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The heavy ion beam probe (HIBP) is a non-perturbing diagnostic, which allows to determine the spatial distributions of
the main plasma parameters such as plasma potential, density, electron temperature and poloidal magnetic field in
magnetically confined fusion plasma devices. The heavy ion beam probe plasma diagnostic system has been installed
and tested on the WEGA stellarator in Greifswald, Germany in 2006-2007. The HIBP on WEGA is planned to be used
for the basic investigations of the plasma confinement in a different magnetic configurations. Also, power deposition
region will be investigated in experiments with modulated gyrotron heating power. In this work, the first plasma
potential and total secondary current profiles measurements results are presented in a comparison with Langmuir

probes data.
PACS: 52.70.Nc

1. INTRODUCTION

The electric field structure and its fluctuations inside
the hot and magnetized plasma are fundamentally
important for the understanding of the plasma
confinement phenomena. A Heavy lon Beam Probe
(HIBP) is a unique non-perturbing diagnostic, which can
provide direct plasma electric potential measurements and
its fluctuations from the centre to the periphery of the
plasma column.

The diagnostic is based on the difference in the
Larmor radii of highly energetic heavy ions with different
ionization states. A singly charged ion beam (or primary
beam) is injected across the confinement magnetic field.
Due to collisions with plasma particles (mainly electrons)
probing beam producing double ionized secondary ions
(secondary beam). The information about plasma
parameters can be obtained from the characteristics of the
secondary ions. The main measured parameter is the
plasma potential @,. It is obtained by this diagnostics as a
difference between primary and secondary beam energies.
HIBP can also be used in magnetic confinement fusion
experiments to measure the electron density n., electron
temperature T., poloidal magnetic field By as well as their
fluctuations with a high temporal and spatial resolution.
The temporal resolution is mostly limited by the
bandwidth and thermal noise of the current to voltage
converters, which are used for the secondary ions current
registration. The spatial resolution depends on the beam
width inside plasma region and the geometry of each
particular installation.

The HIBP has been installed and tested on the WEGA
stellarator in collaboration with the Institute of Plasma
Physics in Kharkov (Ukraine) [1]. The main objectives
are measurements of electric potential and its fluctuation
profiles, its validation with Langmuir probe data, and
other diagnostics results.

Plasma experiments with the HIBP diagnostic system
were carried out at a toroidal magnetic field strength of

B¢=0.489 T. with Argon or Helium as working gas and
ECR plasma heating at 28 GHz.

2. HIBP ON WEGA STELLARATOR

On WEGA the Na' primary ion beam is used with
typical current of 35 pA and energy of 39.5 keV. These
parameters are optimal for a nominal toroidal magnetic
field value of B=0.489 T in WEGA for the standard
operation regime. The beam width is ~5 mm, which along
with the geometrical position of WEGA ports and
diagnostic equipment provides the spatial resolution
of ~7mm. The time resolution is about 20 uS. The
covered radial range of the measurements is 0.4 <r/a <1,
the plasma centre (r/a=0) is not accessible due to
geometrical limitations.

The HIBP system consists of the primary beam-line
and the secondary beam-line with the electrostatic energy
analyser (Fig.1).

In the primary beam line, Na' ions are produced from
the heated sodium thermoionic emitter and accelerated by
the electrostatic acceleration tube. The point and angle of
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Fig. 1. Scheme of the HIBP on the WEGA stellarator
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incidence in the plasma is controlled by the electrostatic
deflecting plates. In the plasma, some part of Na* ions are
ionised and became double-charged Na™. Double-charged
ions, which are originated in the sample volume, reach the
Proca-Green design [2] electrostatic energy analyser after
passing the secondary beam line. In the secondary beam-
line voltages on deflecting plates define the position of
the sample volume along the primary beam trajectory. In
this way, the voltages on all deflecting plates define the
position and shape of the detector line (Fig. 2) during the
profile measurement.

3. COORDINATE MAPPING VALIDATION

Using the deflecting voltages on plates along with the
magnetic field configuration, the trajectories of the
primary and the secondary beams and the position of the
sample volume could be calculated. This is done by a
trajectories calculation code, which solves the equation of
ion motion in electric and magnetic fields using the
Runge-Kutta method with certain accuracy.

