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Development of research system and environment
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Are the objectives of the Numerical Simulation Research Project (NSRP), which

was introduced in 2010, appropriate?
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Along these lines, LHD in its capacity of the masterpiece of fusion engineering
offers a broad range of discoveries to be addressed by the NSRP project. A success in
assessing and enhancing the LHD performance provides basic science knowledge
for the next step devices ITER and FFHR aimed at addressing physics of burning
plasmas. Given the limitations of financial and human resources, the objectives of
the Numerical Simulation Research Project appear appropriate. The roadmap
contains many critical highlights for the construction of a numerical reactor; yet, by
no means exhaustive issues confronted by the project in future. Furthermore,
milestones have to be clearly defined and described in detail. This will significantly
amplify confidence in achieving objectives in the foreseeable future. Efforts must be
focused on invoking a larger community of fusion scientists both in Japan and
abroad into activities pursued within the framework of the Numerical Simulation
Research Project. The Numerical Test Reactor development resulting from the
NSRP project is very ambitious project and should be commended. The mutual
collaborations and support with the ITER modeling group should be enhanced. The
integration into the LHD interpretation and the decision making must continue
and becomes more in depth. The broad range of issues addressed by the NSRP
project has to be maintained at the profound level.

There are two major objectives of the Numerical Simulation Research Project
(NSRP) that was introduced in 2010 such as “1. Elucidation of physical mechanism
of fusion plasmas and its systemization; 2. Construction of numerical test reactor
for a helical fusion system”. After last peer review in 2007, the introduction of these
two objectives served very well to guide the NSRP to be successful for
understanding LHD experimental physics results, and for steady progress toward
realization of the numerical test reactor system.

It is also worthwhile to note that the NSRP produced many high-level results and
published papers so that two objectives are shown to be very much appropriate for
success and advancement of project.

The objectives of the NSRP are the elucidation of the physics elements governing

helical fusion plasmas, the integration of these elements, and the construction of a
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numerical test reactor with the aim of contributing to the design of a helical DEMO
reactor. It aims to advance a variety of commendable goals such as greater
coordination among theorist, experimentalists, and numerical scientists, focus on
validation and verification of the codes, and an increased attention to the end-goal
of reactor design.

The NSRP is similar to undertakings such as the “Integrated Tokamak Modeling
Task Force” ITM-TF) effort in Europe and the “Fusion Simulation Project” in the
US, except that those efforts are focused on tokamak devices whereas NSRP is
focused on helical devices. Like these other efforts, the NSRP is highly ambitious.
Its ambition carries with it a substantial risk of falling short. Nevertheless, its
goals are not merely appropriate; they are so compelling as to make the project
unavoidable.

One of the risks of the “numerical reactor” goal however is that it will give rise to
pressure for the premature integration of codes when efforts would be better spent
on their separate development. The review of the NSRP shows no sign yet that this
1s happening, but it is reasonable to anticipate that such pressures will gain
strength as the project nears its announced completion date of 2021. Specifying in
more detail what will be delivered in 2021 could mitigate this risk, as well as the
risk that the rhetoric of the NSRP is creating unrealistic expectations. Surely the
2021 numerical reactor will look at lot closer to the current TASK-3D code than to a
fully integrated reactor simulator in which GKV, HINT2, MEGA and EMC3 are all
running concurrently. Yet the latter picture, which is clearly unrealistic, is what
statements promising the “complete integration” of all physics elements evoke.
With the availability of high-performance computers, numerical simulation became
a key instrument for any research in complex systems, notably in plasma physics
and fusion research. It was the right move of NIFS to establish a dedicated project
for code development, benchmarking, validation and — finally — integration. The
ultimate goal is a suite of codes that serves as a “numerical fusion power reactor”.
Such a project is surely extremely ambitious but is nevertheless the way to go. In
that sense the NSRP objective is appropriate.

It is the overall strategy of the NSRP to develop by means of numerical simulation a
sufficiently deep understanding of the various physics aspects of the Heliotron
configuration, mainly to allow for a direct extrapolation from LHD to a power
reactor called FFHR. The tokamak experiment ITER is expected to provide NSRP
data on burning plasma physics, e.g. fast particle driven instabilities. A

Heliotron-type burning plasma experiment is not foreseen in this strategy.
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This is a valid approach but there are two major project risks: Firstly, ITER will
deliver data on self-heated plasmas only about 5-6 years after start of operation.
This will postpone the design of the FFHR significantly, since fast particle
confinement is critical for a proper design of a power reactor. Secondly, the
validation of fast-particle codes with ITER data is not unproblematic, since the
physics in a Heliotron-type device is very much different: Helically trapped fast
particles tend to get lost, the spectrum of Alfvén waves driven by fast particles is
distinctively richer, and the wave-particle interaction is not well understood. A
reasonable risk assessment should be conducted in the light of the chosen strategy.
Nevertheless, it is the right approach to address within the NSRP project the key
topics required for a credible design of a power reactor. The mid-term program of
the NSRP should put emphasis on two key areas: (I) simulation of the closed helical
divertor and plasma-wall interaction and (II) integrated high-performance
discharge scenarios with fusion-relevant parameters. Both areas have the
advantage that the developed numerical codes can be immediately validated with
experimental data obtained from LHD. This should be vigorously done and the
LHD experimental program should be well coordinated with the activities within
the NSRP.

More generally, the development of a Heliotron-based reactor design should be
deeply integrated into the design activities of the engineering department. It is
crucial to avoid a physics-driven reactor design that imposes unnecessary or even
troublesome engineering problems. Hence, a strong input of experienced engineers
is needed. For that it is recommended to establish a reactor development project
that integrates numerical simulation, fusion engineering, and device operation.
The NSRP objectives of (1) Elucidation of the physical mechanisms of fusion
plasmas using numerical simulation and (2) Construction of a numerical Test
Reactor (NTR) are both entirely appropriate for a major fusion program such as
NIFS. Indeed, a program with these objectives is crucial for carrying our the overall
NIFS program, including understanding present experiments, such as LHD, and
building the understanding needed for future experiments (e.g. ITER) and for

predicting behavior of future fusion energy facilities.
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Is the research system for promoting the NSRP suitable for its objectives? Does it

function appropriately?
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The research system is adopted in order to fulfill ambitious objectives pursued by
the NSRP project. The infrastructure is very complex involving many major players
and contributing in their field of competence. Responsibilities and deliveries are
clearly defined and monitored regularly by different bodies. Project cooperation
with LHD and Fusion Engineering are controlled by Executive Director and
Steering Committee via the NSRP Council consisting of leaders of subject groups.
Some of them appear to be in a sub-critical state and should try to increase
manpower by attracting young researchers into their teams. Rotation system
adopted for chairing the NSRP Council is beneficial for promoting fair distribution
of resources among research groups and achieving objectives of the project as a
whole.

The NSRP research system is well organized through cross-cutting task groups
with members from simulation, experimental staffs as well as collaborators. Also,
the NSRP task group members are assigned by overlapping related subjects, so that
the internal communication seems working well. Therefore, the collaboration
studies with LHD Project produced very good technical results for elucidating
physics issues. It is however, recommended to look further into integration of all
physics elements to support numerical test reactor with technological issues as well
as engineering issues so that the final goal of NTR to be achievable.

The current research system is organized according to a matrix management
structure with eight divisions, four projects and nine task groups. This system
appears to achieve some degree of decentralization that is conducive to the
formation of the necessary collaborations between scientists in different divisions.
The NSRP aims to increase research mobility and flexibility by introducing new
motivations and new goals. There are promising indications that it is succeeding in
the task of bringing about the interactions between scientists that will be necessary
in order to achieve the needed integration. The possibility that the increased
management cost of such an organizational scheme could prove burdensome calls
for vigilance.

The manpower allocations for the nine task groups are fairly well balanced. The
importance played by plasma-wall interactions and transport in the periphery in

fusion experiments in general (and in LHD in particular) suggests that increasing
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the amount of in-house manpower devoted to these two tasks, at the expense of
either the kinetic or fluid transport groups would probably be beneficial. The
relative under-emphasis on edge, SOL, and plasma-surface interaction is also
perceptible in the publication record.

The year of creation of the NSRP, 2010, coincides with a peak in the productivity of
the theory and simulation groups as measured by the list of “published papers
related to the NSRP” that was distributed with the review material. This peak is
consistent but more pronounced than that for the number of NIFS theory and
simulation papers listed by “web of science” for the same period. The magnitude of
the annual decrease in productivity after 2010 varies between these two sources of
data, ranging from 30% for the NSRP list of publications to an amount in excess of
10% for the web of science data on theory and simulation. This may be due to the
management burden associated with the NSRP or to other causes independent of
NSRP, such as budget reductions.

The research in the NSRP is organized via a quite complex matrix-type
organization. This is meant to integrate NIFS and university researchers and also
to involve experimental researchers in a suitable way. While NIFS in its role as a
COE for numerous Japanese universities requires flexible and open organization
structures, the chosen approach leads to a rather fractionized task structure (nine
task groups) with a lot of overlap. This might well lead to double work and lack of
efficiency. In addition, there is a co-existence with the matrix organization in NIFS
(projects and departments), which makes the management role of the task group
leaders probably quite difficult. In total there are four different bodies to coordinate
the work.

It is beyond the scope of the present review to make an assessment of the
day-by-day efficiency of the organization of the NSRP. If the experience is such that
all project members are satisfied, it may well be the right approach. If the NSRP
has — despite its name — rather the character of a research program than a project,
it is not worthwhile to ask for milestones, resource-loaded work packages etc. If
NIFS chooses to have here a strict project-oriented work, it is recommended to
analyze work flows and project structure, to make both as simple as possible, and to
agree on a limited number of major milestones that mark the end of well defined
work packages, which are equipped with sufficient man power.

The NSRP is organized internally like a project, with a Director, Steering
Committee, Council, and nine task groups (each with a leader). However, the NSRP

staff volunteer their effort and are managed from divisions of the NIFS Dept. of
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Helical Plasma Research. This allows a fluid, flexible structure and facilitates
collaboration with the Helical Plasma Research Dept. However, it may complicate
management of manpower and alignment of resources with NSRP needs. In this
sense, NSRP seems to be more like a research program rather than a project. But,
achieving the NSRP goals requires developing specific capabilities, which will
require project-like planning and focus on milestones.

From the presentations, it was not clear how the NSRP task groups are organized
and operate. For the long term success, they should each have clear goals, plans for
achieving their goals, and milestones for assessing progress. In the organization
presented, there did not appear to be a specific plan or activity for validation and
verification of the numerical models. The NSRP should consider adding this either
as a separate activity, or as a standard activity and requirement for all the task
groups. Progress in validating the models against experiments should be tracked
and used as a metric of the suitability of the models for incorporation in the
eventual NTR.

Due to the long-term nature of the NSRP and the eventual complexity of the NTR, I
would recommend the addition of a Technical Advisory Committee to the project.
This should consist of outside experts and would meet approximately yearly to

advise on the plans, approaches, and accomplishments of the project.
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In the NSRP, is the environment on the “Plasma Simulator” system and its

related researches appropriate?
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The environment of the “Plasma Simulator® and its related researches has been
developed and periodically upgraded for many multi-purposes within the NSRP
project. Computer system Working Group manages and operates Plasma Simulator
and LHD Numerical Analysis Server in collaboration with HITACHI system
engineers to make the research environment function properly. Plasma Simulator
system 1is the unique tool for addressing vast and complex issues of plasma physics,
material science and radiation studies required for the success of the project NSRP.
To this end, Computer system Working Group manages and operates effectively
Plasma Simulator and LHD Numerical Analysis Server in collaboration with
HITACHI system engineers. Extensive education and research assistance system
has been developed for numerical support and collaboration studies carried out by
the Plasma Simulator and the LHD numerical analysis. The impact on
fundamental scientific issues is very valuable.

The planned upgrade of “Plasma Simulator” during Phase-2 period seems very well

implemented for effective utilization of supercomputer resources for the NSRP as

-12 -



well as collaborators in many universities. System support and research assistance
program also seems working well to serve users of “Plasma Simulator”. It is
recommended to consider joint planning of “Broader Approach IFERC Helios
Computer” utilization with “Plasma Simulator” if it is agreeable between two
programs. This will enhance effectiveness and efficiently implement supercomputer
resources for fusion simulation research.

The Plasma Simulator provides 322 Nodes with 40 TB of memory and an
impressive peak performance of 315 Tflops. This is significantly more computing
capacity than the 100 TFlops and 24 TB of the HPC-FF computer that serves the
needs of the European fusion program and of the ITM-TF... The need for an
advanced computer is compelling: it is difficult to see how the NSRP could have
credibility without a dedicated high-power computer. The justification for the scale
of the Plasma simulator is provided by its utilization rate of 90% as well as by the
large number of users and jobs processed by the machine. The numbers of projects
it supports is comparable to the number of projects that Lonestar, one of the two
machines of the Texas Advanced Computer Center, supports. The Plasma
Simulator is backed by a strong support system including training opportunities
and program development support. The under-representation of universities in
program development support is presumably due to geographical factors, but
should be addressed by developing the means of delivering this service remotely.
The plasma simulator is a powerful Hitachi computer available to all members of
the NSRP. In particular, the Japanese universities get in this way easy access to
supercomputers to solve challenging plasma physics problems. The Hitachi
computer has 77 TFlops in its phase 1, 315 TFlops in its phase 2, which is an
appropriate performance (<100 in world-wide ranking). The management of the
“plasma simulator” and research assistance in numerics and computer science are
given by NIFS and Hitachi.

It is the right approach to integrate the wide research knowledge available in the
Japanese universities in the NSRP. Here, the “plasma simulator” is the key element.
In this sense it appears to me fully appropriate.

The capabilities of the “Plasma Simulator” and environment appear to be
appropriate and adequate for the NSRP at this time. It has been periodically
upgraded, and will be upgraded again in approximately 2.5 years. This upgrading
process is crucial for the NSRP success, as the capabilities of the NSRP grow,
requiring stronger computer support.

The “Plasma Simulator” is also used as a collaboration facility, with many users
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from Universities. This is healthy and appropriate.

UEXY . ZoFuPx7 FOMEREORMHII L T B TR < FHEiT 528 104,
PS8 T4, FHMliT S 8 14 TH o7,

[2] BFRAER

Research achievements
TIRRYIab—FEERLIEERYIa2V—Ya VIRZED D Z LTk, B
TO2205FZBNT, EEMNIZEVLVLVOREREEZ EF T30,
Does the NSRP produce high-level achievements in accordance with international
standards for the following research areas, by promoting theory and computer

simulation researches utilizing the Plasma Simulator?

(1) FEERFOEE (LHD Ok mMERk L FEFRI~DOER, StRABZORE
fbzaEite, )
Construction of Numerical Test Reactor for a helical fusion system (including
contribution to the development of high-performance LHD plasma, to the design

of a helical demo reactor, and to the sophistication of computational science)
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BEATEERET A BN EBEN LW, (24)
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Construction of Numerical Test Reactor for a helical fusion system including
contribution to the development of high-performance LHD plasma and to the
design of a helical demo reactor, and to the sophistication of computational science
appears as a highly warranted and smart approach for upgrading the LHD
performance and addressing issues pertinent to a Helical Demo Reactor. Progress
has been made in many areas such as 3D MHD equilibrium / stability and
nonlinear simulation codes, drift kinetic and gyro-kinetic simulations, hybrid
simulation code and integrated transport code for fast analysis and prediction of
dynamic and steady-state transport in the LHD plasma. Research achievements in
simulations of peripheral plasmas and plasma-wall interactions encompass a wide
range of issues .including 3 D fluid code for peripheral plasma, 3 D kinetic code for
neutrals applied broadly in LHD, transport and re-deposition of carbon on first wall
near divertor tiles and molecular dynamics simulation for hydrogen irradiation on
carbon. Contribution to the design of helical demo reactor includes programmatic
collaborations with Fusion Engineering Research Project aimed at FFHR-d1 design,
integrated transport code TSK3D, 3D high —beta equilibrium with chaotic field
lines in FFHR-d1 and global particle simulation code FORTEC 3D evaluating
neoclassical thermal transport in FFHR-d1. Contributions to the sophistication of
computational science are offered by the gyro-kinetic ion/fluid electron hybrid
simulation code enabling efficient fast calculation of electromagnetic turbulent
transport in helical plasmas; particle-MHD hybrid simulation code parallelized
with 3-dimensional domain decomposition; novel simulation method for molecular
dynamics adopted for extensive study of fusion materials and the flux-tube bundle
model; PIC -MHD interlocked model and multi-scale AMR module; thereby in
summary enhancing predictive potential of simulation studies for designing the
helical fusion reactor. The synergy of codes and methods remains a very important

issue.
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With introduction of two major objectives of NSRP, the extensive simulation code
developments and numerical studies have been performed and made comparison
with LHD experimental results contributed to guide and help development of
high-performance LHD plasma as well as enhancing physics understanding,
greatly.

There are many high-level outputs in the numerous areas such as MHD
Equilibrium/Stability, Drift-kinetic/Gyro-kinetic Simulations, Hybrid Simulation,
Fluid/MD Code, Integrated Transport Codes etc.

There are also good progresses toward the advancement of design of helical demo
reactor, FFHR-d1, with programmatic collaboration with Fusion Engineering
Research Project. NSRP contributed FFHR-d1 design effort through Integrated
Transport Codes (TASK3D-a and TASK3D-p), HINT2 Code, and FORTEC-3D
Global Particle Simulation Code. It is however, to recommend building systematic
approach toward collaboration between NSRP and Fusion Engineering Research
Project for realistic way to construct Numerical Test Reactor.

Along with extensive simulation code development effort, NSRP puts a lot of effort
to make contribution to the sophistication of computational science such as
Gyro-kinetic ion/Fluid-electron Hybrid method, Particle-MHD Hybrid scheme,
Molecular Dynamics method, etc. It is commended to these efforts and recommends
further investigations.

The presentations exhibited significant progress for each of a comprehensive suite
of codes including MHD equilibrium, core kinetic transport, neoclassical transport,
fast-particle driven modes and edge transport codes. Particularly impressive and
interesting were the comparisons of simulations with experimental results from
LHD. In some cases these point to possible shortcomings in the models and suggest
avenues for improving them.

One such comparison was between the HINT2 code and the measurements of the
electric field in the edge region. The experiment-simulation comparisons may shed
light on the disagreements between HINT2 and PIES, the principal other 3D
equilibrium code. Further comparisons with experiment also extend the prospect of
clarifying the role of rotation on island size, a phenomenon that is not described by
either PIES or HINT2.

Gyro-kinetic simulations of turbulent transport have enabled equally impressive
comparisons with experiment at the level of the fluctuation spectrum. The good
agreement between measured and calculated values of the flux has led to the

formulation of a useful heuristic model for the flux. The extension of the arsenal of
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codes to include electromagnetic physics is making good progress and shows great
promise.

Other areas of where the numerical research is carried out at an international level
include the wave particle interaction theory showing the formation of hole-clump
pairs, and the study of edge transport using the EMC3-EIRENE code.

Only two PFR papers could be found for the MIPS code, and no publications for the
MINOS code, both of which were presented in several places in the presentations as
having reached a mature level, including nonlinear capabilities in plasma with
chaotic fields. It is unfortunate that the MIPS papers lack information concerning
the numerical scheme.

The NSRP has produced quite a number of highly ranked papers and some awards.
An impressive suite of numerical codes has been developed. In particular, the
gyro-kinetic code developments are among the best in the world.

Especially with regard to the long-term goal of developing a “numerical test
reactor”, careful code validation is of utmost importance. Only after validation, the
codes can be integrated and allow one to make concrete forecasts on performance
parameters, stability, divertor loads etc. LHD must be the chief instrument for the
validation of the various codes. A good example is the “super dense core” regime,
more recently discovered on LHD, which is not yet well understood. Here, a
systematic analysis with numerical codes would be of great value. In addition to the
validation aspects, a close linkage between the experimental program of LHD and
the NSRP could well pave the way to improved performance of the device (e.g.
HINT?2 equilibrium calculations w.r.t. divertor compatible discharge scenarios). A
suitable organizational structure should be able to foster such a close collaboration.
In addition, the development of a rigorous benchmarking strategy is recommended
(e.g. TASK3d). This can only be done on an international scale with code packages
developed by other laboratories. If stellarator geometry imposes a problem,
simplified geometries could be chosen.

The NSRP is in its first phase, which is preparation of numerical models of separate
physical mechanisms. Integration of these models into multi-physics models is not
planned to occur until later in this decade, and construction of an NTR is planned
for start at the end of the decade. This late start of development of the integrated
NTR is concerning, since it may then be challenging for it to be completed and
validated in time to contribute to the helical- DEMO decisions planned for ~2022.
Regarding contributions to LHD, the design of a helical DEMO reactor, and to

computational science, see the next section (2.2).
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Physics mechanisms of fusion plasmas and their theoretical systemization
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Physics mechanisms of fusion plasmas addressed within the framework of the
project are vast and novel and their theoretical systemization appears to be
profound. They range from energetic particles issues, magnetic reconnections, zonal
flows, Er impact on edge transport to nuclear fusion material development.
Interaction of turbulence and zonal flows is analyzed quantitatively by means of
entropy transfer function. Turbulence, structures and transport in the core and
edge regions are addressed by means of complex analysis. Turbulence diagnostic
simulator is developed for numerical diagnostics of turbulent structures.
Collisionless kinetic-fluid simulation clarifies the impact of magnetic configuration
in LHD and a micro-instability in tokamaks on the zonal flow generation. Particle
simulation must bring to light the propagation and inherent currents generated by
lobes within the SOL plasmas. Simulation methods applied to the toroidal
neoclassical viscosity enable qualitative analysis of the bias experiment carried out
in LHD. The emergence of hole and clump pairs is ascribed to nonlinear frequency
chirping of energetic particle driven by GAM’s. In summary, the list of
achievements in understanding of physics mechanisms is quite long. Yet, more
focus on the near- term LHD related issues is highly desirable.

