CONTROL OF THE RUNAWAY ELECTRON FLOW IN TORSATRON

V.E. Moiseenko, I.K. Tarasov, M.l. Tarasov, D.A. Sitnikov, V.B. Korovin, A.D. Komarov,
A.S. Kozachek, L.1. Krupnik, A.l. Zhezhera, R.O. Pavlichenko, N.V. Zamanov, A.Ye. Kulaga,
A.N. Shapoval, M.A. Lytova’, S.M. Maznichenko, S.1. Solodovchenko, A.F. Shtan'

Institute of Plasma Physics NSC KIPT, Kharkov, Ukraine;
V.N. Karazin Kharkiv National University, Kharkiv, Ukraine

E-mail: itarasov@ipp.kharkov.ua

The possibilities of stimulation and complete suppression of the runaway electrons flow in the experiments at
Uragan-2M setup were investigated. The flow stimulation was carried out by producing additional free charged
particles during the runaway electrons flow formation. The runaway electrons flow suppression was carried out
using the peripheral electrode with negative or positive potential. The supposed mechanisms of influence and

possible use come into question in some fusion devices.
PACS: 52.59.Rz, 52.70.Nc, 52.70.La

INTRODUCTION

The possibilities of both stimulation and complete
suppression of the runaway electrons flow in the
experiments at Uragan-2M (U-2M) torsatron were
investigated. The flow stimulation was carried out by
producing additional free charged particles during the
runaway electrons flow formation. The source of
additional charged particles in U-2M was secondary
electron emission realized due to interaction of the ion
beam of the heavy ion beam probing (HIBP) diagnostic
system with constructive elements inside the vacuum
chamber of the device.

The runaway particles flow suppression was carried
out by applying electrostatic potential to the probes
located just outside the plasma confinement volume.
The reason of the high-energy particles emergence in
the confinement volume is vortex electric field which
appears due to the temporal variation of the magnetic
field. The high-energy electron flows are forming and
accelerating at the magnetic field pulse edges. The flux
intensity is sensitive to the variation of the working gas
pressure.

EXPERIMENT ON THE U-2M

The magnetic field strength was By=4 kOe. The
working gas pressure was (5...8)-10°Torr. At the
magnetic field back pulse edge the stable X-ray
emission was observed. The intensity of X-ray radiation
was increasing with the increase of the magnetic field
and decrease of the working gas pressure. The
accelerated electrons due to their interaction with
metallic wall of the vacuum chamber are the source of
radiation (Fig. 1).

Also there were experiments on stimulation of
runaway electron flow by the additional injection of
electrons and suppression of runaway electron flow by
the peripheral potentials.

The magnetic field of 4 kOe, working gas pressure of
(5...8)-10° Torr. Hard X-ray emission at the magnetic
field back pulse edge.
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Fig. 1. X-ray emission at the magnetic field back pulse
edge in the torsatron U-2M

The intensity of X-ray radiation increases with the
increase of the magnetic field and decrease of the
working gas pressure.

The stimulation of the runaway electron flow was
realized by the ion beam which are intended for plasma
diagnostics. It acted as an electron source by secondary
ion-electron emission appeared during the interaction of
the ion beam with the structural elements of the vacuum
chamber (Figs. 2,a,b,c).

SUPPRESSION OF THE RUNAWAY ELECTRON
FLOW

It is known that the formation of high-energy
runaway electron flows is the most dangerous
consequence of the development of the breakdown
instability in tokamaks. When interacting with elements
of construction such particles can cause damage and
destruction. There are some methods of dealing with
breakdown. The simplest way is to decrease the
discharge current. Unfortunately this method is not
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Fig. 2. The stimulation of the runaway electron flow
during the injection of the heavy ion beam into the
confinement area of the torsatron U-2M. The magnetic
field strength 4 kOe. Heavy ion beam parameters:
current, energy and pressure of the working gas
(hydrogen).
a. 60 ud, 80 kV, 810 °Torr;
b. 100 uA, 70 kV, 5-10 *Torr;
C. 75 ud, 100 kV, 5-10 °Torr

effective because the conditions for the runaway
electron flow are created. One more method is the
injection of a huge number of radiating impurities,
which allows to transform the stored in the pinch energy
into radiation [4].
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A possible way to suppress runaway electrons can be
injection of high Z impurities in the form of tablets into
the plasma confinement volume [5]. In this case the
interaction with impurity is more localized but such an
injection increases the runaway electron current. Also
there are some experiments on the interaction of
runaway electron flow with HF and microwave fields
using the ECR heating or creation of constant current
[6].

Despite of the different methods of the runaway
electron flow suppression in the devices of controlled
thermonuclear fusion the problem is still unsolved.

DESCRIPTION OF THE EXPERIMENTS

The experiments were carried out at torsatron U-2M.
Inside the chamber of U-2M HF generator antennas for
plasma creation are located. In this experiment one of
these antennas is used as the control electrode for the
runaway electrons. There was a constant voltage U,
supply on the antenna L,. The feeder line from the HF
generator and capacitor C, were connected in parallel to
the antenna. Resistor R acted as a limiting resistance for
the protection of the voltage source. During the
experiment the voltage Uy (from 0 to 100 V) and its
polarity were changing. The magnetic field strength
Bo=4 kOe. The working gas pressure was 1.6-10° Torr
(Fig. 3).

