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Abstract: We analyzed the C-structures in the mesospheric metal layers. We used two datasets:
one from a narrow band Sodium (Na) Density and Temperature LIDAR and the other from a high-
resolution dual band Na and Potassium (K) LIDAR, both operated at Sao José dos Campos, Brazil
(23° S, 46° W). We also investigated the Es layer occurrence and wind shear influences forming
these structures. We found three C-type events over 82 analyzed nights in the first data set. They
all showed lower temperatures inside C-structures compared to the borders. The squared Brunt-
Viissidld frequency analyses showed positive values in the region of C-structures. In two out of
three cases, dynamical instability was present (Ri < 0.25). We compared these results with the nine
simultaneous C-type events identified in the 185 nights from the second data set. They showed height
and time simultaneity correspondence as observed in the Na and K layers. Our results showed a
low correlation between Es occurrence and C-structures. Additionally, strong wind shears in the
altitude and time where C-structures appeared were always present. The advection of a metal cloud
to the LIDAR station and a wind distortion seems to be the plausible mechanism that can explain all
the observations.

Keywords: sporadic neutral layers; C-structure; dynamical instability; convective instability

1. Introduction

Sporadic events of enhancement in neutral metal layers concentration within thin
layers (Ns) were reported for the first time by [1]. Several authors have investigated these
layers and showed they are much thinner than the background metal layer, lasting for a
few minutes to hours, and do not present rapid temporal height variation. Despite its name
“sporadic”, the studies reveal that this is a regular event, as shown by [2], they occurred in
more than 88% of the analyzed simultaneous Sodium (Na) and Potassium (K) data.

However, Kane et al. [3] reported a rare phenomenon over Arecibo (18.35° N, 66.75° W)
characterized by density enhancement extended for several kilometers vertically and
lasting for around an hour. These peculiar structures presented their shape similar to the
alphabet letter “C” when observed in the Height-time-intensity (Lidargrams) plots. Ref. [3]
interpreted these layers as a manifestation of field-aligned ionospheric irregularities. Other
possible mechanisms suggested by those authors were related to wave breaking and Kelvin-
Helmholtz (KH) instabilities. On the other hand, Clemesha et al. [4] identified six similar
events in 766 h of Na LIDAR observations over Sao José dos Campos (23° S, 46° W) and
correlated them with winds and ionospheric Sporadic E layers (Es) occurrences. The results
presented by [4] did not support the mechanisms presented by [3]. One result was the lower
correlation with the Es layers appearance. This was why authors found it hard to believe
the source of these layers was related to ionospheric irregularities. Another result was that
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the structure’s upper part lasts for a shorter time than the bottom; furthermore, they did not
present any shape going down similar to the overturning wave; hence Clemesha et al. [4]
concluded these events were not related to wave-breaking manifestation. In addition, from
simultaneous wind measurements, the authors proposed that these structures resulted
from a wind distortion of pre-existing Na cloud or remnant of spatial structures advected
over the lidar site. The lack of simultaneous temperature measurements at that time made it
difficult for the authors to draw more precise conclusions about the formation mechanism.

Several authors have suggested dynamical instability to be related to these complex
structures e.g., [5-7]. Dynamical instability refers to a process in which the atmosphere
becomes unstable and its movement cannot be considered a laminar fluid. To determine
whether the flow will become turbulent is necessary to evaluate both buoyancy and wind
shear. High accuracy and resolution measurements of wind and temperature are essential
for this purpose. Even though much effort has focused on developing instruments that can
make precise high-resolution wind and temperature measurements in the MLT region, only
a few sites of such measurements are working worldwide. Meanwhile, mesospheric metal
layers” density and emission intensity can be used as an accurate tracer of atmospheric
dynamics and have helped to improve the understanding of atmospheric wave propagation
and instabilities in that region, e.g., [8-12].

