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This work presents the impacts of the hydrogen isotope mass M and the normalized gyroradius

ρ∗ on L-mode like hydrogen (H) and deuterium (D) plasmas dominated by ion temperature

gradient driven (ITG) turbulence [1]. Isotope scan numerical experiments with ion and elec-

tron heating conditions were conducted using the Gytokinetic Toroidal 5D full- f Eulerian code

GT5D [2]. The energy confinement time in the ion heated numerical experiments was almost

independent of isotope mass, and scaled as τi,ion ∝ M−0.06, close to Bohm scaling τB ∝ M0. The

normalized collisionless ion gyrokinetic equations for H and D plasmas become identical at the

same ρ∗, and collisions weakly affect ITG turbulence. Therefore, the energy confinement was

determined mainly by the ρ∗ scaling, which becomes Bohm like because of bursty non-local

transport [3]. On the other hand, the electron heated numerical experiments showed a clear

isotope effect, τE,ele ∝ M0.15. In this case, in addition to the ρ∗ scaling, the isotope mass depen-

dency of the collisional energy transfer from electrons to ions contributed to the total isotope

mass scaling. Systematic electron heating power scans for the H and D plasmas showed similar

ion and electron temperature profiles at an H to D heating power ratio of ∼ 1.4. These results

qualitatively agree with the isotope mass scalings in L-mode experiments with ion and elec-

tron heating conditions [4]. Although the isotope mass dependencies in both scaling laws were

improved from gyro-Bohm scaling, τGB ∝ M−0.5, they are governed by different mechanisms,

ρ∗ scaling and collisional energy transfer. In future burning plasmas in larger devices, electron

heating is expected to dominate, and the latter mechanism may lead to less energy transfer from

electrons to ions, and thus, better total energy confinement. If Bohm scaling is sustained in large

devices as shown in fixed-flux gyrokinetic simulations [3], the former mechanism may improve

the energy confinement. However, if the ρ∗ scaling shows transition to gyro-Bohm scaling as

predicted in fixed-gradient gyrokinetic simulations, this effect may be lost, leading to worse

energy confinement.
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