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ABSTRACT - . - . -
| o . Non rotating magnetic island induced Alfvén eigenmode
Low frequency coherent or quasi-coherent electromagnetic activity is commonly seen in
all types of plasmas in the TJ-ll stellarator related with the existence of magnetic islands in 0.4
the confining volume. Two physics processes are characterized: island rotation with
frequencies under ~ 100 kHz in both ECRH and NBI plasmas, and magnetic-island-induced © -
Alfvén waves of around 50 to 150 kHz under NBI heating. Py 0.2
Island rotation modes are usually located near the edge region (0.5 < p < 0.9, where p is 0.1}
the normalized minor radius) in two states: stable or unstable [1, 2]. Stable rotation 0 0
happens in ECH and NBI L-mode plasmas with a frequency compatible with ExB rotation. n1/m1 N/'lv' n2/m2
In H-mode plasmas the rotation speed increases but the mode dims noticeably. Unstable
s : : Schematic plot of the continuum spectrum in iota-frame: coupling of modes (m,,n,) and (m,,n,)
rotation is a feature of the plasma at the threshold for the formation of a transport barrier. satisfying the condition M=m.+m,, N=n.+n, (solid lines); and continuum spectrur;] e each Siﬁ]gfe
Bursty and repetitive transport events are well correlated with intense magnetic activity. mode (dashes). The coupling zone is the vicinity of the rational surface 1 .=N/M.

Non-rotating and rotating islands have been found to couple with Alfven waves below
typical HAE frequencies [3]. Non-rotating islands add well-defined helicities to the B-field

spectrum so that frequency gaps open for two counter-propagating waves giving rise to 150 #28275 300
weakly damped eigenmodes. Rotating island and Alfvén waves excite new modes with it H;T“Je“:k ; mmde 213 S (d) HAE 2,4
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Either from single rotation or from coupling to Alfvéen waves, the low frequency modes T “(2 3) couples WIth (5 8) "'" go a( 3) G
associated to magnetic islands in plasmas of the TJ-Il stellarator reveal interesting plasma - 50 mr P ; Fo T e
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100}
Stable island rotation 5ol
Phase inversion of 7T, fluctuations
%

# 37734 0

l..
401 Mirnov power spectrum E-.—H- -H s

1220 1240  1260f 1280 1300 150
time (Mms)| Thomson scattering

50 =L

9kHz<f<13kHz" ECE4 (arb.) ELCE3 (arR.) 600
~ i . = ‘.J " s ! 0.1 r r ; ; ;
= 30 ' ; "-"T = |(€) [-o-f=10022 kHz ? = 100¢
= 20 of & 400} a | =
- > N bt
10 i HEEHR “ 50}
. -0.1p g 200t S I '
50 = " AV AN
' o 1023.4 1023.5 1023.6 1023.7 1023.8 1023.9 1024.0 ot2epe” ‘9ooo” . 81 & N 0
|r _ i
_ 40} ECB a CE sporspectrurn ._-L t (ms) 10 5 rg 2 5 10 0
N sofmeas s e ;?n =
¢ r,_ gy . m -| '... .-l- ..
— 20F -!" M=2 |sland rotatlng '*.... ETh i Phase inversion of T, fluctuations for M=2 TJ-Il discharge #28275. (a) Spectrogram of a bolometer chord with impact parameter p = 0.84,
10 _—.‘T_T“" : : — e island rotation mode between ECE4(p=0.44) showing two coherent modes within the frequency range 90—130 kHz. The 20 kHz mode with
e S Tl , L] and ECE3(p=0.53) channels enclosing the 3/2 poloidal mode number m = 5 is related with (=8/5 island rotation; (b) plasma parameters of interest:
1005 1010 1015 1020 1025 rational. plasma current evolution is needed to recognize the alfvénic nature of the modes; (c) poloidal mode

analysis of mode 1 indicating the coexistence of m=2 and m=5; (d) low mode number (m<10) Alfven
continuum spectrum: solid circles and horizontal line indicate HAE gaps and global Alfvén mode
respectively, and the dashed circle indicates where the coupling with a stationary 11/7 island occurs;
(e) cylindrical approximation (solid) compared with Stellgap code [4] calculation for (m,=2,n,=3) and
(m,=5,n,=8) continuum spectra.
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S | Since the new modes loss coherence
O o - Co-NBI S YTy as frequency increases, the process
: : A : : : : - suggests that a sort of Alfvén wave
1100 1120 1140 1160 1180 1200 1220100 1120 1140 1160 1180 1200 1220 99 de tak | 3 ven wav
time (ms) time (ms) cascade takes place [3].
Comparison of discharges with the same magnetic configuration, plasma wall condition and plasma ok
heating process, but slightly different electron density during L-mode, when the island is in the stable _ Co + Counter NBI
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After a short unstable island rotation phase #18998 transits to H-mode, while in #18997 the island
remains in the unstable phase keeping the plasma in a “Threshold mode”. This mode is characterized
by transport bursts and faster island rotation with chirping frequency [1, 2]. In this example, the island
mode (m=5) is connected with the 8/5 rational surface at p=0.7.
Summary

1- Low frequency MHD (10 ~ 150 kHz) modes in TJ-Il plasmas are identified as island rotation or Alfvén modes.
2- Stable island rotation at frequencies compatible with ExB rotation happens in most plasmas except at the threshold

for the L-H transition.
3- The threshold state is characterized by faster island rotation but with chirping frequencies and repetitive particle

bursts. This allows for prolonged threshold states.
4- Some Alfvén waves below typical HAE frequencies are explained as due to the gaps opened by the islands for
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