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Quitline

e Real time 3 ramp-down techniques
» |CCD at g=3/2 NTM control scans
 Possibilities for LHCD NTM control

e Conclusions
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NTMs have a metastable threshold

NTMs metastable above
/ a certain B,
- If B ramped down

enough NTM can be
removed

Seed
island

Bonset

- Particularly useful if you
B>B marg get anomalous seed

— such as large
Island width sawteeth with entry
Into H-mode
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...then real time control can help

RF

NB
32 NTM
/ M\
<

Onset Trigger Offset Trigger

* Real time system takes [3 down until mode decays...
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Real time [3 notch for NTM removal

57264 (Ip 2MA, BT 2.7T)

e EXploits
ICRH [MW] metastable

- NBI [MWV] nature of NTM
IIIIII II |‘ /M%_ — first sawtooth
| | | often the worst

A neutron/s (x10"°)
7 L 7 s WY - | * Recovery to
‘//; v higher [3 and
| | | . | l neutron rate

™ | n=11V] after 3/2 NTM

I
““ n=2[V] ["inv |« Disruption

Wi 8 4 wM“ e Wﬁn Jiliipurensayiiity - prevention
14 22 24 after 2/1 NTM

Time [s]

o N B~ O
T T T

0.1 >
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ICCD: diversify sawtooth control

e Take LFS 2nd harm H result, T Phice No: 52083, - 2o e = 3.4m
and move further off axis:

— Pulse No: 52079, Rres ~3.2m

————— Pulse No: 52083, R . =3.4m

PICRH(MW)
O = NN W s~ O

Pygi (MW)

ot s O A i, ) ) ) o

[ g
L &
[ g
;i3 E vssawtooth controll
TN 5 osaraised NTM .ﬁ- NH“;\
: o i
1% = oz/threshold L4
0.6 1.0 %
r/a < 0 5
0

_ 20 22 24 26 28 3
[Mantsinen, PPCF, 44 1521] Time (s)
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NTM control with ICCD

» Strike mode with ‘standard NTM recipe’

* Apply B, ramps to move the ICRH deposition over the
NTM

e VVary power

 Vary phasing of ICRH
— dipole and -90°degrees
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Effect of local ICRF on 3/2 NTM

« Rutherford equation for island growth

dw
- = 1227[A+a,6"2 B, T (W) +C,j1iaco + Coffuicmn Jo)
e thus, three ways in which the NTM is affected

— affect A’: local current profile changes directly through
ICCD or indirectly through ICH

— create ], ,c¢p by local ICCD inside the island
— create n, oy though the local heating of the island

o we expect relatively broad (15-20 cm) RF deposition
profile, so A’ effects may dominate
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Type | pulse shape

2 NBI 59305
2fICR —

25
20
15
1.0 F
052
00k

posmon -
q — 3/2 eXPECted ES'O _:>;: _,f"f} ! |||H|| i u|
nearR=3.6m == ww\m il \I/W

e T, n||||||||||||mm,lHULLLULLIJJJJHm e

100 WATTS

I_Il—l—l-lll|l I[NNI NN NN NN

R

1 PO sl T

155 F

TESLA
2

165 F

-1.70 E

&0 62 &4 T3] 68 70
SECS

« by ramping B; = 1.48-1.69 T the 42.3 MHz 2" H resonance
IS scanned from R =3.171t0 3.70 m
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B. scans with_1,2, 3,4 MW ICCD

w107

2

—— 55234, 1MW RF/8 MW MEI

59299, 20 RF / B MW NI
Results of B_ scans 53300, AVIW RF / 8 MW B

—— 583305, 4 RF /7 W NE

m All dipole phasing
M | v'l'% | ‘

.' MWMMWW% ﬂ JJ l‘“

il
| (bl
i gl jl 4 |“““ \‘
s '||Iﬁ 4 lnyﬂ'

1541

~——

2
B|:Jter't"J pN

0.5
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Same effect with dipole & -90 ° phasing

Dipole vs —90 degrees

0.0002 | I

59304 dipole AMW
60954 -90° 4.5MW

Scans extended
In -90°to cover full
width of mode

0.0001

Bpert/ betaN?

