PLASMA DIAGNOSTICS
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The Heavy Ion Beam Probe (HIBP) diagnostic is known as a unique tool for the direct plasma electric potential
measurements. It gives also information on plasma density, temperature and current profile. The method is based on the injection
of single charged ion beam into the plasma and the registration of the double charged particles born due to collisions with the
plasma electrons. The area of the ionization in plasma is the sample volume of the plasma potential measurements. The position
and the size of the sample volume are determined by the calculation of the trajectories of the probing particles. Three schemes
have been analysed: Cs*, T1" ion and neutral injection for TCABR parameters: B, = 1.5 T, I,, = 135 kA. The calculations show
that ion probing allows getting radial profiles of TCABR plasma parameters with the injection angle fast scan system. In all cases
of ion beam injection we must use a curved beam line for ion beam transportation from last o — steering plates towards upper
port. The primary ion beam injector must be situated out of high magnetic field area and its length is about 1.5m. The energy
range (less than 100 keV for Cs, or T1") allows using compact and cheap ion gun equipment.
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1. INTODUCTION It is necessary to agree basic performances of the
diagnostic equipment with parameters of the unit for
definition of possibility of using of a HIBP method for the
given installation.

The Heavy Ion Beam Probe (HIBP) diagnostic is
known as unique tool for direct plasma electric potential
measurements [1]. It gives information on plasma density,
thermonuclear and current profile also. The method is
based on the injection of a single charged ion beam into
the plasma and the registration of double charged
particles born due to collisions with plasma electron. The
area of the ionization in plasma is the sample volume of
plasma potential measurement. The position and the size
of the sample volume are determined by the calculation of
trajectories of probing particles [2].

The especial concern introduces application of this
method for analysis of mechanisms of transport
processes,
instabilities and fluctuations in plasma at usage of
different methods of adding heating. The TCABR
tokamak was designed to study Alfven wave heating of
plasma [3]. HIBP diagnostic is the extremely powerful
tool for this.

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 beams. The geometry of the confining Fig.1. Scheme of tokamak TCABR
magnetic field and the size of confinement device
determines the energy requirements of the ion beam used
for any HIBP application.

HIBP design study for TCABR is described.
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Physical limitation of measurements of plasma
parameters on all cross-section is the necessity that
Larmor radius of ions should be surpass radius of area

held by a magnetic field:
2. CALCULATION R 144 (M .E)"? R
o= N vy 2
TCABR is middle size tokamak (see Fig. 1,2). The H Z. " 1

1

rectangular stainless-steel vacuum chamber (500 mm x
450 mm) is located inside 18 toroidal field coils (outer

size - 1900 mm x 1050 mm, inner size - 1300 mm x 700, estimation of a tolerance range of variation by main
mm). Parameters of tokamak TCABR for d651.gn study are specifications of the diagnostic equipment (energy and a
as follows: plasma current I, = 135 kA, toroidal field B« 154 of particles):

= 1.07 T, major radius of vacuum vessel R = 603 mm, 2 5
plasma radius a , = 180 mm, diameter of entrance and E > HRHH H Z )
exit ports d = 63 mm. " 0144 0 M,
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where H - magnetic field, M - ion mass, E — ion energy,
Z — ion charge. From this condition it is possible to make




According to this the minimum of energy of a probing
beam of ions T1" is about 50 keV.

Fig.2. Photo of tokamak TCABR

Besides, there are geometrical limitations, which are
determined by a design of vacuum chamber (arrangement of
entrance and exit ports), arrangement of magnetic coils,
bearings and established diagnostic equipment. It narrows
down the size of investigated area in plasma.

Determination a position and size of studied area of plasma
in the installation it is possible by an extremely computational
way.

System of equations of particles motion in electromagnetic
field was solved by a Runge-Kutta method for calculation of
trajectories of primary and secondary beams [4].

The changes of energy in range 55-105 xeV and injection
angle in range 65-76° allow make measurements of
parameters of plasma on all cross-section of a plasma column
(see Fig.3).

3. DESIGN

Traditional composition of heavy ion beam diagnostic
system consists of two main parts: an injector of primary
ion beam and analyzing device of secondary ion beam.

Injector provides formation of primary ion beam with
parameters we need in local volume of plasma —
conditions for beam focusing, level of intensity, necessary
energy range, kind of particles, density of ion current. It
consists two main parts too — emitter-extractor unit and
shaping-focusing system [5].