In addition to contribution to the development of high-performance LHD plasma, to
the design of a helical demo reactor, the NSRP has produced high-level results in
the areas of Nonlinear MHD, Turbulence, Zonal Flow, Peripheral Plasma for
elucidation of physics mechanism. It is however, to recommend considering how

these efforts could become ‘project’ rather than ‘program’ in nature.
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Considerable progress has been achieved in the elucidation of the basic physics
mechanisms for the confinement of fusion plasmas. The high level of the fusion
science performed as part of the NSRP is reflected in the metrics presented during
the review describing the number of high-profile publications of various types.

Of particular note is the novel moment-equation method for calculating neoclassical
transport fluxes, which has served as a foundation for the ORNL PENTA code.

The NSRP is continuing the international leadership of NIFS in the simulation of
the interaction of long wavelength MHD modes with turbulence using reduced
two-fluid models. Particularly interesting are the simulations of the interaction of
magnetic islands with drift wave turbulence as well as those investigating the
interaction of Resonant Magnetic Perturbations (RMP) with resistive ballooning
turbulence. The addition of neoclassical effects to these models sounds very
promising but has not yet yielded clearly novel results.

The NSRP has been playing a key role in connecting the helical confinement
community to the tokamak community by showing how insight gained through
research on helical devices can contribute to our understanding of tokamak physics.
The research on RMP and that on the quasi-single helicity (QSH) state in the RFP
provide two good example of this.

The NSRP has also developed a strong program in plasma-material interface
including codes describing dust dynamics and molecular dynamics codes using the
binary collision approximation and density functional theory to evaluate the effect
of the irradiation of plasma-facing components.

In summary, the NSRP does produce high-level results in accordance with
international standards for research in fusion science.

I'm afraid that I do not quite understand what is meant with “theoretical
systematization”. Within the NSRP, quite a number of new and timely physics
issues are addressed in the fields nonlinear MHD, turbulence, elementary
processes. An example for cross-transfer of knowledge is the work on the helical
state in reversed field pinches. As above, it is recommended to make systematic
comparisons to LHD experiments wherever possible. An example is the turbulent
peel-off of blobs: The concrete observation of blobs on LHD would be an important
complement to the numerically obtained results.

We also note that there is a significant outreach to other fields in NINS, for
example to inertial confinement fusion.

The NSRP has made substantial progress and advances in the modeling of

individual physical mechanisms. The NSRP has world-leading models in many
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areas, including:

e 3D-toroidal magnetic equilibria, including islands and stochastic field regions

e 3D transport simulation

e 3D non-linear MHD stability

A large number of impressive new modeling results have been obtained for specific

phenomena in 3D-helical configurations, showing advanced capabilities, including

e gyro-kinetic simulations of turbulence and turbulent transport, including
electromagnetic terms and non-linear flow effects

e 3D neoclassical effects on flows

e non-linear MHD simulation of core-collapse of pellet-peaked high pressure
plasmas

e Energetic particle-driven instabilities

e KEdge plasma characteristics and divertor plasma-wall interaction

e Materials properties for the walls of a fusion system

These new models have been applied to interpreting LHD data and experiments,

and used for simulating the expected plasma phenomena in a future helical DEMO

system such as FFHR-d1, and are clearly providing world-class capabilities. A

number of these simulation codes have developed very sophisticated numerical

techniques, including 3D domain decomposition, multi-scale and linked

multi-physics capabilities (e.g. MHD stability and kinetic effects).

While comparisons between many of these simulations and LHD were shown,

systematic validation of the simulations was not discussed. Conducting a rigorous

validation and verification of the simulations is important to provide the basis for

using them to accurately predict the behavior of future fusion energy systems, such

as a DEMO.

The TASKS3D integrated transport code suite has been developed and released for

wide use. It builds upon a number of reduced models (e.g. VMEC instead of HINT?2),

and can be used for either analysis of experiments or prediction for new conditions.

The predictive form is being used to investigate ways to extend the performance of

LHD plasmas and for predicting FFHR-d1 performance and characteristics.

The plans for future integration and the approach for developing the integrated

NTR were not discussed, but need to be planned carefully. Will the models in

TASK3D be upgraded to include the sophisticated simulations of detailed physics,

such as magnetic islands, turbulent transport, or non-linear MHD evolution? Will

the NTR build upon TASK3D or use a separate framework? The coupling of the

many separate physics models must be planned carefully to preserve accuracy and
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computational efficiency.

LY, ZOBRE T X~ 0mBEEERER L 2 oERAERKIIE LT, BOTH
SFHli§ 20374, BT 252384, fHMEiT 52824 ThHhoTe,

[3] REXBRRTOD Y FMBET HXREFA - ARAROKEE

Promotion of collaboration regarding to the NSRP

(1) COE &t LTKREEFETLIRMOMIERAZHEE L, LRANIELZEUIZED TS

D3,
Does the NSRP promote collaboration researches as the center of excellence, by

integrating the high capabilities of the universities and institutes?

B4 100 {FLL EOILFEIBFZEDS NIFS Zil& U CHEM S, fHHMERE VI 21—
T a T AMREZAEDICEMN LTS Z &R0, fBE 100 4 2 2 D 5EE 13S0
TLHLTTAVYIab—F RV T LR ULFEFGRL C\Wd, COE & LTKRY
ENETHEVIFREEN A AL L, SRR ZEYICED TV D, (134)

2R OEEIIISH bigx EA TP E-Bbd, —h., TNEMHES 2T ok
27T AORRBRHEA X LOMRER, 4% I LIS RDLNE O, G
DEMEERFIET a7 b TH, ZOL ) RFtEARICET 2R EEORELE A
MBE A B AN GBI 2 ]/ 2, (14)

7T A=y 7T A B LA O IRERRI A FICHE LT, B S OB AL il
S EDZRICE DI LWT AT T L FEROFERIZLENT 52 L nlifFsisd,
(14)

B TE SN A I HE L, W04V THFEFZEE (SRS 551 & 4 H#
EDHTIELY, (14)

BMERFTE T 0T =7 NOBEAZ L - T, HFEFTRN S S ITHEE S FFRNA D
ELTW2O0E AR & OBEBIHRTEIZ I No72, (14)

Theory and plasma simulator collaboration research scheme provides for feedback
by incorporating both programs proposed by NIFS and many domestic collaborators.
It utilizes also the LHD Numerical Analysis Server. Number of accepted
collaboration subjects is more than 120 and the number of people involved exceeds
1,000. Plasma Simulator Symposium provides collaborators with exchange of ideas,
results and most importantly recent findings obtained during the LHD campaigns.
Many collaborators from universities and institutes join the NSRP task groups in

different capacities ranging from leaders to computational supporters. The NSRP
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has produced impressive amount of high ranking publications employing many
domestic and international collaborations. The NSRP is playing an important role
in disseminating advantages and achievements of fusion research in Japan,
promoting collaborations with NINS and the outreach to the general public. Many
specific programs of general physics interest are launched due to NSRP activities.
University programs benefit greatly from collaborations under the framework of
the NSRP.

By integrating capabilities of domestic universities and institutions, the NSRP
effectively promotes collaboration in the area of fusion numerical simulation. The
strong evidence is continuing steady stream of 1,000+ collaborators with more than
120 collaborative works each year for 5 years. It is also well noted that the NSRP
has included collaborators in all nine Task Groups, and performed information
dissemination through “Plasma Simulator Symposium”.

The NSRP is effective in its promotion of collaborative research and in the
integration of the skills of universities and institutes. The 458 papers produced by
the Theory and Simulation Department and the NSRP from 2008 to 2012
demonstrate the effectiveness of the NIFS collaboration network in this domain of
research. The proportion of 3 collaborators for 2 NIFS researchers seems well
suited to allow NIFS to impart programmatic directions and maintain critical mass
in priority areas. The backbone of the NSRP is clearly provided by the NIFS
researchers who constitute 76 (55 sim. and 21 exp.) of the 103 participants in the
task groups. External collaborators nevertheless provide key capabilities such as in
the area of plasma-wall interaction where they also provide the bulk of the
manpower. The overall project would benefit from increasing the in-house
manpower for this task group along with that for the peripheral plasma transport
task group (presumably edge/SOL/divertor). Strengthening the peripheral plasma
transport task group can probably be achieved with existing resources through
internal reallocations.

The publication record of the NSRP is good and there are many joint publications
with collaborators. The key element of the integration of universities and other
research institutes into the NSRP is the access to high performance computing
facilities. The number of research subjects addressed within the collaboration is
vast; this is imaging the broad spectrum of expertise and research topics of the
involved university partners. All collaborators are members of the task groups,
which makes the management challenging. There are three areas of work: (a)

general theory, (b) plasma simulator, (c) numerical methods. My recommendation is

-6 -



to perform a systematic assessment of each single collaboration subject to make
sure that it actually contributes to the research goals of the NSRP.

Yes, the NSRP is functioning well as a collaborative center of excellence. Many of
the simulation codes and models discussed are collaborations between NIFS and
University based researchers. NSRP is receiving ~50 proposals for collaborative
research from outside NIFS, and ~600 university researchers are participating.

These are very strong numbers, indicating a healthy, fully functioning center.

PLEXY., ZMDCOE & LTOERFEHEICH LT, MOTELSTMAETAIN 134, &
Sl AN 54 Thol,

(2) X£FEFIABRE LTSI 2 b—FI3ABKERAIN TS,

Is the Plasma Simulator effectively utilized for collaboration research?

TRV ab—H BN e Y IMEE 50 L EFEE S i, TN ORFSE
F 150 AL ENFIH L, M 1 U EDOY a TRETINTWH R L, KERHE
HELTT I A I aLb—ZIFAMDFIAIN TS, S HIZ 5 ERT 450 ALLE
DL EZBNTND Z L IIECET 5, (134)

AT VX E BR AL R S B D 3 SCHSR0R0p A B & L CTHUL S DT, Ak DFE L WIfF
T5, (14)

TIATY R a b= FEL OFE ) — REFOD T, FHHEEEM & & HICFHEDERD
Enlesm b BREEAZW, (14)

ERNOBG - 2 b—ra rOAM B4 - #E - BF5EH) 12T NIFS Of%E
BB Z N E B 0T, FINOTEHNTe LADRNO D, 805 OFE AR
Z2\VD0, N LOOHEIFAIAOEEZ ED T OREE LY, (14)

The NSRP offers a wide range of options to enhance progress in fusion science.
More than 50 projects per annum were performed within the framework of the
Plasma Simulator Collaboration research program. 150 users including 50 from
NIFS and 100 from universities utilize Plasma Simulator per year. 458 papers are
published by domestic and international authors deriving from the NSRP program.
More than 10,000 jobs are run on Plasma Simulator every year. It demonstrates
high level of numerical efficiency. The average operating rate amounts to 90 % to be
considered high according to international gauges. In summary, the efficiency of the
Plasma Simulator group is excellent.

By effective utilization of “Plasma Simulator”, the NSRP provides a great
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opportunity for fusion numerical simulation studies in many collaborators. More
than 150 “Plasma Simulator” users collaborated in more than 50 projects every
year in 5 year period. This collaboration produced high-level output by 100 or so
papers published per year.

The plasma simulator is well utilized in the context of collaborative research.
Specifically, it supports 50 users from NIFS and 100 from universities.

The Plasma Simulator Symposium brings together approximately 80% of the 150 or
so users, demonstrating a committed user community. It is interesting that the 150
Plasma Simulator users constitute a rather small fraction of the thousand or so
NSRP collaborators from NIFS and universities. The remainder of the collaborators
presumably relies on smaller clusters and workstations for their computational
needs.

It is difficult for me to judge how efficient the use of the Plasma Simulator is. This
depends on the code efficiency (e.g. efficient use of modern numerical methods) and
on the choice of subjects addressed within the various different collaborations. As
already mentioned in [3](1) above, the introduction of a systematic assessment
would be useful. Here, also the (numerical) cost and the scientific value for the
NSRP should be evaluated.

Yes, the Plasma Simulator supports ~50 proposed projects per year, most of which
are collaborations between multiple institutions. Roughly 24 of these projects per
year are proposed by external collaborators. There are more than 100 external
users of the Plasma Simulator. Over the last 5 years, these collaborations have

produced approximately 90 publications per year.

UEXY, ZOFFX2v 2 b—FOERCH LT, B TR FET 528 9 4.
BT 2884 ThoTe,

(3) HBNLEFHEEEN RS LHE L Mo ~RETEI2EMIRL RoTND D,
Does the NSRP function as a research hub for the dissemination of academic
information to other fields, by promoting the NINS (National Institutes of

National Sciences) interdisciplinary cooperation research and so on?

AR A & 2R, IEFEMELZOFIRE, F/ FA A=V 700k,
V-t 2 A 2 B, KRBT — 2 ORRIENE, R Y 337 v a o OEHwmHY
VIalb—va U 6 DOBMENEIENICE A B ICHEE L, B~ RETE D
LS L fa o TN D, (13 4)
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I ~FETHENIRR L TWDERH D | A% I BICBEIRLETH D, (24)
BT 2 b—a VRPEORX RO — DX, Bix BB O %I T HEE
WEENZ O F FHPE TV OREEIT R S0, FEREE RS 7 DIZRBE O FHR T
BB ZMLbPISHAETHD E VI EZATH D, T ORMEE AN L TRIRHE,
WERTE L TERASRIFICET 2 KBS I = L—3 3 ViR Z Rl s 2 72 45 8
FLEHE RN AL TS, il x OWERBIG T T, BIREZOBEN LR Y
HESELTELX, BWEROEREZE LSRG EMATLIE VNI EZXOL LI,
HEFIECENA DL VR T A ERELTE TS, TRODIFENZEY, v =
L— g URFEROBEEME L A RE FAMEE SSERICRE L TE VA LT
THLFHicE 5, (14)
FREEEENEEICEE > T, TNEX—X L& L THENDE~ORE TV &
SbE &G0, S%ROILeL-BOBEMET 5, (14)

A% I3 B & DHGEE A b & ITHED TV AN D, T A~ EAOFE, |
A OBEPMIT I ~FEAETE D XD KA B A o CTHED D Z ENEFE LUy,
(14)

Following programs such as Hierarchy and Holism in Natural Sciences, Near-field
Optical Imaging of Enhanced Electric Fields and Plasmon Waves in gold Nano-rods,
magnetic reconnection studies at the kinetic level are pursued rigorously reaching
the level of studies at high level and in detail. Project “ Science for Controlling

”»

Temperature in Non-equilibrium State ” should be acclaimed due to invoking of
joint forces of NIFS and IMS and involving 5 Japanese leading universities. In
summary, the NSRP 1s very instrumental maintaining NINS umbrella
infrastructure within the framework of NIF'S activities.

The NSRP also played significant role to promote new interdisciplinary fields under
NINS cooperation program by organizing symposia and promoting collaborations.
The NSRP plays a central role in disseminating results and methods from fusion
research to other fields through the organization of symposia and the promotion of
collaboration under the umbrella of the NINS interdisciplinary cooperation
framework.

It appears that the NSRP fulfills its role as a “research hub”, since it coordinates
and conducts a large variety of numerical simulation works, thereby covering a
large spectrum of topics.

Yes. The NSRP and NIFS participate in at least six of the NINS cooperation
programs and projects, which are organized to promote interdisciplinary

cooperation. These activities also have collaborators from Universities, domestic
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institutes, and foreign universities and institutes.

UEXY., ZoEBEALEREENFEOHE & MOF~DREF[ITH LT, BDTHES
FHES 5374, Bm<FHMET 5364, RS 5354 THolz,

(4) REOMFERERCHEELTWVDLHH

Does the NSRP contribute to the development of research in the universities?

OFKTEFIZBWNT, %< OKRF L LFERFIEE T L, ki@%@%éﬁ%%ﬁ%
S, V“w®mw§<®m%#$ﬁméﬂfwé F7o. HAHEE = — RO,
kﬁ@ﬂﬁky%wmﬁﬁ\%bﬁﬁmv:;v~yaynﬂk%%%¢éﬁe\y
< DORFOMFEFBIZHES LWL EEPRS, (134)

H%b. RFPOWFRE ORI RS Z ., MR - JERSETELY, (14)

S#%ITH O LEMEERF ORI mT T, EROILRFTER—Z 05, KFP0D A
ERLEOTRERRFER - I 2L —a v - g - PRz b TCE D
(R EZENT AL b RUITHA S, (14)

Japanese universities are active participants in the NSRP activities. Their
contributions are valuable elements complementing NSRP in a broad range of
issues. The NSRP infrastructure provides universities with access to the cutting
edge of fusion research. To name some current topical and timely issues; erosion of
graphite as demonstrated by experiments at Nagoya University borne out
theoretical prediction obtained by molecular dynamics model developed at NIFS.
Collaboration with Nagoya Institute of Technology contributes to the development
of advanced simulation methods. Studies on helical structure formation at Kyoto
Institute of Technology in collaboration with NIFS shed light on a single helicity
state highly beneficial for magnetic confinement in Reversed Field Pinches. This
subject is the unique contribution to the international RFP program.

® As NIFS plays a central role of fusion collaboration among universities in Japan,
the NSRP is also plays very important role of fusion numerical simulation
collaboration among universities with more than 13 universities with significant
collaboration topics. It is worthwhile to note that the NSRP organized five and more
collaboration workshops every year for promoting collaboration among universities.
® The NSRP contributes to the development of research in 13 universities. Much of
the more aggressively exploratory work is done in collaboration with universities.

The collaborations are fostered by over five workshops per year, an amount that
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seems abundant. The relationship with universities is important for the exchange
of knowledge acquired as part of the NSRP.

® NIFS has developed an impressively dense network of collaborating universities.
The NSRP is benefiting from this network and the development of research in the
universities is clearly fostered by its activities. Besides the mere access to
supercomputing facilities, the NSRP is providing support in computer science and
numerical mathematics. The exchange of physics know-how seems to work very
well. A useful instrument for the exchange of know-how is to organize dedicated
joint workshops; these should be conducted on a regular basis with a small, focused
group of participants.

® Clearly yes. See (3.1) and (3.2) above for details on University involvement. Some

13 Japanese Universities participate in collaborations with NIFS and the NSRP.

PEXY, ZORZOWERB~DEFEELEIZH LT, BODTELSFEMT S 8 4, &<
T A8 104 THoT=,

[4] EIFREHS - XEREOHE
Promotion of international cooperation and collaborations
(1) EBRSERRFRREICL Y, EERK7Z COE & LTOREZRTZLTWVDH D,
Does the NSRP play a role as an international COE through international

collaboration research?

® &R EMETIL, BORMLEIIZE Td 5 B KEZR A BRER L [FIMFSE (Joint Institute for

Fusion Theory: JIFT) @ H A& A MIFZEHERT & L CZOHEEICRERHE#RE LTk
V. BEEORL 6T, 2 ORFMEE b REBELZZ T TND, o, BN

WMTHERT L X—HE (IEA) ODAT I L —% - ~UF ba e, 759 h—

WHIE B RE (B3 2 [E BB 70T (LIA) 72 & CH R E e fHl 2 R LT b,
(13 44)

o HYH/IFEEICI DX A NOLRBFENHPIEOE LEMEYEL A5 (SWIP), H

ER P FRE AR BEFZEET (CASIPP) LiThitTnd, HK, HEK, HHOHEFE

TED KRR 2 BRI ISR L, AR A2 BRI 2 FRLEEN D, (34)

A FEHEIZB T, LEWREHET L Z N EENRD, (144)

o U INROERE A ERNRES THEWL TR 3T REFTLE LTI~

~OMERWVEERZ R72T 728 LT, 4% bEEERZR COE & L ToKE 2T 5,
(14)
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The NSRP plays a central role in promoting US-Japan collaboration program, wide
range of collaborations with the EU fusion program takes place. Japan- China
cooperation is pursued successfully in the field of MHD stability and dust particles
in fusion plasmas. The NSRP carries out collaborations with US through Joint
Institute for Fusion Theory employing leading scientists from both countries.
NSRP organizers JIFT workshops and provides funding for exchange of scientists
from both sides. In summary, international collaboration program is an excellent
achievement.

As NIFS played a central role in promoting US-Japan Joint Institute for Fusion
Theory for long years, NSRP continued playing major role in collaboration with US
through JIFT activities. Also, NSRP promoted wide-range of collaborations with
European institutions, ITER/ITPA and IEA activities. Collaboration with Chinese
institutions such as ASIPP and SWIP is also progressing. It is however,
recommended to broaden international collaboration opportunities with other ITER
partners

NIFS has long had a strong program of collaboration with the US, managed
through the Joint Institute for Fusion Theory (JIFT). Its collaborations with other
countries appears to be less formally structured but of comparable effectiveness.
Collaborations with Europe have led to several important benchmarking exercises
such as GKV with GENE and MINOS and MIPS with CAS3D. There have also been
important applications of NSRP codes to foreign experiments such as the study of
RMP response with HINT2 and the calculation of the quasi-helical states in RFX.
Nevertheless, the proportion of papers published with foreign-based collaborators is
very modest and it is difficult to think of any other aspect of the NSRP that is more
amenable to improvement without requiring significant new resources. A great deal
of the results of NSRP research is published in “Plasma and Fusion Research”
(PFR) which has very little visibility, so that much of the NSRP achievements are
quite unknown outside of Japan. This could be remedied by establishing the
practice of regularly publishing review papers in international journals that would
point the interested non-Japanese readers to the original PFR papers.

