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Additional experimental data for the runaway electrons flow in the Uragan-3M torsatron were obtained. In
particular the synchrotron and ultrahigh frequency radiation were measured. Also the flow current dynamics was
studied by Rogovski coil and toroidal loop. Finally the experiments with the runaway flow stimulation were carried

out.
PACS: 52.59.Rz, 52.70.Nc, 52.70 La

INTRODUCTION

The effect of runaway electrons generation was
intensively studied in tokamak devices [1-2].
Unfortunately in stellarators the consequences of
formation of runaway particles flow was not considered
in a proper way. In this work we continue our previous
studies of runaway electron flow parameters [3] in the
Uragan-3M torsatron together with the particles ejection
to the system edge. We investigate the conditions of the
flow formation and propagation using a number of
traditional diagnostic methods. In particular the results
of the flow current measurements are presented together
with the flow radiation which was studied at different
frequency ranges. The clearest evidences of the flow
presence are the generation of hard X-Ray radiation,
synchrotron radiation output and the generation of
strong signal in the infrared spectrum range. To study
the conditions of runaway electrons generation in the
U-3M torsatron the experiments with additional
ionization were carried out. The amount of charged
particles in the U-3M torsatron during the magnetic
field rise was increased by introducing additional UHF-
power into the confinement volume at the magnetic
field pulse front.

1. EXPERIMENTAL SETUP

The experiments were carried out at the “Uragan-
3M” torsatron. The major and minor device radii are
R =1 m, ry = 0.12 m. Magnetic field strength B, <1 T.
The parameters of helical coils were /=3 and m = 9.

The experimental measurements were carried out by
a number of diagnostic methods which includes optical
spectroscopy, microwave reflectometry and
interferometry, Langmuir probes, ECE (Radiometry),
X-ray diagnostics, CX neutral energy analyzer,
magnetic field diagnostics, bolometry, pyrometric
detector, toroidal loop.

2. EXPERIMENTAL RESULTS

A synchrotron radiation output was observed during
the RF — power introduction into the main confinement
volume. The amplitude of the signal increased with the
radiation frequency (Fig. 1).
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Fig. 1. The dynamics of level of synchrotron radiation
observed during the RF-heating pulse

The measurements of radiation output in the
submillimeter and infrared spectral ranges were carried
out by the LiNbO; pyrometric detectors placed at the
plasma edge.

The results have shown a strong noise level during
the whole magnetic field pulse (Fig. 2). On this ‘noisy’
background a number of spikes corresponded to the RF-
heating pulse and the magnetic field pulse fronts were
observed.

Magnetic probe

Fig. 2. Submillimeter and infrared radiation
(f=10...1000 GHz) during the whole magnetic
field pulse

The energy of accelerated particles was
approximately evaluated from the spectrum of the
X-Ray radiation output which occurs after the flow
particles interaction with metallic elements of the U-3M
torsatron confining magnetic field coils.

Usually the inductively accelerated particles leave
U-3M confinement volume after passing deceleration
stage at the back front of the magnetic field pulse. So
the energies of the particles become significantly lower.
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But if the studied cross-section contains a limiter the
particles interact with the metal surface much earlier.
Thus the X-Ray output energies in this cross-section are
much higher (Fig. 3).
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Fig. 3. Hard X-Ray radiation spectrum from
the U-3M cross-section with (right) and without
(left) limiter

To study the process of the accelerated particles
flow creation we monitored signals in the Rogovski coil
circuit. The experimental measurements have shown
that the flow is formed on the magnetic field pulse
fronts (Fig. 4). The flow direction changed depending
on sign of temporal derivative of the magnetic field
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Fig. 5. The signal from toroidal loop during the
magnetic field pulse

Therefore the loop voltage measurements are of
great interest. In our case to provide such measurements
a toroidal loop was used. The experimental results
showed that the average loop voltage for the magnetic
field pulse equals to 7.2 kOe is ~0.25 V (Fig. 5).
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Fig. 4. Langmuir probe and Rogovski coil current
signals during the magnetic field pulse

The measurements carried out by a peripherial
Langmuir probe demonstrate that the flow formation
correlates in time with ejection of electrons to the
confinement volume edge.

