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The development of light ion injector and neutralizer for the BES plasma diagnostic system and its first
experimental results are presented in this work. This injector will be used for neutral beam plasma diagnostic
systems. Diagnostic systems based on neutral beams of Li or Na atoms can be used to study the spatial plasma
density profiles, impurity ions and magnetic field distribution in the border region of the plasma fusion devices. This
method is based on the detection of the probe beam glow of atoms excited by the plasma electrons. These diagnostic
systems consist of two main parts — the neutral beam injector (including the ion beam accelerator and neutralizer)
and the secondary light signal registration system. Light ion beam accelerator based on the five-electrode ion-optical
system, in contrast to the classical three-electrode system, delivers beams of lithium or sodium with current
3...5mA at a beam energy 20...25 keV. The neutralizer is based on the supersonic jet of sodium vapor formed by
Laval nozzle. The first experiments of neutralizing the ion beam with a transverse supersonic atomic jet was done.

PACS: 52.70.Nc.

INTRODUCTION

Beam Emission Spectroscopy (BES) is used to study
space plasma density profiles, impurity ions and
magnetic field distribution in the edge zone of fusion
plasmas. This method is based on the registration of
optical light radiation from the neutral probe beam
exited by the plasma electrons and ions [1]. Diagnostic
systems basically based on neutral beams of fast Li or
Na atoms [2]. These diagnostic systems consist on two
main parts — the neutral beam injector (including ion
beam accelerator and neutralizer) and the secondary
light signal registration system.

1. THE ION OPTICS SYSTEM FOR LIGHT
ION BEAM INJECTOR

The ion accelerating system in this project is based
on a five-electrode ion optics system instead of the
classical three-electrode [1-4]. Implementation of
additional electrodes allows for ion beam focusing
regardless from extraction voltage. This design also
allows to focus the ion beam with high ion current and
relatively low energy beam (up to 35 keV), which is
impossible for the classical three-electrode lens.
Extractor voltage in traditional systems must be closely
related to the energy of the beam in order to focus the
beam in the neutralizer. This ratio limits the value of ion
current for a given beam energy and focusing distance.
In new ion optical system with additional focusing
electrode the value of extraction voltage can be
increased and the ion current also can be increased
while maintaining the beam focal length.

The numerical calculations of the ion and neutral
beam trajectories with energy up to 70 keV and the ion
current up to 6 mA were carried out by SIMION 3D
code in the initial stage of ion optics system elaboration.
Main attention was directed to the beam energy of up to
35keV that is optimal for the beam neutralization.
These calculations determine the geometrical
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parameters of the electrodes and their space locations.

The ion optics system of light ion (Li" and Na")
injector elaboration was based on the calculations of ion
beam current lines for the certain energy and current.
The main purpose of these calculations is to obtain the
ion beam optimally focused in the neutralization area
with 0.1...0.3° deviation with a beam diameter
20...40 mm inside the neutralization area. With these
parameters we will have a neutral beam focus of 10 mm
diameter at a distance of 2.5...3 m from the injector.
These calculations and the real experimental design
illustrated by Fig. 1.
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Fig. 1. The calculations of the five-electrode ion-optics
system by SIMION 3D code

After ion optics system elaboration, manufacturing
and investigations of Li and Na ion beam focusing the
system was able to produce the ion beam with an energy
20...25keV and 3...4mA of ion current. lon beam
parameters were controlled by the wire detector and
additional collector placed in the position instead of the
future neutralizer. Space profile distribution of the ion
beam from the injector was measured using a four-rods
wire detector by ion beam scanning with two pairs of
electrostatic deflection plates, placed in the horizontal
and vertical positions. The wire detector was placed
30 cm apart from the first scanning plates (in the future
neutralizer placement). The distance between wires was
40 mm in the vertical and horizontal positions. The
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scanning voltage was £ 3 kV, 50 Hz sinusoidal. These
measurements were done by scanning of the ion beam
using deflection plates across the wire detector and by
registration of the additional collector current.
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Fig. 2 lon beam space prof le from the wire detector
(blue and yellow lines) and additional collector current
in the neutralization area (violet line) for Li ion beam
with energy 25 keV, (a) - ion current 4 mA, emitter
heating power 250 W, (b) - ion current 3 mA, emitter
heating power 200 W

So, the ion beam diameter in the neutralizer area
increases from 16 mm to 22 mm when ion current
grows from 3 to 4 mA. The ion optics system allows us
to obtain a slightly converging beam inside neutralizer
and so to have the 10 mm diameter neutral beam inside
plasma.

