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Part of the big picture of burning plasmas
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In this work

Å TAE & ITG

Å Shafranov shift

Å EPs

Å Zonal structures

Å GAE (AAE)



System and simulation parameters
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ÅAll the simulations are done in ORB5

ÅElectromagnetic
ÅAll species treated as kinetic

Å

ÅCyclone Based Case
Åὥ πȢφρά

ÅὙ ρȢχά

Åὄ ρȢωὝ

Å”ᶻ ”z Ƞὅ

ÅShaped MHD equilibrium using CHEASE

Å

ÅLocal Maxwellian distribution functions 

Lanti, E., et al, Comput. Phys. Commun. (2020) Lutjens, H., et al, Comput. Phys. Commun. (1996)



Shafranov shift
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ST тstandard 
PK тPeaked 
Not Cons. тThermal pressure w/o EPs 
Cons. тThermal pressure with EPs  



Linear dispersion relations
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FL - Flat
ST тStandard 
PK тPeaked 
Not Cons. тThermal pressure w/o EPs 
Cons. тThermal pressure with EPs  



Alfvén continuum 
EP fraction - 1% , slow sound approximation
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Linear TAE
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Linear dispersion relation
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FL - Flat
ST тStandard 
PK тPeaked 
Not Cons. тThermal pressure w/o EPs 
Cons. тThermal pressure with EPs  



Linear ITG
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Nonlinear saturation 
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Nonlinear TAE saturation dynamics
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Nonlinear mode structure
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E͠xBshearing rate тTime evolution 
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Time average - E͠xBshearing rate
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Shearing rate
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E͠xBshearing rate тmodes 
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Axisymmetric Alfvén Eigenmode (AAE)
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Villard, L., & Vaclavik, J. Nucl. Fusion (1997)

Chang, Z., et al., Nucl. Fusion (1995)



Nonlinear modification of the Temperature 
gradients
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Nonlinear Particle flux тStandard profiles

EFTC 2025 Baruch Rofman - baruch.rofman@epfl.ch - SPC - EPFL 19

Chen, L., et al., Nucl. Fusion (2024)



Nonlinear heat flux тStandard profiles (ST)
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Summary

linear
ÅKBMs are strongly damped by EPs

and Shafranovshift

ÅThe Shafranov shift has a stronger
effect in the low-n range

ÅFor TAEs the additional Shafranov
shift from EPfraction competes with
the drive leading to an apparent
saturation in growth rate.

ÅFor ITGs the additional Shafranov
shift from EPsresults in a linear shift
in the dispersion relation towards
highertoroidal mode numbers.
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nonlinear
ÅThe Shafranov shift stabilizes the TAE saturation

dynamics. While the saturation level stays the
same.

Å‫ pattern is verydifferent between the TAEsand
ITGs.

ÅShafranov shift increases the shearing rate in ITGs
and decreases‫ for TAEs.

ÅAdding the zonal response reduces the heat and
particle fluxes for ITGsbut increasesthem for TAEs.

ÅAxisymmetric Alfvén with Eigenmode ὲȟά
πȟρ is nonlinearly excited and might be the

cause for the increased fluxes.
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Additional slides

EFTC 2025 Baruch Rofman - baruch.rofman@epfl.ch - SPC - EPFL 23



EFTC 2025 Baruch Rofman - baruch.rofman@epfl.ch - SPC - EPFL 24



EFTC 2025 Baruch Rofman - baruch.rofman@epfl.ch - SPC - EPFL 25



Nonlinear modification of the q-profile
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Nonlinear modification of the q-profile
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