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The applicability of the HIBP for stellarator WEGA is described in this article. It is possible to use such diagnostics for local
plasma parameters measurement. Calculations of probing Na* beam trajectories were done for WEGA magnetic configuration
with By = 0.5 T. The trajectory optimization aiming for the maximal plasma observation was done for chosen entrance and exit
port combination. The calculation shows that HIBP allows getting radial profiles of plasma parameters. The detector line of equal
entrance angle connects the central area and the edge of the plasma column for beam energy E =30-60 keV. The detector line of
equal energy E =40 keV allows to obtain series of radial profiles during single shot by changing of the beam entrance angle with

the scan of control voltage.
PACS: 52.70.Nc

INTRODUCTION

The Heavy lon Beam Probing (HIBP) diagnostics is
known as a unique tool for the direct contact less local
measurements of plasma potential. Its ability to measure
plasma density, temperature and plasma current profile
distributions is well known also.

The operation of the HIBP is based on the injection of
primary single-charged ion beam into the plasma across the
maintaining magnetic field and the registration of the double-
charged secondary particles, born due to the collisions with
plasma electrons. The region of secondary ionization in
plasma, called the sample volume, is the local region of the
plasma potential measurements. Position and size of the
sample volume are determined by calculation of the probing
particles trajectories.

The applied equipment for a variety of magnetic
confinement devices (tokamaks, stellarators, bumpy torii,
tandem mirrors) has common features but differ in beam
energies and ion beam species. The geometry of the confining
magnetic field and the size of confinement device determine
the energy requirements of the ion beam used for any HIBP
application [1, 2]. The applicability of HIBP for WEGA
stellarator is described in this article.

1. CALCULATIONS

There are physical limitations of HIBP measurements for
all plasma cross-sections consisting in that the ions’ Larmor
radius should be larger than radius of magnetic field area.
Besides, there are geometrical limitations, which are
determined by design of vacuum chamber (arrangement of
entrance and exit ports), arrangement of magnetic coils,
bearings and already installed diagnostic equipment. They
greatly narrow down the size of plasma investigated area

The WEGA stellarator isn’t very comfortable for HIBP
diagnostics because of it has quite large empty magnetic field
volume, compared with a plasma volume. Also, already
installed diagnostic ports have small inner diameters to
provide wide fan of primary and secondary ion beams across
them. 3D nature of ions trajectories diminishes the HIBP
measurement area and complicates the beam pass through the
installation.
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Determination of position and size of studied area in the
plasma is possible only by a computational way. First, the
magnetic field was calculated for a special 3-dimensional grid
that covers some of the stellarator working volume. The
resulting magnetic field from all magnetic elements of WEGA
stellarator was used for a calculation of primary and secondary
ions’ trajectories.
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The system of equations for particles motion in
electromagnetic field was solved by the Runge-Kutta method
with certain accuracy:
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Many variants of injector and detector placement were
analyzed using different installation positions and angles in
order to comply the HIBP diagnostics with existing WEGA
stellarator equipment.
The trajectory optimization aiming for the maximal
plasma observation was done for chosen port combinations.
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The special beam-lines for the primary and the secondary
ions are necessary to transfer the particles from the accelerator
to plasma through the area of magnetic field and further to ion
energy analyzer. They are also necessary to control the beam
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trajectory and drive it to energy analyzer with optimized
entrance angles. Such electrostatic control looks to be the



necessary elements of the HIBP hardware for stellarator like
WEGA.

2. RESULTS

The calculations of the trajectories were made using singly
charged sodium (Na") primary ions in the energy range of 30-
60 keV.

WEGA HIBP project will use entrance port C+ for an
injection of primary ion beam and exit port C- for a detection
of the secondary ions beams, coming out of the plasma. These
ports are placed on a toroidal angle ¢ = 54° and are
perpendicular to each other. Two variants of HIBP diagnostic
for different direction of helical coil current were calculated, as
it can be easily changed. In the first variant plasma have
“horizontal” shape, when Iieixi > 0 and Iieie < 0. In the second
variant plasma have “vertical” shape, when Iieixi < 0 and Iheico
>0.

Detector grid calculated in the 1st variant covers quite
large area of the plasma. It is possible to get the plasma
potential profile by fast voltage scan system in the range of
0.1<p<0.7. But in this case the size of a sample volume on the
periphery is rather large, thus the spatial resolution of plasma
potential measurements in this region will be low (about 1,5-2
cm for a detector with 4 mm entrance slit).

Increasing of the sample volume size on the periphery is
quite good because of it helps to maintain the secondary ion
current as the density on the periphery of plasma is lower than
that in the central area. These variants are differing only in
beta placement of secondary beam-line, which can be built on
flexible sockets (bellows) to make using the both of these
variants possible.

