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December psi Cassiopeiid fireball recorded at 22h39m04.4 = 0.1s UTC on 2021 November 28
from the SWEMN meteor-observing stations located at La Hita, La Sagra, Calar Alto, Sevilla,
Huelva, and Sierra Nevada, Spain. It reached a peak absolute magnitude of -12 = 1.
Read more about this meteor shower and the Andromedid complex in this issue.
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2021 Andromedid complex by Global Meteor Network
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A study of the 2021 Andromedids is presented based on the Global Meteor Network results. Andromedid orbits
were identified during the interval in solar longitude 206° to 278°. Although rates were very low, three intervals
with enhanced activity could be distinguished, a first dispersed at 1o ~234°, a second more compact at 1o ~239.4°
and a final short enhancement at 1o ~246.0°. The usual radiant drift caused by the rotation of the Earth around the
Sun is partly compensated by the drift of the orbital elements. This explains the disagreement in radiant drift between
different sources as these depend on the activity interval taken into consideration for the radiant drift. The orbital
elements show a distinct evolution in time, the longitude of perihelion 77, the inclination i, and especially the
perihelion distance q increase during the activity period. The eccentricity e decreases and the semi major axis a

remains constant.

1 Introduction

The Andromedids have an impressive record in history
books with most impressive meteor storms in the 19%
century. During the 20" century this meteor shower seemed
to have vanished and it was assumed that the dust had
spread and did no longer cross the Earth orbit.

The parent comet 3D/Biela is a Jupiter-family comet first
discovered in 1772 by Montaigne in France and at a later
return in 1805 by Pons in France. It was Wilhelm von Biela
at a later return in 1826 who obtained enough observations
to prove this was a new periodic comet which had been
observed before in 1772 and 1805. In 1846 the comet was
observed with two separated nuclei. It was a last time seen
in 1852 and all later attempts to rediscover it failed (Kronk,
1988).

The earliest known appearance of the Andromedids was
witnessed by H.W. Brandes in the evening of 6 December
1798 when he counted about 100 meteors an hour for 4
hours. No information was mentioned about the radiant, but
this outburst concerned most likely the Andromedids. Also
on 7 December 1830, Abbe Raillard in France mentioned
many meteors were seen without giving any further details.
More information was obtained by Herrick in 1838 when
large and splendid fireballs were seen on both December 6
and 7. Additional observing reports revealed that the radiant
position was not far from Cassiopeia or perhaps near the
cluster in the sword of Perseus with rates between 125 and
175 per hour. Eduard Heis observed the Andromedids on 6
December 1847 in Germany and obtained a radiant position
at R.A. 21° and declination +54° (Kronk, 1988).

In the 1860s the link was made between comets and meteor
showers. Edmond Weiss, Heinrich Louis d’Arrest and
Johann Galle found independently that the meteoroids that
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caused the activity outbursts in 1798 and 1838 were
associated with comet 3D/Biela. Edmond Weiss computed
further and noticed the drift of the ascending node of the
comet’s orbit and predicted that meteor activity caused by
debris of this comet might be seen around 28 November
1872 from a radiant at R.A. 23.4° and declination +43.0°
(Kronk, 1988).

The big surprise came in the evening of 27 November 1872
with a most spectacular meteor storm, described as a rain of
fire with about 400 meteors every 1.5 minutes. The radiant
could be precisely determined at R.A. 26.6° and declination
+43.8°. The time of the maximum was estimated to be at
November 27.84 UT when the meteors were too numerous
to count. Predicted outbursts for 1878 and 1879 did not take
place or went by unnoticed. Another possible outburst was
predicted on short notice for 27 November 1885 and did
materialize as observers with clear sky noticed immediately
an acceptable activity. William Denning had observed
meteor activity from the Andromedids with rates of about
100 per hour one night earlier. The evening of 27 November
the number of meteors was too high and impossible to count
them all with about one meteor every second. At the next
expected passage of the parent comet, no such spectacular
meteor storm was seen but rates were still several hundreds
of meteors per hour on November 24. Andromedids
displayed rates of about 100 meteors per hour on 24
November 1899 and about 20 per hour on 21 November
1904. No more activity from this shower was seen until
1940 when R.M. Dole in Maine, USA, reported an outburst
with 30 meteors an hour on 15 November and J.P.M.
Prentice reported rates of 5 meteors an hour between 27
November and 4 December (Kronk, 1988). No further
visual activity from this shower was reported in the 20™
century and the dust released by comet 3D/Biela was
assumed no longer to intersect with the Earth orbit. Past
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Andromedid outbursts were modelled and described by
Jenniskens and Vaubaillon (2007).

The Andromedids surprised with hourly rates of about 50
during the nights 3-5 December 2011 with a radiant at R.A.
18° and Declination +56°, the best activity in more than a
century and again from the radiant position in Cassiopeia as
it was in the beginning of the 19" century. The unexpected
return was covered by the meteor radar CMOR in Canada
(Wiegert et al., 2013) and the CAMS project (Jenniskens et
al., 2016). A weak to moderate activity predicted to occur
in 2018 did not materialize but the Andromedids surprised
unexpectedly in 2021 with significant above normal
Andromedid rates observed around 20 November by
CAMS networks at the northern hemisphere (Jenniskens,
2022a). This broad activity enhancement was followed by a
sharp peak on 28 November at 1o =245.887 +0.007°
(Jenniskens, 2022b).

The Global Meteor Network (Vida et al., 2021) also
recorded the 2021 Andromedid activity, and these results
are presented in this analysis.

2 GMN 2021 Andromedid results

The Global Meteor Network identified 1034 orbits as
Andromedids. This identification has been made based on a
list of known meteor showers (Jenniskens et al., 2018) for
orbits recorded within 1° in solar longitude of the known
activity period, with the radiant within 3° relative to the
known radiant position and with a geocentric velocity vy
within an interval of 10% relative to the reference
geocentric velocity (Moorhead et al., 2020).

