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PLASMA CONFINEMENT AND MHD STABILITY IN THE
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PRODUCED BY ECCD IN T-10 TOKAMAK
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Kislov A.Ya., Kirneva N.A., Martynov A.A., Pavlov Yu.D.,
Sannikov V.V., Savrukhin P.V. and Sokolov M.M.

RRC “Kurchatov Institute”, Moscow, Russian Federation

Electron Cyclotron Current Drive (ECCD) allows to modify current density profile j(r) on the
T-10 tokamak. Both Co and Counter direction of ECCD with respect to Ohmic plasma current
was studied. Creation of the reversed shear configuration in the central part of plasma was
possible. In this case safety factor q(r) should have minimum value out of plasma center.
MHD stability and plasma confinement under different galue has been investigated in this
experiment.

It is well known that usually in the case ofif|<1 the sawtooth relaxations exist in
plasma. The additional ECR heating or ECCD can modify the sawtooth shape. Saturated or
“humpback” sawteeth can be observed under on axis Counter ECCDyy#th ff,2]. In the
case of a “humpback” sawteeth central electron temperatyf® Tcreases before the
internal crash. Then after the crasiiO) rapidly restores, indicating very good confinement at
this moment, that deteriorates after a short timg))Tslowly decreases to the initial value,

Fig. 1. For investigation of this process all available methodg nfesurements were used.
ECE channels have spatial resolution 4 cm and time resolutiopslODhomson scattering
system has spatial resolution 1.5 cm and 8 pulses per shot with the time intervainsec.

SXR pulse amplitude height analysis method, (SXRpha) permits to register 16 time windows
with duration A t> 2ms (more then 10 shots were used for good statistic). In addition SXR
pinhole camera data (spatial resolution 1 cm, time resolutibh10us) have been used.

“Humpback” of sawtooth may be interpreted as a temporal improvement of plasma
confinement: intensity of Ddecreases, increases, Figs.1,2. In some regimes the similar
behavior of §xgr(t) and T(t) was observed, but in many casggldo not increase before the
crash contrary to behavior of ECE waveform. We analyzed SXR spegigdlin short time
windows during “humpback” sawtooth in other to understand the reason of this difference,
Fig. 3. There are no significant changes in SXR spectra during all the phenomenon. SXRpha
method give the samey(D,t) as other methods, but the SXR intensity, which was measured as
a count rate at zero photon energy (if we extend the temperature slope to this energy) has
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another time behavior, shown in Fig. 3. Agrbnaoc N’ Zeff/\/T_e and kxgec N2 Zegt Te , ONE CaN
suspect that modification of(n) or Zs(r) may take place during the humpback.

The “humpback” sawteeth was observed not only with<gL but also with gin<2.
Besides that, sometimes in operating regimes with,3<® oscillations of central electron
temperature without internal disruptions were observed (like “hills” in TCV terminology).
Fig. 4 demonstrates oscillations afcE (ATe>20%), D, and @, +I;) during this stage.

Internal disruptions due to m=3/2 or m=2 mode development were observed with
1<gmin<2 with Counter ECCD (Fig. 5). When,f passes the rational valuen(g 1.5 and 2)
central electron temperature increases abruptly. The m=2/n=1 or m=3/n=2 modes have been
observed by SXR pinhole cameras before the temperature increases. No MHD activity has
been detected by SXR pinhole cameras, ECE and Mirnov coils in shots with abrupt changes
with off axis Co ECCD. An example of q(r) profiles calculated by ASTRA and TORAY
codes [3,4] for Co and Counter ECCD is shown on Fig. 6.

The dynamics of dkr(r), measured by SXR pinhole camera for “humpbacks”, and
stationary Tincrease are presented in Fig. 7. In order to make effects more pronounced the
averaged value ofskgr(t1) before the event was subtracted froge(t) and normalized by
Isxr(t1) for each chord. One can see that the profile changes start at the radius in the vicinity
of rational surface.skr increases in this region. Simultaneously inside and outside of this
region kxr decrease occurs. The(D) increases later. Thexk profile dynamics may be
interpreted as local changes of transport coefficients near the rational surfaces. Local changes
of transport coefficients with different ECRH power deposition were also observed in the
experiments on RTP tokamak [5].

Summary

The similar effects in on axis Counter ECCD and off axis Co ECCD experiments were
observed in spite of quite different q(r) profiles and existing of negative shear in the first case
and weak shear in the second case. The same “humpback” and “hill” phenomena were
observed in T-10 with ECCD and in TCV experiments with ECR heating [2]. Abrupt changes
of Isxr(r) profiles dependent on q(r) profile modifications produced by ECCD have been
observed in the experiments. This effect is suggested to be described by local changes of
transport coefficients.

Acknowledgements

This work was partly supported by RFFI grant N 98-02-16277.

600



1998 ICPP & 25th EPS CCFPP ----- Plasma Confinement and MHD Stability in the Experiments with...

References

[1] Razumova K.A., Bagdasarov A.A., et al, Plasma Phys. Rep. V.22, (1996), p.13-19.
[2] A. Pochelon, et al, 24Conf. Contr. Fus. and Plasma Phys. Part II, (1997), p. 537.
[3] Pereverzev G.V., et al., Rep.IAE-5258/6, Kurchatov Institute, Moskow (1992).

[4] Cohen R.H., Phys. Fluids, 31 (1988) 421.

[5] N.I.L. Cardozo, et al, Plasma Phys. Control Fusion, 39, (1997), p. B303.

[ 11600 T__(0), eV R
361 'sxg(0): arb-un. 11400 MWWSEWMMWW
3.2F 11200 I ! . ! , I , ]

10F i
251 Y +/2, arb.un. . (0 au, .
L p I i 09 .

2.0 .

35} 800 - D~, a.u. 7
3.0 MM 750 W
2.5¢ ! . ! . ! . ! . ! . I 700 B . ! . ! . E
540 560 580 600 620 640 580 600 620 640
t, ms t, ms

Fig. 1a. "Humpback” sawteeth #61865, Ip= 200 kA, Fig. 1b. “Humpback” sawteeth. Shape of ECE
Bi=2.4T, n.=1.2.10m™ Counter CD, trace differs from the shape of the Igxg trace.
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Fig. 2a. Time evolution of T during “humpback” diagnostic (open symbols) before the crash
sawtooth measured by Thomson scattering and between the “humpback” sawteeth.

and ECE diagnostic at two radii.
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Fig. 3. Time evolution of Tgduring “humpback” Fig. 4. Giant hills (25% of T¢) with on axis
sawtooth from SXR spectra slope the values. Counter ECCD, Pgc = 0.84 MW
Ipha(Ezo)ocnz Zeti. Isxr(t) and Tecg(t) also are shown.
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Fig. 5. Teecd0) time evolution when Qmin passes Fig. 6. q(r) profiles calculated by ASTRA
1.5 and 2 with on axis Counter ECCD + TORAY codes.
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Fig. 7. Relative change of radial profiles of SXR intensity integrated chords: a) for “humpback”
sawtooth, b) for Teincrease with on axis Counter ECCD , c) for Tgincrease with off axis Co ECCD.
Arrows on the time traces of Isxr(0) corresponds to Alsxg profiles 1-4.
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