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What is fusion and why do we need it?

Fusion research at Culham - JET and MAST

Spherical Tokamak concept

Recent results from MAST

ST route to fusion
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Global Energy Demand QD

Typlcal anarw usaga in the tlﬂghpad m'ld IS enormous.

% LA b’
1 o - 4 o - - L
1Ava'age Am umt of Power used per Fersun per Da],r | world Ilopl.lhllﬁl'lﬁ
around the ¥or|d 'almost 6 billion people

Total world power
consumption = 11 million
million Watts 11!

In 50 years, the
population will have
doubled

Energy usage may have

— T increased by a factor of
Country and Japan _ 2=3

5t
=
z
5
=
=
L




Relianc

Fossil Fuels are made
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Biioblems™with Fossil Fuels

els are cumrently being burmed and lost forever
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Nuclear Fission offers a proven alternative but is not without
& its own problems

«Long lived radioactive waste
products (many thousands of
years) that require
transportation and re-
processing.

Nuclear
fission

«Public concerns on safety.
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FUSION ...

«0ccurs when two light nuclei are forced togeth
larger nucleus

The combined mass of the two
small nuclei is greater than the
ass of the nucleus they produce
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1kg of fuel would supply the same amount of
energy as 1,000,000 kg of coal! QD

10 g of Deuterium (from 500 litres of water) and 15g
of Tritium produces enough fuel for the /ifetime
electrieity needs of an average person in an
industrialised country!!




Advantages of Fusion Power Q

Fusion has little or no environmental impact - no Greenhouse emis

Fusion does not produce any 'long-lived’ radioactive waste

There is no risk of critical safety events e.g.. ‘'meltdown’
The fuels are abundant and there is no geographical localisation.

Deuterium is freely available in ....




Great Balls of Firel
Fusion Iin the 21st Century
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Magnetic fusion experlments
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JET's achievements QQ

JET is the largest tokamak in the world.

It is the only existing device to use T (as well as D)
and observe fusion neutrons.

Robotic technology has proved that remote
maintenance of tokamak is possible.
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The Future for Fusion Power()

~1 second

500-700MW <30 minutes




MAST

What is "Spherical Tokamak™? 71y

Spherical tokamak (A=R/a<2) is obtained from a conventual [ ™
one by decrease of major radius to technology limit

¥ Strong toroidicity increases field line length in
high field, favorable curvature region and
stabilize interchange modes

* MHD modes kink safety factor increases in ST
geometry qﬂdgeu:(1+H?)aB1JIPA and provides high
current in low magnetic field

» Strong edge magnetic shear stabilize ballooning
modes

¥ Smaller volume requires less auxiliary heating

¥

M Grycenevich, URAEAEURATOM Association - 20 - 13 November 2003 fﬂ_ﬁ!ﬂl‘l by

it sy &



m i

’ f‘-h
s | . I. '-.';- . “1.

L + s o= wr o v

. I'_—-

M Grycenevich, UKAEA/EDRATOM Association

MAST

/

il

Ll !
o . - o

- =

GUTTA was one of the first attempts
to built a spherical tokamak,
G.M. Vorob’ev, loffe Institute, 1980

) &N Main parameters:

major radius - R=16cm,

minor radius — a = 8cm,

aspect ratio- A~ 2,

vessel elongation — k=2,

plasma current < 150kA,

toroidal field -1.5T “te
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START, UKAEA (1990-1998)
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START attained world record tokamak beta values by a combination of
high shape factor (~ I/aB) and high pB,,.
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CDX-U, PPPL 4
/S
Fr
First plasma: Oct 1853
achieved
Ivlajor radius B (m) 0. 34
Minor radius a (m) 0.22
Elongation = 1.6
Agpect ratio (F/a) 1.5
Flasma current (VA 0.1
TF rod corrent (WA 0.4
Toroidal field at B (T 0.2
EF Auzx heating (hWH 02
Fulze length () 0.025
Plastna wolutne (m®) 0.5
CDX-Uis dedicated to a multi-institutional effort to &ipp Fl
study liquid lithium effects in spherical torus plasmas =
parficipaiing instituions: FEFL, Johns Hoplans University,
OO0, QRN SNL, and LLNT A
Fusion +
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TST-2, Tokyo