Using an existing list of meteor showers with earlier
determined radiant positions, activity periods and
geocentric velocity, is helpful for a preliminary
classification of shower meteor meteors, but this approach
also creates a bias as the radiant positions, activity period
and velocity range obtained will just confirm the reference
that has been used for classification.

To consider all the orbits with the same criteria the author
applied an iterative procedure starting from some initial
reference orbit to identify all orbits that form a
concentration of similar orbits which define the meteor
shower. This method has been described before
(Roggemans et al., 2019).

To identify all possible Andromedid orbits in an
independent way all Andromedid orbits according to the
GMN identification have been used to obtain a mean orbit
according to the method described by Jopek et al. (2006).
This mean orbit has then been used to run an iterative
procedure to select all similar orbits, recompute the mean
orbit and repeat this procedure until the iteration converges
at a selection of similar orbits with the most representative
mean orbit. To compare orbits on similarity mathematicians
established different discrimination criteria, often
abbreviated as D-criteria. The D-criteria that we use are
these of Southworth and Hawkins (1963), Drummond
(1981) and Jopek (1993) combined. The oldest and most
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popular D-criterion Dsp, established by Southworth and
Hawkins, proves often too tolerant and unsuitable for short
period orbits near the ecliptic. It is not unusual that orbits
which are very similar according to Dgy, fail for another D-
criteria such as that of Drummond or Dp.

To distinguish dispersed and compact orbits we define five
classes with different threshold levels of similarity, groups
of orbits with comparable degree of dispersion. These
should help to visualize the degree of dispersion and
compactness within the meteoroid stream. The different
classes of similarity are defined as follows:

e Low:Dsy<0.25& Dp <0.105 & Dy < 0.25;

e Medium low: Dsy < 0.2 & Dp <0.08 & Dy < 0.2;

e  Medium high: Dsyy < 0.15 & Dp < 0.06 & Dy < 0.15;
e High: Dsy<0.1 & Dp<0.04 & Dy<0.1;

e Very high: Dsy <0.05 & Dp <0.02 & Dy < 0.05.

The low threshold class with Dp < 0.105 represents the most
dispersed particles which may include sporadics with pure
chance similarity. The very strong threshold class with
Dp < 0.02 represents the core of the dust trail with almost
identical orbits. For readability reasons we refer to these
classes using only the Drummond Dy natification.

To limit the dataset in volume all 2021 GMN orbits were
chosen between 20 October 2021 and 31 December 2021,
in total 76570 orbits. 1954 orbits were identified to fulfill
the low threshold criteria, registered between 20 October
2021 (4o =207.3°) and 29 December 2021 (/o =278.0°).
195 of these fulfilled the very high threshold criteria,
registered between 13 and 26 November 2021

For a better comparison between results based on orbit
similarity criteria and the shower identification based on the
GMN identification method (radiant position and velocity),
the similarity criteria were applied on the dataset with the
1034 preliminary GMN identified Andromedids. The mean
orbit of these 1034 Andromedids has been used as reference
orbit. Four orbits failed to fulfill even the low threshold
criteria, the remaining 1030 GMN Andromedids were
classified according to the different similarity classes.

3 Activity profile

A simple approach to obtain an activity profile is to count
the number of recorded Andromedid orbits per time
interval. To eliminate the influence of variable weather
circumstances and different camera coverage for different
time zones, we use the humber of sporadic orbits without
shower meteors to calibrate the Andromedid number of
orbits for each time interval. This leaves the influence of the
zenith distance of the Andromedid radiant as only factor
that influences the number of Andromedids per time
interval. The zenith distance factor cannot be determined
for a mixture of orbits obtained for many different
geographic locations mixed in each time interval. Statically
we can just assume that the mixture of radiant distances in
each interval will tend to average out the influence of the
zenith distance.
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Figure 1 — Activity profile with the number of Andromedid orbits
defined by the GMN shower identification method, expressed as a
percentage relative to the number of sporadic orbits recorded
during the same interval. The different similarity classes are color
coded.

Figure 1 shows the resulting activity profile using a
sampling interval of 1.1° in solar longitude, skipping 0.2°
forward in solar longitude for each sampling interval. The
width of the sampling interval has been chosen to smooth
statistical fluctuations and still to maintain enough detail of
the activity variation during the transit of the Earth through
the Andromedid dust. The mean orbit used for the similarity
criteria was obtained at the median value of the solar
longitude of all GMN identified Andromedid orbits
(Lo =240.6°). It is obvious that this mean reference orbit
represents mainly the orbits around 1o = 240.6° with many
very high threshold similarities marked in purple in
Figure 1. The earliest recorded Andromedid orbits have low
similarity with this reference orbit and the profile in
Figure 1 ends abruptly at about 1o = 248° before the last
peak on 29-30 November was completely ended. It is
obvious that the activity period defined in the GMN
reference table for shower identification ends too soon.

The abrupt end of the Andromedid activity period in the
GMN reference list of meteor showers is to some extent
compensated by the recorded December psi Cassiopeiids
(DPC#446) which are in fact nothing other than
Andromedids which were renamed at the 2011 Andromedid
outburst in early December when the radiant was situated in
the constellation of Cassiopeia.

Looking at the same activity profile based on the shower
identification with orbit similarity criteria (Figure 2), the
first possible Andromedid orbits were detected ten days
earlier than with the GMN shower identification. Possible
Andromedid orbits were detected during one month after
the last Andromedid orbit identified by GMN. The main
shape of the activity profile is visible in the two graphs. A
first enhanced Andromedid activity appeared roughly
between 227° < Ao <236° with a first modest peak at
Jo=234° (2021, November 16, 11" UT). A second
component of enhanced activity can be seen in the interval
236° < Ap<242.6° with a peak at 1o =239.4° (2021,
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November 21, 20" UT). The sharpest and highest activity
occurred in the interval 243° < Ao <247.2° with a sharp
peak at 1o = 246.0° (2021, November 28, 08" UT). Before
and after these three intervals only few and dispersed
Andromedid orbits were recorded.

