BEHAVIOR DYNAMICS OF LOW-FREQUENCY MHD-FLUCTUATIONS
AND MAIN PLASMA PARAMETERS IN U-3M TORSATRON IN
RF-HEATING MODE
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A significant decrease in the intensity of low-frequency MHD-activity is accompanied by sharp increase of plasma
energy content in U-3M torsatron. Plasma is generated and heated by RF-fields with frequency of o ~ 0.8 and isin a
mode of low frequency of collisions. A set of 15 magnetic sensors was installed in one of the poloidal cross-sections of
torus. The poloidal component of magnetic field was registered. At some point of time there is a sharp decrease of
MHD-activity of plasma with a simultaneous increase of plasma energy content.

PACS: 52.55.Dy, 52.55.Hc

INTRODUCTION

In the Uragan-3M (U-3M) torsatron (=3, N=9,
R=100cm, a~10cm, B,=0.7T, rotational
transformation angle v2n <0.4), hydrogen plasma is

created and heated by RF fields at frequency w= 0.8 .
The mode of low collision frequency is implemented in
the most of confinement volume of the facility (Fig. 5 in
[1]) and one can see the longitudinal plasma current of a
considerable amplitude. The nature of that current can
be directly related to a movement of the plasma
particles in a complex geometry of the magnetic field of
a stellarator type toroidal magnetic trap (bootstrap
current) [1, 2]. In this mode, a spontaneous transition to
an improved energy confinement state is observed [3, 4].

Earlier, it was shown in experiments at the torsatron
U3-M that transition to the state of improved energy
confinement is followed by significant suppression of
the peripheral electrostatic turbulence [5, 6].

The aim of this work is to study the correrelation
between dynamics of MHD fluctuations in the plasma
confinement volume and the change of the main plasma
parameters during the transition to the improved energy
confinement state.

MAIN RESULTS

Fig. 1 shows temporal behavior of main plasma
parameters of the discharge: (a) plasma energy content;
(b) toroidal plasma current; (c) signal from diamagnetic
loop; (d) ratio of toroidal current to plasma energy
content; (e) ratio of average energy density in the
confinement volume to the average plasma density; (f)
plasma density averaged over the central chord. Plasma
energy content and plasma current were obtained by
means of diamagnetic loop and Rogowski coil,
correspondingly; the electron density — by the use of
interferometer with A=2 mm.

Fig. 2 shows temporal behavior of plasma energy
content and toroidal plasma current in larger scale,
together with temporal time derivatives of these
quantities. Dotted line at time 35.3 ms indicates the start
of a quite sharp increase of plasma energy content,
which is well illustrated by the time derivative from this
graph at Fig. 2,a.

ISSN 1562-6016. BAHT. 2016. Ne6(106)

P;.J 1P, AlJ
16 ' 150
;a d
12 1 I
. 100 3
8 |
1 50 ]
4 1 I
1 I
0 Y 0
| L L | N | | L3 | % | y |
20 1 40 80 80 20 140 60 80
1 I
2500 |‘ A (b 800 nT/n,leV
1 I
2000 ' 555 \
1500 ! e!
) 400 !
1000 !
500 ! 200 .
0 0
TR | ! | | Yl ! | ! |
20 1 40 60 80 20 1 40 60 80
1 |
: : " *101 -3
Diamag, mV n, *10%? cm
= | |
100 — T 4 fi
50 == 1 3 |
0 1 | o |
-t | 2 I
e \\Q__-/ ;
1 1 1 T
100 — i i
-150 : 0 L
| | LI | | L |
20 40 60 80 20 40 60 80
ms

Fig. 1. The time behavior of plasma energy P, toroidal
plasma current I, signal from diamagnetic loop, the
ratios of I/nT and nT/n, and average plasma density
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Fig. 2. The time behavior of plasma energy P, toroidal
plasma current |, and their derivatives

As Fig. 1,d shows, the I/P ratio, becomes constant at
some point of time. We consider that current detected
in plasma is the bootstrap-current, and, hence, its
magnitude has to be proportional to plasma pressure P
and to some shape function of the P profile [1]. It is
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clearly seen that started from 35.3 ms the profile shape
of plasma pressure stabilizes and does not change until
the end of the discharge. The nT/n ratio, Fig.1,e, can be
considered as some function of electron and ion
temperature in the confinement volume. It is apparent
that this ratio continues to increase during the whole
pulse and even during the last 10 ms of the discharge
when the energy content was almost constant or showed
only a weak rise. It should be noted that after transition
to better confinement state (after t=35.3 ms), the energy
content P was registered to be two-times increased as
well as nT/n value was about tree-times increased, see
Figs. 1,a,e.