To play the role of a international COE, the international collaboration partners
should be carefully selected. A systematic approach is recommended to assess (a)
the quality of the collaboration partner and (b) the value of the collaboration. With
regard to (b), a gap analysis in know-how and man power of the NSRP would be
useful.

It seems like the JIFT (JA-US collaboration) is well established and works perfectly
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since many years. Joint workshops and papers are speaking a clear language. The
systematic in the collaboration with EU institutions is not as obvious. As an
example, it is not clear why for the collaboration on plasma turbulence a Serbian
institute with a relatively weak standing was chosen. It is recommended to conduct
an internal review of existing collaborations with the goal to identify first-class
collaborations and areas, where the NSRP would benefit most.

Yes. The NSRP has a number of international collaborators participating in its
projects. In addition, the NSRP has strong collaboration and personnel exchanges
programs with the US, EU, and China. This includes JIFT, the joint institute for
Fusion Theory, and a large number of topical collaborations with individual

institutes on specific topics and codes.

PlEX Y, ZoEBERZ CE & LTORENZX LT, BOTELSFHMETIN 4. B
FHME$ 20384, FHMET AR 14 ThHhoT-,

(2) ITER E1E - BATEB) L OE#E, EMER > TW55%
Does the NSRP promote cooperation with and contribution to ITER and BA

activities?

AR 2R ON y FiifF st 4 —NEEBEEMAE = 2V % ¥ —
(IFERC) o7 vy =7 N —H—%2¥DT\HZ L IFERCOaEa—H I =
L— g b X —ORERE O %17, JT-60SA DILFRIAFIEOHEME, EEE N~ 7%

HIEE) (ITPA) ORE~SMLTWAHZ Licix, ITER @A E OB OEET

—HEEEDT A MR SICHEBLL TE Y, ITER FHE<° BA {F8IC BB S - B

kL Cnb, (134)

ITPA 121, BUEEBRIFTL T N—T DA L N—PNET RV X —Ri T )V—T L JF «

TAZNVITN—TDOENER L LTENENL L AL, F 2 BRSNS FEIL

IN—T2EHTBMLTND, ZhiE NIFS o L~L e LTI+ & iEE 2T, 5%

ITER ~OEMZEISHINIE ST, A2 — ROMFUEELICEIRT 2 L8R’ H 5,
(24)

S BIZLHD O7dIicpii sz 3 ko= — REED, ITER Z XL &E Lo M~ 27 T

HIE<HEDOND XD IT-oTETEY ., FHEMIZOZRAREREZ LTV D aITE <R

ficx s, (14)

LB I BIZEL DT N—T A =31 L, ITER #tHE - BA IGE) & OEilE 2 #D T

WS Z eI END, (14)

Ny et v % —OprEN IFERC FHEEZHTET 5 2 & 13EfiE TX 573, ITER I
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BT 5D NIFS & LTOFEE L VN L DIZT HITIEESD Lo NBEBRD L EE)N S
LivZewn, (144)

LHD 760 H#, iR b~ H# 2 8, M2 ED L HICHEMT 20 E-EI X
STEDX D BRHM AL, 7 EOEME ST 2 Z LN R EE X DH, AR
FEEERF OS2 — RO F~—2 L LTITER P, ITER 8%z I = L —
FLT, TR HFUEAEIZ 25 Z L2 HIEL T D LD 23, BREKHIIZ @D B BN
HsHH, (14)

L% 6 ITPAIEEN 2 EZ2IZ L E LT, A~ 70~ WL EEAE LIZRIRT T X~ D
BAHIBED T2 DI RWVCEIRT 2 2 L 2 WFF9 5, (144)

ITPA ~DOZBNNEITMT L H L <ITR 0D, ZHUEIA~U BABFEEZEL L T D005
Thy, LT UL T 20T, (14)

LSHOFBEE LR, Ny 4 — 286 - V2 = L—3 g VIFERENT.
AR R R E A A ENRD Z & Th b, £z, LFEMIEHICHTELC BA IG8) iE
b7y NEAZED, Nyttt ¥ —2ln & LicEd, Jika
R LT ZEBRFTRETERNAIN? (1 4)

NIFS Rokkasho Research Centre facilitates NIFS and associated universities
participation in BA activities thereby creating a roadmap for collaborative
research between BA and NIFS with universities. In a broader perspective
International Fusion Research Center IFERC project is implemented in
Rokkasho in order to contribute significantly to ITER construction and operation
and to the long term realization of DEMO. To this end, the leader of the IFERC
project combines his duties as the head of the RRC activity with headquarters at
the Aomori Research and Development Centre fully operational already in
2012/2014. Major tasks for this position are very broad and include coordinating
with the EFDA and the F4E European bodies of the similar function and assisting
in implementation of Procurement Arrangements from Japan to ITER and BA.
DEMO design and safety issues have also high priority on the agenda. The most
important task is to design and operate the high speed data transfer experiment
between NIFS and ITER achieving as high efficiency of the throughput as possible
with the present day technology. In summary, it appears mandatory to amplify
efforts to contribute to ITER design, construction and operation in the coming
years in spite of given limitations of budget constraints.

For contribution to ITER and BA activities, the NSRP engaged very actively in
many areas of ITPA, and BA IFERC Computer Simulation Center activities. It is

highly recommended to explore further collaboration opportunities in 3D physics
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area such as RMP studies.

® The NSRP is participating in quite a few cooperative research projects for the
benefit of ITER. In particular, it is has two representatives in topical groups of the
International Tokamak Physics Activity, or ITPA, and regularly sends additional
participants to ITPA meetings. NSRP scientists additionally participated in a
benchmark on Toroidal Alfven Eigen-mode codes.

It is worthwhile to examine why the NSRP should participate in ITER and ITPA
cooperative activities given that these activities do not directly contribute to
progress towards the primary goal of the NSRP, which is the construction of a
numerical test reactor with the aim of contributing to the design of a helical DEMO
reactor. First, the cooperation enriches the NSRP by stimulating new ideas through
the confrontation of helical and axisymmetric plasma physics. Second, it broadens
the horizon of the NSRP community. Last but not least, it builds broad support for
its activities by advertising its capabilities.

Participation in the IFERC, of course, is completely congruent with the goals of
NSRP and it is gratifying to see that NIFS scientist are strongly engaged in this
center and in the broader approach (BA) more generally.

® Recently, the NIFS Rokkasho Center Director was appointed as the IFERC Project
Leader. This can be taken as a recognition of the NIFS activities in the framework
of the ITER BA. In addition there are various committee memberships. Two
members of NSRP are active contributors in the ITPA.

® Yes. NSRP personnel are collaborating in use and management of the IFERC
computer center, part of BA and ITER. Several NSRP staffs are participating in the
ITPA topical groups, working on ITER high priority issues and joint experiments.
It is intended that the NSRP and NIFS provide a “bridge” to make it easier for
Universities to participate in ITER and BA activities. At this time, ten Universities

are making use of the NSRP and NIFS program to collaborate in the ITER and BA.

PAEX Y., Z @ ITER #1H -BATEEL & DE#E L BEkicx LT, BOTHELIFHMT 50 3
4. ELEETAN 144 ThHoTz,

[6] AMEK

Human resources development
VIalb—va iR EE LT, BEEAERO R EE 2 5 EERICTE R T
EH AN OERICEBLL TV D2,
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Does the NSRP contribute to the human resources development of the international
scientific workforce required for long-term fusion studies through simulation

research?

gk 22 FEEDIRE, WK, A iTER. K. LKA &b RFEFEA & Y 10
ARRE RA R 2 3AREZ T AN E 2T LA b IR S T D,
FTo, WFFERCED T BEMMREICER S, ERESE TORE LB T
BOFRHERGEIND R E, HFMREOBERPITNONTND Z EIFEFE LV,
Flo, FEFAERTIC TEOERBRAT] < 17 U7 407K Bk Sh, Ee~
T AZICHET 2 KB R - B I 2L — v a VOFIFEEONA—F LU T
VT 4 HEEICL DT T A~ a2 LRl RBRT 570 77 AR ENLTND, KT,
(7 T4 DFRL] TR DD OB INEBENF 2 IMEENICH D Z L1347 E Ly,
EREND B EEER 2 RARO TSR i DN b T D Z
ClE. EHEMIOERTE D AMERICEBRL TR, 70, ERAEIC L TEA—
— YA R N AT —)L (SSH) R A=A e "= =Py T - TFrdx
7 & (SPP) #il U CHBHABFICKREZREMEZ L TWVD, (134)

3Wota— REEOBFE 2L & LT, BRG 7 7 X~ DOH7e b T3R5 3 TOES
RETOBRIIIZRAEHREZ L TEBY, O CESFHMEITcE 5, (14)
SHOMHEL T2 b—r g UL ER OB A O AMBERIZE L TIEL
v, (144)

S, SHIT, A\MBEROEREZILF L, BRIEDLDIC, RFELHEEL T, K%
BEAEDHEEE X TNT 4 7V —72 EBHEBICANT, #iilET 52 ENEEND, (14)
L2 LI E 2R, BRE 0B O ANMEBERIIRFZEZ N L LTEY, 2213 ET 5
CEHIZHEMY LD, MR L O, Mol & DA A IS HIICALE ST D
VBN D DD, F DT DI TR 2RI ST 2 R H 5, (148)
EWIRBEEZDLEVIERT, 207y 552 TR, ek e
LTI B RORB IR > TL 5O TIEHE RN E B s, (144)

FEEET DEA S v 7O AN EZZVTEMICHL S HICKREREMABEFESI NS DT
X725 97 (144)

The NSRP contributes significantly to human resource development of
international scientific workforce development for short-term and long-term supply
of highly qualified specialists. Indeed, education programs are carried out at the
Sokendai research center of advanced studies. There are education activities at the
leading Japanese universities at Nagoya, Kyoto, Tokyo and Yokohama cities. The

NSRP pursues rigorously training and education programs at all levels master,
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graduate and postgraduate studies. Results are very impressive. 39 graduate
students and 7 post-docs have successfully completed the program resulting in 10
dissertation, 46 published papers and 52 international presentations at the first
rank international conferences. Furthermore, 13 research works were awarded to
young researches including highly distinguished Incentive Award of Japan Society
for Simulation Sciences. The record of the alumni of these programs is impressive
including many cutting edge contributions to international fusion research. The
outreach to high schools is carried out by organizing study tours of NIFS facilities,
demonstrations of modern hardware and tutorial lectures by the senior stuff. A
large reservoir of the theoretical knowledge and skills at many universities
associated with NIFS can be used to enhance the NSRP impact. Scenarios focusing
on the advantages of the D operation of LHD have to be worked out. Important
subjects for general science such as self-organization, reconnection and holism
project are addressed properly involving a small workforce. The progress in this
area 1s important for the integration into the NINS infrastructure employing as
large number of researchers from as many NINS institutes as possible.

The NSRP contributed to develop human resource in the area of fusion numerical
simulation research through Sokendai Education Program as well as other
graduate studies programs with universities. It is worthwhile to note that a few of
graduate alumni from the NSRP are now actively involved in fusion simulation
research in many institutions.

As a component of NIFS and by virtue of the latter’s close relationship to the
University community, the NSRP is an active contributor to the development of the
international scientific workforce for fusion research. In particular, it participates
in graduate programs at several universities, in cooperation with high schools
science education programs, and in the organization and operation of several
summer and winter schools. The steady increase in applications and participation
in the schools by foreign students bears vivid testimony to its success.

It is positively noted that a large number of PhD students is directly involved in the
NSRP. There is also a growing number of papers authored by PhD students. This is
clearly due to the numerous PhD projects based on collaborative action with the use
of NIFS supercomputers. As a consequence, your researchers come into close
contact with the NSRP and NIFS, which is clearly an asset. In addition, the NSRP
1s conducting outreach events at high schools, which is also very positive.

Yes. The NSRP and NIFS provide support to approximately 39 graduate students

working on numerical simulation projects from a variety of Japanese Universities,
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and support seven post-docs. In addition, NSRP and NIFS have an educational
outreach program for high-schools, a summer school and a program of public

lectures.

PEEY ., COAMEBRIZH LT BOTELSFHUET 5254, @< i+ 528 12 4.
2814 Thotz,

[6] Fk&tE
Future plans
BARIC M 72 5% DR FEEHENIIE S D> #i2, PRENGRBEBZAFEA L bD Lo
TV,
Is the research plan of the NSRP appropriate for the realization of the objectives?

Is it suitable and realistic for the next decade?
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(2. il 2 DEFAIED DX LB I 2 L— v g VEEZ ODITHE RS
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Future plans address the most timely and topical issues of fusion research. They
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are worked out in sufficient detail and include Numerical Test Reactor for a helical
fusion system based upon LHD operational results and experience. The emphasis is
on the realization of a reactor in virtual space of a supercomputer and its
optimization from physical, engineering and economic viewpoints. Roadmap
includes the most important achievements in physics. It integrates most of the
physical elements in one device by developing and applying multi-scale,
multi-physics and multi-layer models to burning plasmas. Finally, it addresses a
construction phase thereby contributing to the design of a helical DEMO reactor.
Future plans are adopted in a realistic manner because physics elements required
for a complete integration into a reactor design and operation are available
resulting from NSRP activities. Long-term goals are also within the reach of the
program due to exploitation of LHD results and collaboration programs with both
domestic universities and international centers.

For the realization of two major objectives of the NSRP, the present research plan
seems to appropriately address in road map, such as “elucidation of physics
elements covering fusion plasma”, integration of all physics elements”, and
“construction of numerical test reactor”. It is also drafted in “Future Plan” during
“the second mid-term” and “the third mid-term” with 6 topical areas. However, the
planned time-line seems to qualitative in project point of view, so that NSRP would
try to develop more detailed plan for the future.

The research plan of the NSRP is well suited to the vigorous and effective
development of the simulation and modeling capabilities supporting the helical
confinement concept. The plan allows for sufficient flexibility to adapt to discoveries
regarding the basic physical mechanisms pertinent to helical confinement. The
plan also provides flexibility with regard to variations in computational paradigms
that may come about as considerations related to power consumption modify the
architecture of advanced computers on the way to exa-scale computing. More
importantly, the plan creates broad opportunities for contributions from
universities and provides support as well as guidance for those contributions.

As stated in the answer to question 1, the objective of creating a “numerical test
reactor” leaves considerable room for interpretation. This is appropriate for a
project expected to last for longer than a decade. Nevertheless, the multiple
references to the “integration of all physics elements” may give rise to unrealistic
expectations. The simultaneous integration of all physics elements by 2021 would
require a jump in hardware capabilities that would be in gross violation of Moore’s

law. Fortunately, the need for integration varies from problem to problem. The goal
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of contributing to the design of a helical DEMO reactor can clearly be achieved with
limited integration of those physical processes whose dynamical coupling properties
require it. More important than integration is the elucidation of fundamental
questions regarding the physics of helical confinement, most of which can be
answered by the continued development of existing codes and their confrontation
with experimental observations. The NSRP research plan is very well suited for
this goal.

My comments on the road map shown during the meeting have already been made
under [1](1). As stated above, it is very (maybe too) ambitious to come to valid
power reactor concept (FFHR) within the next decade. ITER will not be able to
deliver in time the data required for a proper code validation; in addition, it is
questionable to what extend the ITER data can be transferred to the Heliotron
concept. The research plan of the NSRP is based on the schedule/milestones of the
task groups (document provided later). It is difficult, however, to assess the
required resources (both human and computer power). The best, of course, would be
a resource-loaded work breakdown structure (WBS), but — taking into account the
many unknowns and uncertainties in the field — this may well be impossible to do.
Hence, it is probably the best to focus on the development of a meaningful research
program, that is openly discussed and carefully embedded in the world-wide fusion
research activities. The IEA implementing agreements might be a good platform for
that.

The overall goals and general research plan are appropriate. The plans presented
are very high level, and it is not clear whether detailed planning has occurred for
the integration steps ahead. See (1.1) and (2.2). Also, plans are needed for how to
handle multi-physics models that cross task-force boundaries. E.g. interaction
between turbulence and 3D equilibria. This may require new simulation strategies
and substantial development.

The reasonability of the proposed plans and whether they will achieve their
long-term goals depends on aspects that were not presented, including whether
adequate resources (people) are available and whether they can be managed

effectively.

PEX Y, ZofskEHBE I LT BO TELEFHMET 52 24, m< ¢ 528 12 4,
20844 ThoTz,
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2 W TRM SN ERALINSHEE B R TO#m e &I, FHMEOEREZ £ L,
BAEFEBRIIE T 0 P = 7 s OREEICHE RN ONORE & T 5,

1. FHEDE LD

[1] BrFelk - WEEOENE
Development of research system and environment
(1) ¥R 22 EEPLEASNTZBEERIFE S0V = 2 b BEREITET A,
Are the objectives of the Numerical Simulation Research Project (NSRP), which was

introduced in 2010, appropriate?

P77 X~ OWBEHZ AL, Thzitt 252 Lz BfE LI BYEERN L7 7 Y
=7 MI. BE 7T X~ OERNTED DB O AL & BUEEBRIT OB~ L. HIgH
RAREN RSN TEY, Yry=7 hORFERET#EY TH 5, LHD EROMKREZ T
(2o AU DNVRFRYFEREHIANT IO b EERZ A7 TH Y | FRLERPEIF S
5, BERBHMRIOC ) FOBBRREICEALT, &< T 5.

St FEBRT N —T RGN — 7 LB IR ATV A EENTE) b BUE
FBRIFIZED BRI A A=V L EBIRER AR ZIIRT 2 ZENEEND,

(2) #HEFEFIZERBIZAEE LSO THLM, ETBEUIIHEEL TS0,
Is the research system for promoting the NSRP suitable for its objectives?

Does it function appropriately?

RIEHEE DI RHR L L CH A7 T —T L 2N a2 T LD DHHESHE LR L TV D 2
LITHEYTH D, # A7 ZTLIEBTE HKHIAHEEIN TR Y, WIZED A M & HEEE
DY IEMRIZ O > TV 5, #ERHIZBERICERL., BUIcHELTEY . m<F
flid 5.

S, X0 BRI R R o T HEE R R ~OF KR RE L 2 M5 2 ENEEND,

(3) IRV Ialb—4BLUBHEMAERREOEMIBEYICED 5N TVDBD,

In the NSRP, is the environment on the “Plasma Simulator” system and its related

researches appropriate?
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[2] WFFERR
Research achievements
TFIRA2 VI aVv—FE2EALEERYIa2V—Ta UFREZEDDZ EITED, U
TO2205FZBNT, EEMNIZEWVLVLVOREREEZ EF T30,
Does the NSRP produce high-level achievements in accordance with international
standards for the following research areas, by promoting theory and computer

simulation researches utilizing the Plasma Simulator?

(1) FEERFOEE (LHD Ok mMERk L FEFRI~DOER, StRABZORE
fbzaEite, )

Construction of Numerical Test Reactor for a helical fusion system (including

contribution to the development of high-performance LHD plasma, to the design of a

helical demo reactor, and to the sophistication of computational science)

TERHE 2 — FRAGEICEIME S . SRR MERE 2 2R eI FIH LR B9 31
i DR A A LT D Z &X°, LHD FEBT — X fgfr~b Hiik L Tk 9 LHD 7
7 A~ DR L @R iz TRESHEIBRL TV 5, R 2 — FREIC XK 0 EHER7O
FEAICBRECHFE LTS, BERBIFOMEICEYTSRRICEALT. H<HET 5.

AT, EFE - NG bELHEa— FORBLED, ~U WL RERMEF L L
DIFREFHT A BB SEBRIFHE L 10 1 7o IS Y 72 B D M AL TH D,

(2) HE@ae7 7 XA~0hBEBEER L £ OERARIL

Physics mechanisms of fusion plasmas and their theoretical systemization

BG 77 X~ OB ORISR PR 5@ L O KRB Y < = L— g Ui
L., EEMICE TSN DR Z R T TV D, BBMETIXATOYERE L TOERK
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RIEIZDONWT, BLEMT 5.
B ELZMIT 2 BRI O 15 53072 il 3 2 IFIR A (2 3R 9- 2 BRER IR R L 2 2D
HZENEEND,

[3] BERBRMIE Y =7 MET SRR - LRFIEOHLE
Promotion of collaboration regarding to the NSRP

(1) COE & LTREEDATIEWVIIZERAZKEEL, SERMELEIEDTND
D3,
Does the NSRP promote collaboration researches as the center of excellence, by

integrating the high capabilities of the universities and institutes?

B < OIFEMIFE T 0P = 7 R NIFS 2l & LT Thh, £72mFEL < OWFEE )
ZINTHTTAZ LI 2ab—F T URY T LZRELIFRICOVWTHRR L TWD, 561
COE & L TRFENAET DmVIFERE ) /b5 L, FMFZEZ B D TvD, COE &
LTHEYICKZLERWAREZEDTHY . BOTELFTHET 5.

A—/N—a s a— OB I T o EER T v 7T AORFECHEZ F L om b
w0 | WFRREEE O FEFE L AM B AR ICANIEE 2 BT 5,

(2) X£FEFIABRE LTSI 2 b—FI3ABKERAIN TS,

Is the Plasma Simulator effectively utilized for collaboration research?

