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Abstract: It is significant to study the influence of microwave phase noise on the microwave mixing signals with cesium Rydberg
atomic antenna. In this paper, the influence of microwave phase noise on the microwave mixing signals based on Rydberg atom is
studied theoretically and experimentally. Theoretically, the function of the change of the microwave mixing signal intensity after
adding phase noise to the signal field is obtained by summarizing the phase noise term detected by the transmission of the probe
laser through the medium. We perform a theoretical diagram that simulates the transmission spectrum of probe laser as a function of
input phase noise. From the theoretical simulation diagram, it can be seen that the microwave mixing signal based on the Rydberg

atomic antenna increases with the increase of the power of the signal field. For the same signal field strength, the microwave
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mixing signal gradually decreases with the phase noise added increasing. Experimentally, we build an atomic antenna based on
the Rydberg atom, which modulates the Rydberg atom through a reference field, and the Rydberg atom transmits the frequency of
microwave mixing signal directly to the probe laser. Microwave field frequency of 13.806 057 GHz and 13.806 GHz are mixed
based on the Rydberg atomic electric dipole transition of ‘6451 /2> — ‘64P1 /2> under electromagnetically induced transparency
(EIT) spectroscopy of Rydberg atoms in a cesium atomic gas chamber at room temperature. The parameter dependence of the
microwave mixing signal intensity was studied by using the Rydberg-EIT spectroscopy. The experimental results show that the
microwave mixing signal intensity based on the Rydberg atomic antenna is related to the power of the reference field, the microwave
mixing signals enhancement of about 20 dB can be achieved in the reference field under the condition of optimizing the power
parameters. When the reference field regulates the Rydberg atoms to the maximum microwave mixing efficiency, phase noise is
added to the signal field. It has been found that when phase noise is introduced into the signal field, it leads to a significant decrease
in the intensity of the microwave mixing signal. The experimental results the influences of the microwave field phase noise upon
the microwave mixing signal with cesium Rydberg atomic antenna are the same as the theoretical analysis. This shows that the
construction of atomic antennas based on Rydberg atoms to achieve microwave mixing signal opens up the application of different

approaches such as communication applications, near-field antenna measurements and radar, and also opens up a wider application

of Rydberg atomic sensors in current technology.
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Fig. 1 (a) Energy level scheme of the ladder-type Rydberg EIT of the cesium atom; (b) Theoretical model

for microwave mixing signal based on Rydberg atomic antenna by the transmission spectra

of the probe laser. The parameters for the calculations is Am? = 1000
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Fig. 2 Schematic diagram of the experimental setup
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The SAS part is used for 852 nm laser frequency stabilization for cesium atomic saturation absorption spectroscopy. The CS-Cell-1

part is a Rydberg-EIT for 509 nm laser frequency stabilization. The CS-Cell-2 part is to build an atomic antenna using the Rydberg

atom. Among them, FA, fiber amplifier; A /2, half-wave plate; PBS, polarizing beam splitter cube; lens; PD, photoelectric detector; MS,
magnetic shielding; D,optical dump; WAM, absorbing material; DM1, 852 nm high reflectivity (HR) and 509 nm high transmissivity
(HT) dichroic mirror; DM2, 852 nm high transmissivity (HT) and 509 nm high reflectivity (HR) dichroic mirror
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Fig. 3 A 57 kHz mixed signal with a strong reference field

and signal field by an atomic antenna
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