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Motivation

• Geodesic Acoustic Modes (GAM) are relatively 
high frequency eigen-modes supported by 
plasma compressibility in toroidal geometry. 

• Coupled to the drift-wave and Zonal Flows? 
• Coupled to Alfven modes/cascades? Can be 

driven by high energy partricles? Transport 
regulation/modulation? Coupling to high energy 
particles drive? 

• GAM localization , radial propagation etc: 
dispersion properties.



Outline
• Extended MHD model to reproduce GAM 

kinetic dispersion relation
• Degeneration GAM (m = n = 0) and BAE 

(finite m and n)
• Coupling of GAM and BAE. Mode 

polarization.
• Dispersion of GAMS and BAE in various 

regimes:                or               ,                  

• Drift effects

( ) qRnqmk /0 −=Tevk0<ω Tevk0>ω
•How does ideal MHD work
in the limit of                    ? Tevk0<ω



Short history of GAM and related modes 
•1968 : Geodesic acoustic modes: Winsor, Johnson, Dawson 
•2000-05: Surge of interest related  to zonal flows  (GAM is an eigen mode 
of poloidal rotation in a tokamak)

- No theoretical or experimental work in between
- 2008: Every large or small tokamak has seen one or several           
variety of GAM;  many sightings in numerical simulations
-But:  Mysterious ubiquitous 25 kHz mode on many tokamaks, 
1970-2000

1973: Mikhailovskii, NF: Electromagnetic drift wave instabilities
(finite m,n GAM/BAE)
1977: Mazur, Mikhailovskii, NF,  Beam driven Alfven waves: 7/4 coefficient 
surfaces
1999: Mikhailovskii, Sharapov, : Electromagnetic drift wave instabilities, 
Plasma Phys Reports, GAM+BAE+ drift effects
1996: Levedev, Yushmanov, Diamond, Smolyakov, PoP,: Relaxation of 
poloidal rotation problem, 7/4 surfaces again from kinetic calculations



Short history of GAM cont’d
• 1993, Heidbrink et al, “What is the beta-induced Alfven 

eigen-mode?” oscillations with 
• 1992: Chu, Green et al., Coupling of Alfven and sound 

continuum via geodesic curvature creates low 
frequency gap

• 1996-2008: Zonca et al., Unstable Alfven modes in the 
continuous spectrum: GAM dispersion relation with 
7/4, electromagnetic (Alfven modes) effects but no 
references to  Winsor, Green Johnson; AITG modes  

• 2001--2008:  Berk, Sharapov, Gorelenkov,  Fu, 
Nazikian, and others: Alfven cascades, BAE/Alfven 
waves   zoology, BAAE (Gorelenkov), Fu (EGAM), …

RvTi /≈ω



Discrepancy between MHD and kinetic theory



Extended MHD for GAMs



Mode polarization and coupling



Extended MHD (no electrons) GAM with 
m=n=0



Finite m and m GAM with electromagnetic effects



The first electromagnetic mode



The second  electromagnetic mode



Three modes:

GAM /BAE

Two electromagnetic modes: split Alfven waves



Coupling to sound continuum in 
kinetic theory/extended MHD theory:

( ) 1/ <<qRvTi ωSmall corrections of the order of 



Interaction of Alfven and acoustic continua



Finite m and n GAM and BAAE gap



Interaction of Alfven and acoustic continua



Dispersion effects on GAMs/BAE 







Electron drift kinetic equation

















Ideal MHD in adiabatic and hydrodynamic
regime for electrons



Dispersion of GAM modes



Drift effects on GAMs with high m

Dispersion and instability of drift waves 
due to the average geodesic curvature 

or



Ion drift-kinetic equation



Fluid expansions, no resonances



Ion density response

Electrons are adiabatic



Dispersion and instability of drift waves
Electron drift waves Ion sound and FLR dispersion

Average geodesic curvature dispersion 

Generalized inertia



ir */ωω

ii */ωω

iη

Ion drift  mode destabilized by averaged
geodesic curvature  



Summary



Summary cont’d
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