In Fig. 2 the result of these calculations is shown. In
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Fig .2. Detector grid

the ionisation zone, each point represents the position
where the sample volume could be located for
corresponding voltages on the deflecting plates. Thus, a
HIBP could provide the measurements in any point in the
ionization zone. In Fig.2 the detector line is shown which
provides the highest radial covering of the plasma
(0.4 <r/a<1). However, we are free to choose any
detector line within the bounds of the total possible
coverage zone.

The precision of numerical coordinate mapping
method is limited by the assumptions included in the
model (homogeneity of the electric and magnetic field,
geometrical misalignment of the primary and the
secondary beam-line is not taken into account). To
increase the mapping precision, the measured data could
be compared with the results from other diagnostics such
as Langmuir probes.

Another possibility of precise mapping is using of
high current magnetized electron beam as a reference for
exact position mapping. The high current is needed for
obtaining of high electrons density in the HIBP
measurement region. Estimations show that minimum 1 A

beam current is needed in order to detect it with our HIBP
sensitivity. In these experiments, an electron gun should
be installed at the magnetic field line, which crosses the
ionisation zone at certain point. If the density of the
electrons in the beam is high enough, the HIBP should
detect the increase of the total secondary current in this
point. The first attempts of this calibration were not
successful because of the too low electron beam density.
The modification of the electron gun in order to obtain
larger electron densities is planned in the nearest future.

In order to accurately measure the incidence angle of
the primary beam the system will be installed that consists
of the wire grid detector at the output of the primary
beam-line and multi-cell array detector inside the WEGA
vacuum vessel.

4. MEASUREMENTS AND RESULTS

The measurements of the plasma potential profile and
total current of the secondary beam were provided in
parallel with Langmuir probe measurements. The
obtained profiles were compared. The results are
presented in Fig. 3.
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Fig.3. Total current density profile measured by
Langmuir probes (top), the same for the plasma
potential (bottom)

Potential measurement results indicate a positive
plasma potential, using the vacuum vessel as the potential
reference. This is in reasonable agreement with the data
from the Langmuir probes.

The total current of the secondary ions could be
estimated as

s - yea (i4 S)nelSVF;FS.]i qs /qz 5

where y. is the secondary electron emission coefficient
from the detector plates, o, is ionization cross-section,
n. is plasma density, Isy is the length of the sample
volume, which could be obtained from the trajectories
calculation code, Fj,and Fj are the primary and secondary
beam attenuation factors for, j; ,j; primary and secondary
currents.

The ionization cross-section g is a function of the
electron temperature distribution. Thus, the full secondary
current is proportional to the combination of plasma
density and the electron temperature. The measurements
shown in Fig. 3
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The plasma temperature varies in a small range of
10...20 eV where the influence of the temperature on
total current is much smaller than that from the density.
However, in the regimes with higher temperature >40 eV
and low density the situation could be essentially different
and the influence of the temperature could prevail.

The potential and total current in Fig.3 is plotted over
the voltage on the a2 deflecting plates. This corresponds
to the scanning of the plasma potential along the detector

deposition investigation by the HIBP is planned with a
modulated gyrotron. Also, potential fluctuation studies
could be done in conjunction with the Langmuir probes.
The flexibility of the detector line could be used for
investigations of plasma parameters and its fluctuations
inside the magnetic islands and in the x-point of WEGA
magnetic configurations without changing the magnetic
configuration itself.

This work was supported by STCU P-202 project.

line shown in Fig. 2.
5. CONCLUSIONS

The crosscheck with the Langmuir probes shows a
good agreement of the measured plasma potential with o
the data obtained from the Langmuir probes
measurements. In the near future, ECRH power
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PE3YJIBTATBI 3IIIITU HA CTEJJIAPATOPE BET A

U.C. bonoapenko, A.A. Umwica, I.H. /lewko, A./l. Komapos, A.C. Kozauex, JI.U. Kpynnuk, C. M. Xpeomos,
A.H. Kesxcepa, FO.A. Iloooda, M. Otte, F. Wagner, A.B. Menvuukos, C.B. Ilepgpunoe, M. Schubert