0%
% Spor. Act.

35% |

WD <0.105
D <0.08 |'
30% | D <0.06 |

mD <004 ‘
mD<0.02 |
25% |

20% |

o o>

S . 0,0 0 0 O _ 0,0 . 0 .0 .0._.0
BB AL 00 S0 B BT 0 68 o w e A0 67 08 b &
A AP Y R P T T S

9.0 0 0,0

Figure 2 — Activity profile with the number of Andromedid orbits
according to the orbit similarity criteria, expressed as a percentage
relative to the number of sporadic orbits recorded during the same
interval. The different similarity classes are color coded.

The activity profile based on numbers of orbits provides no
precise data on the level of the shower activity in terms of
zenithal hourly rates but the shape of the profile provides
sufficient evidence for the layered structure of the
Andromedid meteoroid stream and the approximate times
of the different maxima. It is obvious that the Andromedids
are a complex meteoroid stream with multiple
superimposed dust trails embedded among widely
dispersed particles that encounter the Earth orbit during a
period of more than two months.

4 Radiant structure

The long duration activity period of the Andromedids
suggests a significant radiant drift in geocentric equatorial
coordinates. However, the values quoted in literature are not
in agreement. Jenniskens (2006) lists Ao =0.63°and
40 = +0.33°, SonotaCo (2009), 4o = 0.12°and 46 = +0.30°,
Jenniskens et al. (2016) 4o = 1.00°and 46 = +0.37° and this
study resulted in 4o = 0.19°and 46 = +0.75°. Looking at
Figure 3 the radiant drift doesn’t show up as expected. The
pattern of the radiant drift during the Andromedid activity
displays a shape of a crescent. During the first part of the
Andromedid activity the radiant drift shows a normal
increase in Right Ascension and declination, while the
declination continues to increase the Right Ascension
remains constant and decreases towards the end of the
activity period. The large differences in radiant drift values
found in literature can be simply explained as these values
depend on the activity interval on which the radiant drift has
been obtained. Looking at the 1954 Andromedid orbits
identified with the orbit similarity criteria (Figure 4) this
plot displays the same crescent shape. The December psi
Cassiopeiids marked as triangles in Figure 3 and many of

161



2022 -3 eMeteorNews
the sporadic orbits according to the GMN shower & [ et () «D<0.105
identification were identified as Andromedids by the orbit E<ggz
. - - <0
similarity method. «D<004
s0 | +D<0.02
60 r Decl. () -, & A T2 * Background
N : * D<0.105 a5 r
- D<0.08
0 D<0.06 10
* D<0.04
35
40
. 30
30 E ; 25
it
20 -'?; 0 ) I
¢ 3 A N 4 * o

10

Figure 3 - The Andromedid radiants in equatorial geocentric
coordinates based on the GMN shower identification, color coded
according to the orbit similarity criteria. The triangles indicate the
Andromedids which were identified as December psi Cassiopeids
(DPC#446).
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Figure 4 — The Andromedid radiants in equatorial geocentric
coordinates based on the orbit similarity shower identification,
color coded according to the orbit similarity criteria. The
December psi Cassiopeids (DPC#446) orbits from Figure 3 are
detected as Andromedids.

Figure 6 — The radiant drift in declination, based on the GMN

shower identification.
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Figure 7 — The radiant drift in Right Ascension, based on the orbit

similarity shower identification.
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Figure 5 — The radiant drift in Right Ascension, based on the
GMN shower identification.
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Figure 8 — The radiant drift in declination, based on the orbit
similarity shower identification.

The radiant drift in Right Ascension in this case should not
be described with an ordinary linear regression, but rather
with a second order polynomial to fit the decreasing drift in
function of the solar longitude (Figure 5). The radiant drift
in declination shows an almost linear increase during the
activity period (Figure 6). The unusual radiant drift
behavior is even better visible in the plot with the orbit
similarity shower identification with a longer activity
period but ignoring the low similarity cases (Figure 7).
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With the much longer activity period detected with the orbit
similarity shower identification, the radiant drift in
declination increases significantly in the second half of the
activity period after a rather constant drift in declination
during the first half (Figure 8). The third and last part of the
activity period determined by orbit similarity identification,
includes the orbits that were identified by GMN as
December psi Cassiopeiids (DPC#446).
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Figure 9 — The radiant drift in Right Ascension, using the sliding
mean of the Right Ascension computed for a time interval of 0.4°
in solar longitude in steps of 0.2°. The GMN shower identification
is marked in red for the Andromedids and in green for the
December psi Cassiopeiids, the Andromedids according to the

orbit similarity identification are marked in blue.
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Figure 10 — The radiant drift in declination, using the sliding mean
of the declination computed for a time interval of 0.4° in solar
longitude in steps of 0.2°. The GMN shower identification is
marked in red for the Andromedids and in green for the December
psi Cassiopeiids, the Andromedids according to the orbit
similarity identification are marked in blue.