ZRDOILFRBITEZB L T, IRNADOL < OWFEE N ILFEFIAER L L TTF I A~ 12
L= EZHNFALTND, TZ3XIL3aL—20BFMERICEALT. EHTEFHET
o

(3) HBNLEFHEEEN RS LHE L Mo ~RETEI2EMIRL RoTND D,
Does the NSRP function as a research hub for the dissemination of academic
information to other fields, by promoting the NINS (National Institutes of National

Sciences) interdisciplinary cooperation research and so on?

BEASBHEENROHE LI BADOREICOWNT. BLFMT 5,
5 A ~DFE BT 5,

(4) REOMERBRIZHEESLTVDD,

Does the NSRP contribute to the development of research in the universities?

- 45 -



%< DR ELFEFGEE FEii L, KD L2 RESE, LIVOEWEL O E %
HEODHLTWA, a7y Ial—yarya— REBRT ALY, KEOWIZIZ KX
CFHHELTWD, REOHMRRRIZOVWT., BELHET 5.

[4] EEES - LFRFFFEOHEE
Promotion of international cooperation and collaborations
(1) EBRSERfRREICL Y, EERI7Z COE & LTOREZRTZLTWVDHD,
Does the NSRP play a role as an international COE through international collaboration

research?

B G EET R FOREE R G BlRR AL R RO AR 2 MMIFFERERE & L T RE R H#Z L T
B, ZORFMEE S REREEZZ T WD, £/, AR, Bf, BETON DN
DHEICBNTHRE R2EE 2R LTV 5, EERFEEBRELG E XV ZHE L TERRZ COE
ELTOREEZRELTEY., B<FET S,

SHb T a2 b—ra RSB COEBLFENIFEZE LT, 5o COE & L TS
WD & B D RBICHEERT 5 Z & 2T 5,

(2) ITER &t - BATEB L OE#HE, R ZX > TV 570,
Does the NSRP promote cooperation with and contribution to ITER and BA activities?

BA THENCBI L C, A A BRI TEAT O N » i gt o 7 — RITE B R & = % L X —
K H—DFEREZHTLTNDHZ L, JT-60SA OHEFRFFEOHEEICH NIFS (TR
<HBRL., BATEENZRE D 2 RO EREE 284k L T\ 5, ITER FHEZEI L Cix, ITPA
IHENZZ < OAFEE RS L, NIFS TR SN 3Ry I alb—rara— KR ITER
THIEH &N TS Z &7 & ITER G - BA IHEHCRIMAIC SN - Bk L T\ 2, ITER &
E - BASEB L DEHE. EMICEALT. E<HiliT 5,

4t b ITER &H - BA VEE) & ol & JERICHIRFT 2,

[5] AMEHK
Human resources development
YIab—Ya UHEZBEL T, BREMAORHRNRRELZX X SERNICERTE
BN DOERICEBRL TV 5 5%
Does the NSRP contribute to the human resources development of the international

scientific workforce required for long-term fusion studies through simulation research?
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[ 6] fFREHHE
Future plans
BRI 72 5% ORFZEEH BT EE 0>, RIS, PRIINZBREZAFEA T D LR-T
WD,
Is the research plan of the NSRP appropriate for the realization of the objectives?

Is it suitable and realistic for the next decade?
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2. 18
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BEZXLUTICE LD,

il

(1) BAEFEBRMIET. G 7 7 X~ CIA DY BN O & = O @RI, K UHUE
ERIFOMED- 0, MO THETH Y SROEREZHFT D,

(2) BAEFEBRMIE S —T1%, ERI N —T R OWFERGH 7V — 7 L BB R 2
HHIENEETHD, BUEERFELMEST o0 — N~y T2fBlk 572 L, 77n
—F DR BT D,

(3) I A~ 2 L—FEOMWRIEMREZITV., RO RE LFHERF2ORElLE
s 2,

(4) %&b, ¥ a2 b—a UIIRECHERADE 28 5 AMOFRE M5, £z,
5l &#iE ITER 5Hi « BA{EENC b AIBAYICHBNT 2 2 & 28759 2,
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Review on Numerical Simulation Research Project

Reviewer: Francois Waelbroeck

[ 1] Development of research system and environment

(1) Are the objectives of the Numerical Simulation Research Project (NSRP), which
was introduced in 2010, appropriate?

The objectives of the NSRP are the elucidation of the physics elements governing
helical fusion plasmas, the integration of these elements, and the construction of
a numerical test reactor with the aim of contributing to the design of a helical
DEMO reactor. It aims to advance a variety of commendable goals such as
greater coordination among theorist, experimentalists, and numerical scientists,
focus on validation and verification of the codes, and an increased attention to
the end-goal of reactor design.

The NSRP is similar to undertakings such as the “Integrated Tokamak Modeling
Task Force” (ITM-TF) effort in Europe and the “Fusion Simulation Project” in
the US, except that those efforts are focused on tokamak devices whereas NSRP
is focused on helical devices. Like these other efforts, the NSRP is highly
ambitious. Its ambition carries with it a substantial risk of falling short.
Nevertheless, its goals are not merely appropriate; they are so compelling as to
make the project unavoidable.

One of the risks of the “numerical reactor” goal however is that it will give rise to
pressure for the premature integration of codes when efforts would be better
spent on their separate development. The review of the NSRP shows no sign yet
that this is happening, but it is reasonable to anticipate that such pressures will
gain strength as the project nears its announced completion date of 2021.
Specifying in more detail what will be delivered in 2021 could mitigate this risk,
as well as the risk that the rhetoric of the NSRP is creating unrealistic
expectations. Surely the 2021 numerical reactor will look at lot closer to the
current TASK-3D code than to a fully integrated reactor simulator in which
GKV, HINT2, MEGA and EMC3 are all running concurrently. Yet the latter
picture, which is clearly unrealistic, is what statements promising the “complete

integration” of all physics elements evoke.
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(2) Is the research system for promoting the NSRP suitable for its objectives?
Does it function appropriately?

The current research system is organized according to a matrix management
structure with eight divisions, four projects and nine task groups. This system
appears to achieve some degree of decentralization that is conducive to the
formation of the necessary collaborations between scientists in different
divisions. The NSRP aims to increase research mobility and flexibility by
introducing new motivations and new goals. There are promising indications that
it is succeeding in the task of bringing about the interactions between scientists
that will be necessary in order to achieve the needed integration. The possibility
that the increased management cost of such an organizational scheme could
prove burdensome calls for vigilance.

The manpower allocations for the nine task groups are fairly well balanced. The
importance played by plasma-wall interactions and transport in the periphery in
fusion experiments in general (and in LHD in particular) suggests that
increasing the amount of in-house manpower devoted to these two tasks, at the
expense of either the kinetic or fluid transport groups would probably be
beneficial. The relative under-emphasis on edge, SOL, and plasma-surface
interaction is also perceptible in the publication record.

The year of creation of the NSRP, 2010, coincides with a peak in the productivity
of the theory and simulation groups as measured by the list of “published papers
related to the NSRP” that was distributed with the review material. This peak is
consistent but more pronounced than that for the number of NIFS theory and
simulation papers listed by “web of science” for the same period. The magnitude
of the annual decrease in productivity after 2010 varies between these two
sources of data, ranging from 30% for the NSRP list of publications to an amount
in excess of 10% for the web of science data on theory and simulation. This may be
due to the management burden associated with the NSRP or to other causes

independent of NSRP, such as budget reductions

(3) In the NSRP, is the environment on the “Plasma Simulator” system and its

related researches appropriate?

The Plasma Simulator provides 322 Nodes with 40 TB of memory and an
1impressive peak performance of 315 Tflops. This is significantly more computing
capacity than the 100 TFlops and 24 TB of the HPC-FF computer that serves the
needs of the European fusion program and of the ITM-TF... The need for an
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advanced computer is compelling: it is difficult to see how the NSRP could have
credibility without a dedicated high-power computer. The justification for the
scale of the Plasma simulator is provided by its utilization rate of 90% as well as
by the large number of users and jobs processed by the machine. The numbers of
projects it supports is comparable to the number of projects that Lonestar, one of
the two machines of the Texas Advanced Computer Center, supports. The Plasma
Simulator is backed by a strong support system including training opportunities
and program development support. The under-representation of universities in
program development support is presumably due to geographical factors, but
should be addressed by developing the means of delivering this service remotely.

[ 2] Research achievements
Does the NSRP produce high-level achievements in accordance with international
standards for the following research areas, by promoting theory and computer

simulation researches utilizing the Plasma Simulator?

(1) Construction of Numerical Test Reactor for a helical fusion system (including
contribution to the development of high-performance LHD plasma, to the
design of a helical demo reactor, and to the sophistication of computational

science)

The presentations exhibited significant progress for each of a comprehensive
suite of codes including MHD equilibrium, core kinetic transport, neoclassical
transport, fast-particle driven modes and edge transport codes. Particularly
impressive and interesting were the comparisons of simulations with
experimental results from LHD. In some cases these point to possible
shortcomings in the models and suggest avenues for improving them.

One such comparison was between the HINT2 code and the measurements of the
electric field in the edge region. The experiment-simulation comparisons may
shed light on the disagreements between HINT2 and PIES, the principal other
3D equilibrium code. Further comparisons with experiment also extend the
prospect of clarifying the role of rotation on island size, a phenomenon that is not
described by either PIES or HINTZ2.

Gyro-kinetic simulations of turbulent transport have enabled equally impressive
comparisons with experiment at the level of the fluctuation spectrum. The good
agreement between measured and calculated values of the flux has led to the
formulation of a useful heuristic model for the flux. The extension of the arsenal
of codes to include electromagnetic physics is making good progress and shows

great promise.




Other areas of where the numerical research is carried out at an international
level include the wave particle interaction theory showing the formation of
hole-clump pairs, and the study of edge transport using the EMC3-EIRENE
code.

Only two PFR papers could be found for the MIPS code, and no publications for
the MINOS code, both of which were presented in several places in the
presentations as having reached a mature level, including nonlinear capabilities
in plasma with chaotic fields. It is unfortunate that the MIPS papers lack

information concerning the numerical scheme.

(2) Physics mechanisms of fusion plasmas and their theoretical systemization

Considerable progress has been achieved in the elucidation of the basic physics
mechanisms for the confinement of fusion plasmas. The high level of the fusion
science performed as part of the NSRP is reflected in the metrics presented
during the review describing the number of high-profile publications of various
types.

Of particular note is the novel moment-equation method for calculating
neoclassical transport fluxes, which has served as a foundation for the ORNL
PENTA code.

The NSRP is continuing the international leadership of NIFS in the simulation
of the interaction of long wavelength MHD modes with turbulence using reduced
two-fluid models. Particularly interesting are the simulations of the interaction
of magnetic islands with drift wave turbulence as well as those investigating the
interaction of Resonant Magnetic Perturbations (RMP) with resistive ballooning
turbulence. The addition of neoclassical effects to these models sounds very
promising but has not yet yielded clearly novel results.

The NSRP has been playing a key role in connecting the helical confinement
community to the tokamak community by showing how insight gained through
research on helical devices can contribute to our understanding of tokamak
physics. The research on RMP and that on the quasi-single helicity (QSH) state
in the RFP provide two good example of this.

The NSRP has also developed a strong program in plasma-material interface
including codes describing dust dynamics and molecular dynamics codes using
the binary collision approximation and density functional theory to evaluate the
effect of the irradiation of plasma-facing components.

In summary, the NSRP does produce high-level results in accordance with

international standards for research in fusion science.
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[ 3] Promotion of collaboration regarding to the NSRP

(1) Does the NSRP promote collaboration researches as the center of excellence, by

integrating the high capabilities of the universities and institutes?

The NSRP is effective in its promotion of collaborative research and in the
integration of the skills of universities and institutes. The 458 papers produced
by the Theory and Simulation Department and the NSRP from 2008 to 2012
demonstrate the effectiveness of the NIFS collaboration network in this domain
of research. The proportion of 3 collaborators for 2 NIFS researchers seems well
suited to allow NIFS to impart programmatic directions and maintain critical
mass in priority areas. The backbone of the NSRP is clearly provided by the NIFS
researchers who constitute 76 (55 sim. and 21 exp.) of the 103 participants in the
task groups. External collaborators nevertheless provide key capabilities such as
in the area of plasma-wall interaction where they also provide the bulk of the
manpower. The overall project would benefit from increasing the in-house
manpower for this task group along with that for the peripheral plasma transport
task group (presumably edge/SOL/divertor). Strengthening the peripheral
plasma transport task group can probably be achieved with existing resources

through internal reallocations.

(2) Is the Plasma Simulator effectively utilized for collaboration research?

The plasma simulator is well utilized in the context of collaborative research.
Specifically, it supports 50 users from NIFS and 100 from universities.

The Plasma Simulator Symposium brings together approximately 80% of the 150
or so users, demonstrating a committed user community. It is interesting that the
150 Plasma Simulator users constitute a rather small fraction of the thousand or
so NSRP collaborators from NIFS and universities. The remainder of the
collaborators presumably relies on smaller clusters and workstations for their

computational needs.

(3) Does the NSRP function as a research hub for the dissemination of academic
information to other fields, by promoting the NINS (National Institutes of

National Sciences) interdisciplinary cooperation research and so on?

The NSRP plays a central role in disseminating results and methods from fusion
research to other fields through the organization of symposia and the promotion
of collaboration under the umbrella of the NINS interdisciplinary cooperation

framework.




(4) Does the NSRP contribute to the development of research in the universities?

The NSRP contributes to the development of research in 13 Universities. Much of
the more aggressively exploratory work is done in collaboration with universities.
The collaborations are fostered by over five workshops per year, an amount that
seems abundant. The relationship with universities 1s important for the

exchange of knowledge acquired as part of the NSRP.

[ 4] Promotion of international cooperation and collaborations

(1) Does the NSRP play a role as an international COE through international
collaboration research?

NIFS has long had a strong program of collaboration with the US, managed
through the Joint Institute for Fusion Theory (JIFT). Its collaborations with
other countries appears to be less formally structured but of comparable
effectiveness. Collaborations with Europe have led to several important
benchmarking exercises such as GKV with GENE and MINOS and MIPS with
CAS3D. There have also been important applications of NSRP codes to foreign
experiments such as the study of RMP response with HINT2 and the calculation
of the quasi-helical states in RFX. Nevertheless, the proportion of papers
published with foreign-based collaborators is very modest and it is difficult to
think of any other aspect of the NSRP that is more amenable to improvement
without requiring significant new resources. A great deal of the results of NSRP
research is published in “Plasma and Fusion Research” (PFR) which has very
little visibility, so that much of the NSRP achievements are quite unknown
outside of Japan. This could be remedied by establishing the practice of regularly
publishing review papers in international journals that would point the
interested non-Japanese readers to the original PFR papers.

(2) Does the NSRP promote cooperation with and contribution to ITER and BA

activities?

The NSRP is participating in quite a few cooperative research projects for the
benefit of ITER. In particular, it is has two representatives in topical groups of
the International Tokamak Physics Activity, or ITPA, and regularly sends
additional participants to ITPA meetings. NSRP scientists additionally
participated in a benchmark on Toroidal Alfven Eigen-mode codes.

It is worthwhile to examine why the NSRP should participate in ITER and ITPA
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cooperative activities given that these activities do not directly contribute to
progress towards the primary goal of the NSRP, which is the construction of a
numerical test reactor with the aim of contributing to the design of a helical
DEMO reactor. First, the cooperation enriches the NSRP by stimulating new
1deas through the confrontation of helical and axisymmetric plasma physics.
Second, it broadens the horizon of the NSRP community. Last but not least, it
builds broad support for its activities by advertising its capabilities.
Participation in the IFERC, of course, is completely congruent with the goals of
NSRP and it is gratifying to see that NIFS scientist are strongly engaged in this
center and in the broader approach (BA) more generally.

[ 5] Human resources development
Does the NSRP contribute to the human resources development of the
international scientific workforce required for long-term fusion studies through

simulation research?

As a component of NIFS and by virtue of the latter’s close relationship to the
University community, the NSRP is an active contributor to the development of
the international scientific workforce for fusion research. In particular, it
participates in graduate programs at several universities, in cooperation with
high schools science education programs, and in the organization and operation
of several summer and winter schools. The steady increase in applications and
participation in the schools by foreign students bears vivid testimony to its

success.

[ 6 ] Future plans
Is the research plan of the NSRP appropriate for the realization of the objectives?

Is it suitable and realistic for the next decade?

The research plan of the NSRP is well suited to the vigorous and effective
development of the simulation and modeling capabilities supporting the helical
confinement concept. The plan allows for sufficient flexibility to adapt to
discoveries regarding the basic physical mechanisms pertinent to helical
confinement. The plan also provides flexibility with regard to variations in
computational paradigms that may come about as considerations related to
power consumption modify the architecture of advanced computers on the way to
exa-scale computing. More importantly, the plan creates broad opportunities for
contributions from universities and provides support as well as guidance for

those contributions.
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As stated in the answer to question 1, the objective of creating a “numerical test
reactor” leaves considerable room for interpretation. This is appropriate for a
project expected to last for longer than a decade. Nevertheless, the multiple
references to the “integration of all physics elements” may give rise to unrealistic
expectations. The simultaneous integration of all physics elements by 2021 would
require a jump in hardware capabilities that would be in gross violation of
Moore’s law. Fortunately, the need for integration varies from problem to
problem. The goal of contributing to the design of a helical DEMO reactor can
clearly be achieved with limited integration of those physical processes whose
dynamical coupling properties require it. More important than integration is the
elucidation of fundamental questions regarding the physics of helical
confinement, most of which can be answered by the continued development of
existing codes and their confrontation with experimental observations. The

NSRP research plan is very well suited for this goal.
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Review on Numerical Simulation Research Project

Reviewer: Gyung-Su Lee

[ 1] Development of research system and environment

(1) Are the objectives of the Numerical Simulation Research Project (NSRP), which

was introduced in 2010, appropriate?

There are two major objectives of the Numerical Simulation Research Project
(NSRP) that was introduced in 2010 such as “l. Elucidation of physical
mechanism of fusion plasmas and its systemization; 2. Construction of numerical
test reactor for a helical fusion system”. After last peer review in 2007, the
introduction of these two objectives served very well to guide the NSRP to be
successful for understanding LHD experimental physics results, and for steady
progress toward realization of the numerical test reactor system.

It is also worthwhile to note that the NSRP produced many high-level results and
published papers so that two objectives are shown to be very much appropriate

for success and advancement of project.

(2) Is the research system for promoting the NSRP suitable for its objectives?

Does it function appropriately?

The NSRP research system is well organized through cross-cutting task groups
with members from simulation, experimental staffs as well as collaborators. Also,
the NSRP task group members are assigned by overlapping related subjects, so
that the internal communication seems working well. Therefore, the
collaboration studies with LHD Project produced very good technical results for
elucidating physics issues. It is however, recommended to look further into
integration of all physics elements to support numerical test reactor with
technological issues as well as engineering issues so that the final goal of NTR to
be achievable.
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(3) In the NSRP, is the environment on the “Plasma Simulator” system and its

related researches appropriate?

The planned upgrade of “Plasma Simulator” during Phase-2 period seems very
well implemented for effective utilization of supercomputer resources for the
NSRP as well as collaborators in many universities. System support and research
assistance program also seems working well to serve users of “Plasma Simulator”.
It is recommended to consider joint planning of “Broader Approach IFERC Helios
Computer” utilization with “Plasma Simulator” if it is agreeable between two
programs. This will enhance effectiveness and efficiently implement

supercomputer resources for fusion simulation research.

[ 2] Research achievements
Does the NSRP produce high-level achievements in accordance with international
standards for the following research areas, by promoting theory and computer

simulation researches utilizing the Plasma Simulator?

(1) Construction of Numerical Test Reactor for a helical fusion system (including
contribution to the development of high-performance LHD plasma, to the
design of a helical demo reactor, and to the sophistication of computational
science)

With introduction of two major objectives of NSRP, the extensive simulation code
developments and numerical studies have been performed and made comparison
with LHD experimental results contributed to guide and help development of
high-performance LHD plasma as well as enhancing physics understanding,
greatly.

There are many high-level outputs in the numerous areas such as MHD
Equilibrium/Stability, Drift-kinetic/Gyro-kinetic Simulations,Hybrid Simulation,
Fluid/MD Code, Integrated Transport Codes etc.

There are also good progresses toward the advancement of design of helical demo
reactor, FFHR-d1, with programmatic collaboration with Fusion Engineering
Research Project. NSRP contributed FFHR-d1 design effort through Integrated
Transport Codes (TASK3D-a and TASK3D-p), HINT2 Code, and FORTEC-3D
Global Particle Simulation Code. It is however, to recommend building
systematic approach toward collaboration between NSRP and Fusion
Engineering Research Project for realistic way to construct Numerical Test
Reactor.

Along with extensive simulation code development effort, NSRP puts a lot of
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effort to make contribution to the sophistication of computational science such as
Gyro-kinetic ion/Fluid-electron Hybrid method, Particle-MHD Hybrid scheme,
Molecular Dynamics method, etc. It is commended to these efforts and

recommends further investigations.

(2) Physics mechanisms of fusion plasmas and their theoretical systemization

In addition to contribution to the development of high-performance LHD plasma,
to the design of a helical demo reactor, the NSRP has produced high-level results
in the areas of Nonlinear MHD, Turbulence, Zonal Flow, Peripheral Plasma for
elucidation of physics mechanism. It is however, to recommend considering how

these efforts could become ‘project’ rather than ‘program’ in nature.

[ 3] Promotion of collaboration regarding to the NSRP

(1) Does the NSRP promote collaboration researches as the center of excellence, by
integrating the high capabilities of the universities and institutes?

