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Development of research system and environment
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Does the research system function appropriately in accomplishing the
objectives of the Numerical Simulation Reactor Research Project (NSRP)?
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The research in the NSRP is organized via a quite complex matrix-type
organization. This is to integrate NIFS simulation scientists, experimental
scientists and university researchers in a suitable manner. The advantage is a
flexible and fairly open organizational structure. The disadvantage is the need
for a lot of coordination. The task structure is rather fractionized (eight task
groups) with a lot of overlap - double work and lack of efficiency are difficult to
avoid. There is also a co-existence with the matrix organization in NIFS (projects
and departments). Consequently the coordination requirements are high which
is reflected in four different steering committees. After having collected more
experience with the present research system of the NSRP, it is recommended to
conduct an internal review with all partners with the objective to streamline and
to optimize the organizational structure.

The NSRP is one of three crosscutting projects (LHD, NSRP and FERP) that
engage the eight divisions forming the department of helical research. The
NSRP is itself divided into eight task groups that are organized principally along
lines dictated by fusion physics, with a couple of groups focused on mathematical
and computational enabling research. Its objectives are to clarify the physics
elements contributing to fusion plasma confinement, to integrate the
mechanisms individually elucidated and to construct the Numerical Test
Reactor (NTR). The NSRP is overseen by a steering committee that meets
regularly. It is organized in such a way as to foster collaboration with scientists
outside of NIFS, and this has enabled it to build within Japan as well as
internationally an impressive and effective research web that leverages the
capabilities of NIFS and promotes the advancement of the project. The
capabilities of the project have significantly grown through the replacement of
the plasma simulator with a 2.6 petaflops, 81 TB Fujitsu machine. The research
system is thus well organized and maintains the necessary environment to
sustain a thriving research project.

The National Simulation Research Project (NSRP) has three main goals:

(a) To clarify physics elements contributing to fusion plasma confinement,

(b) To integrate the mechanisms individually elucidated,

(c) to set the basis for the construction of the Numerical Test Reactor (NTR).

In order to achieve these goals, it is important to note that the NSRP research

system appears to be well organized. Important synergies with other projects
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under the framework of the NIFS research system are active. The scientific,
organizational and managerial structure appears to be solid and definitely fit to
cope with the challenges of the project and to ensure success. NSRP research
system will easily allow collaborations both from other projects inside NIFS and
from outside NIFS, indicating a truly cooperative nature of the project.

The principal objectives of the NSRP, which was established in 2010, are: (1) to
clarify physics elements contributing to fusion plasma confinement, (2) to
integrate the mechanisms individually elucidated, and (3) to construct the
Numerical Test Reactor (NTR). These are indeed appropriate and worthy
objectives for the project, and the NSRP research system is appropriately
organized to make the projection function seamlessly as a whole. The eight task
groups cover well the scope of fusion plasma science, and the overall
organization of the research system is appropriate for a project of this
magnitude.

The Timeline for the project seems to indicate that we are now at the end of the
“second mid-term” of the project, when step 1 is expected to be complete. While
much good and relevant work that contribute towards this end was presented, it
was not clear what the specific milestones and metrics were for this part of the
project so that one could evaluate the accomplishments against those standards.
In this sense, the NSRP seems to function more as a research program rather
than a project.

We suggest that the NSRP appoint an Program Advisory Committee (PAC),
consisting of external experts with some international members, which will meet
once a year to monitor more closely established milestones and metrics, and to
give advice, if needed, to the Steering Committee. This will enable a more timely
adjustment by the NSRP, if and when needed, before it enters its new phase in
2021.

VLB Y 52 B IEtm - h BAEZ 27425 LT, AFERHNEEICHERE L TE 7
MK LT, O Ta<aHiid 2236 4, m<aHlid 22394, HMliT 52844 Th o1z,
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BARZHAEN TS,
Is the environment of the “Plasma Simulator” system and its related research
developed appropriately?
Is the “Plasma Simulator” effectively utilized for collaboration research?
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The plasma simulator is a powerful Fujitsu 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 new Fujitsu
computer has in its phase 2.62 PFlops with 2592 nodes, which means very good
performance (top league in the world-wide ranking). The management of the
“plasma simulator” is shared between NIFS (the “Computer System Working
Group”) and Fujitsu system engineers.

To integrate the wide simulation research knowledge available in the Japanese
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universities into the NSRP, the powerful “plasma simulator” is the key element.
In this sense it appears to me fully appropriate. | do not feel able to judge the
efficiency of the use of the “plasma simulator”. However, a “research assistance
system” has been is provided to support collaborators, which is clearly a good
step. Furthermore, a number of visualization packages, a novel random
generator, and a data compressor have been developed and are available for the
collaborators. This all indicates that the plasma simulator is effectively utilized.
The plasma simulator is accompanied by very comprehensive support in the
form of a computer system working group that manages and operates the
simulator and a program development support office that assists scientists to
port, optimize or parallelize their programs. Almost 20% of that development
support goes to Universities. The Virtual Reality system has also been upgraded.
Other support efforts have led to the development of an adaptive mesh
refinement framework, a visualization library, a random number generator and
a data compression tool.

A significant consideration in evaluating the effectiveness of the plasma
simulator is the fraction of its load devoted to simulations that use more than
50% of available nodes. Absent this number, we note that the usage is very high
and the scientific output excellent.

Since 2009 the “Plasma Simulator” hardware system was upgraded in two
phases (03/2009-08/2012) and (10/2012-03/2015), with a third upgrade project
started in June 2015 and expected to be completed in May 2019. Hardware used
for Plasma Simulator is ranked very high in the world in its category. Since 2010
more than 50 projects per year were realized under the framework of the Plasma
Simulator Collaboration Research, and a very useful research assistance system
has been developed to support collaborative efforts. 158 research cases found
assistance since 2009, including 28 from universities. A number of crucial
sub-systems has been successfully developed and tested. | can therefore conclude
that the environment of the “Plasma Simulator” system and its related research
has been developed appropriately and that the “Plasma Simulator” appears to be
effectively utilized for collaboration research.

The Plasma Simulator is an impressive facility, and has been an indispensable
resource for the NSRP. This is especially so after the upgrade to Fujitsu FX-100
in 2015. The users (~160) of this facility show a healthy mix of NIFS (~60) and
Universities (~100). The Working Group, which manages and operates the

Plasma Simulator appears to provide strong support to users through a User
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course at the beginning of each fiscal year and extensive program development
support, which involves three Fujitsu engineers. In these respects, the Plasma

Simulator is an excellent model for the rest of the fusion community.
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Research achievements
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Does the NSRP produce high-level achievements in accordance with
international standards for the following research areas by promoting theory and
computer simulation research utilizing the Plasma Simulator?
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Construction of the Numerical Test Reactor for a helical fusion system
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Major issues of helical reactors that must be addressed by numerical simulation
are (1) MHD stability limits, (2) neoclassical and turbulent transport, (3)
confinement of energetic particles, (4) edge plasma transport and interaction
with the wall, (5) integrated discharge modeling. The NSRP is strongly
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contributing to all fields with a variety of simulation codes. Impressive are the
developments in gyrokinetic simulation (GKV) and integrated modeling
(TASK3D). International collaboration on edge plasma simulation has been
extended (EMC3-IRENE) and - where possible — benchmarking with
experimental LHD results has been conducted. In that sense, the NSRP is
working on the level of high international standards.

