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Turbulence develops in tokamak plasmas,
due to the gradients of the density and
temperature profiles.

Zonal, i.e. axisymmetric, flows take part
in the nonlinear saturation of turbulence.

Two kinds of zonal flows exist:

■ Zero Frequency Zonal Flows
(ZFZF),

■ finite frequency Geodesic Acoustic
Modes (GAM).

GAMs can also be driven by energetic
particles (EP) due to inverse Landau
damping, → EP-driven GAMs (EGAM).

P. H. Diamond et al., Plasma Phys.

Control. Fusion, 2005

1/2



Nonlinear dynamics of zonal flows and geodesic acoustic
modes in ITER, De Vinci Research Center, Paris

Nonlinear interaction of EPs and EGAMs
is investigated by using ORB5 which is a
multispecies electromagnetic gyrokinetic
particle-in-cell code.

Magnetic equilibrium from experimental
predictions is considered.

Few results :

In the nonlinear phase, the resonance
moves towards higher velocities.

The saturation is occuring due to the
redistribution of EPs in velocity-space.

The gradient of EP distribution function
in velocity-space flattens and the drive
decreases.
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Figure 1. (a) Density (solid) and temperature (dashed) profiles for
the bulk species in the scenario; (b) profiles of dimensionless
quantities: electron β(s), Lx(s) = 2/ρ∗(s) = 2a/ρs(s), Zeff (s).

dependent part of the distribution function is represented by
markers, using the so-called PIC Lagrangian method, with
each ‘marker’ representing a small 5D volume of phase-space,
and carrying a particle weight, w(t). These markers are evolved
using the equations of motion for the gyrocenters, and with a
weight equation to evolve the weights. The fields are solved
from the charge and current densities, calculated by deposit-
ing the charge/current from the markers using the gyrocen-
ters for electron markers, and gyrorings (using in this work
a four-point average) for the ion markers.

The system of particles and fields is evolved using a fourth-
order Runge–Kutta timestepping scheme.

Linear simulations can be performed by lineariz-
ing equations for the particle trajectories and weights,
equations (2)–(4), either for an individual particular species,
or for all particle species.

3. Scenario description

We consider a half-field, half-current ITER PFPO [17, 18]
scenario, modelled using ASTRA [19] and made available
at ITER through the integrated modelling & analysis suite
(IMAS) [20]. The major radius, R = 6.2 m; the minor radius,
a = 2.0 m; the magnetic field on axis B0 = 2.65 T; the bulk
ions are H, with some additional beryllium and neon impurities
(< 1%). The electron temperature profile is peaked, with the
electron temperature on axis Te,s=0 ≈ 8 keV, and the electron

Figure 2. (a) ITER 15 MA scenario equilibrium. The colour scale
indicates |B|, the nested rings are surfaces of poloidal flux
(equispaced in ), the four lines which meet
approximately at right angles in the centre are lines of constant
straight-field-line poloidal angle (θ∗), the thin almost vertical lines
are equispaced contours of |B|; (b) the safety factor profile (with
inset zoom showing the values in the inner part of the tokamak).

temperature at the top of the pedestal (Te,ped.top ≈ 3 keV). The
main ion temperature profile has very similar core and pedestal
top values, but the peaking profile is slightly different, with
the steeper gradient region closer to the core than in the case
of the electron temperature. Impurity ion species are taken to
have the same temperature profiles as the main ion species. The
density profiles of the ions and electrons (linked via quasineu-
trality and the impurity density profiles) are almost flat, but
marginally peaked. The on-axis electron density ne,s=0 ≈ 4
× 1019 m−3. The temperature and density profiles for the
background species are shown in figure 1(a).
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