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We investigate the transport of impurities in drift-Alfwvéurbulence [1, 2, 3]. Flux tube
geometry is used, with local slab-like coordinatgsy,s) [4], corresponding roughly to the

local radial, toroidal and parallel directions:

%—? +H{ew=K(M+0J+m07 (12)

4 (@ neq Nk = K (n—0)+ 0,3 -0) + R, (1b)
2 (P +09) + 1.9} = O, (e +n—9) —CJ, (10)
3 (% + {(p,u}) — 0, (ngg+n). (1d)

Parallel derivatives carry non-linearities entering tigbA,. X represents effects of curvature

with wg = 2%, R being the tokamak major radius and the mean gradient length:

on = .on on
On= a—S—B{A‘,n}, K(n)=—wg (sms&+cossa/).

The parallel currend is connected to the magnetic potential by —DiA‘. The electron

parallel dynamics is controlled by the parameters

- L, .
B2 €, H= Ms, C= 0'51@ H= VL, (2)

with Te being the electron collision tim&eq is an equilibrium density associated with neo-
classical fields and current& (nggq) = —0,Jps, Which in turn is driven by the corresponding
neoclassical potentidps = é((pps). The contribution of impurities to the gross plasma den-
sity nj o is assumed to be negligible, i..= nj o+ Nimp ~ Nj 0. For cold impurities the ion-drift

velocity is given by thée x B- and the polarisation drift:

M
kNimp = Z—EDJ_ : (nimpdt O.9) - nimpK(@) - DH (nimpu) - lJ-impDinimp 3)
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Figure 1: Impurity distribution projected onto a poloidabss-section (radial dimension not

to scale) initial distribution and after 25 time units capending to about 108.

We introduced the relative mass of the impuritis= Mimp/M; andZ indicates their charge
state.d; includes advection with the compressilidex B velocity. Finite inertia effects of
the impurity ions enter through the ion-polarisation diifbwever, in this paper we consider
massless impurities.

Parameters weiig= 5, q= 3, magnetic she&= 1, wg = 0.05, ¢, = pn = 0.025, correspond-
ing to typical edge parameters. Simulations were perforored grid with 128« 512 x 32
points and dimensions 64256 x 21tin X,y, s corresponding to an approximate dimensional
size of 2.5 cmx 10 cmx 30 m [1]. Results are from a Ioﬁv: 0.1 run withv = 2.295. The
initial impurity densitynimp is a radially localized Gaussian on an impurity backgroure
diffusive term in Eq. (3) was chosen pgp = 5pn. A prominent feature of the impurity be-
havior is the weak parallel convective transport, as palrabinvection of impurities is due to
the fluctuating parallel ion speadwhich is small (1 ~ 0.01) compared to radial velocities
of order one. This is clearly observed in Fig. 1. No signifigaarallel flow of the impurity
density is observed, while significant radial mixing occirarallel compressional effects are
visible and arrange for finite passive density gradienthatbigh field side. An inward pinch
effect is clearly observed at the outboard midplane. Siguftiom an initial impurity distribu-
tion homogeneous alorgythis pinching velocity is seen to shift the impurity degddwards
the torus axis (Figure 1). The fluxof the impurity ion species can be expressed by a diffusion

coefficientD and a velocityv, which is associated to a pinch effect:
Fy(s) = —D(s)0x < N>y +V(s) <n>y. 4)

Profiles< - >y are achieved by averaging owerFrom scatter plots df (r)/ < n >y versus
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Figure 2: Left: Scatter plot (at high field side) of flux versgrsdient with linear fit, gray
area indicates gradients admissed for the fitting procedrigth: Impurity density profile

compared evolution of a Gaussian widhandV obtained by fitting.

Ox < Inn >y, values forD(s) andV (s) are obtained.

The poloidal (coordinats) dependence dd andV is shown, with errors as obtained from
the fitting routine, in Fig. 3. The effective convective vty V(s) changes sign and is at
the high field side directed outwards. This can be consigterplained in the framework of
Turbulent EquiPartition (TEP) [5, 6]: In the absence of lal@onvection, finite mass effects

and diffusion, Eq. (3) has the approximate Lagrangian iavéar
L(s) = INNimp+ wBCOYS)X — wesIN(s)y . (5)

TEP assumes the spatial homogenizatiorl dfy the turbulence. This leads to profiles
L(s) >y= cons{s). The strength of the “pinch” effect is proportional to thexing properties
of the turbulence and scales with the measured turbulefutsthh. Considering a stationary
case with zero flux and combining Eq. (5) and Eq. (4) we obtaarfollowing expression for

the connection between pinch and diffusion:
V(s) = —wgcogs)D(s) . (6)

Averaged over a flux surface and assuming poloidally cohgtgpurity density, a net impu-
rity inflow results. This net pinch is proportional to thefdgion coefficientD in agreement
with experimental observations [7]. The proportionaliystant will, however, depend on the

amount of ballooning of the transport, which has been ingastd f.x. in [1, 2, 3]. The level
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Figure 3: Impurity diffusiorD (top) and pinch velocity (bottom) over poloidal positiors|

with error-bars. The pinch velocity is comparedug« cogs) « D(s).

of ballooning of the transport increases with the transifrom the drift regime to the MHD
regime, asf3 increases to large values. Here, for sniali3 the ballooning of the transport is
weak at about 70%.

Translated to dimensional values for typical large tokaredge parameters we obtain
D(s) 01.5—2.0 m?/s andV(s) O (+60) — (—80) m/s and a flux-surface averaged inward
convection velocity ok V >= —0.4 m/s. Locally at the outboard midplane values/dt =
0)/D(s= 0) ~ —40m are found, again in agreement with experimental values [8].
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