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Motivation: ITER performance IPp

ITER:15 MA, <n_>/n,, = 0.85
30 | | ] — | 800
B I:,fus | I .
P = 40MW. (MW) ITER primary goal:
60 |- -1600  Q=10, P,,,~400MW.
Q| — Energy confinement:
40 . 400 9y ' _
| By=1.8 IPB98(y,2) scaling expression.
20 - ~200 > ITER size, 15MA/5.3T,
I ' __________________________________________________________________________________ _ P.., <73 MW, <n_>=0.85,....
0 | | | | 0
0.8 1.0 1.2 1.4
H98(y32)

Mukhovatov V. et al Nucl. Fusion 43 (2003) 942
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Motivation: ITER performance IPp

ASDEX Upgrade

ITER:15 MA, <n_>/ng, = 0.85

80 800

60 - 600
a

40 400

200

Mukhovatov V. et al Nucl. Fusion 43 (2003) 942

Integrated simulation codes:—>
‘envelope’ of performance.

«  Strong dependence,

of Q and P, with Hgg(y,2).
Significant increase in ITER
performance for ‘small’ increase
in energy confinement.
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Motivation: ITER performance IPp

ASDEX Upgrade

ITER:15 MA, <n_>/n,, = 0.85

80—T—T T 1 v |8°° Integrated simulation codes:~>
B P Bl ‘envelope’ of performance.
fus
60 Paux=40MW§ Mw 600 Strong depend.ence,
: of Q and P, with Hyg(y,2).

400  Significant increase in ITER
performance for ‘small’ increase
In energy confinement.

Hos(y,2) > 1, and B > 2:
| 12 | 1"? « Higher performance at 15 MA.
' I ' * Long pulse operation, Ip=11 to
oo log non-linear int.------------ ' Hog(y2) 14 MA, with Q=5-10 (Hybrid).

« DEMO: Hgg(y,2) = 1.2, By, 2 3.5.

Mukhovatov V. et al Nucl. Fusion 43 (2003) 942
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Motivation = Outline

ASDEX Upgrade

« ASDEX Upgrade:
Improved H-modes (Hgg(y,2) > 1, and B > 2).

« Operational range:
- wide range in density, T,,/T_, and v*.
- at g4 — 3.1.
- high beta: Limits and control of NTMs.

» Scaling to ITER using experimental data.

 Conclusions.
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ASDEX Upgrade: H-mode data |PP

ASDEX Upgrade

ASDEX Upgrade H-mode data

H-mode operation for a wide
range of plasma conditions:
* 1,=0.6-1.4MA, B;=1.6-3.0T.

All type | ELMy H-modes:
* Qg5 < 5., stationary > 0.2 s.
(values shown are averaged)

H-modes with
o °° i Type | ELMs

‘ T T T T ‘ T T T T ‘

1 2 3

Bn
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Current rise phase -> Low magnetic shear M

ASDEX Upgrade

1,=540 kA 1,=700 kA ,=0.8-1.2 MA
e [ z(m]\\\ e [
1.0

1,=300 kA

o z(m)
1.0

z(m)
1.0

z(m

0r ‘ 0r 0
. 1.0 -1.07 | -1.0;
10 15 20 R(m) 10 15 20 R(m) 1.0 15 2.0 R
Iheating l _
0.1 0.4 0.6 >1.0 time (s)

Current rise: 1. Early divertor configuration t~0.5s.
2. 2 low <n_> ~ 3x10"® m-3, control of impurities.

