Modeling of 2-D Neutral Density Measurements in DIII-D
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The H-modeconfinement scenaripresents anethod to achievéigher fusion power
density and hencéower power cost for fusion poweplant designs. Theoretical and
experimental investigations of H-mode access have been ongoing since its disdovery
generally agreed that edge parametersciieal for H-mode access. It igear that atomic
processes, such as radiation and recycling, complicate the physics of the@dgelhese
processes are in addition tte normal plasmahysics phenomendhe role of neutrals in
damping plasma flow and increasing the L-H power threshotdipressinghe transition
altogethethasbeen predicted*> In particular a recengtudy’ on DIII-D concluded that
neutral density irthe X-point regionwas high enough taffect the poloidal momentum
balance inpumped discharges whicshowed 100%higher L-H power thresholdthan
observed forsimilar unpumpeddischarges. In thospumped dischargethe analysis
showedthat thedrag due to charge exchange dampiwas aslarge as the neoclassical
viscous dragerm averageaver the 95%flux surface.Locally near theX-point where
neutral density was highest, the neutral damping term was dominant. This amdigdisn
data-constrained 2-D edge plasma and nettaasport modeling withthe B2.5"® and
DEGAS codes. Howeverthe neutraldensity itself neathe X-point was not measured
experimentally, which lead to a degree of uncertainty about the conclusions.

Recently anew method to measure neutral density timee X-point region was
demonstrated in DIII-D. A tangentially viewing Charge InjectiorDevice (CID) video
camera (TTV) measures theg [ght emission in the lower divertor; this image is inverted to
produce a polodial light distribution. The TTV is cross-calibrated against absolutely
calibrated photomultipliers with Plight filters. The neutral density at the divertor Thomson
Scattering (DTS) measurement locatiofBig. 1) is determined by the relation
oy = NeMo(0(TeMe)Ve),,. Wherelp, is the intensityirom the TTV, ne is the electron

density determined byhe DTS, and <U(Te,ne)ve>exC is the electron excitation rate
coefficient. Notethat the molecular contribution tb,  is neglected. We havesed this

technique to measure X-point neutral density in L-mode dischangdar to theones from
Ref. 6.The remainder of this paper discusses modeling of these new data to corroborate our
modeling technique and remove the uncertainty from our previous conclusions.

These discharges hag=11.0 MA, Rg= 0.25 MW (just belowthe L-H transition
threshold), B=2.1 T, n, = 2.5<1019 cnt3, and the ionJB drift was towardghe X-point.

The X-point wasadjusted to several different heights abdlve divertorfloor, andeach
heightwas maintainedfor 0.5 s.The power crossinghe separatrixvas 0.6 MW and the
divertor radiationwas 0.28 MW, independent of X-poinheight. Figure 1schematically
showsflux surfaces irrelation to the DTS datpoints andthe areagrom which TTV Dqy

intensity datawere takenfor a typcal low X-point geometry. Fig. 2 showshat the



measured neutral density at the DTS locatfons3 different X-point heights from a single
dischargewas between 1% to 101 cm3. In addition the e-folding length of the neutral
density above the X-point into the core was about 5 cm in all three cases.
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Fig. 1. View ofthe DIII-D lower divertor Xpoint flux surfaces(lines), divertor thomson
scattering data points (dots), and tangential TVintensity data sampling areas
(rectangles), from ref. 10.

The modeling procedurefrom Ref. 6 was used tsimulate thesedata. The main
chamberThomson scattering provided edge and scrapéagéfr (SOL) n and T, which
constrained the cross-field transport coefficiepisand D,. The edge .Twasobtained by
Charge-exchange RecombinatiBpectroscopy, whicleonstrainedy/. The divertorheat
flux was obtained from IRTV analysis, which provided guidance on the power flow into the
SOL. The Divertor [y emission, measured by calibrated, filtereghotomultipliers,
constrained theplate recyclingcoefficient. A deuterium plasmeas modeled, and the
divertor radiationrwas numerically increased to match bolometigta. The plasmasolution
from B2.5 was input into DEGAS to compute the neutral density profiles; solutions between
the two codes were iterated to satisfy global particle balance atimactlice. Notethat the
X-point n,and T, from DTS provided an independent check on the modeling.

The best data quality and also quantity were available for the t = 2250 ms time slice. The
transport and recycling coefficients from thise slice were therused forthe latertime
slices to assure a systematic modeling effort; these coefficients provided excellent matches to
the availabledata. Itcan beseen in k. 2 that computed atomic neutrdénsities are in
excellent agreemenwith the measured neutral densities above Xhgoint in the core
plasma. Fig. 3 shows the comparison betwiberX-point n, and T measurements and the
model calculation$or the t =4250 mstime slice: the agreement agiite reasonable in the
core region, considering that these data were not used to constrain the free parameters of the
edge plasmanodel. The agreement in the privaflix region is worse: B2.5 needs an
additional particlesource (or possibly are detailed KB drift physics) toincrease the
density and reduce the temperature to bettch thedata.Since there is not a convincing
physical justification for such a source term, it is not included in the simulations at present.



The agreement between model and data for neutral density gets worse betepothe
in the private flux region. Thisan beunderstoodpartly by the inaccurate representation of
the plasma parameters B2.5, aswell as by the impact omolecules.The DEGAS
calculationsshow alarge molecular population in the privatiix region, which can

contribute as much as 40%
of the total Ip, . The

equation used to infer
neutral density from the

data neglects molecular
contribution tdp,

resulting in an
overestimation of the
atomic density.  This
discrepancy is not
pertinent to thediscussion
of atomic neutraldensity
above theX-point, where

the molecular contribution
to Ip
a



computed to be inefficient due to SOL plasma shieldingnaost designsely on pellet or
other deep fuel mechanism.

Owing to flux expansion, ouneutral densitydata above th&-point extend only to the
98% normalized fluxsurface,mapped to the outer idplane. The analysis of Ref. 6
concluded that neutral densitytae 95%flux surface wagshe critical parametegxtension
of this techniqu¥ to measure neutral density tae outer midplane in to th@5% flux
surface is underway.
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Fig. 3: Comparison between model and date for n, and T_ near the X-point.
Error bars are based on fluctuations in the quantities, not photon statistics.

In summary, wehave obtained good match between simulations andata of the
neutral density just above the X-point in the core plasma, both in the raffige 1@1 cnr
3. Our previous conclusiéthat neutrals can affect the poloigabmentum balance and the
L-H power threshold at lowne-average densitwas based owlata-constrained analysis;
however,the neutraldensity itselfwas not measured irthat study. The good agreement
between the modelinghownhere anchew databenchmarks oumodeling technique and
corroborates our previousonclusion.
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