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Abstract

The effect of divertor baffling on impurity neutral and impurity ion compression in the Alcator
C-Mod tokamak is explored. Experiments are performed using a novel divertor “bypass’ which
allowsin situ variations to the divertor baffling. The resultsindicate that divertor baffling in C-
Mod plays an important role in impurity neutral compression, but little role in impurity ion
compression. The apparent separation between neutral compression and ion compression is
surprising, but is consistent with a model where the neutral compression (both deuterium and
argon) is determined by aleakage flux through the baffle structure from the divertor region to the
main chamber which isindependent of the leakage conductance. Instead, the leakage fluxes
appear to be determined by the divertor plasma conditions (including impurity and fuel ions),

which are not influenced by the baffle structure.
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1. Introduction

It has long been the goal in tokamak research to compress impuritiesin the divertor, both
with respect to impurity ion density in the local divertor plasma and with respect to the impurity
neutral density in the surrounding gas[1-3]. Enhanced impurity ion concentrationsin the
divertor plasmawould increase the dispersal of plasma power via radiation processes, thus
reducing the power density incident on the target plates, whilst enhanced impurity gas pressures
in the region adjacent to the divertor would increase the rate of impurity extraction via vacuum
pumps. Intuitively, one would expect a close relationship between the two.

We have performed experiments on the Alcator C-Mod tokamak exploring the
relationship between impurity neutral compression and impurity ion compression. We make use
of the novel divertor bypass [4-6], which allowsin situ variations to the baffling surrounding the
divertor plasma, where we define baffling to be any mechanical structure that impedes the flow
of gas from the divertor region to the main chamber. In contrast to the intuitive relationship
mentioned above, we find a separation between divertor impurity neutral compression and

impurity ion compression.

2. Experiment

Alcator C-Mod [7] isacompact, high-field tokamak, with a single-null (bottom) divertor,
|CRF heating and molybdenum first-walls which are routinely boronized. A poloidal cross-
section of the machine (at avertical port location) appearsin Fig. 1. The conductance between
the divertor plenum and the main chamber (which we call the “leakage conductance’) is altered

in these experiments using the Alcator C-Mod divertor bypass, Fig. 1 [4-6]. The bypass

conductance is ~ 23 m3/s, which is approximately equal to the intrinsic |eakage conductance with



the bypass closed. Thus, the bypass, when open, approximately doubles the leakage
conductance.

In this experiment, impurity compression experiments are performed using the recycling
impurity argon, which is monitored in the core plasma by spectroscopic means from high charge
states (typically Ar+16), in the divertor plasma using visible spectroscopy from Ar |1 emission,
and in the divertor gas using aresidual gas analyzer (RGA) separated from the divertor region by
a~1.7mlongtube[8]. TheAr Il (440.1 nm) divertor emission is measured with avisible
spectrometer using 8 chords which cover the shaded region in the divertor indicated in Fig. 1.
We assume that for given plasma conditionsthe Ar Il emission is directly related to the argon ion
flux, which in turn is directly related to the argon ion density. In addition, Langmuir probes (not
shown in Fig. 1) built into the divertor plates monitor the local divertor plasma electron density

and temperature.

3. Experimental Results

Fig. 2 givesresults for the argon and deuterium neutral compressions as functions of the
line-average discharge density for Ohmic discharges. According to convention, we define

impurity neutral compression ¢, as,

Cz = —ore [1]

where n3" is the impurity gas density in the divertor and n$" is the impurity ion density in the

core plasma. The impurity neutral compression is compared to the deuterium neutral

compression,
div
- b
Cp = core [2]
Np



where n%i" is the deuterium gas density derived with the RGA (or pressure gauge, indicated by

“G” inFig. 1) and ng"® isthe central deuteron ion density, derived from the core electron
density and Z4;. The relative neutral compression, or “enrichment” n, of theimpurity is
simply theratio, n, =c,/cp, andisaso givenin Fig. 2. Theimpurity and deuteriumion
compressions are defined in an analogous way, simply by replacing the divertor neutral density
in the above expressions with the divertor ion density.

In general, the argon neutral compression is very high, in the range of ¢, ~100 at
moderate discharge density, which tends to be reduced at both the lowest and highest plasma
densities. The deuterium neutral compression on the other hand is significantly lower, cp ~ 10,
and although it increases with density, it tends to saturate rather than decrease at the highest
discharge density. In both the argon and deuterium cases, the divertor bypass reduces the neutral
compression by afactor of two approximately. Thisis consistent with the factor of ~ 2 increase
in divertor leakage conductance and the hypothesis that the |eakage fluxes (of both argon and
deuterium) are fixed at agiven central density. The fixed flux appearsto be the case for
deuterium, as shown through experiment and simple analytic modeling [6]. More detailed
modeling isin progress for both the argon and the deuterium.

