
Effective trapped fraction: A reduced collisional model for trapped

electron modes

C. D. Stephens1,2, J. Citrin3, C. Bourdelle4, and F. Jenko2

1 University of California, Los Angeles, CA 90095-1547, United States of America
2 Max Planck Institute for Plasma Physics, 85748 Garching, Germany

3 DIFFER - Dutch Institute for Fundamental Energy Research, Eindhoven, The Netherlands
4 CEA, IRFM, F-13108 Saint-Paul-lez-Durance, France

In tokamaks, microinstabilities such as trapped electron modes (TEMs) and ion temperature

gradient modes (ITGs) drive turbulence that can in turn generate anomalous radial transport.

Properly incorporating such modes is thus necessary to accurately model transport physics.

Due to the computational cost of nonlinear simulations, reduced turbulent models such as the

gyrokinetic quasilinear code QuaLiKiz [1] are instead used in tandem with transport codes via

an integrated modeling framework. Collisionality can have a strong impact on core density pro-

file peaking through effecting the relative strength of TEM and ITG modes [2]. For the sake of

tractability, QuaLiKiz uses a Krook collision operator for trapped electrons rather than a robust,

exact collision operator. This Krook operator has been shown to unfortunately quench TEMs too

strongly at high collisionality, leading to the incorrect prediction of flat density profiles in sim-

ulations in the high collisionality regime. To rectify this, we have developed a reduced model to

effectively capture collisional effects for TEMs. The fraction of trapped particles ft drives TEM

instabilities; meanwhile, collisionality can stabilize TEMs. To take both effects into account,

we calculate the fraction of trapped particles for which the bounce frequency is higher than the

collision frequency. This effective trapped fraction, labeled f ∗t , considers only the trapped par-

ticles that can undergo multiple bounce orbits before undergoing a deflection into the passing

region of velocity space. Using the gyrokinetic code GENE [3], we simulate linear TEMs and

find that their characteristic features can be solely described by f ∗t rather than ft and the colli-

sion frequency separately. We then incorporate this reduced model into QuaLiKiz and validate

the implementation against GENE. Finally, we use QuaLiKiz in tandem with the transport code

JETTO [4] and find that the reduced model leads to more accurate core density profile peaking.
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