Key research thrusts:

+ University research

+ RF physics: formation, EBW
* fluctuations and transport

M Grycenevich, UKAEA/EDRATOM Association

-24 -

/'. |.f'j _
Ny
First plasma Sept 1999
THT-2 design {achieved)
Iajor radius B (m) 0.36  (0.36)
Iinor radius a (m) 023 (0.23
Elongation <18 (1.8
SAczpect rmatio (Fia) 1.6 (1.6
Flasma current (VA 0.2 (011
TF rod current (VA 074 (0.38)
Torodal field at BTy 0.4 (0215
Auzx heating HHFW 0.5 (00013
( MWy
Fulzelength () 005 (0.1
Plasma woluime (m®) 0.5 (0.5%
=Y
Fusion
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LATE (Low Aspect ratio Torus Experiment) at Kyoto Univ,

wpl B3 0em = 26 (00 gpd P=0145
|-dam = fe-kdy j00et I =SEALAT
Pimy = 45 k'W

= Vortical Field Cails

1= Current Center

Ip— % kA
(R =Fcm, z=-lcm])
A=14
®=1.2

Key research objectives:

non-solenoid start-up and sustainment
Flux Loop Cails

EBW heating and current drive

K Grycenevich, UKAEA/EURATOM Association -23 -



= 5 P
ETE, at INPE, Brazil "/JIF .1
A
First plasma: November 2000,
design (achieved)
Ivlajor radius K (1) 0 0
Iinor radius a (m) 0.2 (0.2)
Elongation =2 ("
Azpect mtio (Ria) 15 ()
Plastna current (IVA)Y 04 (003
TF rod cumrent (VLAY 0.8 (0.1}
Toroidal fieldatR(T) 0.6 (0.067)
Aux heating
Pulse length () 0.1 (0005
Plastma wolutme (m®) .35 (™
Key research objectives;
+ Investigation of parameter space in ohmic regime
+ Study of plasma edge physics
F*+*t
M Gryeznevich, URAEA/EURATOM Association - 26 - 13 November 2003 maon &



GLOBUS-M, St Petersburg Al

First plasma: November 2000. Lot
desiogn (achieved)
Ilajor radius B (1) 0.36  (0.37

Minor mdius a (m) 0.24 (024
Elongation 23 (1.8)
Aspect mtio (B/a) 1.5 i

Plasma current (VA 05 (0.35)
Torcidal fildat R(T) 06 (0.35)
Anzx Heating, MW - (0.3
Pulze lengthi(s) 0.3 (0.3}

Key research objectives:

+ Confinement studies

+ NBH, ICRH, EBW, LH studies
* Diagnostics development

o
v,
i

.
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MAST

Pegasus, University of Wisconsin /’]("

First plasma: June 1999
design (achieved)
Ilajor radius B (m) 0.4 (045
Flongation 3 [3.7]
Aspect mtio (Fia) 1.1 (1.1}
Plasma current (1WA 0.14 (L3
TF rod current (VA ) 0.2 (0225
Toroidal fieldat B(T) 0.1 (013

i

/

Auzx heating
(HHFW , ERW} 2 (%)
Pulze length(s) 025 (0063

Exploration of A =1 regime

L

13 November 2003 Wby - ¥
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Framae & "I _|"r_|‘_ & T R ST TN A i
e ——tng HIT-Il, Univ. of
-"'3/’ : :\“x
o : Wi, =
/ /A Washington, Seattle
|'I| "|I
I i I'I.r l:.'. IL-,
sy B o HIT-IT Engineering Parameters
Rl
. t!“hl _; 1 it Minor Rading a 00.2m
3 Aspect Ratio A 1.5
F sk
o Ohmic Flux Available| 60 mWh
| Fﬂ‘ Nl o HIT-IT Achieved Plasma Parameters:
iy I
\ _’4] Parameter Ohmie CHI
Al H Pulse Length 60 ms 25 ms
I,l.l_lgl. .'II Fﬂﬁk G'E]I]'Eﬂt 200) k;‘r\. 200 kﬁ'&
i Density it | € 5x10M m™3 | 1 6x10" m~3
£
/I Key research objectives:
i | + Investigation of coaxial helicity injection
| niebe: '
M Grycenevich, URKAEA/EURATOM Association - 29 - 13 November 2003 gﬂ??':



