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It is shown that in the Uragan-3M torsatron under conditions of spontaneous change of confinement mode caused
by formation of an internal transport barrier, a layer with the ExB velocity shear appears at the boundary of confinement
region. Appreciable changes of the edge microturbulence characteristics and turbulence-induced particle flux in the
vicinity of this layer evidence a formation of the edge transport barrier as well.
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1. INTRODUCTION

In the Uragan-3M (U-3M) torsatron with an open
helical divertor /=3, m=9,R,=1m, a = 0,12 M, By=
0,7 T, a)22n =~ 0,3) a spontanecous transition to an
improved confinement state (below — “transition”) is
observed under conditions of plasma production and
heating by RF fields in the ® < o range of frequencies
[1,2]. This transition is related to an internal transport
barrier (ITB) formation in the layer near the T = 1/4
rational magnetic surface [2], this having been confirmed
by the form of electron density and temperature profiles
as well as the existence of an ExB velocity shear in the
layer considered.

It has been demonstrated in [3] that the transition is
accompanied by substantial changes in the diverted
plasma flow (DPF) magnitude. At the initial phase of
these changes being essentially non-steady-state, a
reduction of all the PDF components in the spacings
between the helical coils is observed, this being an
evidence of plasma confinement improvement. The initial
phase is terminated by an enhanced escape of thermal and
suprathermal ions from the confinement volume, that is
accompanied by a rise of some DPF components, thus
indicating a certain degradation of confinement.

It is shown in the presented paper that parallel with
the ITB formation a layer with the ExB velocity shear is
also formed at the plasma boundary in U-3M. In the
vicinity of this layer substantial changes of the
electrostatic microturbulence and assotiated radial particle
flux are observed, that indicate an edge transport barrier
(ETB) also to be formed.

2. EXPERIMENTAL CONDITIONS
The investigations were carried out in a hydrogen
plasma with the line-averaged electron density
n,~ 10'® m™ and electron temperature 7.(0) ~ 500 eV. To

study the low-frequency (1-300 kHz) electrostatic
turbulence in the edge plasma, an array of 4 movable
probes was used. The molybdenum ¢ = 0.5 mm// =3 mm
probe tips 1, 2, 3, 4 were arranged in the angles of a
square 3 mm on side (see inset in Fig. 1) and orientated
with the major radius. The ion saturation current (ISC)

fluctuations, T s, were recorded by the probes 1 and 2.
Also, the probe 2 measured equilibrium components of
ISC, I, and floating potential (FP), V; and was used for
VI-characteristic measurements. The probes 3 and 4

measured the FP fluctuations, 17/- . As a recording facility,

a 12 bit ADC with 1.6 us sampling rate/channel was used.
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Fig. 1. Relative lay-out of helical coils I, II, Il and
calculated edge structure of field lines in the poloidal
cross-section where measurements arve made.The range of
probe array LP displacement is indicated by a bold
straight segment

3. DYNAMICS OF EDGE DENSITY AND
POTENTIAL PROFILES DURING THE
TRANSITION

In Fig. 2 edge radial profiles are presented of (a)
electron density (in relative units), (b) floating potential,
V; and (c) electron temperature, 7,, measured at ¢; = 20
ms (before the start of transition) and ¢, = 45 ms (after
transition). As follows from Fig. 2, the transition is
accompanied by a small broadening (Ar~ 1 mm) of the
plasma column (Fig. 2(a) and by a more distinct change
of the FP profile, V{(r), (Fig. 2(b)). As according to Fig.
2(c), the electron temperature does not change
significantly with » at the plasma boundary, the radial
profile of the plasma potential, V,(r), should have
qualitatively the same form as Vir). Then it follows from
this form that a layer with aradial electric field shear
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occurs at the plasma boundary during the transition (E, is
directed inward at » < 11.75 cm and outward at » > 11.75
cm). Hence, the velocity of plasma poloidal rotation ExB
reverses its direction in this layer. As it has been shown
recently [4], the ExB velocity shear seriously affects the
edge turbulence, resulting in a quenching of the
fluctuations, their de-correlation and a reduction of the
radial turbulent flux of particles and heat.

4. CHANGES OF EDGE TURBULENCE
CHARACTERISTICS DURING THE
TRANSITION

The time evolution of the ISC fluctuations 7 , in the
vicinity of the ExB velocity shear layer (» = 11 cm)
during the transition is shown in Fig. 3(b) together with
the density 7, (Fig. 3(a)). Also, in Fig. 3(b) shown is in

the Z(t) background the time behavior of the

corresponding r.m.s. value, < 7 . >, averaged over the 200

ps interval. It is seen that the intensity of plasma density
(ISC) fluctuations is appreciably reduced with the
transition.
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As a result of a more detailed analysis, the process of
transition can be divided into three phases. A fragment of

the < Z >, time evolution in the vicinity of the transition (»

=11 cm) is shown at the top of Fig. 4. The state preceding
the transition is denoted as I. The initial phase of the
transition consists of two separate phases, A and B,
lasting for ~ 1-2 ms, while the third phase, C, persists till
the end of RF pulse. Below, in the left column of Fig. 4,
shown are the normalized power spectra of the ISC
fluctuations in the preceding state and three phases of the
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transition. The percentages indicate the power fraction
contained in the f > 100 kHz frequency region. The
corresponding non-normalized spectra are in the right
column, where the numbers indicate the total (i.e., over
the entire frequency diapason) power for each phase
relative to that in the preceding state (I). It follows from
Fig. 4 that a considerable reduction of the total fluctuation
power arises at the phase A with a simultaneous reduction
of the high-frequency (f > 100 kHz) power fraction. A
further reduction of the fluctuation power is observed at
the phase B with some redistribution of the total power
over the entire frequency region and a rise of power
fraction in the high-frequency part of the spectrum. At
last, at the phase C, where some deterioration of the
confinement occurs, a small rise of both the total power
and its high-frequency fraction takes place. The time
behavior of the FP fluctuations is qualitatively the same.
In Fig. 5 shown are (a) the phase spectrum between FP
fluctuations recorded by the probes 3 and 4, and (b) the
coherence spectrum between the density and potential