By integrating capabilities of domestic universities and institutions, the NSRP
effectively promotes collaboration in the area of fusion numerical simulation. The
strong evidence is continuing steady stream of 1,000+ collaborators with more
than 120 collaborative works each year for 5 years. It is also well noted that the
NSRP has included collaborators in all nine Task Groups, and performed

information dissemination through “Plasma Simulator Symposium”.

(2) Is the Plasma Simulator effectively utilized for collaboration research?

By effective utilization of “Plasma Simulator”, the NSRP provides a great
opportunity for fusion numerical simulation studies in many collaborators. More
than 150 “plasma Simulator” users collaborated in more than 50 projects every
year in 5 year period. This collaboration produced high-level output by 100 or so
papers published per year.

(3) Does the NSRP function as a research hub for the dissemination of academic
information to other fields, by promoting the NINS (National Institutes of
National Sciences) interdisciplinary cooperation research and so on?

The NSRP also played significant role to promote new interdisciplinary fields
under NINS cooperation program by organizing symposia and promoting

collaborations.
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(4) Does the NSRP contribute to the development of research in the universities?

As NIFS plays a central role of fusion collaboration among universities is Japan,
the NSRP is also play very important role of fusion numerical simulation
collaboration among universities with more than 13 universities with significant
collaboration topics. It is worthwhile to note that the NSRP organized 5+
Collaboration Workshops every year for promoting collaboration among

universities.

[ 4] Promotion of international cooperation and collaborations

(1) Does the NSRP play a role as an international COE through international

collaboration research?

As NIFS played a central role in promoting US-Japan Joint Institute for Fusion
Theory for long years, NSRP continued playing major role in collaboration with
US through JIFT activities. Also, NSRP promoted wide-range of collaborations
with European institutions, ITER/ITPA and IEA activities. Collaboration with
Chinese institutions such as ASIPP and SWIP is also progressing. It is however,
recommended to broaden international collaboration opportunities with other
ITER partners

(2) Does the NSRP promote cooperation with and contribution to ITER and BA

activities?

For contribution to ITER and BA activities, NSRP engaged very actively in many
areas of ITPA, and BA IFERC Computer Simulation Center activities. It is highly
recommended to explore further collaboration opportunities in 3D physics area
such as RMP studies.

[ 5] Human resources development
Does the NSRP contribute to the human resources development of the
international scientific workforce required for long-term fusion studies through

simulation research?

The NSRP contributed to develop human resource in the area of fusion numerical
simulation research through Sokendai Education Program as well as other
graduate studies programs with universities. It is worthwhile to note that a few
of graduate alumni from the NSRP are now actively involved in fusion simulation

research in many institutions.
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[ 6 ] Future plans
Is the research plan of the NSRP appropriate for the realization of the objectives?
Is it suitable and realistic for the next decade?

For the realization of two major objectives of the NSRP, the present research plan
seems to appropriately address in road map, such as “elucidation of physics
elements covering fusion plasma”, integration of all physics elements”, and
“construction of numerical test reactor”. It is also drafted in “Future Plan” during
“the second mid-term” and “the third mid-term” with 6 topical areas. However,
the planned time-line seems to qualitative in project point of view, so that NSRP

would try to develop more detailed plan for the future.
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Review on Numerical Simulation Research Project

Reviewer: Michael Tendler

[ 1] Development of research system and environment

(1) Are the objectives of the Numerical Simulation Research Project (NSRP), which
was introduced in 2010, appropriate?

Plasma Physics & Fusion Research remains primarily an experimental science.
Along these lines, LHD in its capacity of the masterpiece of fusion engineering
offers a broad range of discoveries to be addressed by the NSRP project. A success
in assessing and enhancing the LHD performance provides basic science
knowledge for the next step devices ITER and FFHR aimed at addressing physics
of burning plasmas. Given the limitations of financial and human resources, the
objectives of the Numerical Simulation Research Project appear appropriate. The
roadmap contains many critical highlights for the construction of a numerical
reactor; yet, by no means exhaustive issues confronted by the project in future.
Furthermore, milestones have to be clearly defined and described in detail. This
will significantly amplify confidence in achieving objectives in the foreseeable
future. Efforts must be focused on invoking a larger community of fusion
scientists both in Japan and abroad into activities pursued within the framework
of the Numerical Simulation Research Project. The Numerical Test Reactor
development resulting from the NSRP project is very ambitious project and
should be commended. The mutual collaborations and support with the ITER
modeling group should be enhanced. The integration into the LHD interpretation
and the decision making must continue and becomes more in depth. The broad
range of issues addressed by the NSRP project has to be maintained at the
profound level.

- 18 -




(2) Is the research system for promoting the NSRP suitable for its objectives?
Does it function appropriately?

The research system is adopted in order to fulfill ambitious objectives pursued by
the NSRP project. The infrastructure is very complex involving many major
players and contributing in their field of competence. Responsibilities and
deliveries are clearly defined and monitored regularly by different bodies. Project
cooperation with LHD and Fusion Engineering are controlled by Executive
Director and Steering Committee via the NSRP Council consisting of leaders of
subject groups. Some of them appear to be in a sub-critical state and should try to
Increase manpower by attracting young researchers into their teams. Rotation
system adopted for chairing the NSRP Council is beneficial for promoting fair
distribution of resources among research groups and achieving objectives of the

project as a whole.

(3) In the NSRP, is the environment on the “Plasma Simulator” system and its
related researches appropriate?

The environment of the “Plasma Simulator” and its related researches has been
developed and periodically upgraded for many multi-purposes within the NSRP
project. Computer system Working Group manages and operates Plasma
Simulator and LHD Numerical Analysis Server in collaboration with HITACHI
system engineers to make the research environment function properly. Plasma
Simulator system is the unique tool for addressing vast and complex issues of
plasma physics, material science and radiation studies required for the success of
the project NSRP. To this end, Computer system Working Group manages and
operates effectively Plasma Simulator and LHD Numerical Analysis Server in
collaboration with HITACHI system engineers. Extensive education and research
assistance system has been developed for numerical support and collaboration
studies carried out by the Plasma Simulator and the LHD numerical analysis.

The impact on fundamental scientific issues is very valuable.

[ 2] Research achievements
Does the NSRP produce high-level achievements in accordance with international
standards for the following research areas, by promoting theory and computer

simulation researches utilizing the Plasma Simulator?

- 19 -




(1) Construction of Numerical Test Reactor for a helical fusion system (including
contribution to the development of high-performance LHD plasma, to the
design of a helical demo reactor, and to the sophistication of computational

science)

Construction of Numerical Test Reactor for a helical fusion system including
contribution to the development of high-performance LHD plasma and to the
design of a helical demo reactor, and to the sophistication of computational
science appears as a highly warranted and smart approach for upgrading the
LHD performance and addressing issues pertinent to a Helical Demo Reactor.
Progress has been made in many areas such as 3D MHD equilibrium / stability
and nonlinear simulation codes, drift kinetic and gyro-kinetic simulations, hybrid
simulation code and integrated transport code for fast analysis and prediction of
dynamic and steady-state transport in the LHD plasma. Research achievements
in simulations of peripheral plasmas and plasma-wall interactions encompass a
wide range of issues .including 3 D fluid code for peripheral plasma, 3 D kinetic
code for neutrals applied broadly in LHD, transport and re-deposition of carbon
on first wall near divertor tiles and molecular dynamics simulation for hydrogen
irradiation on carbon. Contribution to the design of helical demo reactor includes
programmatic collaborations with Fusion Engineering Research Project aimed at
FFHR-d1 design, integrated transport code TSK3D, 3D high —beta equilibrium
with chaotic field lines in FFHR-d1 and global particle simulation code FORTEC
3D evaluating neoclassical thermal transport in FFHR-d1. Contributions to the
sophistication of computational science are offered by the gyro-kinetic ion/fluid
electron hybrid simulation code enabling efficient fast calculation of
electromagnetic turbulent transport in helical plasmas; particle-MHD hybrid
simulation code parallelized with 3-dimensional domain decomposition; novel
simulation method for molecular dynamics adopted for extensive study of fusion
materials and the flux-tube bundle model; PIC —-MHD interlocked model and
multi-scale AMR module; thereby in summary enhancing predictive potential of
simulation studies for designing the helical fusion reactor. The synergy of codes

and methods remains a very important issue.
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(2) Physics mechanisms of fusion plasmas and their theoretical systemization

Physics mechanisms of fusion plasmas addressed within the framework of the
project are vast and novel and their theoretical systemization appears to be

profound. They range from energetic particles issues, magnetic reconnections,

zonal flows, Er impact on edge transport to nuclear fusion material development.

Interaction of turbulence and zonal flows is analyzed quantitatively by means of
entropy transfer function. Turbulence, structures and transport in the core and
edge regions are addressed by means of complex analysis. Turbulence diagnostic
simulator is developed for numerical diagnostics of turbulent structures.
Collisionless kinetic-fluid simulation clarifies the impact of magnetic
configuration in LHD and a micro-instability in tokamaks on the zonal flow
generation. Particle simulation must bring to light the propagation and inherent
currents generated by lobes within the SOL plasmas. Simulation methods applied
to the toroidal neoclassical viscosity enable qualitative analysis of the bias
experiment carried out in LHD. The emergence of hole and clump pairs is
ascribed to nonlinear frequency chirping of energetic particle driven by GAM’s.
In summary, the list of achievements in understanding of physics mechanisms is
quite long. Yet, more focus on the near- term LHD related issues is highly
desirable.

[ 3] Promotion of collaboration regarding to the NSRP

(1) Does the NSRP promote collaboration researches as the center of excellence, by

integrating the high capabilities of the universities and institutes?

Theory and plasma simulator collaboration research scheme provides for
feedback by incorporating both programs proposed by NIFS and many domestic
collaborators. It utilizes also the LHD Numerical Analysis Server. Number of
accepted collaboration subjects is more than 120 and the number of people
involved exceeds 1,000. Plasma Simulator Symposium provides collaborators
with exchange of ideas, results and most importantly recent findings obtained
during the LHD campaigns. Many collaborators from universities and institutes
join the NSRP task groups in different capacities ranging from leaders to
computational supporters. The NSRP has produced impressive amount of high
ranking publications employing many domestic and international collaborations.

The NSRP is playing an important role in disseminating advantages and
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achievements of fusion research in Japan, promoting collaborations with NINS
and the outreach to the general public. Many specific programs of general physics
interest are launched due to NSRP activities. University programs benefit
greatly from collaborations under the framework of the NSRP.

(2) Is the Plasma Simulator effectively utilized for collaboration research?

The NSRP offers a wide range of options to enhance progress in fusion science.
More than 50 projects per annum were performed within the framework of the
Plasma Simulator Collaboration research program. 150 users including 50 from
NIFS and 100 from universities utilize Plasma Simulator per year. 458 papers
are published by domestic and international authors deriving from the NSRP
program. More than 10,000 jobs are run on Plasma Simulator every year. It
demonstrates high level of numerical efficiency. The average operating rate
amounts to 90 % to be considered high according to international gauges. In

summary, the efficiency of the Plasma Simulator group is excellent.

(3) Does the NSRP function as a research hub for the dissemination of academic
information to other fields, by promoting the NINS (National Institutes of

National Sciences) interdisciplinary cooperation research and so on?

Following programs such as Hierarchy and Holism in Natural Sciences,
Near-field Optical Imaging of Enhanced Electric Fields and Plasmon Waves in
gold Nano-rods, magnetic reconnection studies at the kinetic level are pursued
rigorously reaching the level of studies at high level and in detail. Project
“ Science for Controlling Temperature in Non-equilibrium state ” should be
acclaimed due to invoking of joint forces of NIFS and IMS and involving 5
Japanese leading universities. In summary, the NSRP is very instrumental
maintaining NINS umbrella infrastructure within the framework of NIFS

activities.

(4) Does the NSRP contribute to the development of research in the universities?

Japanese Universities are active participants in the NSRP activities. Their
contributions are valuable elements complementing NSRP in a broad range of
issues. The NSRP infrastructure provides universities with access to the cutting
edge of fusion research. To name some current topical and timely issues; erosion
of graphite as demonstrated by experiments at Nagoya University borne out
theoretical prediction obtained by molecular dynamics model developed at NIFS.
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Collaboration with Nagoya Institute of Technology contributes to the
development of advanced simulation methods. Studies on helical structure
formation at Nagoya Institute of Technology in collaboration with NIFS shed
light on a single helicity state highly beneficial for magnetic confinement in
Reversed Field Pinches. This subject is the unique contribution to the

international RFP program.

[ 4] Promotion of international cooperation and collaborations

(1) Does the NSRP play a role as an international COE through international
collaboration research?

The NSRP plays a central role in promoting US-Japan collaboration program,
wide range of collaborations with the EU fusion program takes place. Japan-
China cooperation is pursued successfully in the field of MHD stability and dust
particles in fusion plasmas. The NSRP carries out collaborations with US
through Joint Institute for Fusion Theory employing leading scientists from both
countries. NSRP organizers JIFT workshops and provides funding for exchange
of scientists from both sides. In summary, international collaboration program is

an excellent achievement.

(2) Does the NSRP promote cooperation with and contribution to ITER and BA

activities?

NIFS Rokkasho Research Centre facilitates NIFS and associated universities
participation in BA activities thereby creating a roadmap for collaborative
research between BA and NIFS with universities. In a broader perspective
International Fusion Research Center IFERC project is implemented in
Rokkasho in order to contribute significantly to ITER construction and operation
and to the long term realization of DEMO. To this end, the leader of the IFERC
project combines his duties as the head of the RRC activity with headquarters at
the Aomori Research and Development Centre fully operational already in
2012/2014. Major tasks for this position are very broad and include coordinating
with the EFDA and the F4E European bodies of the similar function and
assisting in implementation of Procurement Arrangements from Japan to ITER
and BA. DEMO design and safety issues have also high priority on the agenda.
The most important task is to design and operate the high speed data transfer
experiment between NIFS and ITER achieving as high efficiency of the

throughput as possible with the present day technology. In summary, it appears
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mandatory to amplify efforts to contribute to ITER design, construction and

operation in the coming years in spite of given limitations of budget constraints.

[ 5] Human resources development
Does the NSRP contribute to the human resources development of the
Iinternational scientific workforce required for long-term fusion studies through

simulation research?

The NSRP contributes significantly to human resource development of
international scientific workforce development for short-term and long-term
supply of highly qualified specialists. Indeed, education programs are carried out
at the Sokendai research center of advanced studies. There are education
activities at the leading Japanese universities at Nagoya, Kyoto, Tokyo and
Yokohama cities. The NSRP pursues rigorously training and education programs
at all levels master, graduate and postgraduate studies. Results are very
impressive. 39 graduate students and 7 post-docs have successfully completed the
program resulting in 10 dissertation, 46 published papers and 52 international
presentations at the first rank international conferences. Furthermore, 13
research works were awarded to young researches including highly distinguished
Incentive Award of Japan Society for Simulation Sciences. The record of the
alumni of these programs i1s 1impressive including many cutting edge
contributions to international fusion research. The outreach to high schools is
carried out by organizing study tours of NIFS facilities, demonstrations of
modern hardware and tutorial lectures by the senior stuff. A large reservoir of
the theoretical knowledge and skills at many universities associated with NIFS
can be used to enhance the NSRP impact. Scenarios focusing on the advantages
of the D operation of LHD have to be worked out. Important subjects for general
science such as self-organization, reconnection and holism project are addressed
properly involving a small workforce. The progress in this area is important for
the integration into the NINS infrastructure employing as large number of

researchers from as many NINS institutes as possible.

[ 6 ] Future plans
Is the research plan of the NSRP appropriate for the realization of the objectives?
Is it suitable and realistic for the next decade?
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Future plans address the most timely and topical issues of fusion research. They
are worked out in sufficient detail and include Numerical Test Reactor for a
helical fusion system based upon LHD operational results and experience. The
emphasis is on the realization of a reactor in virtual space of a supercomputer
and its optimization from physical, engineering and economic viewpoints.
Roadmap includes the most important achievements in physics. It integrates
most of the physical elements in one device by developing and applying
multi-scale, multi-physics and multi-layer models to burning plasmas. Finally, it
addresses a construction phase thereby contributing to the design of a helical
DEMO reactor. Future plans are adopted in a realistic manner because physics
elements required for a complete integration into a reactor design and operation
are available resulting from NSRP activities. Long-term goals are also within the
reach of the program due to exploitation of LHD results and collaboration

programs with both domestic universities and international centers.
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Review on Numerical Simulation Research Project

Reviewer: M.C. Zarnstorff

[ 1] Development of research system and environment

(1) Are the objectives of the Numerical Simulation Research Project (NSRP), which
was introduced in 2010, appropriate?

The NSRP objectives of (1) Elucidation of the physical mechanisms of fusion
plasmas using numerical simulation and (2) Construction of a numerical Test
Reactor (NTR) are both entirely appropriate for a major fusion program such as
NIFS. Indeed, a program with these objectives is crucial for carrying our the
overall NIFS program, including understanding present experiments, such as
LHD, and building the understanding needed for future experiments (e.g. ITER)

and for predicting behavior of future fusion energy facilities.

(2) Is the research system for promoting the NSRP suitable for its objectives?

Does it function appropriately?

The NSRP is organized internally like a project, with a Director, Steering
Committee, Council, and nine task groups (each with a leader). However, the
NSRP staff volunteer their effort and are managed from divisions of the NIFS
Dept. of Helical Plasma Research. This allows a fluid, flexible structure and
facilitates collaboration with the Helical Plasma Research Dept. However, it
may complicate management of manpower and alignment of resources with
NSRP needs. In this sense, NSRP seems to be more like a research program
rather than a project. But, achieving the NSRP goals requires developing
specific capabilities, which will require project-like planning and focus on
milestones.

From the presentations, it was not clear how the NSRP task groups are organized
and operate. For the long term success, they should each have clear goals, plans
for achieving their goals, and milestones for assessing progress. In the
organization presented, there did not appear to be a specific plan or activity for
validation and verification of the numerical models. The NSRP should consider

adding this either as a separate activity, or as a standard activity and
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requirement for all the task groups. Progress in validating the models against
experiments should be tracked and used as a metric of the suitability of the
models for incorporation in the eventual NTR.

Due to the long-term nature of the NSRP and the eventual complexity of the
NTR, I would recommend the addition of a Technical Advisory Committee to the
project. This should consist of outside experts and would meet approximately

yearly to advise on the plans, approaches, and accomplishments of the project.

(3) In the NSRP, is the environment on the “Plasma Simulator” system and its

related researches appropriate?

The capabilities of the “Plasma Simulator” and environment appear to be
appropriate and adequate for the NSRP at this time. It has been periodically
upgraded, and will be upgraded again in approximately 2.5 years. This
upgrading process is crucial for the NSRP success, as the capabilities of the
NSRP grow, requiring stronger computer support.

The “Plasma Simulator” is also used as a collaboration facility, with many users

from Universities. This is healthy and appropriate.

[ 2] Research achievements
Does the NSRP produce high-level achievements in accordance with international
standards for the following research areas, by promoting theory and computer

simulation researches utilizing the Plasma Simulator?

(1) Construction of Numerical Test Reactor for a helical fusion system (including
contribution to the development of high-performance LHD plasma, to the
design of a helical demo reactor, and to the sophistication of computational

science)

The NSRP is in its first phase, which is preparation of numerical models of
separate physical mechanisms. Integration of these models into multi-physics
models is not planned to occur until later in this decade, and construction of an
NTR is planned for start at the end of the decade. This late start of development
of the integrated N'TR is concerning, since it may then be challenging for it to be
completed and validated in time to contribute to the helical-DEMO decisions
planned for ~2022.

Regarding contributions to LHD, the design of a helical DEMO reactor, and to

computational science, see the next section (2.2).
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(2) Physics mechanisms of fusion plasmas and their theoretical systemization

The NSRP has made substantial progress and advances in the modeling of
individual physical mechanisms. The NSRP has world-leading models in many
areas, including:

e 3D-toroidal magnetic equilibria, including islands and stochastic field regions

e 3D transport simulation

e 3D non-linear MHD stability

A large number of impressive new modeling results have been obtained for
specific phenomena in 3D-helical configurations, showing advanced capabilities,
including

e gyro-kinetic simulations of turbulence and turbulent transport, including

electromagnetic terms and non-linear flow effects
e 3D neoclassical effects on flows
e non-linear MHD simulation of core-collapse of pellet-peaked high pressure
plasmas

e Energetic particle-driven instabilities

e Edge plasma characteristics and divertor plasma-wall interaction

e Materials properties for the walls of a fusion system

These new models have been applied to interpreting LHD data and experiments,
and used for simulating the expected plasma phenomena in a future helical
DEMO system such as FFHR-d1, and are clearly providing world-class
capabilities. A number of these simulation codes have developed very
sophisticated numerical techniques, including 3D domain decomposition,
multi-scale and linked multi-physics capabilities (e.g. MHD stability and kinetic
effects).
While comparisons between many of these simulations and LHD were shown,
systematic validation of the simulations was not discussed. Conducting a
rigorous validation and verification of the simulations is important to provide
the basis for using them to accurately predict the behavior of future fusion
energy systems, such as a DEMO.
The TASK3D integrated transport code suite has been developed and released
for wide use. It builds upon a number of reduced models (e.g. VMEC instead of
HINT2), and can be used for either analysis of experiments or prediction for new
conditions. The predictive form is being used to investigate ways to extend the
performance of LHD plasmas and for predicting FFHR-d1 performance and
characteristics.

