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“Recent progresses of understanding 3D equilibrium and high-beta plasma” (113%232111)
“Fueling Pellets and Impurity injection” (85423 M)
“Divertor Physics” Marcin Jakubowksi (IPP, Greifswald, Germany) 2% (1324475201)

“Impurity transport” Novimir Pablant (Princeton Plasma Physics Laboratory, Princeton, USA) %% (102
DIBN)

“3D turbulence” Motoki Nakata (NIFS - PLADyS W ZE:#3# 7 — 7« & — % —) 2%E#H (98K 5B N)
“Fast ion” Samuel Lazerson (IPP, Greifswald, Germany) %5i#{#H (894723 I)

“Scaling and operation limits” G. Fuchert (IPP, Greifswald). “Tokamak cooperation” Y. Suzuki (NIFS -
PLADySHfZe#fi 0 — 71 2 — % —) Tl (101%45300)

Novimir Pablant (PPPL, USA), Andreas Dinklage (IPP, Germany), Naoki Tamura (NIFS, Japan), Jose
Marcia Regana (CIEMAT, Spain) 2344 A 7 7 ) — 7O <) 247\, SO EEILFENIFE O D
Jzow Tk L F L7z (T1825200)

“Isotope effect on electron internal transport barrier and role of radial electric field” T. Kobayashi (NIFS,
Japan). “Observation of spatiotemporal dynamics of multiple instabilities in linear magnetized plasma

using conditional sampling techniques” Y. Kawachi (Kyushu Univ., Japan) % i#i{# (645 23201)

“Improving Energetic Particle Confinement in Stellarators” A. Bader, Univ. (Wisconsin-Madison, U.S.A.).
“TEM turbulence in simulation and experiment with and without quasi-symmetry in the HSX stellarator” J.
Smoniewski (Univ. Wisconsin-Madison, U.S.A.) 2% (754252 01)

“Suppression of Pseudo Symmetric Field Induced o-particle Loss Channels in a Quasi-axisymmetric
Stellarator” H. Liu (SWJTU, China). “Three-dimensional equilibrium with magnetic islands and MHD
instabilities in the CFQS quasi-axisymmetric stellarator” X. Wang (SWITU, China) %Si#i# (4244 23200)

“Heat transport in stellarators: A zero sum game?” F. Warmer (IPP, Greifswald, Germany). “Turbulent
Transport and Plasma Profiles in the Island Divertor SOL of W7-X" Y. Narbutt (IPP, Greifswald, Germany)
DS (955 5BN)
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W N A
A. Dinklage (IPP Greifswald)

“Results from the first experimental campaigns of Wendelstein 7-X"

O. Motojima (President of Future Energy Research Association, Board of Trustees member, Chubu Univ.)

“High-Temperature Superconducting DC Transmission Technology brings a Paradigms Shift in Energy System
and Society”

J. Proll (Eindhoven Univ. Technol.)

“Turbulence in Fusion Plasmas”

D J Den Hartog (Univ. Wisconsin-Madison)

“Overview of Plasma Diagnostic Techniques”

M Presentation by PhD Students
K. Kawachi (Kyushu Univ.)

“Observation of spatiotemporal structures of temperature and density fluctuations in cylindrical magnetized
plasma”

G. Xiong (SWJTU)
“Structural Analysis of CFQS Supporting Structure”

R. Matoike (Kyoto Univ.)

“EMC3-EIRENE modeling of the peripheral plasmas with various magnetic configurations in Heliotron J”
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Dr. Bernard Bigot, Director General/Chief Executive Officer of the ITER Organization
“Hydrogen fusion, an option for the world energy supply during 21th century”

Dr. Michael Tendler, Professor Emeritus, KTH Royal Institute of Technology, Sweden

“Fusion Energy Past, Present and Future”
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August 6th (Fri), 2021
Dr. Hideshi Hanamura (KEPCO)

“A thermal power station based on hydrogen (tentative)”

Dr. Kazuaki Kitoh (Hitachi-GE Nuclear Energy, Ltd.)

