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Understanding of the mechanisms leading to non-lgemeous impurity distribution could be
useful knowledge for the control of heavy impuritansport and the avoidance of its
accumulation in the plasma center necessary faaisusy long-pulse H-mode. Poloidal
asymmetries of heavy impurities such as those géreeindirectly by minority lon Cyclotron
Resonance Heating (ICRH) have recently been obdeirveH-mode plasma in metallic
tokamaks [1]. These asymmetries are usually n@ntakto account in experimental impurity
transport studies, which usually assume impuritysttees are constant on a given flux-surface.
This paper presents recent dedicated experimentsrmed in H-mode discharges at
ASDEX Upgrade (AUG) to analyze the effect of ICRH the tungsten 2D density profiles.
Injection of tungsten was triggered by laser bldfablation (LBO) in different scenarios with
fixed plasma current. Scans in ICRH power (H-mityoheating scheme) and deposition
location (change in frequency and toroidal fieldvé been performed in order to study their
effects on Low Field Side (LFS) - High Field Sid#HS) asymmetries. In the following we will

concentrate on the analysis of one particular disygh (pulse #29022, Ip ~ 0.6 MAl; ~ 4.5
10" m?, Br = 2.3T, ICRH frequency 30 MHz) which presents theamtage to have clear
evidence of laser blow off induced signals on Sefay data. In this pulse a parallel study was
conducted in order to compare the asymmetries geatiby tangential Neutral beam Injection
(NBI) on the tungsten density profiles. The opposisymmetry effects induced by NBI and
ICRH are visible from the data time traces of tHé@\Soft X-ray diode diagnostic [2]. Fig 1
illustrates this observation, where the time evolubf 4 SXR lines of sight (LOS) from the
bottom vertical camera (left figure), chosen symmdtom the reconstructed magnetic axis
are compared (right). During the ICRH phase, thenasetry position depends mainly on the
ICRH resonance location. The most distant linesgiit (LOS) from the magnetic axis (red and
blue lines) intercepting the same length of plapneaent differences during ICRH phase while
are similar during phases where only NBI is applgiding by such potential evidence of an
HFS asymmetry. A switch in ICRH power from 3 to 5MAWt=4.7s indicates that the ICRH
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power does not seem to play any role in the asymynh@tation. In order to keep the same
temperature profile for a correct emissivity conmigam, central Electron Cyclotron Resonance
Heating (ECRH), was reduced from 1.4 to 0.7MW. thar LOS closer to the magnetic axis
(green and orange LOS) the NBI power makes diffexemd visibly triggers asymmetry on the
low field side when the power exceeds 5MW from @s7$. In order to study the spatial
distribution of the LFS-HFS asymmetry, Soft-X-ragissivity profiles were recovered from an
original minimum Fisher inversion technique used gerform a full 2D tomographic
reconstruction [3]. The impurity density can benlevaluated from the change in the local
emission after the laser blow-off (see [4] and.[B])Fig 2 (left), tomographic reconstruction of
the LBO injection during the NBI phase (t=2.72spigsented. The obtained 2D distribution
(background subtracted in order to visualize th©Ld3fects only) shows again clearly a LFS/
HFS asymmetry as can be seen on the profiles siofg 3 (left). This picture is obtained
dividing in quadrants from the magnetic axis theagraphic reconstruction and taking all
points in the LFS and HFS regions for an estimatbedispersion. The W is localized in the

LFS region thanks to the centrifugal effect [6]. v
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Fig 1 Selected AUG SXR symmetric (compared to mtgeis) lines of sight of the divertor verticalroera, verical blue dotted line
ICRH resonance location, black dotted line ECRHodétjon location (left) time evolution of heatingwers (blue line ECRH, red one NBI
and green one ICRH) during #29022 discharge (gityiand related SXR data signals showing LFS/H§y@nanetries.
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Fig 2 Tomographic reconstruction (background swié background taken at 2,715s) for ICRH-free BOLfor pulse #29022 at 2.72s
(left) and during ICRH W LBO (background taken &} &ight) for pulse #29022 at 4.03s.
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For comparison the same kind of pictures are pteddn Fig 2 (right) and Fig 3 (middle) for
the LBO performed during the ICRH phase (t=4.08s)this case the distribution is totally

