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It was shown that there is the possibility of ITB formation in the vicinity of rational surfaces in a torsatron magnetic
configuration. The formation of ITB is accompanied by fast change of plasma poloidal rotation velocity, radial electric
field and its shear and the decrease of plasma density fluctuations. After the ITB formation the transition to the
improved plasma confinement takes place. The transition stars when electron temperature in the region of rational
surfaces is sufficient to satisfy the condition vr/Vi>>2nR, (here vr. is electron thermal velocity and v is the frequency
of ion — electron collisions, and Ry is the major radius of the torus). Such a regime can be maintained during the whole

duration of RF discharge without any disturbances.
PACS: 52.55.Hc

1. INTRODUCTION

It has been demonstrated in a variety of toroidal
magnetic traps that ExB velocity shear is a key
mechanism, which can explain the reduction of plasma
turbulence and formation of transport barriers leading to
the improvement of plasma confinement [1]. There are
some publications [2-4] with indications that the
formation of internal transport barriers (I7B) in toroidal
devices could take place in the vicinity of low order
rational surfaces (RS).

In presented experiments the attempt to realize the
formation of /7B near of island chains with =//4 and to
study its influence on a RF' discharge plasma confinement
was undertaken on the Uragan-3M torsatron. The
presupposition was made that the radial electric field
profile, E,(r), in this case will be determined by the
increase of a transversal electroconductivity due to a
longitudinal motion of electrons in stochastic layers of
magnetic field lines near RS. In accordance with this
presupposition the transition will be take place when
electron temperature T. in the region of RS is sufficient to
satisfy the condition vz '7.=A>>27R, (here vz, is electron
thermal velocity and z.; is electron — ion collisional time).
In this respect the case with sufficient high heating power
in the region of RS localization is most interesting for the
study.

2. EXPERIMENTAL ARRANGEMENT

Experiments were carried out on the U-3M torsatron
with an open helical divertor (/=3, m=9, R,=100cm,
a,=12,5¢cm) at the magnetic field strength B,=0,7T. The
measurements made by the triode and luminescent rod
techniques have shown that there is the possibility to
realize the magnetic configuration with two chains of
islands (#=1/4) located in the region of a small magnetic

shear [5]. Such a configuration takes place at the ratio of

vertical magnetic field to longitudinal one B/B,=1,25%.
The outside shift of the magnetic axis from the
geometrical axis of helical coils equals to 5,5cm in this
case (Fig.1).

Fig.1 The magnetic configuration of the U-3M torsatron
in the cross-section symmetric relative to the middle
plane of the torus. The cross indicates the position of the
magnetic configuration axis

The frame type antenna was used for RF plasma
production and heating in the ion cyclotron range of
frequencies (f=8,8MHz, Prr<s200kW) to provide a
sufficient heating power in the region of localization of
island chains. Numerical simulations have shown that
Alfven waves excited by this antenna absorb at the
external part of a plasma column ; /a,>0,5 where RS are

located at the plasma density n_g 02010%cem™ [6].

The multichannel microwave interferometry (A=2+
8mm) and reflectometry (A=8+17mm) were used for the
radial density profile n.(r) reconstruction. The density
fluctuation (f=10+40kHz) level, on/n, was estimated from
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reflected signal phase fluctuations measured by the cross-
detection technique. Radial distributions of radial wave
numbers, k.«7), and the poloidal rotation velocity of
plasma, Vy(r), were measured by means of the dual-
polarization radial correlation reflectometry and the
poloidal correlation reflectometry. The radial distribution
of electron temperature, 7.(7), was obtained from the data
of ECE measurements. The diamagnetic and saddle type

coils were used for the plasma energy content, nl,

measurements. The bootstrap current, /,, measured by
Rogovski coil.

3. EXPERIMENTAL RESULTS

The transition to the improved plasma confinement
regime was observed in the U-3M torsatron with the
island magnetic configuration at RF' power Prr>140kW. 1t
was shown that the transition moves to the beginning of
the discharge with the increase of Pgr (Fig.2). The time

evolution of plasma parameters in the presence of such a
transition is shown in Fig.3.
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Fig.2 Time evolution of I’l_T for discharges with the

different Ppr : (a) — 120 kW, (b) — 140 kW, (c) — 170
kW, (d) — 220 kW

The transition accompanied by the increase of n, T,

Iy, nT, and CV intensity. The decrease of J./n, fast
change of |V and |E,| (Fig.4) and the widening of n.(r)
(Fig.5) were observed in the process of transition. High
plasma poloidal rotation velocity shear was detected in

the vicinity of RS after the transition (Fig.6).
It is interesting to note that the relative increase of T, (7.

