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Introduction

Turbulence spreading, namely the interplay between plasgiams that are linearly unstable
and neighboring regions that are linearly stable, can haeéesant role in determining prop-
erties and nature of plasma transport in magnetic fusiorcdevTwo main effects are relevant
for an ITER scenario: firstly, penetration of turbulencenirthe edge region (Scrape Off Layer)
to the core region, crossing the H-mode barrier, can lead toaghnarrowing of the transport
barrier and to a destabilization of the pedestal stablere@econdly, large bursts of turbulence
can overshoot in the far SOL, like plumes, eventually prodgicverloading and localisation of
heat deposition on plasma facing components not desigrnadstain large heat fluxes.

In this paper the phenomenology of spreading in SOL turb@es@nalysed with the flux
driven codeTokamwhich is a D non-linear code for density and electric potential goveime
interchange instability [1, 2]. In the next section the 2Ddw®las recalled as well as its transport
properties. Then the effect of turbulence spreading on tbpegsties of transport barriers is
investigated.

Flux driven turbulence in the Scrape Off Layer

SOL turbulence is specific with respect to core turbulence dtieet sheath boundary condi-
tions that strongly reduce the parallel current flowing orhdaex tube. Regimes with reduced
parallel current are then very sensitive to charge separaia the curvature drift since the
parallel current is less effective to balance the chargarsgipn. In fact, the interchange insta-
bility, hence curvature charge separation combined to aityegradient, in conjunction with the
sheath resistivity have been proposed to explain the vege ductuation levels reported in the
SOL [3, 4]. We consider here this model of SOL turbulence in iimét [T, < Te. Two balance
equations are used, the particle balance that governs tis#tyleransport, and the charge bal-
ance which takes the form of an evolution equation for theicitytAgp, where@ is the electric
potential, due to the ion inertia terms. Further simplifimas are introduced in the flute limit,
hence with weak parallel gradients such that the average #terfegeld lines can be performed.

The system is thus reduced to B,2, 8, and 2 field modeln the density andp the plasma
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potential normalised tde/e.
4 2
E—DDL-F{QO} n = opn+S (1)

n(%—vDi+{qo}> D7 ¢+gdyn = a,n 2)
Time is normalised to the ion Larmor frequency and spacedatiicalled hybrid Larmor ra-
dius ps. D andv stand for the collisional transverse diffusion and vistyogiormalised to the
Bohm values)Sis the density source term, here localised radially and teoisn time and
along the poloidal anglé. o, ando,, are the sheath controlled particle flux and current to the
wall, o, = o exp(A—¢) and 0,=0 (1 — exp(A — ¢) ) whereo = ps/qR stands for the nor-
malised saturation current. The operafqr}F = {¢,F} = dx@dF — dy@o,F is the electric
drift convection term. At first order in the fluctuation maguie, sheath loss terms can be lin-
earised to yield the Hasegawa-Wakatani coupling terfn — @) [5]. Turbulence is generated
by an unstable density gradient and then overshoots intabdestiensity region [1, 2, 6]. This
Is reminiscent of the physics reported in experimental nlag®ns in the deep SOL [7] with
intermittent turbulent transport in regions with flat depgitofiles. Thus, turbulence spreading,
i.e. the existence of turbulent transport in regions thatiasarly stable, does seem to play a
role in SOL turbulence.
Transport barriersand SOL turbulence spreading

Turbulence spreading, when considering the interplay betv@l turbulence and the H-
mode transport barrier (or pedestal), will also change tlopgnties of the pedestal. A com-
prehensive analysis is not possible since one lacks of a lepeniheoretical understanding of
the onset of the H-mode transport barrier. Here we propose tgsanthe spreading effect on
transport barriers generated by two different mechanigmiie first case we sejin Eq. (2)
to 0 over a chosen radial extefut .., here set at 3@. This corresponds to switch off the tur-
bulence drive in a selected region producing a very artifreadsport barrier [8]. In the second
case, more realistically and following similar studies fore plasma turbulence [9], we drive
a barrier imposing an external sheared electric pote¥itial over the selected spatial region.
These two cases allows us to study the barrier properties wiggnare governed by a linear
analysis criterion on the one hand and, on the other hand, whemplex non-linear effect due
to the plasma response is present.