3. Additional heating: Slow down the current penetration.

-> Low magnetic shear in the centre.
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Low magnetic shear - Improved H-mode PP

ASDEX Upgrade

ASDEX Upgrade: Equilibrated q-profiles

K.
O
O

il

N =N
o

5F . . e
- ~ zero magnetic shear =
s
3F =
1 f ......................................................................... < L shear/q —-- _§1
0 = === ‘I— . . . 1 s . : I : . . 3 0
0 0.2 0.4 0.6 0.8 Ptor

 MSE data available in 2006.McCarthy P. et al, EX/P3-7
- Timing of preheating: ‘control’ of g-profile = Hgg(y,2).Stober J. et al, EX/P1-7
 The g-profile remains flat in the core.
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Low magnetic shear - Improved H-mode PP

ASDEX Upgrade

5 ASDEX Upgrade: Equilibrated q-profiles
- ~ zero magnetic shear

K.
O
O

il

N =N
o

a4t =
E — = (3,2) NTM activity =

3E E
S Fishbone activity E

2 E
. =

1 : ......................................................................... < e shear/q —-- _51
E _—‘==:——— ~~—-’-§

0 = == . 1 . . . 1 . . . L . . — 0

0 0.2 0.4 0.6 0.8 Pror

« MSE data available in 2006.

« Timing of preheating: ‘control’ of g-profile = Hgg(y,2).

 The g-profile remains flat in the core. MHD modes main candidate.
Typically (3,2) NTMs and higher (m,n) activity or fishbone activity.
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ASDEX Upgrade: Improved H-mode data IPP

ASDEX Upgrade

ASDEX Upgrade, all improved H-modes

1.6 . A second dataset includes all
oo 3, “improved H-mode” discharges:
1.4- & % °s . .'
- :.0 ° 0..‘ .o. * °
< 1.2- "::"-‘Q .‘.,‘.«r‘ ', « Early heating (some selected
> "-'.*:":. 3 /‘ cases with late heating).
> | o SITER [~ 0.0. .... .
=10 A e oy oemo * Stationary for > 0.5 s.
4
0.8- « NOT just a selection of the
best discharges.
0.6
® Improved H-modes
3
Pn
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ASDEX Upgrade: Improved H-mode data IPP

ASDEX Upgrade

ASDEX Upgrade

Improved H-modes do not

1.6
i S o d exclusively occupy the domain
1.4 3285 T . Hog(y,2) > 1 at By = 2-3.
Ced 3 g0, 007%%g
4 oY 8,.e ¢ $ 6" o
R 00.0:.... * ‘» o.
~ 1.27 .1§‘:é.. o¥s . .0 Any H-mode, when it manages
) 2 e %ol o
2 Vo B oo s to achieve high beta is likely to
T 10 o JITER 805" o 0"y ,
- R S develop low central shear in the
- o o f ]
centre, due to bootstrap current
0.8— ° ‘ ’ ‘ ’
(overlap of ‘grey’ and ‘red’ data).
0.6 ® Improved H-modes _ _ . .
H-modes (Type I) Physics criteria for improved H-
o 3 modes would depend on the
By details of the current density
profile (not routinely available).
George Sips 21st |AEA Fusion Energy Conference, Chengdu, China, 16-21 October 2006 11



ASDEX Upgrade: Improved H-mode data IPP

ASDEX Upgrade

Average | TypelELMy | Improved

I H-modes H-modes
values (944) (250)
Uos 4.1 4.0
Hog(y,2) 1.08 1.21
By 1.89 2.43
l 0.95 0.89

Various physics studies on the
reason for the high stability/
confinement in improved H-modes.

Core: Stober J. et al, EX/P1-7

Pedestal: Suttrop W. et al, EX/8-5
Maggi C. et al, IT/P1-6
(various experiments)

Similar results have been obtained in other experiments (DIII-D,
JET, JT-60U, NSTX..), for a range of conditions (See this conference !!).

George Sips
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Operational range: Density PP

ASDEX Upgrade

5 ASDEX Upgrade

1 . 4’ ..';* : 9 ()

_ 1.2 .

‘:_; ..3 ‘0. ’.?.s

2 . Ja d ‘.o °

= 1.07------ -‘Jk"\- AR
0.8

0.67| ® Improved H-modes
H-modes (Type I)

‘l.ooag.. ..’

