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1. Introduction

Recently,therehasbeenincreasednterestin the ratio of separatrixdensity ng to the pedestal
density n, because for next step devicesumd np are subject to distinct constrains whitight
be in conflict. Therefore a reliable basis for extrapolation is necessagmiempiricakelation
for the ratio of the separatrixdensityn, to the pedestaldensity n. was derived by combining
experimental finding®n characteristiaensity profile shapeswvith SOL physicsprovidedby a
so-called two-point model dhe SOL with the assumptiorof Bohm-typetransversdransport.
[1]. This relation has beensuccessfullyappliedto experimentaldensity profiles obtainedin
ASDEX Upgrade(AUG) H-Mode dischargeswith the so called Lyra Divertor (DIV-II) [1].
Operation with the Lyra
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Fig. 1: Typical AUGdensityprofiles for DIV-I and DIV-II However, the relation
in Type-l ELMy H-mode discharges(averagedover the betweenSOL density and
ELM cycle). The line averageddensitiesare the samefor neutralgasflux densityin
both discharges as all global parameters too. gralientis the divertor is not altered
constantin the pedestaland near the separatrixparts of the by the changefrom DIV-|
SOL. Radial positionsf separatrixand pedestaregion are to DIV-II [3]. Thus under
indicated by the broken lines. Density of symbols all conditions the

corresponds to spatial resolution of measurement. thickness of the DIV-Il

SOL is increasedor at leastthe sameas for DIV-l. In fig.1 density profiles obtained by
combining lithium beam edge profiles withiterferometemmeasurementsf the plasmacore [4]

are presentedshowingthe typical differencein the gradientregion. One consequencef this
behaviour is a difference in the ratigm between DIV-I and DIV-II. In this paper we stuthe
impactof divertor geometrieon the ratio n/n. by extendingour previousstudy [1] to DIV-I

data.
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2. Description of model

The discussions guidedby a modelwhich relieslargely on empirical characteristicof AUG

density profiles (cf. fig. 1):

()] The densitygradientis radially constantn the pedestabnd nearseparatrixregion, and
in particular, does not jump at the separatrix.

(I The pedestalwidth & (distancebetweenseparatrixand the innermostend of the steep
gradient region) is constant.

Both features lead to a simple relation betwegsmal i, where, is the densityfall-off length

near the separatrix position.
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Assumingd = A_(cf. fig. 1) and making usef the approximation(1+z)/z= 2(1/z)"? with z =
A,/ & one gets
D5 D1/2

N = 2%?% N (2)

which will permit to derive relationsin power law form. All other elementsof the model
originate fromtwo-point modelsof the SOL [1 andref. therein].In particularestimatesof the
midplane temperature;&ind the temperature fall-off length are given by:
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wherelL is the connectionlengthand g, the meanpowerflux acrossthe separatrix.All other
guantitieshave already been defined or have their usual meaning. Bohm-type transverse
transportwas adoptedn equ. 4. Finally a proportionalitybetween , andA; is assumed1].
This assumptioris supportedoy experimentafindings, althoughno dedicatedstudy existsso
far which investigatesthe connectionbetweenboth fall-off lengths in detail. With this
assumption and with equs. 2, 3 and 4 we get after some simple algebra

& nél 15(q95 R)8/15

— 5
ne g (5)

Equ. 5 has thelesiredform andis the basisof the subsequentomparisonsith experimental
data. The size scaling with R*¥*® cannotbe testedhere, becausereliable data from other
machines are not available.

3. Application to DIV-l and DIV-II data

A databasefor Type-l ELMy H-mode dischargesin DIV-l has been compiled from 24
dischargeswheretimeslicesof stationaryphases(D, puffed dischargeswith 1,=0.6-1.2MA,
B=-2.5T,-1.5T, NBI: D%>D*, 2.5-10MW) were included, building up a set of 250 data
points. The dataset for DIV-II consists of 8 discharges with combined damnsifyower ramp-
up scenariosvhich sumup to a total of 280 datapoints (D, puffed dischargeswith 1,=0.6-
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1.0MA, B=-3.0T,-1.5T, NBI: D°>D*, 2.5-7.5MW) [1]. All density profiles are smoothed
over ELMs and the plasma shape is the same for all discharges.

