
• Radial density profile of energetic electrons peaked on-axis: 
-  e-fishbone is observed above threshold in Ee density nEe, and driven by trapped Ee at 

toroidal precession frequency:  
-  the mode rotates in the energetic (and bulk) electron diamagnetic velocity direction; 
- non linear dynamics: frequency chirping, phase locking, radial transport of Ee up to qmin 

radial position. 
- Electrostatic potential (φ) saturation amplitude scaling in agreement with analytical 

findings: φsat 1,1 ~ (γL/ω0)2; φsat 1,1 ~ (γL/ω0) 
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• Numerical simulations of electron fishbone using the hybrid MHD-Gyrokinetic code XHMGC 
• XHMGC: Reduced O(ε3) MHD (bulk) + Gyrokinetic contribution from energetic electrons (Ee); also 
compressibility effects of thermal ions (to properly retain Landau damping and generalized inertia) and 
thermal electrons are retained kinetically. 

• Radial density profile of energetic electrons peaked off-axis: 
-  e-fishbone is observed above threshold in nEe, and driven by barely circulating Ee at 

frequency (ωb is the transit frequency):  
-  the mode rotates in the Ee diamagnetic velocity direction (corresponding to the one of 

the bulk ions); 
- non linear dynamics: double resonance, local flattening of the radial density profile of 

the Ee at the double resonance radial locations. 
- Electrostatic potential saturation amplitude scaling: φsat 1,1 ~ (γL/ω0)3; φsat 1,1 ~ (γL/ω0)3/2 

φsat 1,1 vs. γL/ω0 
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ASDEX Upgrade
Comparison theory-experiment

TAEs at ASDEX-Upgrade (#21007, Mirnov coils)

   Shot 21007: MHA:B31-14
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• measured routinely by magnetic pick-up coils (mode number detection), soft-X-ray cameras
(displacement fluctuations), fast ion loss detector (resonance condition)

• B-field ramp, drop in density: Alfvén scaling of TAEs (B/
√

µ0min)

• observed mode numbers (n = 3....7) match orbit widths of ICRH-ions
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Two cases considered: 

φsat 1,1 vs. γL/ω0 
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