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Fig. 1. (a) Schematic diagram of the A-type quasi-four-level atom, (b) dressed-state picture corre-

sponding to the (a).
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Fig. 2. (color online) (a) Distribution of amplititude of control field in z-y plane; (b) The probability distribution

of atom on level |2) in z-y plane. The parameters employed are Ay = —12v1, 29 =0, 210 = 1071, ¢z = ¢y = 0.
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Fig. 3. (color online) (a) Spatial distribution of filter function, (b) The contribution of population on level |2) to

filter function; (c¢) The contribution of polarization between level |1) and level |2) to filter function. with paremeters
Ay = Ag = =107, A1 = =24v1, v2 =71, ¥3 = 0.271, 20 = 0, 210 = 1071, 230 = 2071, ¢ = ¢y = 0.
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Fig. 4. (color online) The atom localization under different running-wave amplititude in control field, where probing

field and coupling filed are not under configuration of electromagnetic induced transparence (a) 29 = 0, (b) 20 =
0.571, (¢) 20 = 1.5v1, with Ay = 63.171, (d) 20 = 7.3v1, (e) 20 = 7.3v1, Az = 6871, (f) 20 = 7.3v1, with other
parameters Ay = —12y1, Az = —10v1, v2 = 71, v3 = 0.271, 210 = 1071, 230 = 2071, ¢z = ¢y = 0.
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Fig. 5. (color online) The atom loacation with different running-wave amplititude in control field, under

configuration of electromagnetic induced transparence (a) 20 = 0.1v1, (b) 20 = 0.5v1, (¢) 20 = 1.571, (d)
20 = 371, (e) 20 = 671, (f) 20 = 1071, hereAs = Az = —10v; for (a)—(f), (g) 20 = 671, A2 = A3 = —197,
(h) 20 = 671, Ay = Ag = —22~v;. other parameters as for Fig. 3.
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Abstract

A scheme of two-dimensional atomic localization of the A-type quasi-four-level atoms based on quantum-coherent-
controlled absorption is proposed. Using the perturbation theory of the density matrix, the filter function is derived for
the position probability distribution of atoms, which is determined by the imaginary part of the optical susceptibility.
Because of the space-dependent interaction between atoms and fields, the position information is contained in the filter
function, which provides an approach to explore the spacial position probability distribution of a single atom. Effect of
the initial state of the atom under coherent control on the atomic localization is analyzed. It is found that the atomic
localization is related to the initial atom distribution and the dipole moment between two lower levels under the coherent
field control. When probing field and coupling field are under the configuration of the electromagnetically induced
transparency, the position of atoms can be localized in the domain of sub wavelength; when the electromagnetically
induced transparency is not satisfied, an atom can be measured in a sub wave region with the probability of 100% by

changing the traveling wave amplitude in the controlling field and the detuning in the probing field.

Keywords: atom localization, coherent control, absorption, dressed state
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