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Abstract: The dependence of dispersion characteristics of electric permittivity and group velocity on the temperature in
a three-level quantum coherent atomic vapor is considered based on the numerical solution of the density matrix equa-
tion of the three-level atomic system. The behavior of dispersion of all the density matrix elements has been obtained,
and both the Doppler frequency shift and the saturation density that depend upon the temperature of the saturated
atomic vapor have been taken into account. The presented optical response of the quantum coherent vapor can be util-
ized as a fundamental mechanism for some temperature-controlled photonic devices such as optical switches, photonic
logic gates and optical transistors.
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Figure 1. The schematic diagram of the three-level atomic system.
The ‘1> - ‘3) and the ‘2) - ‘3> transitions are driven by the

probe and the control fields, respectively. The atomic level decay
ratesarey, =y, +y, and [, =y, +y,
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Figure 2. The behavior of dispersion of the diagonal density matrix
elements. It can be seen that there are one peak and two valleys in

P, » and two peaks and one valley in both p,, and p,,
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Figure 3. The behavior of dispersion of the off-diagonal density
matrix elements. There are one peak and one valley in the imagi-

nary part of p,, and two peaks and two valleys in its real part,
which exhibits a large variation in the frequency band of interest.
P, has two peaks and two valleys in its real part, and two peaks
and one valley in its imaginary part. p,, has one peak and one

valley in its real part, and its imaginary part can be negligibly
small
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Figure 4. The dispersion characteristic of the real part of the elec-
tric permittivity of the atomic vapor versus its temperature. The
vapor temperature has a significant influence on the permittivity
when the probe frequency is close to the resonance frequency posi-
tion
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Figure 5. The dispersion characteristic of the imaginary part of the
electric permittivity of the atomic vapor versus the vapor tem-
perature
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Figure 6. The dispersion characteristic of the real part of the group
velocity in the atomic vapor versus the temperature. The real part
of the group velocity increases with the temperature when the
probe frequency is close to the positions of resonance and Aut-
ler-Townes doublet
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Figure 7. The dispersion characteristic of the imaginary part of the
group velocity in the atomic vapor versus the temperature. The
imaginary part of the group velocity increases with the tempera-
ture when the probe frequency is close to the positions of resonance
and Autler-Townes doublet
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Figure 8. The dispersion characteristic of the real part of the elec-
tric permittivity of the atomic vapor versus its temperature (the
Doppler effect has been taken into account). The real part of the
electric permittivity has three peaks and three valleys because of

the thermal motion of atoms
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Figure 9. The dispersion characteristic of the imaginary part of the
electric permittivity of the atomic vapor versus the temperature
(the Doppler effect has been taken into account). The imaginary
part of the electric permittivity has three peaks and two valleys

because of the thermal motion of atoms
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Figure 10. The dispersion characteristic of the real part of the
group velocity in the atomic vapor versus the temperature (the
Doppler effect has been taken into account)
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Figure 11. The dispersion characteristic of the imaginary part of
the group velocity in the atomic vapor versus the temperature (the
Doppler effect has been taken into account)
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