“Development of Small light water reactor (tentative)”

Dr. Matthias Hirsch (Max Planck Institute for Plasma Physics - BRD)
“Concept and status of the Wendelstein 7-X project”

Prof. Guido Van Oost (Ghent University + BEL)
“A new IAEA textbook about Fundamentals of Magnetic Fusion Technology”

August 7th (Sat)
Dr. Oliver Schmitz (University of Wisconsin-Madison + USA)

“Plasma edge physics in toroidally symmetric and 3D plasma edge layers”
Information of poster session
Poster session by students

Dr. Maiko Yoshida (QST, Naka-institute)
“The present status and the future subjects of JT-60SA (tentative)”

Activity — ffZERCHRIEE) — Il (7



Activity — BFZEsCHiIGH) —

| EREIF—-

3.3 RS b REEM, AET, KEES, NIFS 25 WA F—. K E—. IESk, MWHhiE,
BARREE R 2TV, BRE LI T AR T L7

PLADyS*t I F— JSPSHFZe#LS B F¥E [EOZMESH BRI T 7 X374 F 3 7 A LGB

O [E BT R
NIFSHFE S [RACSEAENY A OVEA FHFE T 72N A OVIFEOBLR & S |
(FthE)

HEE 202143 A3 H (UK) 13:00-17:20
YT © Zoom

13:00-13:10 X L1
R (0R)

13:10-13:40 [~V b 0 > TR B il i1 52 8% O $L5E |
KEEA GER)

13:40-14:10 [~ F O v JEAOR— 5058 EZEIZED X ) ISHEET 500 ?
RRIEZ (R)

14:10-14:40 [NIFS EE3EFE 702 = 7+ NSIP DHUIK & CFQS 2 & DG e ik 7l

i 4 54— (NIFS)

14:40-15:00 Coffee break

15:00-15:30 [ #F IR O I i =RAKAFE 1225 B L 72 FEBRIITSE
K — (NIFS)

15:30-16:00 [ELAIIHIRSHEAL A 75 L — Z 12 BT AR Y A 7 4 o AKET |
/NFRIER (NIFS)

16:00-16:30 [HERFRAT T L —F 2B 5 5 A /3— & Bl ]
M #iE (NIFS)

16:30-17:00 [H@ILAT T L —Z 2B LM 5 1 3 — F B ofE |
FARHEN  (NIFS)
17:00-17:20  fg3mim LI B9 % ikam

WFFeattah A B L O RIS HEST - MHEZ (NIFS)

8 ) I Activity — WFFERCHiIGESE) —



LT (JRE - Z2A)

— Measurement of Radial Correlation Lengths of Electron Density Fluctuations
in Heliotron J Using O-Mode Reflectometry

Eindhoven University of Technology * Msc. Student
Niels Smith

AR AFICENLHI7TH - 412 48 2 H28H

My internship at Heliotron J, a helical-axis heliotron, located at the Institute of Advanced Energy, Kyoto
University, has been a very enriching experience. I have learned a lot about what it means to do experiments on a
nuclear fusion reactor, raw data/signal processing and finally, reporting for a specific audience.

The project goal was to find the (radial) correlation length of broadband turbulence in the plasma edge using
a two channel reflectometer system. This reflectometer system is able to send two (micro)waves into the plasma,
which are then reflected when the cut-off densities for the frequencies of those specific waves is reached. This
allowed us to measure electron density fluctuations at two different locations in the plasma, and then check for
what separation distances these fluctuations would still correlate with each other.

The measurements were performed in Heliotron J, a helical-axis heliotron that can be used in multiple magnetic
configurations, rather than only one optimized magnetic configuration. This means that many experimental
conditions can be made, compared and contrasted. And, since Heliotron J is a stellarator type device, creating a
helical shaped plasma, you may well realize that this is the most complex machine you have ever worked on in
your whole life up to that point.

My professor at Heliotron J showed me how to troubleshoot the experimental set-up, e.g. when the magnetic
coils of the reactor caused interference in the signals. The search for the component that failed, learned me a lot
about the experimental set-up itself and it taught me that persistence is a necessary trait when you do experimental
work. There is always a chance that components fail, especially when you are working with such an extreme
device like a nuclear fusion reactor. But even if your setup is working and generating data, there is more to
take care of: keeping overview of the data, judging the quality of the data and finally going into the data with a
thorough analysis; it's all part of the deal! My professor made a remark about this notion that I found very true. He
said that at any point, you will feel that you need more results. That your results are not ‘complete’, and it is the
pursuit of exactly this completeness that drives you towards picking up the next research question and making that
into a new project.