To reduce the scatter on the Right Ascension and
declination for each interval in solar longitude, the average
value has been calculated for intervals of 0.4° in solar
longitude, using steps of 0.2°. The values for the radiant
positions of Andromedids according to the GMN shower
identification (red) display very little scatter compared to
the values according to the orbit similarity identification
(blue) (Figures 9 and 10).
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The December psi Cassiopeiids (DPC) identified by the
GMN method display a deviant behavior as the radiant
regresses in Right Ascension (Figure 9) and increases more
in declination (Figure 10). These radiants were detected by
the orbit similarity method as ordinary Andromedids among
plenty of other Andromedids identified after the assumed
activity period in the reference list used for the GMN
identification. DPC orbits display a slightly different radiant
drift compared to the ordinary Andromedids which appear
with a very large scatter on the radiant positions.
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Figure 11 — The Andromedid radiants in Sun-centered geocentric
ecliptic coordinates based on the GMN shower identification,
color coded according to the orbit similarity criteria. The triangles
indicate the Andromedids which were identified as December psi
Cassiopeiids.
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Figure 12 — The Andromedid radiants in Sun-centered geocentric
ecliptic coordinates based on the orbit similarity shower
identification, color coded according to the orbit similarity criteria.
The December psi Cassiopeiids (DPC#446) orbits from Figure 11
are detected as Andromedids.
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The usual way to look at a radiant without the radiant drift
caused by the rotation of the Earth around the Sun is to plot
the Sun-centered geocentric ecliptic coordinates. For most
showers this results in a compact concentration of radiant
points. For the Andromedids this results in a completely
different picture with a long stretched radiant area. This
means that the particles don’t move on parallel orbits but
encounter the Earth at different angles to an extent that the
usual radiant drift is compensated. The plots obtained with
the GMN identification, and the orbit similarity
identification can be compared in Figures 11 and 12.
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Figure 13 — The radiant drift in Sun-centered geocentric ecliptic
longitude, using the sliding mean of the Sun-centered geocentric
ecliptic longitude computed for a time interval of 0.4° in solar
longitude in steps of 0.2°. The GMN shower identification is
marked in red for the Andromedids and in green for the December
psi Cassiopeiids, the Andromedids according to the orbit
similarity identification are marked in blue.
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Figure 14 — The radiant drift in geocentric ecliptic latitude, using
the sliding mean of the geocentric ecliptic latitude computed for a
time interval of 0.4° in solar longitude in steps of 0.2°. The GMN
shower identification is marked in red for the Andromedids and in
green for the December psi Cassiopeiids, the Andromedids
according to the orbit similarity identification are marked in blue.

The Andromedids are a very particular meteoroid stream
with perturbed orbits in a way that it results in a mechanism
compensating the usual radiant drift caused by the Earth’s
movement around the Sun. The degree that these orbits have
been smeared out during the transit of the Earth is very well
reflected in a drift of the Sun-centered geocentric ecliptic
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coordinates. Most meteor showers do not display anything
like this. Figures 13 and 14 show this effect. The radiant
drift due to the perturbed smeared out orbits in Sun-centered
geocentric ecliptic coordinates equals 4(2 — 1¢) = —0.1°and
AB =+0.12°. The drift in geocentric ecliptic latitude for the
December psi Cassiopeiids deviates slightly in ecliptic
latitude as can be seen in Figure 14. The authors have no
explanation for this remarkable anomaly.

Apart of the radiant position which indicates the direction
from where the particles hit the planet, the velocity relative
to the Earth is another very important property of a meteor
shower. Measuring the velocity of a fast-moving object on
a short trail at the sky introduces instrumental measurement
errors. If all shower meteors would have the same velocity,
we should see a nice symmetric Gaussian distribution
representing the spread caused by measurement errors. This
is not the case whether we look at the Andromedids
identified by GMN (Figure 15) or identified by the orbit
similarity method (Figure 16). The GMN identification has
very little dispersed orbits, while the orbit similarity method
picks up more dispersed particles.
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Figure 15 — The histogram with the distribution of the geocentric
velocity obtained for Andromedids identified by the GMN shower
identification method.
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Figure 16 — The histogram with the distribution of the geocentric
velocity obtained for Andromedids identified by the orbit
similarity shower identification method.
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The profiles appear skew and show different peaks,
suggesting that some components with slightly different
geocentric velocity contributed to the 2021 Andromedid
activity. The different classes of similarity show a
concentration of almost identical orbits (Dp <0.02) at
vg = 16.3 km/s which is the geocentric velocity of the
reference orbit obtained as mean orbit for all GMN
identified Andromedids. The orbits with Dp < 0.04 which
correspond mainly with the orbits of the second and the last
peak, had a slightly lower velocity. Several lower similarity
orbits had a significant faster velocity compared to the main
bulk of Andromedids. This requires a look at the variation
in velocity in function of time, in our case we use the solar
longitude Zo.
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Figure 17 — The variation in geocentric velocity vg, using the
sliding mean of the geocentric velocity computed for a time
interval of 0.4° in solar longitude in steps of 0.2°. The GMN
shower identification is marked in red for the Andromedids and in
green for the December psi Cassiopeiids, the Andromedids
according to the orbit similarity identification are marked in blue.

40 ¢
Vi (km/s)

395 |

39

q ' “ W\ }:’“", J N"i\ .

\

38

—DPC: GMN

375 | = AND: D-crit
—AND: GMN

A7)

o s s s
AN ST S AN TN T AN TG S B L N P -
B s gl Sl Ml S S S A R

Figure 18 — The variation in heliocentric velocity vi, using the
sliding mean of the heliocentric velocity computed for a time
interval of 0.4° in solar longitude in steps of 0.2°. The GMN
shower identification is marked in red for the Andromedids and in
green for the December psi Cassiopeiids, the Andromedids
according to the orbit similarity identification are marked in blue.

The change in geocentric velocity vq in function of the solar
longitude is shown in Figure 17. The geocentric velocity is
the result of the sum of the velocity vector of the Earth’s
own movement around the Sun, about 29.8 km/s, and the
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velocity vector of the particle in its orbit around the Sun.
The heliocentric velocity v, of the Andromedids appears to
be constant, apart from a slight increase of 0.4 km/s between
the start and then end of the activity period. The decrease in
geocentric velocity is caused by the change in angle of entry
of the Andromedids during the shower activity as the
radiant moves towards the antapex. The different peaks in
Figures 15 and 16 may be caused by the large input during
the different peaks in the activity profile which appeared at
different times with slightly different velocities.

