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Introduction: More Resonance
Fluorescence Doppler Lidar

 Besides Na, there are more metal
species (K, Fe, Ca, Ca+, Mg, Li, …)
from meteor ablation. They can be
used as tracers for Doppler lidar
measurements in MLT region.
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Metal Species in MLT Region

 In principle, all these species can be used as tracer atoms for
resonance fluorescence Doppler lidar measurements.

 Whether a Doppler lidar can be developed and used mainly
depends on whether the laser and electro-optic technologies are
available and ready.
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Na Doppler Lidar: Conventional



Na Doppler Lidar: Solid-State
 Japanese Shinshu system



Na Doppler Lidar: Solid-State
 CSU proposed system
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K Atomic Parameters



K Doppler Lidar Principle & Metrics

 Ratio technique versus scanning technique

 Scanning technique actually has its advantages on
several aspects, depending on the laser system used -
whether there is pedestal, background problems, etc.

 Ratio technique usually gives higher resolution.



K Doppler Lidar Instrumentation

Arecibo
Lidar



Alexandrite Ring Laser

 The long pulse duration (>200 ns) allows the pulsed laser
Doppler-free spectroscopy and frequency locking.

 This will enable us to achieve chirp-free / bias-free lidar.



Dual K-Faraday Filter

 Due to closer spacing of
D1a and D1b, the K Faraday
filter can be made nearly
flat in the range we care.



Fe Atomic Energy Levels

 



Fe Atomic Parameters



Fe Doppler Lidar: Airborne

Advanced Fe-Resonance/Rayleigh/Mie Doppler Lidar
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Fe Doppler Lidar: Airborne

Proposed Doppler Lidar



Holographic Scanning Telescope



Fe Doppler Lidar: Containerized



Comparison of
Na, K, Fe

Doppler Lidars

 Sensitivity

 Signal-to-Noise Ratio
(SNR) depends on atomic
properties, geophysical
parameters, and lidar
system parameters.

 [Gardner et al., 2004]
would be a good reference.



Summary
 There are several different atomic species originating

from meteor ablation in the mesosphere and lower
thermosphere (MLT) region. They all have the potentials to
be tracers for resonance fluorescence Doppler lidars to
measure the temperature and wind in MLT region.

 Na and K Doppler lidars are currently near mature status
and making great contributions to MLT science.

 Fe Doppler lidar has very high future potential due to
the high Fe abundance, advanced alexandrite laser
technology, and potential pulsed laser Doppler-free
spectroscopy, etc.

 Solid-state Doppler lidars are demanded for science
advancement, although dye-laser-based Na Doppler lidar is
still the golden standard for now.


