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The experiments on creation, accumulation and confinement of non-neutral plasma in stellarator system are performed
in Institute of Plasma Physics, NSC KIPT. The main goals of these studies are to investigate the behavior of non-neutral
plasma in stellarator magnetic configurations, to compare transport in neutral and non-neutral plasmas, as well as to
study the possibility of plasma confinement modification by active control of radial electric fields.
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1. INTRODUCTION

At present, the helical toroidal magnetic traps, most
notable as the tokamaks and the stellarators, are the most
successful plasma confinement devices for future fusion
reactors. Economically acceptable fusion reactors requires
steady-state and high-confinement plasma performances of
such devices. Unfortunately, the presence of plasma
electrostatic and magnetic turbulences causes the plasma
confinement degradation and the heat conduction to be
anomalously high. However, over last decade, in many helical
type devices it has been observed that the turbulences are
reduced in the so-called regimes with improved confinement
(H-modes). Progress in the study of plasma turbulence and
transport have shown that mechanisms which control the
generation of the radial electric fields (Er) and the Er x B
sheared flows to play a key role in formation of transport
barriers leading to improvement of plasma confinement in H-
modes [1]. Since radial electric fields can affect both
anomalous and neoclassical transport, the development of
methods to control the generation of electric fields is a very
promising area of researches for modifying confinement in
helical type devices [2]. Biasing electrodes [3] or limiters [4] is
one of the methods used both in tokamak and stellarator
devices to externally generate electric fields with the aim of
achieving improved confinement modes of operation. The
principal drawback of this technique, especially in high edge
temperature devices, is the increased risk of radiation collapse
due to either a massive entrance of impurities or to an increase
in the impurity confinement time [5]. The other possible way
to control the radial electric field is to change the plasma
neutrality by injection of high energy electrons into plasma
core. However, it is not easy to bring electrons into core region
across a strong toroidal magnetic field. According to previous
studies in tokamaks it is necessary to introduce an additional
ripple magnetic field in order to transport electrons into core
region along ripple trapped drift orbits [6]. On contrary, in case
stellarators for electron injection, it is possible to utilized the
existing loss cone orbit, which has reversible characteristic, to
launch helically trapped particles from outside of the magnetic
confinement volume and then transform them into blocked
particles in the center of the confinement volume [7].

In addition to the studies in the context of thermonuclear
fusion, more recently stellarators have become of interest as
confinement devices for low density non-neutral plasmas [8].
Since stellarators confine plasmas over the full range of
neutrality, from pure electron to quasineutral, they have unique
advantages for laboratory confinement of positron plasmas,
non-neutral electron plasmas, and antiproton — positron plasmas.

2. OBJECTIVES

The main objectives of the present project are to develop
and to investigate a several possible methods of non-neutral
plasma creation and radial electric field generation in
stellarator magnetic configuration, to study the accumulation
and confinement of externally injected charged particles
within the confinement region of stellarator, to investigate
the non-neutral plasma instabilities and turbulences as well
as their influence on plasma losses across magnetic field, to
investigate the possibility of plasma confinement
modification by active control of radial electric fields, to
compare the confinement of neutral ECRH (Electron
Cyclotron Resonance Heated) plasma, non-neutral plasma
created by electron injection, and ECRH plasma plus
electron injection.

3. EXPERIMENTAL SET-UP

The experiments will be carried out in the small 1 =2
stellarator (B,=0.09 T, R=0.42m, a=0.04 m). The
experimental set-up is schematically shown in Fig.1.

Fig. 1. Schematic of an experimental set-up:

1 — stainless steal vacuum chamber, 2 — antenna of
magnetron source, 3 — anode electrode, 4 — electron
injector, 5 — heated cathodes, 6 — diagnostics probes, 7 —
horn antennas of radiofrequency diagnostics, 8 — cross
section of magnetic surfaces

The set-up includes four main parts: toroidal stainless
steal chamber placed in stellarator magnetic configuration,
magnetron source (f=2.45GHz) for ECRH plasma
production, high energy electron injectors for non-neutral
plasma creation and diagnostic equipment. To create the
non-neutral plasma in close magnetic configuration of
stellarator it is supposed to use a several methods of electron
injection, as follows: electron injection from heated cathodes
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placed in edge confinement region; electron injection from
auxiliary reflective discharge initiated not far from
confinement region and electron injection through stellarator
divertor. In run of experiments it is supposed to find
experimentally the best points of electron injection into
confinement region of stellarator, as well as to compare
efficiency of varies methods of electron injection. The
confinement of neutral ECRH plasma, non-neutral plasma
created by electron injection, and ECRH plasma plus
electron injection will be compared using microwave
reflectometry. The radial profiles of electron temperature,
plasma potential and density, as well as the fluctuations in
plasma density and potential in plasma core and periphery
will be measured by probe diagnostics. The charged particle
flows, particle energy and their losses across magnetic field
to will be studied by movable electrostatic analyzers.