0.0000 I I I |
62 64 66 638 70 72
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Type |l pulse: fixed B -

—— et KHEPTOT
Soeq—12 i)

—— 358301 ICAHFID
San—21 i)

107 WATTS
[ =
o B
AN B M
O
' A
L

SECS
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Results with fixed B

- 107"
"

— 50301 B_l_=. TEET
_ 59304B_= 163 T

 Increase in heating power
Increases mode amplitude

—_

MI ‘ — effect stronger than
= i CD stabilisation
;E | l .r', i
! IIJ.' |-H i ..Ill ||'|I|. | : |,A |l|| | ll,ll L Lol
0.5} il |

ICRH to 4AMW
Aramp to d kA
062 FSlﬂr BIB 6|8 ?lCI e

t
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* B ramps carried out
 Dipole and -90°phasing
—Upto 1.7 T in dipole
—Upto 1.75 T in -90°

e 3 power levels
* Modest effect only
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E+6

B+

— 11 [ R N - =
T T T T T T [

1.1
1.8
0.6
0.4

1.5§

LH first attempt: high field reference

The reference discharge : #51805

| ICRH 4.8Mw T

+ P10MN KBI+ICRH .
MBI MAX GMW i

.IILH ZMw

JETTO

B: —

L %) Ex ]
- JETTO ]

0.4

.-

3/2NTM starts

b {ser)

Ex d
—"gme ]
L1 1 Ll L1 N T N T S N T N T Y T I Y Y O |
50 52 54 56 5H &0 5 5
e

. [p=2.51MA
« B=2.5T

¢ <ne>=2.9 10 2 m??

« At t=56.8 sec the mode
starts

*Full traces are
experimental data

* Traces between t= 56 sec and
t=59 sec are from JETTO
interpretative run. LH tarts at
t=57.5sec.
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Modelling shows worth a tr

400KkA are driven by 2MW of LHCD
inside the island width

22010% (a) | /// i
: ]

i | p ]

L2.0r = )
f ]« The driven current
' Y inside the i1sland 1s

1.5 -

| g 15% of the total

10f | 1 plasma current
3 by
o | |aoxa] *Some uncertainties
: | // 1 and variations
oo | . ] expected from
30 343 3.4 3.6 3.8

plasma profiles, etc.

R{m) ISLAND WIDTH
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Good LH but no clear effect on mode

10

possibly gets slightly bigger!

1.6
1.4
= 1.2
= 1.0
& 0.8
0.6
0.4

2.0
1.5
1.0

Puco w) VT T

0.0E . .
60 61 62

sec
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LH deposition too far out for 3/2 °

 Modelled current drive based on actual shot run:

3.0

Predicted LH current /1 53580@65s

3 Fdensity (A/m?2) E

2.0 = ]

oo 15F =
Y - E
0.5 i— ]

0.0 f— . . . . . —]

30 32 3.4 36 38
Radius

* More suitable for 2/1 mode, but hard to trigger at 2.7MA
- due to high Ip and low 3
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At 1.65T 1.65MA LH poor cou ling

E SO TIETBRENRERY Pt

=

OFR N WhoNWRIO® Ol ED Ln O—NWRUIO O D O 0 ON
T L T

1.e6

1.e6

E88§§%HBE¢Bﬁ8%§§:AB§§ ‘
ML Ly

E B

1.0

o000 & O O

1l.el19

.0

1

62 64 66 68 70

(2] T T
o

e Bt=1.65T, Ip=1.65MA = coupling poor (1 /2.5 MW),
e large ELMs = trips LHCD = improvable by power adjustment
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1.65T scenario LH little benefit

Sh-::u‘t EDEE? DEJ.-"r-.JE- CATS{:E I:I'EI*
T I T T T T T T ] ] I ] ]

120

100

ao

nta)

60

amplituda [Gou

40

20

Lost magnetics from CATS> SXR unclear

[ I T T T N S T T S N SR N SO T TN TN T T T | S [ S T L
65 il &7 GE &=
Time {Szcenda)

« BUT LHCD analysis shows edge density too high
In this scenario - LH localised to edge of plasma
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New 2MA target more promising

Use ICRH to
help trigger
mode

2/1 mode
3/2 mode

l.el9

7 TTA
3 E+EBE/RCAY )YHI8Y
o ETPPESCAIZTIH
S 2 ETPPEISCAIZTYBETN
1 ] FRPPE { p 2 —\—  ————
0 ', . - . \Lill_" NV . - S
54 56 58 60 62 64
Time (s)

e Bt=2.7T, Ip = 2.0MA = coupling ok
* Both (3/2) and (2/1) are possible in this scenario
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New 2MA target more promising

 Modelled current drive penetrates nicely:

*°F Predicted LH current ' 59046@60s
*° [ density (A/m?) with 2/1 and 3/2 3
20 modes present 3
o 19p E
ek s
0.5 i— —i
0.0 f— . . . , ) —f
3.0 32 3.4 36 3.8
Radius

e Scope to move further out
— Increased n
— more gas puff
— change modes (no 2/1 less — pump out)
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* Real time power notches can remove modes
and recover 3 > NTM onset 3

« |CCD 3/2 NTM stabilisation now had good attempt

— very modest effect seen in deposition sweeps
— outweighed by rise in amplitude due to extra heating
— dipole and -90 phasing had same effect

— ICRH not an effective technique for NTM control on JET

« LHCD NTM stabilisation has potential
— very efficient current drive
— deposition location is the key - so far not got the right location
— promising new scenario identified