after transition/7, before transition) is most large in the
region of RS (Fig.7). The radial electric field distribution,

E(r), after the transition was calculated from measured

T.(r), n.(r) and Vy(r) using the force balance equation

4

E, = (Zen)'0P-V,B,+V,B,

in the presupposition VrB,=0 (Fig.8). It is seen that the
sharp change of E, takes place in the vicinity of island
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Fig.3. Time evolution of Pk, n_e I, T., CV, and ﬁ" in

the presence of transition to the improved confinement
regime



chains. The value of |E,| decreases up to E,=0 in the
region of the outer RS. The smaller change of |E,| was
observed near the internal RS. The formation of high

radial electric field shear regions takes place in the
vicinity of both island chains. The observed maxima of
radial wave numbers are located in the same regions

(Fig.9).
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Fig.4. The behaviour of the density fluctuation level, &
n/n, poloidal rotation velocity [V o and radial electric

field /Ey/ during the transition to the improved
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Fig.5. The radial distributions of plasma density
relative to the magnetic axis before and after
transition to the regime of improved confinement
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Fig.6. The radial distribution of E relative to the magnetic
axis after the ITB formation
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Fig.7. The radial distributions of T and the relative increase
of T after the transition (T  after transition/ T before

transition)
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Fig.8. The radial distribution of E_after ITB formation



improved confinement regime during the whole duration  if the condition vr.7.,=A>>2nR, is satisfied in the region

of discharge (Ar=50ms) without any disturbances. of RS. This condition was fulfilled in the presented
experiment at n, [(2-10”cm” and Ppe>140kW. In the
process of the /7B formation were observed the next
phenomena:

- the widening of n.(r) and the decrease of d,/n in the
region of RS,
- the increase of bootstrap current,

kr, a.y. - fast changes of | V| and |E,| ,
T 3.0 - the formation of regions with high radial electric
\ ' field shear in the vicinity of RS.
\ + After the /7B formation the transition moves to the
\ _2 o beginning of the discharge with the increase of Pgr. After

\ the /7B formation the regime of improved plasma
-“l- | confinement can be maintained during the whole duration
f-\i- of RF discharge without any disturbances.
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[okaszaHo, 1m0 iCHYe MOXJIHBICTH (hOPMYyBaHHS BHYTpIlIHBOrO TerioBoro Oap’epy (BTB) B miasmi BU
pO3psily B OKOJMI paliOHAIBHUX IIOBEPXOHb B TOPCATPOHHIM MarHiTHii koHdirypauii. ®opmyBanus BTb
CYNPOBOJKYEThCS OMCTPUMHK 3MIHAMH IIBUAKOCTI TOJIOINATBHOTO OOCPTAHHS IUIA3MHU, PANiajibHOTO CICKTPUYHOIO
monsi W WOTo mmpa i 3MEHMICHHSAM (IyKTyamid TyCTHHH IUTIa3MH MOONHM3Y pamioHaJBHUX IOBepXOHb. llicms

¢opmysanus BTB cnoctepiraerscst mepexia B pesKUM MOJIMIIEHOTO YTPUMAaHHA TU1a3Mu. Yac mepexoy 3MEeHIITY€EThCS
i3 30utpmeHHAM BY OTY>KHOCTI HarpiBy.
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[TokazaHo, 9TO UMeeTCS BOSMOXKHOCTh (POPMHUPOBaHMs BHYyTpeHHETO TerutoBoro 6apeepa (BTH) B mmazme BU
pa3psga B OKPECTHOCTH PAIMOHAIBHBIX ITOBEPXHOCTEH B TOPCATPOHHOW MarHUTHOW KoHGUrypamwmu. GopMupoBaHue
BTB comnpoBoknaercsi OBICTPHIMH H3MEHEHHUSMH CKOPOCTH TIOJIOMIATBHOTO BpPAIIEHUS TIUIA3MbI, PaJuaIbHOTO
AIEKTPUYECKOTO IIONIT W €ro IMUpa W yMEHBIICHHEM (QIYKTyallid IDIOTHOCTH IDIa3Mbl BOJIM3M palMOHAIBHBIX
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moBepxHocTell. [locme ¢opmupoBanus BTB HaGmromaercs mepexoa B PEXUM YIIYYIICHHOTO YACPKAHUS TIIa3MBI.
Bpewms nepexoja cokparniaercs ¢ ypeauueHneM BU MourHocT Harpesa.



