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Abstract. In this work we calculate the Ramsey resonances of coherent 

population trapping effect in cold atomic ensembles. The main goal is to 

investigate the light shift of the resonance on the different parameters in 

optically dense medium, because such medium can to distort and absorb 

the interrogating laser pulses.   

Coherent population trapping (CPT) effect [1,2] allows us to detect the microwave 

transitions in atomic ensembles only by radiation of optical range. The two-frequency laser 

radiation interacts in simply case with the three-level Λ-system and induces the microwave 

atomic coherence. Atoms cease to scatter the light and the transparency window appears.  

Due to the fact that the microwave atomic coherence is long lived, the width of the 

transparency window is small compared with natural line width. It makes it possible to use 

this effect in wide range of practical applications such as quantum frequency standards [3], 

magnetometers [4], recording and processing of quantum information [5]. 

One of the ways to improve the accuracy of the metrological devices is to reduce the 

width of the reference resonance. Detection of the CPT resonance by the Ramsey method 

[6] allows us to further narrow the resonance line. The idea of this method consists of 

interrogation the atoms by the radiation not continuously, but in discrete periods. It can be 

done both by spatial separation of the interaction regions [7,8] and by using pulsed 

radiation [9-12]. The Ramsey method using pulsed radiation has been actively researched in 

the last years. One of the main problems affecting the accuracy of the atomic clock is the 

light shift of the reference resonance. At present, a new direction of research is the search 

for ways to suppress the light shifts of CPT-resonance when using the Ramsey method by 

varying of the shapes of the pulses, their phases and amplitudes – the so-called generalized 

auto-balanced Ramsey spectroscopy [13]. The work [14] uses a two-stage pulse shape to 

simultaneously suppress light shifts and improve the signal-to-noise ratio. In [15] the 

density matrix formalism is constructed for atoms in an arbitrary periodic field. 

Despite the large number of modern works on the investigation of Ramsey detection 

method, there remain some open questions related to the influence of an optical density [16] 

of the medium at the Ramsey signal. The optically dense medium is the atomic medium 

where the mean free path of the quasiresonant photon is much smaller than the size of the 

medium. In such medium the laser radiation can be absorbed significantly, the form of the 
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interrogation laser pulses can be distorted and different modes are absorbed in different 

ways. This can drastically affect the total light shift of the CPT resonance, which is not 

taken into account in modern theoretical works in this direction. Moreover, the effects of 

dense medium can suggest new ways of suppressing the light shift of the Ramsey signal. 

The radiation modes can be equalized in intensity due to a different absorption coefficient, 

which will result in an auto-balancing effect. Such effect has already been observed by us 

in the excitation of the CPT resonance by continuous radiation [17]. 

 In this work we investigate the influence of the optically dense medium on the light 

shift of the Ramsey resonance of coherent population trapping in cold atomic ensembles. 

The dependencies of the light shift on the intensity of radiation, durations of the laser pulses 

and dark pause, dipole moments of the atomic transitions, length of the medium and atomic 

concentration have been found. 
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