Analyzing device provides a measurement of
parameters of secondary ion energy. It possible use two
type of electrostatic energy analyzers — electrostatic grid
analyzer and parallel plate analyzer. The first type has
compactness, the simplicity of design and a wide range of
measured energies but possesses a difficulty to obtain a
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high energy resolution more then UE/E O 10* We
propose a 30° Proca-Green electrostatic energy analyzer

likes used on TJ-1 tokamak [6].
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Fig.3Detector grid for ranges of energies of primary
beam ion 55-105 keV and injection angles 65-76°

The HIBP TCABR general view is shown in Fig.4.
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Fig.4 HIBP TCABR general view

Injectors emitter-extractor unit includes T1" or Cs" solid-
state thermoionic emitter with heating filament, pierce and
extractor electrodes. Shaping-focusing system consists three-
electrode lens, 18 section accelerating tube with high voltage
resistive divider, high voltage power supply system.

Primary beam line has the port for vacuum pump. Primary
steering plate used to correct the position of the beam in center
of the beam line. Primary sweep plates are used to control an
enter angel of primary beam to plasma.

Faraday cup and wire detectors monitor of beam intensity
and profile before it will be injected to plasma. The secondary




beam line attached to exit port also contains sweep system. This work was supported by RFBR Grants 02-02-17727,
The purpose these plates are to collimate the secondary beam  02-02-06609, 00-15-96536, INTAS 2001-2056 and 2001-
entering the analyzer. 0593.

TCABR isn’t comfortable for HIBP diagnostic. It has very
large empty magnetic field volume with comparison to the
plasma volume. Therefore we must use a curved beam line for
ion beam transportation from last o — steering plates towards
upper port. The primary ion beam injector must be situated out
of large magnetic field area and its length is about 1.5m (see
Fig.4).

One of the exotic cases is using of neutral Cs beam
injection with the injection angle near vertical axis. The
detector line of equal angle 86° from horizontal plane connects
the edge and the centre of plasma column if the neutral beam
energies are in the range 30 — 80 keV. The energy range (less
than 100 keV for Cs", or TI") leads to using compact and
cheap ion gun equipment.

4. CONCLUSION

HIBP design study for TCABR described in this article.
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. It is possible to use
HIBP diagnostic for measurement of plasma potential during
Alfven wave heating.
The TCABR-HIBP will consist of a 120 keV accelerator.
An injector can employs two types of ion species such as TI"
and Cs’. A 30° Proca-Green electrostatic energy analyzer will
be used for determination of the secondary ion energy.
Construction of tokamak needs use of special units and
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BUBYEHHS KOHCTPYKTUBHOI'O PILIEHHSA CUCTEMH 30HAYBAHHSI IIVIA3MHU ITYYKOM
BAXKUX IOHIB AJIs1 TCABR
JLI. Kpynnik, I'M. /lewiko, O.0. Unmuza, M.b. /[pesans, C.M. Xpeomos, O./1. Komapos,
0.C. Kozauok, P.M.O. I'anveao, I0.K. Ky3neyoe

Cucrema 30HAYBAaHHS IDIA3MH ITy9KOM BKKHX 10HIB BiOMa SIK YHIKIBHHI {HCTPYMEHT IUIA NPSIMHUX BHUMIPIOBAaHB
TIOTEHITIaTy TDTa3MI. BoHa TakoxX T03BOJISE ONlepyKyBaTH iH()OPMAIIIFO TIPO TYCTHHY IUIAa3MH, TEMIIEpaTypy i mpodiib ToKy. Metox
3aCHOBAaHMI Ha IFKEKIii IMyYKa OJHO3APSAMHMX IOHIB y IUIA3My Ta PEECTpaIlil IBO3APSIHIX YaCTOK, YTBOPCHUX Y PEe3yJbTATi
3ITKHEHb 3 eJIeKTpoHamH Iuta3Mu. OOnacTh iOHI3alii y IUa3Mi BH3HAYa€ EJIEMEHTApHHI 00’€M, y SIKOMY 3/iHCHIOETHCS
BUMIpIOBaHHS TIOTEHIATy IUIa3MH. [IONOXKEHHs 1 po3Mip eIeMEHTapHOrO 00°€My BHM3HAYA€THCS 32 JIOTIOMOTOI0 PO3PAaXYHKIB
TPAEKTOPIl 30HIYIOUMX YacTOK. IIpoanani3oBano Tpy BapianTy: irmkekis ioHiB Cs”, TI" Ta HefTpanbHuX aToMIB Ul TapaMeTpiB
TCABR: By = 1.5 T, I,, = 135 KA. Po3paxyHKu [OKa3yIOTh MOXKIUBICTh OjieprkaHHs mpodutiB napamerpis mwiasmu TCABR 3a
JIOTIOMOTOI0 CHCTEMH IIBHIKOTO CKAaHYBAHHS IO KyTaM IFDKeKIii i0HHOTO ITyduka. Y BCIX BHITA[KaX IFDKEKIii i0HHOTO IydKa
HEOOXIJIHO 3aCTOCYBaHHSl BUTHYTOTO 1OHOMPOBOAY Uil TPAHCIIOPTYBAHHS IOHHOTO Myd4Ka Bil BHXIJHHMX BIIXWISIOYMX O —
IUIACTHH IO TIOPTY TOKamaka. [HKEeKTOp NMEepBUHHOTO iOHHOTO ITydKa IIOBUHEH OyTH PO3TAIlOBAHMH 11032 OOJACTIO CHIIBHOIO
MarHITHOTO TIOJISt , & ¥oro mosxkuHa Oyme Gumst 1,5 M. Emxeprist ionroro myuka (6inst 100 xeB mist Cs* a6o T1") mossossie
3aCTOCYBATH KOMITAKTHUH 1 JICIIEBHIT IOHHUH IHKEKTOP.

