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Spontaneous pedestal formation above a power threshold at the edge of magnetically confined plasma is mod-
elled for the first time in flux driven three-dimensional fluid simulations of electromagnetic turbulence with
the code EMEDGE3D 1. The model implemented in EMEDGE3D is based on nonlinear fluid equations for
the charge, energy balance and Ohm’s law, the three transported fields being the electrostatic potential, the
electron pressure and the magnetic potential 2.
Three key ingredients of the edge turbulent transport are simultaneously included in the flux driven simula-
tions, applied on realistic L mode edge parameters, namely:
- an edge turbulence modelling accounting for resistive ballooning modes as well as drift waves [3,4,5,6]
- the electromagnetic effects on edge turbulence [3,4,5,6]
- a force balance radial electric field accounting for a realistic neoclassical poloidal velocity profile, i.e. with a
realistic L mode edge radial variation of collisionality (from banana to Pfirsch-Schlüter regimes) [7,8]
The existence of a threshold on the injected power above which a pedestal forms is recovered. The pedestal
formation is shown to be due to the E×B shear of the turbulence, following the BDT criterion [9]. The neo-
classical friction and the Reynolds stresses are of the same order, while the Maxwell stress is negligible.

Figure 1: Time and radially averaged (over 0.86<r/a<1) confinement time tau_E in ms with respect to
the radially averaged heat flux Q_0 in arbitrary units. Note that the system is flux driven by a Gaussian
shaped power source S located in the inner buffer (r/a < 0.86) to simulate the heat deposition in the
core plasma. This source imposes the influx Q_0=∫S(x)dx across the simulation domain, constraining
the time averaged total heat flux at equilibrium to be equal to Q_0.
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Figure 2: From [1]. Time averaged profiles of, (a) the equilibrium electron pressure in arbitrary units,
(b) the equilibrium radial electric field in arbitrary units, for a heat source lower than the threshold
(Q_0=40, dashed line) and a heat source above the threshold (Q_0=55 full line). 1<r/a<1.02 corresponds
to the RHS buffer zone.

The validity of the physics embedded in the fluid turbulence modelled is further challenged by changing Deu-
terium for Tritium. A lower threshold value on the power leading to the formation of a pedestal is observed
in T versus D, similarly to experimental observations. The E×B quenching is made easier in T due to longer
turbulence auto-correlation time.

Figure 3: From [1]. Radially averaged confinement time over the simulation domain, tau_E in ms with
respect to the radially averaged heat flux Q_0 in arbitrary units. For Deuterium (as shown in Fig.1) in
black dotted line, for Tritium in yellow dashed line.

Even though the fluctuation level of the pressure is around 5 to 10% when approaching the separatrix in L
mode, the quasilinear approximation is found to be valid. As in gyrokinetic L mode edge modelling [6], in the
fluid EMEDGE3D simulations, the linear and non-linear cross-phases agree with each other [5]. Moreover,
the Kubo number (the ratio between the turbulence auto-correlation time and the time-of-flight of the particle,
here the eddy turnover time) is estimated and shown to be consistently lower than unity..
The validity of the quasilinear approximation up to the separatrix gives perspectives towards a reduced quasi-
linear model adapted to the L-mode edge region, as long as such a reduced model accounts for the two impor-
tant effects of electromagnetic destabilization and stabilizing diamagnetic coupling.
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