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 The JT-60SA will create no substitute database for steady-state high-beta
operation in the break-even equivalent regime.

Advanced Superconducting Tokamak

JT-60SA(A=2.5,Ip=5.5MA)

1021 ——r —
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Non-circular superconducting tokamaks



HH=1,
Ti=Te,

JT-60SA JT-60SADE

(SIimCS:H=1.3)

n(r)&T(r)=paraboric shape with an=0,5, a1=1.5

evaluated using <T>, ne-bar, Zeff=2, and q=2

*®
o
Q— 0-1 T I
n [
=
Le)
o n/ngw=0.5
'6 0.8 10
h -
-
m -
© K-Star
o
o
O .
2 . JET 4.5MA
i [ DEMO ITER Q=10 ]
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E | |
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collisionality v*

i «~ ITER & DEMO
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[ 40MW F ]
ITERQ=10
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0 i ] ] ] ] ] ] ]

1 2 3 4 5 6 7
S-factor

» To be fair, the same assumption is employed for the profiles even for JET.

Engineering parameters are taken from each machine to evaluate p,” and v*.
(JET: R=2.8m, a=1.02m, k=1.7, $=0.29, P=40MW)

 As indicated, JT-60SA can step further towards the reactor relevant regime.



T-605A

Advanced Superconducting Tokamak
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Baseline Project Schedule V.2.0

2007 2008 2009 2010 2011 2012 2013 2014 2015 ‘ 2016 ‘ 2017
First Plasma
. v
Operation | —
| Initial Research phaSw|
. . . ‘ Integrated Commissioning & Cold Test |
Commissioning
‘ Commissioning Activities |
| |
Start Tokamak Assembly Complete Tokamak Assembly
Assembly
‘ Tokamak Assembly ‘
Construction
‘ ‘ Cryostat
- Base First TF Last TF
Tokamak device (Magnet, VV, In-vessel, Cryost delivery delivery delivery
First EF VV delivery QS
delivery ‘ delivery
Auxiliary systems (Heating Systems, Diagnostics, Power supplies, Cryogenic System) ‘




Advanced Superconducting Tokamak

E% P RO 75

JT-60SA is planned to be upgraded according to the phased equipment plan.

s"_

18

R

- HH operation for commissioning with the plasmas
- DD operation for identification of the issues in preparation for full DD

Exploitation within the BA period will aim at the initial research phase:

operation
Annual
Phase | -XPected Neutron | S | pivertor | P-NB | N-NB | ECRF | "X | power x Time
Duration Limit Handling Power
1.5MW
Research partial +
Phase monoblock 1.5MW NB: 20MW x 100s
13MW duty = 1/30
Integrated phase | 2-3y 4E20 LSN - T0OMW ECRF: 100s
Research full- 7&?/9\’/' 37TMW
Phase phase I >2y 1E21 monoblock 7MW
Extended Use
Research >5y 1.5E21 DN 24MW 41MW |  41MW x 100s
Phase




JT-60SA HEDOEDHH

nducting Tokamak
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— 5F JT-60SA DENO |
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= 4 Target * 1
; _ Lt SS ...... ‘
(1) <« 3 F Long pulse E
® - (Q=5)
E 2C gg
< s JT-60 ]
E 1F Operation  Inductive ITER
E 10
o Extended 0 Area (@=10 (i ]
o Research 0 20 40 60 80 1&)” 400”3000

Longer &
higher power
with DN

Burn Time (s)
08 T T T T 'l 5

10 o . ]
3 0 '\ T" 5.0 Phase
ﬁNno “wall = 3 12 |dea| wall

ﬁNcriticaI =432 = 4 40 |nte rated — 0.6
9 Below with long pulse =
Research /" for ITER & DEMO g 04
Phase = |
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII i } 0-2

Short pulse (limited long pulse)
for ITER & DEMO including
high beta-N =4.1, full CD with high BS,

AT T T Deuterium

RN 5.5MA high Q,Transport,
IR RN | Initial Research NTM &RWM Control, Pedestal & ELM, e .
(2 \ . Phase High Energy Particle, SOL / divertor
R i A equilibrium control, divertor function, | .=
£ 00 IR plasma surface interaction, z
o IS Hydrogen /' pasic physics research (transport, MHD, CD, pedestal) o EE
\\—F/ [/} M Radiation
20+ ||, /4 W | Map
30 ‘/ | 1 Pradrtora =14-4 MW
radiotal | QroTaL=0-531
40020 30 40 50 60
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® Vacuum Vessel Cryostat

13.4 m

10 m




7.5m

CS and EF Call
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Advanced Superconducting Tokamak

» Diagnostic systems to measure the plasma parameters are shown

below.

