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afion of the Neutral Gas Distribution on W7-AS Using the Monte-Carlo Code
FIRENE in Combination with the Li-Beam Diagnostic
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1. Introduetion : N X
The Li beam diagnostic on W17-AS /1/ allows the measutement of neutral density n, outside the

plasma column as well as electron density profiles of the main plasma by observation of the
collisionally induced Lil line radiation {67 Inm} from an injected high energy neutral Li-beam (20-
66keV/0.5-3.0mA). Central profiles for higher densities are achieved by incorporating Jine
intcgrated data from the HCN interferometer /2/. Thus highly accurate density profiles from the
plasma middle to the walls are ava_iiab]c. Using ne-profiles and ng derived from the Li-beam in
combination with He intensities measured at several poinis around the vessel, the Monte-Carlo code
EIRENE is implemented to determine the important-neutral sources as well as the absolute neutral

density distribution.

2. Density profile reconsiruction

For peak densities Nep < 4.1019 3 profiles spanning the entire outer radius can be reconstincted by
the Li bearn diagnostic. Central profiles for higher densities are achieved, under the assumption of |
flat profiles, by incorporating data from HCN interferometry,

The HCN interferometer on W7-A8 measures line densities along three parallel lines of sight in the
(=29 plane (approximaie elliptical plasinia cross section, ¢f, fig. 2.1}, At low densities these data
cun be used fo cross check the Li beam data. To this end the reconstructed Li density profiles are
mapped along the magnetic surfaces using the TRANS-databasc 1o the pline of the BCN
interferometer, integrated along the line of sights, and directly compaved. Using the electron
temperature prefile as measured by Thomson scattering in the Li beam density reconstruction
algorithim /3/ and ‘a central beta consistent with the derived profile for the field line mupping,
excellent agreement is found, of. fig. 2.Z. For higher central densities ng £ 1-1029 m-3 the entire
gradient regio is still accessible by the Li beam diagnostic, The effective plaleau value of the
density profile can be calculated by subiracting the contribution of the plasma edge from the central
HCN channel. A cubic spline approximation is used to canstruct a smooth transition between the
edge deusity profile and the derived plaieau value. To take into account possible upceriainties in the
Li beam density profile, the plateau value is varied in such a way that the line integral of the
smoothed density profile fits the lins densily of the HCN interferometer to within a tolerance of less
then 2%; The outerrnost chanvel of the HCN interferometry is used to check the field tine mapping.
For the BIREME caleulation below a fow iota (1,=0.34, no islands at-the ptasma edge), medium
density {small bela effects) shot (#33359) is chosen, The.derived density profile For this shot
together with the edge density profile measured by the Li beam diagnostic'is shown in fig. 2.3,
Measurernents of this quality can be routinely carried out on a s time scale.

3, Neutral densily meassurements .

The neutral density is registered in the injection port by observing the Lizp line radiation from the
Li beam induced by collisions between LI beam atoms and neutral particles. The observation
volume is at 4 point 0.55 m from the plasma surface, thereby minbinizing any interference from
background light at the Li(2p) wavelength while maintaining a good vacuum conductance to the
main vessel. The signal is calibrated by injoction of the Li beam into the discharge chamber at
known molecular gas pressure and applied magnetic field. Since BIRENE caleulations indicate that
molecules make up 99% of the newtral density within the injection port, this calituation may be
directly applied to measurements performed during plasma discharges. For the dischurge under
investigation, see the EIRENE calculation below, the neutral densily is determined to be
g = 3.6:1017m3 (1.9-10°% mbar). ’
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4, Hy measurements
H, intensities are recorded at different toraidal positions (ef. fig. 5.;): 4] spatiz.tlly rasﬂiyed by a
diode array al the inner limiter, (2} at ¢=10°, (3) at o=|8", lht‘.' position of the Li beam diagnostic
and {4) at (p=23° Data for positions 2-4 are sbsolutely calibrated via an Ulrich sphere (e.g,
Ho(@=18°) = 1.8-108 photons mr?s-1sr-!) and used in the BIRENE caleulations.