Assuming that the relevant parametarsgiven by equ. 5 a standardegressioranalysisleads
to

n1.5110.09q0.9610.1

DIV-1 _ -12 C 95

nS, fit 435D'O -0.08+£0.04 »0.35+0.07
q B

(6)

whereng andn. in m®, g, in W/m?, B, in T and all exponentsare given with their 95%
confidence intervals (R= 0.85).

The prediction of the model is given by equ. 7 where now only the coefficipnbpdrtionality
in equ. 5 is determined by a regression fit. This coefficé¢mroportionalityC, is differentfor
both divertor geometries (DIV-I: G= 1.6 x 1; DIV-II: C, = 2.57 x 10).
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Fig. 2: Quality of both fit approaches fahe DIV-I
dataset. Comparison betweenthe regression fit
(equ. 6,full symbols)andthe modelresult (equ.7

Fig. 3 Application of Equ. 7 with x=Il to both
datasetdn comparisonto the experimentaldata
points demonstratingthe differencesfound for

with x=I, open symbols). both divertor geometries.

In fig. 2 we compareresultsfrom thefit (equ.6) andthe model(equ.7) respectivelyfor the
DIV-l databaseA betterorderingof the datapointsby the fit can be noticed. Comparingthe
exponentsin equ. 6 and 8 the more pronouncedq,, dependencef the fit is the major
difference.This may at leastbe partly due to the small variation of B, and g, in the DIV-I
dataset. For the DIV-Il dataset the exponents ohtbdel havebeencloselyreproducedy the
fitting procedureand both scalingswere practically indistinguishablevhen comparedin the
sameway asin fig. 2 [1]. The differencein the operationalwindow for ng by changingthe
divertor geometry is also illustrated in fig. 2.
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4. Discussion

There are various possible reasons for the observed differences between DIV dhdOne
would expect a too strong.glependence if4is determinedradially outsidethe true separatrix
position. The effect of shifting the separatrixpositionis illustratedin fig. 4 where the scaling
found for DIV-Il (equ.7, x=Il) is comparedo the experimentaDIV-l densities takenl cm
inside the nominal separatrixposition. Doing this one single relation would desribe both

datasets and no differences would occur.

Sucha big systematicerror in the separatrixposition betweenthe DIV-I andDIV-Il phaseis,

however, very unlikely as has beemecked 8
by analysing high resolution T, profiles
[3,5] and comparingthemto various SOL
models. From this study one would
estimatean error of the separatrixposition
of only a few mm. Therefore,sucherrors
are unlikely to be the main causefor the
observed differences.

Another possible reason might be a
systematicallysmaller pedestalwidth & in

DIV-l thanin DIV-Il. Becauseof equ. 2
this would give an effect in the right
direction. The example profiles given in e
fig. 1 are at leastonsistentith this view, 01 2 3 45 6 7 8
but much moreanalysisis neededo clarify ~ 9

this point. n, (R-R=-1 cm) [16° m™]

DIV-I
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Fig. 4: ng ,0f equ. 7 withx=Il versus
experimentaldensity data points taken
1 cm inside the magnetically defined
separatrixposition of the DIV-I dataset
(reduced number of points).

5. Summary and Conclusions

On the basisof AUG edge data for both
divertor geometriesthe scalingof the ratio
ndn. with respect tanachineanddischarge
parametersvas investigatedwith a view to the impact of the divertor configuration. The
discussionwas guided by a semi-empiricalmodel which emphasiseghe impact of SOL
physics. We have looked for scalings in teiwhshe parametersuggestedyy the model. With
this approach fits for DIV-1 and DIV-Il data acd similar type andin good agreementvith the
model predictions.

The main difference betweenthe scalings for DIV-l and DIV-Il is the coefficient of
proportionality which differs by a factor of 1.6. At presentwe are unableto discriminate
between the different possible causes for this phenomenon.
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