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Summary Tearing modes associated to hollow current profiles are prone to grow dienate per-
formance plasmas, and often constrain the realization of non-inductighadges in the Tore Supra
tokamak, where long pulse duration are performed using Lower Hybngsviar providing most of the
plasma current. The prediction of MHD boundaries in such scenariogsiplmated by the importance of
diamagnetic effects, combined with curvature stabilization, which determinésthiéty of these modes.
We show that diamagnetic effects, as well as neoclassical forcedaginegoa key role in the linear and
nonlinear regimes of Double-Tearing Modesm#a 5/3 andq = 2 in these experimental conditions.

Experimental observations The experiment of interest is characterized by a toroidaj-ma
netic fieldB = 3.4T, a plasma currenit, = 66(kA, a Lower Hybrid wave (LH) poweR H =
5MW that provides about 66% of the total plasma current. In tlistdrge, a Double-Tearing
Mode is diagnosed using Electron Cyclotron Emission (ECH)-at25.5s (fig. 1). Two dif-
ferent phases can be distinguished. The first one lasts 8bmtand is slow enough to allow
the identification of the mode frequency and structure (fljg.The second one is extremely
fast (about 81s), and leads to a temperature crash that flattens the eldetimgmerature from
the core to outside the inversion radius, although the teatpes at the very core decays on a
slightly slower time scale (fig. 1).

This observation has been analyzed with the two-fluid nealiHD code XTOR-2F [1], on
the basis of a CRONOS integrated simulation. Temperaturelansities are taken from exper-
imental measurements, and the LH current drive is deteshiseng Hard X-ray tomography
inversion, constrained in amplitude by the inductive fluxsamption. The superposition of
the mode structure determined by the fluctuations of elacgmperature with the safety factor
profile q given by the integrated simulation provides strong eviéghat the initial DTM devel-
ops on theg = 5/3 surface, the odd parity of the mode being given by the oppssin of the
perturbation on both sides of the magnetic axis (fig. 2). teeeshape of thg-profile inside
g = 5/3 cannot however be constrained by these experimental megasnts, and we find some
indications in our study that the equilibrium computed by QRIS is not the experimental one
in the very core region.

Numerical ssimulations The experimental situation has been modelled using the inen |
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Figure 1: Left: Electron temperature dynamics. Right:Figure 2: Precursor of the crash

Profiles of E(R) at the crash, and safety factor profile. (from ECE).

K *m K
0*=0 O=0 g

= =—>»))
6V T 1
S G ——)

1+ -
$=2x10" (4=0)

0 1 1 ] 0 2. Tis i =
0 0.5 1 15 0.2 0.4 0.2 0.4
m*/m*exp_ \/\u \/\u

Figure 3: Growth rate of n= 3 Figure 4. Perturbed perpendicular
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mode as a function ab* / w3y, electron flow, with and withoub*.

ear MHD code XTOR-2F [1], which solves the two fluid MHD equagdn a tore, including
anisotropic heat diffusivity, as well as neoclassical ptg/§2].

Linear regime The linear regime evidences two main effects: a destabidizdoy (electron)
diamagnetic rotation [3] (fig. 3), combined with a destaaition by ion neoclassical friction
(fig. 5). The first effect can be related with the perpendicalactron flow that better connect
the two resonances througdr, thus facilitating the reconnection process (fig. 4). Theosd
effect is due to the widening of the perturbed pressure bglassical friction (measured by
ay = (i/n)/(1i/N)exp), that reduces the stabilizing effect of curvature [4].

Competition between n = 1 and n = 3 modes The combined effect of diamagnetic rotations
and neoclassical friction strongly modifies the compatitietweem = 1 andn = 3 modes,
that are both unstable (fig. 7). In the single fluid MHD mode&n = 1 mode dominates, and
diamagnetic destabilization is required for recovering domination of then = 3 instability,

the saturation level being further increased by neoclaksio friction.
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Figure 5:Growth rate uof n= 3 mode as a Figure 6:Relative temperature perturbation
function of the ion neoclassical friction coef- at (5,3) DTM saturation as a function of the

ficient. Lundquist number at plasma center.

Quasilinear saturation of the n =3 DTM: resistivity effect Numerical computations being
performed at a resistivity larger than the experimenta| argeinvestigate the dependence of the
saturation level of the (5,3) DTM on the Lundquist numberlasma cente& = 1r/1a (fig.
6). We find that, although we are in the nonlinear regime, thedquist number impacts the
mode saturation (in contrast with standard Rutherford modslalready found for the single
tearing [5], where this was related to a reminiscent cureagffect [6]. This leads to a decay of
the saturation level well below the observation at incregSy, even when the ion neoclassical
friction is covered (note that the bootstrap current pédtion does not affect significantly the
saturation level due to the small perturbation). The ingasibn of alternativey-profiles shows
in fact that a stronger reversal in the negative shear regaonprovide a larger saturation,
consistent with the experimental one [7].

Conclusion In this work, a close comparison between experimental nmeagents and non-
linear MHD simulations evidences the manifestation of biefland neoclassical effects on a
Double Tearing Mode observed in Tore Supra. These extengibthe standard single fluid
MHD model modify both the linear and nonlinear regimes. k& tégime considered, the linear
growth rate is increased by diamagnetic rotation as wellyahé ion neoclassical friction. In
the nonlinear phase, ion neoclassical friction is the mé#fgceleading to a larger saturation.
However, in the competition between the= 3 andn = 1 modes, the faster growth given to
then = 3 DTM by diamagnetic rotation explains why this instabiigyobserved instead of the
n= 1 mode. Regarding the fast crash, not recovered in our simon&gtt could result from the
growth of Resistive Interchange Modes that are unstablesiméigative magnetic shear region,

from geometric deformation of the 5/3 island [8] (these twechmanisms require computing



41%* EPS Conference on Plasma Physics P5.063

. . . Two-fluid and
S Single fluid MHD Two-fluid MHD ion neoclassical MHD
10 T T T T T T T T
10 ol -
- _ e PR N
10_6 [ o :O ,// /, X MY
= (pro ,’ ,’ * * -
O / O 70 op-
- s / ap—() 4
10—10 | /z / — 4
L 7 " -=n=1| L
10" £ 1 1 1 S —n=3
0 50 100 150x10° 20 40 60x10°
t/t, t/ty
0.5F 5T - 5T 5T
— el “%
S o} - » A - » .
Yes v a» v
-0.5F B
2 2.5 3 2 2.5 325 3 3.5 4
R (m) R (m) R (m)

Figure 7:Nonlinear evolution of magnetic energies foenl and n= 3 modes (top) and 2D

contour ofdT at the end of the simulations (bottom).

high toroidal mode numbers), or from missing physics likecion inertia.
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