For Machine Protection and Operation
Neutron monitor

Neutron activation measurement
Visible TV camera

Do emission monitor

Davertor Langmuir probe

Infrared TV camera (divertor)

For Fundamental Parameter Measurement
YAG laser Thomson scattenng system
CO2 laser interferometer / polanmeter
(tangential and vertical) )
Electron cyclotron emission diagnostics

Charge exchange recombination spectrozcopy
\Zﬂ}&onitm (steﬂ)le bremsstrahlung emission)
5 meter

pectro
Motional Stark effect polanmeter
Bolometer (main, divertor)

For Physics Understanding
Soft X-ray detector amay )
Neutron emission profile monitor
14 MeV neutron detectors
Neutron trometers

X camera (first wall)
Li-beam probe
Reflectometer
Reciprocating Mach probe

Visible spectrometer for the divertor
VU umfectr\"someter for the divertor
Ne gas pressure gauge

Neutrons

Neutrons

Plasma-wall interaction
Particle recycling
Plasma Configuration,

Electron density and temperature
Heat load

Electron density and temperature
Electron density

Electron temperature

(Founer transform spectrometer, Grating polychoromator, Heterodyne radiometer)

on temperature, Plasma rotation,
Impunty
Impunty
Plasma current profile
Radiation loss power

Impunty

Soft X-ray emission

High-energy 1ons

High-energyv 1ons

High-energy 1ons

High-energy 1ons )

Plasma current profile in the edge
Perturbations

Plasma flow -

Electron temperature and density in the SOL
Impunty, Recyclmg

unty
Neutral gas pressure

(Pennming gauge, Fast response 1onization gauge)

View field for
= 7' Thomson scattering
3 - / (Outer edge, Lower port)

,, e

I :x_» - cO? v
7 || ™ View field for
- 1l \ua Thomson scattering

i {Core, Equatonal port)

L

- .
§ m View field for
Thomson scatiering

"-,U..,, (Inner edge, Equatorial port)

retro reflector

P8 section

vacuum

windows,

valves, e
shutters ——

;IMB4 y
AT e
vmBs | TT}I.T

L
laser from /

Laser Room 1
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106 10-3 100 103

Time Scale (sec)

O ideal MHD & turbulence
O parallel transport

perpendicular transport @
fast ion slowing down @
plasma current profile growth ®@local Oglobal
wall particle saturation ©

10-2 10-1 1
Radial Extent | : ' B 00
MHD instabilities O high-n medium-n @ O low-n
turbulence correlation @
O themal ion orbit @ fast ion orbit
O edge pedestal width
O neutral penetration

Temperature / 1 1!0 19 193 194 10 10
Energy(eV) _ ——
O divertor © SOL Oped. @core NBO @
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L) profile impuritie
external ||| | Flow & Electric Field
flow drive profile
N main plasma ) SOL/ divertor
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{ | : P S
| ! | !
=S | BTIRESE [| |
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| Ruee prossure | | [Bp:stability] || Prossure
| »n  [moESE | J t ELM I
Pox S [maewo] || —
I N2 | G e
I I} = = L ——————————— E T = -
I e | | | soL
f ) T 1 < > .
| Va(hk® VP e | Rotation | | [H transition | || Retation | ~gyt-Tastion
i LR A B OEE Profile Boundary Profile neufrals
E \ J Condition \ J
-- -

for Core



e TEEE  PREPIRRE TRIBRITER - HEFFTEDN ?

PLELGERMEEEZSVARTTHRE=ATAELTOEGEL

SEMATY
FA3E

TS XRER

JUrol

0.8
LHE/IND —

/D —

1.0
I EREHTS



7340 (B)EC) : BnE A1

&EZTEN

M RESKEIE

TSARBEIITHZEFD,

R ER g R EE

[& D %X S EF
(HE—K)

P ORSEE (- & B b \J

+— ¢ 7’ = sl = 70
HBEEZEARBEERBED, 5
THHEDLS L, z
B CAADIERE : ~ 445, <
EHRF (ZEM) : ~41E A,
EEZ{, <=>H8 S

mpp ELMy HE—F &S 7 ELMyHE—R
S . 10 10 FO=0r;
gs T 9 ITB ETB
==
- O
me e 3
A 1 o
* N i
v K ¥ 0

0 mmigz 1 0 #HE{bEE 1

LR =l

2 E:mﬂaﬂm

T
X
B
&
o

!

