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Reduction of heat load and erosion of the diverter plate is one of the most
important issues for the research & development of tokamak fusion reactors. The edge localized mode (ELM)
in H-mode operation is especially to be suppressed. Although suppression of ELM by the resonant magnetic
perturbation (RMP) has been experimentally demonstrated, it is difficult to apply the RMP coils to the
DEMO-reactor circumstance with strong neutron flux. Here we showed that the RMP is easily generated in a
tokamak reactor by an innovative method to install the ferritic steel helically. For the study of edge
plasmas under RMP we developed simulation models and codes. We also presented new diverter configurations

to reduce the diverter heat load after the ELM suppression.

ELM



H

(Edge Localized Mode:

ELM)
b (Resonant Magnetic
Perturbation: RMP)
ELM
2 ITER
RMP 3 RMP
RMP
/
/ ELM
RVIP ELM
RMP
RMP
2011
4)
RMP
n=3 ( m )
95% Cos
35 H
ELM =3
m=9/n=3
n/m
n/m
RMP
5)
RMP
2)
RMP
RMP
RMP

(SOL)

ITER RMP
RMP
RMP
RMP
RMP
®
(ii)

PARASOL?  (iii)
SONIC?  (iv)

TPICS-IBY TASK/TX”

1) A. Loarte et al., Nucl. Fusion 47 (2007) S203.
2) T.E. Evans et al., Phys. Plasmas 13(2006) 056121.
3) H. Takatsu, Nucl. Fusion 51 (2010) 094002.
4) T. Takizuka, N. Oyama, T. Fukuda, Helical
ferritic steel inserts for resonant magnetic pertur-
bation to suppress ELMs in tokamak DEMO
Reactor, Plasma Conference 2011/

28 ( .
22-25 Dec 2011)23P055-P.
5) A.B. Rechester, M.N. Rosenbluth, Phys. Rev.
Lett. 40 (1978) 38.
6) T. Takizuka, Plasma Sci. Technol. 13(2011) 316.
7) H. Kawashima, K. Shimizu, T. Takizuka, Plasma
Phys. Control. Fusion 49 (2007) S77.
8) N. Hayashi et al., Plasma Fusion Res. 6 (2011)
2403065.
9) M. Honda, A. Fukuyama, J. Comput. Phys. 227
(2008) 2808.

(1) ELM
RMP
RMP



ELM

RMP
(2) RMP
RMP
PARASOL
TOPICS TASK/TX
(3) ELM
TOPICS-IB
RMP ELM
ELM AWEpm
ITER AWELMm
AWEgrm

1/5

) ELM
SOL- ELM
PARASOL
ITER
ELM
SOL

ELM
(5) H
TOPICS H

H
SONIC
SOL

(6) LH

JT-60U
ITER
ELM
RMP
TOPICS
RMP
TASK/TX
TASK
RMP
PARASOL
(7) RMP
SONIC
SONIC
(8) ELM ELM
ELM
SONIC
Flux-Tube-Expansion (FTE)
RMP



ELM

RMP ELM
RMP

ELM
ELM

[1] T. Takizuka, S. Tokunaga, K. Hoshino, K.
Shimizu, N. Asakura, Combination of helical
ferritic-steel inserts and flux-tube-expansion
divertor for the heat control in tokamak DEMO
reactor, J. Nucl. Mater., (2015) in press
DOI: 10.1016/j.jnucmat.2014.12.065

[2] K. Hoshino, K. Shimizu, T. Takizuka, N.
Asakura, T. Nakano, Influence of the particle
transport in the private region on the divertor
plasma detachment, J. Nucl. Mater.,

(2015) in press

DOI: 10.1016/j.jnucmat.2014.11.133

[3] S. Togo, T. Takizuka, M. Nakamura, K.
Hoshino, Y. Ogawa, SOL-divertor plasma simula-
tions introducing anisotropic temperature with
virtual divertor model, J. Nucl. Mater.,

(2015) in press

DOI: 10.1016/j.jnucmat.2014.09.081

[4] T. Takizuka, Enhanced neo-classical resistivity
due to the m/n = 1/1 MHD-mode deformation of
the central core plasma column for the tokamak
hybrid scenario, Nucl. Fusion, , 94 (2014)
092001(1-6)