Therefore, this paper aims to study the role of convective and dynamic instabilities
in forming that particular structure. In this sense, we investigate Na data from 2007 to
2009, when a narrow band Na LIDAR operated to measure density and temperature
at Sao José dos Campos. We also used ionosonde data for Es layer investigation and
wind measurements from an all-sky interferometric meteor radar, both located at Cachoeira
Paulista (22.7° S, 45° W), a nearby location. Based on these multiple data sets, we investigate
three C-structures in terms of the dynamical and convective instabilities present in the
region of their occurrences. We found lower temperatures inside the structure and a stable
convective structure in all cases. All events presented strong vertical wind shear, although
only two presented dynamical instability. In addition, we presented an analysis of nine
events observed simultaneously in the K and Na layers. Up to now, investigation of such
structures simultaneously observed in two mesospheric metal layers was done only in
case studies [13]. This work analyzes several events observed simultaneously in two alkali
metals for the first time. The similar characteristics observed in these metal layers indicate
the same formation mechanism. In the following sections, we describe the method applied
in the present study, the results and discussions, and the conclusions.

2. Materials and Methods

A narrowband Na LIDAR operated at Sao José dos Campos (SJC) from 2007 to 2009,
measuring density and temperature profiles. The 589 nm pulses were generated by mix-
ing the output of two pulsed neodymium: yttrium/aluminum/garnet (Nd:YAG) lasers,
seeded by continuous wave Nd:YAG seeders operating at 1064 and 1319 nm, respectively.
Thermally tuning the seeders made it possible to switch the output wavelength between
the Na D2a resonance peak and the crossover minimum. The temperature was inferred by
comparing the scattering from the Na layer at these two wavelengths. This method allowed
determining temperature with 300 m and 3 min of height and time resolution, respectively.
The details about the LIDAR system and the method for inferring temperature can be found
in [11,14]. We found 3 C-type structures over 82 nights (~600 h) of observations.

An all-sky meteor wind radar located at Cachoeira Paulista (CP), about 100 km north-
east of LIDAR station, was used to complement the discussion about wind shear and
dynamical instabilities at the time of the events. Hourly winds from 80 to 100 km, with a
2 km height resolution, were inferred by this all-sky meteor radar. The equipment details
and techniques employed to determine the wind can be found in [15-17].

Richardson’s (R;) number was used as a dynamical instability indicator. It is a non-
dimensional index that measures the fluid’s tendency to remain stratified. When R; drops
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down to 0.25, the flow starts to be turbulent. So, a necessary condition but not sufficient
condition for instability is R; less than % [18]. It can be calculated by
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where: du/ dz = % is the vertical shear in horizontal wind; z is height,

T, oz 1s the vertical gradient of temperature measured by Na LIDAR; g is the gravity
acceleration; and a* = —9.5 (K/km) is the dry adiabatic lapse rate. Equation (2) is the
square of Brunt-Viissalla frequency (N?) and convective instability may occur when N?
is negative.

Ionospheric Es layer occurrence was evaluated using data from the Digisonde installed
at CP. This equipment is a radar that transmits radio waves continuously into the ionosphere
ranging from 1 to 30 MHz [19]. We manually checked the data every 10 min using the SAO-
Explorer software since significant discrepancies can be found between the automatically
scaled and the correct values over the Brazilian stations [20]. The ionosondes provide the
ionospheric profile in graphs of frequency versus virtual height, from which it is possible
to obtain the desired parameters.

On 20 November 2016, a dual beam Na-K lidar was installed at the same place as the
narrow band Na density and temperature LIDAR. Based on the resonance fluorescence
scattering mechanism, this lidar can simultaneously obtain Na and K atom signals from the
MLT region. Details about the system and data acquisition can be found in [21] and [22].
This LIDAR provides Na and K photon counts with a resolution of 20 s and 96 m for
time and height, respectively. To increase the signal-to-noise ratio (SNR), we combine ten
profiles in time in the analysis. Then the data temporal and height resolution are changed
to 3.3 min and 96 m, respectively, to infer Na and K densities at MLT for details about the
method of inferring Na and K concentrations, see [23]. We used data set of this LIDAR
from 2017 to 2019.

