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Table 2-2 Central research needs for ITER and DEMO, and device capabilities required
Sor a satellite tokamak in order le salis[y these research needs
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control j(r) bootstrap fraction <50% bootstrap fraction =50% || ang Puise ~100s
Particle Conirol Particke Controd under saturaied wall condstion
Equiibrimn ; ; Super Conduching
Cantrol Fulty superconducting operatian TF & PF coils_|
y ’ Demonstrate long pulkse Demonstrate long pukse hgh
igh B OPETEGON | - pign pN ~3 and determine | BN=3-55 Determine stability ﬁ;ﬁﬁg
Iy stabifity boundary boundary. Clanfy shape effects 4
RWM Contrad with mtemat RWM stabilizabon with rofabon
Compatitility with RMP RWM control-coil Rotation Cantrol
Kinetic stabilization effect of energetic parbcles on RWM stabdlity NNE
MHD " buming plasmas
Stabity NTM Efficient real time controd with | Simulianeous siabifization of ECCD, NMNB,
and ECCD, Compatibility with RMP|  NTM & RWM at high gN=3  |CO/CTR/Perp-NS|
Disruption| o tooth Sawtooth control by using EGCD under alpha particies ECCT/NNB
Disruiptaon VOE avomdance by neuiral pont operation and runaway electron ﬁ%ﬁms
midigathan matigation by Increase of electron density (gas [ pellet injection) = I-Qﬂ
Disruplian mits & behavior at
Disruptian Deveiop predichon scheme hagh BN & high radiation, Active MHD
prediction such as using Meural network | prediction, and dismuption-free diagnostics
operation
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Main |ssues

ITER

DEMO

Reguiremenis for

devices
Confirmation / extrapolation o | Confirmabion / extrapolation 1o| High Ip and large
ITER {mainky H-mode) DEMO {advanced Operation) plasmas
confmement ; i
Scaling with high trianguarity and E"‘:’;‘J m.ﬁ?ﬁmw High triangularity
shaping (mainky H-mode) EI'DEF' bion) and shaping
; Hegh Ip and large
Low collisionality & normalized gyro radus at high density |
Doim alacton te
s hegwna NNE & ECH
Low cenfral fueling
CONCTR/Perp-NB,
fuelling and impunty control NNB & ECH, puft,
pellet
Confne-
ment & Rotation effects including low external torque input Cmﬂﬂ.
Transpor heat, particle, Suppression of impurity accumulation at hegh confinement
momentum regimes
transpan and Turbulence transport at ITER and DEMO relevant regimes mmﬂ
confinement (in the presence of a karge population of fast ons) i
High-densily operabions above
H-mode threshold power the Greenwald density
Effect of test blanket modules TEL UL
full mono-block
Double-null confiquration lower and upper
dverors
. Response & Control of  |CO/CTR/Perp-NB,
R S b transport in highly NNB & ECH, puff,
self-requialing plasmas pellet
AE Stabikzation / Control of AE at high Tast ion beta,
Application fo MHD spectroscopy
Transport Study ranspor of high energy particles
High Energy High energy &
particle  |Interaction with | Clanfy Interachon of hgh energy ions with vanous MHD modes, | hegh power NNB
MHD modes | in parbcular impact of high energy parficles on high § stability
NBCD High energy NBCD High energy off-axis NBCD
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Main |ssues

