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1. Prior to JT-60: Start of Japanese fusion program
4= 2019 10" Festival

Homi Bhabha(1955) in1st Geneva Conf. Fusion: Bring the Sun on Earth
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- 15t Geneva Conference (1955) H. Bhabha(president):
. | venture to predict that a method will be found for liberating fusion
energy in a controlled manner within the next two decades"

Atomic Energy Commission of Japan (AEC-J) was formed in 1956.
1960

4 1955 1st Geneva conf.
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2"d Geneva Conference (Sept. 1-13, 1958)
H. Bhabha (session chair): Possibility of Controlled Fusion
Speakers: Hannes Alfven, Peter Thonemann, Lev Artsimovich, Edward Teller, Ludwig Biermann

Edward Teller: Economic exploitation of controlled thermonuclear reactions
may not turn out to be possible before the end of the 20th century.
Nevertheless, the ultimate goals toward which we are working are apt to be
highly rewarding.

Japanese 1St Nobel Laureate
Hideki Yukawa jointed 2"d Geneva
conference to watch the controlled
fusion session talks and thought
about how to start Japanese
Fusion Program.

AEC-J formed roundtable committee

(Yukawa chair) on fusion reaction February

1958 reporting importance of start fusion
research in Japan.

AEC-J Special committee on fusion (April
1958-Junel959, Yukawa chair)
recommended both basic and project

1960

- 1958 2nd Geneva conf. research (A+B).
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Fusion Roundtable

Chair: Goro Inoue(AEC-J deputy chair)
Member:

Toshio Doko(Toshiba), K. Komai(Hitachi)
K. Kikawada(TEPCO),Y. Ashihara(KEPCO)
Otosaburo Kato(Electrical Industry Federation)
Koji Fushimi(Science Council)

Takashi Mukaibo(U. Tokyo) et al.

- 1975: Fusion Roundtable under AEC-J _

1990 (Goro Inoue, Chair) [2"d phase fusion program] T. Ohkawa S. Yoshikawa
JT-60 (tokamak with equivalent break-even) 1. TT
Non-circular tokamak (later by US-J Doublet-IIl) b 3N V%

Driver for Fusion
Research:

-1973: 15t Oil shock
-1979: 2nd QOil shock

2000

) -Fukuda-Carter agreement(1978)-
Fusion technology (SCM, Tritium, Blanket, etc.)
1974: IAEA conf. plasma phys. & Cont. Fus.(Tokyo) S. Yoshikawa played key role

1968: Special committee on fusion under AEC-J in promotion of JT-60
construction

U. Tokyo (1973-76)

Multipole Sbhe@tor
1980

(S. Kikuchi, chair) [15t phase fusion program]
= JFT-2a (DIVA, poloidal divertor, constructed 1974

 — JFT-2(adopt “tokamak” in 1970, constructed 197~ B EGEmN
i JFT-1 (multi-pole, 1968-69) { < @ <]
1961: IPP-Nagoya established (K. Fushimi, director) %mﬂ/

locofmmmm org. Special committee on fusion under AEC-J =
— (H. Yukawa chair) A+B JFT-2 and JFT-2a(DIVA)
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2. JT-60 is one of three large tokamaks

Bhnax=7T

max

W,.,=1.5GJ

=10T
=2.8GJ

Bmax

W,

Stix, Furth, Teller, Strauss,
Rosenbluth, Gottlieb 1967

Dec. 1982 first plasma Sept. 1984 first plasma April 1985 first plasma
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1982. 5 Prime miniter

. 1982. 09 Prime minister 1984.11 Prime minister 1986.09 Prince Akihito
Mr. Z. Suzuki

Ms M. Thatcher Mr Y. Nakasone

1983.06 JT-60 Experimental Building 1985.04 First plasma

FISCALYEAR| 1978 | 1979 | 1980 | 1981 1982 ’ 1983 | 1984 | 1985 1986 1987

1990 LTEM Apr Apr Ror Aot Apt Apr ! Apr Apr | Bpe  Apr
J .

i

JT-60 DEVICE
TOKAMAK MACHINE Cr

)

