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ABSTRACT GYROKINETIC EXPRESSION OF LOW FREQUENCY GENERALIZED INERTIA

* We present an overview of theory and simulation of low-frequency drift Alfvén waves * For |q)| < wp; = Vevy/(qRy) (thermal ion bounce frequency), we derive wy3 as the
(DAW) in toroidal fusion plasmas based on the framework of the general fishbone like kinetic-ballooning mode (KBM) with the gap between w = 0 and the thermal-ion
dispersion relation (GFLDR) and gyrokinetic theory. diamagnetic drift frequency mgluzdmg enhanced neo-classical inertia

: : Bj

* The GFLDR is a unified theoretical framework that can help understanding experimental A = [% jvz W (W — Wipi) dH] (1 + 5<I>||0/5\I!0)
observations as well as numerical simulation and analytic results with different levels of o4
approximation. _ 2 2 2

 We analyze EP excitations of low-frequency Alfvén eigenmodes in toroidal plasmas. —2 J*B; |V1(;|p2) <mz (B—”) (W — Wg;) QFM> dé

* We also discuss the important role of core plasma for low-frequency Alfvén and acoustic " °
fluctuations. * This expression shows that the kinetic generalized inertia at low frequency has the

« We illustrate the relevant aspects of the Drift Alfvén Energetic Particle Stability (DAEPS) same structure as the MHD “”}it [4], with : i) the d.c. parallle elect.ric fielo! due to |
example. compression response, modified by toroidal precession rate.
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e A represents a generalized inertia, while SVT/'f and 6W,, describe the potential energy of P5-820 ) {,=0.8 _ 0.2 -
the fluctuations accounting, respectively, for the fluid and kinetic plasma response [1-3]. FIG. Comn o o, ,," 0
e For radially localized fluctuations, the GFLDR can then be written as 2. Coupling of the low L9 et 027
frequency modes throw the - 0.4 -
- _ S 1 diamagnetic frequency. 1.4 - PR o Z'Zz:milm,
ZA(T) B 5Wf(r) + 5Wk(r) ’ (2) da. Realfrequency vS. N, 0.9 z g ——4 z: 'o — / Qf
e For radially localized fluctuations The present approach allows extracting spatial and b. Normalized growth rate n | '1 _ o / o
temporal scales of the considered fluctuations as well as the underlying physics: e.g, A = Wini/wy; = 0.8 o 0 ) ) 3 o 2;\255

radial singular structures of the shear Alfvén wave (SAW) continuous spectrum are shown

in FIG. 1 using the analytic as well as the numerical solution for the generalized inertia, A, * Form; = 0 the BAE is slightly damped do to finite Landau damping, while the KBM is

in the MHD fluid limit [4-6]. marginally stable. The. BAAE.on the other hand is heavily damped [14,19]. -f)r increasing
(a) (b) 030 : n; the BAE accumulation point becomes unstable, and the mode can be excited by the
\\ s // 025 ‘ ’h"._ Ezg thermal ion temperature gradient at large n; (Alfvén ITG mechanism [20]) (FIG.2a).
\“\.1_\‘\ aj J_},,// . !46‘\':;"‘ = o * For small values of w,,;, the KBMs frequency is close to the diamagnetic frequency, but
~_] — o Ao W ] _ ]
3 0.15{ sane ga ..'%‘\":’*'t N this changes for higher n; values due to the coupling of the KBM to the BAE [18] and
3 10 \ / ;‘\\ ; BAAE [14] branches: the BAAE damping rate is decreasing (FIG.2b).
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FIG. 1. (a) Analytic solution of the low frequency SAW continuous spectrum (Adapted from original figure in Ref.
[4]). (b) Numerical solution for the low frequency SAW continuous spectrum from a realistic Divertor Tokamak * 1
lest (DTT) facility equilibrium (Adapted from original figure in Ref. [5]). 055
e Analytic results can be verified with very good agreement for both SAW continuum FIG. 3. Frequency (a) and - BAE Branch 0
accumulation points [7, 8] as well as for geodesic acoustic mode oscillations [9] growth rate (b) of LEAW I 3 -05:\
! ' branch, BAAE branch, and & =T | w:AE E
* Thus, the GFLDR as a unified theoretical framework can help understanding experimental BAE branch and { | & rom 1 -
observations as well as numerical simulation and analytic results with different levels . corresponding gap modes o -1.5W
with iA = —0.1.
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GYROKINETIC ANALYSIS OF THE LOW FREQUENCY ALFVEN

* |tis observed that, when LFAW and BAE branches are close, the frequencies of the gap
ACOUSTIC SPECTRUM modes, i.e., KBM and BAE, are close as well, while the growth rates undergo a drastic

change for increasing diamagnetic frequency w,,; as shown in FIG. 4(a).
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* The causality constraint applied to the GFLDR, Eq. (2), dictates that, for discrete FIG. 4. (a) Frequency (solid : oo
- lines) and growth rate (dash. | 0.5 05}
eigenmodes, , — — lines) of BAE and KBM vs. ) EZ:KBM -
Re(lA) — SWf + RQ(&Wk) < O (3) diamagneticfrequency w*pi"% . \5 o BAE E 0
* A(w) generally has multiple-w branches and, thus, the GFLDR can also be expressed as (b) growth rate of BAE and € 4| R Mgy | .
— — oy \2 KBMvs. |Al, with | S P |, Mo |
wri(A) = ws(0) = (1/ 2wy (§Ws + Wiy + i6W,;)”, (4) Ao v, 1AL, wirh | 05

with j=1,2,3 representing the different roots in the MHD fluid limit with accumulation 0 002 004 006 008 O
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point: 1. wgar = (TB)YY?v,/Ry; 2. w5 = wpar/V2q; and 3. w = 0 for normal shear o2 w“,w ° 8 .
* Itis found that * The drastic change of KBM and BAE can be explained with the picture of reactive beam
|wpy/wpq |~ Wk /wEz|[~O(B)~0(1077) K 1. (5) instability. Defining w ~ w,,; + 6w ~ wpap + dw, With wy; K IMéw K w,,;, [18]:

* Equation (4), indicates that EP coupling to BAAE, wp, ,is much weaker, i.e. 5 — 12 5 2 o |2
’ ’ ’ , / N = — 5W = (1 — - . 6 ~ — SW 2 *xD1
O(f) smaller, than that to BAE, wgq, or the low-frequency SAW eigenmode, wy3, which f‘ ( w/w)(@ — wz)(w + w3)/w‘4 , ow'/w wA‘ f‘ [20spi
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