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Abstract: Meteoric atoms and ions are among the remarkable tracers to investigate a
variety of dynamics appearing in the mesosphere and thermosphere at altitudes ranging
from 80 to 150 km. Here, we report on a solid-laser-based lidar system, namely dual-
wavelength injection-locked nanosecond-pulsed Ti:sapphire lidar, that can
simultaneously detect resonance scatterings by meteoric calcium atom (Ca) and ion
(Ca") layers. We operated the lidar system and conducted a benchmark test in which Ca
or Ca" was observed independently as a first step. We found that the lidar system was
operated stably over an entire night, having the ability to detect either Ca or Ca* with a
sufficient signal-to-noise ratio in addition to high temporal and spatial resolutions. In
our presentation, we also report on a typical demonstration of the lidar system, namely
the observation of Ca and Ca* over an entire night.

1. Introduction Here, we report a new solid-laser based-lidar
system, namely the dual-wavelength injection-
locked nanosecond-pulsed Ti:sapphire lidar.
The remarkable feature of this lidar system is its
ability to simultaneously emit dual-wavelength
radiation, which is resonant to Ca and Ca" [3,4],
from a single laser resonator. We operated the
lidar system and conducted a benchmark test in
which Ca or Ca* was observed separately as a
first step. The lidar system was operated stably
over an entire night and showed an ability to
detect either Ca or Ca” with a sufficient signal-
to-noise ratio in addition to high temporal and
spatial resolutions.

Meteoric atoms and ions distributed in the
mesosphere and lower thermosphere are among
the remarkable tracers that can provide
important knowledge on the dynamics of the
whole atmosphere, in which the troposphere,
stratosphere, mesosphere, and thermosphere are
linked with each other. A variety of lidar
observations targeting such meteoric atoms and
ions have been examined so far [1]. Continuous
lidar observations over a long time in which
iron or sodium neutral atoms are employed as
tracers are also being conducted in several
observatories across the world [1]. Lasers are at

the core of such lidar systems, and a variety of 2. Dual-wavelength injection-locked
types, including dye lasers, alexandrite lasers, nanosecond pulsed Ti:sapphire laser
and YAG lasers, are utilized. In 2023, an OPO for a calcium lidar system

(optical parametric oscillator) solid-laser-based Figure 1 illustrates the configuration of the
lidar system, in which calcium ion was targeted developed laser system. The entire system
as a tracer, was also reported [2]. consists of two ECLDs (external-cavity-
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Figure 1. Configuration of dual-wavelength
injection-locked
Ti:sapphire laser for the calcium lidar system.

nanosecond-pulsed

controlled laser diodes) as seed lasers and a ring
Ti:sapphire laser as a power oscillator [5-9].
The oscillation wavelengths of the two seed
lasers are respectively tuned to the resonant
wavelengths of Ca (845.5836 nm: 422.7918 nm
x 2) and Ca* (786.9554 nm: 393.4777 nm x 2).
A notable feature of this laser system is that the
output coupler of the ring resonator is designed
to have the correct wavelength-dependent
reflectivity, enabling simultaneous injection-
locked pulsed oscillation at the two resonant
wavelengths of Ca and Ca* despite a wide
wavelength spacing exceeding 50 nm between
the two resonant wavelengths.

The pulsed outputs were, in reality, injection
locked by the two seed lasers, stably generating
Fourier-transform-limited nanosecond pulses
(35 MHz, 12 ns at 787 nm; 25 MHz, 13 ns at
846 nm), with carrier wavelengths identical to
those of the two seed lasers. The two-
wavelength nanosecond-laser pulses
overlapped perfectly in time and space, as they
were output from a single laser resonator [4].
The maximum pulsed energy was 20 mJ/pulse.
The long-term operational output energy was,
however, set to 10 mJ/pulse (the sum of the
pulsed outputs at the two seed wavelengths) at
a 100-Hz repetition rate. We took damage of the
optical components into consideration.

3. Observation of meteoric calcium
atoms and ions by using the developed
Ti:sapphire-laser based lidar system

We operated the resonance scattering lidar
system and conducted a benchmark test. The
receiver was configured by using a Nasmyth-
type telescope with a 80-cm aperture and a
photon-counting-type data-accumulation

system (Licel).
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Figure 2. Density distributions of Ca and Ca*
as functions of altitude, as observed by using
the Ti:sapphire-laser-based lidar system.

As a first step, on 27 July 2022 we performed
observations independently targeting Ca and
Ca". The averaged laser powers were controlled
at 0.5 W for Caand 0.4 W for Ca". The temporal
and spatial resolutions were set at 60 s and 15 m,
respectively, for Ca and 10 s and 15 m for Ca".
Figure 2 shows typical resonance scattering
signals from the Ca (orange) and Ca" (blue)
layers, detected as a function of altitude. The
resonance scattering signals from the high-
altitude region of 80 to 120 km were measured
with a sufficient signal-to-noise ratio in addition
to high temporal and spatial resolutions. The
time difference between the Ca and Ca*
observations was about 4 min, suggesting that
the Ca and Ca" were, in reality, simultaneously
distributed, as seen in Figure 2.

As a next step, we conducted continuous
observations of Ca and Ca* over an entire night.
The relevant conditions for the observations,
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Figure 3. Observations taken over entire nights. a, Ca layer (19
December 2022) and b, Ca* layer (9 August 2022)

such as output power, and the temporal and
spatial resolutions, were determined on the
basis of the results of the preliminary test in
Figure 2. They were, respectively, 0.5 W, 30 s,
and 15 m for Ca (operated on 19 December
2022 over 12 h) and 0.4 W, 30 s, and 15 m for
Ca" (operated on 9 August 2022 over 6 h). As
is apparent in Figures 3a and 3b, we were able
to observe in detail the behaviors of the Ca and
Ca" layers continuously over an entire night.
The multiple layers of both Ca or Ca" varied
dynamically in a complex way. The
Ti:sapphire-laser-based lidar system featured
these detailed structures with high temporal and
spatial resolutions.

In our presentation, we will also report on our
progress with respect to the simultaneous

observation of Ca and Ca* dynamics, which is
currently ongoing.
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