02 04 06 08

<r‘e>lnGW

[

1.0

Improved H-modes:
Typically operate at low density,
<n.,>/ng,y = 0.35-0.6.

After formation of q(r), the
density can be increased
together with an increase in
heating power and 6.

<n.>/ngy = 0.85, Hyg(y,2) ~ 1.2
are obtained at high 6=0.4.

— At 1MA: <n>=1.1x 1020 m=.
— Tolerable ELMs.

George Sips
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Operational range: T,/T,,

ASDEX Upgrade

PP

5 ASDEX Upgrade improved H-modes

1. Operation at high <n_>.

2. ICRH and NBI at low <n_>.
2.0- '; e oo
e 0.7 <TT.,<2.5
= 157 I S
- n E!'?l':l" B, B . T.o/T., ~ 1 for a substantial
1 Ofsenacs E—E,'-,'-’-Eguf-—.-—i.‘— ——————— subset of the data, while
o i ;.ngf _ maintaining high confinement.
0.57
|® NBlonly Moreover, some of these
O NBI+ICRH .
00— discharges have low plasma
02 04 06 08 10 rotation (low momentum input).
<ne>/nGW
George Sips 21st |AEA Fusion Energy Conference, Chengdu, China, 16-21 October 2006 14



Operational range: v*

ASDEX Upgrade

PP

5 ASDEX Upgrade

Strongest correlation of
maximum Hgg(y,2) with plasma

1.4- . _
7, collisionality (v*/v*1er)-
e
1.21 ny v
N S e .. o Also density peaking (n /<n_>)
o @ .
2 RNy 20 Y. S can be higher at lower v*/v*1¢x.
o 1— [
L > Weisen H. et al, EX/8-4
0.87
- B and v* dependence of the
0.6 ® Imoroved Hmodes IP898(y,2). scal|r.19 e.xpressmn
H-modes (Type I) are under investigation.
o 5 10 15 20 McDonald D. et al, EX/P3-5
VIV¥irer
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Operational range: low qg5=3.17 PP

ASDEX Upgrade

e 20449

1.2} 1, (MAp—

1.2MA/2.0T = qg5 = 3.17,
« NBI used with beta feedback,
50% of NBI is off-axis!

Central ICRF heating.
¢ <n>=6.4x10""m3, T[T ,=1.4
<n,>/ngy=0.42, v/v*1er=2.

Picy (MW]

e i 10 Hag(y,2) rises to 1.4 at py=2.9.
WH»»--a.l--'mmn |+ Cycore = 2.5x10% (< 109).

George Sips
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Operational range: low qg5=3.17 PP

1.2;1, (MA ia | 1.2MA/2.0T > qg = 3.17,
+ |« NBI used with beta feedback,

NI cecmrmemesreneescmesi s gy voovenien o 50% of NBI is off-axis.

8t Pnai (MW) Central ICRF heating.

1 ¢ <n>=6.4x10""m3, T, /T ,=1.4
0 3 ﬁ <N >/Ng,=0.42, v’IV* 1gr=2.
 even n *  Hgg(y,2) rises to 1.4 at py=2.9.

caon 0 i AN | Cuico = 25¢107 (< 10%)

Picy (MW)

\

3_;'L'_"'_':_"_"'_"_":_'L'_'\'"l'_'"_"_"'_-_"_ - - Core MHD:
] ( .
] (1,1) fishbones.
1 1 ..................................................................... _\4 (4.3) NTMs.
N S S | NO sawteeth.
0 2 4 t"m\
Early (3,2) NTM when B ~2.
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Operational range: ECCD, stabilise (3,2) NTM M

ASDEX Upgrade

#21269 (IMW ECRH) #21272

1. ECCD: Stabilise this (3,2) NTM at q,,~3.1
After ECCD, discharge continues as

improved H-mode (shown before).
Zohm H. et al, EX/4-1Rb

2. Otherwise (2,1) NTM may develop, and
disruption recognition algorithms will act:
(mode-lock, radiation peaking, regime
identification, neural net):

« React by issuing a soft stop or triggering

g ﬁ Killer gas -
. PN disruption :

killer gas injection. Pautasso G. et al, EX/P8-7

: I:,ECRH
Trmw) 7

_ R 3. Stabilisation of (3,2) NTM is not required
0 =20 24 28 for improved H-modes with qq; > 4.