2. SODIUM VAPOR SUPERSONIC ION
BEAM NEUTRALIZER

The neutralizer is necessary to convert the light ion
lithium or sodium beams into fast atomic beams. The
neutralizer design with ion beam passing through
sodium vapor cloud is operated, in particular, in
ASDEX-U [3, 4]. This BES diagnostic system uses
35keV ion beam and have 97% neutralization
efficiency at this energy. The linear density of sodium
atoms is n; = 1x10" cm in 120 mm long neutralization
tube in this case, so the sodium atoms density is
about 8x10" cm™. Sodium vapor comes into neutralizer
from heated volume (oven) with sodium metal. The
sodium temperature in the oven is about 250°C. The
main disadvantage of this design is that sodium vapor is
spreading in bough directions from neutralizer volume
along the beam trajectory — towards accelerator and
plasma volume. The metal sodium appearance in
accelerator leads to decreasing the electric insulation
features and possible electrical breakdowns; the sodium
appearance in the fusion plasma causes its cooling. The
using of transverse sodium stream injection across ion
beam  will  eliminate  these  disadvantages.
Papers [5, 6, 7] shows that transverse supersonic vapor
stream of different substances may effectively used to
provide the positive ion’s neutralization and negative
ion beam  production  without  substantially
contamination of beam-line by neutralizer substance.
The neutralizer design is shown in Fig. 3. Fig. 4 shows
expected sodium vapor flux profile from Laval nozzle.
To verify the neutralization efficiency of this system the
light ion’s accelerator based on four-electrode lens was
attached to neutralizer entrance port, see Fig. 5. The
Faraday cup was installed behind neutralizer for ion
current measurements. The 3.5 keV sodium ion beam
with ion current up to 40 pA is used in these
experiments. The measured ion beam current on
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Faraday external electrode is less than 2 pA, ion current
on Faraday cup inner electrode is up to 40 pA. Fig. 6
illustrates the sodium stream pattern on the cooler
surface. This pattern corresponds to the calculated
sodium vapor stream space distribution inside
neutralizer. Ion current drop on Faraday cup during
pulse opening of the sodium stream valve is up to 78%.
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Fig. 3. Sodium vapor supersonic neutralizer design
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Fig. 4. Sodium vapor stream flux outflow space
distribution from Laval nozzle

Fig. 5. Neutralizer testing device with small ion beam
accelerator

Fig. 6. Oxidezed sodium vapor stream pattern on the
cooler surface during approximately 1 hour air
exposition after vacuum chamber opening
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CONCLUSIONS

The ion-optics system of light ion beam injector for
BES diagnostics was developed. This system has five
electrodes, instead of three electrodes, which is usually
used for this purpose. The additionally electrodes allow
to focus the ion beam in the neutralization volume
independently from energy of the ion beam and
extracting voltage. By using this kind of ion optics it is
possible to obtain large values of ion current for smaller
ion energies. The possibility of alkali ion beam
neutralization by transverse supersonic sodium vapor
stream was proved in this experiment, practically for the
developed design of neutralizer units. The neutralization
coefficient was from 60 to 78 % during the pulse vapor
stream operations.
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PA3PABOTKA MHKEKTOPA JIETKUX HOHOB 1151 CACTEMbI JUATHOCTHUKH IIJIA3MbI HA
OCHOBE IIYYKOBOM YMUCCHUOHHOMN CHEKTPOCKOIIUA