A true “numerical test reactor”, however, must integrate all scenarios. This is
clearly a long-term task but a suitable approach should be soon developed. This
should include all relevant engineering aspects on feasibility, constructability
and maintenance.

In addition, the development of a code benchmarking strategy is recommended.

This can only be done on an international scale with code packages developed by
other laboratories.
Despite much more modest resources, the progress towards the construction of
the numerical test reactor has been comparable to that for similar projects
focused on tokamaks. By any standards, the NSRP has produced impressive
achievement in all areas of plasma science relevant to its mission. In particular,
it has led to successful modeling of the partial collapse observed on LHD during
magnetic axis swing operation; the fruitful validation and verification of
neoclassical electric field profile calculations on LHD; the discovery of a new
mechanism for saturation of kinetic ballooning mode turbulence at high
normalized pressure; the integration of the gyrokinetic code GKV into TASK3D
and the validation of the resulting predictions for the ion temperature; the
simulation of experimentally-observed Energetic-particle driven Geodesic
Acoustic Mode (EGAM) in LHD and the resulting clarification of its properties;
and the validated simulation of the transport of neutral particles and impurities
in LHD peripheral regions. All of the achievements highlighted above and many
others relied on qualitative computational advances that have taken place since
the last review in 2012, either in the form of new functionality or of new codes
and frameworks. The codes being developed under the NSRP have also been
applied with success to several problems in tokamak physics, including
applications to JT-60U and DIII-D. This is important to building confidence in
these codes and in the physical models on which they are based. It is also
important in advancing the broader fusion effort and supporting ITER.

The progress in the development of the TASK3D-A and -P is particularly

impressive and significant. The capability of the analysis version has greatly
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increased, enabling it to play an important role in the analysis of LHD
experiments. Collaborative work with Univ. of Kyoto has also resulted in
significant strides for the predictive version. This version has proven its
capabilities in the reproduction of the time evolution of LHD high-Ti plasmas
and the prediction of start-up scenarios of FFHR-d1.
The NSRP has produced a large number of high-quality results exploiting theory
and numerical simulations and finalized to the construction of the numerical
test reactor for a helical fusion system. In particular extensive developments on
simulation codes and accurate benchmarking of code results against
experimental data have been performed.
Among the results, it is important to note:
The effects of important quantities like applied magnetic perturbation,
viscosity, heat conductivity, and diamagnetic rotation on the global stability
in LHD and FFHR have been studied with the help of MHD simulations.
Turbulent transport in LHD and other devices has been studied with the
development of kinetic simulation codes
The MEGA hybrid simulation code has been successfully applied to
investigate energetic-particle driven instabilities and resultant transport of
energetic particles in LHD, DIII-D, and ITER.
Simulation codes to investigate peripheral plasma transport and plasma-wall
interactions are developed and benchmarked against experimental results.
Integrated simulation suites for analysis and prediction, like TASK3D-a
(analysis) and TASK3D-p (prediction), have been further advanced. They
have contributed to physics interpretations of LHD plasmas and the
guantitative assessment of FFHR-d1 design.
The NSRP has comprehensive coverage of the various aspects impacting the
performance of the Numerical Test Reactor for a helical fusion system, including
macroscopic equilibrium and stability, turbulent transport, energetic
particle-driven instabilities, edge turbulence and plasma material interactions,
and as well as an integrated simulation suite (TASK-3D). The latter is a
relatively new effort, and is in the process of further development. In each of the
areas mentioned above, the research achievements have been laudable.
However, there are some overall concerns:
The integration of all physics elements by the end of 2021 and application to
burning plasmas (at the end of the third mid-term of the NTR) is an

ambitious goal. It is not clear what the framework of the integration will be.

-12 -



If TASK-3D is to play a role in this framework, then its development should
be speeded up, and a detailed plan developed for the framework.

Integration of the multiple codes may require the active involvement of
applied mathematicians and computer scientists in order to make the best use
of algorithms and high-performance computing practices that are suitable for
contemporary computing architecture.

While there has been significant progress in the validation area, the number
and breadth of validation exercises need to be enhanced in keeping with the

large number of theoretical applications of the various codes.

PLEXY, 79X~y I ab— 42 FHLEERY I a2 —Ta Uiz ED D Z &
XV BEERIFOBEICB N T, EEMICEW L SLVOREEZ BT T H IR L
T\@wfﬁ<ﬂ%?é#7%\%<ﬂﬁ?é#7%\ﬂ%¢éﬂ4%\%é(L@)T
HOLN 14/ THoT,

(2) BRE7I7X~OWEEBERER L2 OERERL
Physics mechanisms of fusion plasmas and their theoretical systemization

o B INTZH /o — RERWTMTIZE D, LTI XD PRIz bl 5 HEE
IR ORI KE S BIRL TR Y, xox 27 TRESHEZ TE@s
7T X~ OWHEEERT ) ORET, B TEIHMi T 5, £/, HiRARLIC
bEERN O, A 37 OB DGR & W < O0EIE STV S SUIEEHIl
45, (124)

o BUEFEBIFAELEIZIT 72 2 — FBIFRIZIS W TEEFEO LHD 2Rk F: O fiFT<° FFHR 3% &
ICERDEEDF LN TV D RIEE < FHMIiC& 5, BEERA7R T & OBAMERC IR
THE LR RITH L COWEBEMAIC Y R 2 L— g VEHEIIRWZHES LT
W5, (144)

o ImVxl NEXXDIEMRIFHSAEONCK 2, 7T AR A~OERE I
IToTWAZ ENEmLSFHETE 5, 4%5 TIPS B X0 Rayleigh-Taylor RZ&EMED
FRNT & N0 727 T X~ O IEMEFHE OB TS D2 HIF T D Z L ITFFET
&%f&é (14)

s BONTRFINRE L Ea—G8ICBER L TR, o, ZORFIERTZT Th
<\ﬂﬁk%ﬁ%%ﬁbk%/ﬂ&b@%é@@kbf%ﬁ?%~+w%%%%é
e, ﬁfuvxy%@fﬁﬁ%W%:%waé:kﬁﬂﬁfﬁéotﬁb\é
ML, EEEML Y a—3E&m L-EmICHifE Lz, (144)

o WIEFERI LN HENWZRIE L H > THEIRRIIELTHOI TV D 2 &R EIRRIRIE &
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LTHNTEY, EOT7 4 — KNy I Rhpo THERDLMFEBRPAIH IS Z &
nHIrEEN D, (14)
KF e, B (L—W%—) &7 AMHAEMFEOERIIES ., Zaahise s
oy & OEEEEED, BEERIFNETr =7 FOERE XX DO THY |
I CEL D TH D, LFEAMIFEE N—RIT, KFO ML & B EBR TR D
L & L COMmMREE 2 8H+ 5, (14)

MARIL] LEOBIRTIZ. B TR 232K L 5, KV —J80REZ T 5,
Fio, TEERASRIL) (DA T, TBUESEBF OREEE] ~md 2SR IE Z 223, K7
nYxl FCIFEETHL LB, (24)
Arta—ZyIalb—rvar TR, ZOREFHEFEORBELEETHY , BWE
BV TG B b b BT B A FEOREN ZEH > 7278, Foltid
FTLHBETIIRWE b D, A%ITEEL bBEFAETFIEOHBHIC G2
AT DL EBIT, BRE RO O FIEOREITHEFT 5, (14)
Within the NSRP, quite a number of timely physics issues are addressed in the
fields nonlinear MHD, turbulence, and elementary processes. Examples for
cross-transfer of knowledge are (1) simulations of the helical state in reversed
field pinches, (2) MHD simulations of magnetic reconnection, (3) particle
simulations of collissionless shocks.