different. A HFS asymmetry is present up to 0.2anmalized radius. Then, in the following
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part of the profile we observe a light LFS asymmaeap to a normalized radius of 0.6 much less
pronounced than in the NBI cagssuming that the balance of ionization stageditikeseffect

on the SXR emissivity, the W density can be deddiced the emissivity profile [5] (right plot

in fig 3). The W density evaluation uses time-psiat a similar relative distance from the
sawtooth crash (present during this pulse) for mamreurate background estimation. This

profile is compared to simulation in the following.
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Fig 3 LFS/HFS asymmetry due to NBI for pulse #29@22.72s (left), LFS/HFS asymmetry due to ICRHgatse #29022 at 4.03s (middle). Simplified apphofoe fast

estimation at t=4,03s of total W impurity densitpfiles from tomographic inversion assuming that ffalance of ionization stages has little effecthenSXR emissivity [5],

black dots with error bars are the measured W auration from the grazing incidence spectrometeqrebars in red (right).
One of the leading mechanisms for explaining tH&RH poloidal asymmetries [1], [7] is
analyzed using TORIC-SSPQL package [8] to estinthw temperature anisotropy of
ICRH-heated minority species that could be at tiigiroof the observed asymmetries.

The W asymmetry is calculated from equation (8Reinke et al. paper [1], re-interpreted as

nwo L nm~(<H>SZ)2 . mp ZegTe R 2 7
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Where deuterium massow 21, where mg is the proton mass and the W massy #1.84m.

The core ionization for W is not a strong functafrthe temperature. On top of this, the range
of ionization stages is always narrow. At 1.5kd&sma, the range is about Z=28-33 (Gaussian
shape) and /31 is a good approximation of the total W at nadius (see Fig 4 and Fig 5),
and is within 25% at the core average valye4D. The fraction of minority ions is set to+
0.05. Finally the temperature anisotropy of thearity ion is given byny =Tw perd Thy — 1,
from TORIC - SSFPQL code [8]. The plasma profilesdiin the code are given in Fig 4. The
plasma angular rotation frequen@yis related to the toroidal velocity,, measured on the low
field side:Q=vio/Rou:. If the Mach number is defined as;M vtor/(2T/mp)?and <R > = R
(magnetic axis major radius) is assumed, and frieenprevious equation the in-out density

becomes:
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Fig 5 shows the asymmetry predicted by this fornfoitahe particular ion " (pulse #29022
at 4s) for two values of £ As reference the dashed line shows the case wtitemperature
anisotropy showing a clear LFS asymmetry due mamlBI. Despite the fact that only one
ionization state of W is considered, good agreemmtit experimental W distribution, in
particular in the region 0.15 to 0.6 is found (despmall change due to the definition of the

radial coordinate inherent to the codes).
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Fig 5 W density asymmetry (@,r-nwin) according to [1] for two values
of Zew. As reference, the dashed line shows the caseuwtithe
temperature anisotror

Indeed from simulation we find a LFS asymmetry bbat 30% maximum from 0 to 0.4 in

Fig 4 Main plasma profiles necessary to estimatethdensity asymmetry
according to [1] y, Tifrom CXRS signals and_Trom IDA [9].

normalized radius (we had ~15% of LFS asymmetmnftioe experimental results from 0.15 to
0.35). Then from 0.4 to 0.6 where ICRH is deposftedpectively 0.35 to 0.6 for experimental
data) we observe a HFS asymmetry. Outside 0.6 aasi@metry is seen from the model but
no exploitable data from SXR data where signal @ tlow to confirm this.

In conclusion experimental evidences of both LF& ldRS asymmetry triggered respectively
by NBI and ICRH power have been observed on AUGTBXR measurement. Laser blow off
ablation authorized finer analyses and comparisetwden the two mechanisms using
tomographic inversion. Simulation of the ICRH dnvasymmetry confirmed the subsequent
mechanism found in previous publication and theotbtical formula describing such
asymmetry, at least in the surrounding of the diipos location. Nevertheless, these
preliminary results need to be confirmed with ferthsensitivity checks. More precise
comparison between simulation and experimental al&an preparation.
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