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*| will call any current with part of its path in plasma edge and part in vessel a halo current
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SCCFE Symmetric Halo.Curréntiwellunderstood

.-<-.. 0.5 M = []

2 Core plasma current (MA) " [=JFIT % 0.41 vaallL)J(eS

| \_\ (a} % 0.3::
= 0.27 >
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0 . . . 8 0.1

1.0 : - - = 0.0 : . : .
Toroidal halo current (MA) (b) 00 0.1 0.2 0.3 04 05

051 | Mode | Measured ;. (MA)
0.0 m—/w\ « Treats the core and halo current regions

as coupled circuits

Poloidal halo current (MA) (c) 24999: C=1 24999: C=6
041 FJAT ' 250 ’ 250 ’
= Model | ot KAL
0.2} 200 -pol -
0.0 . 150 by =055 -
1500 ' ) y =3
Toroidal halo driving voltages (V) \ (d) 100
1000 ¢ = dipldt ’l a‘ 1 50 .
500} |~ dPhi/dt / - L emt/t, $% g |
0 .——W A 3,075 3,08 3,085 309 3075 308 3085309
1.710 1.715 1.720 1.725 1.730

t(s) DINA model: Lukash et al EPS 2010
D Humphreys et al PoP 1999  Also halo modelling with TSC
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3 ways to measure asymmetric halos (all mvolve measuring g at several toroidal Iocatlons)
JET 72926 (Carbon-wall)
" 4 d5006

S | MR
DUAmM 5 p i
] messurements fzqmy T
7777777777 E Measures
13

___________ I M
————————— toroidal halo ~ ; gPoe—Ped 2N

current (only B o
done on JET) - £loost hos(MA)

Tile shunt measurements

Pulse No: 74449

0
%‘ 1-JET Riccardo NF 2009
ChangeinB, = [
- e — I L I
~ -1F
Measures E Of\
Poloidal T . . .
v Currents 2 2007
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time (S) :( _Sogir.l.-:‘v‘-—-— Pagpsns A L | |
R<RBtcoil *;_200-_ —inner g
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SCCFE Halo C

CULHAW CERNTEEZR
FUSIOR EMRERGYm

| Ihalo(max)l | I"I"l..fn=2,-1-
‘ lhato (aVerage)‘

asi | TPF =

Toroidal Peaking Factor (TPFy)
o
%]

(4] C.L2 6.4 0.6 O.B_i 1
T Halo Current Fraction, I, qh:‘ I p T
Ellipse just touches at

d>>a all
¢=0 & 180° = I, ,,(av)=0

current in halo

NB Helically rotating elliptic
distortion

Pomphrey et al, Nucl Fus 1998
Kink mode — hiro current model Zakharov et al
PoP 2008
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EF_}%‘Q' Halo asymmetries =
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JET Pulse No: 71985
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JET seems to be g=1 — consistent m=n=1 observed kink
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 JET disruption measurements
on opposite sides of torus

(Octant 3 & 7) = tilt not kink
(Riccardo et al, Nucl Fus 2000)
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NB asymmetry’is not locked

so not just due to observation

location
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JET Pulse No:82943

| — Oct1
— Oct.3
“1= — Oct.5
r —— Oct.7
-2
0.2 :DS - :P‘
0- p7 = p3 [~ h
I I \
-0.2-
04 Vs~ M,
0 - L I|r W
0.4 v
0.4
O §
- Migs - Mg, E
'0'4_|M|m ~Mirs | | 3
0 0.02 0.04 0.06 0.08
Time (s)

» Are the surface currents (hiro currents)

affecting the measurements?
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Possibility for dynamic amplification if near a resonant frequency (e.g. of the

vacuum vessel):-

Fz on pedestal ring (rotation)

30

20
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0 =

-10

Vertical Force (MN)

-20
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G. Sannazzaro and T Schioler
ITER Organisation

|

Time (s)