Most of the mentioned review papers have been published in Japanese
language. This publication policy makes the dissemination of know-how and
results difficult. It is recommended to publish in international journals using the
English language.

This part of the project explores fundamental questions in plasma science and
also provides theoretical support for alternative concept research such as the
Field-Reversed Configuration and the Reversed Field Pinch. An important
function of this type of activity is to serve as a catalyst for progress by providing
intellectual stimulus and challenging the groupthink that is prone to grow
among more development-driven teams. The work of this group seems to do that
well, evidently helped by its close interaction with other groups. Highlights
include exploring the boundary between macroscopic dynamics and turbulent
transport through its investigations of the role of two-fluid effects and
gyro-viscosity in pressure-driven instability. We note that the investigations of
extended-MHD descriptions of the Rayleigh Taylor instability and of the
structure transition induced by the Hall effect in turbulence address related
issues. It would be interesting to explore their connection. The results on kinetic

blob dynamics, shocks, and gyrofluid models for turbulence are also noteworthy.
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* The NSRP has produced high-quality and broadly recognized achievements in
theory and computer simulation research. These achievements contribute to
clarify and understand the physics of fusion plasmas in particular in the
following areas:

* Nonlinear MHD and extended MHD physics
= Micro-Physics and Modeling

For Nonlinear MHD and extended MHD physics important results have
been achieved in the field of 3D simulations, resistive MHD, two fluids and
finite Larmor radius effects, Rayleigh-Taylor instability and Hall MHD
turbulence.

It is important to note the very important and cross-disciplinary activity
aiming at the simulation with the MIPS code of the helical states in RFP.
MIPS results were successfully compared with the experimental data coming
from the RELAX RFP experiment at the University of Kyoto and from and
NIMROD code. This is a very positive example of the ample and successful
collaborative effort between helical configurations. Many important results
have been obtained also via gyrokinetic and gyrofluid simulations.

Overall I can conclude that the NSRP is producing high-level achievements in
accordance with international standards and is promoting theory and computer
simulation research using the Plasma Simulator.

e The investigation of physical mechanisms of fusion plasmas and their
theoretical systemization has many points of excellence. At a technical level, the
research is first-rate, often distinguished by state-of-the-art simulations, and
disseminated through multiple publications in leading archival journals. Several
good review papers, which enhance NSRP visibility and are a service to the
international community, have been published as well.

The group has the talent as well as the theoretical and computational
capability to make potential breakthroughs in the area of fundamental plasma
science, with applications that transcend fusion science. Whenever possible, the
group should be encouraged to pursue such opportunities. Areas such as
magnetic reconnection and anisotropic turbulence are ripe for discovery, and
judging by the quality of work in these areas, much is to be gained by exploring

further these opportunities.

PlEXY, Y9 X< I a2 b—FE2EALEEG Y I a2 —va iz ED D
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WL UL DRRZ EIF T aNcx LT, MO TELSFHMIT AN 74, @< iHMid 5
N84, dHliT 5N 44 TH-o7=,

[3] FERFA - LFEFFFROHEE
Promotion of cooperation and collaboration

(1) REZEIETLEVIIRRENZIEIA fEE L, COE & L CTHhEMIELBEENIED T
WD,
Does the NSRP promote collaboration research as the center of excellence by
integrating the high capabilities of universities and institutes?

o WFFERS%ABEHEICBIE L C. IR OEMLZ K > T D 8 & &< fEl T 5, (3
%)

o FEEILFAIIEST T Av v o L—F HEAFES 2@ LT, KZBICBIT 2EME 7
T X< QPP AT 72 - S 2 b— g UEIZEICEBRL, < O E
ZEF T EELFHMET 5, COE & LTSS LWIFEDREBZED TV 5D
R TE S, (1 34)

o KA RIEUICAT S IEN) - EERMICTEEI L, YEO0HEZY - RFLTVD EEED
L, SROERLE N EWMFRFT 2, (14)

o EERhG 7T A~ OMEIXIAFIC DT 508, ¥ a b—3 3 VBT 2 BERIE
EHUEFIAEFIECIILBET 20BN, TI AV I a L—F TV URY T LTI
RHEMCTZOMRAORBRE LA T 25 L LTESEIDbLY, (14)

o WFZEDERE L CHHFFREMNIZIT—ETH DO, KRR EZED TV DHIFREE
JEAEEL L TODIBERDH 0, MBS T DS OB TR B O Ein%
WZHHEICHEANTWETEEZW, (14)

o AR mTx MIKTLHE BRI L | WFIEhERR « BREEATE T3 5 —ikdt
FIRFZE & IZXBI S D RETIHXRNWIEAS D, OBT, BRG - 77 X~ Bh#ED
HHRERICES RIS L, BEGRAIFE O R A 24 L T\ 5 2[F
WEZEREIT VD hy, (144)

o RFZORLEEEIMFIRE & OMEII+0 L IXE 2R WRIICH B0, 5B OERN
Hrrshs, (14)

o RFETCHHREE LT — FERX—RIART vV =7 FORELFEN{THNTZY |
FFSEHT CRAFE S L7 LI = — RROm = R /L ¥ —Hi 1 - MID = — R238 ITER X°
JT60-SA FHDMFFRITHEH e v . MmN EFEIERL TS, (14)

o BUEEBRIFHIIE T 0¥ s MIBINT D788 OUIEA B2 JERT 84 4. i
R 31 4 THDHDITK L, HGHSCEIIMERT 26 226 R (CPAENEHEER 5
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to) . RPHMBEBITZEE IC L 2 D23 274 RIZDIF Y | KFITHIT DHFFEICEEEZR
BWEERTELTWD ERRES, (14)

FAESERRIF e 7 0 =7 bOX AT TNA—TI12H % < ORFEMITENSINL T
D05, FEFSEDORR L Z AT T V—T L OBRE XV R RT 2 EDREEND,

(14)

Yes, over 50 projects were performed each year and 100 people (out of total 160)
from universities work closely with NIFS colleagues.

The publication record of the NSRP is very good (480 in the period 2010-2015)
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 and the number of collaborators
involved are 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, distributed over three areas of work: (a) general theory, (b) plasma
simulator, (c) numerical methods.

This is all very good and meaningful. It is recommended, however, to evaluate

on a regular basis all collaboration subjects in order to guarantee that they
actually contribute to the research strategy of the NSRP.
This is a difficult question to answer for a foreign reviewer but the evidence
supports the conclusion that the NSRP management is committed to
collaboration and is diligent in its promotion of this goal. The excellence of the
collaboration program is attested to by how many of the achievements
highlighted above involved university collaborators.

We note the unfortunate decrease (~20%) in the number of outside
collaborators between the period 2008-2012 and 2013-2015, perhaps caused by
budget cuts. This decrease is similar in magnitude to that in the number of
published research papers and is clearly detrimental to the goals of the NSRP.
As a Center of Excellence NSRP promotes high-level collaboration research with
universities and institutes. The NSRP cooperation program has accepted more
than 100 research subjects. The Plasma Simulator Symposium, which is the
venue where Plasma Simulator users report recent results and propose and
introduce new research topics provides collaborators with opportunities for the
exchange of research information. Many collaborators from universities and
institutes have joined the eight NSRP task groups.

