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A reliable prediction of the temperature and density profile in the central region (𝜌<0.3) of 

present and future magnetic fusion devices is crucial for the control of high-Z accumulation 

such as tungsten (W), which can lead to significant core radiation [1], and of the fusion 

performance. Turbulent transport in the central region remains, however, largely unexplored. 

 

To better characterise turbulent transport and test the quasi-linear (QL) approximation in the 

central region, an extensive linear and nonlinear gyro-kinetic investigation has been carried out 

for JET hybrid H-mode discharge 75225 at 𝜌= 0.15 using the gyrokinetic code GKW [2] in the 

local approximation. This JET discharge was analysed in details for 𝜌=0.33 in [3]. Despite 

lower gradients close to the magnetic axis, the plasma is found linearly unstable to the Kinetic 

Ballooning Mode (KBM), consistently with [4]. The key parameters responsible for the KBM 

destabilisation in this region are the low magnetic shear and high-𝛽 values [5]. Following an 

in-depth analysis of the linear stability, nonlinear simulations are performed at 𝜌=0.15. 

Nonlinearly, the excitation of KBMs drives heat and particle fluxes increasing with higher beta 

and lower magnetic shear, consistently with the linear results. The 𝑬 ×  𝑩 contribution to the 

ion heat flux is found to be dominant, whereas, for the electron heat flux, a significant magnetic 

flutter contribution to the nonlinear heat flux is observed with a sign opposite to that obtained 

in linear simulations. This large contribution arises from stable micro-tearing modes (MTMs) 

at 𝑘𝜃𝜌𝑖<0.2 that are excited nonlinearly.  

 

The validity of standard QL models employed in standard QL codes is then tested. At ρ= 0.15, 

the QL fluxes are in good agreement with nonlinear fluxes for the 𝑬 ×  𝑩 contributions with 

some departure at high β. However, these models fail to capture the magnetic flutter 

contribution to the electron heat flux due to the nonlinearly excited MTMs. An extension of the 

model used in QuaLiKiz [6] is shown to improve the description of the magnetic flutter 

contribution, even though further work would be required to obtain a robust model.  

 

The nonlinear outward electron particle and heat flux values for electron and ion at 𝜌=0.15 are 

two orders of magnitude larger than the experimental power balance values for the nominal 

experimental parameters. The QL model was used to test the sensitivity of these fluxes to the 

KBM drives. A decrease of R/LTi and R/Ln by about 20% was sufficient to match the 

experimental fluxes, demonstrating the strong sensitivity to the input gradients. Finally, the QL 

turbulent W transport level was compared to neoclassical transport for the nominal parameters 

and for the experimental matched fluxes at reduced R/LTi and R/Ln, suggesting that KBM 

turbulence may help preventing W accumulation in future devices. 
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