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Good confinement of fast, supra-thermal ions is essentrathi® success of future fusion
devices because this determines the plasma performamcggththeir heating and current drive
efficiencies. While the fast-ion transport in MHD-quiestelasmas is thought to be dominated
by the relatively small, neo-classical diffusion inducedcbllisions, a strong fast-ion transport
is expected when MHD instabilities are present, such ascsdivcrashes. These two aspects
are investigated experimentally in the ASDEX Upgrade (AWdkamak where fast-ions can be
generated by neutral beam injection (NBI).
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Figure 1 illustrates the ge-

_ ometry. The toroidal LOS are plotted in blue, the poloida®n
ometry setup of the FIDA di-

) ] in purple and NBI Q3 in black.
agnostic at AUG which uses

both poloidal and toroidal lines of sight (LOS) to collectsthadiation. The LOS intersect a
2.5 MW heating beam, named Q3, at various locations and lifigrermit radially resolved
measurements. The spectra obtained from the LOS can onlgdigzad at large wavelength
shifts (at 660 - 661 nm) because the FIDA radiation for wawglle close to 656.1 nm coincides
with strong radiation from beam and thermal neutrals (beams&on and halo radiation) and
by D-alpha radiation from the plasma edge [1]. This definesrédgion of the velocity space
accessible by a given LOS as large Doppler shifts are malmgived from fast-ions propagat-
ing parallel to the LOS. The toroidal LOS consequently measo-rotating fast-ions while the
poloidal LOS are sensitive to the fast-ions with large gynaits.
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from NBI Q3, present in the

two LOS, is plotted in gray LOS (right) for wavelengths between 660 and 661 nm. A theo-
shades. The overlap with théetical distribution of fast-ions from NBI Q3 (60kV) is shaw

weight function shows thatin shades of red.
both views of the FIDA diag-
nostic can analyze fast beam-ions in the energy range altoke\3

Fast-ion transport in the presence of sawtooth crashes
The temporal resolution of
the FIDA diagnostic (2 ms) al-
lows the investigation of the
fast-ion confinement in the
presence of MHD instabili-
ties. In particular after saw-§1,85
tooth crashes, a significant ra-
dial fast-ion redistribution can
be observed. Figure 3 shows 1.75
the temporal evolution of ra-
dial FIDA intensity profiles
from the toroidal and poloidal
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LOS that are calculated by in” Figure 3: Temporal evolution of radial FIDA intensity presl
from the toroidal LOS (left) and poloidal LOS (right) for wev

tegrating the measured spectI o
per LOS in wavelength and by S 9t"S between 660 and 661 nm.

subtracting a constant offset,

originating from passive radiation. The data was acquinatischarge #28746, which was per-
formed with a magnetic field of -2.5 T, a plasma current of 1 M#davith 2.5 MW of NBI
heating from Q3. Sawtooth crashes appear with a period @ffigul00 ms and cause strong
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reduction of the FIDA signal atR1.7 m' and an increase at-RL.9 m (mainly observed by the
toroidal LOS).

A quantitative interpretation of this observation is, heese difficult because the data also
depends on the density of neutrals present along the NB| gatlcharge exchange probabil-
ity and on the amount of D-alpha radiation emitted by a néimed fast-ion before it is lost
or re-ionized. For this reason, the measurement is comgarpcedicted fast-ion distribution
functions from TRANSP [2] that are translated into spectr@i@dial profiles by FIDASIM [3].

A comparison between the
measurement (symbols) and 2[ 428746
simulation (lines) is given inN’Tv?
figure 4. The fast-ion redis-g
tribution due to the sawtooth? 1
crash has been calculated witt®
the TRANSP code including g
the Kadomtsev model [4] 0 £ | (006610 nm 5
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magnetic reconnection durinq:igure 4: Measured and simulated radial FIDA intensity pro-

the crash. The black solid lineg;eq for the toroidal (left) and poloidal (right) LOS befomed
represent the simulation beéfter a sawtooth crash.
fore the sawtooth crash for the

toroidal (left) and poloidal (right) LOS. Excellent agreem is obtained. The two black dashed
lines correspond to the time points after the sawtooth citsély agree with the observed strong
reduction of the FIDA radiation in the plasma center whicbvas that the TRANSP predicted
redistribution of more than 50% of the central fast-ion dapan is valid. Outside the sawtooth
inversion radius, however, the increase of the FIDA radigtmeasured by the toroidal LOS, is
not very well matched. This can possibly be explained by titasredistribution in the velocity
space that is not correctly described in the Kadomtsev model

Fast-ion transport in MHD-quiescent discharges

In addition to the neo-classical predictions from TRANSR¢k lines in figure 4), simulated
FIDA profiles for the time before the sawtooth crash using mon@alous fast-ion diffusion of
0.5 /s are shown in red. This simulation clearly does not agree thighdata indicating that
the fast-ions are well confined, with the exception of theteath instability. In oder to check
this result, the decay time of the redistributed fast-iopydation after the sawtooth crashes has
been analyzed.

1The magnetic axis is situated at R=1.7 m and the separasituisted R=2.15 m (mid-plane).
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Figure 5 shows on the left 5 ]
the evolution of the fast-ionnzé‘fhot: 0
density calculated from thec;
measurement of the toroidalg-”’
LOS. The charge exchangé% 2L
and photon emission probabil-g
ity of fast-ions has been de-% _
rived using beam and halo © 292“; 41”:3 i R Te e —
neutral densities from FIDASIM Time [s] Time [s]

and a TRANSP predicted fast- _ d (lef d simulated (riah uti6the
ion velocity distribution. The Figure 5: Measured (left) and simulated (right) evoluti

, , fast-ion density. The channels outside the sawtooth irwers
density evolution of the two g fitted b ol _ ). The si
channels outside the sawtootl24US are_ itte y an exporTentla unction (red). The simu-
. . . . lated fast-ion density shown in blue represents an anorsalou
inversion radius has been flt% _ P
ted by an exponential func:tionaSt_lon transport of 0.6v/s
(red) which yields decay times
that range from 30 ms to 60 ms. These times can now be compatbd TRANSP predicted
evolution of the fast-ion density shown on the right of figbrel'he data outside the sawtooth
inversion radius g = 0.4, gray) shows decay times similar to the measurement. ltrasin
the simulation shown in blue, representing an anomalousdagdiiffusion of 0.5n? /s, yields
significantly smaller decay times in the range of 10 -20 mss &bain suggests that the fast-ion

transport in between the sawtooth crashes is, as expecieuhated by collisions only.
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Summary and Outlook

The FIDA diagnostic at AUG permits the analysis of the confirat of NBI generated fast-
ions with high temporal and spatial resolution. Strong-fastredistribution has been observed
in the presence of sawtooth crashes and comparisons to theni{sev model (TRANSP) show
reasonably good agreement in the plasma core. In the absétioe sawteeth, two different
analysis techniques evidence a neo-classical fast-iovsgmt. In future investigations, the
FIDA measurements will be compared to the data from fastldss detectors (FILD) and
neutral particle analyzers (NPA). Furthermore, a tomdg@approach using multiple LOS
geometries will be applied to obtain a better velocity spaselution of the measurement.
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