fluctuations (7 s> probe 2; I7f, probe 3) at the state I and

at the phase C. The values of the poloidal phase velocity
of the fluctuations at » = 11 cm are 5.4x10° cm/s before
the transition, 8.4x10°cm/s at the phase A and
7x10° cm/s at the phase C. It is impossible to determine
the phase velocity at the phase B as there is no linear
section in the cross-coherence spectrum. This is possibly
caused by a strong de-correlation of the fluctuations at
this phase of the transition.

Together with (a) the density n,, Fig. 6 shows (b)

the time evolution of the function

GO =1,V 4 ()-V 5 (0]
that is proportional to the radial turbulent particle flux,
IN“T :ﬁig /Bg, [5]. The 200 ps interval-averaged turbulent

flux is presented in white. Below (Fig. 6(c)), a section of
the averaged turbulent flux is shown in the vicinity of
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transition (shaded in Fig. 6(b)). It is seen that an
appreciable reduction of the flux takes place
simultaneously with the reduction of the fluctuation level
(cf.,, Fig. 4). The maximum reduction of the flux is 3.3 at
the phase (B) and 2.2 at the phase (C) as compared with
the preceding state (I).

Like some other tokamaks and stellarators, an
intermittency is inherent to the turbulent flux of particles
in the U-3M torsatron. This intermittency is displayed as
strong short-time separate bursts, whose amplitude can
multiply exceed the average flux level [5]. The burst
amplitude decreases with transition similar to the average

level of the turbulent flux. However, the fraction of flux
transported in the bursts does not change substantially
before and after the transition.

5. SUMMARY

In the U-3M torsatron under RF plasma production
and heating conditions, a spontaneous change of the
confinement state due to the ITB formation is also
accompanied by an ETB formation in the layer of
stochastisized field lines. The indications of ETB
formation are:
e appearance (or rise) of the radial electric field shear near
the plasma boundary;
¢ reduction of the level of plasma density and potential
fluctuations;
e reduction of the high frequency fraction (>100 kHz) in
the power spectra of the fluctuations (at least at the A and
B phases);
e reduction of the coherence between density and
potential fluctuations in the high frequency region;
e more than two-fold reduction of the radial turbulent
particle flux near the plasma boundary.

This work was carried out in collaboration with
National Institute for Fusion Science (Japan) within the
Program LIME.
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XAPAKTEPUCTUKH TYPBYJIEHTHOCTH KPAEBOM IJTIA3MbI ITPU CHIOHTAHHOM U3MEHEHUH
PEXXUMA YIEPKAHUSA B TOPCATPOHE «YPAT'AH-3M»

3.1 Copokosou, JI.U. I'puzopvesa, B.B. Yeuxun, E./l. Bonkos, E.JI. Copokoesoii, I1.51. Bypuenxo,
C.A. Ilvibenko, A.B. Jlozun, A.11. Jlumeunos, C. Macyzaxu, K. Amazaxu

B Topcarpone Y-3M mnpu M3MEHEHUM peXHUMa yJEep)KaHMs IIa3Mbl, BHI3BAHHOM O0pa30oBaHHEM BHYTPEHHEIrO
TPaHCIIOPTHOTO Oapbepa, BOJM3M TPaHMIBI IUIa3Mbl MOSBISIETCS CJIOW ¢ mUpoM ckopoctu ExB. CooTBETCTBYOLIHE

HU3MCHCHUSA

XapaKTEPUCTHK MEJIKO-MAacIITaOHOW TypOyJIEHTHOCTH B OKPECTHOCTH 3TOTO CJIOS M BBI3BAHHOTO

TYpOYJICHTHOCTBIO PAANATIBHOTO MOTOKA YACTHUII, CBUICTEIHCTBYIOT 00 00pa30BaHUH TAKXKE H KPAeBOTO TPAHCIIOPTHOTO

Gapbepa.

XAPAKTEPUCTHUKH TYPBYJEHTHOCTI KPAWMOBOI IIVIA3MU ITPA CITIOHTAHHIN
3MIHI PEXKUMY YTPUMAHHS B TOPCATPOHI «YPAT'AH-3M»

EJIL Copoxosuii, JLI. I'puzop’cea, B.B. Ueukin, €./]. Boakos, €.JI. Copokosuit, I1.51. Bypuenxo,
C.A. Hubenko, O.B. Jlo3in, A.Il. Tumeunos, C. Macysaxi, K. Ama3zaxi

B Topcarponi Y-3M mpu 3MiHI peXUMy yTpUMaHHS, BUKIHKAHIA CTBOPEHHAM BHYTPIITHBOTO TPAaHCIIOPTHOTO
Oap’epa, OuLI TpaHWmi IUIA3MH BHWHHUKAa€ Iap 3 mIipoM ImBUAKOCTI ExB. BigmoBimHi 3MiHM XapaKTepHCTHK
JpioHOMacIITaOHOT TYpOYJIEHTHOCTI MOOJIM3Y LBOrO WIApy Ta BUKIMKAHOTO TYPOYJIEHTHICTIO PajialbHOrO IOTOKY
YaCTHHOK CBIYaTh PO CTBOPCHHS TAKOX 1 KPAaiiOBOTO TPAHCIIOPTHOIO Oap’epa.
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