Working in a Japanese culture has helped me to understand that there are many ways, and not just my own, to
achieve a certain goal. I will definitely take home these things I learned from the Japanese culture to use in my

future! I therefore wish to thank my supervisors on both locations (Eindhoven and Kyoto) for everything they

taught me and their guidance.
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— CFQS equilibrium calculated by HINT code with the bootstrap current

X. Q. Wang”, Y. Xu”, A. Shimizu?, M. Isobe® ?, S. Okamura?,
Y. Todo?, H. Wang”

1) Institute of Fusion Science, School of Physical Sicence and Technology Southwest Jiaotong University,

\‘% / Chengdu 610031, China
o 2) National Institute for Fusion Science, National Institutes of Natural Scences,Toki, Gifu 509-5292, Japan

3) SOKENDAI (The Graduate University for Advanced Studies), Toki, Gifit 509-5292, Japan
NG - ARTE 7 H 1 H - 8 A31H

The equilibrium of Chinese First Quasi-axisymmetric Stellarator (CFQS) has been investigated by the HINT
code. The result is in good agreement with the result of VMEC code. With increasing of plasma beta, the island
structure is larger and larger near boundary regions. Particularly, when the volume averaged beta value <f> is
large than 1 %, the boundary magnetic surface structure becomes very sharp due to the pushing of boundary
islands. The large bootstrap current is found to play a crucial role in the CFQS in which the considerable islands

are produced not only at the boundary but also at rational surfaces.
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Figure 1. (Left) The rotational transform profile for different <g>; (Right) magnetic flux for <g> ~ 1.2 %.

However, when we increase the flatness of pressure profile, the island size can be reduced significantly. As
shown in Fig. 1, for <>~ 1.2 %, the magnetic surfaces are also well maintained. The rotational transform
profiles are also given in this figure with different <>. The MHD instability is estimated by the MEGA code. The
result shows that the mode is stable without energetic particles in this case.

The actual visit time is 2019.07.01-2019.08.31 for a total of 2 months.
The main learning contents during the stay include the theoretical and
numerical simulation of CFQS physics by the HINT code developed by
Prof. Suzuki of NIFS. This visit has established good cooperative relations

between NIFS and SWJTU and promoted the engineering design of CFQS

experimental devices.




— Structural Analysis of CFQS Supporting Structure

Guozhen Xiong”, Yuhong Xu", Akihiro Shimizu®,
Shigeyoshi Kinoshita”, Haifeng Liu", Mitsutaka Isobe*?,
Shoichi Okamura®, Dapeng Yin”, Yi Wan?,

Changjian Tang" ", and CFQS team"*”

1) Institute of Fusion Science, School of Physical Science and Technology, Southwest Jiaotong University, Chengdu 610031, China
2) National Institute for Fusion Science, National Institutes of Natural Sciences, Toki 509-5292, Japan

3) Hefei Keye Electro Physical Equipment Manufacturing Co., Ltd, Hefei 230000, China

4) College of Physical Science and Technology, Sichuan University, Chengdu 610041, China

5) SOKENDAI (The Graduate University for Advanced Studies), Toki 509-5292, Japan
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e

In this report, the design of the supporting structure of the Chinese First Quasi-axisymmetric Stellarator
(CFQS) is introduced. The electromagnetic (EM) forces on the modular coils (MC) are evaluated by finite element
analysis. Based on the distribution of EM forces, a cage-like supporting structure has been designed for satisfying
flexibility and reliability. A finite element analysis has been carried out to verify the reliability of the cage-like

supporting structure.

H: Static Structural
Figure

Type: Equivalent Elastic Strain
Unit: mm/mm z

Time: 1
2019/7/24 10:41 Y‘hI(' <
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Figure 1. (Left) CFQS supporting structure, (Right) Elastic strain on modular coils.

The maximum elastic strain on modular coils is about 0.045 %, less than the allowable maximum elastic strain
in our design proposal. That means the coils are well protected, the EM force will not hurt the insulation layer.

During my visit to Japan, I
worked with Japanese colleagues
in NIFS on engineering design. It
is a great experience because our
collaboration not only carried out
good results but also improved our

relationship.
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R. Matoike, G. Kawamura, S. Ohshima, M. Kobayashi, Y. Suzuki, K. Nagasaki, S. Masuzaki, S. Kobayashi,
S. Yamamoto, S. Kado, T. Minami, H. Okada, S. Konoshima, T. Mizuuchi, H. Tanaka, H. Matsuura,
Y. Feng, H. Frerichs
“First Application of 3D Peripheral Plasma Transport Code EMC3-EIRENE to Heliotron J”
Plasma and Fusion Research 14 (2019) 3403127

N. Kenmochi, T. Minami, T. Mizuuchi, C. Takahashi, G.M. Weir, K. Nishioka, S. Kobayashi, Y. Nakamura,
H. Okada, S. Kado, S. Yamamoto, S. Ohshima, S. Konoshima, Y. Ohtani, K. Nagasaki

“Reformation of the Electron Internal Transport Barrier with the Appearance of a Magnetic Island”
Scientific Reports 10, (2020) 5