3. Results

In Table 1, the events and their main characteristics studied in the first data set are listed.
Three instruments operated simultaneously during those events providing information
about Na density, atmospheric temperature, winds, and Es layer occurrence. Table 2 shows
the events observed with the second data set, a LIDAR using simultaneously two different
wavelengths (589 nm and 770 nm).

Table 1. List of the three cases of C-Type events observed in SJC and their main characteristics.

C-Type

Case Date of the Event Occurrence Time Ali:;u(:e N? R;
(GMT—3:00) 8
22:40-23: -101 .25~
1 28-29 March 2008 0-23:00 96-101 km + 0.25~96 km
00:00-01:30 94-100 km + 0.1-0.2~98 km
5 21-22 May 2008 22:12-22:48 96-101 km + 0.1-0.2~98 km
02:18-03:30 95-100 km + Ri0.25

3 4 September 2008 23:30-00:30 95-102 km + Ri0.25
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Table 2. Main characteristics of C-type events observed by Dual beam Na-K CBJLSW LIDAR. Last
column represents the occurrence of the Es layer: “No” means the Es absence; Esf refers to the flat Es
layer type; Es, the auroral type; and Es; layer refers to the slant type.

C-Type . Wind Shear
Case Date of Event Oc%:;e;nce R:;;::l:ﬁfn) (du/ dz) Es Occurrence
(GMT—3:00) (m/s/km)
4 11 July 2017 03:40-04:30 90-97 10 No
6 24 July 2017 04:00-06:00 87-96 Data gap Esy
7 6 September 2017 03:30-05:40 89-94 8 No
8 13 September 2017 ) 4D 92-95 9 No
9 12 April 2018 21:00-02:00 95-100 10 No
10 14 April 2018 01:00-01:30 92-97 13 Esy and Es,
1 15 December 2018 8;2?8:8238 95-100 8 No
12 12 July 2019 04:48-5:42 92-96 13 Esy and Esg
13 1 August 2019 02:48-03:40 91-96 6 Ess

3.1. First Data Set 2007 and 2008: C-Type Events and Convective and Dynamical
Instability Relation

Concerning the several atmospheric parameters available in the first data set, we could
investigate the convective and dynamical instabilities during the events by evaluating the
NZ and R;. In Table 1, we can see some characteristics of the three events analyzed during
82 observational nights. All events occurred on the topside of the Na layer ranging from
94 to 102 km, having a vertical width from 5 to 7 km. Note that all cases showed positive
values for N? frequency, indicating a convectively stable medium. The R; number shown
in the last column will be discussed afterward. Interestingly, except for case 3, all others
showed more than one structure through the night. Figure 1 presents the Lidargrams
showing these structures” height and time evolution.

In Figure 1, we can see the well-defined C-structures, highlighted with a red line at
the top of the Na layer for all the cases which are very similar to those reported by other
works e.g., [3,4,24]. Besides the data interruptions, we can identify two C-structures in
case 1, on the night of 28-29 March 2008. The first one started at 22:40 LT around 98 km
with a vertical range of 5 km and lasted for 20 min. The second one (case 2) began at 00:00
LT around 97 km, with a vertical range of 6 km, and lasted for 90 min. Two C-shapes
can also be identified in case 2, during the night of 21-22 May 2008. The first structure
arises at 22:12 LT at around 98 km, and we can see the density enhancement as upward
and downward, covering a total of 5 km vertical range, lasting for 36 min. The second
enhancement occurred on 02:18 LT at around 97 km, with a similar 5 km vertical range, but
it lasted twice as long as the first (72 min), and the branches are better visualized. Unlike
the two previous cases, in case 3, only one structure can be identified on 4 September 2008,
around 98 km at 23:30 LT, lasting for one hour and with a 7 km vertical range.
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Figure 1. Height-time intensity profiles of Na concentration measured in SJC on Case 1: 28-29 March
2008; Case 2: 21-22 May 2008 and Case 3: 4 September 2008. Curves sketched in red highlight the
positions of the C-type structures.