Another interesting plot is the radiant distribution in Sun-
centered geocentric ecliptic coordinates, color coded for the
geocentric velocity (Figures 19 and 20). The Earth first
encounters the fastest Andromedid particles and gradually
intercepts Andromedid particles at lower geocentric
velocity from more northern ecliptic latitudes and lower
Sun-centered ecliptic longitude. Both shower identification
methods show the same effect. The more scattered orbits
defined by the orbit similarity method show the fastest
Andromedids at higher Sun-centered ecliptic longitude at
the beginning of the shower activity, the slowest particles
appear towards the end of the activity.
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Figure 19 — The Andromedid radiants in Sun-centered geocentric
ecliptic coordinates based on the GMN shower identification,
color coded according to the geocentric velocity.
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Figure 20 — The Andromedid radiants in Sun-centered geocentric

ecliptic coordinates based on the orbit similarity shower
identification, color coded according to the geocentric velocity.
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5 The drifting in orbital elements
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Figure 21 — The histogram with the distribution of the longitude
of perihelion I7 obtained for Andromedids identified by the GMN
shower identification method.
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Figure 22 — The histogram with the distribution of the longitude
of perihelion I7 obtained for Andromedids identified by the orbit
similarity shower identification method.
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Figure 23 — The variation in longitude of perihelion 77, using the
sliding mean of 77 computed for a time interval of 0.4° in solar
longitude in steps of 0.2°. The GMN shower identification is
marked in red for the Andromedids and in green for the December
psi Cassiopeiids, the Andromedids according to the orbit
similarity identification are marked in blue.
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The distribution of the longitude of perihelion 77, provides
insight in the dispersion of the meteoroid stream at its
perihelion which corresponds to its closest position to the
Sun. The longitude of perihelion is composed by the time
dependent longitude of the ascending node ©Q and the
argument of perihelion w.

Both the GMN (Figure 21) and the orbit similarity shower
identification (Figure 22) result in a similar asymmetric
distribution with some peaks. The variation of the longitude
of perihelion in function of the solar longitude Ao indicates
a slight increase for the Andromedids but remains rather
constant for the December psi Cassiopeiids (Figure 23).
The large scatter indicates that the positions of the perihelia
of the Andromedids got very dispersed.

The inclination i

The inclination i provides insight in the orientation of the
meteor orbits relative to the ecliptic. Both the GMN
(Figure 24) and the orbit similarity shower identification
(Figure 25) result in a similar asymmetric distribution with
at least two distinct peaks.
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Figure 24 — The histogram with the distribution of the inclination

i obtained for Andromedids identified by the GMN shower
identification method.
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Figure 25 — The histogram with the distribution of the inclination
i obtained for Andromedids identified by the orbit similarity
shower identification method.
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Figure 26 — The variation in inclination i, using the sliding mean
of the inclination computed for a time interval of 0.4° in solar
longitude in steps of 0.2°. The GMN shower identification is
marked in red for the Andromedids and in green for the December
psi Cassiopeiids, the Andromedids according to the orbit
similarity identification are marked in blue.

Figure 26 shows that the wide range in inclination shown
in Figures 24 and 25, changes in time. The first
Andromedids encountered by Earth have a lower
inclination than during the activity maxima. The peaks in
the histogram correspond to the maxima in the activity
profile. The gradual increase in inclination during the
activity is obvious for the Andromedids and the December
psi Cassiopeiids identified by GMN. The scatter at the end
of the activity period for the orbit similarity identification is
due to some outliers among fewer datapoints.
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Figure 27 — The Andromedid orbits plotted as inclination i against
the longitude of perihelion I7 based on the GMN shower
identification, color coded according to the orbit similarity criteria.
The triangles indicate the Andromedids which were identified as
December psi Cassiopeiids.

The inclination i can be plotted against the longitude of
perihelion I7 to check for concentrations within the
meteoroid stream. The graph with the inclination i plotted
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against the longitude of perihelion 77 shows two
concentrations with the first modest peak at Ao = 234°
containing lower inclination orbits around /7 = 107.6° with
i=10.6°. The two other peaks at 10=239.4° and
Ao = 246.0° include higher inclination orbits at 77 = 110.8°
with i=11.8° and at /7=111.2° with i=12.8°. The
December psi Cassiopeiids at the end of the Andromedid
activity appear with higher inclination and more dispersed
in length of perihelion. The same picture appears in the plot
with the GMN shower identification (Figure 27) as well as
in the orbit similarity shower identification (Figure 28).
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Figure 28 — The Andromedid orbits plotted as inclination i against
the longitude of perihelion I7 based on the orbit similarity shower
identification, color coded according to the orbit similarity criteria.
The December psi Cassiopeiids (DPC#446) orbits from Figure 27
are detected as Andromedids.
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Figure 29 — The Andromedid orbits plotted as inclination i against
the longitude of perihelion 77 based on the GMN shower
identification, color coded according to the geocentric velocity.

Looking at the distribution of the inclination against the
longitude of perihelion color coded for the geocentric
velocity, we see a concentration with at 77 = 107.6° at about
9° inclination with mainly fast Andromedids. Another
concentration appears at /7 =111° with an inclination of
about 13° with significant slower Andromedids. The more

167



2022 -3

eMeteorNews

scattered dots at higher inclinations were all identified as
December psi Cassiopeiids (see Figure 27).

i versus 1 Andromedids 2021 (dcrit)
25 22

20
201

=
®

15 A

i(deg)
&
Vg (km/s)

101

14

12

'5 Qﬁ"

e o 0’0

0 - °

96 9'5 160 165 110 115 12IO 12I5 13'0
N (deg)
Figure 30 — The Andromedid orbits plotted as inclination i against

the longitude of perihelion I7 based on the orbit similarity shower
identification, color coded according to the geocentric velocity.

