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At leading order in QCD coupling constant, we compute the energy loss per traveling distance of a heavy
quark dE/dz from elastic scattering off thermal quarks and gluons at a temperature T , including the ther-
mal perturbative description of soft scatterings and a perturbative QCD-based calculation for hard collisions.
We re-derive the analytic formula for dE/dz in the high-energy approximation, resulting in a logarithmic
behavior from both the soft and hard contributions. The mass hierarchy is observed as dE/dz(bottom) >
dE/dz(charm) at a given velocity. Our full results are crucial for a better description of heavy quark trans-
port in QCD medium, in particular at low and moderate transverse momentum.

Furthermore, we investigate the nonperturbative effects on the heavy quark transport in a semi-quark-gluon-
plasma. The relevant results show that dE/dz is significantly suppressed due to a background field that is
self-consistently generated in the effective theory. The comparisons with the results from the perturbative
approach are implemented for both charm and bottom quarks. By utilizing the Langevin dynamics, we also
perform the model-data comparisons at RHIC and LHC energies, in particular for the nuclear modification
factor and flow coefficients of various heavy-flavor hadrons.
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