A. Umwiza, I'. [Jewxo, A. Komapos, A. Kozauek, JI. Kpynnuk, C. Xpeomos, 10. Tawes, A. Kesxncepa

IIpencraBnena pa3paboTka WHKEKTOpA JIETKUX HOHOB M HeWTpamm3atopa mis [1D9C-cuctembl AHArHOCTHUKA
IJ1a3Mbl U NEPBLIC OKCIICPUMCHTAJIbHBIC PE3YJIbTAThHI. 9T1OoT HWHXCKTOP 6y)1€T UCIIOJIB30BAaH JId JAUArHOCTHUKH
IJ1a3Mbl C MOMONIBIO ITy4YKa HeﬂTpaanmx aTOMOB. I[I/IaFHOCTl/ILIeCKl/Ie CUCTEMbI, OCHOBAHHBIC Ha HeﬁTpaﬂbelX
myuykax atoMoB Li mim Na, MOTYyT OBITh KCIOJB30BAHBI ISl HMCCIICAOBAaHUS IMPOCTPAHCTBEHHBIX Mpoducii
IUIOTHOCTH IUIa3MBbl, MPUMECEH HOHOB M PACHpPEACIICHHS MATrHHTHOTO TIOJIS B MOTPAHUYHBIX OOJACTAX TUIA3MBI
TEPMOSIIEPHBIX YCTAHOBOK. DTOT METOJ OCHOBAaH Ha PETrMCTpAallMd CBEUYEHHS aTOMOB 30HAMPYIOILEro IyyKa,
BO30YKIIaCMBIX 3JCKTPOHAMH IUIa3MBI. OTH JUATHOCTUYECKHAE CHUCTEMBI COCTOSAT W3 JIBYX OCHOBHBIX YacTeil:
WH)KEKTOpa HEUTPaJbHBIX aTOMOB (BKJIIOUAIOMIETO YCKOPHUTENbh IMy4YKa WOHOB W HEUTPaIM3aTop) W CHUCTEMBI
peTuCTpali MU3Iy9YeHUs. Y CKOPUTENb JISTKMX HOHOB, 0a3WpYOIIUICA Ha IISITUAIIEKTPOAHON HOHHO-ONTHYICCKON
CHCTEME, B OTIIMYHE OT KIACCHIECKOH TPEXdIEKTPOIHON, MTO3BOISIET MONydaTh ITyYKHA MOHOB JINTUS WM HATPHUS C
ToKOM 3...5 MA mipu 3Hepruu mydka 20...25 x3B. HelitpannzaTrop ocHOBaH Ha CBEpX3BYKOBOH CTpye IapoB HATpHS,
thopmupyemoii ¢ momorpio coruia Jlapans. [IpoBeneHs! mepBbie SKCIEPUMEHTHI IO HEUTpATH3alUuH ITydKka HOHOB C
IIOMOLLBIO [IONEPEYHOMN CBEPX3BYKOBOM CTPYH.

PO3POBKA IH)KEKTOPA JIETKHAX IOHIB JIJISI CACTEMHU JIATHOCTHUKH IIJTA3MH HA OCHOBI
MYYKOBOI EMICIMHOI CHEKTPOCKOIIIi

0. UYnueza, I. /lewxo, O. Komapos, O. Kozauok, JI. Kpynnix, C. Xpeomos, IO. Tawes, O. Kesxncepa

[MpencraBnena po3poOKa iHXKeKTOpa JIETKUX 10HIB 1 HeTpamizaropa st cucremu [IEC niarHoCTHKM miia3mu Ta
HepIli eKCriepuMeHTalbHI pe3ynbTaTh. Llel imkekTop Oyne BUKOPUCTAHHUM JUIS J1arHOCTUKH IUTa3MH 3a JOIOMOTOI0
My4YKa HEUTpadbHUX aToMiB. JliarHOCTHYHI CHCTEMH, 3aCHOBaHI Ha HEHTpaNbHUX IMyykax aToMiB Li abo Na, MOXyTh
OyTH BUKOpHCTaHI IJI JNOCITIMHKEHHS MPOCTOPOBHUX MPOQLTIB T'yCTHHH IUIa3MH, IOMIIIKOBHX IOHIB 1 PO3MOIITY
MAarHiTHOIO IIOJsI B IPUIPAaHMYHUX OOJACTAX IUIa3MU TEPMOSIEPHUX YCTAaHOBOK. llelf MeTonx 3acHOBaHWH Ha
peecTpartlii CBITiHHS aTOMIB 30HAYIOUOTO ITydka, 30yMKyBaHUX €NeKTpOHaMH Iuia3Mu. Lli miarHOCTHYHI CHCTEMH
CKJIaJIalOThCS 3 ABOX OCHOBHHUX YACTHH: iH)KEKTOpa HEUTPAJIbHHUX aTOMIB (IO BKIIIOYAE MMPHCKOPIOBAY IMy4Ka iOHIB i
HEHTpasizaTop) Ta CUCTEMH peeCTpallii BUIPOMiHIOBaHHs. [IprcKOproBaY JIETKUX 10HIB, KU 0a3ye€ThCs HA 11’ STH-
€JIEKTPO/IHIN 10HHO-ONTHUYHIN CHCTEMI, Ha BiIMIHY BiJl KIIACHYHOI TPHOXEJIEKTPOJHOT, JO3BOJISIE OTPUMYBATH ITyYKH
ioHIB JiTir0 abo HaTpito 31 ctpymoMm 3...5 MA npu eneprii nmyuka 20...25 keB. HeliTpanizaTtop 3acHOBaHUWi Ha
HaJ3ByKOBOMY CTpyMeHI mapu Harpito, (opmoBanoi 3a momomoroto cormta JlaBams. IlpoBemeni mnepmri
eKCIIEpUMEHTH 3 HeWTpaizallii Imy4Ka i0HiB 3a JOMOMOT'0I0 ITONIEPEYHOI0 HAA3BYKOBOTO CTPYMEHSI.

254

SSN 1562-6016. BAHT. 2012. Ne6(82)