The same plot for the orbit similarity shower identification
shows a much larger scatter in inclination and longitude of
perihelion (Figure 30). The two concentrations seen in
Figure 29 are still visible but less distinct.

The perihelion distance q

The perihelion distance gives insight in the dispersion in the
closest approach to the Sun of meteoroid orbits. The closer
the particles of a meteoroid stream get to the Sun, the more
intense their exposure to the destructive forces of the Sun.
For the fragile cometary dust of comet 3D/Biela these
particles will suffer a significant stress at each perihelion
passage. If the distance to the Sun differs a lot for different
components of the shower, this effect will have a different
result for these components.
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Figure 31 — The histogram with the distribution of the perihelion
distance q obtained for Andromedids identified by the GMN
shower identification method.

Looking at the histogram with the perihelion distance
distribution we see a very asymmetric distribution covering
a wide range of perihelion distances q with at least two
distinct peaks at g =0.84 A.U. and q = 0.86 A.U. Within a
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wide range from about 0.68 to almost 1.00 A.U. the
registered Andromedid orbits undergo a significant
different thermal stress at their perihelion passage. Both
shower identification methods result in a similar histogram
(Figures 31 and 32), with the orbit similarity method having
more Andromedids at the beginning and the end of the
activity period.
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Figure 32 — The histogram with the distribution of the perihelion

distance g obtained for Andromedids identified by the orbit

similarity shower identification method.
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Figure 33 — The variation in perihelion distance g, using the
sliding mean of the perihelion distance computed for a time
interval of 0.4° in solar longitude in steps of 0.2°. The GMN
shower identification is marked in red for the Andromedids and in
green for the December psi Cassiopeiids, the Andromedids
according to the orbit similarity identification are marked in blue.

Looking at the perihelion distance q in function of the solar
longitude Ao, a very distinct trend can be seen (Figure 33).
The Andromedid activity starts with orbits with a perihelion
distance closer to the Sun, gradually increasing the
perihelion distance towards the Earth’s orbit during the
Andromedid activity period. The December psi
Cassiopeiids are perfectly in line with this trend. The peaks
in Figures 31 and 32 correspond to the different maxima in
the activity profile (Figures 1 and 2). The drift in perihelion
distance during the transit of Earth through the stream is
remarkable. The distribution of the perihelion distance in
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function of the longitude of perihelion and inclination
provides some more insight in the structure of the stream.
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Figure 34 — The Andromedid orbits plotted as inclination i against
the perihelion distance g based on the GMN shower identification,
color coded according to the orbit similarity criteria. The triangles
indicate the Andromedids which were identified as December psi
Cassiopeiids.
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Figure 35 — The Andromedid orbits plotted as inclination i against
the perihelion distance q based on the orbit similarity shower
identification, color coded according to the orbit similarity criteria.

How does the inclination i, or the orientation of the
Andromedid orbits relative to the ecliptic change with the
perihelion distance q? Figure 34 shows a clear trend with
an increasing perihelion distance and increasing inclination.
Figures 26 and 33 show how the inclination and perihelion
distance increase in function of the solar longitude. The plot
based on the orbit similarity shower identification
(Figure 35) displays more scatter but confirms the pattern
of Figure 34.
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Taking the geocentric velocity vy into account the fastest
Andromedids appear at the lowest perihelion distances and
lower inclination at the beginning of the activity period
(Figure 36). The plot for the orbit similarity shower
identification confirms this trend but appears more diffuse
covering a wider range in inclination with mainly dispersed
particles (Figure 37).
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Figure 36 — The Andromedid orbits plotted as inclination i against
the perihelion distance q based on the GMN shower identification,
color coded according to the geocentric velocity.
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Figure 37 — The Andromedid orbits plotted as inclination i against
the perihelion distance q based on the orbit similarity shower
identification, color coded according to the geocentric velocity.

Looking at the distribution of the perihelion distance against
the longitude of perihelion, we get a very good picture of
the dispersion of the Andromedids at their perihelion in
both longitude and distance to the Sun. Figure 38 shows this
distribution where the first part of the activity period with
the first moderate maximum appears separated from the
dense concentration caused by the second and the third
peak. The December psi Cassiopeiids partly overlap with
the last concentration. The plot for the orbit similarity
shower identification (Figure 39) confirms this picture,
although with a larger spread in longitude of perihelion.

Taking the geocentric velocity vy into account, there is a
clear trend with faster Andromedids at lower perihelion
distances and slower meteors at higher perihelion distance
(Figure 40). The orbit similarity shower identification
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results in the same picture but with larger scatter in
longitude or perihelion (Figure 41).
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Figure 38 — The Andromedid orbits plotted as perihelion distance
g against longitude of perihelion 7 based on the GMN shower
identification, color coded according to the orbit similarity criteria.
The triangles indicate the Andromedids which were identified as
December psi Cassiopeiids.
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Figure 39 — The Andromedid orbits plotted as perihelion distance
g against longitude of perihelion 77 based on the orbit similarity
shower identification, color coded according to the orbit similarity
criteria.

