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Stabilization, with ECRH, of an m/n = 2/1 tearing mode preceding
a radiative density limit disruption
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The presence of lom MHD modes in a plasma discharge, can lead to a degradation of
the confinement of energy and particles. In particular it is generally accepted tin#h the/1
mode plays a major role in the onset of density limit disruptions [1], where the energy
confinement is totally lost. Motivated to seek a solution for these problems, the stabilization of
the non-saturatedh/n = 2/1 tearing mode during the radiative contraction of the current
channel that precedes major density limit disruptions, was studied at RTP (a = .164m, R
0.72 m), with both modulated and continuous (cw) Electron Cyclotron Resonance Heating
(ECRH). Tearing modes have already been stabilized elsewhere both with cw [2] and
modulated [3] ECRH, however, in those cases radiation losses were not significant. Delay of
density limit disruptions with ECRH was achieved in T-10 [4], but problems in reproducing the
operation conditions made the analysis difficult.

In the experiments here described, good reproducibility of the disruption events was
achieved by puffingNeongas in aHelium Ohmic plasma. The evolution of the MHD
instabilities in these plasmas is equivalent to the ones observed iHpdregen Ohmic
plasmas. However, due to the high effective ion chargg) @ Ne, the Ohmic density limit is
kept lIow (<max> = 3.4 x 169 m3 or 3.9 x 189 nr3, with Ip = 80 or 100 kA respectively,
and 1.98 T Bp<2.39T, 4<ga< 6) and below the cut-off density of the 20 channel
ECE radiometer and of the gyrotron. The gyrotron used in these experiments can deliver up to
320 kW of microwave power g either modulated or cw, at the frequency of 110 GHz, in
2nd harmonic X mode. A signal proportional to the m=2 component of the poloidal magnetic
field (Bg), derived from 12 Mirnov coils, was used to trigger the gyrotron. When in cw
operation, only the amplitude information was used to trigger at a predefined threshold, while
for modulated ECRH both the amplitude and the phase of the signal where used to control the
microwave beam.

Sawteeth always preceded density limit disruptions in the discharges studied hgre. As n
approaches <gha>, radiation in the edge of the plasma enhances the energy loss, inducing a
contraction of the current profile. This destabilizes the m/n = 2/1 mode whose amplitude
increases continuously durirgl.5 ms, after which a major density limit disruption occurs. In
these conditions the growth rate of the mode has to be reduced in less than 1.5 ms in order to
prevent the disruption. In this paper, two types of experiments done in RTP to control the
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growth rate of the tearing mode, will be described. In the first type, cw ECRH could stabilize
the mode. In the second type, modulated ECRH in phase with the O-point could not stabilize

the mode.

Due to limitations on the toroidal magnetic field, B was difficult to increaspgep (the
110 GHz cold resonance) beyonrdy; for I, = 100 kA, so some experiments with cw ECRH
were carried out at 80 KA. The position of the g = 2 rational surfgeg<r0.55a for 80 kA
and g=2 = 0.61a for 100 kA) was inferred from the measured EG),Tand it was in
agreement with q(r) calculated from high resolution Thomson scattesging$suming Spitzer
resistivity. It was observed that whenevex Pgep< 0.73 a and fcrH > 0.2 Rohm the
m = 2 growth rate could be decreased. In particulapfep= rq=2 and EcrH > 0.3 Rohm

the amplitude of the m = 2 mode could be decreased to noise levélnrs.
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Figure 1 - Evolution oSBem:2 amplitude a), for @depscan aroundg=2 with PECRH = 320 kW, and b), a
PECRHscan forpdep= 0.62a. The dotted line refers to a discharge without ECRH that disrypte80IkA and
Pohm = 280 kW at the onset of the ECRH.

The furtherpgepis moved outsideqk (towards the edge of the plasma) the longer it
takes to stabilize the mode, due to a slower amplitude decrease of the mode and not to the fact
that the maximum of dgis higher. Fig. 1a) shows that fpgep= 0.73a, the mode amplitude
could not be reduced to noise level. On the other hanggfgy< rg=2 the time to reach full
stabilization does not increase. So it is clear that it is not necessamydiraty=2 to stabilize or
even to reach the fastest decrease rate. The fact that stabilization is less effective fayelarger
where T(r) is lower is probably due to the lowegdkH absorption that occurs in the colder

plasma edge.

In Fig. 1b) it is seen that the decrease rate of the mode is practically insensitive to
Pecrr Only for R=cru= 0.3 Rhnmthe initial decrease rate is smaller becoming negative 4 ms
after the onset of the ECRH, allowing the mode to saturate and slowly increase in amplitude. It
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should be stressed that when the mode reaches saturation, particle confinement is affected and
the density stays at the Ohmic limit and does not increase until the disruption, although gas is
still being puffed into the chamber. This is in contrast to the cases where the mode is
suppressed, wherg gontinues to increase until, depending on the total input power, a new
density limit is reached.

The effect of ECRH on theglprofile whenpgep= rq=2 is to decrease the first and
second derivatives of the, profile around ¢=», as can be seen on Fig. 2, where high resolution
Thomson scattering profiles of the electron densigr) nTe(r) and electron pressurg(p are
shown, before and during the ECRH. Fig. 2 also shows that after the m=2 mode is suppressed
Ne (and also p) increases in the edge and even more in the core of the plasma, but not in the
region in between.
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Figure 2 - High resolution Thomson scattering profiles©fTia and g, from three different discharges and at

three different times relatively to the m = 2 mode (black line 6 ms before the mode, red line during the mode

suppression, green line 7 ms after the mode was suppressed). The time sequence is indicated in the top right
corner. The half-width of the absorbed EC power profile G06a. p = 80 kA, ¢ = 5.5, ECRH = 320 kW,

POhm = 280 kW,

Using the knowledge about the stabilization efficiency for diffepgat acquired in the
cw experiments [5] modulated ECRH was applied on the m = 2 mode during approximately
half a toroidal rotation period of the mode. By adding a delay to the trigger signal the power
deposition could be made to coincide with different parts of the mode, in particular around the O
or X points.

The geometry of the experimental setup was such thatggPpulses are in phase
with the m = 2 E perturbations measured by the ECE radiometer. This is illustrated in Fig. 3
that shows a discharge wheredgy was deposited around the O point. The maximum of the
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PecrH pulse (that correspond to 200 kW) coincides with the minimum of dlpefurbations,
which are due to the colder O point.

As it can be seen in Fig. 3 the mode could not be stabilized. Depositing the power at the
X point produced the same result, i.e. neither X or O point heating could stabilize the mode.
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Figure 3 - Modulated ECRH around the O point of the mode. The electron temperature was measured at
r=0.58a. h = 100 kA, g = 4,pdep= 0.67a, RCRHM@*= 200 kW and Bhm = 360 kW.

In conclusion it was observed in RTP that fo£ fgep< 0.73a and 0.2 dhm <
PEcrH < 1.45 Bnm, the m/n = 2/1 tearing mode that precedes a radiative density limit
disruption, could be stabilized with continuous ECRH.

Depositing modulated ECRH, pgep= rg=2, in phase with the O point no stabilization
was observed. This result is in apparent contradiction with numerical simulations [6] that
predicted that modulated ECRH should be more efficient than cw, however in these simulations
energy losses by impurity radiation were not taken into account which may explain the
discrepancy in results. The experiments in RTP indicate that radiation losses play a dominant
role in the mode destabilization and that they cannot be neglected in numerical simulations.
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