Time (s) Stober J. et al, EX/P1-7

George Sips 21st |AEA Fusion Energy Conference, Chengdu, China, 16-21 October 2006 18



Scaling to ITER using experimental data PP

ASDEX Upgrade

Motivation:

* Integrated simulation codes rely on use of transport models and
models for actuators, require benchmarking on current experiments.

« Scaling the measured kinetic profiles to ITER: 100% fit to
experimental data, gradient length preserved, pedestal.

» Use experimental profile shapes.
» Same [, H-factor's.
» Use ITER geometry.
» Impurities: Be 2 %, Ar 0.12 %, He 4.3 % - (np+n)/n, ~ 0.8.
Luce T. et al 2004 Phys. Plasmas 11 2627

Assemble set of discharges with good profile measurements.
ITER predictions: P, P.,., Q (+ other parameters using ASTRA).

Tardini G. et al 33rd EPS Conference, Rome 19-23 June 2006, P1.112

fus’ ' aux’
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Scaling to ITER using experimental data PP

ASDEX Upgrade

Density: Use shape of n, profile from ASDEX Upgrade, set <n_> = 0.85ng,,.
Temperatures: Use shape of T, profile or use shape of T profile from ASDEX
Upgrade (select highest), set T, =T, and B,'™R=p,AYC.

George Sips 21st |AEA Fusion Energy Conference, Chengdu, China, 16-21 October 2006 20



Scaling to ITER: qo;=3.0, By=2.1, high <n,> [

ASDEX Upgrade

30-

14 BN,thITER = BN,thAUG
'E' 25- T, =T,
S

)

=

|_._"

O I I I [
0.0 0.5 1.0 1.5 2.0
rmin (m)

Density: Use shape of n, profile from ASDEX Upgrade, set <n_> = 0.85ng,,.
Temperatures: Use shape of T, profile or use shape of T profile from ASDEX
Upgrade (select highest), set T, =T, and B,'™R=p,AYC.

George Sips 21st |AEA Fusion Energy Conference, Chengdu, China, 16-21 October 2006 21



Scaling to ITER: o;=3.0, By=2.1, high <n,> [

ASDEX Upgrade

x 14 30-
12 - ne Scelz-lr‘lill'aio 2

BN,thITER = BN,thAUG

25- T, =T,

T, (keV) - ITER
N
o

ITER f
Scenario 2

Comparison with integrated ITER scenario modelling (Scenario 2):
* Density: Assumed flat.
« Temperatures: Set pedestal, models for core transport & heating systems.

George Sips 21st |AEA Fusion Energy Conference, Chengdu, China, 16-21 October 2006 22



3 O RaadaT7e aen
- ne ITER Co M
My, Scenario 2

T, (keV) - ITER
N
o

10- ITERf )
Scenario 2
5— WG
0. o.
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0
Fimin (m) Fmin (m)

At higher B (Improved H-mode):
« Temperature profiles rise over whole plasma region.
« Consistent with observations of increased edge pedestal.

Suttrop W. et al, EX/8-5
Maggi C. et al, IT/P1-6
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Prediction of fusion performance in ITER

ASDEX Upgrade

PP

ITER predictions
at <n>/ng,=0.85

4 typical cases:

dgs Bn | Hosl(y:2)
3.05 | 2.10 0.95
3.17 | 2.87 1.40
3.8 2.63 1.32
4.6 2.41 1.44

1200
Q=00
®
10007
S 800-
= Q=11.4 Q=8
2 600 s O
o ITER
Q=6.5 =0
4007 o
200~
Open symbols P, > 73 MW*
0 Closed symbols P, =73 MW*

10 11 12 13 14 15
Ip— ITER (MA)
*P_.x Pased on using IPB98(y,2) scaling.

