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Strategy of ST research in Japan
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roader options for approach to

Phase I esonomical fusion reactor
Higher B, Target
Higher BS, A
More compact
A Very high

Tokyo & steady state

Comm. reactor
TS-3/ NSTX
TS-4 MAST

CS-less op.
D HIST, TST-2. LA Kyushu
» Longer pulse,

RF current drive > steady state
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IP(MA) 0.02-0.03] 0.1 0.3 0.5
Pinj(MW) 1 1 3 3
k 2.5 2.5 25 2.5
d 0.7 0.7 0.7 0.7
<ne20>(m-3) - 0.04 0.3 0.3
<Te>(keV) - 0.32 0.33 0.54
<Ti>(keV) - 0.32 0.33 0.54
Te(ms) - 25 6.8 10.8
B(%) - 1.6 13 21
By - 15 3.9 38
B, - 0.33 0.29 0.17
995 - 25 8.2 5
Ty (MW/m2) - 6.5 10.1 13.6
Frad(%) 20 40 40
T (Pa m3/s) - 175 50 31.1
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Nop10' (A/W/m?) - 0.026 0.19 0.32
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All-Japan ST Research Program
- A New Initiative in University Fusion Research -

Y. Takase
Graduate School of Frontier Sciences
The University of Tokyo

15t Meeting of the All-Japan ST Research Program
Kyoto University
April 21, 2005



Mission of the All-Japan ST Research Program

* Role of university research in the prioritized tokamak program
— establish the scientific basis for achieving ultra-high beta and ultra-long pulse
— unique research through creativity and innovation on several fronts are necessary

— complement the mainline tokamak research (JT-60, NCT) in contributing to the
scientific and technical bases for practical and economically competitive fusion power

* Appropriate research elements for universities to focus on
— physics of very high beta (order 1) plasmas
— development of start-up, current drive, and control techniques
— physics of steady-state operation
Elements should be developed on several devices optimized for each element
Integration should be demonstrated on an appropriately upgraded device in Phase lll.

« Academic contributions
— Prominent plasma dynamics due to low aspect ratio and high beta
— Superiority of plasma as a kinetic medium
— Anew framework of theory and simulation which are qualitatively different
— Strong impact on other branches of science, such as space and astrophysics
— New opportunity for scientists from many disciplines to collaborate



Requirements of the National ST Research Program

* Must be internationally competitive
— Significant contributions to international collaborations (IEA IA, US-J, ITPA)

— Diverse innovative research contributions by universities
« Continuation of innovative contributions can be guaranteed by small investment

« A new form of collaboration
— Establishment of a national network of ST research

— Collaboration must be bi-directional: sharing of
personnel, research funds, information

— Integration of existing devices + new device +
theory/simulation

— Utilize international collaboration in addition to
domestic collaborations

« Transparent project management
— Wide solicitation and fair evaluation of proposals
— Perioritization based on nation-wide optimization
— Appropriate evaluation of achievements



Proposed Mission of the Kyushu ST

“Plasma Boundary Dynamics Experimental Device”

A Key Node of the All-Japan ST Research Program
— Managed by the All-Japan ST Research Team

Long Term Goal:
Develop the scientific basis for achieving a steady state at high beta (~20%)

Scientific Goal:

Study steady-state issues (exceeding the wall equilibration time)
— Non-inductive current drive
— Heat and particle control
— Divertor physics
— Plasma-wall interaction

Specific Goals:
— Phase | (year 1-5): Establish the basis for sustained operation
* atlow n, (£10*m=3) and low I, (20-30 kA)
— Phase Il (year 6-11): Progress towards higher current and higher beta
« 100 KA (steady state)
10% B (short pulse)
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28 November 2006 @ Tsukuba Kenshu Center

Agenda

. Establishment of Bi-Directional Collaboration Research Promotion

Subcommittee (Komori)
— Functions and responsibilities

. National activities (Takase, ... )
— Encouragement of innovative research and collaborative research
TST-2, TS-3/4, UTST, LATE, HIST, Nihon U., CPD, QUEST, ...

* International activities (Peng)
— Research on large ST devices and international collaborations
— |EA Implementing Agreement

* Role of Subcommittee and future activities (Takase)
—  Strategy of Japanese ST research
—  Effective utilization of Bi-Directional Collaboration

. Others



Reorganization of Japanese ST Research
Following Recommendations of Fusion Research WG

« A new form of collaborative research

uni-directional

All-Japan ST Research Program

Transformation from individual research to
nation-wide coordinated research

 EXxecution of Research

All-Japan ST Research Group (formed in 2005)
— All interested ST researchers l
— Supported by Bi-Directional Research Collaboration

« Coordination of Research
All-Japan ST Research Steering Committee

=) Bi-Directional Collaboration Research
Promotion Subcommittee (formed in 2006)

— Representatives of ST research groups

bi-directional



Strategy of the All-Japan ST Research Program

Higher 3,
Higher Igs, ’ provide
More compact = Comm.\ broader
A A reactor/ options
CS-less
op.

Longer pulse,
steady state

RF current drive

- Japanese research should concentrate on broadening future options by innovation
— Ultra-high 8 (Tokyo)
— Ultra-long pulse (Kyushu)
— CS-less start-up, new current drive & fuelling methods (Kyoto, Hyogo, etc.)
« International collaboration with NSTX and MAST
— Progress towards steady-state high-performance plasma




Kyushu University Bi-Directional Collaboration
Research Promotion Organization Chart
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Summary

ST makes key contributions to tokamak research

— Need to train and supply tokamak scientists for JT-60SA and ITER
— Innovative research at universities are crucially important

All-Japan ST Research Program has started

— A new form of collaboration (not centralized, but bi-directional) to

realize the recommendations of Fusion Research WG, supported by
Bi-Directional Collaboration of NIFS

— Coordinated research utilizing existing devices, new devices, theory
and simulation, and reactor design

Mission of All-Japan ST Research Program

— Main emphasis on ultra-high beta and ultra-long pulse regimes

— Important research elements include plasma start-up, current drive,
heat and particle control, and plasma-wall interaction.

« Approach

— Unique research through creativity and innovation on several fronts

— Complement the mainline tokamak research in contributing to the
scientific and technical bases for practical and economically
competitive fusion power

— Both domestic and international collaboration should be fully utilized



