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Abstract. The heavy ion beam probe (HIBP) is an establistwd perturbing diagnostic for measuring the spatial
distributions of plasma potential, density, tempa® and poloidal magnetic field (axial current) magnetically
confined fusion plasma. These are determined ffethange in the primary ion beam parameters (ehartgnsity
and trajectory) passing through a plasma volumetdwellisions with electrons and interactions witle confining
magnetic field. A heavy ion beam probe plasma diatin system has been installed and tested on tBEAV
stellarator in Greifswald, Germany in 2006-2007e WMIEGA HIBP operates with a beam of singly chargedium
ions with an energy of up to 60 keV, ion currento@d00 pA, and beam diameter of 5-6 mm in theioedfplasma
region. Plasma experiments with the HIBP diagnostistem were carried out at a magnetic field stteraf
By=0.489 T. In the experiments, an argon plasma weased with ECRH at 28 GHz. In this work the firsagpha

potential and total current profile measuremenssilte are presented. This work was supported by SPE02
project.
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INTRODUCTION

The detailed knowledge of the electric field stametand its fluctuations from the core to the edfje
the plasma is fundamentally important for undemditagn of the plasma confinement phenomena.

A Heavy lon Beam Probe (HIBP) is a unique diagmgstihich is able to provide direct plasma electric
potential measurements and its fluctuations frontregto the periphery of the plasma column.

The diagnostic is based on the injection of theglgircharged ion beam across the confinement
magnetic field. Some probing particles are ionirethe plasma and produce mainly doubly ionizedsdary
ions. The information about plasma parameters eaaltained from their characteristics. So, plasotantial
obtained by this diagnostics is the difference leetwprimary and secondary beam energy.

HIBP can be used in magnetic confinement fusioresrpents to measure the electric potendg|
electron density hand electron temperature ,;Tpoloidal magnetic field Bas well as their fluctuations with a
high temporal (1 + 10s) and spatial (0.5 + 1cm) resolution.

The HIBP diagnostic has been installed and testedM&GA stellaratorin collaboration with the
Institute for Plasma Physics in Kharkov/Ukraine eTinain objectives are the measurements for 28GHz EC
heated plasmas at a magnetic field strength of BE®f electric potential profiles, their validatiomith
Langmuir probe data, and their comparison withttie®retical predictions for a classical stellarator

DESCRIPTION OF THE HIBP SYSTEM

The N& primary ion beam is used with an energy of 39.5,ka\frent up to 50 pA and beam width ~ 5 mm.
Nominal toroidal magnetic field value in WEGA is489 T. The spatial resolution of 5 mm can be oletin
along the detector line (or radial scan). The terapresolution is 20uS and is limited mostly by therent to
voltage converter bandwidth. The covered radiajeaof the measurements is 0.4 < r/a < 1, unfortypdhe
plasma centre (r/a = 0) is not accessible due dongérical limitations.
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FIGURE 1. Schematic of the HIBP on the WEGA stellarator.

The HIBP system consists of two main parts (Figlig ion beam injector with primary beam-line ahd
secondary beam-line with the energy analyser. Timegpy beam is emitted from a solid-state thermdtmion
source. The Naions are emitted from a tablet, which is heatediliyngsten filament and then gain energy in
the accelerating tube. Here ions are focused it@aan of about 5 mm diameter.

The beam current is measured by a Faraday cupléustafter the accelerating tube. Typically, a beam
current of about 50pA is used in the measuremarita burrent up to 100pA could be obtained ongiiggem.

During the measurements, the Faraday cup lid iseghand the beam passes to a primary beam-linensyst
consisting ofil, 02, B1 electrostatic deflecting plates. The sample veymosition along the detector line in the
plasma (see Fig.4a) is controlled &¥ plates voltage, while the3 andp2 plates in the secondary beam-line
direct the double-charged particles from the iotidrazone to the entrance slit of the detector.