DEMO

Requiremenis for

devices
low collisionality at high ne : -
lectron heating highly shaped configuration
L-H transition
H-mode iment with detached divertor for mitigation of ELM |,
e heat load . High Ip and Gitge
scale & highly
shaped plasmas
Pedestal Pedestal characteristics and
Pedestal charactenistics and control with highly shaped
Pedestal | ., ntrol at high current & high configuration
structure i
Y Control of burning plasma by
optimized pedestal condion
. RMP, high
Behawvior of type | ELMs small/no ELM regime J
ELM control | pfiigation with RMP and peflet | development athigh pn | S"@PS: Rotation
Particle Control| FU€! and impurity partice (incl. He) control with high-confinement EHF”"E'H I| ko
and high-purity core plasma V.shaped s
Divertor & Power handling High radiation fraction (low heat flux to the target) vertical targets
SOL&PWI —
kg A Replaceable
materia : .
Bk . advanced wall material and |divertor structure
with high carbon / ungsten wall material ol b B Repl tof
performance et e
plasmas
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# .é ' E
> JT-60SA DE By EH R U ITER-like %ﬂ Aﬂ "
TS5AXAITDORIFI—Y - l — TR
‘ EHE - T - I - B
> ITER BBt S XTI THOHE e
> FERFOEP, B &MRETSZXT0D => SR 1T DRI )
REOBLFR (BRI M A 25
2010 ~2030

Models & codes

BN B ] X )
JT-60SA High B (BS) exp.
e . W
ITER Burning exp.
Application
DEMO N2 * —
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Yai'd

JT-60SA) H—F TS5 (& KEBIEENTIIT-60SANIESIRZITERR UV RERFED
=8O DR ETIE,

all

B RIS =TAMN—DODF—LEEHST, JT-60SAYH—F TS5 %1 ZEL, &
BHRETZ2EH TS,

-JT-60SAIXITERFLEELREFAR MO EEFEHEL T, ITER R UVREFDF-6H DIAZE
REEREBIZOML. TOETORRIZTLDLTEMMNTES LD KERETZFHEEL.
MEETEEERTE. T-. ZEEZERL D DM ISR A ETIE,

REFEREMERIELTRR  EENAVZ) DGR B EEROERT-T5X
THIEEDRERLEZED . REFISKOoN SRR ZRIEEFHEE,

ITERDEEEFEZRBDEILIZKEL T, JT-60SAZENERTAIIENETETHY.
ITERDEHLEFEMZEH. Q=10ZERNDEZEZ L KAHBEYEIE TEEEZR LT 576
DITERZIEMEAD T A ITERTOLENTHIABREFD-HDEEILHEAD
BEMDBEXRFEZZELTL,
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Chap. 3 Operation Regime Development

Main operational scenarios in JT-60SA

Ir (MA) 4.6 3.5 2.3
B (T) 2.28 2.28 1.72
Qo5 ~3 ~4.4 ~5.8
Aspect ratio A 2.6 2.6 2.7
Elongation «, 1.81 1.80 1.90
Triangularity 0.41 0.41 0.47
2;Xhape factor S 5.7 59 7.0
Bn 2.8 3.0 4.3
fes 0.3 0.4 0.68
fow 0.8 0.8 0.85
HHy2 1.1 1.2 1.3

blue: ITER-like, red: DEMO-like

Issue: Controllability in High f5 (Sy)

Developed

*Plasma control simulator with
transport code and model (CDBM)
-Controllability of high g, plasma at full

CD (Vloopzo)' [T. Suzuki, APS2013]

P & Vigae cr::mrﬂls—nu‘-‘E:

4 s L "—l—l—I——-"M-_
L Py

,-"' relarence (J—4—4 2)

ll"‘r
3 * |
0.1 = - — DEMO-relevant regime
i 35 s, S
falarence (OV)
P W]
20 |k ¢ HBaFT 1 e
| e
I"“v.._,__ - 1LY T ! |
0 - : " T — .
016 (W]
for 'Jk control _ .
el LledmA) o 065Ip
t = : = _ bootstrap current [MA]
gr"ff NELD [MA] —

0 10 20 a0 40 50
real-time feedback control "'m# [s] 26



Development of real-time control

In JT-60SA experiments

‘Develop suitable control logic/scheme in main operational scenarios
considering linkage among plasma parameters and actuators

*Perform experimental simulation of burn control for ITER DT and DEMO

u har:tmg

diagnostics / " current

| [J Bp q pmmes}

___-"

— —

‘ heating, fueling 4—|
'EEJT'III"EI-”EI‘!
w prnillas} diag nnstlcs
Grad-Shafranov eq.
bootstrap current
- Er— -vxB+Vp/Zen
rr::-tatlnn ™, diagnostics
' | |
T controller

icontroller T

| currant source
™ (curreni drivers & Egy)

| -
momenium SOUMCEe -
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Chap. 4 MHD Stability and Control

