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Introduction

The calculation of neoclassical transport in three-dimensional systems, like in stellesators,
complicated problem because of the lack of conserved componéhéscanonicalmomentum.
However, 1 has beenshown more important than inokamaks.Analytical methods when
applied to real stellarators seenb®impracticalbecausef the largenumber & magnetic field
components that has to be retaimedhe calculationsFrom the numerical pointfoview, there
aretwo main approaches focomputing neoclassical transport in stellarattins: drift kinetic
equation solvers, and Monte Carlo methods, each witleitefitsand drawbacks Drift kinetic
equation solvers allow computing all transport coefficients (the complete transgaK) at the
price of an unfavourable memory scaling wite number b magnetic fieldmodes. @ the
other, handVionte Carlo methods (MC) have lmear scalingwith the number & modes, ad
can be efficiently executed in massivelgrallelprocessing machines, butthe price ® only
giving the diffusive part of the transport matrix.

TJ-1l stellarator[1] is a four period mid-size helicalaxis stellarator withthe following
parametersRy,=1.5 m, 0.1 <a < 0.25,Bp= 1 T. The main difference betwednJ-Il andother
classical stellaratorsrotorsatronsare a large helical axis excursion o the plasma, of
approximately 25 cm, and a magnetic field mode structiatggr thanin mostotherdevices. t
is precisely this broa¢B| spectrumseeFig. 1, what makesTJ-ll so especial with respeob t
neoclassical transport calculations and forced us to deal with Monte Carlo methods.

In this work we will present an evaluationfotransport coefficientdor the standard
configuration of TJ-Il stellaratoiThe ambipolar electric fieldsialso computedor several
plasmaprofiles, and theresults forthe particleand energy confinement times compared with
some experimental discharges [2].

Local Diffusive Calculations

Using a newly developed Monte Carlo parallel code (workingoozerco-ordinates)based
on the MCT code [3], the monoenergeticliffusion coefficient, normalisedotthe tokamak
plateau, hadeen computedor the standard configuration of TJ-l$tellarator for several
magneticsurfaces over avide range b collisionalities and radiaglectric fields. Once these
monoenergetic particldistributionsare convolutedwith the appropriate Maxwellian energy
distributions it is possible to performome-dimensionastudy ofthe particleand energy fluxes
as afunction d the temperature, densignd electric potentialprofiles. Thisone-dimensional
study also allows us to estimate the partasie energyconfinementimesfor the radial electric

field, E,, solution of the ambipolarity conditioff{=Z; I5).
In this calculations it was found that, for the nominal magnetic field of T1-T€sla),in the

long mean-free path (LMFP) collisionalitggimethe local diffusion is not adominant feature.
Moreover the effect tends to increaeuter (, because fothe radial ripple dependence the
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configuration. Formallytiis possible @ reduce thiseffect in the calculationsybincreasinghe
magneticfield, sinceall the quantities involved ar@ormalised. In this wayt is possible d
override the problem alirectlossesand makestipossible @ compute onlythe localdiffusive
part d thetransport. Howevethe contribution d thesenon-localfluxes b the realtransport
remains to beddressed. Idoingthese studiefor TJ-1I stellarator several points habeen
taken into account; namel§) the numberof modes usedhithe description ©|B| (> 100); 2)

the number of particles needed to obtain convergence of the resfitresian of collisionality;
3) the scaling b the magnetic fieldnodulus forobtaining localdiffusive results.We have
constructed alatabase containing the normalised nonoenerdgficsion coefficientsD*, for

ten flux surfaces, six different electpotentialsand twenty-fourdifferent collisionalities (10 x

6 x 24 = 1320). This database haseen fittedwith a neural networl{4], called multilayer
perceptron (MLP), with only one hidden layer, MLP1, using as inputs the magnetic stinéace,
normalisectollision frequency and the ratid the electrostatic potential to tparticle energy,
D*(y, u*, e@IT). A rather good fit is obtained using only three noaethe hidden laye(i.e.;

16 coefficients), see Fig. 2.
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Figure 1: Contour plot o |B| on the magnetic Figure 2: Normalised monoenergetic diffusion
surface ¥ = 0.25 withinone field period for the  coefficient, & ¥ = 0.25, computed (dotsand
standard configuration of TJ-Il stellarator. fitted (lines) vs. normalised collisionality