After passing the deflection system, the beam resithe wire grid detector. Here the beam width sirape
can be detected. The current is measured on hdaizonon vertical wires when the beam crossesethéees
during thea2 or B1 scan correspondingly. Using linear voltage scaah lmown distance between wires, the
beam width could be easily calculated. On the Rigt® measured current profiles are shown togettibrthe
a2 deflecting voltage. The measurements show thenlvéidth of ~5 mm, which provides the spatial resolu

of the plasma parameters measurements about 5 mm.
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FIGURE 2. a) Currents measured by the horizontal wires of @iid detector. Dashed and dot-dashed curvesiaments
measured on bottom and top wires correspondinglyd & thea2 control voltage. b) Synchronisationod andp2 control
voltages with scanning2 control voltage.
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The wire grid detector is the last component offhieary beam line. After the wire grid detectbe thbeam
reaches the plasma where'Nans are ionised and became double-chargéd. ISame of them, which originate
in the sample volume, can reach the energy analyberenergy of the double ionised ion is changed@ing



to a potential in the ionisation point. If plasnatgntial is positive the ion gains energy equaht potential in
ionization point or looses the corresponding endfrthye potential is negative.

The secondary beam-line includes two parts. Fiast i3 the system of secondary deflecting plat@snd
B2. The voltages on these plates define the positfahe sample volume along the primary beam ttajgc
The energy analyser can detect the double chagyedfiom this volume. Thus, the voltages on thaates
define the position and shape of the whole detditterduring the profile scan and should be synoized with
the a2 voltage in such way to obtain the best coverddbeoplasma by measurements. The typical behawabur
the 02, a3 andp2 control voltages is shown in Fig.2b. The deteliteer shown in Fig.4a is obtained using this
voltage synchronisation.

The Proca-Green design [2] energy analyser is forethe measurement of the secondary ions energy. |

this type of analyzer, the energy of the ions isudated from the deflection of the ions in a staiectric field.
In Fig.3a the scheme of the analyzer is shown. 3dam enters the analyzer through the slit aftetargeting
plates that are used for beam position adjustnidmn it is deflected by the uniform electric figldd hits four
plates on which the current is measured. Usingelaion of measured currents, the beam energgdid be
calculated.

Ws = qsva[G+ F (IU _iD)/(iU +iD)]’
where G and F — design parametegsij, +iyr, ip=ip +ipr, currents measured on corresponding plates
(Fig.3b), g charge of secondary ions, M the voltage applied to the deflecting platadlyzer.
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FIGURE 3. a) Energy analyser scheme, b) the analyser @atsalong the secondary beam trajectory.

FIRST PROFILE

The potentiald, in the ionization point is calculated as a diffeze of the energy of primary and secondary
beam. The latest result of the potential profileameements is presented on the top of Fig.4b. therpotential
is plotted over the voltage on th2 deflecting plates. This corresponds to the seanaf the plasma potential
along the detector line shown in Fig. 4a. As wastineed the measurements cover the radial ran@edof r/a
< 1. The lower deflecting voltages correspond pmsition closer to the edge of plasma.

Primary beam 100
\ 6
Plasma £ 7
g > 504
© ef"
Sample é 251
volume a 0 ' } ' }
0,31 i
Detector line - 02
2 = 02 4
Epean=39.5keV 273
3
Btor o8 014 4
9T g7 .,
] T T T T 5
Secondary beam 1,0 1,2 14 1.6 1.8 2,0

a2 voltage[kV]

FIGURE 4. a)Detector lineobtained from ray tracing calculations of primand secondary beams.
b) Plasma potential profile measured in ionizatione as shown in (a)

Potential measurement results indicate a positigenpa potential, using the vacuum vessel as thenpiat
reference. This is in reasonable agreement witli#te from Langmuir probes.

In addition, the total current of secondary ignsvas measured. This current is proportional tozatidbn
cross-sectiow;_,syand plasma density., and could be calculated as

js = yeo-(i-.S)nEISVFi FSji qs/qi ’



wherey, is the secondary electron emission from deteclateg, lsy is the length of the sample volume
~5 mm, F is the beam attenuation factdt, , Fs ~ 1, j; ,js primary and secondary current density. The
ionization cross-section is the function of thecwien temperature. Thus, the full current is preipoal to the
plasma density if the electron temperature is @nistAt the bottom plot of Fig.4b the total curreméasured
along the same detector line as plasma potentias/n.

CONCLUSIONS & OUTLOOK

The HIBP diagnostic is installed and tested on WEGA stellarator. The parameters of the beam are
improved which allows to increase the spatial netsoh. First results show the good agreement ofsonesal
plasma potential with the data obtained from Lanigmprobes measurements.

In the near future, the HIBP on the WEGA is plantedbe used in experiments with power modulation of
the 28GHZ ECRH to investigate the power depositiafile.
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