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Introduction  Fast ion behaviour in tokamak geometry deserves carefehtainh because
1) ions accelerated by external methods (RF, NBI) can caus#isant damage on the material
surfaces in todays machines, 2) in ITER, the fusion alphas kabe confined during slow-
ing down, and 3) the edge fast ion population probably plaggaificant role on the H-mode
edge stability. Motivated by the ASDEX Upgrade quiescemhbide (QH-mode) [1], originally
discovered in DIII-D [2], we investigate the behaviour of trallbeam ions in the edge in the
presence of collisions, magnetic ripple and radial eleéigld E,. So far, the QH-mode has been
obtained only with counter-injection of the neutral beaars] earlierascoTsimulations have
shown that with counter-injection, a significant fast iorpplation exists in the edge pedestal
region [3]. In addition to beam ion behaviour also the flux @fhhenergy triton from beam—
plasma D-D interactions onto the material surfaces is atatl

Wall and divertor load ASDEX Upgrade H-mode and QH-mode were compared by simu-
lating 52850 test particles corresponding to two coumggeiied neutral beam lines with nom-
inal injection energyE = 60keV, particle fluencd ng = 7.3 x 10?%s~1 and heating power
4.8 MW. The initial locations of the particles were calculatesthg theFAFNER code. The back-
ground data for the QH-mode simulations were extracted fftenPASDEX Upgrade database
for counter-injection discharge #17693 at 5.6 s. The corresponding virtual H-mode discharge
was created by reversing the signs of the plasma currenbaoid&l magnetic field in the mag-
netic background data, and the sign of the pitch in the tesicfadata. All 8 combinations of
co-/counter-injection, ripple/no ripple amigl/no E; were simulated.

Table 1 shows the breakdown of the particle fluence betweenvdil and the divertor. In
the counter-injection simulations (QH-mode) the pard@rn on ill-confined orbits are lost
promptly to the walls even without ripple, but in the co-tjen simulations ripple is needed
to create any notable wall load. Due to the prompt lossesthls@nergy distributions of the
wall losses are different: in counter-injection there &reé peaks close full, half and one-third
energy components of the nominal injection energy, whereas-injection the distribution is

more continuous as are the divertor loads in all simulation.
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Table 1: The breakdown of the particle fluence between the wall and tegativPercentages of the NBI
source ratd g = 7.3 x 10?%s~ are shown in parentheses.

fluence’10'°s7* (co-inj.) fluencg10'°s! (counter-inj.)

Simulation wall divertor wall divertor

No ripple, noE;  0.03 (004%) 34 (46%) 69(95%) 95 (13%)
Only E; 0.1 (0.2%) 37(51%) 87(12%) 92 (13%)
Only ripple 28 (3.9%) 30(4.0%) 12(17%) 70 (9.6%)

Bothripple &E, 1.8 (24%)  41(56%) 11 (15%) & (11%)

Figure 1 shows the toroidal distribution of the wall loadwitpple. Interestingly, in the co-
injection case there is a clear peak halfway between the wgikreas in the counter-injection
case the peak is only slightly left of each coil. The divettad is uniform, and even the struc-
ture in the wall load disappears whEnp# 0.

Figures 3 and 4 show the particle flux onto the material susfémaco- and counter-injection,
respectively. The wall and divertor coordinates used irfitnees are illustrated in figure 2. In
the co-injection case both ripple aBghave little effect on the divertor load, and the wall load
is increased locally &, ~ 0.3m whenk; is introduced. In the counter-injection case the ripple
decreases the divertor load and increases the wall loadw@hearticle fluxes are artificially
low because of the axisymmetric 2D wall usedagcoT. In reality the fast particles hit only
the limiter surfaces and predominantly the part which ise#b to the plasma.

Fast ion edge distribution From the same simulations as the wall and divertor loads we
also get the fast ion edge distribution. Figure 5 shows tlagakalensity of fast ions in all

8 simulations. In the counter-injection cases (QH-mode)dhnsity of fast ions in the edge
pedestal regiong ~ 0.95) is always higher than in the corresponding co-injectiomulations
(H-mode). For this reason also the edge density gradieneepst in the counter-injection
case. The ripple always reduces the density, but for categeparticles the density does not
decrease at the very edge of the plasma-(0.95) whereas in the counter-injection cases the
density is decreased equally throughout the shown regibarefore the ripple decreases the
density gradient in co-injection, but in counter-injectithe gradient stays the same. The radial
electric field reduces the effect of ripple in both simulateases.

Tritium surface distribution  The long-term tritium retention will be a critical issue utd@ire
fusion reactors. In D-D discharge machines the tritiunridistion on the plasma-facing com-
ponents has been found to be similar to the distribution giifeinergy triton implantation [4].

The incoming triton flux onto the material surfaces was sated with and without ripple, and
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Figure 1. (Above) The toroidal distribution of the particl_o
flux onto the wall as percentages of the total number of
particles for a) co-injected neutral beams (H-mode) and
counter-injected neutral beams (QH-mode) without@&ey
bars illustrate the results without ripple and red/grey thic _4
lined bars the results with ripple.
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Figure 2: (Right) lllustration of the divertor and wall coor
dinates g (red/grey) and g (black), respectively.
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Figure 3: Co-NBI (H-mode): a) The particle flux Figure 4: Counter-NBI (QH-mode): The particle
onto the divertor with (red/grey thick ———) and flux a) onto the divertor and b) onto the wall with
without ripple (——) in the simulations withoutE (red/grey thick — ——) and without ripple (——) in
b) The particle flux onto the wall structures with the simulations without ENote that in a) only the
(red/grey thick — — —) and without, & )inthe range g > 0.6 is shown, because elsewhere the
simulations with finite toroidal ripple. Note that flux is zero.

in b) only the range s < 2.0 is shown, because

elsewhere the flux is zero.
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Figure 5: The radial density of fast ions with
(= —-) and without ripple (——) in a) counter-
injection, no E, b) co-injection, no E c) counter-
injection, E # 0, and d) co-injection, E#~ O.
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Figure 6: The triton flux a) onto the divertor and
b) onto the wall structures in the axisymmetrical
case (—) and in the case with finite toroidal
ripple (red/grey thick — —-).

in the axisymmetric case, 11 % of all simulated tritons hét divertor and 16 % the wall. Intro-
ducing the ripple did not change the divertor load, but thd l@ald was increased up to 24%
of the total number of particles. Figure 6 shows the tritox fimto the divertor and onto the
wall. The divertor flux, indeed, is the same with and withapple, but on the wall the flux onto
the guard limiter ¢y ~ 1.5m) is significantly higher with ripple. The simulation résuare in
gualitative agreement with preliminary measurements.

Conclusions In counter-injection the wall load is substantial even withtoroidal ripple. The
wall load is increased by the ripple, but the divertor loadither decreased (QH-mode) or is
unchanged (H-mode). The effect Bf alone is small, but together with ripple it decreases the
effects of ripple. The fast ion density and the density gratlin the pedestal region are higher in
counter-injection than in co-injection, and the rippletifigr reduces the gradient in co-injection.
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