SUNIST )

Institute af Physics, Chinese Academy af Science
Depariment af Engineering Physic, Tsinghua University
Southwesiern Institute of Physics

Ifnstitute af Plasma Physics, Chinese Academy of Science

i Rk
" =

ftn
-

the first SUNIST plasma on Nov. 4, 2002

Key research objectives:
« Investigation non-inductive current ramp, CHI

« EBW
« ¢ore and edge fluctuations study

¥
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NSTX Princeton
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NSTX team, June 2001
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Is the ST a viable route to fusion? / J"I

® The ST has a number of promising features, e.qg.
— simpler construction than conventional tokamaks
— good confinement,
- low halo currents,
— high density operation,
— goaod stability (particularly at high elongation).

®* But questions remain to be addressed by experiments and
theory:
— How does confinement scale?
— Are there options for handling the exhaust?
— What Is the pressure limit (5,,~ 6 already achieved)?
— Can we demonstrate non-inductive cumrent drive (and start-up)?
— Fundamental plasma physics at high ~1

* We are entering an exciting era

= The role that the ST has to play in the development of fusion
should become clear in the next few years
Fusion s
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The Benefits of Projected ST Properties Include /T ("

Potential Cost-Effective PE and CTF Devices S\
Optimized
DEMO
Davice NSTX NSST CTF DEMO
Mission Proof of Principle Performance Energy Development, | Economy of Fusion
Extension Component Tesl Elactricity
R (m) 0.85 15 1.2 -2.5
a(m) 0.65 0.9 0.8 -18
K, b 2,08 2.7,0.6 3,04 ~34,05
I, (MA) 1.5 5-10 12 =20
By (T) 0.3-06 1.1-28 24 ~2
Pumion (MW) - 10 = 50 70 ~2000
t-pulse (s) 1-5 S0=5 Steady stale Steady state
TF coil Multi-turn Multi-turm, LN, Singla-turn Single-turn
s Tk FRLAITTa e Vit [ W2 '- * !‘
A Gryeznevich, URAEA/EURATOM Association -34 - 13 November 2003 Easion 3



ST Power Plant and Material Test Facility Designs -/

MAST

1y,

il

« Several designs of Next Step STs, Volume Neutron Sources and
Power Plants based on the ST concept have been proposed dunng
the |last ten years:

Filot FDF |FED [WVRH=  WVECTOR [ARIES (ST FP
Flant WS Sl 51
GA |GA |PPPL LKAEA JAER] |ARIES |UKAEA
(L L BH |2 =4 ~40 ~ 50
R, Im 185 [102 13 86T 2 L 2.4
8, M 075 7 10893 |036 14 2 24
Ria 14 16 14 [16 il 1.6 14
K 25 3 2 25 24 34
i 0s g8 |05 |04 064 055
o, WA 15 102 110 B8 194 0.8 31
B T 286 262 |2 25 2 2.14 1.8
Fo MW 44 e 45 s [25 fit] it
Ay 5.0 EI15 des 44 5.5 liEs 5.2
By %o B2 18 |25 |4 18 o o4
Wall load |8 2 15 SR 4.1 35
amiid 08 08 |05 |03% |08 099 095

« How these projects are supported by research results from STs?

