
The NIFS General Collaboration has been basically
based on a one-to-one (especially, NIFS-to-University)
collaborative system. Some collaborations, however, re-
quire the use of more than one experimental facilities
in different universities and institutes to achieve their
objectives. For example, a special sample that was pre-
pared in a university is exposed to plasmas produced in
LHD, then it should be analyzed using a diagnostic in-
strument in another university. In the network-type col-
laboration, this type collaboration becomes practicable
by admitting travel expenses for moving between uni-
versities, which have not been admitted as a rule in the
general collaboration projects.

Since FY 2011, NIFS has employed this network-
type collaboration on trial as one of nine categories of
the General Collaboration. Three projects of the differ-
ent fields were accepted in FY 2011 for the first time and
were continued in FY2012. Two more proposals were
newly accepted in FY2012. The researches of those five
proposals were continued in FY2013. Four projects were
finished in FY2013, and three new projects were pro-
posed and accepted in FY2014. In FY2015, one project
was finished and three projects were continued. And two
new ones were accepted. Challenges of these collabora-
tions spread over various fields.

Before starting the collaborations, a collaboration
plan for the year should be submitted. They were includ-
ing the items how the collaborations between research
institutes were planned, i.e., who goes when and where
by what kind of purpose.

The major achievements of these projects are out-
lined below. First three proposals (#1 - #3 below) are
the continuing subjects since FY2014, and two proposals
(#4 - #5) are new proposals in FY2015.

1. “Effects of Modified Surfaces Produced at Plasma-
Facing Surface on Hydrogen Isotopes Release Be-
havior in the LHD”, Nobuta, Y. (Hokkaido Univ.),
at al.

Hydrogen release behavior at the modified surface
of entire wall area has not been clarified. In this
study, a number of long-term samples made of
stainless steel, which is the same material as the
first wall panels in the LHD, were mounted on the
plasma-facing surface at each toroidal sector in the
LHD during the 17th experimental campaign. Af-
ter several months of plasma operation, the samples
were extracted from the vacuum vessel, and deposi-
tion species and H retention were investigated with
Auger electron spectroscopy (AES) and thermal des-
orption spectroscopy (TDS), respectively. In order

to clarify the hydrogen isotopes release behavior at
the top surface of the modified layer, a D ion ir-
radiation against the long-term samples of the 17th
experimental campaign was performed. The present
study revealed that H retained in the modified sur-
face in the erosion dominant area desorbed at much
lower temperatures than that in carbon deposition
area. This suggests that H release from the erosion
dominant area could be more significant in terms of
fuel recycling when the wall temperature increases
during the start-up of a long time discharge in the
LHD.

2. “MHD Equilibrium Dynamics due to the Rapid
Change of Plasma Parameter and the Interaction
with the Confinement”, Nakamura, Y.(Kyoto Univ.)

A purpose of this activity is to establish an algo-
rithm of the analysis and the prediction of the 3-
dimensional MHD equilibrium dynamics consider-
ing the rapid change of the plasma current and the
eddy current as the cause of the transient response
in the surrounding structure. Another purpose is to
encourage the experimental MHD research activities
in the small laboratory of the universities through
the collaboration on this research with the experi-
mental devices belong to the laboratory.

The research activities are categorized in the follows
from four aspects. (1) Development of the 3D MHD
equilibrium calculation code taking the time evolu-
tion into account. (2) Modeling of the 3D effect and
the eddy current, and proposal of the experimental
methods to validate the model. (3) Education on
the usage of the calculation program and the way
to make an experimental methods beyond the local
organization. (4) Identification of the new topics
related with MHD research fields by the small ex-
perimental devices and the trial.

The methods and the main results of each activity
are summarized. The education program by the all
collaborators in the activity is the very effective way
to educate the students in the MHD research field
in the universities, and would lead to the increase of
the community related with the MHD researches

3. “Observation and Control of Self-governing Events
in Compact Torus Plasmas”, Inomoto, M. (Univ. of
Tokyo), et al.

This network-type collaboration program promotes
collaborative research among small-scale and high-

Recntly, the construction of ITER is advanced and
the conceptual design of the DEMO based on the toka-
mak is discussing in the world fusion community. How-
ever, the DEMO based on the tokamak has many difficul-
ties, for examples, current drive, steady state operation,
melting divertor components and so on. On the other
hand, comparing with the tokamak DEMO design, stel-
larator and Heliotron concepts hava many advantages
from the viewpoint of the steady state operation. Up to
now some conceptual designs were proposed but those
were not optimized by the experimental evidence. There-
fore, studies of stellarator and Heliotron DEMO designs
based on the experiment are important and urgent issues.

The Large Helical Device (LHD) is only one he-
liotron device to study the fusion-relevant plasma. The
FFHR, which is a Heliotron based fusion reactor, has
been designed but it does not optimized because the
FFHR is a large scale Heliotron device based on the LHD.
Since the LHD is a classical Heliotron, studies of the win-
dow on operations and hardware designs are necessary
for high performance and economical fusion reactor. To
do that, experimental and theoretical studies of the LHD
should be integrated.

In this study, arranging the meeting, agendas to
design the optimized fusion reactor are picked up from
various experiments and theoretical studies. Note that
agendas from other stellarator and Heliotron, of course,
tokamaks, should be included. In this year, the meeting
was continued. Brief summaries are shown as following.