In one of the poloidal cross-sections of the torsatron
U-3M there is a set of 15 magnetic probes at radius
b=16.8 cm, outside the plasma confinement volume,
Fig. 3. Magnetic field fluctuations, registered by probes,
give information on fluctuations in the whole
confinement volume. This diagnostics allowed to register
fluctuations of poloidal magnetic field at the same time

from all sensors with discretization frequency of
150 kHz.
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Fig. 3. The poloidal cross-section of the torus showing
positions of helical coils, magnetic sensors and vacuum
magnetic surfaces

Fig. 4 shows typical signal registered by the probe
#10. This signal was pre-filtered to reject the frequencies
below 0.1 kHz. Evidently that before the time moment
t=35.3 ms the increase of fluctuation level of poloidal
magnetic field is observed for the examined frequency
range 0.1...70 kHz. At the same time one can see from
Fig. 2 that a sharp decrease of the derivative dP/dt occurs,
and the growth of plasma energy content stops.
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Fig. 4. The time evolution of fluctuations of the poloidal
magnetic field measured by the magnetic probe #10
(see Fig. 3)

After 35.3 ms, suppression of MHD plasma activity in
the test frequency range takes place simultaneously with
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the growth of both the function dP/dt and plasma energy
content. After the interval of ~10 ms the MHD plasma
activity again starts to grow, and Fig. 2 shows that this
is accompanied by the termination of the growth of the
energy content and some decrease of the dP/dt function.

Fig. 5 shows fluctuation amplitudes for all probes at
two points of time: before transition to the improved
energy state t=35.02 ms and, approximately, in 400 mks
after transition t=35.44 ms. The data are presented in
polar coordinates: poloidal angle is laid off according to
the location of magnetic probes, and the radius
corresponds to the amplitude of fluctuations at this point
of time for the given probe.
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Fig. 5. The distribution of amplitude of poloidal
magnetic field fluctuations at two different points of
time: before and after transition to the improved
confinement state

Power spectra of magnetic field fluctuations were
calculated from the data of probe #10 for two time
frames: before and after 35.3 ms. The results shown in
Fig. 6 demonstrate an essential decrease of spectral
fluctuation power for the second time frame,
particularly strong suppression of high-frequency part of
spectrum 25...70 kHz.
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Fig. 6. The power spectra of the poloidal magnetic field
fluctuations measured by probe #10 before and after the
transition to the state of improved energy confinement

In Fig. 7 are presented the dynamics of changing of
magnetic field fluctuations with frequency range
25...50kHz for all probes at the time frame of
34...36 ms. In this 3D diagram: time is laid on x-axis,
poloidal angle, from -180 to +180 degrees, — y-axis and
closed lines indicate levels of fluctuation amplitude
square. Higher levels are indicated by darker colors.
Rapid decrease of fluctuation level after 35.3ms is
clearly seen.
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Fig. 7. Distribution of fluctuation power, in the range of
25...50 kHz, of poloidal magnetic field obtained from
magnetic probes on the measured surface point in time
in the vicinity of transition to the state of improved

energy confinement

CONCLUSIONS

1. 15 magnetic probes were installed in torsatron U-3M to
measure the poloidal component of magnetic field
produced by toroidal plasma current. The frequency range
of their operation is from 0.1...70 kHz.

2.MHD plasma activity was measured in a low
collisional mode of plasma confinement, in the presence
of longitudinal plasma current.

3. Temporal behavior of MHD plasma activity does
correlate with the time behavior of the plasma energy
content and longitudinal current.

4. A sharp rise of growth of plasma current and
plasma energy content is accompanied by significant
decrease of the amplitude of magnetic field
fluctuations.

5. The time behavior of plasma density is not directly
connected to MHD plasma activity.

6. Since the MHD plasma activity decay the I/P ratio
is stabilized what may correspond to stabilization of
the profile of plasma energy content.

7. The observed azimuthal dependence of magnetic
field fluctuation intensity denotes the complex spatial
structure of plasma instabilities.

REFERENCES

1. V.K. Pashnev, E.L. Sorokovoy. Appearance of
neoclassical effects in plasma behavior in torsatron
Uragan-3M // Problems of Atomic Science and
Technology. Series “Plasma Physics”. 2008, Ne 6,
v. 14, p. 31-33.