Yuichi Kawachi, Shigeru Inagaki, Fumiyoshi Kin, Kotaro Yamasaki, Yusuke Kosuga, Makoto Sasaki, Yoshihiko

Nagashima, Takuma Yamada, Hiroyuki Arakawa, Naohiro Kasuya, Chanho Moon, Kazunobu Hasamada and
Akihide Fujisawa
“Observation of spatiotemporal structures of temperature fluctuations by using of a statistical phase detection
method in a linear magnetized plasma”

Plasma Physics and Controlled Fusion 62 (2020) 055011

S. Kobayashi, K. Nagasaki, T. Stange, T. Mizuuchi, H. Okada, T. Minami, S. Kado, S. Yamamoto,
S. Ohshima, K. Hada, G. Weir, S. Konoshima, Y. Nakamura, N. Kenmochi, Y. Otani, X.X. Lu, A. Panith,
K. Toki, Y. Suzuki
“Study of seed plasma generation for NBI plasma start-up using non-resonant microwave launch in Heliotron J”
Plasma Physics and Controlled Fusion 62 (2020) 065009

S. Yamamoto, K. Nagasaki, K. Nagaoka, J. Varela, A. Cappa, E. Ascasibar, F. Castejon , .M. Fontdecaba,
J.M. Garcia-Regaiia, A. Gonzalez-Jerez, K. Ida, A. Ishizawa , M. Isobe, S. Kado, S. Kobayash, M. Liniers,
D. Lopez-Bruna, N. Marushchenko, F. Medina, A. Melnikov, T. Minami, T. Mizuuchi, Y. Nakamura,
M. Ochando, K. Ogawa, S. Ohshima, H. Okada, M. Osakabe, M. Sanders, J.L. Velasco , G.M. Weir,
M. Yoshinuma
“Effect of ECH/ECCD on energetic-particle-driven MHD modes in helical plasmas”
Nuclear Fusion 60 (2020) 066018

Y. Suzuki, S. Purohit, S. Odachi, S. Yamamoto, K. Nagasaki
“New tomographic reconstruction technique based on Laplacian eigenfunction”
Plasma Science and Technology 22 (2020) 102002

Y. Suzuki, K.Y. Watanabe and S. Sakakibara
“Theoretical studies of equilibrium beta limit in LHD plasmas”
Physics of Plasmas 27 (2020) 102502

Yasuhiro Suzuki
“Effect of pressure profile on stochasticity of magnetic field in a conventional stellarator”
Plasma Physics and Controlled Fusion 62 (2020) 104001

Achievements — HFZERE — | ( 19



Achievements — WF%EmE —

M. Luo, K. Nagasaki, G. Weir, H. Okada, T. Minami, S. Kado, S. Kobayashi, S. Yamamoto, S. Ohshima,
T. Mizuuchi, S. Konoshima, Y. Nakamura, A. Ishizawa
“Measurement of Electron Temperature Profile and Fluctuation with ECE Radiometer System in Heliotron J”
Plasma and Fusion Research 15 (2020) 2402038

D. Qiu, T. Minami, T. Nishide, M. Miyoshi, Y. Yamanaka, S. Kado, S. Ohshima, K. Nagasaki, H. Okada,
S. Kobayashi, T. Mizuuchi, S. Konoshima, R. Yasuhara
“Design of Compact Multi-Path Thomson Scattering Diagnostic with Signal Delay System in Heliotron J”
Plasma and Fusion Research 15 (2020) 2401044

P. Adulsiriswad, Y. Todo, S. Yamamoto, S. Kado, S. Kobayashi, S. Ohshima, H. Okada, T. Minami,
Y. Nakamura, A. Ishizawa, S. Konoshima, T. Mizuuchi, K. Nagasaki
“Magnetohydrodynamic hybrid simulation of Alfven eigenmodes in Heliotron J, a low shear helical axis
stellarator/heliotron”
Nuclear Fusion 60 (2020) 096005

FE I
S0V 7 ML ¥ 22— [Heliotron ] F2E |
77 A< - G F4EE96  (2020) 475-518

Yasuto KONDO, Takeshi FUKUDA, Kazunobu NAGASAKI, Hiroyuki OKADA, Takashi MINAMI, Shinichiro
KADO, Shinji KOBAYASHI, Satoshi YAMAMOTO, Shinsuke OHSHIMA, Tohru MIZUUCHI and Takeshi
TOMITA
“Measurement of Radial Electric Field Using Doppler Reflectometer in High-Density Plasma of Heliotron J”
Plasma and Fusion Research 15 (2020) 2402064

