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Towards burning plasmas: theory and simulations

• Plasma heating in Q = 10 ITER baseline scenario will be dominated by fusion-born α particles. DEMO will operate close to ignition, employing auxiliary power only for control purposes.

• Understanding of burning plasma physics is an urgent point to be addressed. Significant rate of α particle generation is inaccessible to present devices. Theory and modelling are of particular importance.

• Energetic particles in reactor-relevant plasmas have a unique and crucial role as mediators of cross-scale couplings making transport in fusion devices a nonlinear multi-spatiotemporal-scale process.

• Predictive analyses based on first principles computations is challenging. Developing a deep understanding (high-fidelity and reduced models) of the nonlinear self-organizing dynamics in burning plasmas is essential.

• Aim of the project: develop a self-consistent description and simulation tools for interaction of energetic particles with MHD modes, turbulence, and kinetic plasma profiles in tokamak and stellarator geometries.

CONCLUSIONS: 

 Theory and software stack are developed for burning plasma applications:

gyrokinetic codes, hybrid-MHD codes, integrated modelling

 GPU-enabling and IMASification of the key tools (assisted by ACHs)

 Both tokamak and stellarator plasmas addressed; simulations of complex physics

and in realistic geometries

 Cross-code verification and comparisons to theory carried out

 Validation on ASDEX-Upgrade, JET, TCV, W7-X are ongoing

 Dissemination via publications (wiki, indico), EUROfusion‘s Gitlab (including

code documentation), and training (Energetic-particle Workflow)

Integral modelling (Energetic-particle Workflow)

Requires a comprehensive theoretical

framework for the self-consistent

description of drift Alfvén wave

excitation and phase space energetic

particle transport in fusion plasmas

[Chen&Zonca RMP16].

Nonlinear gyrokinetic formulation of 

fluctuation spectrum evolution and 

energetic particle transport.

Evolution of fluctuation spectrum and 

EP transport suggest two possible 

routes to nonlinear physics: nonlinear

wave-wave interactions and nonlinear

wave-particle interactions.
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Internal kink instability. Hybrid simulations with 2 MeV

fusion alphas. Nonlinear stationary helical state.

(XTOR-K)

Linear growth rate scales as expected

(LIGKA)

Synergy with TSVV13 and TSVV12