120 is approximately the number of accepted collaboration subjects. The total
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number of collaborators is approximately 1000 each year, including 400 from
NIFS and 500 from universities. From 2010 to 2015 480 research papers
concerning NSRP have been published thanks to domestic and international
collaborations. 83 of those 480 are international collaboration papers and 397
domestic. It is therefore clear that the NSRP promotes collaboration research as
a center of excellence and integrates the high-level capabilities of universities
and institutes.

* The NSRP is very supportive of universities and institutes. It has accepted more
than 100 research projects, and as mentioned above, the Plasma Simulator
supports extensively the work of a large number of non-NIFS users as well as a
Symposium for exchange of information between collaborators. The total
number of collaborators in the accepted projects is ~1000 per year, with ~400
from NIFS, and ~600 from universities. This is a very strong profile of

collaborative research, one the NSRP deserves high marks for.

PLEL D REEEDAT DmEWHIIERE) 2L < RS L. COE & U CIkFRIBFIE & i b)i e
DTVLMIH LT, MmO TR T2 74, m<FHiidT 2231 24 Th-7e,

(2) REOHEREBIZFS L. OFICRETEL2FEMUAL LTERLTWS
PR

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

Does the NSRP function as a research hub for the dissemination of academic

information to other fields?

o EENDRFEE THIIEE L UL TEM ST DA RBFFRICH LT, mE - K¥
HRFLEEL T LW I ab—Yara— RERB LT AT 2 8, A -
REFEOWFEFHBICRELSFE LT, BOTHESFMMTE 5, (94)

o ARAREHTEEMNOEENTTEE, MOEFICRE TS ORRNHFELNTND Z &
m<AHiTE %, (1 14)

o BEEVEFIEOIEETS BT HAERIE, HRINITEOERE - BB - EEOHR TR,
WFERRRDREE DG E LTRSS TS, (14)

o TPRAMHD X = b—a UBFSE, EBARS A TR v 7 ARERT — A G TELT
YIalb—va VR E BUNMIR T T A~ T O L ST AA T
7 AN D BRAEAHE 2 A3 BF 6 L TR 1D 8 D AR 2 EA L T %,
(14)

o ETNVOMECIEEIEOR LIS THENEMMES 2 2 &b BIEERIF O
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B HIE T DHF N 2 LS ELENNLEEND F L LT H T —T13,
W ax7 va AR T D ZEIRB R TEEIFEIZOWTHR L LT T& T
WD, BIBIGCEm T R X —R BRI L BT T ABIRENUT LK
EEBRF I ab—2a oLl axs va v OEHEIHsh D Z L e
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WFFEhRY - BREE 2 TE T 2 —MILEMRIL, A7 v =7 MIED L LEITEVO
TIERWD, N FECHHBREOBAITMNE LT, RFuy=7 Mo EEL
eREFEFIH E Ui dias, K0 RFERIAZ H5E LT < 220 TiER0nw, (14)
L EFIZ AR TE DFHLR & LTI, TR A 37 b O mOHERE~HIREK
A THVEIREZIT 5, (14)
YIalb—va URREORES REEIL. S5 e AT O BB E IS EER & 5
HBEIE, £0vIab—ya VFRERHINICEZ K OB RARNIZ SN D MICH
5, ZORFHDO L & BEHTE TERBIAICR T D & 2] 21300 LT 28~
PR RO DEBFEREL, BMA Y I 2=y a v BICE EE LT
TR 72 BRI O AR LT 2 F R B OAIMICHEIRL TBY . 20
EEINIE M CE 2, 7272, 2O X 9 &) & PR E ORIMA S LR 72
WHIS R B D, Z Ok FERAOIEE) 28 L 7 ¥ = MR oI I M T, X0 ARG
THFRE R < JKHRIEE 24TV BT % < OAFFEE LA AEDBRZED 720, (144)
S, FEEFEEBENIIEICE T 2BRA O E | F OTHEAT KT 2 Fr N O Rl
M OMFELED L NERH D, (14)
NVANT T A2 LTOFRHLETHD Z EIFRO LD, L0 ILL s Eic
FHETELFNLEE LT, KV —BoghzEd5, (14)
HARB A TEE L O aXT 4 o7 ) U TOEEY #8555, (14)
A7avx7 ME, ERNOESZ < ORFEEOLFEMILEREINCHED, FE 5 L
FoOU—rvay T EBRET 2 E PONRERERZ LTS, £, TEHRR
FILBITOME E KR T T LRI LD, SRR, FOHFERR 5B
RN TH LR RERIZ R L TWnD, (144)
NIFS has developed an impressive network of collaborating Japanese
universities. The NSRP is benefiting from this network and the development of
research in the universities is clearly fostered by its activities. Besides the access
to supercomputing facilities, the NSRP provides support in computer science
and numerical mathematics. The exchange of physics know-how seems to work
very well. In that sense the NSRP functions well as a research hub.

It is very positively noted that a number of NSRP symposia/workshops and
NIFS-NIT joint seminars have been conducted in the period 2010-2015. This is
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clearly the best approach to disseminate know-how available at universities and
NIFS.

* The NSRP provides unique opportunities for University collaborators to engage
in activities normally inaccessible to them. It facilitates and enables
collaboration through several workshops each year, the plasma simulator
symposium, and other means. Reciprocally, the NSRP benefits from NINS
activities through participation in cross-disciplinary programs on
multi-hierarchy simulation, on nano-structure formation, and other topics.

* The NSRP plays a key role in the collaboration with universities. It has been
reported that a net of 10 Japanese universities is presently collaborating with
NSRP, which qualifies the NSRP as a research hub for the dissemination of
science to other fields.

NSRP organizes regularly several workshops per year dedicated to
collaborations (35 workshops from 2010 to 2015) and it plays a crucial role in
exploring new interdisciplinary fields, in particular within the framework of the
National Institutes of Natural Sciences (NINS). It is worth noting, as a
successful example, the program “Hierarchy and Holism in natural sciences”
contributes to establishing a research hub for multi-hierarchy simulations in
natural sciences. One more good example is the NINS cooperation program
“Study of the relation between a high dimensional neuronal activity and
connections of local neural circuits in an active brain”, which contributes to find
new methods for investigating into global dynamics on a cerebral cortex. NIFS is
participating to this program.

Overall, I can conclude that the NSRP contributes to the development of
research in universities and acts as a research hub for the dissemination of
academic information to other fields.

e The answer to the first question is definitely yes.

The answer to the second question is also yes, but this function can be enhanced
further emphasizing the broad impact of NSRP science, as discussed in Section
2.2. The NSRP deserves to be commended organizing the large number of
Workshops and Symposia where ideas and developments in interdisciplinary

fields are exchanged.

PLEE D, KEOHRBRICHT L, BAYBHCRETE 5H0HLAL LTHIRL TS
PR LT, B T < AFIT 5756 4, < AR 5451 04, 1 < FRAT 575 2 4,
%4 () ThHN 1A THoT,
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(3)

ITER 31 - BATEEIE L OFEREZE L T, EEHA~DOEMERK > TV 55
Does the NSRP promote international cooperation through contributions to
ITER, BA activities, and other international collaborations?

