L — i, N

@;""' o F PN [ ¥

L P uey S :
L v
. ]

ERROR FIELDS AND ROTATION = L TER

R.J.La Haye
General Atomics

Presented at SNOWMASS
for the MHD Working Group
Snowmass, Colorado

JULY 7-19, 2002

il gl



LOCKED MODES IN TEARING STABLE PLASMAS [?‘
ARE CAUSED BY TORQUES FROM HELICAL 7
CURRENTS AT RESONANT FLUX SURFACES

e A locked mode is the result of a change of state
from "slipping" to locked. A slipping plasma opposes

reconnection (or "penetration”) of the resonant error field

e A rotating g=m/n rational surface acts as a thin
conducting layer. A helical current induced by static
B.mn t0 oppose magnetic reconnection produces
a 8Jy % B, drag (torque), reducing plasma rotation.
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* Torque balance leads to an expression for frequency
o 1 1

GBEE'T”‘
[ Sl A A A g p
Wo TA BT Trec

e Error field "penetration”, or mode-locking, occurs
when w/w, = 1/2. The penetration field is then

112
_B."..!.!. M. T (EL.“;)
B




ADVANCED TOKAMAK

h
@ n=1 error field torque greatly increased ( 'ervef idﬁ'ﬁtyh‘ﬁﬁfm z
_ Due to proximity to stable n=1ideal limit  Boezer 300/ )

@ Required rotation to avoid locking, w/mg = 1/2 at =2

/2
— @pTA = EDU[EIE—?] (oui-0 ben chmarx)
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® Required rotation to stabilize n=1 RWM, mgtazmeTp at q=2
m[BrH ][_T_.v ]uz (o1-0 banchmark)

Beo

Treg

WgTh = = +wgTp = WeTp atBray/Byg =0

* Generally more restrictive than w/mg = 1/2

® Example is DII-D 103158.01600, B/ Py nowall=1.6
— 9.5 MW of 80 kV co-beams, Byp1/Bo=3x107
* Actual rotation at q=2 is w/2r=7.5 kHz, 00;74=0.019
+ Calculated electron diamagnetic drift w.g/2n=-5.6 kHz
% n=1ideal kink RWM onset of instability

® Rotation assumptions are key for prediction
—  (g=eg Works well experimentally in ohmic discharges

'_—_."7 — Assume wg=tg in rf heated AT with no beams? @'
— Investigate tangential beams for AT rotation
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TABLE I: CONVEMTIONAL TOKAMAK

Relative critical m/n = 2/1 resonant error field for locking in ohmic target  discharges in I,
Mattop at G = fiy na I = 0.2 with neo-Alcator confinement. All quantities evaluated at g = 2
Mobe Afry = —2 m=—d4, parabolic parabolic squared T, and Dy assumed.

Dill—b | JET IGNITOR | FIRE ITER
o, = oo, (10" radts) | 083 0.26 0.96 0.72 0.082
1, () 0.34 0.32 0.11 0.16 0.35
[ 15 (5) 0.54 24 6.2 4.0 58
% (5) 0.030 0.091 0.22 0.21 0.96
T, =41 (5) 0.12 0.36 0.86 0.54 3.8
T () 00063 | 0018 | 0024 0.019 0.17
lan _.':ml_ﬁm}_lidtﬁ 1.1 1.2 02 0.4 0.4
By /By (1077 3.0 0.9 09 09 0.3

'B¢,=1.3T.lr=1.{lh'lﬂ.ﬁ._-.=1.7 m. a = 0.6 m, LSND, qg; = 3.5, fiy =018,
Bu=1T.1,=2MA,R;=30m, a=1.0m, LSND, g = 3.5, Tiy =013
By, = 13T 1, = 11 MA, Ry = 1.32 m, a = 0,47 m, LSND, gy = 3.6, fiyy = 3.2,
B, =83T.1I.=5TMA,.R;=20m, a=0.53 m, DND, qg, = 3.5, fi, = 1.3.
By, =53T.1 = 15MA, R, =6.2 m.a=20m, LSND, gy = 3.8, Ty = 0.24,

® )= ,q W21 = 130 Hz very low
.ﬂﬁm1m¢uiﬂx1ﬂ_ﬁ which i s Jﬂ-m

* But a large extrapolation
* And comparable to best correction in DIll-D

ITER has an excellent evrer Field
correction ceil and has ofoné

axtensive arvor Titldd sty dia s
for machine ofesion,



TABLE II: ADVANCED TOKAMAK

Relative critical m/n = 21 resonant error field for locking or RWM in 1.5 < g, < 2 discharges
with By o e < By € Py, itest wa- High dissipation regime assumed with o, 1, at g=2 = 0.019

from DIIl—D experiments.

DA —D IET IGNITOR | FIRE ITER-FEAT

a, (10° md/s) 50 s — 3.2 0%

T, (jis) 0.4 — — 0,34 070

ik, T 002020009 | — — QUOIT = QUOI% | 00035 < 009
T (5) 1] — — 14 200

Ty (5) 012 —_ —_ 0.3 30

T, (8] 0,24 — — LT .

Troc (8) 0.11 - = 0,072 18

» Elii'_lli ~] fil — — m 25

tan “ 2 (e t;“]-] (deg)
| BB (10 Yo 0.3 i No RWM stab. | No RWM sah,
| BBy (10 Y 0.6 - — 0.2 0.1

'BH, =21T. L= 16 MA. Ry = 1.Tm, a = 0.6 m, LSND, gy = 3.6, 9.5 MW tan beams,

fi =04 g =0.53x10" m™!
Experiments planmed for 20003 campaign.
Mo AT operation planmned.
B, =85T, I,=54 MA, R; =2.0 m, a = 0.53 m, DND, 34 MW rf,
B = 0,65 gy = 4.0x10% m ™) gge = 3.7, q, = 14.

B, =53T I = 10MA, Ry=62m, a=186m, 35 MW rf, gos = 4.6, g, = 1.6, B4 |, = 1.5,

fi= 1.0 figy =09x10" m—

foy

® (=0, for rf only, my2n = 0.8 kHz, Brgy/Byg = 1x10-° loening
which S

* With 30 MW/0.5 MV tan beams =g kHz
.. Bray/By = 31075 \which ielonble
— Stable to n=1 Mygmeeme locking @ ly
' ne RWA rot,gtab,

ol ifficult
+o achiev?

*::H need IRWAM Feedback stabilization




