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We have investigate the turbulent transport and mixing gfurities in the scrape-off-layer
(SOL) by employing the Risg ESEL-code. The impurity densstassumed to be low and
impurity ions are described as particles that are passadWected by the turbulent ExB-
velocity. The code is based on a model for interchange tartmd in a local slab geometry
at the outboard mid-plane of a toroidally magnetized plagin2]. The model includes the
self-consistent evolution of the full thermodynamic anavflarofiles. The geometry comprises
distinct production and loss regions, corresponding tcetiige and SOL of magnetized plas-
mas. The separation of these two regions defines an efféasitzelosed flux surface (LCFS).
In the edge region, where the sources of particles and hedb@ated, strong pressure gradi-
ents maintain a state of turbulent convection. The drivirggability is the interchange mode
due to an inhomogeneous magnetic field. In the SOL the phtafises are accounted for
by damping terms. This model is capable of reproducing thim ri@atures observed in the
edge and SOL of various magnetically confined plasmas [3. tTHoulence and transport is
strongly intermittent and involves large outbreaks of Hasma. Associated with these bursts
are blob-like structures, which are formed near LCFS andtpatedfar into the SOL.

In the simulations presented here we use parameters refevé80OL plasmas as described
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Figure 1: Evolution of the kinetic energy contained in thectllating motionsK, and the
poloidally mean flowsl (left panel). Typical evolution of the radial position of arficle

released in the plasma edge region, inside LCFS (right panel)
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in Ref. [2]. The dimension of the two dimensional simulatiantin isLy = 2L, = 200 and
the LCFS is located at s = 50, wherex corresponds to the radial arydto the poloidal
coordinate. Spatial scales are normalizeddgy= cs/ax; and time is normalized by /L,
whereay; is the ion cyclotron frequency arad is the acoustic speed.

Generally, we observe that the turbulent flux is stronglenmittent [1, 2]: quite periods
are interrupted by strong bursts during which particles lagalt are lost from the edge into
the SOL region. This global dynamics is caused by a selflfadigm mechanism in which
kinetic energy is transferred from the fluctuating to the meamponents of the flows, and
subsequently damped by collisional dissipation (cf. FjgThe thermal energy ejected into the
SOL region, will eventually be lost by transport along opeidfiines. The bursts are correlated
with localized structures in the form of blobs propagatiadially far into the scrape-off-layer
(SOL). The characteristics time between the bursts isaéltad the viscous diffusion, for the
present case this time is aroung,, = 10* with a rather large spread [2].

It is of interest to investigate how the strongly intermittelynamics in the edge and the
SOL will influence the transport and spreading of impuritysoThe dynamics of impurities is
modelled by means of the passive tracer particle approashnang that the impurity particle
density is much lower than the plasma particle density [4\W§ thus follow tracer particles
that are passively advected by the inherently turbulentanst but do not back-react on the
turbulence. The trajectories of tracers are calculatechitsgrating their equation of motion,
dx/dt = v =Z x Og/B(x), where the tracer velocity is taken to be the electric diifius,
we have neglected the effect of finite inertia on the traceadyics and limit ourself to tracer
lons having a mass to charge ratio comparable to that of e ions. The electric drift is
compressible due to the spatial dependence of the magmddic\ie have employed a bi-cubic
interpolation scheme to provide the velocity at the exadiga position [6].

A large number of tracers, typically of the order®1@ere released uniformly over space.
In Fig. 1 we show the evolution of the radial coordinate of pidgl trajectory for a tracer
released inside the LCFS during a quiet period. The tracemidamly oscillating inside the
LCFS until it is captured by a structure and perform a long fligithe far SOL. However, the
tracer is subsequently transported back into the edgenegang flights may be found both
in the radially outgoing and ingoing direction. Correspaomglly, the PDF of the radial step
size is strongly non-Gaussian, see Fig. 2. In the left paeetivow the PDF of the radial step
size,Ax, measured over a time interval &f = 50 and averaged over all particles. The mean
value of Ax is close to zero((Ax) = —0.08), and the standard deviatiom,= 1.02. The PDF
Is slightly skewed with a positive skewne&s+ 0.4, and has a kurtosi& = 10.7, signifying
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Figure 2: The PDF of the radial displacemeiit, measured ovekt = 50 of all particles (left
panel). The re-scaled PDF of the radial particle velocitgree grained over time intervals
At = 50x 2™1 for particles released inside the LCFS (left panel).
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Figure 3: Evolution of the impurity densitfy averaged over thg-direction. Impurities are

released in a narrow band arouxe 40 (left panel) anc = 160 (right panel).

broad tails, which are observed to be exponentially decpyiihe tails are near symmetric,
l.e., long steps are almost equally probable in both in- and ontgdirections. The step size
PDF is found to be self-similar with respect to the time imétiAt, this is consistent with
the observation in the right panel in Fig. 2. Here we show tb&'® for the radial velocity
componentyy, of particles released inside the LCFSXat Ly/12) for increasing values dit.
The PDF'’s are re-scaled aPDHVyx/0om), Whereay, is the standard deviation of the coarse
grained velocity fluctuations, and they are observed taritdl coincidence. These PDF’s are
hardly distinguishable from the PDF’s obtained by averggiver particles released uniformly
in the whole domain. Furthermore, the particle velocity ABEEomparable to the re-scaled
PDF of the electric drift velocity, which have the same fumeal form throughout the whole

simulation domain [2].
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In Fig. 3 we present the evolution of the impurity densitly, averaged over the periodic
directiony for the cases where the impurities are released inside th&l(leR panel) and far
into the SOL (right panel). The particles are rapidly mixed after a time of the order af,,
the particles released inside LCFS already penetrate fathetSOL. The velocity of the front
of the particles is larger than 0.1, which is more than twioe tiypical blob speed [2]. The
particles released in the SOL are mixing at a slower rateaftat a time of only a couple of
burst periods they penetrate inside the LCFS. Ultimatelyirtipurity density profile ends up
following the same functional shape as the inhomogeneogsetia field. This final profile is
independent of where the particles are released. The wansgertainly not governed by a
standard “Fickian” diffusive process. It can be describgaib effective pinch, which may be
understood by considering the continuity equation for thpdrity particle densit\ [4, 7],

(%—Fé?x qu-D) g =0,
which implies thatN /B is a Lagrangian invariant advected by the compressibldrededtrift
Z x Og/B. Now, assuming that the impurities are effectively mixedtiy turbulent velocity
fluctuations, this invariant will be uniformly distributed space and the poloidally averaged
impurity densityNp(x) varies likeB(x). Thus, impurities are effectively mixed within a few
burst periods and even if originating far out in the SOL thel quickly penetrate across the
LCFS into the edge plasma. This corresponds to the the seddallvard (curvature) pinch.
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