POWER SUPPLIES C IMM.FACTLId O ASSEM., INST'“L {\F—Sb |

CONTROL. SYSTEM

HEATING DEVICE
NBI

GRSSEM. TEST

RF

Strong supporter Mr T. Doko menumﬁms

- (KEIDANREN) Visited PPPL 1980 |suiping

Visited Naka 1985.03 [775ky
e POWER SUBSTATION

H. Kishimoto, FED, 5,9(1987)| MAIN EVENTS L
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POLOL Original JT-60 : X-point outside >



1990

FiFSt plasma

1980

Groundbreakin

1970

1960

See H. Kishimoto FED 5, 9(1987)
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Project structure of JT-60

DEP. LARGE TOKAMAK DEVELOPMENT

JT-60 PROGRAM QFFICE
PLANNING ond COORDINA

1

TION GROUP |

JT-60 PROJECT OFFICE L
(ToRoI0AL FIELD

POWER SUPPL

POWER SUPPLIES (POLDIDAL FIELD )

GROUP POWER SUPPLY
(HEATING DEVICES)
POWER_SUPPLY

—

HITACHI LTD.
(COORDINATING
COMPAN

MITSUB[SHI
ELECTRIC CO.

7

TOSHIBA CO.

JT-60 PROJECT OFFICE 1
CONTROL GROUP (CONTROL SYSTEM)

HITACHI LTD.

JT-60 PROJECT OFFICE I
(TOKAMAK MACHINE )

(GAS SUPPLY ond )
PREIONIZATION

HITACHI LTD.

.

HITACHI LTD.

JT- 60 OPERATION DIVISION

( SECONDARY  COOLING,)
SYSTEM
(%%DISI'RI&JTIW]

?JMI. 0 HEAVY

RIES LTD

MITSUB
LECTRIC o

JT-60 PROJECT OFFICE W

{ DIAGNOSTIC EQUIPMENTS)

FUJI ELECTRIC CO.

JT-60Q PROJECT OFFICE IV
NBI GROUP {NBI)

RF GROUP { RF )

NIPPON KOGAKU K .K
FUJITSU LTD.
NISSEL SANGYD CO.
HITACHI LTD.

SYSTEM

DIAGNOSTIC

HEATING

HITACHL LTD.
TOSHIBA CO.
NISSHIN ELECTRIC CQ.

SYSTEM

NEC CO.

DEP. CONSTRUCTION
{ EXPERIMENTAL BUILDING }
{ POWER S.H‘LY EJILDIIIGSI
(U.’NTROL [LDING

(S g e

ISJBSTATION !

TOINT vV BUILDINGS
NT

OIN

JOINT VENTURES

TOSHIBA CO. SUBSTATION

H. Kishimoto: ref. [1] in my EPJH

Permanent staff: JT-60 ~100 but was
supported by many industrial staffs
Cf. JET~400, TFTR~900

Project control: JT-60 Program
office

1. Construction plan & control

2. Control of design changes

3. Safety control (radiation, fire,
earthquake, laser, RF, vibration,
noise, magnetic field, water
disposal, mist, power protection,
interlock, emergency, labor safety,
etc.)

Transport control

Quiality control

Integrated test plan

Interface control between building
and facilities

No obh

- Biggest task during construction was
schedule control

- Most complicated task in early half of
construction project was 7.

Y - Y- Y T I T T T .1



10th Festival de Theorie, July 1-26, 2019, Aix-en Provence

2. JT-60 device construction 1978-1985
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H. Kishimoto: ref. [1] in my EPJH
He led project control but has 3-4
members.
System integration
a) Power system
- Power supply system : Ryuichi
2000 Shimada _ _
R - System analysis : Toshiba
- Constraint on frequency & voltage
- stability in power grid takes ~6 years
to agreement [TFC:160MW effective
1990 .
— power, half from line and half from

, MG].