The plans for future integration and the approach for developing the integrated
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NTR were not discussed, but need to be planned carefully. Will the models in
TASK3D be upgraded to include the sophisticated simulations of detailed
physics, such as magnetic islands, turbulent transport, or non-linear MHD
evolution? Will the NTR build upon TASK3D or use a separate framework?
The coupling of the many separate physics models must be planned carefully to

preserve accuracy and computational efficiency.

[ 3] Promotion of collaboration regarding to the NSRP

(1) Does the NSRP promote collaboration researches as the center of excellence, by

integrating the high capabilities of the universities and institutes?

Yes, the NSRP is functioning well as a collaborative center of excellence. Many
of the simulation codes and models discussed are collaborations between NIFS
and University based researchers. NSRP is receiving ~50 proposals for
collaborative research from outside NIFS, and ~600 university researchers are
participating. These are very strong numbers, indicating a healthy, fully

functioning center.

(2) Is the Plasma Simulator effectively utilized for collaboration research?

Yes, the Plasma Simulator supports ~50 proposed projects per year, most of
which are collaborations between multiple institutions. Roughly 24 of these
projects per year are proposed by external collaborators. There are more than 100
external users of the Plasma Simulator. Over the last 5 years, these

collaborations have produced approximately 90 publications per year.

(3) Does the NSRP function as a research hub for the dissemination of academic
information to other fields, by promoting the NINS (National Institutes of

National Sciences) interdisciplinary cooperation research and so on?

Yes. The NSRP and NIFS participate in at least six of the NINS cooperation
programs and projects, which are organized to promote interdisciplinary
cooperation. These activities also have collaborators from Universities, domestic

institutes, and foreign universities and institutes.

(4) Does the NSRP contribute to the development of research in the universities?

Clearly yes. See (3.1) and (3.2) above for details on University involvement.

Some 13 Japanese Universities participate in collaborations with NIFS and the
NSRP.
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[ 4] Promotion of international cooperation and collaborations

(1) Does the NSRP play a role as an international COE through international
collaboration research?

Yes. The NSRP has a number of international collaborators participating in its
projects. In addition, the NSRP has strong collaboration and personnel exchanges
programs with the US, EU, and China. This includes JIFT, the joint institute
for Fusion Theory, and a large number of topical collaborations with individual

institutes on specific topics and codes.

(2) Does the NSRP promote cooperation with and contribution to ITER and BA
activities?

Yes. NSRP personnel are collaborating in use and management of the IFERC
computer center, part of BA and ITER. Several NSRP staffs are participating in
the ITPA topical groups, working on ITER high priority issues and joint
experiments. It is intended that the NSRP and NIFS provide a “bridge” to make
it easier for Universities to participate in ITER and BA activities. At this time,

ten Universities are making use of the NSRP and NIFS program to collaborate in
the ITER and BA.

[ 5] Human resources development
Does the NSRP contribute to the human resources development of the
international scientific workforce required for long-term fusion studies through
simulation research?

Yes. The NSRP and NIFS provide support to approximately 39 graduate students
working on numerical simulation projects from a variety of Japanese
Universities, and support seven post-docs. In addition, NSRP and NIFS have an
educational outreach program for high-schools, a summer school and a program
of public lectures.

[ 6 ] Future plans
Is the research plan of the NSRP appropriate for the realization of the objectives?

Is it suitable and realistic for the next decade?
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The overall goals and general research plan are appropriate. The plans presented
are very high level, and it is not clear whether detailed planning has occurred for
the integration steps ahead. See (1.1) and (2.2). Also, plans are needed for how
to handle multi-physics models that cross task-force boundaries. E.g. interaction
between turbulence and 3D equilibria. This may require new simulation
strategies and substantial development.

The reasonability of the proposed plans and whether they will achieve their
long-term goals depends on aspects that were not presented, including whether

adequate resources (people) are available and whether they can be managed
effectively.
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Review on Numerical Simulation Research Project

Reviewer: Thomas Klinger

[ 1] Development of research system and environment

(1) Are the objectives of the Numerical Simulation Research Project (NSRP), which
was introduced in 2010, appropriate?

With the availability of high-performance computers, numerical simulation
became a key instrument for any research in complex systems, notably in plasma
physics and fusion research. It was the right move of NIFS to establish a
dedicated project for code development, benchmarking, validation and — finally —
integration. The ultimate goal is a suite of codes that serves as a “numerical
fusion power reactor”. Such a project is surely extremely ambitious but is
nevertheless the way to go. In that sense the NSRP objective is appropriate.

It is the overall strategy of the NSRP to develop by means of numerical
simulation a sufficiently deep understanding of the various physics aspects of the
Heliotron configuration, mainly to allow for a direct extrapolation from LHD to a
power reactor called FFHR. The tokamak experiment ITER is expected to provide
NSRP data on burning plasma physics, e.g. fast particle driven instabilities. A
Heliotron-type burning plasma experiment is not foreseen in this strategy.

This is a valid approach but there are two major project risks: Firstly, ITER will
deliver data on self-heated plasmas only about 5-6 years after start of operation.
This will postpone the design of the FFHR significantly, since fast particle
confinement is critical for a proper design of a power reactor. Secondly, the
validation of fast-particle codes with ITER data is not unproblematic, since the
physics in a Heliotron-type device is very much different: Helically trapped fast
particles tend to get lost, the spectrum of Alfvén waves driven by fast particles is
distinctively richer, and the wave-particle interaction is not well understood. A
reasonable risk assessment should be conducted in the light of the chosen
strategy.

Nevertheless, it is the right approach to address within the NSRP project the key
topics required for a credible design of a power reactor. The mid-term program of

the NSRP should put emphasis on two key areas: (I) simulation of the closed
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helical divertor and plasma-wall interaction and (II) integrated
high-performance discharge scenarios with fusion-relevant parameters. Both
areas have the advantage that the developed numerical codes can be immediately
validated with experimental data obtained from LHD. This should be vigorously
done and the LHD experimental program should be well coordinated with the
activities within the NSRP.

More generally, the development of a Heliotron-based reactor design should be
deeply integrated into the design activities of the engineering department. It is
crucial to avoid a physics-driven reactor design that imposes unnecessary or even
troublesome engineering problems. Hence, a strong input of experienced
engineers 1s needed. For that it is recommended to establish a reactor
development project that integrates numerical simulation, fusion engineering,

and device operation.

(2) Is the research system for promoting the NSRP suitable for its objectives?
Does it function appropriately?

The research in the NSRP is organized via a quite complex matrix-type
organization. This is meant to integrate NIFS and university researchers and
also to involve experimental researchers in a suitable way. While NIF'S in its role
as a COE for numerous Japanese universities requires flexible and open
organization structures, the chosen approach leads to a rather fractionized task
structure (nine task groups) with a lot of overlap. This might well lead to double
work and lack of efficiency. In addition, there is a co-existence with the matrix
organization in NIFS (projects and departments), which makes the management
role of the task group leaders probably quite difficult. In total there are four
different bodies to coordinate the work.

It is beyond the scope of the present review to make an assessment of the
day-by-day efficiency of the organization of the NSRP. If the experience is such
that all project members are satisfied, it may well be the right approach. If the
NSRP has — despite its name — rather the character of a research program than a
project, it is not worthwhile to ask for milestones, resource-loaded work packages
etc. If NIFS chooses to have here a strict project-oriented work, it is
recommended to analyze work flows and project structure, to make both as
simple as possible, and to agree on a limited number of major milestones that
mark the end of well defined work packages, which are equipped with sufficient

man power.
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(3) In the NSRP, is the environment on the “Plasma Simulator” system and its

related researches appropriate?

The plasma simulator is a powerful Hitachi computer available to all members of
the NSRP. In particular, the Japanese universities get in this way easy access to
supercomputers to solve challenging plasma physics problems. The Hitachi
computer has 77 TFlops in its phase 1, 315 TFlops in its phase 2, which is an
appropriate performance (<100 in world-wide ranking). The management of the
“plasma simulator” and research assistance in numerics and computer science
are given by NIFS and Hitachi.

It is the right approach to integrate the wide research knowledge available in the
Japanese universities in the NSRP. Here, the “plasma simulator” is the key

element. In this sense it appears to me fully appropriate.

[ 2] Research achievements
Does the NSRP produce high-level achievements in accordance with international
standards for the following research areas, by promoting theory and computer

simulation researches utilizing the Plasma Simulator?

(1) Construction of Numerical Test Reactor for a helical fusion system (including
contribution to the development of high-performance LHD plasma, to the
design of a helical demo reactor, and to the sophistication of computational

science)

The NSRP has produced quite a number of highly ranked papers and some
awards. An impressive suite of numerical codes has been developed. In
particular, the gyro-kinetic code developments are among the best in the world.

Especially with regard to the long-term goal of developing a “numerical test
reactor”, careful code validation is of utmost importance. Only after validation,
the codes can be integrated and allow one to make concrete forecasts on
performance parameters, stability, divertor loads etc. LHD must be the chief
instrument for the validation of the various codes. A good example is the “super
dense core” regime, more recently discovered on LHD, which is not yet well
understood. Here, a systematic analysis with numerical codes would be of great
value. In addition to the validation aspects, a close linkage between the
experimental program of LHD and the NSRP could well pave the way to
improved performance of the device (e.g. HINT2 equilibrium calculations w.r.t.
divertor compatible discharge scenarios). A suitable organizational structure

should be able to foster such a close collaboration.
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In addition, the development of a rigorous benchmarking strategy 1is
recommended (e.g. TASK3d). This can only be done on an international scale
with code packages developed by other laboratories. If stellarator geometry
imposes a problem, simplified geometries could be chosen.

(2) Physics mechanisms of fusion plasmas and their theoretical systemization

I'm afraid that I do not quite understand what is meant with “theoretical
systematization”. Within the NSRP, quite a number of new and timely physics
issues are addressed in the fields nonlinear MHD, turbulence, elementary
processes. An example for cross-transfer of knowledge is the work on the helical
state in reversed field pinches. As above, it is recommended to make systematic
comparisons to LHD experiments wherever possible. An example is the
turbulent peel-off of blobs: The concrete observation of blobs on LHD would be an
important complement to the numerically obtained results.

We also note that there is a significant outreach to other fields in NINS, for

example to inertial confinement fusion.

[ 3] Promotion of collaboration regarding to the NSRP

(1) Does the NSRP promote collaboration researches as the center of excellence, by

integrating the high capabilities of the universities and institutes?

The publication record of the NSRP is good and there are many joint publications
with collaborators. The key element of the integration of universities and other
research institutes into the NSRP is the access to high performance computing
facilities. The number of research subjects addressed within the collaboration is
vast; this is imaging the broad spectrum of expertise and research topics of the
involved university partners. All collaborators are members of the task groups,
which makes the management challenging. There are three areas of work: (a)
general theory, (b) plasma simulator, (c) numerical methods. My recommendation
is to perform a systematic assessment of each single collaboration subject to make
sure that it actually contributes to the research goals of the NSRP.
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(2) Is the Plasma Simulator effectively utilized for collaboration research?

It is difficult for me to judge how efficient the use of the plasma simulator is. This
depends on the code efficiency (e.g. efficient use of modern numerical methods)
and on the choice of subjects addressed within the various different
collaborations. As already mentioned in [3](1) above, the introduction of a
systematic assessment would be useful. Here, also the (numerical) cost and the
scientific value for the NSRP should be evaluated.

(3) Does the NSRP function as a research hub for the dissemination of academic
information to other fields, by promoting the NINS (National Institutes of
National Sciences) interdisciplinary cooperation research and so on?

It appears that the NSRP fulfills its role as a “research hub”, since it coordinates
and conducts a large variety of numerical simulation works, thereby covering a

large spectrum of topics.

(4) Does the NSRP contribute to the development of research in the universities?

NIFS has developed an impressively dense network of collaborating universities.
The NSRP is benefiting from this network and the development of research in the
universities is clearly fostered by its activities. Besides the mere access to
supercomputing facilities, the NSRP is providing support in computer science and
numerical mathematics. The exchange of physics know-how seems to work very
well. A useful instrument for the exchange of know-how is to organize dedicated
joint workshops; these should be conducted on a regular basis with a small, focused

group of participants.

[ 4] Promotion of international cooperation and collaborations

(1) Does the NSRP play a role as an international COE through international
collaboration research?

To play the role of a international COE, the international collaboration partners
should be carefully selected. A systematic approach is recommended to assess (a)
the quality of the collaboration partner and (b) the value of the collaboration.
With regard to (b), a gap analysis in know-how and man power of the NSRP
would be useful.

It seems like the JIFT (JA-US collaboration) is well established and works

perfectly since many years. Joint workshops and papers are speaking a clear
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language. The systematic in the collaboration with EU institutions is not as
obvious. As an example, it is not clear why for the collaboration on plasma
turbulence a Serbian institute with a relatively weak standing was chosen. It is
recommended to conduct an internal review of existing collaborations with the
goal to identify first-class collaborations and areas, where the NSRP would

benefit most.

(2) Does the NSRP promote cooperation with and contribution to ITER and BA

activities?

Recently, the NIFS Rokkasho Center Director was appointed as the IFERC
Project Leader. This can be taken as a recognition of the NIFS activities in the
framework of the ITER BA. In addition there are various committee

memberships. Two members of NSRP are active contributors in the ITPA.

[ 5] Human resources development
Does the NSRP contribute to the human resources development of the
international scientific workforce required for long-term fusion studies through

simulation research?

It 1s positively noted that a large number of PhD students is directly involved in
the NSRP. There is also a growing number of papers authored by PhD students.
This is clearly due to the numerous PhD projects based on collaborative action
with the use of NIFS supercomputers. As a consequence, your researchers come
into close contact with the NSRP and NIFS, which is clearly an asset. In addition,
the NSRP is conducting outreach events at high schools, which i1s also very

positive.

[ 6 ] Future plans
Is the research plan of the NSRP appropriate for the realization of the objectives?
Is it suitable and realistic for the next decade?

My comments on the road map shown during the meeting have already been
made under [1](1). As stated above, it is very (maybe too) ambitious to come to
valid power reactor concept (FFHR) within the next decade. ITER will not be able
to deliver in time the data required for a proper code validation; in addition, it is
questionable to what extend the ITER data can be transferred to the Heliotron
concept. The research plan of the NSRP is based on the schedule/milestones of
the task groups (document provided later). It is difficult, however, to assess the

required resources (both human and computer power). The best, of course, would
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be a resource-loaded work breakdown structure (WBS), but — taking into account
the many unknowns and uncertainties in the field — this may well be impossible
to do. Hence, it is probably the best to focus on the development of a meaningful
research program, that is openly discussed and carefully embedded in the
world-wide fusion research activities. The IEA implementing agreements might
be a good platform for that.
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[1] H. Sugama and S. Nishimura, Phys. Plasmas 9, 4637 (2002).
[2] H. Sugama and S. Nishimura, Phys. Plasmas 15, 042502 (2008).
[3] S. Nishimura ef al., Phys. Plasmas 17, 082510 (2010).
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[1] A. Ishizawa, et al., 24™ TAEA Fusion Energy Conference, TH/P2-23.
[2] A. Ishizawa and N. Nakajima, Nuclear Fusion 49, (2009) 055015.

BT XA~RICL AR EDREL 7 —1 T

LHD |28\ T, HLIBHIEEENRMP)IC L > THIR S DS H RBAICTEK T 5
AT =Y T EMINDBENBI STV D, T OBLGII A BB K}
GThDH ERIRFIZ, RMP ZEHE LTc X A N\—F BN &2 BT 5 L TRl ~ X8
k@ofwéo%ﬁﬁﬂ_kwfi\?w7t~)/ﬁ@%_m%%%uﬁ%77x
Vﬁ”ﬁmwﬁﬁ%’ BICELT DR RBIIl STV D, LHD IZBI1T AAE %
FRbUNG RV Ao Y fal = N AUﬁwﬁEﬁ#ﬁ MHD ¥, 55t/ EONREBET
5%%%%5 Fo, BWEREIICK T 2 RRFAERE, 3k Ialb—ra
VCIENEE R SR A B0 O WERH D,

INOOMEEZ R T DDV BABHEETT AMEEIN, VIal—aa
— PR ENTZ[1], PEEBEET VI, BRBEICHTABEIETY 7 +— Fﬁ&
Ko, RS OEREREICET 5K, ExB RV 7 F#HE DRSS DOIIE SRR
R EN D, ZDET VA LHD O/3T7 A — &%ﬂf%wtﬁﬁ%l3323_rf
LTS X< AEET B85, RMP 1282 v 7 SRR B ITHME R L 27 23
D WS OMAED RMP OALARD B4, AAEZEDN RS EICE LR 'L 7 B —
UV TRRET D, ZOLH1C, Ffih7 7 XA<iiic K2R EORERE B E L=
A RS ORFIRIEBIXFEIE DI 21D 2 E RN LR o7, 72, Frdr gkt

-80 -



BEVAT T L— 2 PR ST S I 2 L— 3 2 F i LI R, &
VT e TR B I AR SN 2), PEEAREET ViR 2 b
—a L DWRENS, ERGENREL T — Y T ORBIGCHEE 52D L
PR E I3,

_“32- T T T T T
e
Z X 3.32-13 LHD ICH13 % ExB KU
. : 7 IR 2 0D T N T
% J 1 53Afic RMP OFREZ[EE L, ExB B
= : Y7 B A LA DY a
= —~/ L A L=y a VR AR B ORK
g fotatine "~~~ |  wrmxmors,

0.4 0.5 0.6 0.7

rerf [m]

[1] S. Nishimura et al., Plasma and Fusion Res. 5,040 (2010).
[2] S. Nishimura, S. Toda et al., Plasma and Fusion Res. 5,040 (2012).
[3] S. Nishimura, S. Toda et al., to appear in Plasma Phys. Controlled Fusion.
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» Complexity in Magnetically Confined and Relativistic Plasmas

Multi-scale interactions in fusion plasmas are studied, in particular, for turbulence and nonlinear
structure formation in relation to transport properties and magnetic confinement in LHD and tokamak
fusion plasmas. Characterization of turbulence and transport in edge and core plasma in magnetic
confinement fusion devices is studied based on nonlinear dynamic and complex system methods. In
particular, intermittency in SOL plasmas of the MAST (UK) device is analyzed for local and global
multi-fractal properties. A more complete insight into core transport processes, zonal flow (ZF) dynamics
and the nature of a stochasticity in toroidal systems (helical and tokamak) is pursued by means of nonlinear

gyrokinetic Vlasov simulations (GKV) for a tokamak and the LHD helical configuration. For an inward

- 102 -



shifted case, it is revealed that ZF potential exhibits suppressed chaotic fluctuations, as compared to a

standard LHD configuration, which is consistent with an improved transport.

Figure 3.3.5-6 R ecurrence plots of ZF potential for Standard (left) and
Inward-shifted (right) helical LHD configuration from GKV simulations, indicate

chaotic versus intermittent dynamics.

Different schemes for generation of intense ultra-fast, attosecond (AS) range photon and electron
bunches in relativistic laser interaction with plasma targets are studied. In relativistic plasmas itis often
found that sub-femtosecond (FS) optical pulses are accompanied by intense sub-FS relativistic electron
bunches. We explore a new concept for AS photon pulse generation by a reflection of a FS laser pulse from
a relativistic electron beam plasma which operates in a linear regime, by using analytical theory and 2D
relativistic particle-in-cell (PIC) simulations. Hollow cone-shaped solid plasma targets are investigated by
relativistic PIC simulations, which for optimized parameters, with an open cone target, can efficiently
generate a train of ultra-short, AS relativistic electron bunches (sheets) with high energy (E > 10 MeV),
separated by a half of the laser wavelength.
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Figure 3.3.5-7 Relativistic electron bunches (b) and close view of train of electrons (c).