—h
I
X
%
£
>
|

5615v 4
rO. S “.“ﬁ

0.4 0.6 0.8 1

BB RFREIVER
TSI BEL
[RFNFBRENES




%JL;\ ﬁgﬂﬂs %EIE: >%}Eé

Simulation : RS-ETG turbulence

CHS:Identification of Zonal flow
NI r=12em ] RS-ETG ¢|nweakf|eld side 6~0

negative shear * positive shear

Gmin Pre
3 S o L B e 3 T 60
— e x° [l R
JT-60U: SR K S 25fomek 0 7 o goodl  w g [' b }

+ = < © 2 © L1
FEﬁ:’ﬁE:‘#@%EIE ¥ 2 E DIDCKIX T o, s TR
& ©Q  — ITERE#Eix

RS S D S i ICRERE

0 10 20 30

HrERE (3)

REGOERSHIIRSFE L
BEALIERBIEZHET SMADVLE




LD BROTIA—F%

T2ARE TORTLI THD., = BE. SHBEE. £8
JT-60SA - ITERIZR IFF=BAREFEIZA o 1=,

Qll

=

FHl: ROMFHE %,
ED—MRIET HD,
E2NMFT HD. (EDFETOKA, )

INZTHENDDT=OICIE
EATEEREBRNDBED
EATEEHAIDNBED
EANGETENDED

NnnZz, EOKDICHIEIZHED M



JT-60UMD STER NV EERTEIE .
—_— [ Jrewu

Operation regimes of AT plasmas
are significantly expanded.

High B,~3 > B "Wl for ~56 s (>31y)

5 in WS regime
al ®RWM can be stabilized by V;
| : ~ @Suppression of High B, bursting
_ 3 No wall ideal limit ., 546 js also important
= 2 High B, > B °*a!l with high fy~0.9
1 m'za Is obtained at qy5~5 in RS regime
Einductli:g .In_tegrated performancet almost
00‘*. .2-0 — satisfies ITER SS scenario.

Hybrid scenario for ITER

Bn=2.6 and H,ygq(, 5=1 for 25 s (~151R)
with fgzs>43% and G-factor = 0.54
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Fig. 1

JT-60sA Heat flux can be handled with gas control

Radiation

\
.......

i
........

oy =3-77 MW

T

Prad-/?(.ip
e Prad/total =1 44 MW
Prad/total/ QTOTAL =(

Map

' Input parameters for simulation

Qg =27 MW, I =2.0x10%1 571,

| [ou0=2x10%"s1, S, . ,"=100 m?/s,
n/n=1%,

Xo = =1.0m2/s,D=0.3 m?/s

).53

Results

3.0

Qpeak = 7.32 MW/m?2,
n =2.70x101® m-3

e, sep

* The peak heat flux can be suppressed within the mono block capability

gas puffing.
« Considering 5.5MA operation, n

Ng sep = 2.7X1019 M= is acceptab

cave ~ 1X102° m= at f,,=0.8,

le.



yr-60sa High Py steady state operational space

fGW=0.é ' fGW=I0'6 I I I | 2.5MA
L | R 4 07 + o -
28 T faw=07 - A
;E - » @ 23VvA
> ) - -
\—2.6 i fow = 0.8 ] umo-6 - A
= o
¢ O A
. i 05 .
241 . .
4 O
22 | | | | 04 | | |
11 12 13 14 15 16 2.5 3 3.5 4 4.5
HH98(y,2) BN

» Assuming profiles, full-CD (I, =0MA) solutions are evaluated by ACCOME with
varying |; and fgg. Full power injection is assumed.

* full CD at 2.3 MA (with fg, ~0.9) to 2.9 MA (with f, ~0.6) can be expected with
moderate H, of 1.3.

* Here qg4; is around 5.5, q,,;, ~1.6 P, ~0.5 — 0.55.
* |, 0f 2.9 MA is limited by the maximum in B,.
* fgg Up to ~70% is expected with DEMO relevant .