The height and time evolution plots of temperature measured for those three events
are presented in Figure 2. The contours represent the overplotted Na density concentrations
to identify better the location of the C-type events and the temperature around them. We
can see in all the cases that the temperatures inside the structures are lower than in the
borders. Moreover, it seems that there is a negative temperature gradient of around 20 K
from the lower border to the inner part of the structure. For example, the temperature
inside the first structure in case 1, as shown in Figure 2, is 160 K and increases to 180 K
at the lower border surroundings; the second shows an inner temperature of 180 K and
increases to 200 K at the bottom. In Figure 2, case 2, the inside temperature for the two
structures is around 180 K, ranging from 190 K to 200 K outside, mainly compared to the
bottom of the structure. In Figure 2, in case 3, the inside temperature is 160 K, and the
outside is around 180 K. Maps showing the height and time intensity of N? are shown in
Figure 3. Note that all C-type structures presented positive values of N in their area, which
is a convective stability indication. Besides these positive values, they are also close to zero
inside the structure, which means a limit for instability conditions. The negative vertical
temperature gradients shown in Figure 2 are the most probable cause of these convective
instability occurrences.
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Figure 2. Height-time evolution of Temperature measured by Na-LIDAR for the three cases reported
in Figure 1. Overplotted contours represent Na concentrations. Case 1 represents data measured on
28-29 March 2008; Case 2: 21-22 May 2008 and Case 3: 4-5 September 2008.

Figure 4 presents zonal and meridional winds” height and time color contours over CP.
Each contour represents a module of 25 m/s wind velocity. The winds vary greatly in a
few kilometers of altitude over 94 km, where the C-structures occurred, indicating strong
vertical wind shear. We calculated the vertical shear of horizontal wind, as expressed in
the denominator of Equation (1). The values reached a minimum of 40 m/s/km in case 1,
35m/s/km in case 2, and 20 m/s/km in case 3. These strong values of the vertical wind
gradients trigger dynamical instability and can be evaluated by the R; number, presented
in Figure 5. Observe that the R; drops to values below 0.25 at 98 km in cases 1 and 2 for
almost the whole night, suggesting the presence of turbulence.
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Figure 3. Height and time maps of N? evolution observed in thethree cases of C-type events and
over-plotted with Na concentration. The white points in the contour plots are the values that exceed
the scale limits. We used a routine that considers a small grid and a cell filling to avoid bias in the
analysis. SJC 080328 represents case 1, data measured on 28-29 March 2008; SJC 080521 is Case 2:
21-22 May 2008 and SJC 080904 is case 3: 4-5 September 2008.
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Figure 4. Zonal (Upper panels) and Meridional (Bottom panels) winds measured at Cachoeira Paulista
at the time of C-type events on 28-29 March 2008 (Case 1); 21-22 May 2008 (Case 2) and 4-5 September
2008 (Case 3). Cold colors represent negative (Westward and Southward) values and hot colors represent

positive values of wind (Eastward and Northward). Each contour corresponds to 25 m/s.
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Figure 5. Richardson Number for the three cases of C-type structures presented previously at three
different altitudes.

