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Abstract: We present the theore1cal descrip1on of an electro-optomechanical system assisted by op1cal 
feedback for the sympathe1c cooling of a radio-frequency LC-circuit, even at its quantum ground state, for 

applica1ons in quantum technologies.  

        Nano-electro-optomechanical systems play a fundamental role in quantum technologies [1-3]. In par1cular, 
electro-optomechanical devices have received significant aIen1on in transducing radio-frequency (rf) and 
microwave signals to the op1cal domain [4,5]. Most of the electro-optomechanical systems use a gigahertz 
microwave resonator. However, the possibility of opera1ng in a quantum regime at the megahertz, and even 
kilohertz range, with extremely low noise, can be advantageous for posi1oning, 1ming, and sensing 
applica1ons, and for more fundamental science applica1ons, such as the sensi1ve detec1on of rf signals of 
astrophysical nature. Unfortunately, due to the low (megahertz) resonance frequency of the rf resonator, 
opera1on in the quantum domain is difficult because the LC resonator is normally in a thermal state even at 
ultracryogenic temperatures. 
        In this talk we will present a theore1cal model for sympathe1c cooling of a macroscopic radio-frequency 
LC electrical circuit by means of an electro-optomechanical system, consis1ng of an op1cal cavity dispersively 
coupled to a nanomechanical oscillator, which is, in turn, capaci1vely coupled to the LC-circuit of interest [6]. 
The driven op1cal cavity cools the mechanical resonator, which, in turn, sympathe1cally cools the LC circuit. 
Moreover, we will discuss op1cal feedback assistance as a strategy to improve the cooling performance of the 
system, as shown in Fig. 1, allowing low occupa1on number for experimentally achievable parameters, which is 
a fundamental requirement for opera1ng the system in the quantum regime. 

Fig. 1 Ra1o between the occupa1on number of the LC resonator with the op1cal feedback and without the feedback 
ac1on, represented with colors, as a func1on of the feedback filter gain and phase on the ver1cal and horizontal axis, 
respec1vely. The blue color indicates the region where the sympathe1c cooling of the LC-circuit is improved.  
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