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Transport barriers in tokamak discharges are often 

characterized by large gradients that can destabilize 

electrostatic microinstabilities, thereby driving 

anomalous turbulent transport [1]. However, large 

gradients can also lead to large geometric 𝛼MHD, a 

stabilizing parameter in certain regimes [2]. The 

resulting transport is inherently constrained to be 

ambipolar; in effect, these large gradients can make 

this flux constraint impossible to satisfy, resulting in 

stabilization and the reduction of turbulent transport 

[3]. Due to the high computational cost of nonlinear 

gyrokinetic simulations, using a reduced turbulent 

transport model is ideal for predictive modeling. 

However, reduced models tailored for the tokamak 

core can become unreliable in transport barrier 

regimes, thus necessitating model development and 

improvement. We test the extent to which the 

gyrokinetic quasilinear code QuaLiKiz [4] can reliably 

predict anomalous transport in transport barrier 

discharge regimes to determine parameters that lead to 

turbulent transport reduction. We use the gyrokinetic 

code GENE [5], based on first principles, as a point of 

comparison for QuaLiKiz. Unlike GENE, QuaLiKiz 

uses many approximations to ensure computational 

tractability. In particular, QuaLiKiz assumes a 

Gaussian eigenfunction, uses 𝑠 − 𝛼MHD geometry, and 

only captures electrostatic fluctuations. To ensure 

accurate predictions in transport barrier discharge 

scenarios, we improve the approximations made for 

trapped particles, and thus the trapped electron mode 

(TEM), by incorporating the bounce-averaged 

electrostatic eigenfunction [6, 7]. The Gaussian ansatz 

allows us to analytically estimate this bounce-

averaging effect with sufficient accuracy. We also 

improve the approximate methods used to solve for the 

mode structure in order to accurately calculate bounce-

averaging effects. 

 

References 

[1] C. Angioni et al., Nucl. Fusion, 57, 116053 (2017) 

[2] C. Bourdelle et al., Phys. Plasmas, 10, 2881 (2003) 

[3] M. Kotschenreuther et al., US-EU Joint Transport Taskforce Workshop (2022) 

[4] C. Bourdelle et al., Plasma Phys. Control. Fusion 58, 014036 (2016) 

[5] F. Jenko et al., Phys. Plasmas, 7, 1904 (2000) 

[6] X. Garbet et al., J. Comput. Phys. 87, 249-269 (1990) 

[7] M. A. Beer et al., Phys. Plasmas, 3, 4018 (1996) 

 

Acknowledgements: Supported by the US-DOE under Award No. DE-SC0018148 and Award 

No. DE-FG02-04ER54742.  

 

mailto:cole.stephens@austin.utexas.edu

