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Meteor showers, seen at regular and frequent intervals, occur when the Earth crosses the orbit of a comet and
many small dust particles enter the Earth’s atmosphere. In this paper we compare the Southern Delta-Aquariids
(SDA) shower recorded by the UVP1 and UVP2 meteor monitoring stations in the Southeastern of Brazil, in 2017
and 2018. These stations are affiliated with EXOSS Citizen Science meteor monitoring network. The SDA meteor
shower represented the most active radiant in these two years of data recorded by these stations. 27 detections were
achieved in 2017 (between July 12 and August 24) and 15 detections in 2018 (between July 18 and August 20).
The meteor properties highlighted and compared throughout the present text are: duration, apparent magnitude
and angular velocity. We used estimations provided by the UFOAnalyzer program, since there is no doubled
captures from diverse stations far separated. This article helps to highlight the importance of the EXOSS project,
aligned with the concept of citizen science, valuing the partnership between amateur astronomers and professional
scientists in data collection and wide dissemination of knowledge related to the science of meteors. This work is
the result of two scientific initiation projects, with an educational cooperation between the Universidade do Vale
do Paraíba (UNIVAP) and the Instituto Federal de Educação, Ciência e Tecnologia de São Paulo campus São
José dos Campos (IFSP-SJC).
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1. Introduction

Meteoroids are solid spatial particles large enough to
produce light caused by the ablation during their pas-
sage through the Earth’s atmosphere [1]. This lightening
phenomenon is called meteor. Such particles are small
fragments of comets or asteroids and usually burn com-
pletely before reaching the ground [2].

At every passage near the Sun, a comet produces and
deposits, along its orbit, a large amount of dust particles.
When the Earth crosses the orbit of a comet and many of
these particles enter the Earth’s atmosphere, the so-called
meteor shower occurs. The radiant of a meteor is the point
on the celestial sphere from which the meteor appears.
They are best observed in meteor showers, where several
meteors seem to come from a single region of the sky
(the radiant) [2]. Only 25% of the meteors are associated
to a meteor shower [1].

Meteor showers, seen at regular and frequent intervals,
may occur when the Earth passes through bundles of
meteoroids that can be produced by the decay of comets
along their orbits, especially when they are in the per-
ihelion [3, 4]. The Earth daily finds in its path several
bundles of meteoroids [1]. According to [2], these bun-
dles, for the most part, have little known orbits and their
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particles can be confused with sporadic meteoroids. How-
ever, there are well-defined bundles that are associated
with so-called “large meteor showers” These showers may
also occur by the fragmentation resulting from collisions
suffered by asteroids whose highest efficiency occurs in
aphelion [5] or, also, due to the breakdown of comet
nuclei [6].

Meteor showers receive the name of the constellation
where the radiant is located. According to [7], the South-
ern Delta-Aquariids (SDA) shower was detected for the
first time in 1849. The activity period of the SDA shower
extends from July 8 to August 19, usually showing a max-
imum peak of activity around July 29 and 30 [7], with
its radiant located about 3 degrees West of the star Skat
(δ of the Aquarium Constellation) [8, 9]. It also has an
apparent magnitude of 3.3 [10–12]. The meteor velocities
in the SDA are approximately 41 km/s [13]. According
to [14], the SDA meteor shower is rich in low-intensity
meteors. However, brighter Delta-Aquariids may occur,
especially in the Southern Hemisphere, because the radi-
ant is high enough in the sky, allowing the observation
from eventide.

According to [15], there is still controversy over the
parental body of the radiant SDA. Debris from SDA
meteors originate from the Mardsen Group, a class of
comets known as sungrazing, because they have orbits
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whose perihelion is very close to the Sun [16]. According
to NASA’s website [13], comet 96P/Machholz has re-
cently emerged as a possible parental body for the space
debris that spawns SDA meteors. Discovered in 1986,
Comet 96P/Machholz has a core about 6.4 kilometers
long and has a short orbital period of 5.2 years. Its orbit
has aphelion (maximum distance from the Sun) beyond
the orbit of Jupiter, and perihelion (closest approach to
the Sun), more internal than the orbit of Mercury. How-
ever, in an extensive study of parental bodies of several
known meteor showers performed by [17], no parental
body was found for the Southern Delta-Aquariids.

