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GAM measurements from Doppler reflectometry on AUG MQ))))
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GAM Frequency Scaling: k, Dependence

W

e Freq. scale factor G = og,y R,/Cs 1 G ~ V2 for “core” (inside ped. circular xp, — 1) [Windsor, PF 1968]
e Edge GAMs (p,g > 0.95) show strong dependence on boundary elongation «,

e Conway empirical scaling — good overall prediction of edge GAMs (especially limiter config.)

* Divertor data deviate more than limiter — role of X-point? [Conway, PPCF 2008]
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GAM Freqguency Scaling: Gao-scaling

/N
* Analytic Gao scaling: Influence of k less i \/(Z + 7 ( 22 )[1 - s T+ ZT)
strong than Conway scaling vei/ o +1 27447
e All experimental data lie above Gao " [1_62 Ok?+3 1y K e AR® 41
8k2 + 8 4k2 + 4 4k2 + 4
e Gao (linear) gives min. ® — non-linearity
: oAV (23 + 167 + 472) (k% + 1)
& X-point etc. may raise GAM frequency ST } [Gao, PST 2011]
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GAM Amplitude: Damping dependence on k & g MDQ))))
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e GAM amp. generally increases with ¢, but falls e Collisionless damping — w/o K;p; (Finite Orbit

at high g Width) corrections [Gao, PoP 2008]:
e Shape / k, dependence also present oy, (mvﬁ) )

e Stronger variation for divertor configuration

¢ NEMORB simulations in progress Strong freq Dominant Dominant

dependence  atlow q at high q
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GAM Radial structure

. 10 3 3
e 2 forms of GAM radial structure: = Ap :
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| ¢
GAM Propagation Ml)))) W

e 2 chn. radial corr. fy filtered around fg,,, (5 — 25kHz) ’§ E 17 kHz : 0.67 rad/cm g
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GAM magnetic signature: Divertor discharge M{))))

e Theory indicates m = £2 magnetic 0.10 #29725
component [Wahlberg, PPCF 2009] ~ |
O
e Doppler: strong eigenmode GAM _ > \:s,
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GAM magnetic signature: Limiter discharge at low «

W

e Doppler: GAM freq.
continuum: 15 — 20 kHz

* Magnetics: approx. 1.0
m = 2 mode structure
e Tilt due to choice of
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Impact of RMPs on GAM

W

: MP off : MP on
10~E 10~E Axisymmetric GAMs
- 14.6 kHz -
N N Flow:n=0,m=0
£ 106 106 |- = _
) = g 15.9 kHz Pres:n=0,m=%1
g B — - Mag:n=0, m=4%2 ...
2 107 107
L0001 ~ 0.99 N
10-8 ppOI 1 1 L1 1 11 I| 1 1 L1 1 111 10-8 1 1 L1 1.1 I| 1 1 1 L0l
1 10 j 100 1 10 100 kHz
AOFPmT T T — _
- Rgepectrogram #29464 e Without MP: Strong GAM (flow peak)
- .- MP off inside separatrix
- 30 :_é : 2nd GAM
g : e With MP: Flow peak weakens & freq.
= / — GAM increases (nb. no T, change)
c 20F > / LF
%’_ ?l‘ = ‘I feature e Radial max. moves closer to E; min.
T 10 - / < / e (dng) increases, (SE,) decreases
K — Peak b s
u lit e
o] e .Sp! . . | \ i < ®=45°, A®=180° =2 sig.resonant
0.95 100 Vo 1.05 0B = =— Br=-25T, 1,=08MA

[Conway, PPCF 2015]

2

Jos ~ 5.2, Ng = 1.5%x1019 m-3
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Impact of RMPs on GAM Ml))))

e Enhanced edgfe magnetic “signature” above 10 ¥ V¥ ] UG 720404

MP threshold (in both db, & 5by) . q=4 5 6
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—_ i on
E [ (09%kA
20 6 é i
~ Mirnov coil 5b, (B31-14) W0 -
N 181 y I B
= - Mode 4 - “Mode” extent—»
= f (n=2,m>77?) i
U ‘ I
5 O WM*MWM SO
o> [ i i W o 2 0.90 0.95 1.00 1.05
- GAM freq. —» ! | : ,

L 14 - g Radius ppo|

12 S S L S L PP Yo R 0 °® Sbr & Sbe Complex torOIdal structure
T 1fF Neo (102 md) * GAM interacts with MP field — non
S axisymmetric (n = 0) GAM
c [
o OF O U e GAM reduced in stochastic regions
S [
O ET (keV) —

‘1| eped ..... e ® =45° A® =180° n =2 MP sig. resonant

2 3 Br=-25T, I,=0.8 MA
I

2

[Conway, PPCF 2015] Qg5 ~ 5.2, Ny = 1.5x1019 m3
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Impact of RMPs on GAM: Magnetic signature MDQ))))
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GAM / turbulence interaction

W
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®* Theory -» GAM modulates the HF density fluctuations

e Extract flow from envelope of high-pass filtered 6n, using
Env(n) = V{nn* + $(n)$H*(n)} [Nagashima, PPCF 2007]

e Correlate Env(dng) tpcry & fp pr} = @ ~ O cross-phase at
tok. mid-plane (different tor. sectors)

e EnV(A)pry & fp pry > @~ 0.0 Expect ® =n/2 at top?
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[Prisiazhniuk, IRW 2015]
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| —
Conclusions Ml)))) W

GAM frequency > Gao formular (gives min. freq.)

- fgam raised by non-linear effects and possibly higher shaping orders (X-point)
— Still to include Zg¢ in scaling

GAM amplitude
- Scales roughly inversely with damping (drive effects under investigation)

- Different behaviour for divertor config.

- Numerical simulations progressing

GAM structure & propagation
- Either radial continuum or eigenmode (x dependence — collisionality under investigation)

- Propagates mostly inward: k, ~ 0.7 rad/cm & v, ~ 1.6 km/s (radial acceleration under invest.)

- Roughly m = 2 magnetic structure (eigenmode vs continuum)

External MPs — strong impact
- non-axisymmetric GAM structure?

- Stochastization weakens & ev. suppresses GAM despite turb. rise

GAM - turbulence interaction evident
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GAM Frequency Scaling: Core vs. Edge

W

e GAMs contribute to effective shearing rate & reduce turb. correlation length if f ), < 14t

e Analysis of new limiter and divertor with varying k, line-up with previous results

e Core GAMs (limiter only) follow classic scaling (even with k, scan)

e Edge GAMs deviate from core scaling

Core: p,, < 0.95
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GAM Amplitude: Dependence onk & Q
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