4. PRELIMINARY EXPERIMENTS Fig.3. (a) the oscillogram of X-radiation and plasma
IN NSC KIPT potential, (b) the distribution of plasma potential along
cross section of toroidal chamber and (c) the fluorogram
of the cross section

We have a large experience on electron injection into
toroidal magnetic configurations. In our preliminary

experiments [9] we have obtained and confined the non- 5. CONCLUSION

neutral plasma in toroidal magnetic configuration at the

expense of a high energy electron injection through toroidal Here we have presented the project of investigations on

divertor. The divertor cell for electron injection into toroidal ~ creation, accumulation and confinement of non-neutral

magnetic configuration is shown schematically in Fig.2. plasmas in stellarator magnetic configuration. We suppose the
_ ] results will be obtained can be used to create the non-neutral
i 4 plasma and to control the radial electric fields in a large

stellarator installations, for example such as URAGAN-3M
and URAGAN-2M. Also, these experiments can be useful for
the better understanding of behavior of non-neutral plasma in
stellarator magnetic configurations, transport mechanisms,
transport barrier formation and triggering of enhanced
confinement regimes in helical type devices.
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The parameters of the non-neutral plasma entrapped
were: the plasma density - 10" <N,<10%cm 7, the
electron temperature - T.=10-20eV and the ion
temperature T; ~50 eV.

The oscillogram of (a) X-radiation and plasma
potential, (b) the distribution of plasma potential along
cross section of toroidal chamber and (c) the fluorogram
of the cross section were shown in fig.3, respectively.

CO3JIAHUE, HAKOILJIEHUE U YJEPKAHUE HECKOMITEHCHPOBAHHOM ITJIA3MbI
B CTEJIVIAPATOPHOU MATHUTHOU KOHOUT YPALIUN
E.Jl. Bonkos, A.A. I[lempywensn, U.K. Tapacos, A.b. bampakos, 10.®. Jlonun, H.U. Pyones
OKCIIEpUMEHTHl 10 CO3[aHMI0, HAKOIJICHUIO W yAEp)KaHWI0 HECKOMIICHCUPOBaHHOM Ia3Mbl mpoBoisaTca B MHcturyTte
¢uzukn mnazmel HHI XOTH. T'naBHble 1enu 3TUX MCCIEIOBaHUI COCTOAT B M3yUYEHHHU TOBEICHHUS HECKOMIICHCHPOBAHHOM

IUTa3MBl B CTAJUIAPATOPHBIX MAarHUTHBIX KOH(UTYpamusax, a Takke B M3yYEHWH BO3MOXKHOCTH MOAW(DHKAINH YIEp:KaHUS
IJ1a3Mbl ITyTE€M aKTUBHOTO YIIPABJICHUS PaAHalbHBIMU 2JIEKTPUUECKUMHU HOISIMH.

CTBOPEHHSI, HAKOITMYEHHSI TA YTPUMAHHSI HECKOMIIEHCOBAHOI IVIAZMHU
Y CTEJVIAPATOPHINA MATHITHIA KOH®ITYPALIT

E.JI. Boakos, A.A. Ilempywens, 1.K. Tapacos, A.b. bampaxkos, 10.®. JIonin, M.1. Pyoues

EXCIIepUMEHTH 10 CTBOPEHHIO, HAKOMMYEHHIO Ta YTPUMAHHIO HECKOMIICHCOBAHOI TIa3MH MPOBOASTHCS B [HCTUTYTI (i3uKu
mwiazmu HHI] X®TI. TonoBHI 1isi X JOCTIIKEHb CKIIAJAIOThCS Y BUBUCHHI TOBOJKCHHS HECKOMIICHCOBAHOI IIa3MH Y
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CTEJIAPaTOPHUX MArHIiTHUX KOHQIrypamisix, a Tako)X y BHBUCHHI MOXKIMBOCTI Moau¢ikamii yTpUMaHHs IUIa3MH HIIIXOM
aKTUBHOTO KEePYBaHHS PaliallbHIMH eNEeKTPHIHIMH MTOJISMH.
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