Lidar Measurements of Winds
in the Upper Atmosphere
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Lidar Detection of the Whole Atmosphere
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Winds and temperature are key parameters to the studies of upper

atmosphere dynamics, thermal structure, chemistry and space weather. B
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Na Atomic Energy Levels
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Doppler Eftects in Na D, Line
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Resonance Fluorescence Doppler
vs. Rayleigh Doppler
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J Resonance absorption experiences 1-time Doppler shift and broadening,
while Rayleigh scattering experiences 2 times Doppler shift/broadening.

Resonance fluorescence Doppler lidar has the frequency analyzer in the
atmosphere, while Rayleigh Dopplers frequency analyzer is in the receiversg



Na Doppler Lidar
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(See detailed explanation in “Laser Remote Sensing”

book chapter by Chu and Papen [2005])
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Three-frequency Ratio Technique

J Compute Doppler calibration curves from physics
 Look up these two ratios on the calibration curves to infer the
corresponding Temperature and Wind from isoline/isogram.
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Full-Diurnal Multiple-Beam Observation
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Measurements made by CSU Na
Doppler lidar at Ft. Collins, CO
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Large-Aperture for High Precision

(a) Zonal Momentum Flux (mzlsz) (b) Meridional Momentum Flux ( mz/sz’)

Vertical Heat Flux (K m/s)
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UIUC Na lidar with 3.5-m telescope at SOR [Gardner and Liu, JGR, 2007]
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Na-DEMOF for Na Lidar Profiling of
Temperature & Wind in Lower ATM

1 Na Double-Edge Magneto-Optic Filter (Na-DEMOF) Setup
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[Huang, Chu, Williams, et al.,
Optics Letters, 34, pp.199, 2009]
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DEMOF with a 3-freq Na Doppler Lidar
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Field Demonstration of Simultaneous Wind and
Temperature Measurements (10-45 km) with
Na-DEMOF and 3-Frequency Na Lidar
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Metal Species in MLT Region

Species Central Ak Degeneracy Atomic  Isotopes Doppler 0 Abundance Centroid Layer rms
wavelength  (x10%s™") g/ g; Weight rms Width  (x10"?  (x10°cm™) Altitude ~ Width
(nm) (MHz) cm”) (km) (km)
Na (D;) 589.1583 0.616 4/ 2 22.98977 23 456.54 14.87 4.0 91.5 4.6
Fe 372.0995 0.163 11/9 55.845 54,56, 463.79 0.944 10.2 88.3 4.5
57, 58
K(D;) 770.1088 0.382 2/2 39.0983 39,40, 267.90 13.42 4.5x% 107 91.0 4.7
41
K(D,) 766.702 0.387 4/ 2 39.0983 39,40, 267.90 26.92 4.5x 107 91.0 4.7
41
Ca 422.793 2.18 3/1 40.078 40,42,  481.96 38.48 3.4x 107 90.5 3.5
43, 44,
46, 48
Ca’ 393.777 1.47 4/ 2 40.078 Same as 517.87 13.94 7.2x 107 95.0 3.6
Ca

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

J Whether a Doppler lidar can be developed and used mainly

depends on the availability and readiness of laser and electro-optic
technologies. In addition, the constituent abundance and absorption

cross-section are naturally determined.

17



McMurdo Lidar Campaign

Polar Mesospheric Clouds
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[Chu et al., JGR, 2003,
2006; GRL, 2011a]

To make new discoveries
in atmospheric and space

sciences for advancing
space weather and
climate research.

To complete a lidar observational chain in Antarctica, in combination
with our previous observations made at the South Pole and Rothera.1s



McMurdo Station / Arrival Heights




A New Discovery: Thermosphere Fe Layer

(a) 372-nm Fe Layer on 28 May 2011 @ McMurdo

log,,

= €
£ £
(]
g g
2 £
< <
12 13 14 15 16 17 18 19 20 21 22
Universal Time (h)
€
<
()
©
=
<

12 13 14 15 16 17 18 19 20 21

Universal Time (h)

22

[Chu, Yu, Gardner, Chen and Fong, Lidar observations of neutral Fe layers and fast gravity

(c) McMurdo 28 May 2011 @ 14.8 UT
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Event on May 28'", 2011 @ McMurdo

(a) 372-nm Fe Density on 28 May 2011 @ McMurdo -3
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(c) Temperature on 28 May 2011 @ McMurdo
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Elevated temp appears to be related to the aurora-enhanced Joule heating
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Tracing Gravity Waves from 35 to 155 km

Reconstructed Perturbations on 28 May 2011 Vertical Phase Speed (m/s)
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Fe Doppler Lidar Principles
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MRI Fe Doppler Lidar

[Chu et al., ILRC, 2010]
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Optical Heterodyne Detection of Laser Pulse
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Lidar into Future and Space

1. Seeking the highest accuracy (bias-
free) in Fe Doppler lidar / Na Doppler _
lidar with revolutionary ideas and state-of- ket
the-art laser and spectroscopy technologies

2. Extending lidar measurement range
into the thermosphere, e.g9., Fe, He, N2+,
and O lidars, etc.

3. Extending to whole atmosphere lidar
by combining resonance Doppler lidars with
Rayleigh/Mie/Raman lidar, coherent lidar,
and DIAL From Aeosl Clouds
4. Spaceborne resonance Doppler lidar '

5. Seeking new capabilities using new
spectroscopy approaches ...

$
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“Whole Atmosphere Lidar” to address frontier issues in

atmospheric and space sciences -



LIDAR Team from University of Colorado

Zhibin Yu, Cao Chen, Weichun Fong, Wentao Huang,
Brendan Roberts, Zhangjun Wang, John A. Smith
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