Yoshiaki Ohtani, Kenji Tanaka, Hiroe Igami, Katsumi Ida, Yasuhiro Suzuki, Yuki Takemura, Hayato
Tsuchiya, Mike Sanders, Mikirou Yoshinuma, Tokihiko Tokuzawa, Ichihiro Yamada, Ryo Yasuhara, Hisamichi
Funaba, Mamoru Shoji, Takahiro Bando and LHD Experimental Group
“Effects of core stochastization on particle and momentum transport”
Nuclear Fusion 61 (2021) 034002

2019 £ &
RIFE M (sURRRS:)
a6l 7 7 X< W B 2 W B2 (EPS2019) (II8HZER)
“Energetic-particle-driven MHD Instabilities and Their Control by ECH/ECCD in Helical Plasmas”
ISHW 2019 (FH#53iE)

“Response of Plasma Performance to Magnetic Configuration, Fuelling and Heating/Current Drive in

Heliotron J”
3rd LHD Workshop (I8HZE3)
“Control of Energetic-Particle-Driven MHD Modes by ECH/ECCD in LHD”

SiAHER (NIFS)
ISHW 2019 (FIBHFEF)
“Impact of Pressure Anisotropy on 3D Equilibrium and its Identification of High-beta LHD Plasma”
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MithEk (hiRRRS:)
ISHW 2019 (KA ¥ —5EK)
“EMC3-EIRENE Modeling of the peripheral plasmas with various magnetic configurations in Heliotron J”

Panith Adulsiriswad (FLERAS)
ISHW 2019 (K2 & —3E5)
“Simulation Study of Energetic Particle-driven Mode in Helical Axis Heliotron with the Bump-on-tail and

Slowing Down Energetic Particle Energy Distribution”

2020 /& J

KRGS RS
AAPPS-DPP2020 as e-conference ({5 i#iH)

“Isotope Effects on Nonlinear Turbulence System in a Torus Plasma”

Panith Adulsiriswad (58 K%%)
AAPPS-DPP2020 as e-conference (R & ¥ —F§5)
“Simulation Study of Energetic Particle-driven MHD Modes and Energetic”

Dechuan QIU (B ALR)
AAPPS-DPP2020 as e-conference (R & ¥ —5§5)
“Development of Double Pockels Cells Multi-path Thomson Scattering System in Heliotron J based on Gauss

Beam Analysis”

g R (B Y)
PSI-24 (KA ¥ —383K)

“Peripheral Plasma Transport Characteristics arising from 3D Magnetic Field Structure in Heliotron J”

A GEER)
HAMB AR BT ERKE (RA Y —5EK)
[ADF by N2BT TR NEFHER O X —~ 2 R EHA
PR (hUHERS)
HAYBE R ETOAER RS (KA 5 —5EK)
[ADF a2 BUT 5 BRIV e 2 O 7 AR EOERE o 22 23 A5 5 H

|2
2019 E ¥

MPH¥ZFE (NIFS)
B 14000 H ARy B2 7 T340
[T LA 79 X< OELH - kB X AR E &85 55

il

PR (REIRS)
Poster Prize (3rd Asia-Pasific Conference on Plasma Physics)

“Deep learning for tomographic reconstruction of imaging diagnostics”

Achievements — HFZERE — | ( 21



Achievements — WFZmE —

D

2020 £
MPH¥ZFE (NIFS)
HFREEEE (O 2 SRR 0B SCE RS KR R
[EBE 7 T X~ I2 BT L AL EIHIFAE O fERE & B U A D Tz o if3e |

Panith Adulsiriswad (5{#HBK%%)

H AW BRAA 2 20204F AR I 2 A BEFH R E
“Numerical Investigation of the Energetic Particle Redistribution and Interaction with Alfven Eigenmode in
Heliotron J”

AAPPS-DPP2020 as e-conference, Poster Prize
“Simulation Study of Energetic Particle-driven MHD Modes and Energetic”

AR 2 SEERARRS T A OV ¥ — T 2EW5eRT - A E
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FIEbiE MHD A% 7€ 12 B9 2 iF 72

(MR QT N )
H AP P2 222020 F -k F K038 2 B H R E
[Heliotron J 12 B} 5 =R Iek & 4 i & L2 HE 7 7 X~ ik fe:
FEEHE (NIFS)
7T A - KRR S M A E
[ERBHOTHER A Y T — 7 WA A=Y v ZEHINCBIT A N EZ T 7 4 —FEDOR%]

WA B RS)
COMSOL Conference 2020 EFHARA Y —5KE
[T CAORE 7T X228 5 3 ) IAISERIEE— FEH#RY I 21— a V]
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