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Daytime lidar measurement of mesospheric metallic layers using narrow-band
atomic filters
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Abstract : We develop the narrow-band atomic filter for measuring the daytime mesospheric Na
layers by the resonance scattering lidar. Their performance in the line-center operation is
demonstrated experimentally in an axial magnetic field of 1900G. A peak transmission of 62% and
a FWHM linewidth of 4.5pm have been achieved. The daytime Na density measurement is
demonstrated by using this filter. Characteristics of the narrow-band atomic filter using other

metallic atoms such as K, Ca, Li are also presented.
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Fig.1 Scheme of the Na vapor dispersive Faraday filter.
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Fig.2 Experimental transmission of the Na dispersive vapor filter and
theoretical Na D, resonance spectrum at mesopause region for laser

linewidth of 2.5pm.
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Table 1. Specifications of TMU Sodium Lidar

Transmitter Laser Nd:YAG SHG pumped Dye
Wavelength 589nm
Pulse Energy 65ml/pulse
Pulse Rate 10pps
Linewidth 2.5pm FWHM
Beam Divergence  0.2mrad
Receiver Telescope diameter 35cm
Field of View 0.77mrad

Prefilter Bandwidth 3.5nm FWHM
Data Acquisition = Type Photon Counting

Range Resolution  100m
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Fig.3 Daytime and nighttime Na density profiles measured by TMU lidar.
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Table 2. Comparison of parameters and simulated results of atomic dispersive Faraday filters

Parameters Simulated results
‘ — - ‘ T
atom | A (nm) | melting transition isotope cell magnetic bandwidth } peak
point (%) || temperature field FWHM transmittance
() () (&) (GHz) (%)
Na | 588.995 98 S1/2—P3/2 0 185 1900 2.0 94
K | 769.898 64 S1/2—P1/2 6.7 110 700 1.1 93
Li | 670.784 179 S1/2—P1/2.P3/2 7.5 417 4000 4.8 84
Ca | 422.673 848 So—P1 3.1 475 1900 2.3 82
|
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Fig.4 Simulated transmission of a K dispersive Fig.5 Simulated transmission of a Ca dispersive
vapor filter. (resonance line : 770nm) vapor filter. (resonance line : 423nm)
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