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The ITER Upper Launcher (UL) is designed to provide Eleci@yclotron (EC) focussed
beams delivering power to the plasma with the primary goatathing they = 2 andq = 3/2
surfaces with the aim of stabilizing Neoclassical Tearingdds (NTMs), and in addition the
range around thg = 1 surface to control the sawtooth instability [1]. The UL qanses four
ports, each housing eight beam lines, arrayed in an uppelosret row of four waveguides
each. Each row is provided with independent steering mesimen referred to in the following
as the Upper Steering Mirror (USM) and Lower Steering Mi(td8M). A maximum power of
24 MW at a frequency of 170 GHz is foreseen for the first phasgefation, of which 20 MW
(taking transmission losses into account) can be launaftedhe plasma. As a consequence,
the maximum power that can be injected from the 16 beam lihesch row is 13.3 MW. In
this paper, the performance of the launcher in relationst@aipability of reaching the goal of
NTM stabilization is studied. The derivation of the statalion criteria used up to now as a
guideline for the design of the launcher is reviewed. Thegrawquired for NTM suppression
is evaluated for the whole evolution of a simulated ITER Hége.

Revision of the NTM stabilization criteria

Two stabilization criteria have been employed up to now tolgthe design of the UL. The
first criterion poses a requirement on the current denséyghould be driven by the launcher,
namely that its peak value should exceed by a factor 1.2 tiperturbed bootstrap current
density at the flux surface where the mode develops [2]:

NNTM = ch—b'z >12. 1)

The second criterion is a condition on the total driven aurrand can be expressed by the
requirement that the driven current density multiplied oy tull width of the deposition profile

(proportional to the total driven current) and divided bg thootstrap current density should be
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larger than 5 cm [3]:

NNTMWep 2 5 cm, (2)

while the EC deposition widthicp should stay below 5 cm. Both criteria can be derived from
the modified Rutherford equation (MRE) [4] under differeimiting assumptons, as shown
below. The condition for a stable island sizev/dit = 0 (w is the full island width) can be
written in the form _

Wsat  -WcpWsat Jcb 3)

0= 14 g o
+ W W2 JbanD,

wherews, is the saturated island width in the absence of ECCD, and Ehst@bilization effi-
ciencyncp [5] weights the component of the driven current with the eottelicity. Eq.(3) is
kept in its simplest form, neglecting among others any g effects at small island width.

Requiring that no roots of Eq.(3) exist leads to the follogvamiterion for NTM stabilization:

Wep jep 1
-— > —. 4
Wsat |bs fleo 20 ( )

It is useful to distinguish between the case in which the EQ@dile is broader or narrower
than the typical island widtlv,,g at which stabilization occurs. In the former limit, to exgse
the stabilization condition it is more practical to explivie fact that in ITER it can be assumed
thatWmarg is much smaller thaws,, so that the first term on the right-hand side of Eq.(3) can
be dropped near marginal stability. Employing the limit [#]p ~ 0.15w/wcp for modulated
injection leads to the criteriompyT v > ‘g‘, corresponding to Eq.(1), which includes a reduction of
the neoclassical drive due to geodesic-curvature effecthe limit of large deposition profiles,
modulation is essential for NTM suppression. In the opedsitit Wep < Wiarg, ONe finds)cp ~

1/3 for both continuous injection and modulation. Eq.(4) tbenomesvcp jcp/ jbsWsar > 3/20.

For a saturated island width of the order of 30 cm, as prediifietheq = 2 surface in ITER
[3], this condition yieldsnnTmwWep 2 4.5 cm, in good agreement with Eq. (2). A numerical
evaluation of the right-hand side of the MRE covering bothits, i. e. using fits [3] for the
function ncp and including a transport threshold [6] on the neoclassidak shows that the
transition between Eq.(1) and Eq.(2) takes placemgs between 4 and 5 cm. In fact, the two
criteria lead to the same stabilization power¥gp = 5/1.2 ~ 4.2 cm. For smaller deposition
widths, Eq.(2) should be employed and Eq.(1) in the oppasise. Since each criterion leads
to the higher power requirements in its respective validityge, the stabilization power can be
evaluated as the maximum of the requirements of both aitéris finally noted that a smaller
saturated island width (around 25 cm) is predicted forqhe3/2 surface in ITER [3], so that
the stabilization criteria valid on theg= 2 surface hold fortiori also there.



40" EPS Conference on Plasma Physics P4.179

Performance analysis

The compliance of the UL with the task of NTM stabilizationifER has been investigated
using the beam tracing codes GRAY [7] and TORBEAM [8]. Fortesieering mirror, a single
beam is computed (implying perfect superposition of the fimam of each row in the plasma),
injected from(R,Z) = (6.999 4.414) m for the USM (with waistvg = 2.9 cm at a distance of
2.134 min front of the mirror) an@7.054,4.178) m for the LSM (vp = 2.1 cm at 1.620 m from
the mirror). The whole history, including ramp-up and radgwn phases, of a simulated ITER
discharge for the “standard” 15 MA = 10 scenario [9] has been studied. The current flattop
(coinciding with the H-mode phase) develops betwieer80 and 530 s. The plasma parameters
near the end of the thermonuclear bura-620 s) are quite close to those considered in previous

analyses [10].
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Fig. 1. Power required for stabilization at the end of burn=£t520s) on the o= 2 surface, calculated according
to Eq.(1) and Eq.(2) (curves labelled:Pand Rian, respectively) as a function of the toroidal launch angléor

the USM (left) and the LSM (right). Also shown is the full Widt1/e level of the CD profile (GRAY results).

Fig. 1 shows the power for NTM suppression, as computed fron{1g, labelledPets and
Eq.(2), labelledPtaw, for different toroidal injection angles. The results retetheq = 2 surface
at the end of the burn phase. The curves corresponding toviheriteria cross as expected
wherewcp ~ 4.2 cm. This intersection point correspond to the minimum posgguirement.
For the USM, this condition is achieved for an injection anglightly above 28 which is
the current design value. For the LSM, on the other hand, idjeeh focusing of the present
beams implies that minimum stabilization power is reachiesbeewhat larger angles (around
23°), as already suggested [11]. According to the previousugson, pushing the deposition
width belowwn,gdoes not increase the stabilization efficiency, so that ddytianal focussing
should be exploited to drive more current, keepivg around the optimum value.

The stabilization power computed for an entire simulatdeRTischarge is reported in Fig. 2.
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Two large peaks (the first at arouhe: 80 s, the second at= 530 s) can be observed. The first
one is due to the fact that in this simulated discharge thetrele temperature drops before the
L-H transition (while the density is increasing), with a aéige impact on the CD efficiency.
The second peak follows from the faster drop of the tempegatith respect to density after

the H-L transition, with a similar effect. The role of thesartsient phases is still to be assessed.
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Fig. 2. Time traces of the power required for stabilization for the-@ surfaces for injection from the USM at
B = 20° (left) and from the LSM g8 = 22° (right).

In the flattop phase, NTM suppression is achieved for powerldearound 7-8 MW, thus
well within the capabilities of the system. For the toroidgéction angles considered in the
figure,wcp is close to its optimal value and both stabilization craepield similar predictions.

Note: This work has been performed within Fusion for Energy GrEgit. The views ex-
pressed in this publication are the sole responsibilithefauthor and do not necessarily reflect

the views of Fusion for Energy.
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