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Self-organization of electromagnetic plasma edge turbulence
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Abstract. Experimental measurements of fluctuation levels on typical fusion devices reveal that magnetic per-
turbations are typically much smaller than electrostatic perturbations. However, as even small magnetic fluctuations
(~ 10~%) can locally modify the topology of the magnetic surfaces, they play an important role with respect to the
transport properties of the plasma. Here, we show results from numerical simulations of resistive ballooning turbu-
lence in toroidal geometry. These simulations have been performed with EMEDGE3D, a three dimensional global
code which calculates the evolution of the pressure and the electrostatic potential at the plasma edge and also in-
cludes self-consistent electromagnetic fluctuations. The competitive mechagigmBéynolds stress, Maxwell
stress) which are responsible for the flow generation in turbulent plasmas are investigated and the scaling laws for
the turbulent transport are determined in terms of the value of pl@iswiaich also determines the strength of the
magnetic fluctuations.

In hot magnetized plasmas, the cross-field transport is dominated by the presence of instabili-
ties which give rise to both, electrostatic and magnetic fluctuations. Experimental measurements
of fluctuation levels on typical fusion devices reveal that magnetic perturbations are typically
much smaller than electrostatic perturbations. However, as even small magnetic fluctuations
(~ 10~%) can locally modify the topology of the magnetic surfaces, they play an important role
with respect to the transport properties of the plasma.

Electromagnetic plasma edge turbulence is simulated here using a resistive ballooning model.
The latter is based on fluid equations for the normalized electrostatic potenabdctromag-

netic flux ¢ and pressure [3].
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Equation (1) corresponds to the normalized charge balance, Eq. (2) is the normalized energy
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balance and Eq. (3) corresponds to the Ohm'’s Liaw.and [} respectively correspond to the
parallel and perpendicular gradients along field lirig@ss the curvature operatow, represents
the viscosity,x; and x, are the parallel and perpendicular thermal diffusivities respectively.
Time is normalized by the resistive interchange time—= \/W/Cs, wherecgis the sound
speedRyg is the major radius and, is the pressure gradient length. The perpendicular and par-
allel length scales are the resistive ballooning lerfgth= /PN /TintLs/Bo and the magnetic
shear lengtiis, respectively. Herep is the mass density ang}; the parallel resistivityq(r)
stands for the safety factor which measures the magnetic field line pifcis expressed by
a = ¢?an wherea is the normalized pressure gradient typically used to express the stability
limit for ideal ballooning modesg ~ 1 [1]. ay is also related to th@ parameter (the ratio
of kinetic pressure to the magnetic pressure) throagh= BLg/(ROLp). The parameted; is
defined byd. = 2I'Ly/Ro, I is the heat capacity ratid (= 5/3). The last term of the r.h.s. of
Eq. (2),S(r) represents a constant energy source.

Magnetic flux surfaces are modeled by a

set of concentric circular torii, where the co-
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Figure 1:Evolution of confinement time (left), mean

tuations (right) in time for different value afy.
andqg = 3 in the vicinity of a reference surface

ro at the edge. The values for the parameters used herg/dg = 500 Ry/Ls = 1,d. = 0.04
andv = x, = 2. In these simulations, the parallel diffusivity is set to O.

Fig. 1 shows the time evolution of the edge confinement tigagy, the energy associated
with the mean electrostatic potenti}; as well as the enery associated with electromagnetic
fluctuationsEy for different values of they parameter, ranging fromy = 0.01 toay = 0.3.

Here, the edge confinement time is defined as
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wherel ot = f, S(r)dV is the constant energy flux coming from the plasma core\aisithe
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simulated volume at the plasma edge. The enefgjesndEy are defined by

£t =/ [loofer  Eg)= /[ 100,90 @

A strong impact of theay parameter on the confinement time is observed. In a statistically

stationary state, the level ofont is lower by nearly 40% in the case of the highest valuepf
compared to the one with the lowest valueogf. The level of magnetic fluctuations is found to
increase with increasingy (Fig. 1, right column). However, as the parallel diffusivity is set to
zero in these simulationg ( = 0), the magnetic perturbations do not contribute to the evolution
of the pressure [i.d- sg = 0 in Eq. (6) presented below] and therefore the decreasggfvith
an can not be attributed directly to the increase of the magnetic fluctuations and a different
mechanism has to be invoked. We therefore study the energy associated with the mean electric
potential E,, which is linked via the ExB drift to a mean poloidal rotation of the plasma. As can
be seen from Fig. 1, middle column, the leveEgfin the stationary state is decreasing watl
and therefore the mean plasma rotation is decreasing. As this rotation typically has a stabilizing
effect on the turbulence via a shearing of convective cells, the decreBgesoéxpected to lead
to a higher turbulence level and therefore a lower confinement time.

The competing mechanism for the generation of the mean poloidal rotation can be studied
by averaging poloidaly and toroidaly the equation for the electrostatic potential, Eq. (1). The
corresponding equation of the poloidal flow is :

adve = —0(Tr+Tu+Tv)—(GPgy (5)

where the notatior<>g, stands for the average in the poloidal and toroidal directiogs;
<ve)9¢ is the flow profile and/’s = w9 — V1 ¢ is the fluctuating part of the radial (respectively
poloidal) velocity, ¢ is the fluctuating part of the magnetic flux. The Reynolds stiigss
(Volr) gy and the Maxwell tensofy = (g 1d; 1) o, are represented by the first two terms of
Eq. (5),Ty, corresponds to the viscosity effects.

Following the equation for the pressure profile,

dp = —0 (TconvtTcon+Ts8)+ 0 (Go) 0¢ +S (6)

the total energy flux is decomposed into three components : the convectiVedhix (ﬁ\7r>9¢,
the collisional dampind coi = —x 1 0P and the flux due to the parallel diffusivitysg =

=X (% P0P) gy-
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To compare the relative importance of the streSgeand Ty in the transport dynamics, we

study the time average of the norm of each of these tensors, defined by

<F2>= \/</R|F(r,t)|2dr >, )
The results are plotted in Fig. 2. Both,
26 3 Maxwell tensor and Reynolds stress are found
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ilar amplitudes. As the Reynolds stress is

90 o2 04 off 52 04 known to drive the poloidal flow [Eq. 5], we
conclude that the decrease of the poloidal

Figure 2:Averaged value, respectly to Eq. 7, for tuflow energy with increasingy is linked to a

bulent flux (a), Reynolds stress (b) and Maxwell tensgbmpetition between Reynolds and Maxwell

(c). Ratio between Reynolds stress and Maxwell tensor
stresses.

for different values of thery parameter (d).

In conclusion, turbulence simulations of a
tokamak edge plasma have been realized focusing on the impact of electromagnetic fluctuations
on transport and confinement time. The role of tilgparameter has been analyzed by a study
of the different stresses present in the equation for the poloidal plasma flow. A modification of
the relative importance of Reynolds stress and Maxwell tensor depending on the vaiye of

has been observed, leading to a decrease of the confinement time with incogaasing
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