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MOTIVATION

• NUMEROUS OBSERVATIONS OF GAMS IN EDGE REGION OF TOKAMAKS
-beam emission spectroscopy DIII-D
-Rogowski coils JET (GAMs or BAE?)
-Multipin probes JFT2M HL-2A
-Doppler reflectometry ASDEX-U
-Heavy Ion Beam Probes T-10, H-1
-Correlation reflectometry TEXTOR CHS 

• GAMs observed in numerical simulations of edge plasmas (finite beta Braginskii equations)
and fluid/gyrofluid ITG 

-Hallatscheck, Scott, Naulin, Miyato, Falchetto
simulations indicate excitation of GAMs by “turbulence” but do not clearly identify the specific

Process

• First attempt to provide theory for excitation of GAM by drift waves was by Itoh, Hallatscheck, 
Itoh 2005
using a wave kinetic approach 

• More recent coherent three-wave resonant parametric interaction approach, 
-Chakrabarti, Guzdar, Kaw, Singh 2007 
- Zonca, Chen (comprehensive study of low frequency modes in toroidal plasmas) 2007



“To date, no discernable no coherent oscillations 
have been observed in the core region
(at least within the measurable region ρpol> 0.7)”

“--- the GAM was observed only in the edge density
gradient region, i.e. the region of maximum Er shear
And plasma vorticity irrespective of variations in q profile
And magnetic shear”

“This implies that the coherent GAM is an edge 
phenomenon”
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GAMS AN EDGE PHENOMENON
CONWAY ET AL. PPCF 47, 1165 (2005). Doppler reflectometry



JFT-2M,Nagashima et al. PRL 95,095002(2005)
Reciprocating Langmuir Probes
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krρs=1

GLOBAL ITG SIMULATIONS-EXCITATION OF GAMS AND SCALING 
WITH ρ* 

MIYATO, KISHIMOTO AND LI, PPCF, 48, A335 (2006)

Two scales
“fast” scale

“slow”scale (ριLT)1/2



GLOBAL ITG SIMULATIONS-EXCITATION OF GAMS 
FALCHETTO ET AL.  POP, 14, 082304 (2007)



“Observed” Characteristics of GAMs

• GAMs seem to be an edge phenomenon

• experiments indicate radial structure krρs ~(0.02~1)

• bi-coherence study “identify” possible excitation mechanism 
-three wave coupling

• bi-coherence study shows  GAM mode in edge almost “monochromatic”
excited by “broadband” high frequency turbulence

• simulations show radial structure has two scales, “fast” scale and “slow” scale

• GAMs seen to become stabilized  as H mode “threshold” approached (DIII-D)
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GAM IS TIME-DEPENDENT ZONAL FLOW.



Conway et al. PPCF 47, 1165 
(2005)

Region where three wave interaction is 
possible

WHY IS GAM AN EDGE PHENOMENON ?



If drift waves are the primary driver of GAMs, then GAMs will be excited only if drift 
wave frequency exceeds GAM frequency.  1 2
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WHY IS FINITE β IMPORTANT IN THE EDGE REGION?
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NUMERICAL SCHEME

AV=δΩBV

B-1AV=DV=δΩV

Use simple finite differencing to create matrix equation (2nx X2nx)
to cast coupled equations into standard eigenvalue problem

Use package like mathcad to solve the eigenvalue problem
Typical nx =400-500.

NONLOCAL EIGENVALUE-IV                          



NONLOCAL EIGENVALUE-II                           

0
0

0 0

50 0 02 0 1

0 584

0 041 0 012
0 054 0 012
0 137 0 0011

n y s
s

x s

r i

r i

r i

L , . , =0.05, k .

k .

. ,  .
. ,  .
. ,  .

ε Γ ρ
ρ

ρ

Ω Ω
Ω Ω
Ω Ω

= = =

=

= − =
= =
= =

0.3 0 0.3
0.02

0

0.02

ωi

ωr

1 0.5 0 0.5 1
2

0

2

10 Im φs( )
10 Re φs( )
10Φ

n x( )

x

1 0.5 0 0.5 1
2

1

0

1

2

10 Im φG( )
10 Re φG( )
10Φ G

n x( )

x

NONLOCAL EIGENVALUE-II                           NONLOCAL EIGENVALUE-V                          

APPEARANCE OF “FAST” SCALE AND “SLOW” SCALE



0
0

0

50 0 02 0 2

0 394

0 048 0 016

n y s
s

y s

r i

L , . , =0.05, k .

k .

. ,  .

ε Γ ρ
ρ

ρ

Ω Ω

= = =

=

= − =

STABLE CONTINUUM MODES
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ROBUSTNESS IN WIDTH OF SPECTRUM OF UNSTABLE MODES Δω/ω∼0.3
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Frequency of maximally growing modes as a function of kyρs

• For 500% spread in drift frequency( kyρs), there is only a 20% spread in the frequency 
of the excited GAM mode (with maximal growth)

• Thus broad spectrum of drift waves can excites  almost  “monochromatic” GAM as
seen in the bicoherence spectrum
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•DEVELOPED LOCAL THEORY FOR EXCITATION OF GAMS BY PARAMETRIC THREE-WAVE
COUPLING TO DRIFT/ITG MODES 

•STUDIED FINITE BETA EFFECTS ON  EXCITATION OF GAMs BY DRIFT WAVES

•FINITE BETA LEADS TO STRONG STABILIZING OF GAM EXCITATION AS  
INCREASES

• ARE GAMS IMPORTANT FOR L-H TRANSITION ?  PRELIMINARY STUDY SEEMS TO 
INDICATE THEY ARE SUPRESSED BEFORE PLASMA REACHES L-H THRESHOLD, MORE
WORK NEEDED EXPERIMENTAL AND THEORY

• WITH BOTH ITG/DRIFT BRANCHES PRESENT POSSIBILITY OF THREE-WAVE MODE 
COUPLING BETWEEN DIFFERENT BRANCHES

•NONLOCAL ANALYSIS SHOWS THE EXISTENCE OF TWO SPACE SCALES, DIFFERENT 
MEASUREMENT TECHNIQUES MEASURE “FAST” AND “SLOW” SCALES HENCE VERY

LARGE SPREAD IN WAVE NUMBERS REPORTED

•GAM FREQUENCY NEAR STEEPEST TEMP/DENSITY GRADIENT 
DETERMINES EIGENFREQUENCY AND BROADBAND SPECTRUM OF DRIFT WAVES EXCITE
GAMS WITH SMALL BANDWIDTH

CONCLUSIONS
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