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We consider a harmonic oscillator under periodic driving and coupled to two
harmonic oscillator heat baths at different temperatures. We use the
thermofield transformation with chain mapping for this setup which allows us
to study the unitary evolution of the system and the baths up to a time long
enough to see the emergence of periodic steady state in the system. We
characterize this periodic steady state and we show that, by tuning the system
and the bath parameters, one can turn this system from an engine to an
accelerator or even to a heater. The possibility to study the unitary evolution
of system and baths also allow us to evaluate the steady correlations that build
between the system and the baths, and correlations that grow between the
baths.

We consider a single-site bosonic harmonic oscillator coupled to two heat
baths at different temperatures [Fig. 1(a)]. The harmonic oscillator has a
trapping frequency .

The totla Hamiltonian is as follows where the bath is linearly discretized [3]
and then transformed as:

Fig. 1: (a) Schematics of a driven single bosonic harmonic oscillator coupled to two heat baths at
different temperatures. (b) System coupled to the two baths after thermofield transformation [1] with
chain mapping [2]: each bath is mapped to a chain with next-nearest neighbor tunneling or, equivalently,
to two chains.
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Fig. 2: (Left column) periodic system occupation and (right column) energy current: For all panels,
we have used:

Fig. 3: Comparison of the effect of the separation of the bath spectral densities and the total energy:
from panel (a) to (c), solid curves are for the left bath spectral density, and the dashed lines are for the right
bath spectral density. Other parameters used are:
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Fig. 5: Measure of system-bath and bath-bath correlations as a function of time: (a), (c), and (e) are
correlations between the system and each bath, and (b), (d), and (f) are correlations between two baths. For
all panels, we have used and the
measurement step is 0.2.

Fig. 4: Thermal machine efficiency and averaged currents: For all panels, the mutual parameters used
are:

(original Hamiltonian)

(after transformation)

Lorentzian-type bath spectral density
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To characterize the system, we compute the averaged energy current from the
bath and the efficiency:

The energy current from the bath is obtained from Heisenberg EOM:
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where cj represent either the operator aS or b⌫k in the original Hamiltonian.
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Finally, we can obtain the correlations [4] between baths, and between the system 
and the baths:

To obtian an engine, we perform the separation of bath spectral densities:
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