M Grycenevich, UKAEA/EURATOM Association
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MAST(JK], NSTX, Pegasus, COX-U. HIT-Il (US),
Globus-M (RF), ETE(Brazil), TST-2 (Japan) and o

ST proof-of-principle research - present status /] |r‘

other STs are providing physics basis for Mext
= step ST devices and also contribute to ITER
L
'f" START MAST NSTX
'.I"~ R.m .35 085 .85
LN a,m 0.27 .65 0. BH
k 15-3 |24 (3) 2.5
" IL.MA |03 1.2 (2] 2 (1.0)
BT Da-06[05 III45
Poso |1 MBI [3NEBI(5) + |5 NBI (5)+
MW  +02EC|I EC(1.5) |4 FW(B)
T S| 006 065 (5) [0.55(5)
Red - design values
Recent resulits:
NSTX:
6= 30%:; By ~6=g,ovell g i~ 1, Hopys~1.8, T 3.5kel,
MAST:
By~ 638, 8~ 2, Hopo™ 2 Ty, To~ 3keV; G = 2

Large STs have similar cross-gection

MAST and NSTX and

ASDEX-Upgrade <: and main plasma parameters with :> DII-D in USA

conventional aspect ratio tokamaks

of similar size Easion
M Grycenevich, UKAEA/EURATOM Association - 36 - 13 November 2003 by el
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Recent results from MAST, |/,
MAST team: UKAEA o]

1.ahn, R.akers, L.C. &ppel, E.R. Arends, E.Axaon,
C.ABunting, R.J.Buttery, CByrom, P.G.Carglan,
CChallis, DnCiric, NJ.Comeay, GF Counsell, M Cox,
G.Cunningham, A C Darke, 1.Dowding, MR.Dunstan,
&.R.Figd, 5 ] Fielding, 5.J].Gee, R 5.G0rman,
M.P.Gryazrevich, R 1 Hayward,
P.Helancer, T.C Hender, M.Hole, M B Hood, P.Jones,
&.Eirk, 1.PLehane, B Lioyd, G.P.Maddisan,
S.Manhood, R Martin, G.J.Mcardle, H.Meyver,
ELMcClerments, M. AMOGrath, 4.3 Morris,

5. Mielsen, M P S Miglingale, 4.Patel, TM.Finfold,
M.Price, 1.0in, C.Ribeiro, O T Robinson,
W.Shevchenko, 5.Shibaey, K Stammers, A Sykes,
&,E.E.Tabasso, DM A Tavlor, D . Terrancea,

NP1 Thornas-Davies, MR Tournianski,

& Thwvagar aja, M. Walovic, M. Walsh,S E ¥ Warder,

1 Waterhouse, H WIson, Y. ¥ang, Shou, and the
ECRH and MNEI teams

and o ol cofabor aiing Livversiies and
L abor Fioias

lmperial College H i i Inside
perial Colloge % i {m;} i
Q o ier et "1 2001
s = "
i . _ '. Fimivaarainy ©ullegy Thahilia - !
SR ey e e
: g Fusion
M Grycenevich, UKAEA/EDRATOM Association W g



MAST started operating in 2000

Success of the first three years of
physics operations on MAST was
based on:

- Comprehensive diagnostics

« Flexibility of Magnetic Configuration

« Reliable operations in H-mode (OH or NBH) and
easy H-mode access

 Low MHD and good confinement at high beta

M Grycenevich, URAEAEURATOM Association - 38 - 13 November 2003 .E;::Ei"_\.:



M Walsh E Arends M Dunstan

Electron temperature and density measurements: 4 J |’

300pt one (two) time point TS

T T
C at= i i

200 Hz 20 points NJYAG Thomson Scattering

Te(R, 1)

kel

1020 m-3

MaST # 7051

5 ...

= X

5
3| My #7051 150ms
2 I -'"'Tj‘jwlr, -

| #f’ % ruby

1 Wﬂj NAdYAG
300 point high resolution Thomson Scattering gives " "'.'1“'.#-II _
1/'b and ofb pedestal parameters in a single shot i LT |