Predlcted by TOPICS/OFMC

Issues
Method of MHD stabilization to sustain high S,

Disruption control

In JT-60SA experiments
RWM stabilization
-Stabilizing plates and control coils

*Rotational stabilization of RWMs

NTM stabilization
*Real-time control of ECCD

Disruption control

5 kPam3 Ne gas puff for runaway electrons
mitigation

~1 kPa m3 massive gas injection for heat load
mitigation

—
o
T

=
i

TI'F'I"I'rTT'l T
B

Predicted by MINERVA/RWMaC

30

[
(4]

1]
L]

]

normalized RWM growth rate
wn o

[J. Shiarishi, IAEA2012]

Toroidal rotation velocity
(10° m/s)

D[} 02 04 06 08 1

'i" . co-P-NB + N-NB ]
8 ",
</ co-P-NB+ ctr-P-NB

/+ N-NB
ctr-P-NB + H-HE

' 0.3% 0f Ve

p

B, =d?
LY oy =004 00y

nerot. With rotatio /

| with rot.
with equilibrium change

stable window

Di 1.05 1.1 1.

stability windo)

wall radius / plasma radius

12125 13 1.35 1.4
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Chap. 5 Transport and Confinement

Issue © 1.5
Transport and Confinement at ITER and DEMO- &
relevant regimes -E.' -

In JT-60SA experiments Ei

Under dominant electron heating with ECH, NNBI ¢ 0.5

and small p*, low v*, high By L“:'—

*Particle/Thermal/Momentum transport -

sIntrinsic rotation
*Turbulence transport

Calculated by GKV  [M. Nakata, JSPF2014] § O cenerammee -
(b) ' " HS:p=0.30 " e = o+ TO00 § ok
= : = - H-mod |
0.4 A  HSp-0.50 — % 3 mode" _ JLT hyhnd X
o £ "7 RSpROL Q 5 JT-60SA #5. o : "".*l?
= 02 P -l Circular =~ ] T D s W T
4 2@ ITER s, i
h 4 T ot e TR .. S i N L - IEE}-
- £ | =5 ‘I ~5.0 M
= 0% . T g “;u:= ll.‘ Y E _=- DEHU"
T o = £ 2001} (gimcs)
5 r ] ] JT-60SA 5 - M ITER (Inductive #2)
= 0.4 - ion diamag. _ | =5.0 MA = [ I
. ; \ p 0.001 0.01 0.1 1
0 0.5 ‘ 1.5 2 collisionality v*
K,y = compare to measurements

u..

ITER

- JT-60SA
!

n,=6.3 1018 m3
—'—H'E:J.;! 019 m3

TIT T[Sl AT AOT

TToT

0 0.2 04 06 08 1
Power to electron / Total power

i i i g o g 4 ¢ o ¢ & & 4 a 8 3 g g T
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Chap. 6 High Energy Particle Behavior

Issue

Energetic particle effects in burning/high g, plasmas

JT-60SA contributes to the physics basis of high

energy particle behavior with energetic ions by NNBI.

In JT-60SA experiments

» Effect of AEs on current drive efficiency
« Anomalous transport of fast ions induced by

micro-turbulence (E{/T, and pinch-angle by NB, EC)
predicted by LIGKA

 TAE eigenfunctions

|||| n=4

even |

“Ppol

| n=4

odd

| n=5

ppol |
full I, full power operation

10
<
‘;’ - JT-60SA DEMO
+«— 1F 2 (Slim CS)
2 T an\5-1a-particle
S | ITER _
= 0.1 a-particle
v JET
© x \ICRF
LL | TFTR— a-particle
a-particle
0.01 . P .
0 1 2 3

Fast ion velocity / Alfven velocity

to calculate
fast ions losses by AEs
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Chap. 7 Pedestal and Edge Physics

