
During joint experiments on DIII-D and LHD we
have discovered a spontaneous topological bifurcation of
the O-point of a large static m/n = 2/1 magnetic island
from smooth helical flux surfaces to a stochastic layer
of approximately the same width as the original island
O-point. We have made also direct measurements of the
particle transport inside a static magnetic island located
near the edge of the plasma. These results show that the
physics of static magnetic islands is more complex than
expected and has important implications for understand-
ing the effects of externally driven magnetic islands on
the confinement and stability in toroidally confined fu-
sion plasmas. In this contribution we will describe results
from joint experiments in the DIII-D tokamak and the
LHD heliotron to characterize the effects of static edge
magnetic islands on the heat and particle transport1).

Particle transport inside a magnetic island was
studied using hydrogen pellet in LHD. Figure 1 shows
the effects of a hydrogen pellet injected into an edge
static m/n=1/1 magnetic island produced by the LHD
RMP coil. Here, the deposition of the pellet inside the
island O-point results in a non-adiabatic evolution of
the electron density and temperature. In this experi-
ment pellets were periodically injected into the O- and
X-point of a large island as well as into plasmas with no
RMP induced islands. The island electron density de-
cay rate ∆ne/∆t was measured using a line-integrated
CO2 laser imaging interferometer in each of these cases
and charge exchange recombination data was obtained
which provides information on changes in the toroidal
and poloidal flows, impurity pressure gradients and ra-
dial electric fields. It was found that the electron density
decay rate goes through two separate phases in all cases.
There is a fast exponential decay during the first 80 ms
followed by a much slower decay. During the initial elec-
tron density decay, for a pellet placed inside the island
O-point and with ∆ne/∆t averaged over the first 80 ms,
∆ne/∆t was found to be 7.5 × 1020m−3s−1. This is
about a factor of 2 larger than the initial ∆ne/∆t with
a pellet injected into an X-point or with a pellet in a
discharge with no RMP.

In this experiment, radial profiles of the electron
density and temperature were measured at discrete time
intervals with the LHD Thomson scattering system. As
shown in Fig.2(a), the electron density inside the island
increases from 3 × 1019m−3 at 4.07 s, just before a pel-
let is injected into the outer edge of the discharge, to
8.4 × 1019m−3 at 4.10s just after the pellet is injected.
This shows that the peak density inside the island can
exceed the central density in the discharge by at least a
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Fig. 1: profiles of (a)electron density and (b)electron
temperature in after the injection of an Hydrogen pellet.

factor of 2.2. It is noted that some of the pellet mass is
carried across the island and deposited on flux surfaces
closer to the core of the plasma. This produces a smaller
secondary peak in the density profile at reff = 0.4 m.
During the initial fast density decay between 4.10 and
4.13 s this smaller density peak located on the inboard
side of the island shows a significantly slower decay rate
than that inside the island O-point. A characteristic flat-
tening of the Te profile across the island is seen in Fig.
1(b). After the pellet enters the island O-point at 4.10
s the entire Te profile drops by about 250 eV. As the
density in the island O-point drops, between 4.10 and
4.15 s, Te remains relatively constant indicating a non-
adiabatic change in the pressure inside the island due
a higher electron particle transport than heat transport.
Data from both MECH and island pellet experiments are
providing valuable insight into the structure of edge is-
lands and transport due to the islands that can be used to
determine whether the islands are screened or amplified
in diverted H-mode plasma and if they are involved in
modifying the stability of the peeling-ballooning modes
that are believed to be responsible for ELMs.
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 The resonant magnetic perturbation (RMP) are used 
for the mitigation of Edge Localized Mode (ELM) in 
tokamak [1] and helical device [2]. Recently, an application 
of RMP was found to improve density controllability and 
prevent radiation collapse, resulting in a steady state 
operation of LHD [3]. In addition to the initial study of the 
RMP effects on particle transport [4], extended studies were 
carried out. The RMP currents were scanned over a wider 
region (from the previous values of +-2kA, to +-3kA in this 
experiment).  Also, the experiment was performed at 
higher collisionality. These extensions made formed islands 
larger, thus enabling the island effects to be studies more 
clearly.

Figure 1 shows comparison of various profiles in 
modulation experiments. Each profile was obtained by 
accumulating for two seconds. Fitted data of ne and Te were 
obtained using Thomson scattering, while those of Ti using 
charge exchange spectroscopy. The spatial profile of 
ionization rate was determined from the cross section of 
ionization and the Doppler broadening of an H  intensity [5]. 
These profiles were averaged ones at the inner and outer 
halves of magnetic axis of the horizontally elongated cross 
section. The O point of m/n=1/1 island were located at 
around  = 0.9. As shown in Fig. 1(b), flattenings of the Te

profiles are progressively observed at  =0.9 with an 
increase in currents. Weaker flattenings are seen in the Ti

profiles as shown in Fig. 1 (d). Peakings of densities inside 
the island are seen in Fig.1 (a). Similar observations were 
made in pellet injection experiments [6]. Beside such 
differences in profiles, ionization rates are almost the same 
in profiles.  

Diffusion coefficients (D) and convection velocities 
(V) were estimated from the 2.5Hz density modulation 
experiment using data from a far infrared laser 
interferometer. For the analysis of density modulation, the 
poloidal symmetry was assumed, although the existence of 
the m/n=1/1 island breaks this assumption. Also, transports 
at O and X point must be different at the same minor radius. 
Improvements of analysis are required to take into account 
this problem. Present values of D and V are poloidaly 
averaged value at radial location. Figure 2 shows 
comparison of D and V profiles and Fig. 3 shows 
dependence of core ( =0.4-0.7) and edge (  =0.7-1.0) 
values of D and V on RMP currents. As shown in Fig.3, 
dependence on RMP currents has as off set values at -1kA. 
This is likely due to the effects of the error field. Apart from 
-1kA, both Dcore and Dedge increased and Vcore changed from 
the outward to the inward direction. On the other hand, Vedge

did not show any clear dependence. As shown in Fig. 2(a), 
change of D, V with different RMP current can be seen non 
only in edge region, but also core region. These indicate 
RMP changes particle transport not only island region but 
also the whole region of the plasma. Density peaking inside 

the island suggests good confinement at the island O point. 
However, Fig. 3(a) suggests that an averaged particle 
diffusion at the radius of the island location enhanced 
particle transport. Such change of the averaged diffusion can 
influence density controllability [3].     

Fig. 1 Comparison of profiles with different RMP currents.
(a) ne, (b) Te, (c) ionization rate and (d) Ti.

Fig. 2 Comparison of (a) D and (b) V profiles. Legends are 
the same as in Fig. 1.

Fig. 3 Dependence of (a) D and (b) V on applied RMP 
currents.
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