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The prediction of electron heat transport in the core of tokamak plasmas continues to chal-

lenge theory and simulation. It has been speculated that short wavelength ETG turbulence plays

a key role, but due to extreme computational requirements this hypothesis has only recently been

tested quantitatively using a model that captures coupling between long wavelength ITG/TEM

and short wavelength ETG. On Alcator C-Mod and DIII-D, it has been demonstrated that long

wavelength turbulence is unable explain electron heat fluxes in some conditions [1][2]. To probe

these discrepancies, dedicated experiments have been performed in Alcator C-Mod L-mode

plasmas and more recently, in ITER-relevant, ELM-y H-mode plasmas to validate nonlinear gy-

rokinetic simulations against experimental heat fluxes and incremental diffusivities. Using the

GYRO code, both L and H-mode conditions have been studied using full-physics, multi-scale

simulations. These simulations capture electrostatic (δφ ) and electromagnetic (δA||) turbulence

with kθ ρs < 48.0 (spanning the ITG/TEM/ETG range), using experimental inputs, impurities,

real geometry, ExB shear, collisions (e-i & i-i) , and realistic electron mass (mi/me = 3600).

L and H-mode simulations reveal a complex interplay between ion and electron-scales which

can dramatically affect the saturation of turbulence. ETG streamers are found to coexist and

strongly interact with long wavelength ITG turbulence and zonal flows, resulting in enhanced

heat fluxes and fluctuation levels at both short and long wavelengths. For these conditions, we

demonstrate that only simulations capturing both scales and their interactions are capable of

reproducing experimental values ion and electron heat flux and measured electron incremental

diffusivity. It is found that the results of cross-scale coupling can be dramatic, resulting in multi-

scale predicted heat fluxes up to 10× greater than corresponding ion-scale simulation. Quantita-

tive comparisons between simulation and experiment, a description of cross-scale interactions,

and the implications of these results for prediction of ITER profiles will be presented. Work
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