Simultaneous observations of meteoric Ca and Ca™ by employing
the Ti: sapphire-laser-based resonance-scattering Ca/Ca” lidar
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Resonance-scattering Lidar targeting meteoric atoms/ions

as tracers in the upper atmosphere
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1. Dual-wavelength injection-locked nanosecond pulsed Ti:sapphire laser
m) Ti:sapphire-laser-based resonance-scattering Ca/Ca* Lidar system




Dual-wavelength injection-locked nanosecond pulsed Ti:sapphire laser
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Dual-wavelength injection-locked Continuous-Wave Ti:sapphire laser

that allows for oscillations with a variety of two wavelength combinations
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Ca/Ca* resonance-scattering Lidar system
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Capability of dual-wavelength Ti:s laser as a Ca/Ca* lidar

| ¢ | _c

Wavelength 422.7918 nm 393.4770 nm
Pulsed energy 5m)J 4 ml
Rep. rate 100 Hz
Averaged Power o5wW 04W
Spectral linewidth 25 MHz 35 MH:z

-

Laser: ~30 MHz

&
<

A

\

Ca: 422.7918 nm
Ca*:393.4770 nm

o

Doppler: ~1 GHz
4m Temp.: ~200 K @100 km

\

/

Single transvers mode

Ca*: 787 nm

Ca: 846 nm

Fourier transform limited linewidth

sPulse laser

#Seed laser

Av = 35.2 MHz

*

Intensity(a.u.)

_
o
o

j
.
N

00 200 100 [ 100 200 300
e

At =119 ns




i

U

L
»

F I mm . T ¥ I
Entire view 1 !&B
: | 8 1 m

3
¥
“ 4.5




5903030 aa
5 5533




Outline

2. Lidar observations
2.1 Benchmark test




Benchmark test: single freq. operation

Stable operation over an entire night, having a high temporal-spatial resolution

Signal intensity

150 —— ® 150 1.790
140} Ca” 40
130} 30

Lot AP AS?
n "
a= T g A
e
5
. g

SporadicE i

:# , - S =3 0.03000
14 15 16 17 18 19 UT
23 24 01 02 03 04 JST

09, Aug., 2022



High temporal-spatial resolution
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2. Lidar observations

2.2 Simultaneous observation of Ca and Ca* over an entire night
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1x10°
» almost identical temporal-spatial
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Simultaneous observation of Ca and Ca* over an entire night
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Characteristic behavior of dependence of the ratio: Ca/Ca* on altitude

110

105

Sporadic E W

95

Ternmug

N -
ol

90

. 1
winter ~

EET AN

Ca* life time

summer

85

Altitude [km]

00
Lifetime[min]
® 9

10
oo « neut

80

75

70
1000

100

0.1

Summer to winter variability in mesospheric calcium ion distribution and its dependence on Sporadic E at Arecibo

Journal of Geophysical Research: Space Physics, Volume: 117, Issue: A2, First published: 07 February 2012, DOI: (10.1029/2011JA016953)

1

ral-Calcium rich

95

1 105

100

90

185

[wy]apniy



Outline

3. Relationships for other relevant measurement methods

3.1 lonogram
3.2 HF-Doppler



Relationships for other relevant measurements: @ longram
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Relationships for other relevant measurements: 2) HF Doppler
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4. Measurement of Temperature and Velocity of Ca and Ca*




Temperature and Velocity of Ca and Ca*
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Benchmark test: Temperature and Velocity measurement of Ca and Ca*
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Benchmark test: Temperature and Velocity measurement of Ca and Ca*
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