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The improvement of the light atomic injector for beam emission spectroscopy (BES) diagnostic for Uragan-2M
was held. The investigation was carried out with the energy of the sodium ion beam was 20...25 keV, the ion
current up to 2 mA, and the beam diameter of 15...20 mm with 2 types of neutralizers. Neutralization of the beam
was carried out on sodium vapor at an evaporator temperature of up to 300 °C. The neutralization efficiency is now
near 60...80 % for Na ion current 1.5...2 mA and 20...25 keV beam energy.

PACS: 52.70.Nc

INTRODUCTION

The main idea of this study is an upgrade of the light
atomic injector for BES diagnostic for modern fusion
devices [1-3]. BES diagnostic consist of the neutral
beam injector, including the ion beam accelerator and
neutralizer (Fig.1) and the secondary light signal
registration system. Diagnostic is used to study space
plasma density profiles, impurity ions distribution and
magnetic field distribution in the edge zone of fusion
plasmas. This method is based on the detection of the
probe beam radiation of atoms excited by the plasma
electrons. This report describes the investigation of two
types of neutralizers — with open and closed
evaporators. Based on the tests of 2 types of
neutralizers, a new closed type design was developed.
Such a neutralizer can work with a flowing stream of
sodium vapor or supersonic. The best light neutral atom
is Na [1], due to it yellow bright lines in comparison
with Li dark red line.

: beam-line

EXPERIMENTAL RESULTS

The accelerator ion optics system is based on 5-
electrode lens [4]. This system allows the ion beam
focusing to the neutralization area in the case of lower
beam energy and higher current in comparison with the
classic 3-electrode system [5].

Fig. 2 illustrates the sodium ion current depending
on extracting voltage for different emitter heating
power. The investigation was carried out with the
energy of the Na ion beam 20...25 keV, the ion current
1...2 mA and the beam diameter 15 ...17 mm (Fig. 3).
Neutralization of the beam was carried out on Na vapor
with evaporator temperature up to 300 °C.

Two designs of neutralizers were tested. First
neutralizer on a supersonic jet of sodium vapor [4] with
the possibility of overlapping a jet was investigated

(Fig. 4).
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Fig. 1. Sodium atomic injector for BES plasma diagnostics at the torsatron Uragan-2M
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Fig. 2. Sodium ion current depending on extracting
voltage for different emitter heating power.
Beam energy — 25 keV,
emitter heating power — 100 and 150 W

Fig. 3. lon beam profile observed after the neutralizer
measured by wire detector based on 120 mm after
neutralizer exit. The neutralizer is cold

Its heating system is based on halogen lamps
(3x500 W). Water cooling system on the top of
neutralizer surface is used to “freeze” Na vapor stream,
That will reduce the vapor spread to the accelerator and
torsatron Uragan-2M.
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Fig. 4. Neutralizer on a supersonic jet with the
possibility of overlapping a stream of vapor

ISSN 1562-6016. BAHT. 2019. Nel(119)

Second neutralizer with a permanently opened Na
volume [6] (so called “submarine”) was investigated
too. Heating system (Figs. 5,6) based on two heaters
(analog first neutralizer).
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Fig. 5. Neutralizer with a permanently opened
Na volume

Fig. 6. Photo neutralizer installed on the atomic
injector test device with heater 1

The experiments show the necessity of additional
heating the upper flange of the neutralizer up to
130...140 °C in order obtaining the suitable beam
neutralization (Fig. 7).
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Fig. 7. Dependence of the neutralization efficiency of
the ion beam and upper flange temperature versus Na
volume temperature
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Fig. 8 present the experimental data of the
neutralization efficiency of Na ion beamsfor bouth
neutralizers. Neutralizers are opened during experiments
with ion current of 1...1.5 mA.
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Fig. 8. Dependence the ion beam neutralization
efficiency versusNa volume temperature of neutralizers

These dependencies show more effective
neutralization for supersonic jet (less temperature for
the same efficiency). It may be explained by the less
exiting diameter for Na vapor (47 mm instead 66 mm).
It leads to more Na vapor density in the neutralization
area (about 2 times) in comparison with “submarine”.

The estimations of ion beam density n;, sodium vapor
density ny, and the neutral beam density ng for supersonic
jet neutralizer are next: beam energy E =25 keV, ion
current I;= 1.7 mA, beam diameter d =7 mm. Sodium
temperature in the neutralizer is 250 °C, sodium vapor
pressure is 210 Torr with plug is closed (see Fig. 4):

Calculation of ion beam density-

n =1;/eV;S;, where V, =1.3810°(E / A)"?

ni =0.97-10% cm™,
We estimate what Na vapor will expand 4 times

when the plug will be opened. So the Na density inside
neutralizer will be:

Nona = 2.6810°P/750,
Nana = 1.78-10%cm™
The neutralization length L we estimate as 5 cm — as a
jet exit diameter, neutralizing cross section o is 5-10™° cm
n={oV)n,L,
no =1.97-10%cm.
This estimation of neutralization efficiency shows a

possibility of ion beam neutralization with ion density
of ny =1.97-10%cmandioncurrent up to 3.5 mA.
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Fig. 9. The ion beam in the neutralizer chamber:
beam diameter — 20 mm; current — 1.2 mA;
energy — 25 keV; emitter heating power — 150 W;
extracting electrode voltage — 22 kV;
focusing electrode voltage — 23.8 kV

Fig. 10. The neutral Na beam at the distance of 0.5 m
after the neutralizer chamber exit:
diameter — 20 mm; current —1.7 mA; energy — 25 keV;
emitter heating power — 150 W; extracting electrode
voltage — 21 kV; focusing electrode voltage — 24 kV

A new type of neutralizer, based on previous
experiments was developed. It will have the possibility
of pulsed steam supply to the neutralization area.

This device was manufactured and installed for
vacuum and heating test. The sodium heater may also
have a shape of a Laval jet that can be closed from its
top.

We also planning an additional pumping of the
beam-line near its exit to Uragan-2M and these
additional pumping systems will be supplied by liquid
nitrogen vacuum traps. These measures will improve the
vacuum conditions inside the injector.

The degradation of the vacuum conditions up to
(3...5)-10™ Torr in the accelerator volume was observed
for bought neutralizer systems at an evaporator
temperature of 260...300 °C in experiments. This
pressure of sodium vapor leads to unstable operation of
the accelerator (breakdowns in the ion beam formation
area).
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Fig. 11. Neutralizer with plug and its electromagnetic
drive

THE MAIN RESULTS

1. Two designs of neutralizers were investigated:
first — the neutralizer on a supersonic jet of sodium
vapor, second - the neutralizer with a permanently
opened Na volume.

2. The Na ion beam with current 2 mA and energy
20...25keV was neutralized with efficiency near
60...80 % at the neutral beam injector prepared for
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PA3PABOTKA MH)KEKTOPA JIETKUX ATOMOB JJIS1 TYYKOBO-9MUCCUOHHOMN
CIIEKTPOCKOIMUYECKOM (ITC) IMATHOCTUKU TOPCATPOHA YPAT AH-2M

A.Jl. Komapos, JI.U. Kpynuuk, A.A. Ymeica, I H. /lemko, H.b. /lpesans, A.B. Knocoseckuii, A.C. Kozauex,
C.M. Xpeomos, C.M. Maznuuenxo, B.A. Bonkos

IIpoBeneHBl UCTIBITAHUS MHXKEKTOpA JIETKUX aTOMOB JUISl ITyYKOBO-?MHCCHOHHON crnekTpockonmu (I12C) mnsa
JMUAarHOCTHKH TopcaTpoHa YparaH-2M. HccnenoBaHus NpPOBOJMINCH IPH JHEPTMH IydKa HOHOB HATPHSA
20...25 k3B uoHHBIM TOKOM J0 2 MA u auamerpoM mydka 15...20 MM C AByMS THIIAMH HEUTPAIHU3aTOPOB.
Heiirpanu3amus myyka MpoBOAMIIACh Ha mapax HaTpus mpu Temiepatype ucnaputens 10 300 °C. D¢ hexTHBHOCT
HeWTpanm3anuu B Hactosimee Bpemst cocrasisier 60...80 % anst monHoro Toka Harpus 1,5...2 MA u sHeprum my4ka
20...25 x3B.

PO3POBKA TH)KEKTOPA JIETKUX ATOMIB JJISI IYYKOBO-EMICIMHOI
CIIEKTPOCKOMNIYHOI (ITEC) JIATHOCTUKH TOPCATPOHA YPATAH-2M

0./1. Komapos, JI.1. Kpynnik, 0.0. Umuza, I'M. /lewmixo, M. b. /Ipesans, A.B. Knocoecovkuii, O.C. Kozauok,
C.M. Xpeomos, C.M. Mazniuenko, B.A. Bonkos

[IpoBeneno BunpoOyBaHHS IHXKEKTOpa JIETKMX AaTOMIB JUIs MydkoBo-emiciiiHoi crextpockomii (ITEC) maus
JIarHOCTUKHM TopcaTpoHa YparaH-2M. JlociipkeHHsI POBOAMIKCS 3 eHeprielo mydka ioHiB Hatpito 20...25 kaB
IOHHHM CTpyMOM 710 2 MA Ta aiamerpom myuka 15...20 MM 3 1BoMa TuniaMu HeifTpasizaropiB. Helitpamizaris my4ka
MIPOBOJIMIIACS Ha Tapax HaTpito 3a Temmeparyporo BumapHuka mo 300 °C. EdexTuBHICTh HeWTpamizamii Ha JaHUH
gac ctanoBUTh 60...80 % mist ionHOTO CTpyMy Hatpiro 1,5...2 MA Ta eneprii myuka 20...25 keB.
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