Numerical Study of the Impact of Fast lons on TEM-driven Turbulence
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MOTIVATION & BACKGROUND MAIN RESULTS:

+ Well-established beneficial impact of fast ions on lon-Temperature-Gradient (ITG) NO IMPACT OF FAST IONS ON TEM-INDUCED HEAT FLUXES
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v’ Similar behavior expected in ITER ITG-dominated plasmas » TEM-induced heat flux not
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Open question: What is the fast-ion impact on different turbulent regimes? » Heat flux time traces 0 50 100 ,1150 t200 250 300 350
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* Possible explanation — Weak
impact of Zonal Flows as a
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* High B (By = 2.6%) [Oyama2009]

* Inner region: Low magnetic shear — Very demanding simulations
 High fraction of Fast lon (NBI) pressure
* Previous gyrokinetic analyses @ ps,, = 0.33 [Garcia2014]

> Turbulent transport dominated by Trapped Electron Modes (TEMs) — Suitable THRESHOLD IN ACHIEVABLE PRESSURE REGIME
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for comparison to well-studied ITG case

» Numerical experiment: Evaluating S, impact - «
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NUMERICAL TOOL: GENE Threshold in B (~ 1.3%) — Destabilization
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* |nput parameters provided by CRONOS [Artaud2010]
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» Kinetic electrons GENE Limit in achievable pressure regime |
» Electromagnetic effects (6B | & 6B))) consistent with Fast lon impact on ITG L9 i
> Experimental geometry | Jonko2000 S transport [Citrin2015] y 8. %
» Carbon impurity & fast deuterium from NBI
LINEAR ANALYSES WITH FAST IONS —————
:  |mpact of Fast lons on TEM-dominated JT-60U pulse #48158:
MILD IMPACT ON TEM BUT DESTABILIZATION OF FI-MODES e . i
e— — » Mild impact on TEM linear growth rate
020 T 12f — T » Strong Fast-lon pressure gradient leads to destabilization of FI-BAE
o2, Tiedee ! / EEe=t= > No impact on TEM-driven turbulent heat fluxes
3:0_15 < 06 / _ -  Possible explanation for different ITG/TEM behavior — Difference on the
5 - o saturation mechanism: VT-driven TEMs weakly affected by Zonal Flows
:E:; | _ _ — Beneficial effect of fast ions may be limited by turbulent plasma regime!
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» Fast lon impact on linear spectra:
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> Excitation of low-k,, mode

» The mode is identified as Fast-lon-
driven BAE

* In order to avoid possible nonlinear
coupling, FI-BAE must be stabilized
(modified configuration)
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