Properties of stimulated Raman backscattering (BRS) are critically revisited; in particular, related to a
proposed scheme for FS ultra-intense pulse amplification to multi-exawatt regime and beyond, in order to
probe a novel nuclear and high-energy physics. It is pointed that even weak pump over a long under-dense
plasma can drive large absolute BRS signal from a background noise, and so impede with amplification of

a resonant FS seed.
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AR 2N, A oo B KRR IR hFEED > TH D Joint
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R a2 b—va VBT S HARKFEIFSEOHEEIZEBR L T\ 5, JIFT X, BRERMEHT<°
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KEFES ) OV —2 v a vy 7OREICERR LK 5.1-1 &), HFEHEOIRIES
ZAF AU L - T, TV ARFEA—RF UBERAE R TERT - A —2 Y v PES
WRGERT « U3 v B U RFET T A= BT - HINEEE v 2 — & O/ =) —hi 7 BEE)
TIT Y EAEE— FORFEME 5.1-2 BR), DL T7 V=T K¥E) 5 4=
IR E DT T X< ELFRICEET B ILREZE, 7 Y 2 KFEE ORMPEE - ZREEET
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b, BHAM 14

23 {tE>
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25 HFEICHIRSNT=T7 % A K% Horton #HfZDFHKE “Turbulent Transport

in Magnetized Plasmas”
Lal—rvarORREED,

(2 5.1-3 W)z

TEORENEL B EnTn5b,

X, TORMEAD D v A 1 BRI
ZAIVETO JIFT 2 X AR eit ot

Year Workshops Exchange visitors
From NIFS To NIFS
2008 | Multi-scale Simulation S. Satake [/ PPPL W. Horton (IFS)
by A. Arefiev (IFS) and H. Ohtani (NIFS) at Texas G. Y. Fu (PPPL)
Energetic Particle Physics J. W. Van Dam (IFS)
by Y. Todo (NIFS) and G. Y. Fu (PPPL) at NIFS
2009 | Simulation Methods H. Miura ! IFS S. R. Hudson (PPPL)
by H. Ohtani (NIFS) and A. Arefiev (IFS) at NIFS O. Yamagishi / IFS A. Arefiev (IFS)
2010 | Laser Plasmas T. Watanabe / PPPL | C. Kim (Washington)
by H. Sakagami (NIFS) and R. Town (LLNL), at lllinoi Y. Todo / IFS B. Breizman (IFS)
Simulation Methods K. Ichiguchi / BACV
by A. Arefiev (IFS) and H. Ohtani (NIFS) at Chicago
2011 | Simulation Methods A.Ishizawa / IFS V. Decyk (UCLA)
by H. Ohtani (NIFS) and A. Arefiev (IFS) at NIFS S. Usami ! IFS W. Horton (IFS)
Turbulent Transport A. ltoh Mt B. Breizman (IFS)
by W.Wang(PPPL) and T.-H.Watanabe(NIFS) at Long Branch
2012 | Turbulent Transport H. Ohtani [/ IFS W. Horton (IFS)
by T.-H. Watanabe (NIFS) and W. Wang (PPPL) at Kyoto M. Nunami / PPPL P. Zhu (Wisconsin)
Simulation Methods A. Kuley (UCI)
by A. Arefiev (IFS) and H. Ohtani (NIFS) at Providence, RI D. Spong (ORNL)
C. Hegna (Wisconsin)
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wRFE] CR)HFEM b A X VKENTVOER E I 2 b —3 3 VEER O

[Satake, Park et al.: Phys. Rev. Lett. (2011){Z

5.1-3  W.Horton # #% & &

“Turublent Transport in
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NEREROBERATH 5,
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5.1-4  BRM OWFZEREE & O 7EEHE,  (TIEA: International Energy Agency, ITPA:
International Tokamak Physics Activity, LIA: Associated International Laboratory)
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MHD €7 /WZET 5L E b O3 25 ZvE TOMFSEIZHESW T, FLR 2%
EBE T T RREEET A XD ERICEWVHBERB LS A A= H €
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i1 o77,
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VW% MD (Molecular Dynamics : 47 F81/15) & H W7ok L BE L O AEAER %
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PR F- A BE L FEE S IC 1 km/sec TAST L, BRI 7 23EEICHE L C 3.0 ps £ D
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DOFEFRITM T — FOFERE L —HLTBY, a— ROGHEMELZHRT L LN TE
oo FIZORCFv—I7{FEINCB N TET XL F =R OFRT —E T R %

- 154 -
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fFERry NI —27 2B U CREHOY A b~T —F 5215 LIEFICE VR Z 3
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Published papers in 2008

10.

11.

12.

"Development of hydrogen storage electrode for plasma biasing in the Tohoku University
Heliac", Utoh H., Nishimura K., Takahashi H., etc, Journal of Physics: Conference Series
123 012024 (2008), refereed

"Calculation of Microscopic Stress Tensor with Non-equilibrium Molecular Dynamics",
Atsushi ITO, Hiroaki NAKAMURA , Theoretical and Applied Mechanics Japan 57
159-167 (2008), refereed

"MHD study of the reactor-relevant high-beta regime in the Large Helical Device", S
Sakakibara, K Y Watanabe, Y Suzuki, etc, Plasma Physics and Controlled Fusion 50
124014 (2008), refereed

"Nonlinear Effect on the Plasma Blob Propagation in the Scrape-off Layer", Satoru
SUGITA, Masatoshi YAGI, Sanae-I. ITOH, Kimitaka ITOH , Theoretical and Applied
Mechanics Japan 57 207-215 (2008), refereed

"Optimization activities on design studies of LHD-type reactor FFHR", A. Sagara, O.
Mitarai, T. Tanaka, etc, Fusion Engineering and Design 83 1690-1695 (2008), refereed
"Multi-scale Transport Simulation of Non-local Turbulent Effect on Internal Transport
Barrier Collapse in Tokamak Plasma", Shinsuke TOKUNAGA, Masatoshi YAGI, Sanae-I.
ITOH, Kimitaka ITOH , Theoretical and Applied Mechanics Japan 57 429-436 (2008),
refereed

"Multi-scale Interaction between Neoclassical Tearing Mode and Drift Wave", Masatoshi
YAGI, Sanae-I. ITOH, Kimitaka ITOH , Theoretical and Applied Mechanics Japan 57
199-205 (2008), refereed

"Benchmark Tests of Fusion Plasma Simulation Codes for Studying Microturbulence and
Energetic-Particle Dynamics", T. -H. Watanabe, Y. Todo, W. Horton, Plasma and Fusion
Research 3 061-1-061-6 (2008), refereed

"Simulation science for fusion plasmas", S. Sudo, M. M. Skorié, T-H. Watanabe, etc,
Journal of Physics: Conference Series 133 012025 (2008), refereed

"Large Scale Particle-in-cell Plasma Simulation", Seiji Ishiguro, 139-144 (2008), High
Performance Computing on Vector Systems 2008,Springer, not refereed

"Coexistence of zonal flows and drift-waves in a cylindrical magnetized plasma",
Yoshihiko NAGASHIMA, Sanae-I. ITOH, Shunjiro SHINOHARA, etc, Journal of the
Physical Society of Japan 77 114501 (2008), refereed

"Electron Force Balance in Steady Collisionless Driven Reconnection", Bin Li, Ritoku
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Horiuchi , Physical Review Letters 101 215001 (2008), refereed
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Helical Device", K. Nagaoka, K. Ida, M. Yoshinuma, etc, Nuclear Fusion 51 083022 (2011),
refereed

"Experimental Study of Poloidal Flow Effect on Magnetic Island Dynamics in LHD and
TJ-II", Y. Narushima, F. Castején, S. Sakakibara, etc, Nuclear Fusion 51 083030 (2011),
refereed

"Quasisymmetric toroidal plasmas with large mean flows", H. Sugama, T. -H. Watanabe,

M. Nunami, S. Nishimura, Physics of Plasmas 18 082505 (2011), refereed
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30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

"Response of the magnetosphere to microscopic effects in auroral arc formation", Hiroki
Hasegawa, Nobuaki Ohno, Tetsuya Sato , Plasma and Fusion Research 6 2401128 (2011),
refereed

"Investigation of the Noise Effect on Tomographic Reconstructions for a Tangentially
Viewing Vacuum Ultraviolet Imaging Diagnostic", Tingfeng MING, Satoshi OHDACHI,
Yasuhiro SUZUKI, Plasma and Fusion Research 6 2406120 (2011), not refereed
"Dissipative Particle Dynamics Simulation of Phase Behavior in Bolaamphiphilic
Solution", Ryoen SHIRASAKI, Yuta YOSHIKAI, Hu-jun QIAN, Susumu FUJIWARA,
Yuichi TAMURA, Hiroaki NAKAMURA , Plasma and Fusion Research 6 2401116 (2011),
refereed

"PIC simulation of kinetic effects of plasma and consequences for physical sputtering", G.
Kawamura, Y. Tomita, A. Kirschner, Journal of Nuclear Materials 415 S192-S195
(2011), refereed

"Heat flux reduction by helical divertor coils in the heliotron fusion energy reactor", N
Yanagi, A Sagara, T Goto, etc, Nuclear Fusion 51 103017-1-6 (2011), refereed

"Hybrid simulation between molecular dynamics and binary collision approximation
codes for hydrogen injection into carbon materials", S. Saito, A. M. Ito, A. Takayama, T.
Kenmotsu, H. Nakamura, Journal of Nuclear Materials 415 S208-S211 (2011), refereed
"Neoclassical Toroidal Viscosity Calculations in Tokamaks Using a 0 f Monte Carlo
Simulation and Their Verifications", S. Satake, J. -K. Park, H. Sugama, R. Kanno,
Physical Review Letters 107 055001-1-4 (2011), refereed

"Molecular Dynamics Simulation of Micellar Shape Change in Amphiphilic Solution",
Susumu FUJIWARA, Takashi ITOH, Masato HASHIMOTO, Yuichi TAMURA, Hiroaki
NAKAMURA, Ritoku HORIUCHI , Plasma and Fusion Research 6 2401040 (2011),
refereed

IR RERBEFABAIC KX 5 B CARkME 2.3 3kt BT - 2 =27 AR ToO A Ok, H.
Miura, 77 X~ « @l & 5255 ournal of Plasma and Fusion Research) 87 430-435
(2011), not refereed

"Design Support System with Haptic Feedback and Real-Time Interference Function",
Yuichi TAMURA, Koji UKITA, Naoki MIZUGUCHI, Susumu FUJIWARA , Plasma and
Fusion Research 6 2406061 (2011), refereed

"Nonlinear Hybrid Simulations of Energetic Particle Modes in Realistic Tokamak Flux
Surface Geometry", A. Bierwage, Y. Todo, N. Aiba, K. Shinohara, Masao Ishikawa, M.
Yagi, Plasma and Fusion Research 6 2403109 (2011), refereed
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41.

42.

43.

44.

45.

46.

417.

48.

49.

50.

51.

"Nonlocal Interaction of Inverse Magnetic Energy Transfer in  Hall
Magnetohydrodynamic Turbulence", K. Araki, H. Miura, Plasma and Fusion Research 6
2401132-1-01132-5 (2011), refereed

"Electrode Biasing Experiment in the Large Helical Device", S. Kitajima, H. Takahashi,
K. Ishii, etc, Nuclear Fusion 51 083029-1-5 (2011), refereed

"Efficient Evaluation of Influence Coefficients in Three-Dimensional Extended
Boundary-Node Method for Potential Problems", Taku ITOH, Ayumu SAITOH, Atsushi
KAMITANI, Hiroaki NAKAMURA , Plasma and Fusion Research 6 2401106 (2011),
refereed

"Pre-plasma effects on core heating and enhancing heating efficiency by extended double
cone for FIREX", T. Johzaki, H. Nagatomo, A. Sunahara, H. -B. Cai, H. Sakagami, Y.
Nakao, K. Mima, Nuclear Fusion 51 073022 (2011), refereed

"A Numerical Method for Parallel Particle Motions in Gyrokinetic Vlasov Simulations",
Shinya MAEYAMA, Akihiro ISHIZAWA, Tomo-Hiko WATANABE, Noriyoshi NAKAJIMA,
Shunji TSUJI-IIO, Hiroaki TSUTSUI , Plasma and Fusion Research 6 2401028 (2011),
refereed

"Mechanical issues of FIREX target under cryogenic environment", A. Iwamoto, T.
Fujimura, A. Sunahara, H. Sakagami, T. Norimatsu, Plasma and Fusion Research 6
2404070 (2011), refereed

"Integrated Visualization of Simulation Results and Experimental Devices in
Virtual-Realty Space", H. Ohtani, A. Kageyama, Y. Tamura, S. Ishiguro, M. Shoji,
Plasma and Fusion Research 6 2406027 (2011), refereed

"Effect of Parallel Diffusion of Equilibrium Pressure on Interaction between Interchange
Mode and Static Magnetic Island", K. Saito, K. Ichiguchi, R. Ishizaki, Plasma and Fusion
Research 6 2403072 (2011), refereed

"Monte Carlo Simulation Code for Solving Radial Fluid Equations in Toroidal Plasmas",
Ryutaro Kanno, Shinsuke Satake, Masanori Nunami , Plasma and Fusion Research 6
2403066 (2011), refereed

"Gyrokinetic Simulations of Slab Ion Temperature Gradient Turbulence with Kinetic
Electrons", Akihiro ISHIZAWA, Tomo-Hiko WATANABE, Noriyoshi NAKAJIMA , Plasma
and Fusion Research 6 2403087 (2011), refereed

"New Implementation Method for Essential Boundary Condition to Extended
Element-Free Galerkin Method: Application to Nonlinear Problem", Ayumu SAITOH,
Taku ITOH, Nobuyuki MATSUI, Atsushi KAMITANI, Hiroaki NAKAMURA , Plasma
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52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

and Fusion Research 6 2401089 (2011), refereed

"Importance of helical pitch parameter in LHD-type heliotron reactor designs", T. Goto, Y.
Suzuki, N. Yanagi, K. Y. Watanabe, S. Imagawa, A. Sagara, Nuclear Fusion 51 083045
(2011), refereed

"Transport Study of LHD High-beta Plasmas based on Power Balance Analysis with
TASK3D Code Modules", Ryosuke SEKI, Hisamichi FUNABA, Kiyomasa WATANABE,
etc, Plasma and Fusion Research 6 2402081 (2011), refereed

"Numerical Investigation on Accuracy Improvement of Permanent Magnet Method for
Measuring j_C in High-Temperature Superconducting Film", Teruou TAKAYAMA,
Atsushi KAMITANI, Taku ITOH, Hiroaki NAKAMURA , Plasma and Fusion Research 6
2401059 (2011), not refereed

"Extension of Meshless Galerkin/Petrov-Galerkin Approach without Using Lagrange
Multipliers", Atsushi KAMITANI, Teruou TAKAYAMA, Taku ITOH, Hiroaki
NAKAMURA , Plasma and Fusion Research 6 2401074 (2011), refereed

"Simulation science at the National Institute for Fusion Science", Ritoku Horiuchi ,
Plasma and Fusion Research 6 2101055 (2011), refereed

"Three-Dimensional Turbulence Analyses Using Turbulence Diagnostic Simulator", N.
Kasuya, M. Yagi, K. Itoh, S. -I. Itoh, - (2011), not refereed

"Heavy Ion Beam Probe Measurement in Turbulence Diagnostic Simulator", N. Kasuya,
S. Nishimura, M. Yagi, K. Itoh, S. -I. Itoh, Plasma Science and Technology 13 326-331
(2011), refereed

"A Multi-Scale Electromagnetic Particle Code with Adaptive Mesh Refinement and Its
Parallelization", H. Usui, M. Nunami, T. Moritaka, T. Matsui, Youhei Yagi, Procedia
Computer Science 4 2337-2343 (2011), refereed

"Scientific Visualization of Plasma Simulation Results and Device Data in
Virtual-Reality Space", H. Ohtani, Y. Tamura, A. Kageyama, S. Ishiguro, IEEE
Transactions on Plasma Science 39 2472-2473 (2011), refereed

"Erratum: “A convergence study for the Laguerre expansion in the moment equation
method for neoclassical transport in general toroidal plasmas” [Phys. Plasmas 17,
082510 (2010)]", S. Nishimura, H. Sugama, H. MaaBberg, C. D. Beidler, S. Murakami, Y.
Nakamura, S. Hirooka, Physics of Plasmas 18 069901 (2011), refereed

"Potential fluctuation associated with the energetic-particle-induced geodesic acoustic
mode in the Large Helical Device", T. Ido, A. Shimizu, M. Nishiura, etc, Nuclear Fusion

51 073046- (2011), refereed
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63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

"Magnetohydrodynamic simulation on pellet plasmoid in torus plasmas", R. Ishizaki, N.
Nakajima, Plasma Physics and Controlled Fusion 53 054009 (2011), refereed
"Calculation of neoclassical toroidal wviscosity in tokamaks with broken toroidal
symmetry", S. Satake, H. Sugama, R. Kanno, J. -K. Park, Plasma Physics and Controlled
Fusion 53 054018 (2011), refereed

"Quantum Oscillations of Thermoelectric Effects in a Pseudo-one-dimensional Electron
Gas With a Spin-Orbit Interaction", H. Nakamura, N. Hatano, R. Shirasaki, N.
Hirayama, K. Yonemitsu, Journal of Electronic Materials 40 601-605 (2011), refereed
"Temperature Distribution in Two-Dimensional Electron Gases under a Strong Magnetic
Field", Naomi Hirayama, Akira Endo, Kazuhiro Fujita, Yasuhiro Hasegawa, Naomichi
Hatano, Hiroaki Nakamura, Ryoen Shirasaki, Kenji Yonemitsu, Journal of Electronic
Materials 40 529-532 (2011), refereed

"Bracelet-Shaped Thermal Display for Representing Numerical Data", Yuichi Tamura,
Susumu Fujiwara, Tomohiro Umetani, Hiroaki Nakamura , Journal of Electronic
Materials 40 823-829 (2011), refereed

"BATHI-N MAFRIZEBIT AT e v 7k BSS EE EA Ly RIEFIBREE TOMERERHM", F i
FEVE, VR REE ) E LB SR SCEE 4 1-8 (2011), refereed

"Multi-Scale MHD Analysis Incorporating Pressure Transport Equation for
Beta-Increasing LHD Plasma", K. Ichiguchi, B. A. Carreras, Nuclear Fusion 51 053021
(2011), refereed

"KL O, BN T 2T Y oo, EH O EE, B BRHL, T X~ - EEE
(Journal of Plasma and Fusion Research) 87 149-152 (2011), not refereed
"NYBNT T A2IZBITLRELGSL A I 7 AT DR, BE ERL, GHE A
% , -(2011), not refereed

"Detection of kinetic geodesic acoustic mode (KGAM) near the center region of JIPPT-ITU
tokamak plasmas", Y. Hamada, T. Watari, A. Nishizawa, etc, Nuclear Fusion 51 033005
(2011), refereed

WINRHER [T X~ LK) WFEORES R R T DR 5. G T T X~ TOMKLT
W98 5. 1 WKL 7ofifE, FENCET 287U 7", BH El, | B, 79 X~ -
K& %4 3E(Journal of Plasma and Fusion Research) 87 149-152 (2011), not refereed
"Radial Electric Field Formation Including Electron Radial Drift for a Core
Electron-Root Confinement (CERC) Plasma in LHD", S. Matsuoka, S. Satake, M
Yokoyama, A. Wakasa, Plasma and Fusion Research 6 1203016 (2011), refereed

"Neoclassical electron transport calculation by using 6 f Monte Carlo method", Seikichi

Qw
(54
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76.

71T.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Matsuoka, Shinsuke Satake, Masayuki Yokoyama, Arimitsu Wakasa, Sadayoshi
Murakami , Physics of Plasmas 18 032511 (2011), refereed

"MPI Parallelization of PIC Simulation with Adaptive Mesh Refinement", T. Matsui, H.
Usui, T. Moritaka, M. Nunami, 277-281 (2011), refereed

"Momentum balance and radial electric fields in axisymmetric and nonaxisymmetric
toroidal plasmas", H. Sugama, T. -H. Watanabe, M. Nunami, S. Nishimura, Plasma
Physics and Controlled Fusion 53 024004 (2011), refereed

"Energetic-ion-driven global instabilities in stellarator/helical plasmas and comparison
with tokamak plasmas", K. Toi, K. Ogawa, M. Isobe, M. Osakabe, D. A. Spong, Y. Todo,
Plasma Physics and Controlled Fusion 53 024008 (2011), not refereed
mBMEENESEA, PR A%, R RE, AAmEEAEEBUTSURD 66 144- (2011),
not refereed

"On Detection of a Global Mode Structure in Experiments by Use of Turbulence
Diagnostic Simulator", Naohiro KASUYA, Seiya NISHIMURA, Masatoshi YAGI,
Kimitaka ITOH, Sanae ITOH , Plasma and Fusion Research 6 1403002 (2011), refereed
"Linear Gyrokinetic Analyses of ITG Modes and Zonal Flows in LHD with High Ion
Temperature", M. Nunami, T. -H. Watanabe, H. Sugama, K. Tanaka, Plasma and Fusion
Research 6 1403001 (2011), refereed

"Molecular Dynamics Simulation of Hydrogen Injection onto Diamond Surfaces", #4f
W, g L, A A, &Il AaE, WA #i—, KREF EEE, JEH 15, Japanese
Journal of Applied Physics 50 01AB04 (2011), refereed

"Extension of Binary-Collision-Approximation-Based Simulation Applicable to Any
Structured Target Material", A. Takayama, S. Saito, A. M. Ito, T. Kenmotsu, H.
Nakamura, Japanese Journal of Applied Physics 50 01AB03 (2011), refereed

"Effects of parallel dynamics on vortex structures in electron temperature gradient
driven turbulence", M. Nakata, T. -H. Watanabe, H. Sugama, W. Horton, Physics of
Plasmas 18 012303 (2011), refereed

"Temperature distribution in nano-devices under a strong magnetic field", N. Hirayama,
A. Endo, K. Fujita, Y. Hasegawa, N. Hatano, H. Nakamura, R. Shirasaki, Computer
Physics Communications 182 90-92 (2011), refereed

"Molecular Dynamics Simulation of Chemical Vapor Deposition of Amorphous Carbon:
Dependence on H/C Ratio of Source Gas", Atsushi M. Ito, Arimichi Takayama, Seiki Saito,
Noriyasu Ohno, Shin Kajita, Hiroaki Nakamura , Japanese Journal of Applied Physics
50 01ABO01 (2011), refereed
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Published papers in 2012

10.