IFERC %2 F0 & 95 BATEEN~DHEHER, ITPA ~DZ/N% 1@ L T D ITER FHHE[~D
EHENICINZ T, k2260 JIFT 2/ &2 Bk, BBR - A g - A0
Bt a8 LT, g < BB ICEIRL TWb Z &2 m<fid %, (1 04)
Ny Fiifget & —FKId IFERC OFER 2L L. BRI MR oo [ 2o 32605
B OHEREZRE AT TEY, FHMETX 5, (34)

ITPA ~D XV —EOHEBR, LTI 7 A FOEE L2 5, (14)
IFERC CSC DA —/N—2 Vo — X OFFPRHEEIRE > 2 08T 5 B ZE BRI,
B FEBRIFF TR 7 02 7 M AU AN—=RBE L CTHY | BEMLEEZ R LT\ 5D,
(144)
EERERESNOART e =7 b~DT7 4 — KAy 7 b EM L, EFRTFEEE) O H
THEAEERBRIFICHR T oA L2 TRENDH & K, (14)
ERERES A REAT 0= 7 P T TITORITNER B2V D0, FHT
&P 5, (14)

FRGEFT DR & V72 &R & g C LHD O H KSR TR0~ U VI Rl & AR i 9t %
U—RLTW BERH D Z LD, TTER FHl - BA KB ~DOHkIZ, A7 n Y =2
N CPH%E L7 = — NEEA REEITEE S0 BBA IS T & 2RI Z &I
XU, KFEHEE LTED TS DOREE LY, (14)

ITER, BA & DEHER 7 EEE (FI 2 TR Z /SR E) PO LAZ S0
LIRS BIED— % 5D CRERIVIZ B 45 L 7o WFFERR 3477 ITER, BA ICF G-
T2HDOTHY, LVIKWVERTOEBRRG HOEBKIZRE WV, 7272, b 954 LEE
FHFIZOWTHREN 2L L THE RV b Ennzen, (14)

AU DNBEEETH D W-X R0 TJ-11 FIZHT 2502 b—a SR Tl
TWDH2, K OBEBAICHEERT 2 2 L2l 5, (14)

Compare with very productive domestic activities, wide international

A

HREIC

cooperation is needed in future. (14)

Via the Japan-US collaboration (JIFT) and wide-ranging collaboration with the
EU, the NSRP promotes international collaboration, including the exchange of
young scientists. The NIFS Rokkasho Research Center organizes the substantial
NSRP contributions to ITER and BA. Also the involvement of members of the
NSRP in the ITPA topical groups is noteworthy.

The NSRP is extremely well connected to other international programs. It plays
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a major role in collaboration with the US through the Joint Institute for Fusion
Theory activities and also enjoys wide ranging collaborations with European
institutions, China and Korea. This is reflected in the publication record. The
collaboration with the US, for example, has led to important results on
neoclassical toroidal viscosity (of interest to tokamaks as well as heliotrons), the
interaction of magnetic islands with turbulence, and the verification of
gyrokinetic turbulence codes. Collaboration with European institutions has led
to the update of NBI modules in TASK-3D for the upcoming LHD deuterium
campaigns and to the determination of the impact of the 3D equilibrium
response on the edge topology and divertor heat loads in W7-X.

The NSRP also contributes to ITER and BA activities by promoting scientific

collaborations in fusion simulation and in particular through its participation in
IFERC and in ITPA topical groups.
The NSRP plays a key role in promoting US-Japan collaboration, a wide-range of
collaborations with European institutions, joint program in the A3 scheme
(Japan, China, Korea), and several other international collaborations dedicated
fusion plasma simulation.

The NSRP contributes to ITER and to the Broader Approach activities by
promoting scientific collaborations in fusion simulation and by contributing to
international committee members.

Collaborations at the forefront of research in theory and simulations have
progressed thanks to bilateral agreements and to the International Energy
Agency implementing agreements.

The NSRP has a large number of international collaborators from Europe, USA,
Japan, China and Korea. In particular, the NSRP leads by its contributions to
the Joint Institute for Fusion Theory (JIFT), which provides an important
mechanism for collaboration with US scientists. The same type of mechanisms is

in place for ITER and BA activities, which appear to be well supported.

PLEX Y, ITER G} - BAJRENAE L OEEEZ 1w U C, BRI ~OEBRZ K > TV D0
LT, BOTELFHMIT 2054, @<aHMiT201 14, sHMiT2508 24 TH-o7z,

[4] AHBERKL

(1)

Human resources development

Vial—valiREB LT, BEMEWMAEORMNLRREEEL X 2 5 EENICIE
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BTEDAMOBERIZEBL TV D2,
Does the NSRP contribute to the development of human resources for the
international scientific workforce required for long-term fusion science through
simulation research?

BEBIRFAEZZTANTHE L, AMBRICEBRL TV 2 RX° SSH IH#EI 72 LA
<HPBRAMBRIEEB~OHEMK S H Y | FHMIiTE 5, (94)

ENFEICHT D ~—R 7 =7 U7 ORFEFREITH T HEOFREZE L TR
RIS A BRI 2T TV D AN SN D, (54)

KFuy =7 bTE BESDORFERE, RA 7 23R —-FL TR, fRLL
T L1 EZ < O CREBRSHEFICRB VT, MFERROREBEICERL THY ., #
NCHEFHREOBERNAE SN TN D, (64)

JFRUFRREHI BN T R 2 b—v a VBB EERIISEs 2 mE D> —FH, £hzk
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BRI D ATV, FRHDY I 2 L—3 g VIR AHEET D AM OB RICH
EAIICH Y flTe Z &8, SRR DBEERFETHL LB BN, (14)

PR DB MA BT 20 9 A OB DN T, 2 X720 DM aAR i d22 A B
MEZENL TS, HENREEN S 505, BREET 25O RERKIITS
BOIFERDTZ, (144)

RFEFAED N Z ST ZenTENX, LVRWTHA D, (14)
KRGO R /eS8 2 X2 5 A M, FrCEBEAIC EEREE 2 ER T &
DN EBRTETHDNICOVTIERMZREA TEICERZ K > TWeEE e
v, (14)

HFEE OFEMEO R EIZB LT, BRE B ERT 720 ORE TR &3
F 2. MR ZRBRLETHA S, (14)

RFFEAEIZ, FHLTLIEHZV 0. 6 3R/ FOHE1EHL 7= ) — &M%
HAL TRV, L L ToOKETHomne Rz, (14)

KRBl (BOAFRRERAE) 13, YR V—70HEFEH (NB) 2FETh
X, b3 LBl nTIneEEzoNS, (14)

COEMFZER & L TR R Z 8- L THIZEDFRE 21T > TV D728, ABIAIRB M,
NENEFENRELL o TETND, SHORENLEEND, (14)

Yes, NSRP supports 22 graduate students in simulation research which is
wonderful achievements compare with EU and US simulation research.

The number of PhD students and Postdocs involved in the NSRP is kept at a
stable level. Young researchers from universities are coming into close contact

with the NSRP and NIFS, which is certainly beneficial for their career
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development. In fact, a number of alumni from the NSRP have successfully
developed their academic career at various universities and institutions.

