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JA-EU satellite Tokamak Working Group: S. Matsuda1), M. Kikuchi1), Y. Takase2), Y. Miura1), M. Matsukawa1),
S. Sakurai1), F. Romanelli15), J. Pamela15), D. Campbell15), C. Sborchia16), J.J. Cordier17), S.Clemento18),  1) Japan
Atomic Energy Agency, 2) U. Tokyo, 3) EFDA, 4) IPP-MGP , 5) CEA Cadarache, 6) CEC Brussels

JT-60SA Design Team: M. Kikuchi1), M. Matsukawa1), H. Tamai1), S. Sakurai1), K. Kizu1), K. Tsuchiya1), A. Sukegawa1), Y. Kudo1), T.
Ando1), H. Matsumura1), F. Sato1), Y. Miura1), S. Ishida1), T. Fujita1), G. Kurita1), Y. Sakamoto1), A. Oikawa1), T. Yamazaki1), H. Kimura1), K.
Shinohara1), S. Konoshima1), T. Ozeki1), O. Naito1), T.Takizuka1), K.Hamamatsu1), K.Shimizu1), K, Ohasa1), N.Hayashi1), N. Aiba1),
K.Kiyono1), T.Oshima1), S.Sakata1), M.Sato1), Y. Kamada1), H. Kubo1), Y. Koide1), S. Ide1), N. Asakura1), H. Takenaga1), K. Hoshino1), H.
Kawashima1), T. Hatae1), A. Isayama1), M. Takechi1),T. Suzuki1), T. Nakano1), N. Oyama1), K. Kamiya1), H. Urano1), Y. Kawano1), T.
Kondo1), G. Matsunaga1), M. Yoshida1), K. Fujimoto1), Y. Kojima1), Y. Tsukahara1), H. Sunaoshi1), S. Kitamura1), Y. Kashiwa1), S. Chiba1),
Y. Ishii1), T. Matsumoto1), Y. Idomura1), N. Miyato1), S. Tokuda1),K. Tobita1), Y. Nakamura1), M. Sato1), S. Nishio1), N. Hosogane1), N.
Miya1), T. Yamamoto1), K. Kurihara1), K. Shimada1), T. Terakado1), T. Shibata1), H. Oomori1), J. Okano1), H. Furukawa1), Y. Terakado1), K.
Shibata1), T. Matsukawa1), A. Sakasai1), K. Masaki1), N. Hayashi1), T. Sasajima1), J. Yagyu1), Y. Miyo1), N. Ichige1), Y. Suzuki1), H.
Takahashi1), T. Fujii1), S. Moriyama1), M. Seki1), Y. Ikeda1), M. Kawai1), N. Akino1), M. Hanada1), N. Ebisawa1), M. Kazawa1), F. Okano1), M.
Kamada1), K. Usui1), A. Honda1), M. Komata1), K. Mogaki1), M. Kuriyama1), H. Ninomiya1), M. Akiba1), K. Okuno1) , M. Inutake6), N.
Yoshida3), Y. Takase2), K. Nakamura3), M. Sakamoto3), M. Ichimura5), T. Imai5), Y. M. Miura7), H. Horiike7), A. Kimura8), H. R. Shimada9),
H. Tsutsui9), M. Matsuoka10), Y. Uesugi11), K. Ida12), A. Sagara12), A. Nishimura12), A. Shimizu3), K. Sato3), Hashizume6), K. Okano13), Y.
Kishimoto1,8), H. Azechi7), S. Tanaka2), K. Yatsu5), S. Itoh3), M. Fujiwara1,12), R. Andreani14), J. Bialek4), G. Navratil4)

 1) JAEA , 2) U. Tokyo, 3) Kyushu U., 4) Columbia University, 5) U. Tsukuba, 6) Tohoku U., 7) Osaka U., 8) Kyoto U., 9) Tokyo Institute of
Technology, 10) Mie U., 11) Kanazawa U.,12) NIFS,13) CRIEPI, 14) IPP-MGP

JAEA , National collaborators, International collaborators

1st satellite tokamak WG at NAKA National Review Committee

Contributors to JT-60SA Program
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JT-60SA (JT-60 Super Advanced)
is a combined program of

- ITER Satellite Tokamak Program
   of JA-EU
- Japanese National Program

1.  Mission of JT-60SA Program

N-NBI

P-NBI

ECRF

JT-60SA: Japan and EU

Mission of JT-60SA
is

to support
and supplement

ITER toward DEMO.

14
m

ITER : India, China, Korea, US,
Russia, EU, Japan
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World families of fully superconducting tokamaks

JT-60SA is capable to test  high βN
operation at break-even class plasma.
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JT-60SA is capable to approach
collision-less small gyro-radius plasma.

