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Introduction
At ASDEX Upgrade (AUG) Toroidicity induced Alfvén

Eigenmodes (TAEs) are typically excited by fast ions ac-
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However, TAEs can also be driven to a finite amplitude us$ 72 SHCIS
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ing ICRH beatwaves|[2]. Several potential mechanisms hafngl-s l
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been proposed by Fasoli et al.[3], which can lead to the cfe-os (2 & cash ,
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ation of a beatwave capable of driving AEs. At AUG, sepa- [ '

rate ICRH antenna-generator groups emit waves at di]‘fere@o'6

frequencies which couple non-linearly in the plasma to form °*g

the beatwave (bw) at the frequency differenkg where 02 i,
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fow = Af, leading to either a classical three wave coupling time (s)

between the two ICRH waves and the TAE or the creation _
_ ) _ _ Figure 1: AUG discharge 23814:
of a virtual antenna in the plasma which drives the TAE[3]. o
_ (a) Spectrogram - SXR emissiv-
To drive TAEs, the beatwave frequengy, must match the o
ity at p = 0.6. (b) SXR emissiv-
_ _ ity p = 0.1. (c) Emissivity of all
case of a three wave coupling, the difference between the
SXR channels along the tracked
wave numbers of the ICRH wavé&k = k,,, must match the
beatwave frequency.

mode’s frequency in the lab framéy(, ~ f18%), and in the

TAEs parallel wave numbeqtag (Kow =~ KjTag)[3]-

In the absence of a sufficient fast ion drive an ICRH beatwaredrive TAES to a finite
amplitude, and increase the amplitude, and thereby infeiéme stability, of fast ion excited
TAEs. This provides the means to excite specific TAES, frorargd range of toroidal mode
numbers, n, using existing ICRH harware throughout a digghaithout significantly perturb-
ing the plasma state, thus facilitating an indepth analySBAE stability through diagnosis of
the safety factor q profile using MHD-Spectroscopic techegf6]; and to study the influence

of TAEs on the fast ion population.
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Exciting Stable TAEs

In discharge #23814 the intrinsic fast ion drive of ICRH isufficient to overcome damp-
ing and excite TAEs. The beatwave can provide the energyssacgto drive modes, which
would otherwise remain stable. The plasma parameters &ptbtotypical discharge were,
toroidal magnetic fieldBior = —2T, plasma currenit, = 0.83MA, central line-integrated den-
sity Ne = 5 x 10°m~3, ICRH powerPcry = 2.5MW, Electron Cyclotron Resonance Heating
(ECRH) poweP:cry= 1.3MW, total radiated powd?. ;g = 3. 7MW, gp < 1.0 andgges = 4.2. qo
andggs are the safety factor q values at the magnetic axis and authesitface containing 95%
of the poloidal flux respectively. In figure 1 (a), the beateas seen in a spectrogram of the
Soft X-Ray (SXR) camera[5] chann&jss emissions ap = 0.6. Part b shows the SXR channel
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(a) Alfvén Continuum (b) Resonance at 147kHz with ex-(¢c) Resonance at 163kHz

perimentally derived density and

safety factor q profiles.

Figure 2: AUG discharge 23814: n=5 TAE Continua and Eletitaspotential eigenfunctions.

loss emissions ap = 0.1. The emissivity of all SXR channels in a poloidal plane attifacked
beatwave frequency is plotted in part ¢ versus time @ndherep is the normalised poloidal
flux radius. Sawtooth crashes typically accompany the ud€RH power and therefore the
beatwave driven MHD activity observed in figure 1 (c) weresslied into two groups: those
driven purely by the beatwave from 4.36s-4.37s; and thoseicng with the sawtooth crashes
at t=4.330s and t=4.386s, possibly driven by the combinaifdhe beatwave and additional fast
ions expelled from within the g=1 surface by the sawtootlstcra@\t approximately 4.365s an
n=5 resonance at 177kHz driven by the beatwave is seen toccatzoss a significant fraction
of the minor plasma radius and to be separate from the sawtoashes. Correcting the mea-
sured frequency for a plasma rotation frequency of SkHzutated from the doppler-shifted
frequencies of fast ion excited TAEs in a discharge with Einplasma parameters shown in

figure 4, the mode’s plasma rest frame frequency was found bBkHz[2].
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LIGKA simulations [4], displayed in figure 2(a), identi-

Displacement envelope
LIGKA simulation
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fied two candidate n=5 TAEs at 147kHz and 163kHz, re- | aisse
spectively. The electrostatic potential eigenfunctioose- @)

n=5TAE

sponding to the resonances are displayed in figures 2(b) |« ww
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and 2(c). An even eigenfunction which changes sign af_| ®