For what concerns the first case, i.e. the: 0-case, a linear analysis, presented in Fig. 1
(top panel), is performed with equal poloidal and radial wesetors (21/15) that maximise

the growth rate and a prescribed density gradiem/n|,;..., = (On/n) — 5(r.ms.(On/n))
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wherer.m.s.(n/n) is the root mean square of the fluctuating density gradieith ¥e cho-
sen parameters for this simulation, one finds that the tarmd is sub-critical, namely that
the mean density gradient is smaller than the critical demgadient|dn/n* = [(On/n)| +
2.55(r.m.s.(0On/n)). Hence, from the linear point of view, the whole simulationioegs stable.
The turbulent activity that is sustained can therefore besiciered as penetration of turbulence
in a stable media, a situation that is comparable to the dprg@f turbulence in the flat density
SOL.

The effective pedestal width is analysed in terms of

an indicator, namely the ratio of the radial turbulerx10°
flux I, = —9y@ nto the total radial flux
Ciurp, — DOk, that isl(x,y,t) =T, /T

indicator allows one to discriminate regions with

total —
This &

total"

yllnear
N RO RN

large turbulent fluxegl| = 1 from that with weak

turbulent flux. The indicatod (x,y,t) is propor-

tional tol, ,,, and exhibits large fluctuations with

a skewedPDF [1, 2]. The time and poloidal aver-

age of this indicatox| (x,y,t))(y’t) provides a pro- 1
files with a clear signature of the transport barrier. 0.8
Indeed, whilg(l (x, y,t))(y,t) < 1 away from the bar- =06
rier, (I(x,y,t))(y’t) is significantly reduced within & 04
the pedestal as shown on Fig. 1 (bottom panel). It

drops from the order of 98 % to less than 3 % but de-

N 0.0 -
parts significantly from the square shape thatwould ¢ 40 80 120
result from the linear analysis represented on Fig. 1
(top panel). Associated to the decrease of the tu”?—‘i'gure 1:Top panel: Radial profile of the

lent flux, one observes a steepened density gradignt,,, growth ratey; __, left axis, computed

Fig. 1 top panel, leading to a standard tanh like prgih the density gradienfin/n|,, ..., right
file. axis. Bottom panel: Radial profile of the mean

The reduction of the transport barrier width du@rbulence indicator(l (x,y,t)) ..., left axis,

it
to turbulence spreading is observed also when #el of the curvature drive g, r(iyg)ht axis
barrier is generated by an external bias. Moreover,
the plasma response produces a further shearing of elpotaatial on small regions on the two
sides of the barrier where the turbulent transport is thusaed. In Fig. 2, left panel, this effect

can be observed ofi (x,y,t))(yt) that is the poloidally and time averaged ratio between the
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Figure 2:Left panel: Radial profile of the mean turbulence indicafd, y,t)) )" Turbulent transport is
reduced in the central region by an external bias but alschanttvo sides of this region where the plasma
response causes a less intense but still efficient sheafitftealectric potential. Right panel: 2D map
of (I(x, y,t))(y) function of time (y-axis) and radial position (x-axis). Teentour (I (X, y,t))(y) =05is
indicated by dotted lines.

radial turbulent flux and the total radial flux. If only the palal average is performed, this ratio
will depend also from time and gives insight on the dynamicthefbarrier, its width vs time,
its boundary and shape fluctuations. As expected, due totdmriittent nature of the turbulent
transport, intermittent variations of the barrier width ateserved (Fig. 2, right panel). When
the magnitude of the turbulence is large enough, the lakgarte can cross the transport barrier
thus bridging the edge to the core region. The modificatidgh®plasma potential governed by
such events is then large enough to modify the structureedtréimsport barrier leading to long
transients where the biasing potential is balanced by thremagotential thus suppressing the

stabilising effect of the external drive.
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