3.2. Second Data Set 2017-2019: C-Type Observed in Two Different Metal Layers, Na and
K Simultaneously

The present section analyzes nine C-type events observed simultaneously in the Na

and K layer. Although Na and K layers are alkali metals, their layers present different
characteristics in the MLT region. For example, on average, the K centroid height is 1.3 km
lower and its width is thinner than that of the Na. Hence the simultaneous observation of a
phenomenon in these two metals can bring information about its generation mechanism.
Figure 6 presents K and Na concentrations measured on the night of 5-6 September 2017.
A clear C-type structure can be seen in both layers around 03:30 LT, from 89 to 94 km, and
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last until 05:40 LT. Notice that C-structure presents the same height and time range and the
same time occurrence in both metal layers. In other words, the structure in the Na layer
overlaps that in the K layer. This means the C-structures are independent of the type of
metal species.
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Figure 6. Height time intensity of K (panel a) and Na (panel b) concentration maps measured
simultaneously in SJC by the Dual-beam Na-K CBJLSW LIDAR on 5-6 September 2017. C-structure
can be observed around 03:30 on 6 September.

Table 2 shows the time of occurrence and the altitude range of the nine C-type events
simultaneously observed in the Na and K layers. As reported in the previous example
shown in Figure 6, the C-structure is independent of the metal layer. The structure in the
Na layer overlaps that in the K layer in nine simultaneous cases observed. Hence, we
registered in this table the time of occurrence, altitude range, an average of vertical shear in
horizontal wind, and the Es layer occurrence for each event independent of the wavelength
used for its observation. Notice that the earlier event occurred at 21:00 LT and the latter
at 04:48 LT, 90% after 01:00 LT. They all happened on the topside of the layers at altitudes
from 87 to 100 km, reaching an average thickness of 4.8 km. The Es layers were observed
only in about 40% of the events.

Figure 7 shows the zonal (panel a) and meridional (panel b) neutral wind measured
at CP on 5 September 2017. The C-structure appears at 03:30 LT, above 89 km, shown in
Figure 6. Note that the zonal wind in this region is close to zero. However, the meridional
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wind has the highest values, reaching a peak of —75 m/s at around 89 km altitude at the
same time that C-structure occurred.

a) Zonal wind

100
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. L . L L . L
1930 21:00 230 0000 01:30 03:00 0430 06:00 07:29
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b) Meridional wind

100
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19:30 21:00 22:30

Figure 7. (a) Zonal and (b) meridional wind measured by all-sky meteor radar at Cachoeira Paulista
on 5 September 2017.

4. Discussion

C-type sporadic layers were analyzed using simultaneous data of a narrow band of
Na Density and Temperature LIDAR data at SJC, a meteor wind, and an ionosonde, both
located at CP, far 100 km from SJC. From this set of measurements, 82 nights of data from
2007 to 2008 were analyzed, and three C-type events were found at the top of the layer,
similar to the events presented by [3,4].

Larsen et al. [25] studied a similar type of structure, and they concluded it to be due to
convective instability instead of KH instability. On the other hand, the works based on the
observations with a Na LIDAR over Gadanki, India [5-7,26] supported the hypothesis of KH
instability for the formation of these sporadic complex structures. Additionally, the works
done by [6,7] using a meteor radar from Thiruvananthapuram, India, and satellite-borne
measurements indicated that KH billow formation occurs over Thiruvananthapuram. The
authors suggested that the wind shear initially modifies the billow, and then it eventually
got ‘frozen-in’ the background due to the reduction of vertical wind shear and was advected
to the lidar site. Also, they concluded that the lifetime of KH billows could be of the order
of a few hours, under favorable background conditions, in the MLT region. Therefore, those
long-lasting KH billow manifests as a long-lasting “C-type” structure in the Na Lidargram.
The results presented in cases 1, 2, and 3, using the first set of data, showed that the duration
of most events was longer than one hour and can be compared to long-lasting C-type. All
three cases showed lower temperatures inside C- structures than the borders. Besides, the
squared Brunt-Viissald frequency (N?) was not negative in the region of C-structures; their
values were close to zero, which indicates a threshold to convective instability. All three
cases showed strong wind shear in the altitude and time C-structures appeared. In two out
of three cases, dynamical instability was present (R; < 0.25). Ref. [25] analyzed six cases
of long-lasting C-type structures in the Na Lidargrams over low, mid, and high latitudes.
To discuss these long-lasting C-type structures, they investigated several parameters of
convective and dynamical stability, like Reynolds number, N2, R; and Prandtl number.
The authors tried to show the atmospheric background conditions enabling KH billows to
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survive hours together without much deformation. Their results show N? positive in all
cases. Moreover, the R; inside of the C-structures were always larger than 0.25. The authors
concluded that the long-lasting C-type in Na layers was a manifestation of a KH billow
in MLT, which was generated in other locations and advected to the Na lidar stations by
a “frozen-in” condition. Simultaneous wind and temperature measurements presented
by [24] revealed convective and dynamic stabilities in the region of C-type structures. The
results presented here partially agree with them, in which our findings showed positive
values of N? in all events. However, the two analyzed cases are dynamically unstable,
disagreeing with Mondal’s work.

