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The thermal energy confinement time has been observed to largely vary with the exchange of the main isotope
in broad experimental conditions in magnetically confined plasmas, leading to the so called isotope effect. Of
particular interest is the isotope exchange between the fusion of deuterium-deuterium (DD) and deuterium-
tritium (DT) nuclei, studied in dedicated experiments performed in the 1990’s both in the Tokamak Fusion
Test Reactor (TFTR) and in the Joint European Torus (JET), where a broad and unexpected variety of results
including a clearly improved confinement in DT was obtained and a clear deviation from Gyro-Bohm scaling.
In this paper, the isotope effect is analyzed by performing gyrokinetic simulations with the GENE code for
the ITER hybrid scenario including kinetic electrons, collisions, electromagnetic effects and up to five species.
The impact of the energetic particles has been also analyzed with two additional fast ion species. It is found
that the interplay between nonlinear microturbulence effects generate an isotope effect leading to an increase
or decrease of ion heat fluxes from DD to DT plasmas in agreement with previous experimental findings
and providing clues about how to proceed in the future for maximizing thermal energy confinement in the
presence of DT mixture. In particular, at short plasma scales, the electrostatic potential radial correlation
length always follows Gyro-Bohm scaling, however, in the cases where the heat flux highly reduces from
DD to DT, an anti-correlation region at longer (meso) scales appears due to the concomitant interplay of
nonlinear multiscale interactions involving external ExB flow shear, magnetic geometry, zonal flow activity
and electromagnetic effects. Extended analyses show that the ExB flow shear quenches ion heat fluxes for DT
more efficiently due to lower linear growth rates whereas a coupling between ion mass and zonal flow, which
exists in any plasma condition, only becomes relevant at high beta leading to a deviation from Gyro-Bohm
scaling including a reduction of the ion heat flux by half.
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