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Abstract The macro-micropulse laser with broadband and circular polarization can effectively excite the sodium
atoms in the mesosphere, which can offer more return photons for the wave-front sensing of the adaptive optics.
Based on the two-level Bloch equation, considering the distribution of laser intensity under the different models for
atmosphere turbulence in the mesosphere, the number of return photons for sodium laser beacons is calculated under
the three models for atmospheric turbulence by the method of numerical simulation. Then, the scale of atmosphere
coherent length is conjectured according to experience and the average value for the number of return photons is
calculated. The average value is relatively close to the experimental values. Because the effects of the recoil, down-
pumping and geomagnetic field can be neglected, the return photons can be computed by the effective absorption
cross-section. However, this method leads to the smaller results of computation because there is no consideration of
the influence of laser polarization, beam quality factor and intensity distribution on the probability of excited states.
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Table 1 Experiment parameters from Jelonek et al.

Variable name Symbol Value Variable name Symbol Value
Launched power P 9 W Spectral bandwidth b 3.5 GHz
Laser wavelength A 589 nm Sodium layer altitude L 93 km

Macropulse FWHM ™ about 48 s Zenith of laser beam ¢ 0
Micropulse FWHM T about 350 ps Macropulse repeat Ry 840 Hz
Micropulse repeat R, 100 MHz Macropulse energy J 10.7 m]
Laser polarization Circular +1 Launched diameter D 5 cm
Atmospheric transmittance T, 0.6 Sodium column density Cra 2.5X10” cm ™2
Radius of telescope r 0.75 m Backscattering coefficient B 1.5
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Fig. 1 (a) Distribution of laser intensity for one micropulse in the mesosphere and (b) distribution of radiation

photons for one macropulse at the sodium layer under the HV5/7 model for atmospheric turbulence
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Fig. 2 (a) Distribution of laser intensity for one micropulse in the mesosphere and (b) distribution of radiation

photons for one macropulse at the sodium layer under the Greenwood model for atmospheric turbulence
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Fig. 3 (a) Distribution of laser intensity for one micropulse in the mesosphere and (b) distribution of radiation
photons for one macropulse at the sodium layer under the ModHV model for atmospheric turbulence
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Table 2 Average values, standard deviation and the related atmosphere coherent length of the return

photons for sodium laser beacons

Atmospheric turbulence Atmosphere coherent Average return photons Standard deviation
model length /em each macropulse each macropulse
HV5/7 6.0 6.634X10° 1.303X10°
Greenwood 15.5 4. 506 x10° 582
ModHV 21.8 4.177X10° 288
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