
Supplementary Material: Modulation of steady-state heat transport in the dissipative multi-mode
qubit-photon system

Ze-Huan Chen1, Fei-Yu Wang1, Hua Chen1, Jin-Cheng Lu2,,∗ and Chen Wang1,†
1Department of Physics, Zhejiang Normal University, Jinhua 321004, Zhejiang , P. R. China

2Jiangsu Key Laboratory of Micro and Nano Heat Fluid Flow Technology and Energy Application,
School of Physical Science and Technology, Suzhou University of Science and Technology, Suzhou, 215009, China

(Dated: April 10, 2023)

Cycle fluxes with weak qubit-resonator interaction in three-mode qubit-resonator model

In the weak qubit-resonator interaction regime, i.e., Λi/Ωi≪1, the coherent state overlap coefficient is simplified as
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with κq(±ε) = γq(±ε)nq(±ε). And the first-order term is given by
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with the components specified as
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Then, if we reexpress the quantum master equation as d|P⟩/dt = L|P⟩ with L≈L(0)+( λ
ωa

)2L(1) and |P⟩≈|P(0)⟩+( λ
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)2|P(1)⟩,
the zeroth-order steady state solution is L(0)|P(0)⟩ = 0, and the first-order solution is L(0)|P(1)⟩ + L(1)|P(0)⟩ = 0. Hence, the
zeroth-order population dynamics is given by
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This leads to the zeroth order steady-state populations
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While the first-order populations dynamics are given by
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Finally, the steady state heat current is expressed as

Jq≈(Ca + Cb + Cc), (S8)

where three cycle components are specified as
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