0.6 1.0 1.4 i

M Grycenevich, URAEAEURATOM Association -39 - 13 Nnveﬁ(gne} 2003 Fusion s
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- & i
lon temperature and fast ion energy measurements: /7 &
N Conway F Chermishev M Tournianskl : J,| i
il
T.(t) Scanning neutral particle analyser (PPPL)
Ti[R5t15 1"""‘rf (Rit) 16y masTerosszesn: L e
Charge Exchange PRE v R
Radiation (CXR) 20 chords 2 A o
= 12 e TN S
o A ~ — 040 m
Yoot N e X .
5 " L
E B t %
G \ !
. R el
0 10 20 30 40 50 60
E (key)
e o T |
L A e 5 Et
- _
% 1.0 18 :g
E
y ||rmmm L E
% o
timec) Fr
Fusion «
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_ = x _ i
Impurities, rotation and £_; measurements: 7 ( .,1
A R Field, N Conway, H Meyer, | Lehane, & Palel M J Walsh J i
Y.
SPRED - impurity spectrum He || Doppler (20 chords) CELESTE
T y |
i nedang bororisanon (#T2ET) i =
E olter bororrsston (07203 !'1; 1 —_— = TP . kel
3'3341. e E _ﬁ.ﬁ__:__- 6kmi S~ S
E : i ? q- H_-H'-\'v. — Wy = LAMM
M 5 = 1 . “afl gas pulf — #aanT
I =] | b gas puff —— BiknH
£ i‘ﬂm}! : x | 1 e £S5 |
g | a |l = f
= " AODE _ = - I = 2
| it s E3|| | = blls] Z W
Eaaagfibaiioe BTl 2 5 | fed F 3 AR Tt
|-_.,' i ':Il_a .:.'__._.,__J_:,_.i_.f.llaaj.._ita__:.u_....l.clt'-..‘,.._u]‘w.lll_-'w"1: 4"’- f\\/ \H"‘JII |
T R A S e e e o :
4| 18 1% 020 ltI'.llH 22 .23 024
SPRED -fasttime absolutely _
calibrated impurity radiation CERRA LU0 ENOIS) Lo
Ciwithoul He seaded MBIl (#6777) & £x
Mo L A Hi sssded MBI (867 T0) a1l
i
r. g —— ’
E Ly | Mdel _\__\-ﬂ'\-\_n""\-_,-\. ]
i |
g

gl 0,1 [} &, 1,1
Tina [siec)
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Visible and infrared emission measurements and LP: @ | [y
M Price, J Dowling, G Counsgll A Kirk M Tourniansk) LW

D atray {ark)

i chord {art)

1.48 1,44 140 1.3
R{m}

Linear CCD array

IR power video, divertor ribs High speed video, up to 25000f/s | _ .="*

FUSIC '-
M Gryaenevich, URAEAEURATOM Assaciation -42 - 17 November 2003 ...E. on




Flexibility of Magnetic Configuration: 22

Divertor configurations in MAST:

H‘ VSR Pl \ I sty ¥ L, 'I
A]aay ee 2Nl " =100 K=&
|
h—hh-l hﬁl—hﬁ
Fil # Ll =
pd s ] #l
e | A
Fqll': i | 2{ I=
- 10| ":l'
E | 11k
g .. L I.. | ..':I:fl
1 1 il
Il. | I :f | l:
= i : 4 I 7 ;
w0 W[
;-—E;h p——
] I
4 . ) A e
Riem) -
Double-Null Limited, or Natural

Divertor (DND)  Divertor (ND)

M Grpcenevich, UEAEA/ED RATOM Association
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=MD plasmas can be
produced
5 Cunningham, H Meyer

-43 -

Elongation yvs § ’/J |r _

H-mode in

Matural Divertor plasmas
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Reliable operations in H-mode (OH or NBH}

and easy H-mode access:

2EE2
& [ ne[t0189m-3]
o+ 3 _\_,_H—"F..b.m_‘- B
- 1

: ; Do 8.6
2 Hh |,.5.
0 ]

e
Ln
LEL |

1.0

Aaa/(10™],)

G=
o
LA

I/ L of
| MAST density operating space I. J |/}
: 1 0 | e

HO <

.
S o
L 1
by
-|_i-
-

0.0 02 04 08 D08 1.0 1.2
Io [MA]

