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The toroidal flow generation by the ICRF minority heating is investigated in the Alcator C-Mod
plasma applying GNET code, in which the drift kinetic equation is solved in 5D phase-space. It is
found that a co-directional toroidal flow is generated outside of the RF wave power absorption region
and that the dominant part of toroidal flow does not depend on the sign of k‖. The averaged toroidal
flow velocity reaches about 30% of central ion thermal velocity (PICRF ∼ 1.7MW). When we change
the sign of the toroidal current we obtain a reversal of the toroidal flow velocity, which is consistent
with the experimental observations. We show that the toroidal precession motion of energetic tail ions
accelerated by the ICRF heating plays an important role in generating the averaged troidal flow. We
also compare with the experimental results about the RF resonance location and plasma parameter
dependencies.

1 Introduction

Important role of the plasma flow and its shear in
the transport improvement is suggested by many
experimental observations, e.g. H-mode transi-
tion, ITB formation, RWM suppression. In a fu-
ture reactor the driving of the plasma flow by NBI
heating is not efficient and other driving method is
required. The spontaneous toroidal flow has been
observed during ICRF heating with no direct mo-
mentum input in JET[1], Alcator C-Mod[3] and
etc. Many theoretical studies have been done.
However, further study is necessary to make clear
the generating mechanism of spontaneous toroidal
flow during ICRF heating.

In this paper we study the toroidal flow gener-
ation by the ICRF heating using GNET code[5,
6, 7], which can solve a linearized drift kinetic
equation for energetic ions including complicated
behavior of trapped particles in 5-D phase space.
The obtained steady state distribution of energetic

minority ions is analyzed and the radial profile
of the toroidal flow is evaluated. In the simula-
tion we assume a tokamak plasma similar to the
Alcator C-Mod plasma (R = 0.67m, r ∼ 0.21m,
Bt ∼ 5.5T).

2 Simulation Model

In order to study the ICRF minority heating in-
cluding finite orbit effect we have developed a
global simulation code, GNET[4, 5], which can
solve a linearized drift kinetic equation for ener-
getic minority ions, fmin, including complicated
behavior of trapped particles in 5-D phase space

∂fmin

∂t
+ (v‖ + vD) · ∇fmin + a · ∇vfmin (1)

−C(fmin) − QICRF(fmin) − Lparticle = Sparticle

where C(fmin) and QICRF(fmin) are the linear
Coulomb Collision operator and the ICRF heat-
ing term. Sparticle is the particle source term by
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ionization of neutral particle and the radial profile
of the source is evaluated using AURORA code.
The particle sink (loss) term, Lparticle, consists of
two parts; one is the loss by the charge exchange
loss assuming the same neutral particle profile as
the source term calculation and the other is the
loss by the orbit loss escaping outside of outer-
most flux surface.

Using GNET code we study the toroidal shear
flow generation by ICRF minority heating in the
Alcator C-Mod Plasma. The resonant magnetic
field strength Bres is set to be 5.1T and the lo-
cation of the resonance in the minor radius, r, is
about r/a = 0.3.

3 Simulation Results

We perform the simulation using GNET code un-
til we obtain a steady state distribution of en-
ergetic minority ions solving Eq. (2). We as-
sume the following plasma parameters; ne0 ∼
8× 1019m−3, T0 ∼ 3.2keV and B0=5.4T. The am-
plitude of RF electric field, E+

0 , is set to 4.0kV/m.
The parallel wave number, k‖, is assumed to be
|k‖| = 5m−1 and the perpendicular wave number
is k⊥ =50m−1.

We can see a broader profile of the toroidal flux
in Fig. 1. The flux value at the peak position
(r/a ∼ 0.7) is similar with that of the local heating
case[5] and the averaged velocity is about 30% of
ion thermal velocity at the plasma center. The
heating power is 1.7MW.

Figure 2 shows the contour of the flux surface
averaged velocity space distribution, ln fmin, of
the minority ion at the r/a = 0.75. We can see
a strong asymmetry in the parallel velocity direc-
tion. This asymmetry enlarges in the radial re-
gion r/a ∼ 0.75. Comparing with the local heat-
ing case[5] it is found that the asymmetry start
rather higher velocity in the broad heating case.
This would be related to the RF power absorption
also occur in the region r/a > 0.5 in the broad
heating case.
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Figure 1: Radial profile of flux averaged toroidal flow.
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Figure 2: Contour of the flux surface averaged velocity
space distribution, ln fmin, of the minority ion at the
radial regions; r/a = 0.75 in the broad heating case.
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