This work aims to compare the SDA meteors registered
by the UVP1 and UVP2 meteor monitoring stations in
2017 and 2018, since this radiant presented the highest
numbers of meteors recorded by both stations in these
two years. The stations UVP1 and UVP2 are located at
the Universidade do Vale do Paraíba (UNIVAP), in Brazil
(city of São José dos Campos - São Paulo state) and they
are affiliated to the EXOSS (Exploring the Southern Sky)
monitoring stations network (http://press.exoss.org/).

The present work is the result of two scientific initiation
projects, with an educational cooperation between the
Universidade do Vale do Paraíba (UNIVAP) and the
Instituto Federal de Educação, Ciência e Tecnologia de
São Paulo campus São José dos Campos (IFSP-SJC).

2. Methodology

EXOSS is a collaborative citizen science network, work-
ing together with several scientific institutions, focused
on the study of meteors and bolides, their origins, na-
tures and characterization of their orbits. EXOSS started
its activities in May 2015, with 9 associates and with
rapid expansion. Currently, the EXOSS network has 58
associates (17 institutions) in 15 Brazilian states, op-
erating 78 cameras daily in meteor records and data
collection for the study of their dynamics and nature.
The network accepts collaboration from professional and

amateur astronomers. It aims to record, catalog and pro-
mote astrometric and astrophysical meteor studies. In
this sense, EXOSS stations monitor the sky daily by
recording videos of the captured events, always valuing
the partnership between amateur astronomers and profes-
sional scientists in data collection and wide dissemination
of knowledge related to the science of the meteors.

The EXOSS affiliated UVP1 and UVP2 monitoring
stations were installed in January 2017 and September
2017, respectively, in UNIVAP campus, located in São
José dos Campos, São Paulo, Brazil, (23.21◦ S latitude,
45.96◦ W longitude). Each monitoring station operates
in conjunction with a camera, which every night detects
the meteors in a fixed region of the sky. UVP1 points to
the azimuth 138◦, elevation 63◦, and has a field of view
of 64.25◦. UVP2 points to the azimuth 63◦, elevation
58◦, and has a field of view of 88.62◦. Figure 1 shows
the location and direction of view of stations UVP1 and
UVP2. They have only approximately 1.4◦ of field of
view superposition, being difficult to occur simultaneous
meteor detections. As part of the EXOSS network, each
station is able to triangulate with two other cameras in
nearby cities, to perform orbit determinations.

UFOCapture and UFOAnalyzer are the softwares1

used for recording and analyzing data at EXOSS stations.
The UFOCapture software automatically records a video
from the sky whenever a light phenomenon is captured
by the camera. The UFOAnalyzer software allows to
determine the parameters and properties of the detected
meteors, such as probable radiant, apparent magnitude,
duration and angular and linear velocities. Thus, from
the data recorded by these softwares, the radiant with
the greatest number of detected events was identified
for the years 2017 and 2018 in the two stations and,
using automatic software tools, the main properties of
the meteors associated to this radiant were estimated.

1Available for free in http://sonotaco.com

Figure 1: UNIVAP stations coverage area: UVP1 (left) and UVP2 (right). Source: https://live.exoss.org/ (Accessed December
28, 2018).
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3. Results and Discussions

Figure 2 shows the daily distribution of SDA, the main
meteor shower recorded by UVP1 and UVP2 stations
in 2017 (27 detections between July 12 and August 24)
and in 2018 (15 detections between July 18 and August
20). There were no double detections between stations
UVP1 and UVP2. These numbers pointed to a decrease of
almost 50% in the number of meteors registered between
2017 and 2018. However, in 2017, only the station UVP1
was in operation.

The highest activity was recorded on July 27, for the
year 2017 and on July 29, for 2018. These results are in
agreement with the maximum peak of activity reported
by [7].

Figure 3 shows all SDA meteors detected by stations
UVP1 and UVP2 in 2017 and 2018.

The properties (duration, apparent magnitude and
angular velocity) of SDA meteors for 2017 and 2018 are
discussed in the next sections.

3.1. Duration

In the UVP detections, the duration ranged from 0.06
to 0.44 seconds, in 2017 and from 0.16 to 0.60 seconds,
in 2018, with mean values of 0.18 and 0.27 seconds,
respectively. See Figure 4.

