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e DIlI-D made excellent progress with type | ELM control using
n=3 fields

— Seems to be consistent with an edge ergodisation process

= But a number of questions still arise:
— What are the physics mechanisms?
— What levels of ergodisation is required and where?

— How to broaden resonances and put on a more robust
footing?

« Studies with n=1 and n=2 fields may open up parameter
space and also address key physics questions

e |TER...
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< Background
— Early trials on COMPASS-D and JET highlights

= Progress on JET
— New results with higher shape, AT and n=2

e DIlI-D experiments
— Modelling studies to show what’s possible
— n=1 results with pure | and I+C caoills
— n=2 complete ELM suppression?
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JET RMP fields

n=1:
— Weak edge ergodisation
— Plasma braking
— Seeding of locked modes 2
n=2: 0
— Good edge ergodisation

— Small influence on core
plasma 4

lcoii =3 KA X 16 turns
Size~6mx6m
~3 m from mag. axis 10 g

[Liang, EPS 2007, PPCF 2007, Koslowski EPS 2007]
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JET: n=1 field results

e Density reduced
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JET: Reduction in energy loss AW/W of ELMs

without EFCCs with EFCCs
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[Liang, EPS 2007, PPCF 2007, Koslowski EPS 2007]
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JET: ELM T, perturbation smaller with RMP

1 #67955

—With EFCC
0.8 —W/O EFCC \-

[Liang, EPS 2007, PPCF 2007, Koslowski EPS 2007]
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JET: Result extended to high shape...

HT-3
0.35| ; “ITER-like”
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JET: ..

.and applied in high B AT plasmas

By ~ 2.5, n=1 field: ,

OE

- Confinement "

maintained 1

2

= Density drops 1
~20%

#68973 1.2 MA/1.8T

10

Mg mwmmwwwwt
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JET: First tests of n=2 EFCCs in high 3 scenario
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JET: q,; range - locked modes are an issve,

but operational window exists

B ELM mitigation B locked Mode
25 S | l Bt =1.84T

C SFE LT
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[Liang, EPS 2007, PPCF 2007, Koslowski EPS 2007]
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DIlI-D brings unique capability to this field

Interplay of | coils and C coils allows us to change balance
of field harmonics:

External Coils
(C—coils)

— | coils make strong edge resonances

— Changing | phasing can vary
core:edge mix

out core resonances...

— ... and also impact SN
: Internal Coils
non-resonant fields (~coils)  (Cutaway View)

‘Proof-of-principal’ type scans to see what these do...
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DIlI-D Modelling of | and C coil n=1 fields

| fields infroduce strong

edge components:

—though Chirikov only just >1

D3D, I-Coil, n= 1, 180 de

B )

g phasing or ODD parity at 5.0 kA, Br

— - 10

« C fields strongly core
resonant:

— Can use to remove | coll

core resonances

D3D, n =1, C-Coil at 1.0 kA, Br
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Field scans possible on DIlI-D

q=2 compensated fields

Pure | fields (dotted):

— Different | phasings
alter core:edge mix

&
L ,-l lg L L L L
1

Cancel 2/1 resonance
with C coils (solid):

— Leaves residual edge
field

5

Field amplitude / a.u.

o
in

— ...0r can rotate
phasings to boost
edge field...
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Combining Cs and Is (180 phasing)

e Cancelling core harmonics e Or different C phase can
leads to si.rong non- kill non-resonant field and
resonant field: enhance edge fields:

D3D, n =1, -Coll, 180 deg phasing at 5.0 KA, + C-Coll at 30 kA, Br

Il
PIoldIModeN mber, m. Neg m are Left, Pos m are Right- Handed
Efit02 {MSE}giM 03600, ELM Cunlrol Experrnent Plasma.
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Pure | field tried first in q,, ramps:

dysramp 4.7>3.5:

e Da amplitude
reduced

- ELM frequency
increased

- Particular affect
around 3200m:s,
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ELM frequency clearly rises

Scan of Icoil current (n=1 configuration)
_shots 128942 - 128946 _
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Good shot in n=1 -> |-coil + C-coil as EFC

= #128942 and #128946 i
o o0l off #123942.‘ T
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is apperant 80l AR 5:1”,,_’];.3 lﬂ L LE &
| I
| . ] || | 1.” I q —
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ELM energy does fall, but in proportion to pedestal
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n=1 extended to higher amplitudes by removing core

harmonics with C coils

7.00+10™

52510" = Doy No I field .
eIncreased ELM s3so-10-

1.75-10" s

frequency o Lo 0 LI 0 A ol

. 7.00-10™ ' i ]
reldflve 1'0 222-13:— fs01f 126946 Best pure | ﬁeld case i (IOCked i—
reference oo . mode) i_

1.75+10™ T
U R

7.00-10"
5.25-10™

=But not more  s%0"-

1.75+10" —

effective 0

9250

— Error correction °™°" |

] 4250 Icoil
not that Slmple! 1750 _ 7 E \

-750

= Eg this 740" : : - : : =
meeting! R S22 S o spresaremn st

—Locked mode '~ Density

——————————————————

A S Ml Y

‘compens'qted;r
by C coils | (locked mode onset)

bbb

- A e
-{=10" . —
3.0
s the problem 39
2.0 128845 -
T —
10 89 1zmoEs \
2000 2500 3000 3500 4000 4500

UKAEA n=1,2 control of ELMs R J Buttery MHD control workshop Nov 07



n=2 fields...
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Modelling of n=2 fields also show promise...

D3D, I-Coil, n = 2, 120 deg phasing, -4, +4, 0 kA, Br
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Promising new ELM suppression technique identified

with n=2 fields

7.
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= Clear density
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Comparison of resonant regions as q scans varied
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IR shows possible effect of strike splitting
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Good shot in n=2 -> |-coil with highest amplitude

= #128963 and #128964
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Conclusions

e n=1 and n=2 fields can have significant effects on ELMs

= May offer potential for broader q,; resonance and more
general applicability than n=3? - works well on JET

= But n=1 effect on DIII-D not as strong as JET & limited by
locked modes...

— C-caoll correction gives x2 improvement in LM threshold but
demonstrates vacuum resonant model not whole story

— Further check with “optimal” pure | coil phasing for ELMs & EF
correction worth pursuing

e Does n=1 on JET act through rotation change?

e DIII-D proof of principal n=2 complete suppression is a new
world first, and needs to be explored further...*

*apologies for ‘usual’ hard sell line!
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First comparison pair shows an effect
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Larger fields progressively more effect
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First tests of n=1 in low shape configuration

#67954; 1 = 1.6 MA; B, = 1.84T; g5 ~ 4.0; 5 ~ 0.3
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Reduced limiter heat loading
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Jes SCAN

B,=1.84 T; Plasma configuration: C_SFE_LT
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n=1 extended to higher amplitudes by removing core

harmonics with C coils
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COMPASS-D RMPs configuration
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Type lll ELM conirol in COMPASS-D
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2500 R Em SEmm— : .|
«No 2/1island formed ! =CRH power ~600K
. " i magnetic perturbations
= 10% fall in stored R W T ety )
° = | .U.
energy with RMP s i N “ i
- 1500
e Larger fields led to H-L = i R o
> |
= Possible evidence = L. o oo wwleoo w
for a threshold = - A R ATUT®
in required current R I A A R
o|
100 150 200 250
time (ms)

UKAEA n=1,2 control of ELMs R J Buttery MHD control workshop Nov 07



Influence in ELM-free H-mode in COMPASS-D

COMPASS-D
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