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Evaluation of ITER magnetic shear control possibilitiesusing MICCD
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Active sawtooth period control using minority ion cyclotramrent drive, MICCD, has been
proposed for ITER in order to avoid having neoclassicaltganodes triggered by long-period,
large-amplitude, sawteeth. In this paper we evaluate the et@agshear modification that is
possible with the proposed ITER MICCD scheme, which ust$eaminority, and compare that
to an alternative scheme which uses a H minority. MICCD drivesmain current components;
current carried by Doppler-resonant ions in passing orbis have been heated to energies
with lower bulk plasma collisionalities [1] and current cadiby ions in broad trapped orbits
[2]. The choice of minority is important primarily due to tdéference in back current, i.e. the
current carried by electrons dragged along by the minoohgiand by the bulk plasma that
flows opposite to the minority ions due to momentum consesmail he relationship between

the total driven current and the minority current is giver{8ly
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fi is the trapped particle fraction [4},= 1 andA = O for current carried by ions in respectively
passing and trapped orbits aAdZ.:+=1.66) ~ 1.4 takes into account friction with trapped

electrons. The drag current corrections for the scenaesegmted below are illustrated in Fig. 1.

MICCD modelling has been performed with i}
the SELFO code [5, 6] for an ITER-like DT o -7
plasma [6] with the following parameterRy =
6.2m,a=2.0m,Bp=5.3T, lp=12MA, P\ = N
264MW, T, = Te = 20[1— 0.15(r /a)q*2keV, 1

Nep=1.25x 107%[1-0.999r /a)?]°?>m~3, nyo= ;
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Figure 1: Drag current correction. The ver-
Mg =5x108 M3, Migpro=1.25x 10" m—3and

Zot£~1.66.J,0[1-0.98(r /a)2]%> Am~2, which
places thej=1 surface close to/a=1/3, and the DT fusion yield comes to 320 MW. With the

tical dashed line indicates tloe= 1 surface.
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circular cross section used in SELFO the central curremtgp@anda-particle source densities
are similar to those in ITER with, ~15MA, Pyg| ~ 33 MW andPrys~ 400 MW. Also note
that a simulate®rr of 16 MW corresponds tBrr ~ 20 MW in ITER.

Table 1 shows the steady-state power par-

tition on resonant species for the90° an- ¢ SHe-16MW  3He-32MW  SHe-48MW  H-16MW

tenna phasings with 2%He (48.6 MHz) or 2 ** "% %7 "% % W7 % %
. .. e 13 12 12 11 11 11 4 3

H (73MHz) minorities and the cyclotron e 70 64 65 55 55 57—  —
H - — 58 54

resonances tangent to tlge=1 surface on “ 22 2 38 8w 80 1
D 2 2 1 0 1 1 25 31

the low field side. Notable is that the T *re 1 1 0 0 0 0 13 1

damping increases with power due to the

_ _ _ Table 1: Power partition duringHe and H
formation of a high-energy tail and that the

- . S MICCD. The values for D andHe include the
parasitic absorption oa-particles is low.

Figs. 2 and 3 show the driven current der;])_ower absorbed by beam fons ancparticles.
sities and the shear modification that can be expected in WB& using the full installed
power (20 MW) for’He MICCD. Note that the current driven by ions in broad trappésitsis

comparable to that by ions in passing orbits and that the etagshear modification is small.
If the power is increased further, Figs. 4 and 5, more resotté@ions are driven into trapped

orbits, curtailing the current driven by ions in passingitsb
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Figure 2: Current densities driven with Figure 3: Modification to the magnetic shear.

16 MW of 3He MICCD. Inserted graph shows the relative changes.
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Figure 4: Current densities driven with Figure 5: Current densities driven with

32 MW of 3He MICCD.
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Figure 6: Current

16 MW of H MICCD.

48 MW of 3He MICCD.
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densities driven with Figure 7: Modification to the magnetic shear

from 16 MW of H MICCD.
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Figure 8: MICCD current densities. Figure 9: Magnetic shear modification.

Figs. 6 and 7 show the driven currents and the shear modificatithe alternative H MICCD
scheme. With the smaller back current and larger fast ionatipn due to the lower collision-
ality of the faster H ions the current drive is significantlora efficient than with théHe
scheme. This is further illustrated by the comparison irsF&and 9. Whereate MICCD is
unlikely to work well in ITER even at unrealistically high lels of RF power, H MICCD could
offer a viable scheme for magnetic shear modification ajredithe nominally installed power.
A more thorough analysis of MICCD in ITER can be found in Rél. |

References

[1] N.J. Fisch. Current generation by minority-speciesingatNuclear Fusion21(1):15, 1981.

[2] T. Hellsten, J. Carlsson, and L.-G. Eriksson. Minority ioyclotron current drive in tokamaksPhysical
Review Letters74(18):3612, 1995.

[3] V.P. Bhatnagar, D.F.H. Start, F. Chaland J. Jacquinot, AerG@hini, and F. Porcelli. Local magnetic shear
control in a tokamak via fast wave minority ion current driideory and experiments at JE'Nuclear
Fusion 34(12):1579, 1994.

[4] P. Helander and D.J. SigmakCollisional Transport in Magnetized Plasma£ambridge University Press,
2002.

[5] J. Hedin, T. Hellsten, L.-G. Eriksson, and T. Johnson. Tlieémce of fi nite orbit width on the ICRH heating
in toroidal plasmasNuclear Fusion42(5):527, 2002.

[6] M. Laxaback and T. Hellsten. Modelling of minority ion dgtron current drive during the activated phase of
ITER. Nuclear Fusion45(12):1510, 2005.



