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W GAM - open problems ’

ASDEX Upgrade

L Observations indicate that GAM can play an important role in the L-H transition

GAMs are observed in L- and |- mode regimes but are never observed in H-mode

L At the present is not clear if GAM velocity is constant or not in the experiments

L Most of the experiments show a radial propagation outward the tokamak device but some
observations show an inward propagation

O Linear theory predicts velocities lower than that one measured in experiments/simulations
(theory v~10m/s experiments v~102 - 103m/s)

Is this discrepancy due to nonlinear effects?

Although a general framework exists to formulate a correct theory, no further new effects have been
found in order to explain the gap between theory and experiments

Conway G.D. et al. PPCF 2008
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W The electromagnetic ORB5 code ’

ASDEX Upgrade

O Upgrade of the PIC ORB5 code (Jolliet S. et al. CPC 2007)

O Global tokamak geometry (including magnetic axis).

O Full-f Gyrokinetic Vlasov equation for multiple ion species (DK for electrons).

U Linearized Polarization equation and parallel Ampére's law.

U Electron-ion collisions (pitch angle scattering).

O Ideal MHD equilibria (CHEASE code).

U Equilibrium strong flows.

U Heat and particle sources.

U Advanced particle noise control techniques.



GAM dispersion relation (uniform profiles)
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w GAMs in nonuniform temperature profile @
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In the presence of a non-uniform temperature profile GAM constitutes a continuum spectrum
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By phase mixing, the electric field oscillates at each radial position with §E,.(r,t) = Aje~#wa ()

Phase mixing does not imply a dissipation of energy ~ Q o |6 E,|?
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w The PL- damping mechanism @
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In the presence of a continuum spectrum the energy of radial waves is shifted in time with k=(k,+8¢) in the
region in which Landau damping is more and more efficient
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W Time of Damping

Time of Drive L.(/
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Time competition in several regimes @

ASDEX Upgrade

~Damping and drive characteristic times
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The PL mechanism is consistent with the presence of GAMs in the different confinement regimes

I-mode and L-mode: at each temperature gradient

H-mode: there is a threshold in k;, above which
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The competition between the two times opens interesting scenarios close the H-mode transition, such as
the intermittent behaviour of the GAM characteristic of the prey/predator dynamics



w Time evolution of frequency and radial propagation
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w Time evolution of frequency and radial propagation
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Time evolution of GAM in non/-uniform T profiles
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Comparison Theory-Simulations
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Comparison Theory-Simulations
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U The relative sign of group and phase
velocity is at the basis of a kind of Doppler
shift

U Experimental measurements of GAM
frequency can be influenced by this effect



Radial acceleration of GAMS ,r’
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phase velocity in realistic equilibria
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w Geometrical optics @

The radial propagation of GAMs, can be treated in the framework of geometrical optics as the space (time)
scales involved in the oscillations are shorter (faster) than those related to the equilibrium quantities
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W Conclusions @
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A new picture of GAMs has been given in this work:

0 New damping mechanism (PL-mechanism) has been identified
This is consistent with the presence/absence of GAMs in the different confinement regimes

O Time evolution of GAM frequency has been shown for the first time

L Acceleration in the radial propagation of GAM has been predicted
This effect reduces the gap between the velocities observed in the experiments/simulations
and those predicted by linear and quasi-linear theories
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