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Because of the presence of massless modes, the heat current carried by
phonons tends to survive at low temperatures even when scattering mechanisms are incorporated into
the system. This becomes a fundamental obstacle to thermoelectric applications at low temperatures.
In this study, we investigate the effect of energy broadening on phonon transport in mesoscopic
systems coupling to external reservoirs such as leads and probes in various geometries using a
nonequilibrium Green’ s function formalism. An analytic theory shows that geometrically induced
broadening sizably suppresses low-temperature phonon transport in a harmonic chain. Numerical
calculations demonstrate that this scheme for phonon blocking is viable for realistic systems in
higher dimensions. It is also shown that in the presence of self-consistent reservoirs, normal
transport emerges for a linear self-energy in arbitrary dimensions, while nonlinear higher-order
ones lead to anomalous transport in low dimensions.
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