The eccentricity e

The eccentricity describes the shape of the orbit, withe =0
for a perfect circle, e = 1 for a parabolic orbit and e > 1 for
a hyperbolic orbit. The histogram for the eccentricities
recorded for the Andromedids shows a slightly skew profile
(Figures 42 and 43) for both shower identification methods.
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Figure 40 — The Andromedid orbits plotted as perihelion distance
g against the longitude of perihelion 77 based on the GMN shower
identification, color coded according to the geocentric velocity.
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Figure 41 — The Andromedid orbits plotted as perihelion distance
g against the longitude of perihelion 77 based on the orbit similarity
shower identification, color coded according to the geocentric
velocity.
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Figure 42 — The histogram with the distribution of the eccentricity
e obtained for Andromedids identified by the GMN shower
identification method.
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Figure 43 — The histogram with the distribution of the eccentricity
e obtained for Andromedids identified by the orbit similarity
shower identification method.
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Figure 44 — The variation in eccentricity e, using the sliding mean
of the eccentricity computed for a time interval of 0.4° in solar
longitude in steps of 0.2°. The GMN shower identification is
marked in red for the Andromedids and in green for the December
psi Cassiopeiids, the Andromedids according to the orbit
similarity identification are marked in blue.

Figure 44 presents the evolution of the eccentricity with
time (solar longitude) and shows a slight decrease within a
significant scatter during the activity period. The December
psi Cassiopeiids fit in very well at the end of the activity
period of the Andromedids.

The plot of the eccentricity against the longitude of
perihelion (Figures 45 and 46) reveals a distinct
concentration with the early orbits at higher eccentricity
values and lower longitude of perihelion values. The second
and third peak appear at slightly lower eccentricity and
higher longitude of perihelion.

A clearer picture emerges when we look at the same plot
with eccentricity against longitude of perihelion with the
velocity color coded. In Figure 47 shows two
concentrations, one formed at the first peak with higher
eccentricity and lower longitude of perihelion. The second
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and the third peak form another concentration with slightly
lower eccentricity, higher longitude of perihelion and
significant lower velocities. The same trend can be seen in
Figure 48 although more diffuse due to the much more
dispersed orbits. At the top of Figure 47 we see that 4 data
points with high eccentricity are missing in Figure 48. This
is because the orbit similarity shower identification rejects
these 4 orbits which were identified as Andromedids by the
GMN shower identification.
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Figure 45 — The Andromedid orbits plotted as eccentricity e
against longitude of perihelion 77 based on the GMN shower
identification, color coded according to the orbit similarity criteria.
The triangles indicate the Andromedids which were identified as
December psi Cassiopeiids.
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Figure 46 — The Andromedid orbits plotted as eccentricity e
against longitude of perihelion I7 based on the orbit similarity
shower identification, color coded according to the orbit similarity
criteria.
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Figure 47 — The Andromedid orbits plotted as eccentricity e
against the longitude of perihelion 77 based on the GMN shower
identification, color coded according to the geocentric velocity.
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Figure 48 — The Andromedid orbits plotted as eccentricity e
against the longitude of perihelion 77 based on the orbit similarity
shower identification, color coded according to geocentric
velocity.
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Figure 49 — The Andromedid orbits plotted as eccentricity e
against the inclination i based on the GMN shower identification,
color coded according to the orbit similarity criteria. The triangles
indicate the Andromedids which were identified as December psi
Cassiopeiids.
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Figure 50 — The Andromedid orbits plotted as eccentricity e
against the inclination i based on the orbit similarity shower
identification, color coded according to the orbit similarity criteria.

The plot of the eccentricity e against the inclination i shows
a concentration with the first peak Andromedid orbits at
higher eccentricities with lower inclination and the second
and third maximum Andromedids with slightly lower
eccentricity at higher inclinations (Figure 49). The
December psi Cassiopeiids appear more dispersed mainly
in inclination. The plot with the orbit similarity shower
identification confirms the same trend, although many more
dispersed orbits, including the December psi Cassiopeiids
were identified as Andromedids (Figure 50).
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Figure 51 — The Andromedid orbits plotted as eccentricity e
against the inclination i based on the GMN shower identification,
color coded according to the geocentric velocity.

The same plot but with the velocity color coded (Figure 51)
shows two more distinct concentrations with faster
Andromedids with higher eccentricity and lower inclination
during the first weeks of the activity with the first peak. The
second and third peak occurred at higher inclination with
slightly lower eccentricity and with lower velocity. The plot
based on the orbit similarity (Figure 52) confirms this trend,
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although with a larger dispersion in inclination. The lower
the eccentricity and the lower the inclination, the slower the
velocity. Four data points at high eccentricity in Figure 51
have disappeared in Figure 52 because the orbit similarity
criteria rejected these orbits which were identified as
Andromedids by GMN.

e versus i Andromedids 2021
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Figure 52 — The Andromedid orbits plotted as eccentricity e
against the inclination i based on the orbit similarity shower
identification, color coded according to the geocentric velocity.
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Figure 53 — The Andromedid orbits plotted as eccentricity e
against the perihelion distance q based on the GMN shower
identification, color coded according to the orbit similarity criteria.
The triangles indicate the Andromedids which were identified as
December psi Cassiopeiids.

Plotting the eccentricity e against the perihelion distance q,
a similar picture emerges as for the inclination. A first
concentration can be seen at higher eccentricity and smaller
perihelion distance, including the first peak. The other
concentration at larger perihelion distance covers the
second and the third peaks. the December psi Cassiopeiids
fit in this plot with some larger dispersion after the main
Andromedid activity (Figure 53). The plot based on the
orbit similarity shower identification (Figure 54) confirms

© eMeteorNews

this result with many more dispersed orbits identified as
Andromedids.

The plot of eccentricity e against perihelion distance g,
color coded for the wvelocity shows two distinct
concentrations. The first concentration at smaller perihelion
distances appears with the fastest Andromedids, the second
concentration at larger perihelion distances at slightly lower
eccentricity includes slower Andromedids (Figure 55).
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Figure 54 — The Andromedid orbits plotted as eccentricity e
against the perihelion distance q based on the orbit similarity
shower identification, color coded according to the orbit similarity
criteria.