N3YUYEHUE KOHCTPYKTHUBHOI'O PEHIEHUS CUCTEMBI 30HAUPOBAHUSI ITJIA3ZMbI TYYKOM
TAXKEJBIX NOHOB J151 TCABR
JLU. Kpynnuk, I .H. /lewro, A.A. UYmwiza, H.b. /Ipesans, C.M. Xpeomos, A./]. Komapos,
A.C. Ko3zauex, P.M.O. I'anveao, IO.K. Ky3neuyos
CucremMa 30HAMPOBAHMS IUIA3Mbl ITYYKOM TSDKENIBIX HMOHOB HM3BECTHA KAK YHHMKAJIBHBIA HHCTPYMEHT I HPSIMBIX
M3MepeHni oTeHIMaa ia3Mbl. OHa Tak Jke MO3BOJISIET MO Ty4aTh HHPOPMALIHIO O INIOTHOCTH TIIa3MBl, TeMIIeparype 1 npoduie
TOKa. Meroj OCHOBaH Ha MHXKEKIMM ITydKa OJHO3APSAIHBIX HMOHOB B IUIAa3My M PETUCTpallMd JBYX3apsIHBIX YacCTHII,
00pa3yIOIIMXCsI B pe3yJIbTaTe CTONKHOBEHHH C 3MEKTPOHAMH TTa3Mbl. O0IacTh MOHM3ALMY B TIIA3ME OMPEZIETSeT JEMEHTapHbII
00BeM, B KOTOPOM IPOHICXOIUT M3MEpEHHE TOTEeHIaNa Iia3Mbl. [lonoxkeHre 1 pa3mep 3IeMeHTapHOTro 00beMa ONPEIEIISTIOTCS C
MOMOIIBI0 Pacyera TPaeKTOPUH 30HAMPYIOMMX YacTuil. [IpoaHamM3upoBaHO TpH BapuaHTta: umkekiws woHOoB Cs', Tl u
HelTpanbHeIX atoMoB mrs mapamerpoB TCABR: By = 1.5 T, Iy = 135 kA. Pacyersr 1oka3bBarOT BOSMOXKHOCTD TIOTyUYCHHUS
nipocrteli napamerpos miazmMel TCABR ¢ momorpio cucteMsl ObICTPOro CKaHMPOBAHKS 10 YIITy MHXKEKLMM HOHHOTO ITyuka. Bo
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BCEX CITy4JasX MEDKEKIIMH HOHHOTO ITy9Ka HEOOXOIFMO FICTIONB30BAHE M30THYTOr0 HOHOIPOBOAA TS TPAHCTIOPTUPOBKH HOHHOTO
My4Ka OT BBIXOAHBIX OTKJIOHSOILIMX [ IUIACTHH 110 MopTa TOKaMaka. MHKXeKTop MepBUYHOr0 MOHHOTO ITyYKa JOJDKECH OBITh
PAacCTIONOKEeH BHE 00J1ACTH CHIIBHOTO MarHUTHOTO TIOJIA , & €70 UTHHA COCTABHT OKOJIO 1,5 M. DHeprus HoHHOTO my4ka (okono 100
k3B 1 Cs* wm T1') mosBossieT NCronb30BaTh KOMITAKTHBIN 1 IEIIEBbIA HOHHbIN HEKEKTOP.
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