George Sips
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Prediction of fusion performance in ITER PP

ASDEX Upgrade

ITER predictions
at <n>/ng,=0.85

1200
®
1000~ ¢
By tn = 2-3
S 800- g © 0
= o T
S 3 ®
2 600 o 0, " ©
o b, « " ITER
o 5 15 MA
400- O%) . Oo‘zo ’; Brn S 2.0
o 053; o o o <
200- .. e
¢ Open symbols P, > 73 MW*
0 Closed symbols P, =73 MW*

10 11 12 13 14 15
Ip— ITER (MA)
*P_.x Pased on using IPB98(y,2) scaling.

Operation at By, =2-3:

« Significant fusion power for
1,=9.5MA to | =12MA. With
bootstrap current fraction
fsgs~0.4 , and Q=6-15.

Long pulse lengths (> 400s).

* Atlow ggs~3 (1,=14-15 MA)
would in principle be able
to reach P;, . ~1GW, Q=,

fus
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Prediction of fusion performance in ITER

ASDEX Upgrade

PP

ITER Physics Basis 1999
Nucl. Fusion 39 2137

Petty G. et al 2003
Fusion Sci. Technol. 43 1

Cordey J. G. et al 2005
Nucl. Fusion 45 1078

400
IPB98 GyroBohm Cordey05
scaling & O scaling scaling
S Q5
= 5 ©
% 200 o O%O ) 0% o
o Oy, 00
P,..= 73 MW Qg3 O %g%oo ©
e ‘ —————— —Q ————————————————————— @——— . ——————————————— 6 '————
8 o® B Y
0 R R R o o
l q- o o
10 15 20 25 20 25
Bn.tn - ITER Bn.tn - ITER

Q and input power (P, ) required (ASDEX Upgrade profile data):
« Calculated for three different energy confinement scaling expressions.
« Using IPB98(y,2): In some high 3 cases : P_,, > 73MW.

|, <11MA, despite Hgg(y,2)~1.4.
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Conclusions (4

ASDEX Upgrade

ASDEX Upgrade:
H-modes with low magnetic shear in the centre: Hgg(y,2) > 1 and B=2-3.5.

* Operation at high density and T,,/T, ~ 1 is demonstrated.
« Highest Hyg(y,2) values are achieved at ITER relevant v*.
* At qy=3.1: Hgg(y,2)=1.4, By=2.9, fishbone activity keeps q(r) stationary.
« ECCD can be used to stabilise (3,2) NTM activity (qgs~3).

ITER predictions, scaling kinetic profile shapes : <n,>=0.85ng,, , keep By .-
At qgz=3.1: P:s=1070 MW, Q=°.
At 1=9.5-12MA: P, 300-600 MW, Q=6-15 (some cases P,,>73 MW).

George Sips 21st |AEA Fusion Energy Conference, Chengdu, China, 16-21 October 2006 27
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ASDEX Upgrade

Back-up slides

George Sips
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Operation: Tungsten coverage > 85% I

ASDEX Upgrade

ASDEX Upgrade

1e-2] ® |mproved H-modes °
All AUG discharges .
% 1e-3- 3 $
£ 1e-4- ] it o $e ?;0 ‘.
g ° of.* ’o. ’.. o * R :"
O ®% ®eie, ° 4 2 ) )
(&)  § g o ‘ ‘. T o ®
; 1e-51 : : { E’ !!.: { .. ® [T .o. H
1 s Oy le-67 3 Ve :
L 19'7 T T T T T T T T
14000 16000 18000 20000 22000
Discharge #

All H-modes require central ICRH or
ECRH to avoid impurity accumulation.
Operation at <n_> ~ 4-6x10"° m->

requires a boronisation to minimise
Gruber O. et al, OV/2-3 tungsten influxes
Dux R. et al, EX/3-3Ra
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Operational range: Density, v* PP

ASDEX Upgrade

Contours for Hy4(y,2) values

20

* *
V'IV¥iter

0.9-1.1

‘ o

Strongest correlation of
maximum Hgg(y,2) with plasma
collisionality (v*/v*1er)-

Also density peaking (n,o/<ng>)
can be higher at lower v*/v* 1gx.