: F'Lp'asma - High frequency filter condenser
(transient use)

1980 b) Grounding system

o Waking - Personal safety, Component

protection, Signal quality (noise

] control)

1970 - Optical fiber for noise control

- One point grounding

- Isolated transformer, optical coupler

g for phone, insulation joint for water
pipe.

= - Lightening rod

A Control evetem

B

Transport of heavy components

- Need approval of 14-15 gov offices

- Weight limit of bridge and road

- ~100ton x 40-50 times from Hitachi sea port to
Naka site (~20km)

- First one was P-MG made by Toshiba

- Diameter of flywheel was 5.5m from road
condition as well as others.

Integrated Check and Reviews

Information from Fugen (K. Tomabechi)

- M. Yoshikawa(JAERI,Chair), E.
Shoyama(Hitachi, vice chair)

- a) Interface check (262 items), b) Design and
manufacturing review (136items), c) Field
confirmation(296items)

JT-60 made many modifications during 23 years.
For any modifications, this integrated check and
review works well to reduce troubles.

Integrated Functional Test

- Individual sub-system test, linkage test, control
system linkage test (1 year), integrated control
system test (connect all subsystems to central
control system), power test of T&P coils(started
Dec. 1984).
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First plasma in April, 1985 was start of another

struggle.

AEC-J target must be achieved in 1988.

April-June, 1985 : Initial Ohmic experiments
- Installation of heating system —

1985.04 First plasma July, 1986: NB Injection experiment started.
- Typical L- mode confinement -
T ,onference M. Yoshikawa)
Joule {b} = -

A. Kitsunezaki (1984) chaired e e e

committee on future plan with an 7 ‘Dsﬂ T

optimistic view of achieving break- @, '

even with 20 MW NBI. gz o

[Doublet Il H-mode is believed as it . “*"';"*5" S

_ recovered power degradation.] . r—— .
First plasma ° oot =

1980 N =
—_— After return from TFTR initial NBI s e L

experiments, | proposed major ;‘.zf‘ﬂ
_ modification will be needed. Some initial observations 5 J\ém
. M. Yoshikawa told me that we should 1.Plasma Disruption produces f. 1‘
— do our own experiments what happens. MeV runaway electrons, which B T

: hits first wall (TiC/Mo) and g
- A ) ¢
_ J R < A iy : produced photo neutrons.
@‘ W & 2. Plasma Disruption produces e i
1960 40G acceleration and the : M“
vacuum leaks happened. P M vemea

. Farewell party-at Princeton, 198 ’ Twe s 02
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AEC-J target must be achieved in 1988 (even equivalently).
H. Kishimoto has to make plan to achieve JT-60 target regime (>5keV, ntg>2 x103cm3

S) 1. Place divertor coil below vacuum vessel to produce Lower X-point
Only 6 months to install (1987-1988)
000 2. Increase B=4.5T-> 4.8T, and |,=2.1MA->2.7MA(Div), 2.7MA->3.2MA
] Graphite
" Oct. 1988: IAEA Nice conferenc
1990 (H. Kishimoto)
_mm S Ne(0)teTi(0)=6 x 101° m3s keV
. m Limiter Divertar Coil
- > Outer divert .
ﬁglrst plasma é-tl“ggT_f-i'\é'TA Z.EJL-;V;;ISI; ;'c\)ﬂle\er single null
3. Installation of high speed pellet injector 2.3km/s, 4 pellets
1970 - .
. = S\t Oct. 1990: IAEA Washington conference
f‘; 4; 20 MA, B MW (M Nagaml)
) 2 EAN Ne(0)tTi(0)=1.2 x 102 m3s keV
1960 TN .
e VA It was clear JT-60 must have major upgra‘de

o/ 20 40 60 80
2.1 MA, 7 MW r {emt
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Lower X-point divertor produces “serendipity” called the high B, regime
relevant for steady state tokamak operation. It demonstrated ~80% bootstrap
current fraction.

