Visible Spectro he DIII-D Divertors

Visible spectroscopy is used to determine
carbon behavior in the DIlI-D divertors.

The following properties are regularly measured.:
Fluxes of atoms, ions, and molecules

lon temperatures
Parallel flow velocities.

There are several quasivertical
views into the upper and lower
divertors.

A set of quasitangential views is

"f?f;_f!,E; available into the lower divertor.
Their projections in a poloidal plane

appear as segments of hyperholas.




lon temperatures are measured from Doppler broadening of
lines in the vertical views.

Usually an entire multiplet is fitted to a theoretical curve that
must include the nonlinear Zeeman/Paschen-Bach effect.
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arallel flows
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Flows are measured from Doppler shifts of
spectral multiplets in the tangential views.
Line profiles from the vertical views
provide fiducials since observations are
essentially perpendicular to the magnetic
field. Pi-components are strongly
surpressed in the tangential views. In
general, the tangential data must be fitted
with two components. The blue-shifted
component indicates flow toward the
target and red-shifted component indicates
flow away from the target.
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Radial locations can be determined
from the Zeeman splitting since B;
scales as inversely as the major radius.



Parallel flow measurements of He-like carbon |

Measurements of parallel convection (flows) of ions in the DIII-D divertor provide
data for benchmarking predictive modeling codes. The flows are determined
from Doppler shifts of spectral multiplets. Until recently, these investigations for
carbon were restricted to C+, G2+, and C3+. It has been observed, though, that
high n-levels of C3+ can be populated by charge exchange of recycling
deuterium atoms in the n = 2 level. Since the radiative lifetimes of the C 3+

states are shorter than thermal relaxtion times, Dopplershiits of lines from highly
excited states reflect flows of C** ions. In particular, we would like to see if the
effects of neoclassical electron thermal gradient forces, which scale as 72

can be observed:
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Parallel flow measurements of He-like carbon Ii

Din=2)+CH=2Dt*+C3*(n="7)

The observable n = 7 - 6 transitions excited by charge
exchange consist of three transitions each of which is split into

three Zeeman components.
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Fits to the C3+ n =7 - n = 6 transitions

Vertical view Tangential view
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* The tangential-view penetrates both the divertor legs. The profile is
fitted with a combination of red-shifted (inner leg) and blue-shifted

(outer leqg) components. Both flows are toward the plate at a velocity
of 1.6 X 10°% cm/s, and do not differ much from the flows of C* and

C2*. Neoclassical Z-dependence has not yet been detected.

B. Zaniol, R. C. Isler ef al., in press for Physics of Plasmas



Carbon Sources

In most present-day fusion devices the walls are covered with graphite
tiles so carbon is the major contaminant in the deuterium plasmas. The
most important processes for releasing carbon from the tiles are
physical sputtering and chemical sputtering. Physical sputtering
produces carbon atoms (C I) directly. During chemical sputtering,
carbon is first introduced as molecules such as CD,, C,D, , or C;D,
where y can be as great as 6. Electron collisions dissociate the
molecules and the total carbon influx is then reflected by spectral
emissions fromC L.

Release mechanisms are investigated by:

a. relating CD and C, fluxes to the C | flux. This determines the
fraction of chemical sputtering.

b. measuring effective atomic temperatures of C |. Temperatures from
molecular breakup should be about 1 eV; those from physical
sputtering may reach several eV.

R. C. Isler et a/.,submitted for publication to Physics of Plasmas
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Atomic and Molecular Spectra
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Molecular spectra are usually
measured over a limited region

Cl'P-=7F
9100 A

N

o070 9090
Wavelength (A)

29110

and must be simulated to assess
the total emission.
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It is possible to relate the C | flux from molecular sources
to the CD and C, fluxes using
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When chemical sputtering dominates, the total C | flux is equal
to the flux estimated from molecular sources (C5 Est.), and the
atomic temperature is around 1 eV.



When physical sputtering dominates, CD and C, are
not observed. The C | temperature reaches 5 - 8 eV.
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The results observed for clear cases of chemical or
physical sputtering suggest that, in general, the fraction of
carbon release from each mechanism may be determinable
solely from the effective C | temperature.