" SXR Power #23814 t=4.36s

p ~ 0.5 was predicted for the resonance at 147kHz. Sim- 4| | Spectum
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ilar results were found for the resonance at 163kHz, how:"[
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ever, without a sign change in its eigenfunction. A Radiélz.s - w
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Displacement Eigenfuncion (RDE) was reconstructed fr(_ﬁn °
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SXR measurements at t=4.36s using the fornéula,t) = N

|(1(p,t) — {lo)(p))/0({lo)(p))|[5] and is shown in figure o= *'(5””*'!“?" """""""""""""""""""""""" 1
3 in addition to the RDE envelopes calculated by LIKGA. ‘o oz o4 05 o8 1

I (p,t) is the emissivity of a particular channel, afig)(p)
is the emissivity averaged over several periods of the molélg_ure 3: RDE envelopes for
Here the RDE envelope calculated from the SXR dataﬂ?g =5 TAEs at (a) 163kHz

seen to have a deep local minimunpat 0.6, a maximum and (b) 147kHz. (c) RDE enve-

displacement in the range 2-4mm and extends radially fr!)cme calculated from SXR data at

p ~0.2top ~ 0.8. This shows the best agreement with tﬁ:e4'365' (Insert) Corresponding

RDE envelope calculated by LIGKA for the resonance Rgwer spectrum showing beat-

147kHz shown in figure 3 (b). Furthermore an analysis\g?ve excited mode at 177kHz
the driven mode’s poloidal magnetic amplitude distribatidentified an even character[1][2]
consistent with the character of the eigenfunctions shoviigure 2(b), and a fractional ampli-
tude ofI§/B ~ 106 which will not significantly perturb the plasma[3]. Once RBE of each
TAE excited by ICRH beatwaves has been reconstructed $exardas of safety factor profile

information can be extracted and used to constrain the @l&smilibrium reconstruction[7].

Influencing the stability of existing TAEs

In discharge #23805, the plasma parameters were similaogetin #23814 with the excep-
tion of a lowerP,5g = 2.5MW as a result of a lower higHBs s impurity content. This produced
a fast ion drive sufficient to overcome damping and excite FAR figure 4 (a) the fast ion
excited n=4 TAE frequency coincides with the ICRH beatwaeefiency at 1.38gp,, = fi3b.
In parts (b,c) the tracked amplitudes of the n=4,5,6 TAEslsratwave are shown. The plasma
rest frame frequencyrag of these modes and the plasma rotation frequency are 178kiHz a
5kHz, respectively. At the coincidence, the mode’s phaskearly identifiable as n=4, therefore

the amplitude increase is not simply the superposition of mn-interacting magnetic fields.
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This interaction leads to a transfer of power from the beatwa the resonant TAE resulting in
an increase in amplitud®B above the TAE'’s saturated amplituBey, wheredB is compara-
ble to Bsa: in magnitude andB/B ~ 104, HereBsy is the maximum amplitude due solely to
the ICRH accelerated fast ion drive as identified for timegmfy,, and frag do not coincide.

The n=5,6 TAEs also experience an amplitude increase. A

0 _______Shot 23805:
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non-linear coupling of the TAEs, due to their close proxim-,;sf | n=6__ Swiancresn

ity to each other radially, allows the beatwave power to gé;‘; —

shared. This shows an ICRH beatwave can also be used 3 =t
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influence the stability fast ion excited TAEs allowing their | pre
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effect on the fast ion population to be studied.
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Conclusions
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The work presented shows the successful reconstruct

pli

of the RDE structure and subsequent identification of &Enzf

ICRH beatwave excited TAE from SXR measurements. The<1>_36 N T RTTRET R
doppler corrected frequency, radial structure and extént o Time (Seconds)

the reconstructed RDE was found to show good agreen]grdhre 4: AUG discharge 23805:
with the eigenfunction predicted by the gyro-kinetic co?g) Magnetic  spectrogram.
LIGKA. Furthermore, magnetic probe measurements incl‘?écked amplitudes (b) n=4 TAE
pendently confirmed the even character of the identifiglqd beatwave and (c) n=5,6
TAE, and showed ICRH beatwaves provide the means of%\-E s

citing TAEs, which can be used to either diagnose the safety

factor q profile without significantly perturbing the plasstate, or to influence the stability of

TAEs already excited by fast ions allowing their effect oa fast ion population to be studied.
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