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It is shown in Large Helical Device (LHD) exper-
iments that the transport modeling based only on the
fluid description is not sufficient for expressing edge
transport phenomena in/around a magnetic island with
lower-collisionality.)) On the other hand, in recent toka-
mak experiments it is found that so-called stochastic dif-
fusion theory based on the “field-line diffusion” overes-
timates the radial energy transport in the edge added
resonant magnetic perturbations (RMPs).2) The above
experimental results in the torus plasmas imply that the
conventional modeling of edge transport in magnetic is-
lands and ergodic regions should be reconsidered for a
lower-collisionality case, and kinetic modeling is required
for understanding stochastic transport in the ergodic re-
gion. In order to understand fundamental properties
of the collisionless edge plasma in magnetic islands and
ergodic regions, and to take a new look at the model-
ing of the transport from the viewpoint of the kinetic
treatment, we attempt a simulation study of transport
in magnetic islands and ergodic regions. Recently, we
develop a new transport simulation code without the
assumption of nested flux surfaces; the code is named
“KEATS.”® By using the KEATS code, it is possible to
execute the investigation. We apply the KEATS code
to a torus plasma having the ergodic region in the edge,
and discuss the interpretation of the simulation results.
Here, because of a limited computational-time we treat
ions (protons) for our first numerical study of the trans-
port in the ergodic region.

For the investigation of the radial transport in
the ergodic region, we use a magnetic configuration
which is formed by adding RMPs into a simple toka-
mak field having concentric circular flux surfaces, where
the major radius of the magnetic axis R,x = 3.6 m,
the minor radius of the plasma ¢ = 1 m, and the
magnetic field strength on the axis B,y = 4 T. The
unperturbed magnetic field is approximately given as
Br = —(BaxRax/q)Z/R?, B, = —BaxRax/R, and By =
(BaxRax/q)(R— Rax)/R?, where q is the safety factor and
g ! =0.8-0.78(r/a)*, and r = \/(R — Rax)? + Z2. The
RMPs causing resonance with, for example, the rational
surfaces of ¢ = m/n = 2/1,3/1,4/1, ... are numerically
given by using the perturbation field generated by the
island control coils of LHD,* and order of the strength
is O(|6B,/Bs|) ~ 1073, The Poincaré plots of the mag-
netic field lines on a poloidal cross section are shown in
the left picture of Fig.1. The ergodic region appears
in r/a &~ 0.7~1. In the KEATS code, the number of
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Fig. 1: [Left] Poincaré plots of the magnetic field lines
on a poloidal cross section. [Right] Radial profile of the
ion energy flux QgKEATS) (red closed-circles), where r =
V/(R — Rax)? + Z2. The temperature is shown by black

closed-triangles.

marker particles is Nyp = 16,000,000. The evaluation
of the ion energy flux is carried out in the configura-
tion having higher edge temperature Teqge ~ 1 keV at
a center of the ergodic region. The temperature pro-
file is given as T} = T,,{0.02 + 0.98 exp[—4(r/a)"8%]}
with T, = 2 keV, which neglects the existence of the er-
godic region. The density profile is set homogeneous,
ni = const. = 1 x 10 m™3. The radial profile of
the energy flux estimated from the KEATS computa-
tions is shown as red closed-circles in the right picture
of Fig.1; the maximum value of the effective radial-
thermal-diffusivity xlg is estimated as xlg ~ 0.9 m?/s
at 7/a =~ 0.8, where iz = QSKEATS)/(ndBTi/BTD and
QﬁKEATS) the radial energy flux evaluated by the KEATS
code. For simplicity, the radial energy fluxes are given
by neglecting the existence of the ergodic region, because
we have no magnetic coordinate system including several
magnetic field structures as the core and ergodic regions.
The energy flux Q; is averaged over concentric circular
shell region in the whole toroidal angles as if there were
nested flux surfaces.

We have been developing the drift kinetic equation
solver, KEATS, to study the transport phenomena in
the islands and ergodic regions. We apply the code to
the edge disturbed by resonant magnetic perturbations
under the assumption of neglecting effects of an electric
field and neutrals. The detailed comparison between the
simulation and the stochastic diffusion theory is needed,
but it is left in future study.
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