"Micellar Shape Change in Amphiphilic Solution: A Molecular Dynamics Study", S.
Fujiwara, M. Hashimoto, T. Itoh, R. Horiuchi, Chemistry Letters 41 1038-1040 (2012),
refereed

"1D Model Study on the Effect of Impurity Radiation Cooling in LHD SOL Plasma", G.
Kawamura, I. Murakami, Y Tomita, S. Masuzaki, Plasma and Fusion Research 7
2403129 (2012), refereed

"Saturation of toroidal Alfven eigenmode due to enhanced damping of nonlinear
sidebands", Y. Todo, H. L. Berk, B. N. Breizman, Nuclear Fusion 52 094018 (2012),
refereed

"Modeling of Formation of Helical Structures in Reversed-Field Pinch", Naoki
MIZUGUCHI, Akio SANPEI, Shinichi FUJITA, Kensuke OKI, Haruhiko HIMURA,
Sadao MASAMUNE, Katsuji ICHIGUCHI , Plasma and Fusion Research 7 2403117-
(2012), refereed

"Stability of externally driven magnetic islands in a helical plasma", Nishimura S., Toda,
M. Yagi, Y. Narushima, Plasma and Fusion Research 7 2403107- (2012), refereed
"Spectral compact difference hybrid computation of passive scalar in isotropic
turbulence", T. Gotoh, S. Hatanaka, H. Miura, Journal of Computational Physics 231
7398-7414 (2012), refereed

"SR 5 20 MR G R IR 5 7T A~ RintA BEMICET 5 EERSE", B
i, WA PR 7T v - A2 5EJournal of Plasma and Fusion Research) 88
462-462 (2012), not refereed

"EN— X B MR LT A BIT 5 - v 2 L—va UIFROER", & R,
& FEE], kD B, 7T X< - ERE Fa5E(Journal of Plasma and Fusion Research) 88
409-417 (2012), not refereed

"Nonlinear Simulation of Energetic Particle Modes in High-Beta Tokamak Plasma", A.
Bierwage, N. Aiba, Y. Todo, Wenjun Deng, Masao Ishikawa, G. Matsunaga, K. Shinohara,
M. Yagi, Plasma and Fusion Research 7 2403081 (2012), refereed

"Low Beta MHD Equilibrium Including a Static Magnetic Island for Reduced MHD
Equations in a Straight Heliotron Configuration", K. Saito, K. Ichiguchi, R. Ishizaki,
Plasma and Fusion Research 7 1403070 (2012), refereed
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

"Kinetic Simulations of Neoclassical and Anomalous Transport Processes in Helical
Systems", H. Sugama, T. -H. Watanabe, M. Nunami, S. Satake, S. Matsuoka, K. Tanaka,
Plasma and Fusion Research 7 2403094-1-9 (2012), refereed

"Analysis of transport barriers with the oscillatory state for plasma dynamics in helical
plasmas", S. Toda, K. Itoh, A. Wakasa, - (2012), not refereed

"Magnetic island evolution in hot ion plasmas", A. Ishizawa, F. Waelbroeck, R.
Fitzpatrick, W. Horton, N. Nakajima, Physics of Plasmas 19 072312 (2012), refereed
"Effects of CH foam preplasma on fast ignition", M. Hata, H. Sakagami, A. Sunahara, T.
Johzaki, H. Nagatomo, Laser and Particle Beams 30 189-197 (2012), refereed
"Collisional Effects on Fast Electron Generation and Transport in Fast Ignition", H.
Sakagami, K. Okada, Y. Kaseda, T. Taguchi, T. Johzaki, Laser and Particle Beams 30
243-248 (2012), refereed

"Particle Simulation of Plasma Blob Dynamics: Preliminary Results", Hiroki Hasegawa,
Seiji Ishiguro , Plasma and Fusion Research 7 2401060 (2012), refereed

"Electric Field at a Plasma-Facing Wall for a Two-Temperature Electron Distribution", Y.
Tomita, G. Kawamura, M. Ueno, N. Ohno, Z. H. Huang, Y. D. Pan, L. W. Yan,
Contributions to Plasma Physics 52 484-489 (2012), not refereed

"Numerical Calculation of MHD Equilibria Including Static Magnetic Islands in a
Straight Heliotron Configuration by Means of a Field Line Tracing Method", Kinya
SAITO, Katsuji ICHIGUCHI, Ryuichi ISHIZAKI , Plasma and Fusion Research 7
2403032 (2012), refereed

"Bootstrap Current Simulations with Experimental LHD Plasma Density and
Temperature Profiles, Energy Scattering and Finite OrbitWidth", M. Yu. Isaev, K. Y.
Watanabe, S. Satake, Y. Nakamura, W. A. Cooper, Plasma and Fusion Research 7 1-7
(2012), refereed

"A hybrid method of semi-Lagrangian and additive semi-implicit Runge-Kutta schemes
for gyrokinetic Vlasov simulations", S. Maeyamaa, A. Ishizawa, T. -H. Watanabe, N.
Nakajima, S. Tsuji-Tio, H. Tsutsui, Computer Physics Communications 183 1986-1992
(2012), refereed

"Ultra-short photon pulse generation in relativistic laser-plasmas", M. M. Skoric, Lj
Nikolic, Ij Hadzievski, S. Ishiguro, K. Mima, Physica Scripta T149 014081 (2012),
refereed

"Effects of long rarefied plasma on fast electron generation for FIREX-I targets", H.
SAKAGAMI, A. SUNAHARA, T. JOHZAKI, H. NAGATOMO, Laser and Particle Beams
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23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

30 103-109 (2012), not refereed

"Ultra-short photon pulse generation in relativistic laser-plasmas", M. M. Skoric, Lj
Nikolic, Lj Hadzievski, S. Ishiguro, K. Mima, Physica Scripta T149 014081(2012),
refereed

"Gyrokinetic turbulent transport simulation of a high ion temperature plasma in large
helical device experiment", M. Nunami, T. -H. Watanabe, H. Sugama, K. Tanaka, Physics
of Plasmas 19 042504 (2012), refereed

"Simulation of Plasma Flow Injection with Multi-Hierarchy Model Aiming Magnetic
Reconnection Studies", S. Usami, H. Ohtani, R. Horiuchi, M. Den, Communications in
Computational Physics 11 1006-1021 (2012), refereed

"Simulation of Alfvén eigenmode bursts using a hybrid code for nonlinear
magnetohydrodynamics and energetic particles", Y. Todo, H. L. Berk, B. N. Breizman,
Nuclear Fusion 52 033003 (2012), refereed

"Development of Integrated Transport Analysis Suite for LHD Plasmas Towards
Transport Model Validation and Increased Predictability", M. Yokoyama, C. Suzuki, R.
Seki, etc, Plasma and Fusion Research 7 2403011 (2012), refereed

"Development of Integrated Transport Code, TASK3D, and Its Applications to LHD
Experiment", M. Yokoyama, A. Wakasa, R. Seki, M. Sato, S. Murakami, C. Suzuki, Y.
Nakamura, A. Fukuyama, Plasma and Fusion Research 7 2403011_1_4 (2012), refereed
"Nonlinear entropy transfer via zonal flows in gyrokinetic plasma turbulence", M.
Nakata, T. -H. Watanabe, H. Sugama, Physics of Plasmas 19 022303-1-14 (2012),
refereed

"Zonal Flows Induced by Symmetry Breaking with Existence of Geodesic Acoustic
Modes", M. Sasaki, K. Itoh, S. -I. Itoh, N. Kasuya, Nuclear Fusion 52 (2012), refereed
"Anisotropic Bond Orientation of Amorphous Carbon by Deposition", Seiki Saito, Atsushi
M. Ito, Arimichi Takayama, Hiroaki Nakamura , Japanese Journal of Applied Physics 51
01ACO05 (2012), refereed

"Visualization of Particle Trajectories in Time-Varying Electromagnetic Fields by
CAVE-Type Virtual Reality System", N. Ohno, H. Ohtani, D. Matsuoka, R. Horiuchi,
Plasma and Fusion Research 7 1401001-1-6 (2012), refereed

"Attosecond Photon and Electron Pulses from Relativistic Laser Plasmas", M. M. Skoric,
Lj. Nikolic, S. Ishiguro, AIP conference proceedings 1421 193-202 (2012), refereed
"Plasma Physics and Fusion Science by Virtual-Reality System", H.Ohtani, Y.Suzuki,
A.Kageyama, R.Kanno, S.Ishiguro, M.Shoji, and Y.Tamura, Proceeding of International
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35.

36.

conference on Simulation Technology(JSST 2012), 0S9-3-4 (2012), refereed

" Structural Change of Single-Crystalline Graphite under Plasma Irradiation", S. Saito,
A. M. Ito, A. Takayama, and H. Nakamura, accepted to Japanese Journal of Applied
Physics, refereed

Formation and Classi cation of Amorphous Carbon by Molecular Dynamics Simulation,
Atsushi M. Ito, Arimichi Takayama, Seiki Saito, and Hiroaki Nakamura, Jpn. J. Appl.
Phys., accepted.
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List of published papers by students
BEZEDRTY X b

(2 0 0 84F)

1. "Electron Force Balance in Steady Collisionless Driven Reconnection", Bin Li, Ritoku
Horiuchi , Physical Review Letters 101 215001 (2008), refereed [student at Sokendail

2. "Nonlinear Dynamics of Rotating Drift-Tearing Modes in Tokamak Plasmas", S.
Nishimura, S. Benkadda, M. Yagi, S. -I. Itoh, K. Itoh, Physics of Plasmas 15 092506
(2008), refereed [Student at Kyusyu U.]

3. "Roles of ion and electron dynamics in the onset of magnetic reconnection due to current
sheet instabilities", Toseo Moritaka, Ritoku Horiuchi , Physics of Plasmas 15 092114
(2008), refereed [student at Nagoya U.]

4. "Formation of Sweet-Parker-like electron dissipation region in a driven open system", Bin
Li, R. Horiuchi, H. Ohtani, Plasma and Fusion Research 3 S1054 (2008), refereed
[student at Sokendai]

5. "Neoclassical Transport Properties in High-Ion-Temperature Hydrogen Plasmas in the
Large Helical Device (LHD)", Seikichi MATSUOKA, Masayuki YOKOYAMA, Kenichi
NAGAOKA, etc, Plasma and Fusion Research 3 S1056 (2008), refereed [student at
Sokendail

6. "Particle Orbit Analysis in the Finite Beta Plasma of the Large Helical Device using Real
Coordinates", Ryousuke SEKI, Yutaka MATSUMOTO, Yasuhiro SUZUKI, Kiyomasa
WATANABE, Masafumi ITAGAKI , Plasma and Fusion Research 3 016-1-016-9 (2008),
refereed [student at Hokkaido U]

7. "Derivation of jump conditions in multiphase incompressible flows with singular forces",
H. Miura, Plasma and Fusion Research 3 S1052- (2008), refereed [student at Sokendail

8. "Poloidal Flow Generated by Drift-Tearing Mode", Seiya NISHIMURA, Masatoshi YAGI,
Sanae-I. ITOH, Kimitaka ITOH, Journal of the Physical Society of Japan 77 014501
(2008), refereed [student at Kyusyu U.]

(2 00 94F)

1. "Numerical Computation of Flows with Moving Boundaries Using an Immersed Interface
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Method", Caesar. O. HARAHAP, Hideaki MIURA , Journal of Plasma and Fusion
Research SERIES 8 914-919 (2009), refereed [student at Sokendail

"Observations of abrupt changes in the fluctuation spectrum on LMD-U", H. Arakawa, K.
Kamataki, S. Inagaki, etc, Plasma Physics and Controlled Fusion 51 085001 (2009),
refereed [student at Kyusyu U.]

(201 04F)

"Probability Density Function of Density Fluctuations in Cylindrical Helicon Plasmas",
Hiroyuki ARAKAWA, Shigeru INAGAKI, Yoshihiko NAGASHIMA, etc, Plasma and
Fusion Research 5 S2044 (2010), refereed [student at Kyusyu U.]

"Numerical Diagnostics of the Electrostatic Potential Perturbed by Magnetic Islands", S.
Nishimura, N. Kasuya, M. Yagi, K. Itoh, S. -I. Itoh, N. Ohyabu, Plasma and Fusion
Research 5 S2057 (2010), refereed [NIFS Postdoc researcher]

"Bispectral Analysis of Density and Potential Fluctuations in a High Neutral Density
Cylindrical Plasma", T. Kobayashi, S. Inagaki, H. Arakawa, etc, Plasma and Fusion
Research 5 S2047 (2010), refereed [student at Kyusyu U.]

"Forced Magnetic Reconnection in Helical Plasmas", Seiya Nishimura, Yoshiro
Narushima, Shinichiro Toda, Masatoshi Yagi, Kimitaka Itoh, Sanae-I. Itoh, Plasma and
Fusion Research 5 040-1-040-3 (2010), refereed [NIFS Postdoc researcher]

"Bifurcation of the plasma turbulence on LMD-U", H. Arakawa, S. Inagaki, Y. Nagashima,
etc, Plasma Physics and Controlled Fusion 52 105009 (2010), refereed [student at Kyusyu
Ul

"Monte Carlo Study Based on a Real Coordinate System for Tangentially Injected
High-Energy Particles in the Large Helical Device", Ryosuke SEKI, Yutaka
MATSUMOTO, Yasuhiro SUZUKI, Kiyomasa WATANABE, Kiyotaka HAMAMATSU,
Masafumi ITAGAKI , Plasma and Fusion Research 5 027-1-027-9 (2010), refereed [NIFS
Postdoc researcher]

"IRFMASOKRFERF O I 2 L— 3 U, R Bk, GHEE B, &l AE, A EE
311-314 (2010), not refereed [student at Nagoya U.]

"Interaction between Static Magnetic Islands and Interchange modes in a Straight
Heliotron Plasma with High Resistivity", K. Saito, K. Ichiguchi, N. Ohyabu, Physics of
Plasmas 17 062504 (2010), refereed [student at Sokendail
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10.

11.

12.

13.

"Effects of time-varying E X B flow on slab ion-temperature-gradient turbulence", S.
Maeyama, A. Ishizawa, T. -H. Watanabe, M. M. Skorié, N. Nakajima, S. Tsuji-lio, H.
Tsutsui, Physics of Plasmas 17 062305 (2010), refereed [student at Tokyo Institute of
Technologyl

"Locking of magnetic island rotation by static error field", S. Nishimura, M. Yagi, K. Itoh,
S. -I. Ttoh, S. Benkadda, Nuclear Fusion 50 054007 (2010), refereed [NIFS Postdoc
researcher)

"Monte-Carlo Study Based on Real Coordinates for Perpendicularly Injected High-Energy
Tons in the LHD High-Beta Plasma", Ryosuke SEKI, Yutaka MATSUMOTO, Yasuhiro
SUZUKI, Kiyomasa WATANABE, Kiyotaka HAMAMATSU, Masafumi ITAGAKI ,
Plasma and Fusion Research 5 014-1-014-3 (2010), refereed [NIFS Postdoc researcher]
"Formation of coherent vortex streets and transport reduction in electron temperature
gradient driven turbulence", Motoki Nakata, Tomohiko Watanabe, Hideo Sugama,
Wendell Horton , Physics of Plasmas 17 042306 (2010), refereed [student at Sokendail
"Effects of preformed plasma of CH foam on fast electron generation", M. Hata, H.
Sakagami, A. Sunahara, T. Johzaki, H. Nagatomo, Journal of Physics: Conference Series
244 1-4 (2010), not refereed [student at Nagoya U.]

(201 14F)

"Feedback instability analysis for dipole configuration with ionospheric and
magnetospheric cavities", Yasutaka Hiraki, Tomohiko Watanabe , Journal of Geophysical
Research - Space Physics 116 1-11 (2011), refereed [NIFS Postdoc researcher]

"Progress of Binary-Collision-Approximation-Based Simulation for Cumulative
Structural Changes of Target Materials", Seiki Saito, Arimichi Takayama, Atsushi M. Ito,
Hiroaki Nakamura, 197-200 (2011), refereed [student at Nagoya U.]

"Hydrogen Atom Injection onto Diamond Surface by Molecular Dynamics Simulation",
Sachio Yonemura, Seiki Saito, Atsushi M. Ito, Arimichi Takayama, Hiroaki Nakamura ,
251-253 (2011), refereed [student at Nagoya U.]

"Reaction between Graphene and Hydrogen under Oblique Injection", S. Saito, A. M. Ito,
H. Nakamura, Journal of Applied Physics 110 084320 (2011), refereed [student at Nagoya
Ul

"Three-dimensional Cauchy-condition surface method to identify the shape of the last
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10.

11.

12.

13.

14.

closed magnetic surface in the Large Helical Device", Masafumi ITAGAKI, Tadaaki
MAEDA, Takeshi ISHIMARU, Gaku OKUBO, Kiyomasa WATANABE, Ryosuke SEKI,
Yasuhiro SUZUKI, Plasma Physics and Controlled Fusion 53 1-17 (2011), refereed
[student at Sokendail

"How to Combine Binary Collision Approximation and Multi-body Potential for Molecular
Dynamics", S. Saito, A. M. Ito, A. Takayama, T. Kenmotsu, H. Nakamura, Progress in
Nuclear Science and Technology 2 44-50 (2011), refereed [student at Nagoya U.]
"Interaction between Energetic Particles and Alfven Eigenmodes in Reversed Shear
Plasmas", Hao Wang, Yasushi Todo , Journal of the Physical Society of Japan 80 094501
(2011), refereed [student at Sokendail

"Three-dimensional Cauchy-condition surface method to identify the shape of the last
closed magnetic surface in the Large Helical Device", M. Itagaki, T. Maeda, T. Ishimaru,
G. Okubo, K. Watanabe, R. Seki, Y. Suzuki, Plasma Physics and Controlled Fusion 53
105007 (2011), refereed [student at Sokendail

"Investigation of the Noise Effect on Tomographic Reconstructions for a Tangentially
Viewing Vacuum Ultraviolet Imaging Diagnostic", Tingfeng MING, Satoshi OHDACHI,
Yasuhiro SUZUKI, Plasma and Fusion Research 6 2406120 (2011), not refereed [student
at Sokendail

"Hybrid simulation between molecular dynamics and binary collision approximation
codes for hydrogen injection into carbon materials", S. Saito, A. M. Ito, A. Takayama, T.
Kenmotsu, H. Nakamura, Journal of Nuclear Materials 415 S208-S211 (2011), refereed
[student at Nagoya U.]

"A Numerical Method for Parallel Particle Motions in Gyrokinetic Vlasov Simulations",
Shinya MAEYAMA, Akihiro ISHIZAWA, Tomo-Hiko WATANABE, Noriyoshi NAKAJIMA,
Shunji TSUJI-IIO, Hiroaki TSUTSUI , Plasma and Fusion Research 6 2401028 (2011),
refereed [student at Tokyo Institute of Technologyl

"Effect of Parallel Diffusion of Equilibrium Pressure on Interaction between Interchange
Mode and Static Magnetic Island", K. Saito, K. Ichiguchi, R. Ishizaki, Plasma and Fusion
Research 6 2403072 (2011), refereed [student at Sokendail

"Radial Electric Field Formation Including Electron Radial Drift for a Core Electron-Root
Confinement (CERC) Plasma in LHD", S. Matsuoka, S. Satake, M. Yokoyama, A. Wakasa,
Plasma and Fusion Research 6 1203016 (2011), refereed [student at Sokendail
"Neoclassical electron transport calculation by using § f Monte Carlo method", Seikichi

Matsuoka, Shinsuke Satake, Masayuki Yokoyama, Arimitsu Wakasa, Sadayoshi
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Murakami , Physics of Plasmas 18 032511 (2011), refereed [student at Sokendail

15. "Effects of parallel dynamics on vortex structures in electron temperature gradient
driven turbulence", M. Nakata, T. -H. Watanabe, H. Sugama, W. Horton, Physics of
Plasmas 18012303 (2011), refereed [student at Sokendail

(201 24F)

1. "Stability of externally driven magnetic islands in a helical plasma", Nishimura S., Toda,
M. Yagi, Y. Narushima, Plasma and Fusion Research 7 2403107- (2012), refereed [NIFS
Postdoc researcher]

2. "Low Beta MHD Equilibrium Including a Static Magnetic Island for Reduced MHD
Equations in a Straight Heliotron Configuration", K. Saito, K. Ichiguchi, R. Ishizaki,
Plasma and Fusion Research 7 1403070 (2012), refereed [student at Sokendail

3. "Effects of CH foam preplasma on fast ignition", M. Hata, H. Sakagami, A. Sunahara, T.
Johzaki, H. Nagatomo, Laser and Particle Beams 30 189-197 (2012), refereed [student at
Nagoya U.]

4. "Numerical Calculation of MHD Equilibria Including Static Magnetic Islands in a
Straight Heliotron Configuration by Means of a Field Line Tracing Method", Kinya
SAITO, Katsuji ICHIGUCHI, Ryuichi ISHIZAKI , Plasma and Fusion Research 7
2403032 (2012), refereed [student at Sokendail

5. "A hybrid method of semi-Lagrangian and additive semi-implicit Runge-Kutta schemes
for gyrokinetic Vlasov simulations", S. Maeyamaa, A. Ishizawa, T. -H. Watanabe, N.
Nakajima, S. Tsuji-Iio, H. Tsutsui, Computer Physics Communications 183 1986-1992
(2012), refereed [student at Tokyo Institute of Technology]

6. "Nonlinear entropy transfer via zonal flows in gyrokinetic plasma turbulence", M. Nakata,
T. -H. Watanabe, H. Sugama, Physics of Plasmas 19 022303-1-14 (2012), refereed
[student at Sokendail

7. "Anisotropic Bond Orientation of Amorphous Carbon by Deposition", Seiki Saito, Atsushi
M. Ito, Arimichi Takayama, Hiroaki Nakamura , Japanese Journal of Applied Physics 51
01ACO05 (2012), refereed [student at Nagoya U.]

8. " Structural Change of Single-Crystalline Graphite under Plasma Irradiation”, S. Saito, A.
M. Ito, A. Takayama, and H. Nakamura, accepted to Japanese Journal of Applied Physics,
refereed, [student at Nagoya U]
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