3.2. Magnitude

The UFOAnalyzer software measures object’s magnitude
by the comparison with stars based on color temperature.
The apparent magnitude of SDA meteors recorded by
UNIVAP’s stations ranged from 0.0 to -2.6 in 2017 and
from -0.5 to -3.5 in 2018, with mean values of -1.1 and -1.4,
respectively. The distribution of the apparent magnitudes
determined is shown in Figure 5.

Most SDA meteors are of low intensity (only about
30% had a magnitude lower than -1.47, the magnitude of
the star Sirius), agreeing with [14] and, thus, reinforcing
the idea of penetration in high altitudes.

Figure 2: Daily distribution of SDA detections from July 12 to August 24 for the years 2017 (only station UVP1) and 2018 (stations
UVP1 and UVP2).

Figure 3: Composition images for SDA meteors captured by UNIVAP Stations: (a) 27 SDA captures from July 12, 2017 to August
24, 2017 (station UVP1); (b) 7 SDA captures between July 23, 2018 and July 30, 2018 (station UVP1); and (c) 6 SDA captures
from July 18, 2018 to August 20, 2018 (station UVP2). Two images were not included in the last composition due to the presence
of the moon.
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Figure 4: Histogram of the distribution of SDA meteor duration for 2017 and 2018.

Figure 5: Magnitude distribution of SDA meteors for 2017 and 2018.

3.3. Angular Velocity

The angular velocity determined ranged between 3.7
and 21.3 degree/s, for meteors captured in 2017, with
an average of 13.9 degree/s and between 9.1 and 20.6
degree/s, for 2018, with a mean value of 14.8 degree/s.
See Figure 6.

Besides angular velocity, the linear velocity was also
automatically estimated by UFOAnalyzer. The estimated
values of velocity are between 27.4 and 56.3 km/s, with
an average of 47.1 km/s and between 47.3 and 56.2 km/s,
with a mean value of 48.7 km/s, for 2017 and 2018,
respectively.

The average velocities estimated (47.1 km/s and 48.7
km/s) for the SDA meteors recorded by stations UVP1
and UVP2 are higher than the typical 41 km/s indicated
by [13].

The precise determination of the meteor trajectory,
including its velocity, is only possible when simultaneous
detections occur for two or more stations (pairing), which
are separated by a distance of tens of kilometers, allowing
a triangulation between the records of the different sta-

tions and calculation of the meteor trajectory parameters,
which does not occur for stations UVP1 and UVP2.

In the case of detections (captures) by only one station,
as in the present analysis, the automatic velocity deter-
mination by the UFOAnalyzer is just an estimation that
depends on the assumption of certain parameters, such
as the height of the beginning of the trail, considered for
each meteor shower.

Although less frequent in 2018, the SDA meteors were,
on average, brighter, longer-lasting, and faster than those
recorded in 2017.

It is worth mentioning that the velocities of entry of the
meteors are between 11.2 km/s and 72.8 km/s, values pre-
established by [1]. The lowest velocity value is due to the
gravitational pull of the meteoroids, while the greatest
value is due to the composition of the escape velocity of
the solar system with the Earth’s orbital velocity.

According to [1], most meteors occur in the thermo-
sphere, between 80 and 90 km of altitude, but faster
meteors may become visible above this height. The re-
sults of [2] show that SDA recorded in 1999, 2000 and
2001 occurred between 85 and 93 km of altitude. There-
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Figure 6: Angular Velocity distribution of SDA meteors for 2017 and 2018.

fore, the velocity results suggest that SDA meteors may
have penetrated the higher layers in the atmosphere.

4. Conclusions

In this work, the properties of the meteors associated to
the Southern Delta-Aquariids meteor shower, registered
in 2017 and 2018, by the stations UVP1 and UVP2
installed at UNIVAP (which are part of the EXOSS
meteor monitoring network), were compared. This meteor
shower represented the most active radiant in these two
years, probably due to the SDA meteor shower being
observed in the Southern Hemisphere during the winter,
when the sky is generally cleaner and without moisture.

It is important to highlight the importance of the EX-
OSS project, in line with the concept of citizen science,
valuing the partnership between amateur astronomers
and professional scientists in data collection and wide
dissemination of knowledge related to the science of me-
teors.
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