5, EIRSINE simulation of He and n, measurements

The neutral gas distribution plays a crucial role for source terms entering into the particle balance of
the plasma edge and hence is an important componeni of edge investigations. To determine the
absolute neutral density in the module of the Li beam, the neutral density distribution is calculated
wiih the 3D Monte-Carlo code EIRENE /4/, using n.{r) profiles and n, from the Li beam as well as
the Hy intensity measured at 4 positions ineluding the Li beam port and the poloidal Hy, distribution
al an inboard limiter, With these independently meassured quantities n, and Hey & consistency check
of the EIRENE modelling of the ncutral source locations is also possible. To properly accommodate
the n, measerement located deep inside a port, the Li beam port is also simulated as shown on the
computational grid in fig, 5.1, Periodicity is assumed in the toroidal direction, i.e. each of the 5
modules is treated identically,

For clear conditions concerning neulral sources a discharge without islands (1,=0.34) is considered,
where the plasma has been shifted towards the inboard limiters (B=18mT) so that they comprise
the main neulral source, The neutral scurce distribution is taken to be the same as the Hy intensity
profile measured aleng the plasma-facing side of an inboard limiter.

This assumption yields self-consistent results: in fig. 5.3 the comparison between experioiental and
calenlated Hy profiles shows good agreement over the entire limiter. Fig. 5.4 illustrates the
correspending Jower inboard limiter and Hg lins of sights, together with the neutral atom
distribution. Since the distance of the Li beam to the inboard limiter is aboul 0.5 m toroidaily and
150¢ poloidaily, it is rot clear a priori, which source dominates the local neutral density, i.c. the
limiters or the global plasma-wall interaction. The scaling of the neutral particle distribution frem
the limiter source {o its absolute Hy intensity shows that at the Li beam plave this source strength is
oo low for the correspoending Hy, signal. This becomes clear from the toroidal vasiation of the
neutral density shown in fig. 5.3: Between the liniter and Li beam plane the atomic density decays
by 2 decades. Therefore a second source al the wall is introduced, which for simplicity is assaumed
to be a point source in the Li beam plane, It turns out that ene has to pat its location at the upper
part of the so-called helival edge (corresponding to the npper tip of the plasma in fig. 5.1), which is
expected to be the principal plasma-wall interaction area away from limiters. By scaling the point
sotrce neutral distribution with the Hy, signal at the Li beam, ny in the Li beam port and the next
fuzther Hey are predicted by the caiculation to within 50%, whereas with other source locations the
differences are more than an order of magunitude, if a reasonable solution exists at all. This shows
that the helical edge defines the dominant region for the global plasma-wall interaction. In fig. 5.2
the tereidally and poloidally averaged atomic densities of the two sources are compared: inside the
limiter the Hmiter source dominates she nentral density by a fuctor of 10, but ontside the wail source
is even higher than the latter.

& Conelusions

Employing the Li beam ne{r) profiles and Hy intensities it has been possible to find a self-consistent
3D neutral sowrce distribution in EIRENE showing that on the Himiter the source profile
corresponds roughly to the Hy intensity profile and that the helical edge is mainly responsible for
the global plasma-wall interaction, In addition the neutral density in the Li beam port could be
modelled for the fivst time, giving agreernent within 30% to the experimental ng value from the Li
beam.
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Fig. 2.1 Magnetic flux surfaces for discharge
#34540 with line of sights for the HCN
interferometer.

Fig. 2.2 Line densities of the HCN chaunels
indicated in fig. 2.1 (soli¢ lines) compared
Lo the line integrals caleulated from the Li
Leam data (symbals) for discharge #34540.

Fig. 2.3 Reconstructed profile using Li-beam
edge density profile (symbols) and the
cenlral HICN chord for discharge #33359.

Fig. 5.1 Computational grid and diagnostics at
the Li beam phi plane. The Li-beam n,
profile along the beam line is direcily
mapped onto the grid flux surfaces,

30 Toroidally the grid has a resolution of 50

cells per module.
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Fig, 5.2 Clobally averaged -atom density profile of the inboard Hmiter and the helical edge wall
source with the 'Li beam g .and Thomson teniperature profile. The shadow line indicates

# the limiter position. :

: Fig. 5.3 Experimental arid caleulated He profiles at the lower inboard limiter, The tile index varics
fram bottom to top. : - .

Fig. 5.4 Atomic density al the Jower inboard limifer. The Hg intensity profile is used as the newtral
source distribution. ’

Fig. 5.5 Toroidal aiom density distribution of the limiter source on the flux surface in front of the
inboard Jimiter for the half of one module. Higher values correspond to brighter colours.
The upper picture shows along the peloidally averaged atomic density. the toreidal
positions of the inboard Hmiter (1), the Li beam plane {3) and two other Hy locations (2 .4).
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