DOI: 10.1088/0029-5515/54/9/092001

[5] K. Hoshino, N. Asakura, K. Shimizu, S. Tokunaga,
T. Takizuka, Y. Someya, M. Nakamura, H. Utoh,
Y. Sakamoto, K. Tobita, Divertor study on DEMO
reactor, Plasma Fusion Res., , 9 (2014)
3403070 (1-8)

DOI: 10.1585/pfr.9.3403070

[6] T. Takizuka, S. Azuma, A. Fukuyama, K.
Shimizu, Simple and fast Poisson solver with
arbitrary boundary shape and condition for PIC
simulation, Contrib. Plasma Phys., , 4
(2014) 388-393

DOI: 10.1002/ctpp.201410043

[7] K. Hoshino, K. Shimizu, H. Kawashima, T.
Takizuka, T. Nakano, S. Ide, Development of the
backflow model for simplified impurity exhaust
in Monte-Carlo calculation, Contrib. Plasma

Phys., , 54 (2014) 404-408

DOI: 10.1002/ctpp.201410032

[8] N. Hayashi, N. Aiba, T. Takizuka, N. Oyama,

Integrated simulation study of ELM pacing by

pellet injection in ITER, Contrib. Plasma Phys.,
, 54 (2014) 599-604

DOI: 10.1002/ctpp.201410040

[9] H. Seto, A. Fukuyama, Formulation of

two-dimensional transport modeling in tokamak

plasmas, Plasma Fusion Res., , 9(2014)

1403002(1-9)

DOI: 10.1585/pf1.8.1403002

[10] T. Takizuka, N. Oyama, T. Fukuda, Resonant

Magnetic Perturbation for ELM suppression with

helical ferritic steel inserts in tokamak DEMO

reactor, Fusion Sci. Technol., , 63, No.

1T (2013) 64-69

http://www.ans.org/pubs/journals/fst/

[11] E. Narita, M. Honda, N. Hayashi, T. Takizuka,

S. Ide, K. Itami, A. Isayama, T. Fukuda, Turbulence

analyses of improved electron energy confinement

in H-mode plasmas with gyrokinetic calculations,

Plasma Fusion Res., ,8(2013) 1403082 (1-8)

DOI: 10.1585/pf.8.1403082

[12] M. Honda, S. Ide, T. Takizuka, N. Hayashi,

M. Yoshida, M. Yagi, T. Fujita, Development of

the transport-code framework for self-consistent

predictions of rotation and the radial electric field,

Nucl. Fusion, ,53(2013) 073050 (1-11)

DOI: 10.1088/0029-5515/53/7/073050

[13] N. Hayashi, N. Aiba, T. Takizuka, N.

Oyama, Reduction of ELM energy loss by pellet

injection for ELM pacing, Nucl. Fusion, ,

53(2013) 123009(1-10)

DOI: 10.1088/0029-5515/53/12/123009

[14] N. Asakura, K. Shimizu, K. Hoshino, K.

Tobita, S. Tokunaga, T. Takizuka, Simulation

study of large power handling in divertor for

DEMO reactor, Nucl. Fusion, , 53 (2013)

123013(1-15)

DOI: 10.1088/0029-5515/53/12/123013

[15] M. Yagi, K. Shimizu, T. Takizuka, M. Honda,

N. Havashi, K. Hoshino, A. Fukuyama,

Simulation study of L/H transition with self-

consistent integrated modelling of core and SOL/

divertor transport, Contrib. Plasma Phys.,

, 52(2012) 372-378

DOI: 10.1002/ctpp.201210019

[16] A. Froese, T. Takizuka, M. Yagi, PIC

simulation study of heat transport kinetic factors

in scrape-off layer plasmas, Contrib. Plasma

Phys., , 52(2012) 534-538

DOI: 10.1002/ctpp.201210045

[17] K. Hoshino, K. Shimizu, N. Asakura, T.

