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Experimental Measurements and Accurate Simulation of the Optical
Thickness of the Cesium Atom Vapor
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Abstract The experimental measurements of the optical thickness of the cesium atom vapor interacting with the lights
of different intensities and polarizations at different energy levels and temperatures are demonstrated. The rate
equations of each Zeeman sublevels are established theoretically and the numerical solution of time-dependent
absorption coefficients is obtained by solving the rate equations with Runge-Kutta methods. The average absorption
coefficients at resonant frequency can be calculated by numerical integration because of the effects of the thermal
motion of atoms and beam width. The fitting of transmission spectrum of the cesium vapor cell is carried out
accurately by using the Beer's law and then the accurate values of the optical thickness of the cesium atom vapor are
obtained finally. Theoretical analysis and experimental result show that higher temperatures lead to larger optical
thickness while higher optical intensities result in smaller optical thickness.
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Fig. 3 Transmission spectrum versus light frequency detuning for different temperatures at Q=0. 32" (I'=27X4. 6 MHz).
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Fig. 4 Theoretical calculated optical thickness versus light frequency detuning for different temperatures. (a) =
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Table 1 Optical thicknesses of cesium atom vapor with different atom vapor temperatures

and light polarizations at resonant frequency when Q=0. 32I"

, T=25C T=50 C T=170 C
F~F + + +
T [ T [ T [
43 2,05 1.96 10. 39 9.94 27.63 26. 44
44 1.4 1.47 7.12 7.45 18. 94 19. 82
33 0.68 0.71 3.47 3.59 9.22 9.54
3—>4 2.05 1.96 10. 39 9. 94 27.63 26. 44
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Fig. 6 Results of calculations for optical thickness versus light frequency detuning for different Rabi frequencies. (a) =
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Table 2 Optical thickness of the cesium atom vapor with different light intensities and

polarizations at resonant frequency when T=50 C

, 0 =0.17r 0 =0.32I 0 = 0.54I
F=r Eid o' Eid o' Y o'
4—3 11.43 11.23 10. 39 9. 94 8.42 7.8
4—4 8.03 8. 17 7.12 7.45 5.59 6.07
3—3 3.81 3. 86 3.47 3.59 2.83 3.04
3—>4 11.43 11.23 10. 39 9. 94 8.42 7.8
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