The mechanism of particle acceleration is based on
variation of magnetic field amplitude at the magnetic
field pulse fronts. The intensity of toroidal magnetic
field component varies together with the intensity of
poloidal and vertical components. Time variation of the
vertical component of magnetic field creates a loop
voltage which accelerates charged particles in the U-3M
confinement volume. The particles velocity increment is
proportional to the loop voltage magnitude.
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Fig. 6. The signals from Langmuir probe, magnetic
probe and X-Ray detector with (b) and without (a)
the runaway flow stimulation by
the additional ionization

The flow of runaway electrons was stimulated by the
additional UHF-ionization which occurred at the
magnetic field pulse front. The UHF-generator
introduced ~0.5 kW at frequency 2.45 GHz to create
plasma when the magnetic field passes the resonance
value (0.86 kOe). Noticeable changes in the flow
characteristics were observed through the measurements
of current to the peripherial Langmuir probe together
with the X-Ray output at the back front of the magnetic
field pulse (Fig. 6).

The flow of inductively accelerated particles
interacts with the RF-plasma and affects the dynamics
of such parameters as plasma electrons density, plasma
temperature and plasma current (Fig. 7).
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CONCLUSIONS

The presence of hyperthermal particles flow in the
U-3M torsatron confinement volume was proved by a
number of experimental measurements. A synchrotron
radiation (5...44 GHz) output was observed during the
RF-heating pulse. Microwave and infrared frequency
range (10...1000 GHz) radiation was registrated during
the whole magnetic field pulse. The X-Ray radiation
energy reaches ~2 MeV what proves the suggestion
about formation of a high energetic particles flow due to
pulse character of the confining magnetic field.

The Rogovski coil measurements registered the flow
current Irrow=100...200 A. The accelerating
mechanism was revealed after obtaining the results of
measurements via toroidal loop which detected a loop
voltage of 0.25 V at the magnetic field pulse fronts.
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Fig. 7. The results of interaction of the flow particles
with plasma of the U-3M torsatron with and without
the runaway particles stimulation
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JUHAMUKA THAYKIAOHHO-YCKOPEHHBIX 9JIEKTPOHOB B TOPCATPOHE Y-3M

M.H. Tapacos, U.K. Tapacos, /I.A. Cumnukos, B.K. llawnes, H.I'. I'onuapos, B.M. Jlucmonao, H.B. /Teimapy,
A.D. IlImans, C.U. Conooosuenko

[Tomy4yeHbl MOMOTHUTENBHBIE AKCICPUMEHTANBHBIE JaHHBIE O TUHAMUKE TOTOKA yOETalomuX 3JIEKTPOHOB B
Topcatpone YparaH-3M. IlpomsBeneHsl u3MepeHus CHHXpOTpoHHOro u CBY-m3mydeHHs NHOTOKA, IMOTYYECHBI
pe3yabTaThl W3MEPEHHIl TOKa MMOTOKAa M HAmpsDKEHUs Ha o0xonme crewiapatopa. Kpome Toro, mpoBeaCHBI
OKCIICPUMECHTLI 110 CTUMYJIALIUU ITOTOKA y6eralouu/1x OJICKTPOHOB.

JAHAMIKA THAYKIIAHO-MPUCKOPEHUX EJJEKTPOHIB Y TOPCATPOHI Y-3M

M.I. Tapacos, I.K. Tapacos, /I.A. Cumnuxos, B.K. Ilawnes, I.I. 'onuapos, B.M. J/lucmonao, M.B. /Tumap,
A.®. IlImans, C.I. Conooosuenxo

OTpUMaHO [I0JIATKOBI €KCIIEPUMEHTAJIbHI JIaHl 100 JWHAMIKK MOTOKY YTIKAIOUMX EJEKTPOHIB y TOpCATPOHi
VYparan-3M. TlpoBeneHo BHUMIpIOBaHHsS CHHXPOTpOHHOro ta HBY-BHUNpOMIHIOBaHHS NOTOKY, OTPUMAaHO MAaHi
BUMIpIOBaHb CTPYMY MOTOKY Ta HANPYTW Ha 00xoi crenaparopa. [IpoBesieHO eKCIIepUMEHTH 31 CTUMYJIALIT HOTOKY
YTIKalOYHX EJIEKTPOHIB.
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