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Abstract

1.1 Electron Distribution Function

A computer model for an Electron Cyclotr&esonance Due to ECR heating and mirror confinement, éfectrons

lon Source (ECRIS) plasma isnder developmentthat
currently incorporates  non-Maxwellian
functions, multiple atomic specieandion confinement
due to the ambipolar potential that arises frofast
electrons. Atomicprocesses incorporatadto the model

in an ECRISare expected to bkighly non-Maxwellian

distributionand non-isotropic. The electrons in most ECRi®dels

are typically treated asvo separatespeciescold or warm
Maxwellian electrons and hot perfectly confined
collisionless electrons whose temperatureged to be

include multiple ionizationand multiple charge-exchange input. The electron confinement usually ignores the

with rate coefficients calculatedor non-Maxwellian
distributions The electron distribution function is
calculated using a Fokker-Planclcode with an ECR
heating term. The Monte Carlonethod is used to
calculatethe charge-statalistribution (CSD) of theons.
The Monte Carlo ion tracking isverified by CSD

potential between the plasma and the walpiteevidence
that it is comparable to theold electronenergy[2]. Also,
the hot electronsare obviously not perfectly confined.
Their lossrate must balancethe rate atwhich they are
created by ECR heating.

The actual electron distribution,, fwould be better

comparison with a conventional 0-D fluid model, similamodeled by asingle continuous non-Maxwelliamon-
to Shirkov’'s[1]. The Monte Carlo method is chosen fasotropic distribution function. A Fokker-Planckode
future extension to a 1-D axial model. Axial variations imvould allow f, to be calculatedaking into account RF
the plasma parameters couwffect confinement, CSD and heating and both magneticand potential confinement.
extraction. The electron Fokker-Plandode is to be This would also eliminate theelectron temperature as a

extended to 1-D axial by bounce-averaging.

1 INTRODUCTION

fixed input to the model. Ideally, an ECRBodel should
require as input parameters, only experimental knobs such
as the magnetic field, gas inlet, rf power etc.

The complete understandingand optimization of an 1.2 Spatial Effects

ECRIS is complicated with many issuescansider, such

as plasma confinement, neutrals, multiple atomic speciestsually, alleffects ofspatially varyingparameters are

and microwave resonances. Optimization fdrigher
chargedstatesand higher current with low emittance is
challenging. A typically optimization is by tri@nd error
because there are fesuitable numerical toolswvailable,
none with a comprehensive modeling capability.
Current ECRIS modeling is typically a 0-D fluidodel
such as Shirkov’'s “Classicéflodel of lon Confinement
and Losses in ECR lon Sources”[Herethe ion charge-
state-distribution (CSD) idetermined bysolving a set of
coupled fluid equations. Plasma parametgesassumed to
be uniform over the plasma voluna@d nospatial effects
are consideredConfinement isdeterminedrom a simple
potential and magnetic box/well model. This O-[uid

ignored in ECRIS models. Confinement isodeled by
assuming the magnetic field and potential catréated as
a uniform box/well. Inside the well, all plasmarameters
are assumed to be constant. However, an EGRithave
complex spatially varying asymmetric magndtetds and
potentials. Inaddition, the plasmgparameters are not
expected to beniform. Highercharge-stateare expected
to be confineddeeper inthe potential well. Theaverage
electron, ion and neutral densities, they inteveith, will
be differentthan those seen by loweaharge states. In
particular, the varying conditions the ions musivel
through between the main plasma and the extragtiont
should be considered.

modeling hasseveral drawbacks, in particular neglecting Due to the high electromobility, the electron spatial

the electron distribution function and spatial effects.
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effects can baccountedor by abounce-averageBokker-
Planck code. In a typical ECRIS, however, the hoance
frequency is much smaller than the ion collisfeeguency
and a bounce-averagedreatment is inappropriate.
Extending a fluid model axially may also be inappropriate
as the plasmaearthe extraction point will be lesdense
andthus less collisional than in theenter ofthe plasma
andthe fluid approximations may not apply. The Monte
Carlo method is better suited for determining the ion
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spatial effects. Thismethod can handléboth highly that ion thermal equilibration is fasind all ion species
collisional and collisionless regimes with smoothlywill have nearly identical temperatures.

varying and non-symmetric magnetic fielaisd potentials, lon CSD Modeling: The ion CSD isarguably the
resulting in better estimates of the true ion confinememhost important resuldesiredfrom an ECRIS model.

A Monte Carlomodel would also be better suited for th&raditionally, ECRIS models have determined the CSD by
possible futureaddition of ICRH and the resultant ion solving a coupledset of fluid equations fomultiple

distribution anisotropy. atomic species j...
an,q —(n <a' v >—n <0' v >)n
2 GENERIC ECRIS MODEL dt la-1\¥ a1 ja\"ia-~a%e/["e
In this paper, we present the initial results of Generic + <O'CX > < > Nig
ECRIS Model (GEM) codewhich attempts to improve iq*lz Battip 15 /0 mE 1a-5p " Tiq

J2

ECR.IS quellng by using an electrop Fokker-Placotie In the above set, there is one equatlon for eheinge-state
and including Monte-Carlo ion modeling. fof each atomic species

Collisional processes incorporated into the model so far

include the single, double and triple electron impact 2.2 Fokker-Planck Electron Model
ionization cross-sections!, of Lotz[3],[4] and Miiller et.
al.[5],[6], along with single, double, tripland quadruple
charge-exchangeross-sectionsg®*, from Miller and
Salzborn[7].For simplicity, we will includeonly single- _e+\7. ?Q +S(v,0)+S"(v,0)
step collision terms in all of the equations to follow. o &x m ‘N Lol