1. The design window of Heliotron-type reactor, so-
called FFHR, is discussed. The system code to de-
sign the reactor is developing. Recently, the self-
consistent model to simulate the ignition of the re-
actor is implemented to the system code. In the
analysis of the system code, the enough space of the
blanket is very important to get the fusion power
to the ignition. However, in the present design, the
space of the blanket is very tight. Therefore, the
optimization of the helical coil windings should be
studied. In addition, the present design is focusing
to the reduction of the neoclassical transport and
fast ion confinement by shifting the magnetic axis
to the inward direction. However, the strong inward
shifted configuration leads to the MHD instability
because of the magnetic hill. The compatibility of
the transport and MHD properties is very impor-

tant but the solution was not obtained yet. That is
a future subject.

2. The new helical coil winding law, so-called NITA
coil is reviewed. The configuration based on the
NITA coil is, in principle, an L/M=2/10 heliotron
configuration. In the new configuration, additional
L=2 helical coils will be installed in the outside of
the original L=2 helical coils. In the NITA coil, the
current flow is set to an opposite direction of the
original coil. Thus, the space of the blanket can be
made. For the vacuum magnetic field model, the
new configuration based on the NITA coil can be
worked. However, the MHD equilibrium and stabil-
ity, the transport are not studied yet. That is very
important task.

3. One direction of the optimization process for the
stellarator and heliotron is the reduction of the neo-
classical transport. The neoclassical transport code
has two directions. A first direction is the momen-
tum method base on the mono energy particle such
as the DKES code. The DKES code is very efficient
code coupling with the 3D MHD equilibrium cal-
culation code but the convergence property in the
low collisionality is too bad. On the other hand, the
montecarlo code has no bad convergence property in
the low collisional regime. However, enough number
of the sampling particle is necessary to get the con-
verged solution. The speed up of the montecarlo
based code is one urgent task for the optimization.

4. The design of the poloidal modular coil is reviewed.
Many people believe the poloidal modular coil of
the optimized stellarator can be designed by the
computer code. However, the basic idea of the
poloidal modular coil is an interchangeable poloidal
coil based on the toroidal helical winding law. As
a traditional design of the poloidal modular coil,
the Rehker-Wobig coil design is reviewed. This de-
sign was used to the Wendelstein 7-AS stellarator.
This is very surprising because the coil was designed
without the supercomputer. As an extension of the
Rehker-Wobig coil, the NESCOIL algorithm was
proposed by the numerical code. By solving the
Neumann boundary problem numerically, the cur-
rent line along the poloidal direction can be solved
numerically. In the original NESTOR algorithm,
the current filament is approximated by only the
Fourier representation. Recently, the cubic spline
method is implemented in addition to the Fourier
representation. Thus, polodialy unclosed coil like
the saddle coil can be used to the coil design.

From these summaries, seeds and needs to design
the future reactor must be selected. Those discussion
will be next object in this study.
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5.  Network-Type Collaboration



beta plasma studies performed in university research
groups to enhance their research efficiency and to
develop young human resources.

Collaborative subjects in three categories such as (a)
application of CTs, (b) development of CT diagnos-
tics, and (c) theoretical/numerical studies on CTs,
have been carried out among five groups performing
experimental studies (U. Tokyo, U. Hyogo, Kyoto
Inst. Tech., Nihon U., Kyushu U.) and four groups
performing theoretical/numerical studies (Gunma
U., Hokkaido U., JCGA, NIFS).

These collaborations has greatly promoted joint
research projects conducted mainly by young re-
searchers and students. These collaborative studies
provided good opportunities for students to be in-
volved in different research environment.

4. “Estimation of Regional and Seasonal Variations
for Environmental Tritium and Radon Concentra-
tions”, Furukawa, M. (Ryukyu U.), et al.

The environmental tritium data around NIFS is re-
quired to draw a comparison with data obtained
in the past and in the wide area. Measurement
of tritium concentration has been carried out on
precipitation and inland water samples collected
in Okinawa and Hokkaido prefectures located in
the southwestern- and the northern-most parts of
Japan, respectively. Because the environmental tri-
tium concentration varies with latitude and some ge-
ographical conditions, the comparison between tri-
tium data obtained at NIFS, the central part of
Japan, and other region is very important for safety
operation of the nuclear fusion plant.
The result shows that the correlation between tri-
tium concentration and amount of precipitation was
not recognized in Okinawa Island. Also the results
indicate that the tritium concentration of precipita-
tion in Okinawa Island is clearly lower than those
obtained at NIFS in Gifu prefecture (range: 0.15-
0.45 Bq/L from June 2014 to July 2015) and at Sap-
poro city in Hokkaido prefecture.

5. “Interdisciplinary Study of O-point and X-point Dy-
namics by Plasma Experiment, Solar Observation
and Numerical Simulation”, Ono, Y. (Univ. of
Tokyo), et al.

The UTST tokamak merging experiments and 2D
PIC simulation reveal a small and peaked electron
heating as well as fast energy conversion from mag-
netic to ion kinetic / thermal energies in downstream
regions.

In the two merging tokamak plasma experiment of
UTST, it is noted that the electron heating is lo-

calized at the X-point and partly around the down-
stream. In the PIC simulation result, the high Te

area forms another sheet in sharp contrast with the
peaked high Te area in the UTST experiment. This
difference is the important research subject to solve
the electron heating mechanism of high guide field
magnetic reconnection.

The possible mechanism for this localized electron
heating is 1) betatron-type fast acceleration of elec-
trons along the X-line with zero poloidal and high
toroidal field and 2) a stable plasma formation at
the X-point that can confine the high energy elec-
trons.

(Shimozuma, T.)
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