M. Kikuchi, NF, 30,

343(1990)

10 T T T | I I

» Measurement o
0B |a Theory -

BOOTSTRAP ~ FRACTION
o
Ny
—
(%]
|

1960 Read my Rev. Mod. Phys. 2012 for detalils.
Galeev 1970, Bickerton 1971
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2. Generalized ohm’s law confirmed as well as Bootstrap current
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Time evolution of 80% bootstrap cument shot

T T / 06 —
0p [ Neoclssical | Sy osp@ Y Without footstrap
08 - o Neoclassical |® E 04 . p: A
T ina Boolslrag) ¥ = 0.3 | Measured ! .;‘. S -
DI? : h Spil‘.!nr T b o= - LY - - o
= {% 27 gf
- 08 3 = A -
Fond . d '3;;({ — Py ] (1)) ———— | .}.,.:'...".":...\I. ............. -
.§ 0. : Je B C/D/; o o | 01 F With boolstrap
= o o LA
g D4 E = O3 ; # - 0.2 1 1 ] 1 1
- 9 & E)- .a.E'ﬂi N i & 1.0 T T T T
03 F—— " e F (b)
F ol (84 A SE
. T 85 osf ]
01 A E?E \ ]
A= e -
1990 n " ?I Ll Ll Ll 1 11 1 L L1 Ll L 1 LAl Ll E u ™ ¥ § M 1
—_ D 01 02 03 04 05 06 07 08 08 1 @ 3 4 5 6 7
1990 Vg (measured) (V)
TIME (s)
B ¢) Dhstortion of velocity distnibution function d) Caleulated and measured bootstrap cmrent profiles
to explain parallel viscosi
1980 12 . I EQ43046, =12.4s
4 jmea j¢a|+jl:a|
C - — BS BD
Fmamﬁ el B tot
. 5 0.8 \
1970 o = .
1970 More electrons | irewer electrons| — 0.4 :
from inside @ [from cutside jcal
E0 -'._-_:; e . e
- Collisional g 0 —
diffusion 0 02 04 06 O 1

M. Kikuchi, et al., NF 30, 343 ( 1990), M. Kikuchi, M. Azumi, PPCF 37,1215 (1995)

=-"’"‘/

Trapped electron

Wi

Normalized radius
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Center Solenoid Coil
Toroidal Field Coil (7T.NbT)
(16.5T,(NbTi)3Sn)

Replaceable Blanket
(High temp. Water

Poloidal Field Coil J Li50 solid bre ede)

(5.5T,NbTi)

Cryogenics -

Fusnon reactor

"

/ Power supplyl’

. ‘ SSTR Fusion Power Station
- Fusion output : 3GW
-Net electric power: 1.08GWe

SWitch-Gear Yard

1960 -Structural material: RAF
- Pressurized water
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2. Fight to achieve Breakeven in JT-60
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Basic design :April — Sept. 1987 M. Kikuchi (ordered by H. Kishimoto)

1) PFC feeder for assembly, T o

2) Stress limit at PFC joints (M. Matsukawa) ¢ T T ) |

3) Inconel VV (H. Horiike and H. Ninomiya) _ T

N E j ; l a, DIAGNOSTICS
— o 15 | [ =S8

DIAGNOSTICS
PORT

1500 TN AT /1 o Nt g
) : 1987 4 L [ ] {
s T
- JT-60 to JT-60U modification late 1988 : Contract to Hitachi
1970 .
R JT-60 was hydrogen machine. Nov.1989 - Shutdown JT-60
Use of Deuterium is not allowed,| N
month ‘:Di mbl
- S. Seki handled D use and safety. 3 months sassembly
completed
e H->D : NBI power was doubled 1990.03 : VV(MHI) arrival to

20MW->40MW Naka
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2. JT-60 discovered ITB (Internal transport barrier)
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Y Koide, M. Kikuchi, et al., PRL1994, PPCF1994, Koide, FEC1994

E£ 1201

25
a) b) T}
20 F
2 <= |
5 % o 5f
es X -
g_:'; 20 ~ 10F
E= = F
o 10
- s 0
1990
- E 151 @
= i E
20 £3 1o} 2
e3 E | =
: E= 5F =
g'ﬂ 37 =
1970 w ot A
5 5.5 5 6.5
TIME (s)