Fig. 3 givesthe outer divertor plasma conditions as deduced by the plate Langmuir
probes for two discharges (one with bypass open, one with bypass closed) with identical main
discharge parameters. Within experimental error, the divertor plasma conditions are similarly
identical, despite a significant difference in the gas pressure immediately adjacent to the divertor
plasma (20 mTorr with bypass open, 43 mTorr with bypass closed).

Fig. 4 givestheratio of the Ar Il signal in the divertor normalized by the core argon

density for the Ohmic density scan with the bypass open and closed. Although we do not here



derive the argon ion density in the divertor, the Ar 11 intensity at a given plasma density can be
used to measure relative changes between bypass open versus closed, since the measurements
with Langmuir probes indicate no influence of the bypass on either the divertor plasma density

or temperature, or their radia profiles for a given discharge density, e.g. asin Fig. 3[4,6]. The

ratio of Ar Il (divertor) to ngy® istherefore ameasure of divertor argon ion compression. From

this data, no effect of the bypass can be discerned, indicating no effect of the divertor baffling on
the argon ion compression, despite the factor of ~ 2 reduction in argon neutral compression when

the bypassis open. One notes that for a given argon inventory in the vessel the bypass doesin

fact changethe Ar 1l and ngY

© levels, since the divertor plenum is asignificant reservoir of
(neutral) argon and the bypass can alter the inventory residing there. We focus here, however,

on the divertor/core ion compression ratio, which is not influenced by the bypass.

4. Discussion

In this letter we have demonstrated that divertor baffling in Alcator C-Mod plays a
significant role in recycling impurity neutral compression. These results for neutral impurity
compression are similar to those obtained on a number of other divertor tokamaks, where similar
baffle changes have been made across different experimental campaigns[2,9]. In contrast, the
argon ion compression in the divertor, appears to be independent of the baffling. The apparent
separation between argon ions in the divertor plasma and argon atoms in the gas immediately
adjacent is surprising, but is consistent with the deuterium behavior as indicated by the divertor
Langmuir probes and the deuterium divertor gas pressure. In the deuterium case, experiments
and simple modeling suggest that the leakage flux through the baffle structure (Fig. 1) is

determined not by the leakage conductance but by the atom flux out of the divertor plasmafan,



which in turn is determined by theion flux to the plate and an escape probability for atoms to
reach the private flux region—the leakage flux is therefore “flux-limited”, as opposed to
“conductance-limited” [6]. Thus, changesin the divertor gas pressure are proportional to
changes in the leakage conductance and the leakage flux is determined by the scrape-off-layer
plasma conditions and not the mechanical baffle structure. The evidence presented here suggests
that argon is similarly 'flux-limited', i.e. argon gas pressure is determined by the conductance,
whilst the argon ion density in the divertor (or in this case the Ar 1l emission, which is more a
measure of flux) is determined by the argon level in discharge and the divertor/core argon ion
compression ratio which is determined by SOL plasma physics.

These findings thus demonstrate the importance of divertor baffling for the compression
of gases in the divertor, but not necessarily for impurity ions, at least at present in Alcator C-
Mod. Thus, reductionsin leakage conductance, while they may increase impurity gas pressures
in the divertor, may do little to enhance the local impurity ion density. The former of courseisan
advantage for impurity extraction (e.g. helium ash), while the latter means concomitant

improvements in power dispersal will not necessarily occur.
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Figure Captions

1. Poloidal cross-section of the lower half of Alcator C-Mod showing the location of the
divertor bypass and various edge/divertor diagnostics. “G” denotes pressure gauge, “RGA”
denotesresidual gas analyzer. The circulation of gas through the bypassisindicated. The
region viewed by 8 chords which monitor Ar Il emission isindicated.

2. Argon neutral compression Cp,, deuterium neutral compression Cp and argon neutral

enrichment n 5, in the Ohmic density scan. Comparison between bypass open and closed.

3. Outer divertor plasma conditions as deduced by the plate probes in two identical discharges,
one with bypass open, one with bypass closed. The corresponding divertor gas pressures are
20 mTorr and 43 mTorr, respectively. Discharge conditions, n, =18 x102°m™3, Bi=54T
and I, =1 MA, Ohmic heating only.

4. A measure of the argon ion compression as indicated by the ratio of the divertor Ar Il

intensity normalized by the core argon density.
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Fig. 4
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