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Introduction

Tearing mode is a class of resistive MHD instabilities, vih&hould be avoided in fusion
devices, for causing confinement degradation and plasmapdiisns. It consists of a magnetic
island that can be linearly unstable or metastable [1] irpteeence of stabilization mechanisms
such as toroidal curvature [2] or diamagnetic rotation [B]the present work we investigate
these issues using the non linear full MHD code XTOR-2F [4]eve anisotropic heat transport,
diamagnetic and geometrical effects are described, anddansof analytical theory for the
linear dispersion relation which includes transport, dagmetic and curvature effects. In spite
of its simplicity, this model allows one to recover quaiiaty previously known results in
the limit of zero diamagnetic frequency. One of the fully Aaductive pulses on Tore Supra
(TS-32299t = 234s) is chosen as a test bed for our studies. Previous attemgeésl lman one-
fluid MHD simulations and using realistic transport coe#fitis [5] failed to explain successful

discharges without detectable magnetic islangl-at2 surface.

Diamagnetic and curvature effects on linear stability and metastability

In order to study numerically the impact of diamagnetic tiotaon then = 1, m= 2 mode
we perform a scan of the linear growth rate with diamagne&qudency. For this purpose the
number of toroidal modes in the simulations was limited tae€,onlyn =0 andn = 1 were
taken into account. Linear growth rate is defined as a hgtulithmic derivative of the magnetic
energy stored in a mode with time, averaged over linear phtisamportant to point out that
realistic Lundquist numbers (for Tore-Supra typicaély. 108 — 10°) are hardly achievable for
present numerical capabilities due to the fact that modeslole thin layer, of widthd ~ S2/5,
and their growth rates are smayi [ S-%/%). The central valu&(0) = 10’ is used, to be com-
pared to its experimental vali0)exp= 4.6 x 108. Using lower Lundquist numbers, imposes
to rescale simulation parameters in order to keep impoghsical behaviour unchanged. In
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Figure 1:Linear growth rate vs diamag- Figure 2: Linear growth rate vs diamag-
netic frequency for different curvatures. netic frequency for different values of S

present simulations we keep experimental ratio of the gneogfinement time to the resis-
tive time, Te /Tr = (Te/TR)exp Which corresponds to the choi€g | = (Sx | )exp We also use
X/ XL = 10, and the viscosity is chosen such that magnetic Prandtl euRtm= piov/n =5

. The experimental value of Alfvén time i = 2.1 x 10~’s, normalized electron diamagnetic
frequency at the resonant surfa&é@qzz — 0.45) Taw; = 4.1x 1073, The results obtained have
to be rescaled in the proper way so as to be compared with ffegiexent. As a starting point we
have chosen rescalir(gs/sexp)3/5 for growth rate and frequencies, implied by a linear disper-
sion relationy O w — w*, whereSpis the experimented-number andv* = —kgOp x B/qnB?

is the diamagnetic frequency.

Simulations of linear growth regime show that diamagneitation tends to destabilize the
mode at low values, and to stabilize at higher values. Inram@e&iscriminate the impacts of
the diamagnetic and curvature effects we reduced impaatrehture. To this end, the major
radius was increased by a factor of t&= 10Rexp). All aspect ratio dependent quantities were
rescaled accordingly. These simulations show that higherature makes mode stabilization
by diamagnetic effect more efficient Fig. 1.

In order to investigate the issue of metastability, seeahid$ with different sizes were intro-
duced into the plasma with values®f, corresponding to linearly stable domain. The results of
these simulations are summarized in Fig. 4. Depending osdbd island size and diamagnetic
frequency three different regimes are observed Fig. 4. ISsaaltls grow in size and saturate at
low amplitude (blue), middle size seeds grow exponentefig saturate at high amplitudes (in

longer simulations)(green) and large island are statiofrad).

Analytical model
The dispersion relation including both diamagnetic and/ature effects has been derived

using constantp approximation. Assuming that pressure equilibrium is aeieed by thermal
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Figure 3:Critical value of &\’ vs. diamagnetic frequency for different values of majoiuadR)

and Lundquist number (S) in case of diffusive transpog {idom equilibrium code CHEASE.)

conductivities, i.el- (x 0. p) +0- (x; T p) = 0 then the dispersion relation takes the form:

1/2 /2
al' = ZHFS?X (S)r(lss)l/z '73}/4 (A +iaf) VA +ia) - nsTS—; 1)
with £} = x . X3/x|(ensg)?, A = —iw, € =
a/R, resistivity n and magnetic sheas. 10-2_'2' ' T '.';\
In toroidal geometry, the cylindrical resis- 10:: ) : \W
tive interchange parametBg = —2xsp /s°B? EZ_J / 4 o ’
is typically replaced by its toroidal version E'ZDLEDEEE\F/'E\ " o'stimel,ri'sxms
Dr ~ (1 — ¢°)Ds. This dispersion relation v N
casts into Litjens-like one [6] in the limit ; | 10° i
w* = 0. Taking into account the fact thBg |, w 10" 7
is negative in toroidal geometry, there is a ] 10° }
positive thresholdA,, = —3/?Dg/2¢ for R iti;qe%u'f‘xlld‘ 0 10 20 3000’

tearing mode stability. As shown on Fig. 3, Figure 4:Different metastable regimes

toroidal curvature is the dominant stabiliza-
tion mechanism in this case and critial’ exhibits very weak dependency on diamagnetic

frequency. In the case with no diffusive transport the disjo@ relation is found to be
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The linear stability thresholdA,, can be obtained by cancelling imaginary ganEq. 2) = 0.
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Figure 5:Critical value of &\’ vs. diamagnetic frequency for different values of majoriwad

(R) and Lundquist number (S) in case of convective transport
In this casey = 0 and soA = —iw. One obtains

, /4 (r(3/4 12 .
Crzm(%ws&) G (o — )2 @)

with G =~ 2.68. In the limitw* = 0 expression (Eq. 3) becomes similar to GGJ result [2] with
w O (—Ds)?3n1/3 andapl, O (—Ds)®®/n1/3. Numerical solution of (Eq. 3) is shown on
Fig. 5. In this case critica/A’ depends both on curvature and diamagnetic frequency abid sta

lization is more efficient for higher Lundquist number.

Conclusions

The dependence of tearing mode stability on diamagnetitioot and toroidal curvature has
been studied. Our simulations show that diamagnetic oytan fully stabilize the (2,1) tearing
mode and curvature plays an important role for this staddilin. We found that strong diamag-
netic rotation leads to metastability of the mode and dejpgnon the size of the seed island,
different saturated states were observed. A reduced &allgiodel for two different transport
regimes was developed to support the simulation resultsoring to the model for diffusion
dominant regime, experimental point is in unstable domairahy values oto* while it is in
stable region for anyw* in case when convective transport is dominant. It seemsetkaer-
imental situation is in between these two asymptotic reginiéne fact that full stabilization
and metastability of the (2,1) mode is obtained at valuesarhdgnetic frequency higher than
experimental one suggests that the proposed mechanism ohdne rsufficient to explain the

results observations made on Tore Supra.
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