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Transport due to plasma turbulence determines the energy content and thus the performance of a tokamak
reactor. A recent striking observation in experiments [1,2] and numerical gyrokinetic simulations [3] is the
particularly interesting link between the presence of fast particles and a substantial improvement of energy
confinement. These findings are intriguing in view of reactor-grade plasmas, which will naturally contain a
high fraction of fast ions. The underlying physics has been shown to be rather complex. Besides the possibility
of a linear resonant stabilization of the ion temperature gradient (ITG) modes due to fast ions in particular
circumstances [4], micro-turbulence, axisymmetric zonal flows and energetic particles driven modes, such as
Toroidal-Alfvén-eigenmodes (TAE) strongly interact via nonlinear mode coupling. A detailed analysis based
on gyrokinetic GENE simulations has shown for the first time a clear and coherent picture of the role of
energetic particles in nonlinear electromagnetic plasma scenarios [5]. A new approach based on a frequency-
spectral decomposition of the free-energy balance reveals that fast ions lead to a reduction of the heat fluxes
through the excitation of marginally stable Alfvén modes in the frequency range of TAEs, which (i) deplete
the energy content of the turbulent (ITG) modes and (ii) can act as an additional mediator for an increased
zonal-flow activity. In particular, an increased zonal-flow activity mediated by high-frequency modes with
relatively low wavelength has been observed in different simulation setups corresponding to both ASDEX
Upgrade and JET discharges with improved ion energy confinement. The details of the coupling processes are
clarified.

[1] P. Mantica, D. Strintzi, T. Tala, C. Giroud, T. Johnson, H. Leggate, E. Lerche, T. Loarer, A. G. Peeters, A.
Salmi, S. Sharapov, D. Van Eester, P. C. de Vries, L. Zabeo, and K.-D. Zastrow, Phys. Rev. Lett. 102, 175002
(2009).

[2] A. Bock, E. Fable, R. Fischer, M. Reich, D. Rittich, J. Stober, M. Bernert, A. Burckhart, H. Doerk, M. Dunne,
B. Geiger, L. Giannone, V. Igochine, A. Kappatou, R. McDermott, A. Mlynek, T. Odstrčil, G. Tardini, and H.
Z.and, Nuclear Fusion 57, 126041 (2017).

[3] J. Citrin, F. Jenko, P. Mantica, D. Told, C. Bourdelle, J. Garcia, J. W. Haverkort, G. M. D. Hogeweij, T.
Johnson, and M. J. Pueschel, Phys. Rev. Lett. 111, 155001 (2013).

[4] A. Di Siena, T. Görler, H. Doerk, E. Poli, and R. Bilato, Nucl. Fusion 58, 054002 (2018).

[5] A. Di Siena, T. Görler, E. Poli, A. Biancalani, and F. Jenko, Electromagnetic turbulence suppression by
energetic particle driven modes, submitted for publication.

Country or International Organization
Germany

Primary author: DI SIENA, Alessandro (Max Planck Institute for Plasma Physics)

Co-authors: Dr GÖRLER, Tobias (Max Planck Institute for Plasma Physics); POLI, Emanuele (Max-Planck-In-
stitute for Plasma Physics); Dr BANÓN NAVARRO, Alejandro (Max Planck Institute for Plasma Physics); BIAN-
CALANI, Alessandro (Max-Planck-Institut für Plasmaphysik); DrBILATO, Roberto (Max-Planck Institut für Plasma-
physik); JENKO, Frank (Max Planck Institute for Plasma Physics)

Presenter: DI SIENA, Alessandro (Max Planck Institute for Plasma Physics)

Session Classification: Plenary

Track Classification: Multiscale Physics and Instabilities in Burning Plasmas