Forces
approach
peakin 2to 3
periods

—TFGS

- —VVGS

—0.5VV+TF
Crown

ITER VDE IV, up, TPF =2.78, 7.7 Hz
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From Gerhardt et al NF y )
2013 From ITPA WGG report
 In AUG the rotation is most commonly counter-Ip figure by N Eidietis

C-Mod published examples (Granetz NF1996) are counter-I,
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EFj%{% No obvious pa_tternmfor g@(& s

have substantialsha
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Neighbouring similar shots have very different halo rotation
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 NSTX.a-leot-ofwvariabilitifinhalorotation
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NSTX: S Gerhardt, NF 2013

= Modelling halo rotation will be challenging
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Or do they:-

2500 soo N2 1 (AP > 0.5%), A> 0.5ms
[ e 103 C-wall disruptions
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o 1500¢F
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Q : 200
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- B9 Why don'tiargech
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(after disconnection)

* = wrz,/m=13 for shot 72926 and B,=7.3x10-3T (NB. maximum force at wz,/m=2)

—Toroidal Force ~ 200N

« Mass plasma O(10-°) kg
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* Many periods of rotation seem to be inhibited, but why isn’t locking force very strong?

T 29500 N 7Y 1001(c) 140444 140452 140453 140454 140455
= 5000 ; o OTSE -
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hatrwm (KAl \STX: S Gerhardt, NF 2013
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* In COMPASS-D halo peaking locked in phase, unaffected by
applied (2,1) Resonant Magnetic Perturbation (RMP)

40 E
30E
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halo current (kA)
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g —20
=
o —40
8 —60
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—100 0 100
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—100 4] 100
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° g Py oo’

—100 0 100
RMP phase (degrees)

Knight et al, NF 2000
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EF}% 1 _Effect of the halo asyr

impulse force;

 C-wall, 2 Oct. data, 1399/3490 shots|
¢ C-wall, 4 Oct. data, 372/951 shots
= @ |L-wall, 2 Oct. data, 23/64 shots

e IL-wall, 4 Oct. data, 209/349 shots
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* How to scale the impulse time with machine size?
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% EF}% Relationship of poloidal; nd

" halo current.zz®

. octant 1

,8_, ~ —octant 3
g e - ——octant5
o IoiE ~ octant 7
= -08E
= o average
Measured
: with B, coils
-~ —lhoctant ~Ih,average
3 Ip,octant - Ip,average

[100 kA] [100 kA] [100 kA] [100 KA]

* Important to understand for ITER modelling
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* Phenomenological model, but agrees with experimental observations (V

Riccardo et al NF 2000):-

force into the wessel
in +y direction

force out of the vessel

in +y direction
7

o
s
-

E 4
=
23 SHEHD > B
]
NN
o
o - 4
O

o

o [ . . . . .

-3 2] - 0 1 B 3

force out of the vessel
in +y direction

toroidal angle [rad]

— bottom

outhoard

top

inboard

 hottam

force into the wessel
in+y direction

Plasma vertical

L,=2y+0L,COS@
position

Plasma current l,=lptdl,cose

VV source/sink
current density [A/m]

Jy=a,/R sing

Vessel currents:- ] ,=-dl,/p COS @

Poloidal extent
Js=(d1,/2R)(p-2s)/p sing

» This model gives the observed phase relation of toroidal and poloidal halos (but
there is no true poloidal halo current)
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Q field line
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o X
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& | (B~0)
old "l » 'V Riccardo, NF 2009
0 0.1 02 0.3 04 0

0 di (MA)
0 Toroidal Angle 27

 In general there will be a poloidal halo current component

 Variability of poloidal and toroidal halo current as plasma (and footpoints) move
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Asymmetry amplitude:-

* Magnitude of |, asymmetry <~10%
 How to scale duration with machine size?

« Can a wall touching model account for observed dominantly sinusoidal
asymmetry waveforms?

* Is there a difference between g=1 and 2 kinks on halo asymmetry
behaviour?

Asymmetry rotation:-
« What drives the rotation mainly in counter-Ip direction
* Variability
 Why don’t wall image currents cause locking?
 Effect of RMPs

Relationship of toroidal and poloidal halo current
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