In April 1994, | moved planning office to control 100M$ annual budget for JT-60U
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2. Big project always face difficulties: I Water leak from TF coll

JT-60U
R achleved

weven

1095

—_—
19%@

2019 10t Festival
JT-60 TF magnet
B..=10T, W__.=2.8GJ

max

mag

Insulator — po o4

T
&ﬁ%{ﬁg@{@@

SLdEPIaI.e
No33-36 Mo25-32 Nod7-24 Nod-16

ekl () =2 =

l Ground Nc-._1 |

Design: Hitachi
Manufacturing: Hitachi and Toshiba

Each company has their own know how.
Especially insulator and impregnation method. coolant channel-

H. Tamali, M. Kikuchi, --, Toshiba, Hitachi,

Serious problem:

Oct. 1992: Water leakage from #9 TF coil
Cause: crack in the corner of water pipef' : )
Junel995: Water leakage from #14 -~
We could operate stopping water in one of two channel

Even more serious problem:

Dec. 1995: Water leakage from #9 same conductor another
channel

No cooling of conductor!!

JAERI Vice president asked cause and safety assessment to

approve restart JT-60U.
Cu-Insulator system: difficult to quantify

Young’s modulus E was different

Ecqmv (LCu+LIn5) (LCLL ECu_|_ LIns EIns)

E/ns significantly smaller than design (4-20 times) did
not have problem. Reason: Almost no radial force

transmission.
"V E,c4=11000kgf/mm?
E,"s= 1100kgf/mm?

epoxy resin ——
layer insurator
{poly-amide sheet)

solderad // conductor

FED199 — —
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2. Big project always face difficulties: I Water leak from TF coll
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1996

After taking all countermeasures on safe TFC operation, restart of operation
was approved by JAERI's Vice President Kenichi Murakami (an expert of nuclear
system safety) in January 1996. The 1996 JT-60U operation started with a longer shot
interval but made immense advances in plasma parameters. World records were set in
ion temperature T;(0) = 45keV (a Guiness World Record) and fusion triple product
n;(0)T;(0)7g = 1.5 x 10>! m—3 skeV. Just before the end of operation, we achieved
an equivalent break-even condition Q7jr = 1.04 with the energy confinement time

e = 0.97s, central ion temperature T;(0) = 1.9 x 10°K and central electron density
n.(0) =9.7 x 1019 m—3

v
- ®

GUINNESS BOOK
OF RECORDS

Presented to the Japan Atemic Energy Research

dnstitute, Naka Fusion Research Establishment

who acfiizved a new world record temperature of
5.2x10° Kelvin (45kcV)

on 75)juf_y 1996 with their JAERT Tokamak-60 i 0 pE_ n d i “’
. & 2 - -
T I A

experimenital device
u u NI B

10 15 20 25 3.0
1, (MA)

Jsea |

MALL Db
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2. Big project always face difficulties: Radiation protection control

1990

1960

- 2019 10t Festival

Use of deuterium in JT-60 makes long period in-vessel works more difficult.

We plan installation of W-shaped divertor in 4t quarter in 1996.

Expected integrated radiation dose for workers are expected to be top 1 in JAERI !
Radiation does in fission research reactor is much smaller than that of JT-60. It will

make “Fusion” is not safe!

1996

1

sousvih|

Baffle Plates
Divertor Plates to cryopump
Exhaust Throat Dome Divertor Plates
£ : Co58+C060
_—
] ’g | fg
= —— Co58

1997.7
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2. Historical fight to achieve equivalent break-even in JT-60
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T ~ Modified  Improvement to W-shaped Divertor
lm:;a;;;?;ase Configuration High Ip (1991~) (1997~)

Sustained
duration
for high beta<

Configurations

Break even —p
- — fusion gain |

. lon
temperature

DT-equivalent

Electron

1970 temperature 26 keV

) Fusion triple ‘ 1.5x10%" mskeV
product

1960
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PARAMETERS:

R,=3.3m
Vo, <100 m?
l,<5.0 MA
B,<4.2T

®=61Vs
Tye<65s
Poye < 40MW
Pyng = 5.8MW
Pc<7 MW

P <7 MW
P..<3 MW
E,,=445MJ
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102t | energy multplication energy multiplication JT-60 Parameters Achieved
i tor Q=1 factor Q=30 Q ﬂq_]_ 25
DT —1-
tokamak ].‘ﬁlil_‘s_ . TI(O):d_SkeV
LHD(Japan)  TFTR(US) T o0tiapery T (0)—26keV
T i o 1 0)=
: \ _ 20y-3
s R | n,(0)=2.8x10%m
= LHD(Japan 1 Sncutrnn —56x10 !’S
o=, Helical system
1990 = 2000 B J JET(ED T=1.1s
e £ 107 i 0 01,16 sctieved E
S | rokamak 19805 ASDEX-U(Germany) () — fhmtmpwl(}[}%
) | = : JFT-2M{Japan il W VII-AS(Germany)  JT-60(1992) NBCD__
el - 'y VA 19 2
MD(Japan) _
1980 ol | Nsep=1.55 X 101 A/m¥W
i O Tokamak devices IPIHCD:3 6MA
- Helical dewi
0 Helloaldewces N aep=3-5 X 101°A/m¥W
Spherical torus
1970 W devices IPECCD:{} TAMA
107 | | . A Mirror devices 19 2
_ ; O G O ot Necep=0.42 x 10°A/m%/W
[ AMMA-10y) apan) pinch devices —
. 106 107 10° 10° B =47
T,(0) (degree) P
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3. Historical fight to establish DEMO/SSTR basis
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1. M. Kikuchi, M. Azumi, Reviews of Modern

Physics 84,1807(2012)

2. M. Kikuchi, Frontier in Fusion Research —

Physics and Fusion (2011)

3. M. Kikuchi, M. Azumi, Frontier in Fusion

T
R. Conn and A. Guth(2015

Research Il — Introduction to Modern Tokamak
Physics(2015)
a) Inductive Operation b) Principle of Steady State Tokamak Reactor

[ Plasma current

Ve

Fusion power

N N

my\/\;
/ \_/ time

Ballance of
Electricl Power
scuiclty 1.28GWe

1.08GWe
Efficlency 34.5%

4 N
L - , \
L W
|
"" J AL

%er%'}?,e Generater

Plasma Current 12MA

BO o=
Fraction 75%

>

PSS

At
s

\

Beam Driven
Plasma Current

. NBI
\'/%//\ Efficiency 50% 0.12GWe

Fraction 25%

_— Power
f ﬂ A\ for Utility
=0 08GWe

Recirculation Power
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3. Advanced Tokamak Physics: Negative shear operation
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pressure profile

current profile 5

~— @

S

L

o

-

wn

................... o

---------- o

pm &

996 o

‘ 2

1992
s

bootstrap current

externally driven ¢ % H
| i

current

Fig. 11. Schematics of current and pressure profiles in the negative shear operational
- scenario with observed visible TV at the high density core of JT-60U.

1960 Theoretical prediction: Ozeki, FEC1992
Experimental Q=1 with NS: Fujita, FEC1996
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3. Advanced Tokamak Physics: Negative-ion-based NBCD
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3. Advance Tokamak Physics: AE modes
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N-NBI provided rich set of discovery in AE physics. Kramer
PRL1998(NAE), Kimura(RSAE),Shinohara NF2001(BB mode), Lesur
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3. Advanced Tokamak physics: Flow shear suppression and de-correlation

h 2019 10t Festival

Head of Analysis division
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3. Advanced Tokamak physics: Current Hole Discovery
4= 2019 10" Festival C—

Fujita PRL2001 observed “Current Hole”

(a) (b) (c)

