
Role of small-scale turbulence and multi-scale interactions in electron heat 
transport in JET  

 
 N. Bonanomi1,2, P. Mantica2, J. Citrin3, T. Görler4 and JET contributors* 

 
EUROfusion Consortium, JET, Culham Science Centre, Abingdon, OX14 3DB, UK 

1 Università di Milano-Bicocca, Milano, Italy 
2 CNR - Istituto di Fisica del Plasma “P. Caldirola”, Milano, Italy 

3 DIFFER - Dutch Institute for Fundamental Energy Research, Eindhoven, The Netherlands 
4 Max Planck Institute for Plasma Physics, Boltzmannstr. 2, 85748 Garching, Germany 

*See the author list of “Overview of the JET results in support to ITER” by X. Litaudon et al. to be published in 
Nuclear Fusion Special issue: overview and summary reports from the 26th Fusion Energy Conference (Kyoto, 

Japan, 17-22 October 2016) 
 
JET L-mode plasmas with Ion Cyclotron Resonance Heating (ICRH) power deposited on 
electrons and with and without significant ion heating by Neutral Beam Injection (NBI) are 
studied with gyrokinetic simulations performed with the GENE code in the local limit [1]. The 
simulations cover both the electron and the ion scales and take into account also the multi-scale 
interactions. In the ion scale simulations, where the dominant modes are the Trapped Electron 
Modes (TEM) and the Ion Temperature Gradient (ITG) modes, despite the numerous 
confidence tests on the main parameters (such as R/LTe, R/LTi, R/Ln, s), it was impossible to 
reproduce the electron heat fluxes and especially the electron stiffness found experimentally. 
Furthermore, both higher electron stiffness and lower values of R/LTe are observed in plasmas 
with significant NBI heating than in plasmas with pure ICRH heating, for the same normalized 
electron heat flux [2]. This could not be reproduced in the simulations. A possible explanation 
of the missing electron heat fluxes and of the difference between the discharges with and 
without NBI heating was found in the Electron Temperature Gradient (ETG) modes. In recent 
works, these modes and their interactions with ion scale modes are found to be responsible of a 
large amount of the heat flux in certain regimes [3-5]. A database of JET discharges, created in 
order to study the electron heat transport, shows a strong correlation between the level of the 
electron turbulent transport and the parameter τ = ZeffTe/Ti, which is a key parameter for the 
ETG threshold. The  ETG threshold in the discharges with lower τ is lowered [6], confirming 
the possibility of a greater influence of ETGs in plasmas with Te≤Ti. Nonlinear simulations on 
electron scales were performed using high values of the external flow shear in order to avoid 
streamers dominating the box-scale. Using a simple addition of the fluxes due to TEM/ITG and 
due to ETG, the experimental electron and ion heat fluxes could be reproduced quite well. Also, 
in the discharges with only ICRH heating, the electron stiffness was reproduced [6].  
A first multi-scale simulation was carried out with GENE using the experimental parameters, 
two kinetic species, real ions/electrons mass ratio, and Miller geometry. The multi-scale 
simulation shows that ETGs can be important for the electron heat transport at JET, especially 
in conditions where the ITGs are marginal stable. A comparison between the GENE  and the 
experimental results and the TGLF model with the new saturation rule accounting for multi-
scale interactions [7], both stand alone and implemented in the ASTRA code, is also addressed.   
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