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Experimental Study of Quantum Noise Characteristics of the Probe
Field in Electromagnetically Induced Transparency Medium

Wang Fang Yu Xudong Meng Zengming Zhang Jing
(State Key Laboratory of Quantum Optics and Quantum Optics Devices , Institute of Opto-Electronics ,
Shanxi University, Taiyuan , Shanxi 030006, China)

Abstract Balanced homodyne detection is used to measure the quadrature amplitude and quadrature phase noise
spectra of the probe field in electromagnetically induced transparency (EIT) medium. Through adjusting the voltage of
the piezoelectric ceramic transducer, the optical path of the local light is changed so that the relative phase of the local
light and the probe light in the balanced homodyne detection is adjusted. Then the noise components of the probe light
with different phases are measured. It is observed that the coupling of the probe light and the coupling light leads to the
increase of the noise of the probe light in eletromagnetically induced transparency medium. It is found that the induced
extra noises of different quadrature components of the probe field are different for different detuning values of the
coupling light. Simultaneously, the relationship between the noise of the probe field, the power of the coupling light
and analysis frequency is obtained.
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Fig. 2 Schematic diagram of experimental setup
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Fig. 3 EIT transmission spectra. (a) Transmission spectrum with frequency scanning range of —200~200 MHz;

(b) transmission spectrum with frequency scanning range of —40~40 MHz
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Fig. 4 Noise spectra of the probe filed. (a) Relative phase between the local laser and the signal laser is 0; (b) relative

phase between the local laser and the signal laser is n/3; (c) relative phase between local laser and signal laser is 7/2

(curve a for shot noise limits., curve b for noise spectra of without coupling laser, curve ¢ for noise spectra with

coupling laser)
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