The human resource development is further complemented by summer
schools, winter schools and lectures for students at all levels. In addition, NIFS
with the strong involvement of the NSRP is conducting outreach events at high
schools, which is also very positive.

e The NSRP contributes to human resources development through education
programs, cooperation programs with high schools, and through summer and
winter schools. It also supports 4 postdocs and 22 graduate students who made
48 presentations at international conferences and garnered 6 awards in the
period covered by this review. Last but not least, he recent move to Universities
of senior scientists Drs. Watanabe-san (Nagoya) and Ishizawa-san (Kyoto)
provides a prime example of high-level human resources development.

e The NSRP contributes to human resources development in an international
framework, finalized to the long-term development of fusion studies. This
happens through the following activities:

= Education programs of Sokendai and of the other graduate schools at
Nagoya, Tokyo Inst. Tech., Nagoya Inst. Tech.

= Cooperation programs with high schools in science education

= Sokendai Summer School

= Sokendai Asian Winter School and Toki Lectures on Simulation Science

NSRP also supports 22 graduate students on fusion simulation research (from
Sokendai, Nagoya Univ., Tokyo Inst. Tech., Nagoya Inst. Tech., etc.) and 4
postdocs (COE, JSPS) in 2012-2015. The NSRP graduate students made 48
presentations at international conferences in 2012-2015 and received 6 awards
in 2012-2015.

NSRP members are active participants in ITPA Topical Groups.

* The NSRP makes a strong contribution to the development of human resources
by supporting 22 graduate students from various academic institutions in Japan.
These students have made 48 presentations at international conferences in
2012-15, and have received 6 awards. Furthermore, the NSRP has organized
summer and winter schools for the benefit of Japanese as well as international

students.

EXY, vIab—a szt T, SRaIEORMIZ2IERZ 32 5 EERP
ICIFBCED AMOBRICEBRL T D0 LT, MO TELSFMT 22864, @<
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[5] 1katE
Future plans

(1) BfECmI 7245 % OBEETEILE S5,
B2, PRENZEEZZ RIRA LD LER-oTVDDN
Is the NSRP research plan for progressing toward the realization of the objectives
appropriate? Is the research plan suitable for the next decade?

o ABIDOHETY I 2 b—va VEBMEEROANRY — LT 52 LIC/R L E
HBERH 7=, FIWMPHFHETIX, LSOV IaL—rva itz b
ENTWDHN, HMYRBEFMTHY, EEAMFINDS, (1 14)

o FAEDBAMEIZOWTIR, BUEFEBRIFOEZL P CTIER <, R AbOFIE
H AT R SN TRV TEREMBOFEII AR+ Th v | MM RH OZ T £
THIFZ AN TR 2R TH A S, (1 144)

o S%LBIXFEXEMRORA— —a L o —ZEALRHHETRE TH DL, Eikhe
DA—/N—ar B a— BN EfT 56, ~VAINTTADIdOPRE L
TRET D200, TPEOKRME 77 A~ 3O EEEROWNRE LTHET S
OE, A aIa=7 0 & L<Him LT L TT< &, FaARx b IRy
R HPCI =Y — 37 A TORRE R FATFERT O R OEENZ DWW TS+l E
LTI R&E, (14)

o VIR YIal—XORMEHEEZD L, BRAREOMECTINEEESRZ HW
TeA—N—a Ea— S ~"BITEE 55/ R0V ERDNLNR, £DOOTF 2—=
> 7 BB S 24T O WFFEBA TR 23 > Ty, (144)

o MAETIE, BV ANDERWEOMIMZIOWTITFELN DN, TNERE L2
ICHETE DHBOBR] - EE A7 — LD R T TR BERH S5, Zh
I, B DOA— "= Ca—FROEFITHI-> XTIV EEIZRD, (14)

e RATBYyTALYLDOYV I alb—varipl, BUFHEEORBIZEN, T
EHEWZ 2 TITEEREM AR ELE LTS, 4%, KBV IaL—va il
BWTT T X~ « B AZEN 5 E L Tl E BT F2dicix, BT
RENFTEDHE L IlE =T 5 ENRARIZIR D, A FHEI i O 5 R
ZITBED DR 2 IR A, FTNICIEE 5 Z LK. REEZEDIEEITIA
<EFEINLEROL L, ERNZ—BY —RLTWEEEw, (14)

o EfftERSCIE. BRIOMFEREE, DY I 2L —a  THIEN D DT, e
DY ab—ra rORREEBEUNEMRLT 2 TRAMENS L, (144)
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WHET N OZEMEHER T DT DIITERT —F L ORI K 2 HFENEETH
0. W ONDOGBTIIH N TobhlTnd, LLRRb, BH—DFERY 3 v
FEDHEIZE EE - THEY | RFZRIEIIAT O TR, TASK3D-a (2L - T
B SNIERT — 25 L ORMAVRLEIZ LY . WEET VORGREZ BT 5 2
EDREEND, (14)
BEERFE & L, BECTKHBER Y I 2L —rarhn, ERMITICHC LR
DR I 2 b—vay PFRENTHWVLMEBES I 2 b— g UE WO
DIEFT L~V DU ab—va UPRBREESND LFEZIbND, LVKEOmOKR
B I 2 b= a T TR, AR EPIRRIC LRI Ry I 2 L—3va v
WMEREEND, (14)
WRBE "7 A~ th OG5S O TR R #E & i 2 FIZ SV ITER OfER TNy
F~—20FT25FDOHR, £, BUEERFOTRGFFOREZ BN ET 5016
(IR, RUREENLETH A 5, ZOEMICKT D8 O% 2 1%, AEARMICR
AT w7 THEDD LEND ZEThoTe, FHiliE L L TULE TE S 6D TR
Mot (14)
LHD WIZEDREETH & 2 7' T A~ D@~ — 2L B R O BARR 72 W BERRE O
iz 3WoBARE L LT, £FNEEBTH-HICa— RROET VORE - i
BEEBEMNATORE, —EOTIFTAFV T4 —fFx L TrFry= MfeET
LTl —REEDND, (14)
The NSRP addresses a wide range of timely research subjects. Most of them are
critical for the development of a fusion reactor and the know-how to be gained
during the coming 10 years will be of great value for the fusion community. It
will be a great challenge, however, to integrate all codes in a consistent way,
which would be an ultimate requirement for a “numerical test reactor”. The
LHD experiments (in particular the experiments with Deuterium plasma) are
crucial for the benchmarking of the codes. All eight task groups have developed a
— fairly coarse - research plan (including benchmarks) for the next 10 years. It is
beyond the present review to judge the feasibility of each work package but the
topics are well chosen and sensible.

In summary, the research plan looks reasonable and forms a good basis for the
years to come.
The plan is very appropriate and contains a great deal more detail than it did in
2012. We note that the objectives of the 2012 plan have been met, in particular
as relates to the validation of the TASK-3D framework and its application to
scenario development for FFHR-d1. The future plans include several exciting

new projects, such as the validation of the several codes on LHD deuterium
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experiments; their porting and optimization to GPU and many-core
architectures; and the validations and comparisons with the recently
commissioned W7-X heliotron. The NSRP is also preparing for an upgrade to a
10 PFlops machine planned for 2019.

A missing element in the future plans is uncertainty quantification (UQ), the
estimation of error bars for numerical predictions. This is a necessary part of a
numerical reactor project and it requires the acquisition of specialized statistical
expertise by scientists knowledgeable about the physics. We note however, that
the NSRP’s cultivation of reduced model expertise makes it well equipped for
uQ.

