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Fast-ions (e.g. fusion alphas and neutral beam ions) will excite a wide range of instabilities in ITER.
Among the possible instabilities are high frequency compressional (CAE) and global (GAE) Alfvén
eigenmodes excited through Doppler-shifted cyclotron resonance with beam ions [1]. Modes
identified as GAEs have previously been demonstrated to cause fast-ion transport [2,3] and to
potentially play a role in electron thermal transport [4]. Modes ;

identified as CAEs have been postulated to contribute to ion
heating [5]. The impact on plasma performance of CAEs and
GAE:s is investigated in NSTX. This is facilitated by a recently
upgraded array of 16 fixed-frequency quadrature reflectometers. 10°
Detailed measurements of CAE and GAE amplitude and
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eigenmode structure were obtained in a high power (6 MW), % 0.3 :
beam-heated H-mode plasma (shot 141398) [6] (Fig. 1) very éo.z-
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their frequency and measured toroidal mode numbers with local
Alfvén dispersion relations [6] (Fig. 2). The modes identified as
CAEs have higher frequencies and smaller toroidal mode
numbers (i.e. smaller |n|) than the GAEs. Also, they are strongly
core localized, in contrast with the GAEs, which also peak
toward the plasma center but have much broader radial extent.
Identification of the modes can aid in predicting their impact on
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fast-ion and electron transport, as well as ion heating, since CAEs T_ 11 1.2

and GAEs are expected to have very different effects on particle
orbits.

CAE and GAE amplitude and eigenmode structure are measured
using a recently upgraded array of reflectometers, with
frequencies spread over 30 — 75 GHz, corresponding to cutoff

magnetic axis
Figure 1: (a) b spectrum
with modes marked; (b)
Effective radial displacement
(I&) of modes at R=1.16 m;
and (c) |& vs. R, normalized

densities of 1.1 — 6.9 x 10" cm™ when operating with ordinary-
mode polarization [6]. The array provides a radially distributed
set of localized density fluctuation measurements. Figure 1b shows the magnitude of the effective
displacement (§ = O¢/2ky) vs. cutoff radius for a spectrum (Fig. 1a) of the observed modes at the
deepest measurement location, R = 1.16 m. (The magnetic axis is at Ry = 1.05 m.) The effective
displacement (&), determined from the reflectometer phase fluctuation (Jd¢) and the vacuum
microwave wavenumber (kg), approximates the displacement of the cutoff density location for global
modes with large radial extent [7]. As can be seen in Fig. 1c¢, which shows |& vs. R for each mode,
normalized by |& at R = 1.16 m, the modes can be divided into two categories based on frequency and
structure. Modes with /> ~ 600 kHz tend to be strongly localized to the core (R <~ 1.3 m), while the
modes at lower frequency tend to have more radially extended structure, peaking toward the magnetic
axis, but with significant amplitude at the plasma edge. The peaking of all the modes in the core is
significant because it is a key factor motivating the postulated role of the modes in electron thermal
transport [4].

by |&| at R=1.16 m.



The two groups of modes also have distinctly different ranges of
toroidal mode number, n. Toroidal mode numbers are obtained
from an irregularly toroidally distributed array of twelve
magnetic sensing coils with separations ranging from 10° to
180° that allows |n| as high 18 to be distinguished. The f > ~
600 kHz modes have n = -3, -4 and -5. In contrast, the /< ~ 600
kHz modes have larger mode numbers, n = -6, -7, -8. All of the
modes propagate counter to the neutral beams, consistent with
excitation by Doppler-shifted cyclotron resonance with beam
ions (feyeioron = 2.4MHZz) [8].

To identify the modes shown in Fig. 1, frequency and toroidal
mode number (Fig. 2a) are used in conjunction with local
Alfvén dispersion relations [6]. For instance, the CAE local
dispersion relationship, @w® ~ k*V,% can be used to establish
minimum requirements on @ and n for CAEs. For n # 0, CAEs
are confined within a "well" in the R-Z plane where
o - (W/R)VA> > 0. Inside the well, compressional Alfvén
waves propagate, but are evanescent outside. Of course, the R-Z
"wavelength", Agz = (0*/Va>n*/Re’)"/2m, should be smaller
than the well. The modes are compared with these expectations
using equilibrium electron density from Multipoint Thomson
Scattering and the magnetic field from equilibrium
reconstruction by the LRDFIT code. The Doppler shift due to
toroidal rotation is also compensated using plasma rotation from
Charge Exchange Recombination Spectroscopy. Because of
their smaller n, the f > ~ 600 kHz modes easily meet the
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Figure 2: (a) b spectrum with
CAEs and GAEs; (b) Equilib.
parameters at magn. axis:
Alfvén frequency (fao), toroidal

rotation (froto) and safety factor

700

(q0); and (c) frequency of "f =
633 kHz" mode (cf. Fig. 1)
compared with GAE frequency.

requirements. In contrast, the f < ~ 600 modes range from
having @’ - (n*/R,>)VA> < 0 at the lowest frequencies to having
Arz > ~ Ry at the highest frequencies. Comparison of long-term
mode frequency evolution (Fig. 2a) with expectation for GAEs also proves informative. GAEs peak
near a minimum of the Alfvén continuum (e.g. at the magnetic axis) and have frequencies w ~ |k |Va,
where k| = (m/g-n)/R. The modes in Fig. 1 peak near the magnetic axis, so the GAE frequency is
calculated using safety factor (qo), Alfvén frequency (fag=Vao/2nRo) and toroidal rotation (fzorn) (Fig.
2b) evaluated at the magnetic axis. Figure 2c illustrates an example of the analysis for the /= 633
kHz mode, showing that the mode frequency appears to evolve inconsistently with the GAE
frequency. This is largely due to a high sensitivity to g, variation. The low |n| mandates a large
poloidal mode number, m, to fit the observed frequency. The frequencies of the other /> ~ 600 kHz
modes also evolve inconsistently with the GAE frequency. In contrast, the lower frequency modes
have a frequency evolution consistent with the expectation for a GAE. They tend to have high |n|,
leading to low m, so the expected GAE frequency is relatively insensitive to g, variation.
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