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Introduction. Future fusion reactors will require impurities as actuators to reduce the thermal
loads to the first wall (via radiation). To understand how the impurities distribute in the
plasma, detailed impurity measurements are needed. Impurity properties are commonly
obtained with the Charge eXchange Recombination Spectroscopy (CXRS) technique. This
technique takes advantage of the light emitted after the charge exchange reaction between an
injected neutral and an impurity of the plasma. Normally, these measurements are performed
using a neutral beam injection (NBI) system as the source of neutrals and provide
measurements at the Low Field Side (LFS). Gas puff based systems provide the flexibility to
make CXRS measurements where an NBI system is not suitable. At ASDEX Upgrade, two
gas puff based CXRS systems are installed: one at the LFS and one at the High Field Side
(HFS) [1] allowing the study of the impurity properties at two different positions in the
plasma. In previous studies [2,3,4,5], it was shown that in order to explain the LFS/HFS

asymmetries observed in the rotation profiles at the

#37529 (NVII
plasma edge, the impurity density can not be a flux ' — e
function. Figure [1] shows an example of the :Ez -
experimental and the expected, edge HFS parallel gm
rotation profiles, the latter calculated assuming that the B ;z
impurity density is constant along the flux surfaces [3]. 25 \
In this work, edge impurity density asymmetries will 00_95 567 058 559 160
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be studied by means of the upgraded gas puff based

CXRS diagnostics and a new gas puff module  Figure 1. Experimental and expected
HFS edge parallel velocity.

implemented in the FIDASIM code [6].

Impurity measurements at the HFS and LFS. Figure 2 shows the experimental impurity

profiles obtained during an H-mode discharge at ASDEX Upgrade (shot #37529). This
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discharge features a magnetic field of -25 Tand a o8 .
7|4
plasma current of 1.0 MA. 4.85 MW of NBI and 1.35 z; T LT
. &
MW of ECRH were applied. The electron density at < ©5 finy
£ o4 H
the pedestal top was 6.5-10'° m=3. Several CXRS + .|, = ' “es s

diagnostics were used: LFS beam based (toroidal and
poloidal views), LFS gas puff based (poloidal view)
and HFS gas puff based (toroidal and poloidal views).
The different diagnostics were aligned such that the
maximum temperature gradients match [7]. This
results in a shift of -3 mm to the toroidal LFS beam
based system and a shift of 2 mm to the HFS gas puff
based systems (toroidal and poloidal). The
temperature shows a similar shape between HFS and
LFS. The toroidal rotation shows a different
behaviour between HFS and LFS: it has a maximum
at the HFS close to the temperature pedestal top and it
has a minimum at the LFS at a slightly different
position. The poloidal rotation shows a negative
minimum at both the LFS and HFS, although the HFS
minimum is smaller in magnitude. In this work,
positive poloidal velocities go in the ion diamagnetic
drift direction.

Gas puff modelling in FIDASIM. In order to enable
the impurity density calculation from gas puff based
CXRS systems, a new gas puff module has been
included in the FIDASIM code [6]. This model
launches Monte Carlo markers that follow the initial
distribution observed during laboratory tests [1].
Figure 3 shows the 3D and 2D initial unit vector
distributions. The valve injection goes in the z
direction. In the experiments, D> molecules are
injected. The model assumes that each molecule

dissociates rapidly into two atoms, one going towards

> valve
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Figure 2. Temperature, toroidal rotation
and poloidal rotation profiles.
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Figure 3. 3D and 2D initial unit vector

distribution of the markers. Injection

direction goes in the z direction.
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the plasma and one going towards the wall [8]. Due to the low

energy of the injected neutrals, they are ionized before reaching the sz:z]: .
confined region. However, successive generation of neutrals can be "B |
produced after the charge exchange of an injected neutral and a E'O-O 10"
main ion. This produces a new generation of neutrals called halo N | 10°
neutrals. This process has to be treated in different steps as
additional generations of halo neutrals can be produced after the o2 e 10
charge exchange of a halo neutral from a previous generation and '°~9;" - 125 10"
a main ion. These successive generations of halo neutrals form the R [rr:]a‘o(m'z)
population that penetrates into the confined region of the plasma. WaII',".."I.",,"PIasmaI 10
The distribution of the injected neutrals and halo neutrals produced 0.1 IR |
by the HFS gas puff system as calculated with the new gas puff 00 o
module is shown in figure 4. E
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Impurity density calculation. As the halo neutrals are the
population penetrating into the plasma, they will play a dominant 0.2
role for the charge exchange reactions with impurities. The new gas

puff module has been included in the CHICA code [9]. CHICA 1.0 1m] 1.25

Figure 4. Distribution of
injected neutrals and halo

uses the neutrals from FIDASIM and the radiance L.y ,; of the

CXRS diagnostic to obtain the impurity density: neutrals
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The impurity density calculated using the LFS gas puff
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based CXRS system has been benchmarked against well-
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established impurity density calculations from beam

o

based CXRS systems. Figure 5 shows such a comparison
for the BV (494.5 nm) and the NVII (567.0 nm) lines. °

Good agreement has been found in both cases, validating * + + M
| n

+
evaluated from the HFS and LFS gas-puff CXRS ! } LFS (NBI) M
4 LFS (GP)

measurements and the new gas puff module implemented =~ 093 0.94 0.95 0.96 097 0.98 0.99 1.00
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Figure 5. Comparison of the impurity

density profile between LFS beam
based CXRS and LFS gas puff based
CXRS
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Impurity density asymmetries. The impurity density is

in FIDASIM. An estimation of the asymmetry factor
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nﬁ,‘fg /nf,ﬁfa can be obtained from the flow measurements following the procedure shown in
[2,3]:
exp #37529 (NVI1)
pEP Vi aLrs | Burs °
nfiﬁ}f _ IL@LlFS  sin &y ps | Brrs
LFS ~ &P —
imp rows  pexp_ ULalps Rups E
IlaHFS — sin 6y ps Rips 2
Figure 6 shows the impurity density at the HFS and at ~ ‘
the LFS and the asymmetry factor obtained from density s en) [ VI
0 e
. 0.96 0.97 0.98 0.99 1.00
measurements (using the new gas puff module) and Poor

#37529 (NVII)

estimated from the flow measurements of nitrogen (shot o

—— from densities
—— from flows

Ul

#37529). Excellent agreement has been found between

)

the asymmetry factor from density and flow

measurements showing in both cases that the impurities

N

Asymmetry factor
w

tend to accumulate at the HFS, consistent with previous

=

studies [2,3,4,5]. This new gas puff module allows usto & 557
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calculate the impurity density asymmetries in scenarios Figure 6. Comparison of the impurity

without NBI. density between HFS and LFS and
asymmetry factor obtained from
Conclusions. A new gas puff module has been included  density and from flow measurements.

in the FIDASIM code in order to study edge poloidal impurity density asymmetries. The
impurity density calculation shows that the impurities tend to accumulate at the HFS. This

result agrees with the impurity density asymmetries needed to explain the flow structure.
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