- B and v* dependence of the
IPB98(y,2) scaling expression
are under investigation.

McDonald D. et al, EX/P3-5

George Sips
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Operational range: low q4;=3.17 PP

ASDEX Upgrade

Core MHD act|V|ty

60

M i a’gﬂ"ll }Qﬂl*

| | .&.nuw q:. |'l+
20 | n‘ AT th‘*tﬂﬁ BT ARy i R
' -'& V) B e

: iﬁﬂ' I.-“°"e-a‘fy' R i T .

5.00 5.02 5.04 5.06
time (s)
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ASDEX Upgrade

Use of ECCD to stabilise (3,2) NTM

PP

# 21269 (IMW ECRH)  # 21272

# 21269

T._Fit (keV)

w
¥TH

3,2 activity

:[ECRH
i deposition

3 """"""""""""""" g 2 L
2 gxxﬁxxmxmx:3:%"mmi:::z:::f”M”“”M”MM? 2 ?ﬁﬁ%
3 ﬁ Killer gas - 1r
1+ N disruption : | x NTM t=1.9s i %
] : With ECRH t=2.3s ‘ 55
0 T T T T T
0 00 02 04 06 08 1.0
rho_pol
# 21269
n,_Fit (x10"9m=3) [ECRH
Lo — deposition
6r X
P
CRH B
11 (MW) 7 4 E .
2+ «
0 X NTM t=1.9s ‘
: ‘ With ECRH {=2.3s
1.6 2.0 2.4 2.8 0 ‘ ‘ ‘ ‘ ,
. 0.0 0.2 04 0.6 0.8 1.0
Time (s)

rho_pol

# 21269

:[ECRH
i ldeposition,

. To_Fit (keV)

L% NTM t=1.9s
® With ECRH t=2.3s

00 02 04 06 08 10
rho_pol

Zohm H. et al, EX/4-1Rb

George Sips
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PP

ITER Physics Basis 1999 Nucl. Fusion 39 2137

ITER Scenario 2

’

ASDEX Upgrade

T, (keV) - ITER

2 _
00 05 10 15 20
Fin (M)
ogs | s (IVIIF:A) P (I:nf\l;\z Hastv2) | Q &W)( (mﬁ:) (wam T(ekoel\T)m
g—cEI; 3.0 15.0 1.8 400 1.0 10 40 10.1 10.2 224282/
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PP

ASDEX Upgrade

Scaling to ITER: g45=3.0, B\=2.1, high <n_>

14 _
14 30
= 12— DNe ITER 14 Bun' o = Byen Ve
- ] e Scenario 2 g 25_ Ti — Te
r?-\ O N ""'
e 8 [ ;
= =~ 151
< Q
X 6 2
()
S 4 10 ITER f
Scenario 2
5 _
O T I \ T T T \ ‘ O ‘ T ‘ \ ‘ T T ;
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0
Fmin (m) Fmin (m)
| P P <n.> | n T T
<n_>/n P f 0 e0’ " i0
=e0-8£_§;W qo5 (MA) BN (M\l;\f) Hgs(y’z) Q (Ma‘;lv); y 019(:“-3) y 01;}m_3) (kev)l
AUG
#17847 3.05 14.7 2.10 619 0.95 8.0 (78) 9.9 11.2 20.3

George Sips
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ITER 4 30 B, . Buen = B¢
Scenario 2 g 25 _ Ti — Te
. S 20-
= Q
o =
E ‘:, 15-
i Ty _
= 10- ITER !
Scenario 2
5 -
O \ ‘ 1 ' T T \ O \ T ‘ \ T T \
0.0 05 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0
Fimin (m) Fmin (m)