JIuarHoCTHKA 30HOUPOBAHUSL NAA3ZMbL ¢ NOMOwblo nyuka msicenvix uonog (3IIIITU) sBisercs AMarHOCTHKOM,
KOTOpasl HE BIMSJET Ha MapaMeTpsl IUIa3MBI W TO3BOJIAET H3MEPATh NPOCTPAHCTBEHHBIC DPACHPEHCICHHUS TJIABHBIX
MapaMeTpoB, TAKUX KaK IMOTEHIHAJ TUIa3MBbI, IFIOTHOCTH, 3JIEKTPOHHAs TEMIIepaTypa U HOJOHAaIbHOE MATHUTHOE TI0JIe
B YCTaHOBKaX C MAarHUTHBIM yAep)kKaHHeM. [IMarHOCTHKA IUIa3MBI IyYKOM TSDKEIBIX HMOHOB OBLIA YCTaHOBJICHA Ha
cremraparope BEI'A B 1. I'paiidcBansae, 'epmanms, B 2006-2007r. 3IIIITU na cremmapatope BE['A mmanmpyercs
HCIIOJIb30BATh JUIS UCCIIEOBAaHUS MPOLIECCOB YAEP)KaHUs IUIa3Mbl B Pa3IMUHBIX MarHUTHBIX KoHpurypammsx. Taxke
OyneT nccnenoBaHa 00J1acTh NOTJIoIeHuss BU- MOIIHOCTH B 3KCIIEPUMEHTAX ¢ MOIYJIMPYEMOIl MOIITHOCTBIO THPOTPOHA.
B aroii paboTe mpencraBieHbl NepBble M3MEpEHUs] Npoduiieil MOTEHIMana W MOJIHOTO TOKa BTOPHUYHOIO Iy4Ka B
CPaBHEHHH C JTaHHBIMH, IOJYYCHHBIMU OT JIEHTMIOPOBCKUX 30H/I0B.

PE3YJIBTATH 3HIIBI HA CTEJIAPATOPI BET'A

1.C. bonoapenxo, 0.0. Umvica, I M. /lewixo, O./. Komapos, O.C. Ko3zauex, JI1.1. Kpynuix, C.M. Xpeomoe,
O.U. Kescepa, I0.4. IToooba, M. Otte, F. Wagner, O.B. Menvnukos, C.B. Ilepghunos, M. Schubert

JliarHOoCTHKA 30HOY8aHHA NAA3MU 3a donomozoto nyuka eaxckux ionie (3I1I1BI) — me miarHOCTHKa, SIKa HE BIUTMBAE Ha
napameTpy IJIa3MH, Ta J03BOJISIE BUMIPIOBATH MPOCTOPOBUII PO3IMOJI TOJOBHUX MapaMeTpiB, TAKMX SIK MMOTEHINaN
IUTa3MH, TYCTHHA, €JIEKTPOHHA TEMIIEpaTypa Ta IMOJIOiNalbHE MarHiTHE IMOJe y NPUCTPOSX 3 MAarHiTHUM YTPHMAaHHSM.
JiarHocTika Tia3My Iy9KOM Ba)KKHX 10HIB Oyna BcraHOBJIeHa Ha crenapatopi BETI'A y m. I'paitdcBansa, Himeaunna,
y 2006-2007p. 3IIIIBI Ha crenapatopi BEI'A 3amiaHOBaHO BUKOPHCTOBYBATH JUIS JIOCHIPKEHHS ITPOLIECIB yTPUMaHHS
TUTa3MH TIPH PI3HUX MarHiTHUX KoHpirypamisx. Takox Oyzme mociipkeHa oOmacts moriamHanHs BY- motyxkHocTi y
€KCIIePUMEHTaxX 3 MOJYJIbOBAHOIO MTOTYKHICTIO TipOTPOHY. Y Lii poOOTI MpeCcTaBIeHo Nepiii BUMIpIoBaHHs Npodiiro
MOTEHIliaJTy Ta MOBHOTO CTPYMY BTOPHHHOT'O My4Ka y TOPIBHSHHI 3 TaHUMHU, sKi OyJiu oxepraHi BiJ JIEHrMIOpiBCHKHX
30HIIB.
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