оптимизация осуществлялась 
путем варьирования сценариев ввода ВЧ- мощности, давления и магнитного поля.

ЕВОЛЮЦІЯ ПАРАМЕТРІВ ПЛАЗМИ У ПРОЦЕСІ КОНДИЦІЮВАННЯ ВЧ РОЗРЯДІВ
А.І. Скибенко, О.В. Прокопенко, В.Л. Бережний, П.Я. Бурченко, В.В. Красний, А.Є. Кулага, 

Г.Г.  Лесняков, О.В. Лозін, В.Є. Моісеєнко, В.Л. Очеретенко, О.С. Павліченко, І.Б. Пінос, А.М. Шаповал, 
О.М. Швець, М.І. Тарасов, В.І. Терешин, С.А. Цибенко, Н.В. Заманов

Обговорюються  результати  оптимізації  параметрів  плазми  вимірюваних  за  допомогою  двохордової 
інтерферометрії,  радіометрії  і  реєстрації  інтенсивності  ліній Нα,  СІІІ,  ОІІ.  Оптимізація здійснювалась шляхом 
зміни сценаріїв вводу ВЧ-потужності, тиску і магнітного поля.
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