. where @fJot).,, is the Fokker-Planck collisionaperator,
2.1 0-D Fluid Model S, is thecold electron sourcand S is the perpendicular
For comparison, initial modeling resultgve also been diffusion ECRF heating term:
obtained using a 0-D fluid model similar to Shirkov’s [1]. gf = 1 00 of, O

The electron distribution function, (¥,6), can be
determined by solving the Fokker-Planck equation

Neutral Modeling: The neutral density inside the v, v, H’DD” N, E
plasma isdeterminedrom the neutral density outside the 2
plasmaandthe rate atwhich neutralsare convertednto Dy =D exp(‘ / C )
ions inside the plasma volume. P, =2nm,D,V,

Ambipolarity: Radial transport is assumed to b
negligible compared toaxial endloss. Thus, thendloss
currents must be ambipolar or balance.

She nonlinear multispeciesode FPPAC94[9] has been
incorporated into the model. The Fokker-Planck modeling
also determines the e-i collisional energy exchaagkthe

A
_P -5 = J &F{q electron confinement.
Te T Tig As the electron distribution function is highlynon-
where §is the external electron source. Maxwellian and non-isotropic, theeaction-rate coefficient
The confinement time for an ion of atomic species j aould be calculateexplicitly from distribution functions
charge g, in a confining potential, is given by[8] of the two coIIiding species.
D Dnm DUZ 2 = vdv'f v')o(|v-v'||v-v'
qempmE . o Boxp() (0= o TNV () fp(v)ov-v v-v]
g kT (x+ 3V +via)E Th i
e model mcorporates a routine[10] to compute the
where reaction-rates for arbitrarilghapedistribution functions.
9P ad G= Jr(R+1)In(2R+2) The routinecanemploy a non-uniformlyspacedvelocity-
2R distribution, suitable to an ECRISyherethe electrons,
and¢, is the ion confining well potential, R is tmeirror 10NS and neutrals can haveveragevelocities orders  of
ratio and L is the length of the core plasma. magnitude apart.

lon Power Balance: The ion temperature is 2 3 NMonte Carlo lon Model

determined by solving the ion power balance

E(ET )_ 80 4 06 4 nCX 4 o As discussed irSection 1.2, a Monte-Carlo modedbuld

dt \? iZini _Zj( TP p p P; ) incorporatethe effects ofspatially varyingparameters on
where the terms on the right account for, respectively, tHee ion confinemenandCSD. A Monte Carlocode has
initial energy of the ionized neutrals, energy due to Several advantages. The Monte Carlo methodosveerful
ionization inside a potential wellelectron collisional tool that enables the inclusion of complex geometries,
heating,energyk)st due to Charge exchange and energﬁnergy distribution functions, and detailed atomic
lost due to the ion endloss. All ion spec&sassumed to Processes. The ion confinement, C3idd distribution
have the same temperature. Motislt runs withseparate function could be calculatedxially using axiallyvarying
ion temperatures fadifferent atomic species haweerified
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Figure 1: Comparison of Modeling results with ANL ECR-II Faraday cup measurements

plasma parameterssuch as the potential. A full 1-D .
axially Monte Carlo ion model is planned for this model. 3.2 lon CSD Modeling

As a first step, the Monte Carlo method hbsen Sample results of the initial CSD Monte Canmdeling
incorporated in the code to calculate the 0-D multi-specigf comparison with the fluid ion modeliraye shown in

ion CSD. Figure 2 for a pure Neon plasma. They giaearly
identical predictions, indicating the Monte Carlo modeling
3 RESULTS is tracking the ion charge state correctly.
3.1 Electron Modeling 4 DISCUSSION

To investigate the validity of the model, comparison§o be predictive,the model should rely ommeasured
have beenmade with Faradaycup measurements fromexperimental “knobs” only. Even witH-okker-Planck
ECR-II at Argonne. Due to an air leak the plasimas modeling of the electrons, some quantities such as the
had four major atomic species: He, N, O and Ne ions. There plasma lengthand the electron confining potential
experimental data are shown as plot a in Figure 1. still need to bearbitrarily input to the model. By
The need for Fokker-Planck electron modeling isextendingthe modeling spatially to 1-D axially, one
demonstrated bylots b and ¢ inFigure 1. Plot b was should be able tadeterminethese quantities from the
produced by a Maxwellian electron distribution{Z keV) plasma confinement.
while plot ¢ results from a combining collisionless hot The ion Monte-Carlo code must be extended to spatially
electrons (100keVith a very small amount(~0.3%) track the ions and determine their profikasd confinement
cold electrons (70eV). Clearly, one camatch the in addition to their CSD.
experimentaldata using very different assumed electron The electron Fokker-Planckode should be bounce-
distributions. average toaccount for the localization of the ECR
To eliminate this arbitrariness, the electron distributioresonantsurfaceand also the spatially varying potential
should be determined by solving the Fokker-Planck and magnetic field. The electron distribution function
equation. The predictions of the Fokker-Plarelkctron modeling could also beimproved further by including
modelingare given as plot d of Figure 1. Theokker- energy losses due to radiation and relativistic effects.
Planck electron modelingroduces a goodhatch to the

experimental data with less arbitrariness. 5 REFERENCES
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