Five pairs of electrostatic deflection plates of primary and
secondary beam-lines were used in calculation for scanning

and correcting the beam motion. The necessary control
voltages on the plates were also calculated.
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CONCLUSIONS

The applicability of the HIBP for the WEGA
stellarator is described in this article. It is possible to use
such diagnostics for a local plasma parameters
measurement. The necessary voltages on the primary ion
beam accelerator, energy analyzer and deflecting plates
are acceptable. The WEGA HIBP will be consists of a
100 keV sodium ions accelerator, 30° Proca-Green
electrostatic analyzer, primary and secondary beam-lines,
special equipment for a signal detection and for an active
beam control.
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BO3MOKHOCTb TIPUMEHEHUA CUCTEMbI 30HAUPOBAHUSA ITYYKOM TSAXKEJIBIX MOHOB
(HIBP) 1JI5s1 CTEJIJIAPATOPA WEGA

JLU. Kpynnux, I'.H. /lewiko, A.U. /Kesxncepa, A.B. Menvnuxos, C.B. Ilepgpunos, M. Omme

B cratbe omucana Bo3moxHOCTh npuMeHeHuss HIBP namarHoctuku mis cremnmaparopa WEGA. Bo3moxHo
MPUMEHEHHsSI 3TON JUArHOCTUKH JJIsl JIOKAJbHBIX M3MEPEHUN MapamMeTpoB Iia3mbl. [IpoBeneHbl pacyeTsl TpaeKTOpHil
IMy4YKa MOHOB HATpHs i1 MarHUTHOW KoH(purypaunu WEGA ¢ Bo = 0.5 T. IIpoBenena ontuMu3anus TpaeKTOPHA C
LENBI0 MOTYyYEeHUS MaKCUMaJIbHO BO3MOXXHOU 00JaCTH HAOMIOACHUS TUTa3Mbl MPU JAHHOW KOMOWHAIIMM BXOJTHOTO U
BBIXOJHOTO MMOPTOB. PacueTsl MOKa3pIBalOT BO3MOXKHOCTE MOYYCHHS PaJialbHBIX MPpoQuieii mapaMeTpoB IUIa3Mbl ¢
nomonisio HIBP mumarHocTiku. JlerekTopHast IMHUS IS IOCTOSTHHOTO yTiIa BXOJa KacaeTcs HEHTPaTbHON 00IacTH U
nepudepun miazmsl npu sHepruu myuka E =30-60 keV. [erextopHas nunus Uit nocrosiuaod sHeprun E = 40 keV
MMO3BOJISIET TOYYUTh CEPUI0 PaJMaIbHBIX NPOQWICH 3a ONUH pa3psa MPU U3MEHECHUH BXOJHOTO YIJIa C IMTOMOIIBIO
CKaHUPOBAHMS MyUKa YIPaBISIOIMIUM HAPSIKEHUEM.

MOXJINBICTDb 3ACTOCYBAHHSA CUCTEMH 30HAYBAHHS TYYKOM
BAKKHX IOHIB (HIBP) IS CTEJIAPATOPA WEGA

JLI Kpynnik, I M. /lewko, O.1. Kexncepa, O.B. Menvnixos, C.B. Ilepghinoe, M. Omme

VY crarri ommcana MoxumBicTh 3actocyBaHHd HIBP niarHocTnkm juis cremapatopa WEGA. Moxiuse
3aCTOCYBaHHsI Ili€i JIarHOCTUKHM JUIs JIOKQJILHOTO BHMMIDIOBaHHs mapameTpiB muiazmu. [IpoBeneHi po3paxyHKH
TpaekTopiil myuyka ioHIB HaTpito Juiss MmarHiTHOiI KoH¢irypauii WEGA 3 Bo = 0.5 T. IlpoBeneHo omnrtumizanito
TPAEKTOPIN 3 METOIO OJepKaHHSI MaKCUMaJTbHO MOJXJIMBOI 00JIacTi crocTepiraHHs IJa3MH s JaHoi KoMOiHaii
BXIJIHOTO Ta BUXIJHOTO MOPTiB. PO3paxyHKH MOKa3yIOTh MOXKJIMBICTh OJICPIKAHHS paialbHUX MPodiIiB mapaMeTpiB
wra3mu 3a gonomororo HIBP nmiarnoctrkum. JleTrekropHa JiHiA JUIA MOCTIHHOTO KyTa BXOXY TOPKAaeTCs LEHTPaIbHOI
obmacti Ta mepudepii razmu npu eneprii myuka E =30-60 keV. [erexropHa nminis mis nocriaoi eneprii E = 40
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keV no3Boisie onmepkaTH cepilo pajiadbHUX MPOQINIB 38 OAMH MOCTPLT HPU 3MiHI BXIZIHOTO KyTa 3a JOMOMOTOO
CKaHyBaHHS ITy4Ka KEPYIUOI0 HAIPYTOIO.
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