Taizuka, M. Nakamura, K. Tobita, Simulation

study of an extended divertor leg for heat control

in the SimCS DEMO reactor, Contrib. Plasma

Phys., , 52(2012) 550-554

DOI: 10.1002/ctpp.201210048

[18] H. Seto, A. Fukuyama, Formulation of




two-dimensional transport modeling in tokamak
plasmas for integrated analysis of core and edge

plasmas, Contrib. Plasma Phys., , 52 (2012)
384-390
DOI: 10.1002/ctpp.201210021
[1] , , 6,
, 70
( :

,21-24 Mar 2015) 22aAP-2
[2] T. Takizuka, History of PARASOL, 20
NEXT ( , ,13-14 Jan 2015)
http://www-jt60.naka.jaea.go. jp/next/next20th.html
[3] T. Takizuka, Strategy for the development of
tokamak DEMO reactor with hybrid scenario,
Plasma Conference 2014/

31 ( ,
2014) 18PB-037
[4] S. Togo, T. Takizuka, M. Nakamura, K.
Hoshino. Y. Ogawa, Simulation study using a
virtual divertor model on the supersonic flow in
SOL-divertor plasmas considering the anisotropic
ion temperature, ibid. 20pC2-4
[5] M. Kikuchi, A. Fasoli, T. Takizuka, 26
Feasibility studies of negative triangular tokamak
configuration for fusion reactor, ibid. 19pC2-1
[6] s . STASK/TX

,18-21 Nov

,ibid. 18PB-099
., S )

,ibid. 21PA-031
[8] S.Yu. Medvedev, M. Kikuchi, L. Villard, T.
Takizuka, 10 ,Negative triangularity tokamak:
stability limits and perspectives as fusion energy
system, 25th IAEA Fusion Energy Conf. (St
Petersburg, Russia, 13-18 Oct 2014) PD/P5-1
[9] K. Hoshino, N. Asakura, K. Shimizu, S.
Tokunaga, Studies of impurity seeding and
divertor heat handling in fusion reactor, ibid.
FIP/P8-11
[10] A. Fukuyama, H. Nuga, S. Murakami,
Kinetic integrated modeling of burning start-up
phase in tokamaks, ibid. TH/P6-4
[11] M. Hosokawa, A. Loarte, G. Huijsmans, T.
Takizuka, N. Hayashi, Kinetic modelling of
divertor fluxes during ELMs in ITER, 41st EPS
Conf. on Plasma Physics (Berlin, Germany, 23-
27 Jun 2014) P5-003
[12] , , , ,

, 10
( .
,19-20 Jun 2014) 19-068
[13] T. Takizuka, S. Tokunaga, K. Hoshino, K.
Shimizu, N. Asakura, Combination of helical
ferritic-steel inserts and flux-tube-expansion
divertor for the heat control in tokamak DEMO
reactor, 21st Int. Conf. on Plasma Surface

Interactions in Controlled Fusion Devices
(Kanazawa, Japan, 26-30 May 2014) P2-026

[14] K. Hoshino, K. Shimizu, T. Takizuka, N.
Asakura, T. Nakano, Influence of the particle
transport in the private region on the divertor
plasma detachment, ibid. P2-027

[15] S. Togo, T. Takizuka, M. Nakamura, K.
Hoshino, Y. Ogawa, SOL-divertor plasma simulations
introducing anisotropic temperature with virtual
divertor model, ibid. P2-038

[16] , , ,

(1:
) 69 (
, ,27-30 Mar 2014)
[17] ,Enhanced neo-classical resistivity

due to the m/n = 1/1 MHD-mode deformation of
central core plasma column for tokamak hybrid
scenario, 11

( , ,19-20 Dec 2013)
http://www.riam kyushu-u.ac.jp/sosei/bpsi/bpsil 1 .html
[18] , , , ,

ELM
,ibid.
(o] .,
m/n = 1/1
MHD
30 ( ,
,3-6 Dec 2013) 05aE39P
20] __ , , ,
ITER ELM
,ibid. 04aE38P
[21] , ,
, 6

, ibid. 05pE49P
[22] K. Hoshino, N. Asakura, K. Shimizu, S.
Tokunaga, T. Takizuka, 5 , Divertor study
on Demo reactor, 23rd Int. Toki Conf. (Toki,
Japan, 18-21 Nov 2013) I-10
[23] M. Yagi, N. Miyato, A. Matsuyama, T.
Takizuka, Simulation study on non-local transport
for peripheral density source, ibid. P1-43
[24] A. Fukuyama, Progress of integrated modeling
of tokamak plasmas by the TASK code, ibid. P1-41
[25] H. Seto, A. Fukuyama, Two-dimensional
transport simulation of tokamak plasma including
core and peripheral region, ibid. P1-42
[26] T. Takizuka, S. Azuma, A. Fukuyama, K.
Shimizu, Simple and fast Poisson solver with
arbitrary boundary shape and condition for PIC
simulation, 14th Int. Conf. on Plasma Edge Theory
in Fusion Devices (Cracow, Poland, 23-25 Sep
2013) P1-30
[27] K. Hoshino, K. Shimizu, H. Kawashima, T.
Takizuka, T. Nakano, S. Ide, Development of the
backflow model for impurity exhaust in Monte-
Carlo calculation, ibid. P1-13
[28] N. Hayashi, N. Aiba, T. Takizuka, N. Oyama,
Integrated simulation study of ELM pacing by
pellet injection in ITER, ibid. P1-26