Jiao et al. [27] observed a kind of similar C-structure in the lower thermosphere Na
layer at Haikou (19.99° N, 110.34° E) to distinguish from those observed in the standard
Na layer they call thermospheric convective Na layer (TCSL). They observed 14 events in
180 nights, all occurring in a region separated from the main Na layer (<103 km). Note
that the frequency of occurrence of TCSL reported by [27] (7.7%) is almost twice those
presented in this study. They found a strong correlation between TCSL with the Es layer
and field-aligned ionospheric irregularities (FAI), as suggested by [3]. They also suggested a
“fountain effect” to be responsible for the reservoir of convective structures and attribute the
TCSL to the KH instability and FAL We also investigate the possible relationship between
FAI and C-structures by analyzing Ionospheric Es layers occurrences. In the first three
cases analyzed, the Es layer was only present in Case 2, being very weak. The ionosonde
data showing this Es layer evolution is presented in Figure 8, and a flat type characterizes
its shape. Likewise, its virtual height evolution ranges from 112 km at 21:15 LT to 95 km
at 22:45 LT. Notice that the blanketing frequency of the Es layer, related to the electron
density, reached values around 1.6 MHz. Moreover, it was only present in the first event,
completely disrupted at around 2:30 UT (23:30 LT).

Cachoeira Paulista - May 22, 2008
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Figure 8. Ionosonde data showing a week Es measured simultaneously with C-structure on 22 May 2008
at Cachoeira Paulista. The time indicated at the top of the figures is in Universal Time (UT: GMT 00:00).

A low correlation between Es layer occurrences and C-structures is also observed in
the other nine cases studied using the second data set. The fact that there was no one-to-one
correspondence between Es layers and C-type events in metal layers does not entirely
invalidate the occurrence of FAI responsible for C-type formation. There are at least two
explanations for the correlation absence between observations in the ionosonde and the
events in the Na layer: (1) the instruments are not placed at the same site, the separation
of 100 km and the winds typically 50 m/s would correspond to a time difference of more
than half an hour; and (2) is related to the time constant involved in the reaction of ion
neutralization, even if the metal atoms associated with the C-structures are produced by the
neutralization of ions associated with Es layer, because of the time constants involved we
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cannot expect a one-to-one correspondence. According to [28] and the references therein,
the neutralization of metallic ions in the MLT occurs through the formation of a molecular
ion, followed by dissociative recombination with electrons. Na+ and K+ can only form
cluster ions because they are chemically inert and have closed outer electron shells (see
Figure 10, in [28], for clarification). Although both atoms have similar ion—molecule
chemistry, once the K+ ion is larger than Na+, it binds less strongly to ligands. It means
that K+ can only form clusters and be neutralized via dissociative recombination at very
low temperatures. Considering the overlapping of C-structures events observed in the Na
and K layers, shown in Figure 6, the local production of the metallic cloud from an Es layer
is very unlikely to occur at the same location of their formation. First, a flat Es will produce
a flat neutral metallic cloud. As shown in the meteor wind radar data, there is a strong
vertical wind shear during the event. The vertical wind shear causes vertical trapping of
ions, keeping them in thin layers without significant vertical variations. Meanwhile, it is
hard to think about ion-neutralization to form C-structures in both Na and K layers, at the
same height and time, even though the lower temperature inside the C-structures suggests
this possibility.

