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Abstract The geomagnetic field, sodium atomic collision and recoil can affect the number of return photons from
sodium laser beacon at the sodium layer in mesosphere. The geomagnetic field can cause Larmor precession of sodium
atoms and severely reduce the optical pumping when the long pulse and the continuous wave laser act on sodium
atoms. Furthermore, the atomic collision can increase the average return photon flux on a certain extent, while
recoil decreases it. In addition, downpumping easily causes optical pumping into transition saturation under lower
light intensity. In order to get more return photons, repumping may be used to enhance the average return photon
flux. The numerical simulation indicates that the laser with 16 % repumping power can excite the number of return
photons as 2. 33 times of the signal-frequency (D,,) laser.
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Tablel Laser and launch parameters

i 87 5 IO R K AS, 3R WO IR I B0
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Variable name Symbol Value Variable name Symbol Value
Launched power P 20 W Laser detuning AfL 0
D,, wavelength Abza 589.159 nm Zenith of laser beam ¢ 0
- - Angle between laser beam 0.7/6.
D, wavelength Apzh 589. 157 nm and geomagnetic field i /32
Laser polarization (ilrcular T1 Launch spot size D 40 cm
_Inear 0
Repumping power fraction q 4% ~44% Beam quality factor B 1.1
Repumping frequency offset Afa 1.7178 GHz Total phase of laser Phase 0
XX Dy, 4 2 BB HOEL 5E 0 0 FEBLDL B — B 3Ol s B IO 2 5E h 0.
# 2 MAKASE WETFSH
Table 2 Parameters related to atmosphere and sodium atoms
Variable name Symbol Value Variable name Symbol Value
Atmospheric transmittance T, 0. 84 Recoiled velocity Uy 2.9461 ecm/s
Sodium centroid altitude L 92 km Na-O, spin-exchange rate Vs 1/490 ps
. - . 9 -, Na-N, , Na-O, weighted -
Sodium column density Cxa 4X10” cm velocity-changing collision Yvee 1/35 ps
Mesosphere temperature T 185 K Na beam dwell velocity Vex 38 m/s
Backscattering coefficient ﬁ/ 1.5 Beam atom exchange rate Vex 1/6.0 ms
. s . Azimuth of
Geomagnetic field B 0.20~0.51 G geomagnetic field é /2
Recoil frequency shift Afp 50 kHz Zenith of geomagnetic field 0 0~mx/2
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