Making the appropriateonvolutions © the monoenergetidiffusion coefficient,D*, it is
possible ¢ derive the different perpendiculaansport coefficients anithe particleand energy
fluxes. For the experimentplasmaprofiles of Fig. 3, for broad iontemperature profiles with
central valued;(0) = 90 and 125eV respectivelythe ambipolar radial electric fieldnd he

particle flux are plotted in Fig. 4.
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Figure 3: Density andtemperature profiles for  Figure 4: Ambipolar radial electric field and
two TJ-lIshots. particle fluxvs.the effective radius
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With the assumption & havemade in the NI calculation,i.e.;neglecting non-locafluxes
and directlosses,and only consideringpcal diffusive particlesthe figures, obtainedfor the
profiles of Fig. 3, for the particle and energy confinement timestantieat conductivity are i
reasonable agreement, see the following Table, with the experirfiediafjs and the transport
analysis [5].

Shot T, (MS) Tz (Ms)
Neo. EXp. Neo. EXp.
#1787 13 8 5
#1798 9 5 3

Non-Local Calculations

The problem bdirectlosses haveenaddressedybcomputingthe total particleand energy
fluxes for fixed densityandtemperature profilefs]. For these simulations particles have been
started randomlyn ¢ following a parabolic densityprofile, and foreachposition their energy
hasbeen chosen from ldaxwellian with aparabolic temperature profile; theirpitch, toroidal
and poloidalpositions havereen alscchosenrandomly. These particlesions andelectrons

were followed during 8 mstaking into account both pitch angle and energy scattering with a
fixed background and parabolicelectrostatigpotential. Twodifferent cases witfT4(0) = 500

eV andT(0) = 750eVwere considered, with treame centradlensityn,(0) = 1.5 x 10 Yme
and central ion temperatufg(0) = 125eV. For each case fifteen different central electrostatic

potentials were considered, ranging from=-8®(0)/ T,(0) < 3. Thefluxes foreach magnetic
surface are computed directly from the trajectories of the particles.

The particlefluxes computed Yo direct flux simulationsare larger, especially & outer radii,
than those fthe localdiffusive approach described earlier, $eg. 5(T,(0) = 750 eV), and

their dependence on the radial electric field, Fig. 6, is quite different, and reflectgptirtance
of the non-local iortransport @ TJ-Il. The radial electridield, solution ofthe ambipolarity
condition, and the patrticle flux obtained with both methods are presented in Figs. taseis8,
T,(0) = 500eVand 7502V respectively.
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Figure 6. Electron andion particle fluxesvs. Figure 5: Electron and ion particle fluxes vs.
effective radius for ep/T, = 0. radial electric field for rqg = 0.5 (or = 0.25).
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Notice the cleatransition from anon to an electronroot depending the central electron
temperature. Although these simulations weradewith fixed parabolicprofiles, its results
indicate thaton-localfluxes might influence thd@ransport,but d this point $ very difficult ©
say that they invalidate theectron-rootfeature.
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Figure 7: Particle flux and radiaklectric field vs.  Figure 8: Particle flux and radialelectric field vs.
effective radius for T,(0) = 500eV effective radius for T,(0) = 750eV

Conclusions and Prospects

The localdiffusive part ofthe neoclassicalransportof TJ-1l stellarator,computedusing a
MonteCarlomethod, is presented. Ftretypical conditiors of TJ-1I plasmasgcorresponding
to the long mean-frggath (LMFP) collisionality regime,it was found that direct lossemight
play animportant rolan determining theambipolarelectric fieldand the particle andenergy
confinementimes. Howeverif directlossesare neglectedg.; only considering local diffusive
particles in theMC calculation, thdigures, obtained forreal TJ-Il shots, for the particle and
energy confinemertimes and the heatconductivityare in reasonableagreemenwith the
experimentafindings and the transport analysisThe problemof direct losseswas also
addressed in this worly computingthetotal particleflux for fixed densityand temperature
profiles. Theresultsof thetotal flux simulation showanincrease irthe particle fluxes,being
moreimportantfor ions, and a reductionf the radial electricfield for conditionswith high
electrontemperature.

More studies aren progressn order to simulatéhetotal fluxesusing real plasmaprofiles,
relaxingthe conditia of frozentemperaturerofiles, andincreasing the numbef particles to
improvethe energy statistics his later point is especiallyseverefor electrons,since their
simulations very expensive in computane.

In the near future wavill check these resultsvith new experimentatiata, whichwill be
availabldrom the heavy ion beam probe.
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