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Introduction

WEGA is a medium sized classical [ =2, m =5

Toroidal field

stellarator operating at IPP Greifswald since 2001 o
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[1]. A 28 GHz Electron Cyclotron Resonance

Fast reciprocating
Langmuir probe

Heating (ECRH) System has recently been in-

stalled on WEGA for plasma production and heat- inerterometer :
ing studies at 0.5 T magnetic fields. The ECRH  1skw2scrz LA\ WEGA — Top View
system generates centrally peaked plasma density
and temperature profiles that are required for basic Figure 1: Location of the heating system
plasma physics studies and for evaluation of anew and diagnostics on the WEGA stellarator.
Heavy Ion Beam Probe diagnostic.

In water load tests, the Gyrotron has produced up to ~ 15 kW RF output power. The system
has since been set up for initial second harmonic extraordinary (X2) mode heating of the WEGA

28 GHz Gyrotron TEg, TEy TEq Smooth WEGA
(CPI VGA-8028) 80dB  DC Break Converter Uptaper Waveguide Vacuum  Vacuum

0.1-10kW CW  Arc Directional & Mode TEy,-TEy, TE,-HE;;  HE;; HE,, Arc  window Vessel
15kW 10s  Detector Coupler Filter Converter Converter Uptaper Wavegwde D -—--

etector
20 kW 1 /
: 4 | \

\ @263.5 mm \063.5 mm
@32. 6 mm @32.6 mm stz 6 mm @41 mm Q‘M 45 mm
[©] @] Corrugated
Reflected  Forward HE,, Antenna
Power Power
Detector  Detector

| |
| 4.3m |

Figure 2: Schematic layout of 28 GHz ECRH system for initial experiments. Measurements of

the waveguide mode profiles are also shown.



33rd EPS 2006; G.B.Warr et al. : New 28 GHz Plasma ECR Heating System for the WEGA Stellarator 20f4

plasma with an expanding Gaussian beam launched from an HE; antenna, as shown in Fig. 2.

First results of these experiments are presented.

Results and Discussion

Initial Ar discharges were made with the magnitude of the magnetic field on axis |[Bo| =0.5 T,
rotational transform 1 /27 = 0.2 and gas fill pressure pgy = 3.0 x 107% mbar.

Ion temperature and emission profiles, mea-
sured with the Coherent Imaging interference

Spectrometer [2], are shown in Fig. 3. Note the

high values of 7; at the edge of the plasma are not
realistic as the ion emission is too low for reliable
calculations to be made.

Profiles of electron density (n.), temperature

of thermal electron population (7;;) and temper-

Ar* Intensity (au)

ature of fast electron population (7, ) determined

from Langmuir probe measurements are shown in

15 20

Fig. 4. The electron density profile is normalised
Figure 3: Art 488.0 nm light emission in- to match the line-integrated density measured by

tensity and ion temperature T; during Gy- 3.7 mm wavelength interferometer that probes

rotron plasma heating for |Bo| = 0.5 T. through the centre of the plasma. The Langmuir
probe is swept from —100 V to 450 V in 256 steps
with a dwell time of 60 us per step, while the probe is moved into the plasma over a ~ 3 s pe-
riod. Individual points in the density and temperature profiles are determined by fitting a two
temperature model [3] to the average of five measured Langmuir probe characteristic curves.

The T; profile is centrally peaked, with 7/"** = 5 eV, before the fast reciprocating Langmuir
probe enters the plasma at 15.5 s. The change in the light intensity at 18 s is due to the probe
holder entering the edge of the plasma. When the probe is removed from the plasma at 18.5 s
the 7; profile recovers its centrally peaked profile.

Heating the electrons with the Gyrotron RF power generates a fast electron population.
Through collisions, this generates the slow thermal electron population and heats the ions. The
centrally peaked ion temperature profile indicates the electron density profile is also centrally
peaked, as the electrons are the only source of heating. As shown in the time trace of the ion tem-
perature profile, the Langmuir probe causes a flattening of the profile when it is inserted into the
plasma for measurements. Thus the electron density and temperature profiles determined with

the Langmuir probe are flat or hollow.
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The magnitude of the magnetic field calculated

in the Gyrotron polodial plane for [By| = 0.5 T et HH& *bmi M

and 19/2m = 0.2 is shown in Fig. 5. The field <. f E}ﬁ# R ﬁ#ﬁﬁ
varies by at least 20% over the radial extent of ot ‘;i f % ¥
the closed flux surfaces. Fig. 6 shows the reso- szm
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is rather broad, as can be expected from the large

plasma size and broad ECRH launching beam. ] f
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A lens will be used to focus the Gaussian beam ? ] . Eh ;E . ;
emanating from the end of the waveguide into the ] Ji _? Eﬁ;iﬂﬁ# PERN N
centre of the plasma where, using ISS95 [4], av- 0 T§Magne5.ch.s | | -
erage electron temperatures < 7, >= 50 eV and T s

-3

electron densities n, < 5 x 10'8 m~3 are expected.

The system will be used to generate supra- :: | E l H
thermal particles for fast particle confinement 250 H h{} JL{
studies in different magnetic configurations (var- ?”: }Fj }| ﬂ Hﬁ %ﬂ# ﬁ; Hi
ious 1) in the stellarator geometry. It can also be 100 in E%ZH
used for such studies in stellarator-tokamak hy- 5:  agnetc i iumn:
brids, when a power supply for the WEGA ohmic e Maﬁlad.us F:iomm) o

heating coils is installed.

The ECRH system has been designed with po- Figure 4: Profiles of electron density (n),
tential future use for overdense OXB mode heat- temperature of thermal electron popula-
ing of the WEGA plasma in mind, where an tion (7,,) and temperature of fast electron
oblique launch arrangement is required. Here, us- Population (7¢y) determined from Lang-
ing ISS95, average electron temperatures < 7, >= Muir probe measurements of the Gyrotron
25 eV and electron densities n, > 10'?m~3 are an- plasma.
ticipated. This is ideal for wave physics studies

and to test W7-X divertor diagnostics.
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Figure 5: Magnitude of the magnetic field
in the Gyrotron polodial plane for |By| =
0.5 T and 1p/27 = 0.2. The colour bar scale
is in Tesla and indicative flux surfaces are

shown.
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Figure 6: Variation of the electron tempera-
ture in the centre of the plasma with chang-
ing on-axis magnetic field magnitude. The
function is calculated from the square of the
ratio of the ion saturation current (from a
Langmuir probe in the centre of the plasma)

to the interferometer line integrated density.

line components and to IPF Stuttgart for the design of new transmission line components.
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