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It is shown in Large Helical Device (LHD) experi-
ments 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. For example, the healing of the m/n
1/1 magnetic island observed in the edge of the LHD
plasma is not explained by simulations based on the fluid
equations neglecting kinetic effects when solving the re-
laxation process, where m and n are the poloidal and
toroidal mode numbers respectively, and the tempera-
ture is Teqge > 500 €V and the plasma density nedge ~
10" m~3 in the island region in the experiments. On
the other hand, in recent tokamak experiments it is
found that so-called stochastic diffusion theory based on
the “field line diffusion” overestimates the radial energy
transport in the edge added resonant magnetic pertur-
bations (RMPs). In collisionless edge ergodized plasma,
the experimental thermal-diffusivity yex is inconsistent
with the prediction of the stochastic diffusion theory
Xql = UthDmag; Xox/ Xg < 1 /10 for the electron ther-
mal diffusivity. Small RMPs cause the complete sup-
pression of the ELM events, and have negligible effect
on the energy confinement.

The above experimental results in the torus plasmas
imply that the conventional modeling of edge transport
in magnetic islands and ergodic regions should be recon-
sidered for a lower-collisionality case, and kinetic model-
ing is required for understanding stochastic transport in
the ergodic region. 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 modeling of the transport from the viewpoint of the
kinetic treatment, we attempt a simulation study of neo-
classical transport in magnetic islands and ergodic re-
gions. Here, even in the field line structure disturbed
by the RMPs, the Coulomb collision causes the tran-
sition between a passing particle orbit and a trapped
particle orbit in toroidal and helical ripples (localized
and/or blocked particle orbits); in the present paper
we call it the neoclassical effect on transport phenom-
ena. Recently, we develop a new transport simulation
code without the assumption of nested flux surfaces; the
code is named “KEATS.” The code is programmed by
expanding the well-known Monte-Carlo particle simu-
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lation scheme based on the §f method. By using the
KEATS code, it is possible to execute the investigation.
We apply the KEAT'S code to a torus plasma having the
ergodic region in the edge. Here, because of a limited
computational-time we treat ions (protons) for our first
numerical study of the transport in the ergodic region.
To investigate effect of the existence of the ergodic
region on the transport phenomena, we evaluate the en-
ergy flux of ions (protons) Q; for our first numerical
study of the transport, because the evaluation of elec-
tron energy flux is highly time-consuming. The evalua-
tion of the ion energy flux is carried out in the configu-
ration having higher edge temperature Teqge ~ 1 keV at
a center of the ergodic region. The temperature profile
is given as T} = Tpx{0.02 + 0.98 exp[—4(r/a)"3¢]} with
T.x = 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 closed-circles in Fig.1; the maximum
value of the effective radial-thermal-diffusivity stﬁ is es-
timated as .z ~ 0.9 m?/s at r/a ~ 0.8, where ylg =
(KEATS) /(ni|0T;/0r|) and QEKEATS) the radial energy
flux evaluated by the KEATS code. The energy flux
Q; is averaged over concentric circular shell region in
the whole toroidal angles as if there were nested flux
surfaces.
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Figure 1: Radial profile of the ion energy flux
Ql(rKEATS) for higher edge temperature, where r =

/(R — Rax)? + Z2. The center of the ergodic region
is located at r/a ~ 0.8.