Issue
ELM mitigation at ITER and DEMO regime

In JT-60SA experiments
ELM mitigation at low v

*Grassy ELM operation at high I, - Effect of resonant magnetic
*QH-mode operation at high n, perturbation (RMP)
Predicted by EPED1 model Magnetic field with RMP

ITER Inductive 15MA [#3] 5.5MA LSN High Density

[#1,2] 5.5MA DN, LSN | | [#4] 4.6MA ITER-like
1#6] high [y 3008 = “':r‘_ [#5] high fi,, Full CD
0.25 w

__ITER-like scenario

.. . 1= =]
o -l = M e | -

" X 4 3 ]

[Y. Suzuki (NIFS), IAEA 2014]

31



Chap. 8 Divertor, SOL and PWI

Issues V-shape divertor
Reduction in heat flux to divertor in steady-state _ I
operations /s

In JT-60SA experiments
Heat load mitigation

*V-shape and high divertor-pumping rate iy
‘Develop radiative divertor scenario in low n,, full-CD Cryopump ~ Dienor Cassete
Ar puff (0.86 Pam?3/s) to reduce heat load
<10 MWm-2 was estimated. | [K. Hoshino, CPP2014]
[N. Hayashi, APS2014] Estimated by SONIC code
_ : Estimated by IMPACT code . Total radiation
Impurity accumulation O 20 r— =
. ~ H r — 18+
N, /N;~0.001 in core na/n~0.001 —1i| 2
Bn: 3.9 -=> 3.74, al N = -
HH: 1.68 -> 1.54, EE 5-2.4
fzs: 0.72->0.69 = | |
N AZ = +15% 26

*High performance will be

sustained compatibly. 28
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Chap. 9 Fusion Engineering

Issue

Plasma facing materials under high neutron and heat fluxes

JT-60SA can provide essential understanding of fusion engineering and

design in view of ITER and DEMO.

In JT-60SA experiments
R&D of component development

Measurement
Blanket mockup
*Divertor mockup

under high heat flux and neutron flux,
large electro-magnetic force

\ by installing mockup
from large port

W660
x H1830
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Chap. 10 Theoretical Models and Simulation Codes

Issue Strategy for theoretical models and
Reliable plasma prediction in ITER and simulation codes
DEMO 2010 ~2030

Models & codes

» Validated in JT-60SA high 3,

] JT-60SA
plasmas and ITER-like plasmas

ITER

1 I Application
» Improved in ITER burning S
plasmas

=>» Predict DEMO high 3, and
burning plasmas reliably

JT-60U, E48246 X [N. Hayashi, APS2014]
B . . - ’ L . . s r .

[—ToPics coBm

—TOPICS BgB

" CRONOS CDBM
- CRONOS COBN

Developed . CRONOS BgB

—~,_ |- —CRONOS GLF

Benchmark of codes and >
models against JT-60U and JET <
plasmas for JT-60SA plasma ¥
prediction and operation.

1

I_‘I
1,=0.8 MA, B;=2.0 T, P, =8.1 MW, q45=5.3, B\=2.7, f5y=0.884



Diagnostics into three categories

blue: for real-time control

Machine Protection
and Operation

Fundamental Parameter
Measurement

Physics
Understanding

Neutron monitor

Neutron activation
measurement

Visible TV camera
D, emission monitor

Divertor Langmuir probe
IRTV camera (divertor)

Rogowski coils

magnetic probes,
flux loops, saddle loops

YAG laster
Thomson scattering

CO; laser
interferometer/polarimeter

ECE (FTS, HR)
CXRS (toroidal and poloidal)

Z.ss monitor
VUV spectrometer

MSE polarimeter

Bolometer (main and divertor)

Soft X-ray detector array

Neutron profile monitor

Neutral Particle Analyzer

Fast visible TV for pellet
monitor

IRTV camera (first wall)
Reflectometer

Visible spectrometer for the
divertor

VUV spectrometer for the
divertor

Neutral gas pressure gauge

Advanced measurements should be developed-tounderstand-andcontroi-high
performance plasmas using accessibility and flexibility.

Collaboration on diagnostic development is welcome.
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