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Motivation DW-GAM interaction
Previous theoretical work

DW-GAM interaction

» DW-GAM interaction.
» Spontaneously excited by Drift Wave turbulence via 3-wave
parametric resonant interactions
» Scatter DW from unstable long wavelength to stable short
wavelength
» Threshold of the parametric excitation determined by
collisionless damping rate of GAM
=- Need an analytical expression for a broad range of tokamak
parameter, i.e., q, kp...
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Previous theoretical work k,p;:q?> << 1

» Small magnetic drift orbit for resonant ions
krpd,res ~ krpi,resq <l= Wd,res < Wt,res[z- Gao, Sugama]
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» Only low order harmonics of transit resonances contribute!
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previous work k,pig® << 1

> kepig® > 1
» GAM exists in g > 1 regime to minimize Landau damping
» 3-wave parametric excitation of GAM increases with k,pj;
» higher-order harmonics of transit resonance contribute
significantly
= No analytical formula for GAM collisionless damping rate!
» goal of this work = analytical expression of GAM dispersion
relation for k,p,'tq2 < 1.
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Linear gyrokinetic equation, Quasineutrality condition

» perturbed particle distribution function
§f = —eFodp/ T + explimic/(eB?)k x B - v]§H,
> linear gyrokinetic equation

. e
(W — wy + iwdy)dHgy = ?FoJo(klp/_)wéqb (3)

> electrons: kpe < 1 and w/wie ~ v/ me/m; < 1
Sfe = e(6¢ — 6¢)Foe/ Te

» quasineutrality condition

(56 —50) = 566 + (JodHgi/ No) *)
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non-resonant ion response

» determine the mode structures and real frequency

» expand in terms of the smallness parameters: k,p;; and 1/q:
> OHg.pr = 6HL ), + GH, + 6HE, + -+
> 6 =06+60 409+

5Hé(’?')7f = ; FoJod; (5)
w5Hg,)1r — (wg — iwtag)éng)" — %FoJow(%Q); (7)
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Present work

linear gyrokinetic equation
non-resonant ion response
resonant ion response

real frequency and mode structure
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linear gyrokinetic equation

non-resonant ion response
Present work A

resonant ion response

resonant ions and dispersion relation imaginary part

» determine the collisionless damping

> expansion parameter:
|wt,res/Wd res| ~ Wt res /w| ~ 1/(krPitq2)1/2 <1

e N
(wg —w) 5H§,’3es = —?JoFow&b; (8)
(wg —w) 5H£2es = iwt%énges — %Fowg(;(l); (9)
(v — @) 0HEhs = oo s — S Fowds™; (10)
> D,'
- eNg —
D; = Im{(Jo3Fy e /(10 55). (1)
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lowest order

> lowest order perturbed distribution function:

0. (12)

e
5Hg,)2es = *?JOFOW

—w
» note:
do 1 d0 0(0 — Oes)
Im [ = = | IO Tres), 1
m 2T Wy — W /277 Qgcosf (13)

> D,-(O), the g — oo limit:

Di(O) — \/EM <1 + wdt 2b> exp {—ow/wge } (14)

We need to go to higher orders to include q dependence.
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lowest order correction

) _ 0 (_iwwS \ _ ewFodp
6H ,res - 89 <2((Ud (4])2) 9 (15)

> lowest order correction to D;

DIV = V2 (1= 052 ) or % expl-ow/war}  (16)

! 2w |w]

, need to go to next order to find g

No q dependence in D,-(l)

dependence.
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second order correction, g dependence
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» second order correction to D;
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Does contain 1/g? correction in w?!
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compare with numerical results
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Figure: GAM/KGAM damping rate vs g. The four curves are respectively
the numerical and analytical damping rate with 7 = 0 and 1.
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Conclusion

Conclusion

» Derived analytical expression for GAM real frequency for
1>> kpjr and 1> 1/q with O(k?p?) and O(1/q?))
corrections;

» Derived analytical expression for GAM damping rate for
1> kepie > 1/¢%

» Combining with the previously derived damping rate
expression for 1> 1/q% > k,pix, GAM damping rate over a
broad range of tokamak parameters is determined.
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Conclusion

Thank Youl
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