First plasma !!!!!
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Gravity
Support

NBI
Port

Stabilizing
Plates

Vacuum vessel

Diagnostics
Port

Spherical
Cryostat

Poloidal
Field Coil

Center Solenoid

Toroidal
Field Coil

In-vessel Coil

127m3Volume Vp

2.68TToroidal Field Bt

5.5MA

  4 MWTangential CTR NBI
  4 MWTangential Co NBI
16 MWPerpendicular NBI

1.15mMinor Radius ap

4 x 1021Annual Neutron
15 MW/m2PFC wall load

  7 MWECRH
10 MWN-NBI

41MWx100 sHeating & CD power
100 s (8HrFlattop Duration

3.11Safety Factor q95

0.45Triangularity δ95

1.76Elongation κ95

3.06mMajor Radius Rp

Plasma Current Ip

Basic Machine Parameter of JT-60SA

See M. Matsukawa, FT/P7-5, this afternoon
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3.03.0Safety Factor q95

2.59T5.3TToroidal Field Bt

1.2x1020m-3

0.33

1.70

3.1

2.0 m

6.2 m

15 MA

ITER

1.7Elongation κ95

3.1Aspect Ratio A

1.1x1020m-3Greenwald density nG

0.33Triangularity δ95

1.02 mMinor Radius a

3.16 mMajor Radius Rp

3.5MAPlasma Current Ip

JT-60SAParameter

JT-60SA is optimized for contribution to ITER

EF-7

Lower divertor

1. EF-7 coil is added to produce ITER-shape plasma.
2. Almost same Greenwald density of ITER
3. Lower divertor to match ITER triangularity.
4. ITER type mono-block divertor for outer target.
5. Electron heating with 10MW N-NB+7MW ECRF
6. Co-CTR rotation control by tangential-NBI
7. NTM control at two ECRF frequency (110&140GHz)

P=41MW >>Pth
L-H~20MW

European
&
Japanese

2.
0 

m
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JT-60SA has various features to supplement ITER for DEMO

N-NB

1. Wider shaping opportunities (low A~2.6, DN)
2. Upper divertor to match high triangularity
3. Down-shifted N-NBCD to form reversed shear
4. Stabilizing plates (SP) for RWM control
5. 6 set of 3 poloidal n=1,2 RWM control coils
6. Ferritic steel on SP to simulate DEMO
7. 8 hours of continuous operation as long term target

Time (s)

β N

Exp. in JT-60U

Target for JT-60SA

RWM control coils

High beta steady-state
operation for DEMO

Upper divertor

Stabilizing Plates
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High beta full noninductive operation

 2.4 MA full current drive with A = 2.65, βN = 4.4, fGW = 0.86, fBS = 0.70 for
HH98y2 = 1.3 with Ptot = 41 MW

 Normalized parameters are close to those required in DEMO (J05, slim CS)
 RWM analysis by VALEN code for b/a=1.3 shows stability at βN = 4.3.

By Bialek, Navratil: Columbia U.

See T. Fujita et al., FT/P7-4, this afternoon
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conductor EF

TF

CS

TF  CS EF
   strand NbTi  Nb3Sn NbTi
conductor         cable-in-conduit
   Bmax (T) 6.5 10 6.1
   Top (K) 4.6 5.0 4.8
   Iop (kA) 26.5 20 20

JT-60SA equips with full superconducting coils
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JT-60 to JT-60SA Torus Hall
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Cryostat Cryogenic

Power supplies ECRF system

Vacuum vessel
In vessel comp.
& Remote Handling Poloidal coils

Toroidal Coils

DiagnosticsNBI system

DisassemblyAssembly

Sharing of Construction of JT-60SA between JA and EU
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Construction :7 years , experiments : 3 years for BA period

 Construction plan of JT-60SA
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Summary

1. JT-60SA is a largest SC tokamak to support and
supplement ITER toward DEMO.

2. JT-60SA design is optimized to contribute to ITER.

3. JT-60SA also incorporate  capability not foreseen in ITER
toward DEMO.

4. JA and EU are working extensively to start this program
from 2007 in parallel with ITER.

5.  The construction of JT-60SA will take 7 years and 3 years of
experiments are foreseen in 10 years of BA period.
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Appendix
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Fusion power density~P2 ~ βN 2

“DEMO” definition was modified to have Certain Economical Prospect 

-AEC Study Subcommittee on Basic Issues of Fusion Research and Development:
DEMO should have “certain economical prospect” with ITER-like size and Pf~3GW (Aug. 16,2005)
-AEC Advisory Committee on Fusion Research revised the report and approved (Oct.26,2005).
-AEC approved ACFR report as basis for 3rd phase basic program (Nov.1,2005).
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Long pulse operation : ~8 hours
1. Particle exhaust for long pulse and development of DEMO relevant PFC
2. Development of reliable operation and reduction of disruption probability

Scientific Mission (II) (long term)

Expand operation regime of high beta steady-state for DEMO

time (s)