While the plan for the next four years is well defined and eminently suitable,
it is more difficult to evaluate the plan on a ten-year timeframe. This is due in
part to the uncertainties connected to the ITER schedule but also to
uncertainties over the direction of future computer architectures and their effect
on code maintenance and refactoring, and uncertainties connected with the
relative rates of progress of the various components to the NTR. In conclusion,
the plan is suitable but subject to a very high degree of uncertainty beyond 2019,
and course-corrections will certainly be required.

The NSPR future plan is based on the following four research activities:

(1) Development of research systems and numerical techniques supporting

large-scale simulations

(2) Validation studies using experimental plasmas

(3) Improvement of codes toward burning plasmas, and simulation

benchmarking against other codes

(4) Research toward physics integration and design study of DEMO/FFHR.
The NSRP research plan appears completely appropriate for progressing toward
the realization of the project objectives and the proposed research plan appears
well-designed to guarantee success for the next decade.

Given the high ambition of the NSRP, the future plans for the project are spelled
out quite broadly, including milestones. Given the tight schedule in the third
mid-term, it is very important that milestones be met and their attainment
closely monitored. The Program Advisory Committee (PAC), discussed in Section
1.1, might help by providing perspectives and possible course-corrections, if
needed. On the whole, the various task groups seem to be fully staffed. Given the
long life of the project, we urge the NSRP group to make careful succession plans

for the leaders who might retire, giving them an opportunity to mentor young
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leaders who might eventually take their place.

DiEXY | BECHT 725 ROt BT RN Z2RE L AR @t bo Lo
TWLNTH LT, o TaE<EHET 22324, m<aHiidT 2281 24, §Hlid 223344,
%Y (#EY) Thorn24Thol,
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FIE FHENDFLHERS

FH2ETRHRHINTEERALONNTHEEBE S TOMmik a2 B2, AMIOESREZE LD,
EEBRIFE 7 1Y = 7 hOHEEIZEE WS DO0DREET 5,

1. FfHEDFEELED

[ 1] WroElk] - RELOEN
Development of research system and environment

(1) Z2HPHEE - PEEEEZZTT 5 LT, FFEAHITETICHEE L TE 720y,
Does the research system function appropriately in accomplishing the
objectives of the Numerical Simulation Reactor Research Project (NSRP)?

AEEFEBRFIE 7 02 =7 MAS LD Gl 1Y =7 N R OREREE TR 7 a Y =7
h & BREINELE 21T O RENTEEI CTH Y . ~Y IR T T A~ TOLIGIZ DT 5 YRS

WKL T, A7 Y= MIERMAL LTD 8 X AT 7 )V—TKHIR0Z A 7 7 ) — 7
B7p & Kk 2 ERIC &0 SIS S & iR O BN ICHEEE L T D & e b, R A Y —
NI 551 5HHE o — FREABASE - B 2R RHI R S v, AHANICHEEE L TW o %
& < A5,

LU o, 145 7 — T O N & BEERE ML -G 2 13 (25 L T & 7270
EVOBENLT D & BRI BRI T 2 ERE R E 2T = v 7 T DIREIl 0TIk,
WM TN —THOEEEIC LD TV RE LDl d D~ R —T A NEAT O WIEE O
TR, FRREBONTG A%, TaV 2l bR =V AL FNORNODEENRULETHS 9,
FIFFIZ, ST N—F27 ey 2/ P L TOIT— N EE#HSEDLMLERDH DD TIEAR
VAN

5y By LS K VK I FEFI R OBLE NS, T a7 b OHERE L 2 O3B & ek
LHCRE LT, PIEAFIEE D ME ICEH BT DAFIEIRH 2 4R - BT D2 &2 mET D,

(2) FI7RA=vI2b—%RUOBHERFRREOCEMILEINCED LN TWVED, £,

BHFAIN TN DD,
Is the environment of the “Plasma Simulator” system and its related research

developed appropriately?
Is the “Plasma Simulator” effectively utilized for collaboration research?
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BNEE SMOA—/R—ar Ea—XOE AL B RE O L#E I ED &

o, I OBERNCEIR DT IR R A A LT D 2 &3 Tr < FHiliT 5 2 & 23
T&E, SBOMEERPRKDNICHIAD D, o T, BIEOHIEEOHED I, BEOE - &
HILHEEI T, +o0 AL T D ERHliT 5, /o, A—N—arEa—FZDEH -
BHTET TR, Bl VEACBELTE, AV ey FCHRBINTE A/ —
ROUFUE - @b AR EIT> TV D 2 &, SE SO, WEB X—Y L TOAEY—
A7 ERIRFZEOFEMIC LB IR STy, ZhbEm< i iid 5,

ARzl O T CEFSNZEREAEN L, 855 0 EoT ey =7 FOET
REANMHENTEZ, HHEL15, 000U EDOYa 722 L, FHBEERDL 9

0%ZHFid 2728, FIARIZOVWTHEmSFMETE D, 2B, ¥YIa2lb—a VRO
AR AT 7o ARAR B FEBIfR Y — VEOBIR LRI 525, A%I1X, RO E L0 —
JERDDHTOICHNERT 22 L2 MfHT L L bic, RS —RICHAMT 5 2 & 2 HfF
T 5,

— 5. iﬁzﬁ%%iﬁ%@@%m:m\ﬁ%ﬁéﬁé%ir*”r%%’*bﬁ EHWHZETEORED
EREDFIAD D0 E W) FEEL L0 RIS T 5 &30S, BRI 7R BARIC LG - 72 0
%@%%ﬁb@ﬁ%ﬁﬁbfwtﬁ%kwo@%ht§ﬁ®¢f®WLM%E%¢%é
B DN EEAL TV 5 BERBAZE 1T 0t L CRH BRI OB SR BE 2 & 60 2 70 & D BREEHE i & 422 T
B, EIERFEOFR O T N—T OERIU OV T ORBENMLETH D,

[2] BFFERFE

Research achievements

TIRZ I a2 b—FEEALEERVI2V—Va VTREEDDZ LI
XY, E2HPHHECTEBITZUTO 22005 FICB VT, BEEMHICEN LU
DR % 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 research utilizing the Plasma Simulator?

(1) BERBIF ORE

Construction of the Numerical Test Reactor for a helical fusion system

MG 77 XA~ O CIADIZKAL I D 7T X~ DREM 2k 2 EE RPN, 5
TRNF—RIA & O BN, AT T X~ O R & B & O AN, LHD FF123s
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DY ¥ A EBER LTI OMREE, AT 2 — ROE R D mERR L ER] ORI
L CHEERERNLINTEY ., 52 HIEIEERIF O BEZRER LT 5 EFHEiT 5,
[RIRE I [E B 72 I FEAFZE A EFRIIZEm WO LV OS8R T STV D A%, D
Tr<<Hlid 2, AFIEEOBFTRLENERD < FHETE 5,

KBRFRHT ~DIEH & SHICB WA — FOEY 2 — b, T S 2 &Mk L7z
a— REAFE, FEBRE DR - Wk, EERRLENRES L B U leNrF~v—27 FiX, 45
BHICEBEICRD EEbI DT, BisrEREMGT 5,

— . BAEEBRIFREEE DT O OIEARN 2 FH P Tl en Xk 5 IcBbins, WHEIZHK
RKEND T T X< D ORI N LD D ORANGTITEE L, BEEShE=S
Blea— REAZ2 —BABMICHA TS LItk 2R T u Y27 Mo BT RIEERIFHE
~OEFE L VPR L TWeEE 20, OB, 2 TOERBFREMNTERM L7 B Tkt
AW FERET D r— R~y 7E2 R ANSD, BEL T TIC—HEFINLTWDH LI,
FAREROMAA DAL E ¥ E ik U225 O (i o (R H 0 3L £ 3 e iz K]
HRXETHAD,

