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Abstract

Concernsabout the flexibility and robustnessof a compactquasiaxialstellaratordesignare
addressedy studyingthe effects of varied pressureand iota profiles. For thirty related
equilibrium configurations the global, ideal magnetohydrodynamiqMHD) stability is

evaluated as well as energetic particle transport. It is found that tokatagion is usefulto

understanding the MHD stability, with pressure gradiiving termsand shearstabilization
controlling both the N=0 and N=1 unstablemodes.Global kink modesare generatedby

steeply peaked profiles amdigelocalizedmodesarefound for plasmaswith edgeiota above
0.5. Energeticparticletransportis not strongly dependentn thesechangesf pressureand

iota profiles, althougha weak inversedependencen pressurepeakingthrough the magnetic
axis Shafranov shift is found. Whigodtransportand MHD stability are not anticorrelated
in these 30 equilibria, stability dependson a delicate balanceof the pressureand shear
stabilization forces.



1. Introduction

An intense effort to achievestableandwell confinedcompactquasiaxialstellarator
(QAS) configuration has led to a promising dedignthe NCSX device[1]. The global,ideal
magnetohydrodynami@HD) stability of quasiaxialstellaratordesignsfor NCSX is being
evaluated with the three-dimensional stability code packages CAZ3ind TERPSICHORE
[3]. Recently CAS3D has verified and extendadtulationg4] of the TERPSICHOREcode,
showing stability of the nonperiodicity-preservingink (N=1) and periodicity-preserving
(N=0) modesfor the proposedstellarator,even without a conductingwall [5]. Particle
transport is also being examined with ORBITMN [6] and related codes. wéeegaminethe
effect of variationsof the pressureand iota profiles on the MHD stability and energetic
particle transportof NCSX, maintainingthe boundaryshapeand the averagebetafixed at
3.8%.

2. Pressure and iota profile variations

To assess flexible performanceamodest-sizedkxperimentthe VMEC code([7] is
usedto obtain equilibria for 30 relatedequilibria exhibiting different stability and transport
behaviors.The plasmaequilibria obtainedare designated®0X/I0Y asfollows: P00/I00is the
baselineQAS3_C82configuration. P01, P02 and PO3 were definedso that PO1is similar to
P00, P02is morepeakedthan P01, while PO3 is broaderthan PO1. P04 is a very broad,
parabolicpressureprofile and PO5is the pressureprofile usedin the Helias reactorstudies

based on W7-X design. The iota profie chosenasfollows: 101 is linear, maintainingt (0)

andi(a) the same as in 100. 102 and 103 basedon 101 andalsokeep1(0) andi(a) asin the
baselinecase but with increasedcedgeshearby a factorof 1.5 and 2, respectively. 104 is a
linear iota profile with (0) as for the other profiles bu@®) higher than 0.5.

3. Stability of the External Kink and Periodicity-Preserving M odes

Most of the stability calculationsfor thesepressureand iota scanswere obtained
with the TERPSICHOREcode,with a pseudoplasmapproximationfor the vacuumregion,
setting the wallbistanceat 1.5 minor radii away from the plasmaboundary. Figure 1 shows
the stability of the N=0 and N=1 modesand how this dependson the pressureand iota
profiles examinedFor pressureprofiles PO0 and P04 the unstablemodesfound were similar
for all the iota profiles. Global kink modesare generatedy steeply peakedprofiles nearthe
half-radiusand edgelocalizedkink (ELK) modesare found for plasmaswith edgeiota above
0.5 and with a steep edge pressure gradient. These EltKs @AS aredriven by high edge
current densities, as are the edymlized nodes (ELMSs) in tokamak H-modes.

4. Energetic Particle Transport

In recentwork with the ORBITMN codewe havesurveyeda variety of quasiaxial
stellaratorsand examinedthermal and energetic particle transport. Simulations for the
complete sequence of equilibria, with deuterium beamabvd® keV and a peakeddeposition
profile, led to similar energetiparticle lossesin every case.The resultsof all the simulations
areshownin Figure 2. The figure showsa weakdependencef the particle and energyloss
fractionson the position of the magneticaxis as well as the pressureprofile dependence.



There is little effect on energetic particle transgayn the variationsin plasmapressureand
in iota.

5. Conclusions

A seriesof simulationsand calculationsvarying the pressureandiota profiles for
the QAS3_C82designshowsthat the stability of the N=1 and N=0 families of global ideal
MHD is quite dependent on the particular pressureiatadprofiles chosen. Calculationsfor
fixed edgepoloidal flux andplasmaboundaryshapeat 3.8% beta demonstratehat many of
the conceptsof tokamakMHD are useful in understandindghow instabilities arisein QAS.
Early NCSX candidateconfigurations,studied before finding the QAS3_C82 configuration,
possessed different plasma boundary shapes and/or iota profiles and exhibitathprihexd
kink stability or improvedparticletransportbut not both. While goodtransportand MHD
stability are notanticorrelatedn these30 equilibria, stability dependson a delicatebalancing
of the pressure and shear stabilization forces.
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Fig. 1 Stability diagram for the N=1 and N=0 modes for 30 equilibrium
configurations with varied pressure and iota profiles.
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Fig. 2 Energetic particle losses and associated energy losses
for 30 equilibrium configurations with varied pressure and
iota profiles.



