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1 Introduction
Divertor physics stuclies turn cut to be oue of the most important tasks in lusion rte-

gearch using magnetically confined plasmas. The divertor is necessary for dispersion of
the plasma power, for fuel gas and helium ash conlrol, for reduction of impurity produc-
tion at the boundary and for sereening these impuritics from the plasma cove. Hence
detailed investigations of the plasma parameters and of the jon dynamics in {he divertor
region and their modelling have high pricrity. :

Oplical spe(_tloqcopy with high spectral, tempor al and spalial resolution in different divec-
tions to the magnetic field lines is a key Lo deducing a variety of these important divertor
paramesers and mechanisms. The highly resclved emission spectra are daminated hy
Doppler shift and broadening as well as by the Zeeman pattern, integrated along the line
of sight. Hence, meas_m'e_d with high resolution, ihe spectra are — in terms of ion tem-
perature and jon drift velocity distributions - - & sensitive probe for the fon (Iynamics.

2 Experimental ‘

In ASDEX Upgrade the emission profiles of several spectral lines are measured using igh
resolution spectroscopy. There are 30 lines of sight in a poloidai plabe [1] and 44 lines of
sight viewing tangentially Lo the toroidal maguetic field, half of them in the field direction
and halfl of them opposite to it. This scheme of sight lines is illustrated in Fig. la as
viewed from the top and in Fig. 1b as a projection into a peleidal plane {for some selected
chords in Sector 14 of ASDEX Upgrade). The various lines of sight viewing from opposite
directions cover the area from the outer diverlor tes beyond the X-peint and thus allow
for probing of both sides of the X-poini region. This special matrix-like arrangement of
the cliords was chosen to diagnose the ion dynamics in the outer as well as m the innev
divertor fan.

Quartz lenses and optical quartz fibers are used to couple the light collecied along the
lines of sight into the 1.5 m Echelle spectrometer, whose speciral resolution is about 107,
The specira are recorded by an intensified 2D CCD camera. Tor simultaneous data ac-
quisition up to 32 chords can be selected via fiker coupling oul of the T4 chords available,
For an unambigucus determination of line shifts selected poloidal chords ar¢ always taken
as an inkernal reference.
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Fig. I: Schematic representation of the poloidaf
and toroidal lines of sight in ASDEX Upgrade scen
from the top (&} and as a projection into a poloidal

plane (b, sefected torcidal chords in Sector 14)

3 Zeeman Effect of Spectral Lines

As an example for a measurement we show the Hel singlet line al 567.815 nm,
which has a shmple Zeeman pattern and thus is suitable for demonstrating
some characteristic features.  In Fig. 2 the profile of the Helline for a radial
(poloidal) chord (a) is compared to a profile measured with a tangentially ovi-
ented (torcidal) chord viewing in the direction of the toroidal magnetic field {b).
While for the poloidal case the m-component clearly

dorminates, the tangential orientation is governed Hel at 667,818 nm (# 7474)

g

by the two e-components. There is no significant
Doppler shift ohservable for these Hel-spectra. The
fit curves overlayed on the specira were obtained

petpendicutar 8,

3

by non-linear least squares fits to a convelution of
the theoretical Zeeman-pattern with the instrumen-
tal function and a Gaussian deseribing the thermal °
broadening. Fig. 3 gives the results for the parame-
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matrgin which is mainly given by the pixel resolution = i.
of the CCD camera. Similar results of the depen- i
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dence on Lhe chord direction are obtained for the vaavelength [nm]

magnetic field strength B (Fig. 3b) and for the ratio Fig. 2 Example of the Hel singicr
af the r- and g-components (Fig. 3c). The mag- line spectra for a chord viewing in the
netic flf:’.lcl strength va}.ues are in very go&:}d ABYCC boloidal direction (a) and parallel to
ment with the magnetic measnrements. These val-

h the roroidal magnetic field (b)
ues and the w/o-ratio are used for calculating the



her {lonjc) lines
ohserved for the identical Iines‘uf sig}?r,
in similar discharge scenarios As f:ljls
procedure is ouly justified il the (spatial}
emission profiles along the lines of sight
‘ this situation is checked by

Fecman-profiles of the of

are similar, .
additional measurements with the bound-
ary layer spectrometer {2} and the divertor
spectrometer [3] ab ASDEX Upgrade.

4 Drift Velocities of Tons

In contrast to the atomic Hne Hel the

ionjc speciral lines of all impuritics in

the plasma boundary show pronounced

Pappler shifts for the toroidal cbservation.
These jonic lines are, e.g. CII {doublet at
A = 658 nm), CHI (triplet at A = 465 nm
and singlet at A = ZZ9.687 nm), BII
(singlet at & = 345.14F nm), BIV (triplet
line at A = 282,168 nm) and Hell {doublet
ab A~ 468.0 nm).

Fig. 4 shows the ClHl-singlel line spec-

tra  thai were recorded under ligh
yecycling conditions (2 time  rauges
oA 8057 Py o= 20 MW/75 MW,

7, & 610" w3810 mT) for the
poloidal {h) and two toroidal cherds (a, ¢}
viewing iulo opposite directions,  The
shifts (relalive to the average poloidal
position Ay} deduced from these spec-
tra are plotted as a function of time
n Pig. Ba,
opposite Doppler shifts for the parallel

clearly demonsirating the
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Fig. #r Time dependence of (a) line shifts {rel-
ative t@ Ap), (b} magnetic field strength and

-{e) 7 {o-ratio deiermined by fils to the Hef spec-

tra of @ 7474

and antiparallel (to B) toraidal chservation. These Doppler shifts result in (sight line
averagedd) duift velocities upy of the'order of L1104 m/s that are given in Tig. 5b. Taking
a (" -ion temperature of about 6 eV obtained from the Doppler width of the Ciil-specira
the corresponding Mach numbers are in the range of 6.4 - 4.5, It should be nioted that
the observation volume is well above the high recycling region which is located close to

the divertor plates. As lo compare ihese experimental resulis with model calculations
the distribution of C**-drift vclocities along the appropriate lines of sight (for a typical
L-mode discharge with %, = §-10' m™*) was caleulated vsing the B2-FIRENT code [4].
The vp-values obtained from this simulation and frem the spectroscopic data presenied
here (chord inteprated) agree within aboul 50 %. 7
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Due to the matrix-like arrangement of the {ines of sight ientioned above, the spectra are
measured as a function of the radial positien and thus yield information on drift velocitios
in both the outer and the inner divertor, By choosing appropriate chords it is possible Lo
deduce lon drift speeds to the cuter as well as to the inner divertor plates. This allows for
a comparison of the ion dynamics in both divertor areas. As an example, the Bll-spectra
{X = 345.141 nm) of an olunic discharge (# 7193, @, =~ 3.7-10" m~?) yield vp-values
of about 1.1-10% m/s (towards the outer divertor} and of alJoul 1.5:10% m/s for the drift
of BY towards the inner divertor well above the divertor plates.

These first experimental results clearly demonstrate that the determination of drift
velocities via the Doppler shift of emission lines is a suitable techuique for investigating
the drift dynamics of impurities in the ASDEX Upgrade divertor,
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