It is possible to reveal the runaway electrons because
of X-ray. In the case of negative voltage supply to the
antenna (-100, -50, -10V) the controlled radiation
hasn’t been revealed. At the positive voltage supply
(+20, +100 V) the X-ray, the microwave radiation and
the Rogovski coil current were observed.
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Fig. 3. Dependence of the level of hard X-ray in
torsatron U-2M on the frame antenna potential

Suppression of the runaway electron flow was
realized by supplying of negative or positive potential
(0...100 V) to the peripheral probe (the frame antenna
of the torsatron U-2M).

CONCLUSIONS

The runaway electron flows are forming in the
torsatron U-2M confinement area at the magnetic field
pulse edges due to the acceleration of background
electrons by toroidal vortical electric field. The flow of
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accelerated particles forms initial plasma by ionizing the
working gas. Such initial plasma also serves as a source
of free electrons which participate in the runaway
electrons flow formation.

The runaway electron flow can be stimulated by
means of additional SHF radiation injection into the
confinement area of the torsatron U-2M at the magnetic
field pulse edges.

The source of electrons is secondary ion-electron
emission which appears during the injection of heavy-
ion beam into the confinement area.

It has been experimentally found that the potential
(both negative and positive) on the antenna-electrode
influences the dynamic of runaway electrons as well as
in case of U-3M [1].
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YIHPABJIEHUS IOTOKAMMU YBETAIOIIUX 3JIEKTPOHOB B TOPCATPOHE

B.E. Mouceenxo, U.K. Tapacos, M.U. Tapacos, /I.A. Cumnuxos, B.b. Koposun, A./l. Komapos, A.C. Ko3auex,
JLU. Kpynnux, A.U. /Kexncepa, P.O. Ilagnuuenxo, H.B. 3amanos, A.E. Kynaza, A.H. Illlanoean, M.A. /Ieimoesa,
C.M. Ma3nuuenxo, C.H. Conooosuenko, A.@. IlImansv

HccnenoBanbl BO3MOXKHOCTH CTHUMYJIMPOBAHHUSI W TIOJABJICHHS IIOTOKA yOETAIONIIMX 3JIEKTPOHOB B paMKax
SKCIICPUMEHTOB Ha ycTaHOBKe YparaH-2M. CTUMYJIMpPOBAaHHE MPOU3BOIWIOCH 3a CUET JA00ABICHHS 3apsIKCHHBIX
YacTHL B MOMEHT Ha4yallbHOW CTauu OOpa30BaHMsI BTOPUYHBIX yOerarommx 3JeKTpoHoB. [lojaBieHue MoTOKOB
yOerarolmmx 3JIEKTPOHOB OCYLIECTBIUIOCH MOAadeld Ha NepuQepuiiHbIl 3JEKTPOX OTPULATENBHBIX HWIIU
MOJIOXUTCIIBHBIX IMOTCHIMAJIOB. OGCy)K}IaIOTCﬂ nmpeamnojaracMbplC MEXaHU3MbI BO3}1617[CTBPI)I U BO3MOXHOC
HCToNb30BaHue B yctaHoBKax Y TC.

YHOPABJIIHHA IOTOKAMMU BTIKAIOYUX EJIEKTPOHIB Y TOPCATPOHI

B.€. Moiceenxo, I.K. Tapacos, M.1. Tapacos, /I.A. Cumnuxos, B.b. Koposin, A./l. Komapos, O.C. Kozauex,
JLI Kpynnux, A.I. Kesxncepa, P.O. Ilasniuenxo, H.B. 3amanos, A.€. Kynaza, A.M. Illlanosan, M.O. /Tumosa,
C.M. Ma3nuuenxo, C.I. Conooosuenxo, A.@. Illmanv

JocmijpkeHl MOXJIMBOCTI CTUMYJIOBaHHS 1 TPUTHIYEHHS NOTOKY BTIKAIOYMX EJEKTPOHIB Yy paMKax
eKCIIEpUMEHTIB Ha ycraHoBli Yparan-2M. CrumynoBaHHs pOOMIJIOCS 3a paxyHOK JIOJABaHHS 3apsDKEHHX
YaCTMHOK y MOMEHT IOYaTKOBOI cTalil YyTBOPEHHS BTOPUHHHX BTIKalOYMX €JIEKTPOHIB. [IpUrHIYEHHS MOTOKIB
BTIKAIOUMX EJISKTPOHIB 3IIMCHIOBANIOCS NOAaHHSIM Ha nepudepiiHUi eNeKTpo] HEeraTUBHHX a00 IO3MTHBHUX
noTeHuianiB. OOroBOPIOIOTHCS Nepe10adyBaHi MEXaHi3MU JIi1 i MOXKJIMBE BUKOpUCTaHHs B ycTaHOBKax KTC.
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