(2) HBRET 7 X~ OYmBEEEMRR L 2 OBERER
Physics mechanisms of fusion plasmas and their theoretical systemization

A% SN 2L 7e a— RERWIEITIC L 0, JFL7 T X bREC Oz 2 HER
MBI G ORI R E <EL TH Y |, FEEO LD EBRHEROMHTS> FFHR 52325
DL/ ONTWERE a0 X A7 TRIEIN: WG 7 7 X~ O e i |
DREFIE, K2, WO THELSFHMITE 5, R, HERNQRTHE OESELERTHDL
TR BT L C O EBEIRIAIC Y S 2 L— g VEFEIIRWICHE L TWD, F7-,
HEH RO RS RO, A %7 OB DAFFEME LWL DA SN TV D AT
P D, AT RV FEBEL, HFRERLRBEWVEZRIR L H > TEFR e
ITONTVWAZEREENREE LTHATEY, EQOT7 4 — Ry I B0hosTHLD
R ORISR S LD,

KRTaTxl MR x5 A 2 HUICE LoD, 7T AVEE~OHRE K
FIZREZLTWAEZ EHmEm ST T 5, FRIBREHE G Rayleigh-Taylor RNZEMED
AT & W Te 7T X~ ORMEFHOMBICEHINT 28R Z BT\ D 2 LITRET RE T
HD,

Tz, BOENTRRARRIE, ZORZAMALT TR, AR L E ARG LA v
R FOHLHEGRE LTHMY Yy —FAERREM DR Y, KT aY s NOFIERE N
WRLTWD Z SR CE 5, 4% b LY —E, EEWL B a2 —3E2 @ L IR
L7zuy,
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—F, Aarta—FvIalb—a T, FOREFREFEOHBLEETHY . B
FIZBWTIIERME B2 O b BB A FIEORRENZ RO - 2 L2 ES, 5%
I BEMEH A FEO BT OB ZEAT L L L& I, A R0 O -7 Fik
DIAE 2 WS D,

[3] FERFMA - LRFFFROHEE
Promotion of cooperation and collaboration

(1) KRFERETIEVHIRREN ZIBIA S FHE L. COE & L TR L#EEIED T
WD 75
Does the NSRP promote collaboration research as the center of excellence by
integrating the high capabilities of universities and institutes?

TR AT DY 2 L—3 g OB E BB R E T R
T2bONEL HREMTIOMACRERZ AT 2524 L, PFEROIEM L2
Mo TWamz@m< i flid 5, £/, HimEREST 7 XA~ v 3 a2 L—F %S %
HLT, RFPICBTOEME T 7 X~ OWHEEHRINZ T 7285 - 2 b—3a U
ZECEBAL, < OpEE EIF 0D 2 85 COE & LTSS LWHFIZED R 21D T
W5 ERHET 5, S HIC, RETHRBELEEE T — REX—R AT n Y =7 Nokak
FFIE TN TS Z & BFZEHT TR S BLIH % = — Fom— R L ¥ —hi 7 « MHD
Z— K723 ITER X° JT60SA SFDOMFFRITIEM SN TND Z L 7e L KFSOMNATBUEN & O
TR IINEFICHER L TWD Z & biHhicET 5,

—J7. FREBERL TOHICH ML TRREFEENIZE-ETH D DX, HELFENFEE L
DTVDHEERENBEE L TODBENH Y . BT HHF5EE OB RCIEE) O BEIR51C
HHEANTNS ZEEZHIFF LW,

(2) KRZPOWMIZEERICFES L., tMOFICRETE2FEMMRL LTEIRL TV D2,
Does the NSRP contribute to the development of research in universities?
Does the NSRP function as a research hub for the dissemination of academic
information to other fields?

Eayal—ra Rl E ST, IR SR RIS ORI & (et LEi- 7
FRISEOREIZERL TBY, @ - REMRELEEL T, L Ialb—ra v
a— RZBRE LT 21T 0 L, B - REOHFERBICKE S HFELTWAHEEE LT
flid %, Wik MID 2 = bL—3 g UAFFE, EBFREAA I v 7 AREME— RaGiedl
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X D EEN T MBS LTRSS I D & DM R 2 A L. B AREEATSE R
HEN OEHERFFEE . M BFICRE CE DR MEOLN TS Z L ITE BT E 2,

— 05, O BCRE R R E LA T IS IAFH R IR~ ORE N E L) —EED D
VERD D, BT NVORESHEEIEORN LIStk THRENEMHT 22 b, il IR
IAOREEE AR, WEED H 2 FEEBET 2 MR LR E LT, T o 8E@#E L C
s BFICHIE TE D Nam LS LB NN EEND & & BT, FEEAEE) 28 L7285
FRSEIROAIIZ T T, X0 IRFETHROVER - JAHIEE 21TV, BIZE L OFRE R
LAOBRATRD TN Z &2 LIz,

(3) ITERFME -BAEEIE L OEEZE LT, EEHHI~OERER > T30,
Does the NSRP promote international cooperation through contributions to
ITER, BA activities, and other international collaborations?

IFERC F¥EAZ L ET 5 BAIEEN~DERK, ITPA ~DOZMN% 8 L T ITER FHE~D E ik
WA T, PR HO JIFT Z b &35 H KW/, HEK - H R - B S o E R ) 4 8
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IX IFERC OFH¥ER AT L. AKIEMHEREI O [0 P i 7o F TG B O HERE 2 K5 /1891217 - C
W5hHZ & EFT S,

EBS G D OWFIIAR T 1Y = 7 N OREEIZ K E < HF 595 O T, LHD OEKEEBRIFILC
~U B NTIEEREE IR FE~D FRB e B ik A2 R/ & & I, ITER 3HE - BA [EEh~D E ik
Za DT EREW ) 2 IS JEfEE L T iE &y,

[4] AMER
Human resources development

(1) ¥Iab—varifz@ T, EMaMAEORYINRFEREZX 2 DEERMICTE
BTEDAMOEFERIZEBRL TV D2
Does the NSRP contribute to the development of human resources for the
international scientific workforce required for long-term fusion science through
simulation research?

AR FELZZ T AN TEHE L. AMBERICEBNL TV AR SSH 1HE) 72 EL < H
BRAMERIEIA~EHIR L, DOERNEECHT LD ~—R 7 =17 7 ORERAE
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[5] REkatE

Future plans

(1) BECmI7=45% 0P HEILE D,
Bz, PRENZRBEZRBEATbDLRoTNDH,
Is the NSRP research plan for progressing toward the realization of the objectives
appropriate? Is the research plan suitable for the next decade?
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1. There are also good progresses toward the advancement of design of helical demo
reactor, FFHR-d1, with programmatic collaboration with Fusion Engineering Re-
search Project. NSRP contributed FFHR-d1 design effort through Integrated
Transport Codes, HINT2 Code, and FORTEC-3D Global Particle Simulation Code.

It is however, to recommend building systematic approach toward collaboration be-

tween NSRP and Fusion Engineering Research Project for realistic way to construct

Numerical Test Reactor.

2. 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.
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(a)Steady (Single X-point) (b) Intermittent (Multiple X-point)
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