[29] M. Kikuchi, T. Takizuka, M. Furukawa,
Negative D shape plasma as possible operational
scenario of tokamak reactor, 12th Asia Pacific
Physics Conference (Makuhari Messe, Chiba, Japan,
14-19 Jul 2013) D1-PMo-10

[30] M. Kikuchi, T. Takizuka, Is H-mode relevant
for fusion reactor - Transport, divertor particle and
power handling, and implications for fusion?,
US-EU Joint Transport Task Force 2013 (Santa
Rosa, USA, 9-12 Apr 2013)

[31] . , , ,

, 29 (

, ,27-30 Nov 2012) 30E01P
[32] ) , , ,
SONIC  SOLPS JT-60U

,ibid. 28D36P
31 . , )

ELM
ELM ,ibid. 27D31P
[34] S , )

’ 3 ’

,ibid. 28D29P
[35] N. Hayashi, N. Aiba, T. Takizuka, N. Oyama,
Integrated simulation of ELM pacing by pellet
injection, US-Japan JIFT Workshop on Integrated
Modeling (Kyoto Univ., Kyoto, Japan, 14-16 Nov
2012) http://bpsi.nucleng.kyoto-u.ac.jp/bpsi/usjws8/
[36] M. Honda, N. Hayashi, T. Takizuka, M. Yoshida,
S. Ide, T. Fujita, Recent development of the integrated
transport code TOPICS with emphasis on rotation
and a radial electric field, ibid.
[37] N. Hayashi, N. Aiba, T. Takizuka, N. Oyama,
Reduction of ELM energy loss by pellet injection
for ELM pacing, 24th IAEA Fusion Energy
Conference (San Diego, USA, 8-13 Oct 2012)
TH/5-3
[38] N. Asakura, K. Shimizu, K. Hoshino, K.
Tobita, H. Utoh, Y. Someya, M. Nakamura, Y.
Sakamoto, T. Takizuka, Divertor design and
physics issues of huge power handling for Slim
CS Demo reactor, ibid. FTP/P7-32
[39] A. Fukuyama, H. Nuga, D. Raburn, A.
Wakasa, Kinetic integrated modeling of burning
plasmas in tokamaks, ibid. TH/P6-13
[40] T. Takizuka, N. Oyama, T. Fukuda, Resonant
magnetic perturbation for ELM suppression with
helical ferritic steel inserts in tokamak DEMO
reactor, 9th Int. Conf. on Open Magnetic Systems
for Plasma Confinement (Tsukuba, Japan, 27-31
Aug 2012) I-9
[41] K. Hoshino, M. Toma, K. Shimizu, N.
Asakura, K. Tobita, A. Hatayama, T. Takizuka,
Numerical analysis of tungsten erosion at the
plasma facing surface in DEMO reactor, 20th Int.
Conf. on Plasma Surface Interactions in Controlled
Fusion Devices (Aachen, Germany, 21-25 May
2012) P1-53

[42] T. Takizuka, M. Yagi, Radial speed of ELM
filament in SOL plasma, 2nd Asia Pacific
Transport Working Group Meeting (SWIP,
Chengdu, China, 15-18 May 2012) B-P06

[43] M. Yagi, K. Shimizu, T. Takizuka, M. Honda,
N. Havashi, K. Hoshino, A. Fukuyama,
Simulation study of L-H transition with self-
consistent integrated modelling of core and
SOL-divertor transport, ibid. B-P05

@
TAKIZUKA, Tomonori

40354576

@
FUKUDA, Takeshi

50354585
FUKUYAMA, Atsushi
60116499

SHIMIZU, Katsuhiro

30391262
®
HAYASHI, Nobuhiko
10354573

HONDA, Mitsuru

90455296

HOSHINO, Kazuo

50513222
OYAMA, Naoyuki
80354596

24-25

KIKUCHI, Mitsuru

10150525
26