Current Density

A Magnetic axis |
T Current Hole -
1990 10
B M
0o :
o 10 €0 C & Zero current density
- ‘enfral axis
Plasma cross-secfion
- Fig. 12. (a) Schematics of nested flux surface equilibrium. (b) Schematics of current hole

equilibrium obtained in JT-60U with almost no current in the central region of plasma col-
umn [50]. (c) Bifurcated non-nested flux surface equilibrium. Inside the zero-current density
surface (magenta), current density becomes slightly negative [55].
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3. Advanced Tokamak Physics: Resistive wall mode stabilized by rotation
4= 2019 10" Festival

Francis Troyon (a well-known plasma physicist who discovered the scaling of plasma
beta in tokamaks [46], named “Troyon scaling”, without wall stabilization), he told
2007 e that he never trusted wall stabilization. As was clear from his words, the search
for novel mechanisms of wall stabilization became a hot topic in advanced tokamak

research from early 1990s.
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4. Preparation to Next step - ITER
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son for appointment to less demanding head of analysis division (1998) was diffel

-> Change Big ITER to compact ITER.

Essential role played by H. Kishimoto
For detail, see H. Kishimoto, NF2005

N o=

1980 S

. Later, China, Korea, India joined ITER

' Rebut-Aymar-lkeda-Motojima-Bigot
1960

ITER SWG 1998 (Pinkau-Kishimoto chair
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4. Preparation to Next step - ITER

- 2019 10t Festival

US led to withdrawal from ITER (1999). US Fusion community held a
workshop called the Snowmass Meeting 1999. | gave plenary talk on compact
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BURNING PLASMA
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BURNING PLASMA SZOURTeport brings USback
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4. Preparation to Next step - JT-60 SA

Significant budget cut of JT-60 for promoting accelerator facility at JAERI in late
1990,
-> Modification of JT-60 to superconducting tokamak is planned from 1990.

Turning point: MOE(Ministry of Education) and STA(Science and Technology
Agency) merged to MEXT.

WG for fusion research (Y. Suematsu, Chair)

S. Ohtake: MEXT
director for fusion

M. Kikuchi: JAERI

O. Motojima: Science

Y. Suematsu: Presiden advisor to MEXT

of Science council

N. Yoshida:
Subcommittee chair-for
cooperation

K. Yatsu:
Subcommittee chair
for new facility
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4. Preparation to Next step - JT-60 SA

JT-60SA as satellite tokamak program under EU-Japan BA agreement
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N-NBI ion source ‘ O = ! : A UEE ! 8l W | Tangential P-NBI

¥ 7| ion source

[ continued to work with E.U. delegates (F. Romaneli, D. Campbell, J. Pamela and
other E.U. members) to optimize the JT-60SA project specifications. While attend-
ing a workshop in Italy in September 2005, Hiro Ninomiya called to tell me that
Kishimoto passed away. Less than three years later, I stepped down as Director of
the JT-60 program and returned to plasma physics. In September 2015, T published
a book highlighting modern tokamak physics developed during these vears with M.
Azumi and dedicated it to H. Kishimoto [86]. A copy was dedicated to his wife as a
memory of the 10th anniversary of his death.
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5. Conclusion

JT-60 operated for 23 vears, from April 1985 to Aupgust 2008, Over that period,
many world records in fusion performance were achieved. Numerous groups — the
research staff, governmental organizations, politicians, leaders in the private sector
and international partners in tokamak research — all contributed to these tremen-
dous efforts. The large tokamak JT-60 achieved the promised parameters of JT-60
project, “density of 10%" / m®, temperature of 10° K, and energy confinement time of
157, simultaneously. The JT-60 experiments motivated me to reconstruct the fusion
reactor concept. The research direction of JT-60 was also redirected to this new con-
cept. While fusion physics and technology made outstanding progress through JT-60
experiments, the road to fusion energy still has many challenges. Creation of the
first plasma was just the beginning of fusion energy experiments. This will be true
for ITER and enormous effort will be necessary to advance fusion science and solve
many 1ssues to realize an economically viable fusion system. I share the opinion of E.
Teller that this effort is highly rewarding.



