VX

\\ ’
{_}) EUROfusion

\v/

Axisymmetric (n = 0) high-frequency MHD oscillations at the pedestal of JET plasmas
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Long-lived axisymmetric (n =0 ) quasi-coherent high frequency magnetic Only a class of shear Alfvén Eigenmodes
oscillations (HFOs, 50 — 500 kHz) |n the TAE and EAE frequency range have been e with n =0 can exist: the Global Alfvén
reported close to the L-H transition at JET [1] and AUG [2] tokamaks. Despite some so0{ Eigenmodes. They arise due to and near a

#82221, t = 48.07 ”
‘ S local extremum of the shear-Alfvén

continuum (SAC) produced by radial

models [3], their nature remains elusive.

HFOs are not restricted to L-H transitions scenarios and appear in a variety of 5400 o o profiles [7].

plasma compositions (H, D, D-He?, D-T) with a wide range of plasma parameters and = PAT2 TRAR

under different heating schemes (pure Ohmic, NBl and ICRH). Modes of Alfvénic nature :3;300' Cylindrical limit n = 0 SAC: w? ~ B2 m?

with similar properties were observed on MAST [4] and COMPASS [5]. - : ' Hop q*R?

Here, we show that axisymmetric HFOs can be explained in light of MHD theory as . | Near the edge, g Tand p | = w? minimum

n = 0 Global Alfvén Eigenmodes (GAEs), whose frequencies we can robustly predict. 100_:::,.... e uisHKA 8 finds two GAEs below the
: At 09 0.2 0.4 0.6 0.8 10 minimum of the first two branches of the

Experimental characterisation of HFOs N SAC computed by CSMISH (9] (161t plof)

* HFOs appear during L- and H-modes; 00

Motivation: fSAC ~ fGAE e \:/

Incompressible SAC = set of eigenvalues w* 2°]

= HFOs persist for long periods with
relatively low amplitude;

250 |

* HFOs are modulated by edgen=0m =1 200 '
LFOs emerging at the L-H transition;

) that yields non-trivial solutions for [10] ~
= 150 | S 1.5
— M-mode [6] (or |I-phase at AUG [2]) i 3
2 2 2 T [T
N m _poloidal 100 | w”p|VY| , Akd A _ Srof T T T
fM—mode r — Vs [6] 3 B2 +B-V B2 B-VJI© = #82021, t = 52475 Tl .

0.54 — CSMISH
------ cylindrical, m| =1

= HFOs are present before external heating 50 |

Analytic local magnetic equilibrium model [11]:

power is turned on, while it is on, and 5 . | . .
. Y ] | 2 0.0 0.2 0.4 0.6 0.8 1.0
prevail after it is turned off; Y(r,0) = P,Sor“[0,(0) + cr0,(0)] 5= Ul
' I I - H | ' it iy il ‘ w r . . i
= HFOs' signal is stronger during Ohmic o (it sl T S In a first approach, the two lowest branches come from the coupling of the Fourier
heating phase; L T ZZ;,Z‘(KKZEVJ,LL'?D?) TN harmonics m = +1 = &4 = &4,e719 + &4 Up to first order terms in k, and «,
2 1+ 5ta?
. Genera”y, NBl does not affect HFOS, = —— — (1 +p&"q~)xs 5652 _i . _4a | a=minorradius
01 ' ' ' ' ' ' ' [ ” _9] 2q2 q2 51_41] 0 Ro R, = magnetic axis position from torus axis
— = e 'V el <~ =
= |CRH appears to suppress the 2"d HFO; z, N}W”W - 1 (1 + ) || & 0o(8) = 1 + %, co520 + 1. Sin2 6
i . i E - qZ Zqz . ©,(0) = Agcos +%Ka sinf + nscos36 +n,sin36
= 2 HFO is considerably attenuated during <, Eouating the determinant ¢ 1
. E | | ' | | | | T+ Kk = elongation
the H-mode; T mW qualngeeermlnan o zero yields en [ {Kszempﬁcity
. ng 51 E 2-|—K i A _ ,vaqu A imé
" Both n = 0 HFOs are often accompanied by & "~ @2 =————"— | This analytic formula recovers ' 1" 2,540
. ~ | inner divertor ] T ~ ] ~ )
analogous n = 1 (and faint n = 2) bands. 2 % 52 54 56 58 60 62 64 o P q(2+KS) previous numerical results [12] @ = wRo/va(0),  p=p/p(0)

t [s]

Experimental measurements versus numerical predictions

E :””””MA » » | The experimentally measured HFOs frequency (fypo) agrees with the frequency  Non-ideal terms for numerical GAE structure calculation
2001 ¥ Foesn 2aTLs A of the SAC minima (fgac) computed by CSMISH. Numerically, as the pedestal grows steeper, the
L0 el R ¥ 5 frequency of the GAEs increases, eventually stepping
o] ¢ e 2T 1w o The analysis was carried out for a comprehensive set of discharge covering a wide  Into the SAC = MISHKA converges to singular solutions.
§ #104334 DT 29T 3MA set of plasma compositions (H, D, D-He3, D-T), plasma parameters (I, = 1.2 — 3.0  Resistive CASTOR [13] computes global modes with Re(f)
E T ’iﬁ'l MA, B = 1.8 — 3.85 T, n,(0) = 2.4 — 6.8 m'3), and heating schemes. close to the SAC (from ideal MHD).
& oo ooooooooooooooooe- | 107 foson — 57.22 — 0.06i kllz LO1  ron = 100.30 — 0,037 kHz
. Ideal MHD can accurately predict the frequencies of axisymmetric HFOs L es IR coa fmoiiaan
L - e bR =" o {A
Estimation of GAEs' frequency from the SAC minima is a more useful and robust .. .. ., —n1 o= 00 s 2
1 200 300 400 approach than mode calculation: MISHKA did not always converge to discrete modes. Booer el R omem el e e
fsac [KHz] #104334, t = 45.62 S

The frequency modulation and value of n + 0 HFOs suggest they are AEs as well. o
1t HFOs: fh=1 S fpn=0: 2" HFOs: f,—1 > fn=0 — similar to the SAC branches. Pragmatic interest of HFOs:

. . .
482921 t = 5247 HFOs appear in a variety of_ plasn_\a
scenarios and span a long time window :
400- P 9 MHD marker for reliable
" fHFOs agree with fqac at the minima > equilibrium reconstruction
‘N
T 300 . . at the plasma edge
> = Analytical expression forn = 0 SAC P J
S L. - y
3200 relates fypos With kg, q, and p
Y
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