L [ #3500, pelistinpidan
iy I, Py LOr

(EFIT data)

0.1 0.2 3.3 0.4

HH{IPB(y,2)) up to
1.5 in ELMy H-mode

® ELMs @ Djthanng ELMs @ L-rmode

ELMy H-mode with
G up to0.8 —

Sustained H-modes platform for studies;

By ~3, Hy ~ 1, nofne ~ 0.5 sustained

for ~220ms I::} STF,:I.I WkinNWmHm IIL'“"'IIFFur.I'"-H"":I-IE:IE}f:I
M o

00 0.2 0.4 06 08
Grasnwald fraction

Good performance at high density

G F Covnsal!

- ¥k
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Inboard midplane fuelling 4 ]‘|’ .
iImproves H-mode access: f-’-l{/
A Field Pellet injection provides

internal fuelling in H-mode:
K Axon, C Ribejro, S Shibaev

Inboard Gas Puff H ﬂ.FTEIH F'ELII.ET
B
nﬁ[_:.sj
(m) 4 :
Outboard fuelling 2 bR SRR
1.4 i - FUELLING
| TS time - w5530
T RRE ' #5533 '
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Main Results and Questions
in Heating & Confinement
studies

®* H-mode Access
®* H-mode Confinement

®* Internal Transport Barriers

From START to MAST:
can we achieve good confinement and
high beta simultaneously? b,
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H-mode confinement

Data-sets of power threshold and energy confinement of ELMy H-mode
from MAST have been assembled

Comparisons with international scalings (at moderate betas) show that:
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MAST datais~ 1.5% above scaling

MAST data is agrees with scaling

MAST datais much helow scaling

- MAST introduces a weak positive s-dependence inthe L-H power threshold

- MAST data is consistent with the global IPB98{y.2) scaling but supports a stronger
aspect ratio dependence

- MAST indicates a quadratic R/a-dependence for pedestal energy scaling

M Grpcenevich, UEAEA/ED RATOM Association

-47 -

13 November 2003

- ¥

Fusion >



Internal Transport Barriers: Alternative ? /J &

Combination of current ramp and NEI produced steep ion and
electron pressure gradients in the plasma core
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Towards the ST Reactor
Operation Point Regime:

T, i i =
=2 i iF Loks

Typical H-mode: Broad ITB:
peaked T,, broad n, broad T, peaked n,
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Main Results and Questions
in High Beta & Stability

®* Good Confinement at High Beta
* Good Stability at High Beta

®* Avoidance of Neo-classical Tearing Modes

From START to MAST:
do we see beta limit, "hard” or "soft"?
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Route to high betas in STs: Limits

Unlike in conventional aspect
ratio tokamaks, an empirical
B < 4L limit has not been
justified Iin STs
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Contribution to the baseline ST scenario

High beta sustained for several confinement times:
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Many of parameters required for ST
Component Test Facility have been
achieved simultaneously

However, access to operating point
of the ST Power Plant is a challenge
for future experiments
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Main Results and Questions
in SOL, Exhaust & ELMs
studies

® Divertor Power Loading & ELMs
® Divertor Biasing

®* Halo Currents

From START and MAST towards Next Step:
can STPP operate with ELMs in DND?

Fusion
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Exhaust in Next Step ST % /

* ST geometry = most heat goes to the outboard divertor leg
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SOL width scaling
(collisionality’ dimensionless?)

Power load linear with P, (justification?)

¢ Or take a scaling for the SOL width based on resistive interchange mode

turbulence:
— ~2Z28mm (3.23mm) S0L width at outboard {inboard) divertor
— gssume 50% radiated power
— outhoard loading: ~40MW= (107 angling of divertor plate)
— Inboard loading: ~26MWm= (52 angling of divertor plate)
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MAST

Power efflux & impact of ELMs é J |;
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Increasing density

Increasing P, g

Characteristics of H-mode operation in MAST resemble
those of type-1I1 ELMs in conventional aspect ratio devices
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ELM effluxes far into SOL

Time {s)
0240

Plasma edge
on START
(L-mode)
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Gradients during ELMs 0

Three similar H-mode discharges
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Toroidally Asymmetric Divertor Biasing /||

Initial divertor biasing experiments show
promising effects 18
G F Counsell :
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Main Question still remains:

Is the ST a viable route to fusion?

