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Coherent photon-photon interactions are essential in both fundamental studies of exotic quantum

optical phenomena and various applications, ranging from optical quantum computation and

simulation to information processing. Benefiting from the capability of mechanical oscillators to

couple to diverse optical fields, cavity optomechanical systems open up great avenues in bridging

interactions between photons with vastly different wavelengths [1]. Experimentally, strong

optomechanical couplings that exceed cavity dampings have been demonstrated in optical and

microwave cavities [2,3], showing great potential for photon manipulations. However,

mechanical oscillators inherently suffer from thermal noise, which has been one of the main

obstacles of generating and manipulating photon states.

Here, we propose to realize effective beam-

splitter-like and two-mode-squeezing photon

interactions in three-mode optomechanical

systems (Fig. (a)) by employing detuned

driving lasers [4], as shown in Figs. (b) and

(c). In the optomechanical system, the

transitions between the optical and the

mechanical states are greatly suppressed by

the large energy offsets. Consequently, the

photon-photon interactions are robust against

mechanical thermal dissipations. In addition,

the destructive quantum interference in the

optomechanical interface brings a significant

advantage that photon state manipulations

are insensitive to initial mechanical thermal

states. The system can serve as a universal

building block for photon state engineering

and hybrid quantum networks in high-

temperature thermal bath and without the

requirement of cooling the mechanical

oscillator down to the ground state.

(a) Schematic of the system, where a mechanical mode

is coupled to an optical cavity mode and a microwave

cavity mode. (b) Two lasers drive near the red sidebands

of the cavity modes. (c) Two lasers drive near the red

and blue sidebands of the respective cavity modes.
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