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Model description

In order to obtain an explicitly derived dynamic form for the perturbed NTM flux function,
the associated perturbed equations have to be solved in the whole space [1, 2, 3]. The final form
of the perturbed ideal plasma momentum equations is derived for a 3D approach involving

natural coordinates (r, 8, ¢) and plasma shaping parameters, within the low inverse aspect ratio

approximation
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The parametrization of the perturbed magnetic field as b = 0 x {[(1/B)0® x i+ &fi] x B}
has been used by means of ® and the parallel displacement to the equilibrium magnetic field §,
where i = B/B. j, k are the poloidal and toroidal number associated with the perturbed quanti-
ties Fourier expansion, Q; is the plasma toroidal angular rotation frequency and the D quantities
stand for various mixed spatio-temporal differential operators applied to the perturbation. For
a plasma surrounded by a set of in-vessel rectangular saddle coils consisting of an upper and a

lower set of coils on both sides of the median plane the obtained circuit equations are
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b =[x and a B-type coils [4] has been chosen to be considered for the sake of calculus simplic-
ity, each coil carrying a static Ill,)qc and rotational Iﬁqc signal, the latter at the rotational frequency
Qup. Each coil is centered at a (8,, ¢,) coordinate. The toroidal phase difference between the
upper and lower rows of coils is A¢. X ¢ and x;" are the perturbed flux function on both coil

sides and on the outer side of the magnetic island, respectively. A similar approach is used for
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a thin, inhomogenously resistive wall, supposed to approximately lie on a magnetic surface
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X is the perturbed flux function on both sides of the wall. J,, r,, and g, are the wall thickness,
radial position and conductivity whereas the I quantities are exactly derived expressions of wall
radial position. The perturbed vacuum equations satisfy the equation below in natural coordi-

nates and the solution is searched within the lower inverse aspect ratio development € = a/Ry
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Continuity equations of the perturbed magnetic field across the wall and coils have been derived
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The A quantities are exactly derived terms of island, coils and wall radial positions. It can be
observed that, as in the wall case, the plasma shaping parameters couple the main perturbation
with the neighboring ones. Finally the system of the perturbed equations is completed by the
boundary perturbed equation across the magnetic island that basically couples the Rutherford
equation with the ones mentioned above. The perturbed jump equation across the magnetic

island (bootstrap approach) becomes
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gs— and s;_ are the safety factor and shear at the level of the inner magnetic island boundary.

The heuristic bootstrap term quantity of, = —agsBpoi(Lq/Lp)\/Ts/Ro(w/w? +w3) is used with
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ast = 8mtgRy/ (nr2sy_B,w). The magnetic island width is chosen as an obvious initial guess
w = 2rg(m—ngs_)/(mgs_ss—). All the above equations have finally the general solution
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and a similar solution for the radial derivative, \P?m/ (t). As, By and Cp" are exactly derived para-
metrically quantities, T, are the solutions of the Laplace transformed complete system of the
perturbed differential equations and L > 1 is the number of the considered modes of perturba-
tion. We assume that this is the perturbed magnetic flux function associated to the NTM. This

assumption is to be checked against the experimental results during various discharges at JET.
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Model testing against JET results

Experimental data at JET is collected in order to be used for the derivation of our modeled
calculated results that are finally compared against the interactive plots provided by the JET
Mode Analysis MHD python code developed by E. Giovannozzi [5], concerning the modes
amplitude, frequency and radial location. We have chosen a number of JET experiments whose
dynamic dependencies provided by the JET Mode Analysis code are continuous and robust
enough, in order to test our model validity. A too scattered or fragmented experimental plot is
more difficult to be followed in order to check whether our calculated dependencies match or
not the experimental ones. For a better accuracy the ry quantity has been taken by using the ma-
jor radius of the NTM magnetic surface, provided by the same analysis code. It has been used
the EFIT equilibrium reconstruction constrained by polarimetry measurements (called EFTF
at JET) for the plasma safety factor, shear, pressure, pressure radial derivative, toroidal current
density, plasma minor and major radius, poloidal beta and the plasma boundary ellipticity and

triangularity. The toroidal plasma rotation and the ions temperature are collected from using
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Figure 1: JET 90280, 90283 and 96947 shots measured vs calculated perturbations amplitude ((a),(d),(g))
and frequency ((b),(e),(h)) and the inner term of the calculated stability index ((c),(f),(1))

the charge exchange recombination spectroscopy diagnostics. The High Resolution Thomson
Scattering system on JET provides the density and temperature of the electrons via Thomson

scattered laser light. Finally the effective ionic charge quantity is collected from spectroscopy
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diagnostics using Bremmstrahlung signal along the vertical channel in plasma. The pulses are
from the hybrid scenario development experiments, described in Ref. [6] and [7]. For the JET
pulse no. 90280 figures 1(a) and 1(b) shows a good match between the 3/2,4/3 and 5/3 NTM
modes experimental and calculated amplitudes and frequencies, respectively. The modes am-
plitude is measured at the JET Fast Magnetic Aquisition System diagnostic coils level in terms
of the perturbed poloidal magnetic field. The experimental amplitude is compared to the cal-

culated amplitude bg s = 2(r/r)™ by = 2m(rf:‘+2/ﬂ;‘+1)|w?m

, bys being the perturbed ra-
dial magnetic field at ry. The mode frequency is calculated as Im[(dW" /dt)/Wi"] to be com-
pared to the mode Figure 1(c) shows the inner term of our calculated normalized stability index
A —rsRe(LIJg’m, /W), A closed behavior around the expected —m value has been obtained
for every mode. An initial value at the inner magnetic island boundary for g, = 1.425, 1.243
and 1.614 has been chosen for the 3/2, 4/3 and 5/3 modes, respectively. g;— quantity basically
provides the initial width of the island. A similar analysis is performed for the JET pulse no.
90283 and for JET 96947 for the 4/3 mode only. A good match is again retrieved between
the calculated and measured quantities in figures 1(d), 1(e), 1(g) and 1(h). rA_ also approxi-
mately matches the —m values for all the considered perturbations (see figures 1(f), 1(1)). gs— is
chosen as 1.454, 1.223 and 1.614 for the 3/2, 4/3 and 5/3 modes, respectively for the 90283
shot and 1.297 for 4/3 mode in the 96947 shot case. To conclude, the good match between the
perturbation calculated and measured data, also retrieved for these shots, seems to validate the

theoretical interpretativemodel we have proposed as long as reliable diagnostic data is provided.
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