Main SS issues:
formation
sustainment
exhaust

« Basics of Operational Power Reactor Regime

M Grpcenevich, UEAEA/ED RATOM Association - B0 - 13 November 2003
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MAST
Fuel Resourses: Availability of Tritium (| [“H )

The trittum availability can be estimated from the production rate,

consumption rate and decay rate with the following assumptions:

e The only sigmficant source of T 1s from extraction plant at
Darlington, Canada.

e Candu reactors shutdown inmmud 1990°s are not re-started.

e Operation of Candu reactors 1s not extended beyond 40 year hfe.

e No further Candu reactors are built.

e No T 1s available from irradiating T production units in
commercial reactors.

e No T 1s available from military sources.

e [TER-FEAT starts in 2004, 10vrs construction, 20yrs operation.

e CTF operation starts 2024 for 10 yrs, 40MW at 40% availability.

MMMMM
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Fuel Resourses: Availability of Tritium ([
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« We need to account for Tritium
« Spherical Tokamak - smaller volume - less fuel!
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OPRR and Ignition are two distinct plasma regimes.

Ignition requires high 7, operation requires high /3.
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*Bela-tau” parametlers

» lgnifion/operation condilion
B*-g.7p|T* -sec] =4,
e Tolal power
Ppr = 4 GW,
e Igniling exlernal power

Pz = 20 MW, Trai;n = 4 52¢C.

e = 1.3 s&C,

e Cosl limitation
C=2-15%B <€ 10588,

Developmen! of OFRR remains a
major challenge for magnelic fu-

sion.
MNew regimes are absolulely nec-
assary.
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Ignited ST is a research mini-reactor /‘Tj |r" _
Spherical Tokamaks are unique in merging OPRR and Ignition Phase A /
P By [BWI | | | B
[B=3T
1 e PV e e 3 — T parameters of IST:
- - 80 %
® |gnition & operation condition
g B* .87y ~ 4,
(4B
_é =_§ ® Total power
T Ppy =~ 0.5 GW,
9- -40% @ |gniting external power
P, =~ 25 MW,
@ Cost limitation
C < 188,
) 8 1 12 i ’5[;
‘ lgnited STisa practical approach for development of OPRR, FW and TC | B "
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Challenges: understand the new physics of high beta and | /||
low aspect ratio and integrate it to expand the limits of ST A

What New Physics?

« “Anomalous” ion heating: Moo good” ion confinement, . <. - dowe
need revision of neoclassics formulas? | TG suppressed?

« Neoclassics effects when plasma is dominated by trapped particles:
bootstrap current, high resistively, etc.

+ Cross-field transport enhanced: role of geometry, rotation

« no-wall limit exceeded without a wall. role of rotation, viscosity, etc.

« Wide AE gaps in ST: does “the quantity” change “the quality™?

« “Disruption resilience”- new look

« Equilibrium : steady-state helical equilibrium observed - consequences?
+ RF heating: new opportunities or problems? EBW

- -
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Iif.[s—lST

2003-2004: MAST Improved Divertor (MID) /||
and new solenoid -

W The design features:
- Controllable inboard gas puff
« Larger footprint for inner SOL

strike points
« Smaller flat section of P2
armour, to ease H-mode access

|

1

« Longer solenoid & 10cm higher

Hi P2 coils/plates to aid high k
studies
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Conclusions

MAST data are making important contributions to key physics
R & D issues for ITER, as well as helping to establish the
viability of the ST concept

Considerable advances in areas relevant to the physics basis
for operations in next-step STs (start-up, current ramp, stability,
confinement, current sustainment and exhaust issues)

Together with the extensive array of high quality
diagnostics on MAST, these results provide an excellent
platform for further input to key ITER physics studies and
issues of specific relevance to the viability of the ST
concept

Fusion s
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