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We present a scattering matrix approach to heat transport in dynamical mesoscopic 

structures for non-interacting electrons [1-3]. We show quite generally existence of two 

effects, heat generation and heat pumping.  In particular we analyze energetics [4] of a 

single-particle source emitting on-demand electrons and holes [5]. It turns out that the energy 

of emitted particles is not fixed unlike their charge. Therefore, even a regular particle flow 

carries a fluctuating heat. These heat fluctuations can be measured as temperature 

fluctuations of an attached thermometer, which in turn can be measured as the fourth 

cumulant of a potential if a thermometer serves simultaneously as a voltage probe. Notice 

the fluctuations of a heat of a regular particle flow are a feature of an essentially dynamical 

source and it is absent for a DC source. We analyze a heat production [4] of two subsequent 

single-particle sources working as a tunable two-particle source [6]. We show that unlike a 

charge current the heat current can be non-additive. In particular, in the adiabatic regime the 

heat production can be suppressed if the second source is tuned to emit a hole at the time 

when the first source emits an electron or vice versa. We show also that the heat generated 

becomes enhanced if two electrons or two holes are emitted simultaneously. 
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