I P P <n> | n T /T
<n_>/n p f 0 e0' " i0
085 | % | (MA) B | awy | Pos®® | Q1 B | o | otmay | (rev)

AUG
420449 3.17 | 142 | 2.87 | 1070 1.40 co 0 9.6 12.2 29.5
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ASDEX Upgrade

Scaling to ITER: q4.=3.8, B\=2.6

14 ]
14 30
LLl ITER oy s BN,thITER — BN,thAUG
= 12- Scenario 2 LU 25 _
' = 5 — Te
% 10+ )
£ S 20
@ 8- ©
= = 15-
5 6 - o , O |_'—"
(M) o
© 4. z 104 ITER !
Scenario 2
2 - T S 1
O \ ‘ \ \ \ \ O \ ‘ \ ‘ \ \ R
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0
Fmin (m) Fmin (m)
| P P <n> | n T IT.
<n_>/n p f 0 e0' " i0
=e0-8£_§;W qo5 (MA) BN (M\l;\f) Hgs(y’z) Q (Ma‘;lv); (1 019(:“-3) (1 01;}m_3) (kev)l
AUG
#17870 3.8 11.8 | 2.63 597 1.32 11.4 92 8.0 12.6 28.2
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Scaling to ITER: q,;=4.6, B=2.4

ASDEX Upgrade

ITER
Scenario 2

T; . (keV) - ITER

l P P <n> | n T, T.
<n>/n P fus H..(y,2 aux e e0 e0' " i0
=0.85 o5 (MA) P (MW) a2 | Q MW) | (10m3) | (10°m3) | (keV)
AUG
#20448 4.6 9.7 2.41 360 1.44 6.5 95 6.6 9.4 27 4
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Prediction of fusion performance in ITER

ASDEX Upgrade

PP

<ne>lnGW I P us Paux <ne> ne Te lTi
=0.85 q95 (MpA) BN (Mfw) H98(y’2) Q (MW) (10*m=3) | (1 019:,-3) (koeV) 0
profile shapes
ITER 24.8
Sc. 2 3.0 [ 150 | 1.8 | 400 1.0 10 40 10.1 | 10.2 21'2
AUG
#17847 | 3.05 | 147 | 210 | 619 | 095 | 80 | (78) | 9.9 | 11.2 | 20.3
AUG
#2049 | 3.17 | 14.2 1070 o | 0 | 96 |122]295
AUG
#17870 11.8 | 2.63 | 597 | 1.32 |11.4| 52 | 8.0 | 12.6 | 28.2
AUG
#20448 9.7 | 241 | 360 | 144 | 65| 55 | 66 | 94 | 274
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Prediction of fusion performance in ITER PP

ASDEX Upgrade

ITER predictions .
at <n>/ng,,=0.85 Calculated bootstrap fraction

fgg increases at lower current.

ITER (15MA) ~ 0.18.

Maximum of cases presented
here: fgg ~ 0.4.

A current ramp to lower plasma
currents compared to
reference design AND the

0 w w w w w | ability to operate at same
10 11 12 13 14 15

|~ ITER (MA) stored energy.
- longer pulse length.
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Prediction of fusion performance in ITER PP

ASDEX Upgrade

ASDEX Upgrade Improved H-modes

1200
Open symbols P,,, > 73 fIW Most of the scaled edge
Closed symbols P, = 73 MW 1
1000- ° pedestal temperatures are within
3 . o range of what is expected for
s 800 0 3 typical H-modes in ITER.
o 6000  °° - o o
- 8 o o 5.3keV £ 23%
400 S o ¢ oo © Sugihara M. et al 2003
®* o @8 & Plasma Phys. Control.
2007 s Fusion 45 L55
5.3 keV  23%
O I I — I I
2 4 6 8
Te,ped_ITER (keV)
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