Another thing to consider is that the LIDAR observes a fixed point in the sky. We have
no information about horizontal structures or their velocities. Consequently, these struc-
tures can be formed in other locations and drift to the LIDAR field of view. Interestingly,
they appear first as the vertical rapid variation enhancement and then as two branches.
In our analysis of these two data sets, we have found no event that shows the opposite:
first branches and after the vertical development, indicating pre-formed C-structures that
drifted through the LIDAR station. cases 1 and 2 seem to be related to dynamical instability
generation. However, case 3 is both dynamically and convectively stable. The only common
characteristic is the strong vertical wind shear, presented in all the events studied in the
two data sets. Considering all these arguments, the advection of a pre-existing Na cloud
to the LIDAR station and a wind distortion, as proposed by [4], seems to be the plausible
mechanism to explain all the three C-structures observed.

In addition, we presented an analysis of 3 years of simultaneous Na and K meteor
layers from 2017 to 2019. In this data set, we found nine events of C-type structures.
Andrioli et al. [2] studied the simultaneous sporadic layers as seen in Na and K for all kinds
of Ns using the same data set. Among the lack of similarities and differences between Ns
behavior in Na and K layers that they reported, we highlight the peak height, rising time,
and decay time here. The sporadic events in the K layers have longer rising (12 min) and
decay (24 min) times, and their peak height occurred on average 1.8 km lower than the
Ns observed in the Na layer. The interesting point is that in this sub-set of the Ns layer,
the C-type structures appeared with the same altitude range and were simultaneous at
these two layers. Moreover, all the events observed in the present studies were located
at the top side of the layers. Xu et al. [10] studied the evolution of the Na layer in the
presence of the overturning gravity wave using LIDAR data and a model. Their results
showed that the Na density perturbation has a more pronounced overturning behavior
on the bottom side of the layer than on the top side. This significant result reinforces that
the structures studied here do not represent a convective overturning manifestation. The
wind distortion of a pre-existent Na and K cloud advected to the LIDAR station is the most
probable mechanism that explains the C-structures observations.

5. Conclusions

Peculiar sporadic layers were observed at the top of metal mesospheric layers as
C-Shapes in the height time intensity plots. These events were carefully investigated in the
present work, first using the data of a narrow band Na Density and Temperature LIDAR
and second a high-resolution simultaneous Na and K LIDAR, both operated at Sao José dos
Campos, Brazil (23° S, 46° W). This phenomenon is much rarer than the Neutral Sporadic
layers, as studied by [2], around 3.6% of the observational nights from the first set of
data, and 4.8% in the second data set. Considering the temperature analysis, all the three
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cases presented lower temperatures inside of C-structures. Although N? was positive in
the region of C-structures, their values were close to zero, which indicates a threshold to
convective instability. Dynamical instability was present (R; < 0.25) in two out of three
cases, diverging from the results presented by [24].

The present work analyzed several events of sporadic C-structure in two metallic
layers simultaneously observed for the first time. They showed similar characteristics found
in the first data set. Since exists the height and time simultaneity correspondence between
C-structures events observed in the Na layer and K layers, the same mechanism can explain
C-type in the both layers. Moreover, the low correlation between Es occurrence and C-
structures turn challenging to relate them to the FAI and KH instabilities. Additionally,
strong wind shear in the altitude and time where C-structures appeared were always
present. Hence, the mechanism proposed by [4], a wind distortion of a pre-existing metallic
cloud, seems to be the plausible mechanism that can explain all the C-structures observed.
This work helps the understanding of the mechanism responsible for C-structure formation.
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