2. Yu.V. Gutarev, N.I. Nazarov, V.K. Pashnev, et al.
Observation of a bootstrap current in the Uragan-3
torsatron // JETP Lett. 1987, v. 46, p. 69.

3. V.V. Chechkin, L.I. Grigor’eva, Ye.L. Sorokovoy,
et al. Fast ion loss-driven H-mode transition in RF
discharge plasmas of the Uragan-3M Torsatron //
Plasma Physics Reports. 2009, v. 35, Ne 10, p. 852.

4. V.K. Pashnev, E.L. Sorokovoy, V.L.Berezhnyj, et
al. Transition to the improved confinement mode in
torsatron U-3M in range of rare collision frequencies //
Problems of Atomic Science and Technology. Series
“Plasma Physics”. 2010, Ne 6, v. 16, p. 17-20.

5. E.L. Sorokovoy, L.I. Grigor’eva, V.V. Chechkin, et
al. Characteristics of edge plasma turbulence in
spontaneous change of confinement mode in the
Uragan-3M torsatron // Problems of Atomic Science and
Technology. Series “Plasma Physics”. 2005, v. 10,
Ne 1, p. 21-23.

6. A.A. Beletskii, V.V. Chechkin, 1.M. Pankratov, et al.
Studies of edge turbulence in the Uragan-3M torsatron //
Problems of Atomic Science and Technology. Series
“Plasma Physics”. 2011, Ne 1, v. 11, p. 17-19.

Article received 16.10.2016

JIMHAMMKA MMOBEJIEHUAS HU3KOYACTOTHBIX MI'JI-®JTYKTYAIIAA 1 OCHOBHBIX
IHAPAMETPOB IIJIABMbI B TOPCATPOHE V-3M B PEXKUME BY-HAI'PEBA

B.K. IHawnes, 3./1. Copoxosoii, A.A. llempywena, @.U. Oxcepenves, /I.H. bapon
CyInecTBeHHOE YMEHbIIEHHE WHTEHCHBHOCTH HH3KOYacTOTHOM MI'JI-akTHBHOCTH CONPOBOXKAACTCS PE3KUM

MOBBIIEHUEM JHEProco/iepkaHus miasmMbl B TopcaTpoHe Y-3M. Ilnazma co3pmaércst u HarpeBaerca BY-mossimu ¢

yacToToil ® = 0,80 ¥ HAXOMUTCS B PEIKUME PEIKMX YACTOT COyIapeHUi. B 0THOM U3 MOJIOMIATBHBIX CEUCHHIA Topa

ObUT yCTaHOBJEH Ha0Op M3 15 MarHWTHBIX AATYMKOB. PermcrpupoBanack mojouaanbHas KOMIIOHEHTa MAarHUTHOTO
nons. B HeKoTOpelii MOMEHT BpeMeHH HaOmomaeTca pe3koe yMmeHblneHne MIJ[-akTMBHOCTH IIIa3sMbl IIpH
OJIHOBPEMEHHOM POCTE SHEPIOCOACPKAHUS IIA3MBl.

JIAHAMIKA MTOBEJITHKA HU3bKOYACTOTHHUX MI'JI-®JYKTYAIIA I OCHOBHUX
ITAPAMETPIB I1IJIA3MHU B TOPCATPOHI Y-3M Y PEXXUMI BU-HAT'PIBY

B.K. Ilawnes, EJI. Copokosuii, A.A. Illempywens, @.1. Oxcepen’es, /I.1. bapon

CyTTeBe 3MEHIICHHS IHTEHCHBHOCTI HU3bK0YAcTOTHOI MI'J[-aKTHBHOCTI CYIIPOBOIKYETHCS PI3KUM ITiJBHIICHHIM
€HEepro3MicTy a3mMu B TopcatpoHi Y-3M. Ilna3ma crBoproeThest 1 HarpiBaeTsess BU-nonsmu 3 wactotoro o = 0,80y i

3HaXOJUTHCS B PEXXKUMI PIJKICHUX YacTOT 3iTKHEHb. B 0fHOMY 3 HoJIOianbHUX MEPETHHIB Topa OYB BCTaHOBJIECHHH
HaOip 3 15 mMarHiTHUX nat4nkiB. PeectpyBanacs mosnoiaibHa KOMIOHEHTa MarHiTHOTO ToJisl. B nesikuit MoMeHT Jacy
CIIoCTepiraeThest pizke 3MeHneHHs: MI'J[-akTHBHOCTI I1a3MH IIPH OIHOYACHOMY 3pOCTaHHI €HEPro3MicTy INTa3MH.
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