The plot based on the orbit similarity shower identification
displays a more diffuse picture, including more dispersed
orbits. The higher the eccentricity and the smaller the
perihelion distance, the faster the velocity, the larger the
perihelion distance, the lower the eccentricity, the slower
the velocity (Figure 56).

e versus g Andromedids 2021
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Figure 55 — The Andromedid orbits plotted as eccentricity e
against the perihelion distance g based on the GMN shower
identification, color coded according to the geocentric velocity.
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e versus q Andromedids 2021
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Figure 56 — The Andromedid orbits plotted as eccentricity e
against the perihelion distance q based on the orbit similarity
shower identification, color coded according to the geocentric
velocity.
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Figure 57 — The histogram with the distribution of the semi-major
axis a obtained for Andromedids identified by the GMN shower
identification method.
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Figure 58 — The histogram with the distribution of the semi-major
axis a obtained for Andromedids identified by the orbit similarity
shower identification method.
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Figure 59 — The variation in semi-major axis a, using the sliding
mean of the semi-major axis computed for a time interval of 0.4°
in solar longitude in steps of 0.2°. The GMN shower identification
is marked in red for the Andromedids and in green for the
December psi Cassiopeiids, the Andromedids according to the
orbit similarity identification are marked in blue.

The semi major axis is the easiest element to visualize for
an elliptic orbit and can be calculated using the perihelion
distance q and the eccentricity e as:

Lo A
T (1-e)

The semi-major axis is the most stable orbital element
during the transit of Earth through the Andromedid stream,
resulting in a symmetric profile in the histogram for both
shower identification methods (Figures 57 and 58).

The values of the semi-major axis remain stable around 3.0
A.U. during the entire Andromedid activity (Figure 29) and
the December psi Cassiopeiids fit very well in this graph.

6 Andromedid magnitude distribution
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Figure 60 — The histogram with the distribution of the absolute
magnitudes recorded for Andromedids identified by the GMN
shower identification method.
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Figure 61 — The histogram with the distribution of the absolute
magnitudes recorded for Andromedids identified by the orbit
similarity shower identification method.
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Figure 62 — The variation in absolute magnitude, using the sliding
mean of the absolute magnitude computed for a time interval of
0.4° in solar longitude in steps of 0.2°. The GMN shower
identification is marked in red for the Andromedids and in green
for the December psi Cassiopeiids, the Andromedids according to
the orbit similarity identification are marked in blue.

Looking at the magnitude distribution, based on the
absolute magnitudes derived from the measured intensity of
the video recordings, the available data indicate that the
Andromedids were mainly faint meteors. Apart from some
isolated fireballs rather few bright Andromedids were
recorded. The orbit similarity method seems to identify
mainly more fainter shower members than the GMN
method (Figures 60 and 61).

Looking at the average absolute magnitude during the
activity period no trend or variation can be detected apart
from scatter caused by some outliers (Figure 62).

7 The complex composition of the
shower

The unusual radiant drift and significant change in orbital
elements during the activity period make it impossible to
identify these orbits correctly with a single mean orbit as
reference. The radiant drift cannot be determined with a
simple linear fit because of the unusual composition of the
Andromedid shower. Masahiro Koseki (2021) studied the
annual activity of the Andromedids based on SonotaCo
orbit data for the period 2007-2018 and found the same
radiant drift in Sun-centered ecliptic coordinates and the
same trend in the changing orbital elements.

Instead of using a single reference orbit to try to identify
Andromedid orbits, it would be more appropriate to use a
matrix of orbital elements to take the significant changes in
the orbital elements into account. In an attempt to visualize
the effect of the selection of the reference orbit on the
identification of Andromedid orbits and the subsequent
activity profile; the mean orbit has been calculated based on
a reference orbit obtained for different time intervals.

The mean orbits (Jopek, 1993), obtained with reference
orbits valid for different time intervals have been listed in
Table 1. First 7 intervals were used between solar longitude
215° and 250° in steps of 5°. Three mean orbits were
obtained for the three shower maxima intervals,
222.5°-228.5°, 238.5°-2425° and 245.6°-246.1°.

Table 1 — The mean orbits for the Andromedids identified with a reference orbit calculated for a specific range of GMN-identified orbits.

Range ref. Ao ag dy Ag—Lo By Vg a q e i Q ® N
40 (%) ©) ©) ) ©) ) km/s  AU. AU ) ®) ®) D <0.04
215-220 217.65 20.6 22.2 169.9 12.5 19.0 2.96 0.722  0.7555 8.4 218.22 248.43 221
220-225 22257 220 253 1674 14.9 183 300 0749  0.7502 9.0 22270  244.62 279
225-230 22744 232 28.1 164.6 17.0 174 2.96 0.776  0.7376 9.5 227.48 240.65 295
230-235 23221 237 324 1621 20.8 169 301 0807 0.7315 103 23246 23565 507
235-240 238.71 25.2 37.6 159.0 25.2 16.2 2.99 0.832  0.7216 11.6 238.90 231.36 754
240-245 24255 257 414 1573 28.5 159 298 0849 07155 122 24249  228.39 758
245-250 24654 256 443 154.7 31.2 15.5 3.01 0.865  0.7129 13.0 246.00 225.26 739
2225-2285 22525 226 271  166.0 16.3 178 294 0772 07372 9.3 227.03  241.37 297
238.5-242.5 240.45 25.6 39.7 158.5 26.9 16.2 2.99 0.839  0.7191 11.8 240.38 230.24 758
245.6-246.1 24584 258 44.6 155.5 314 15.7 3.00 0.864 0.7124 12.9 245.80 225.54 742
DPC 243.63 25.6 42.7 156.1 30.0 15.8 2.92 0.874  0.7009  14.77 248.39 222.52 656
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The mean orbit for the December psi Cassiopeiids identified
by the GMN shower identification method has been used as
reference orbit too (DPC).

This study has been based on a single reference orbit used
to identify Andromedids independently from the GMN
shower identification. The mean orbit taken for the entire
activity period is a compromise and may fail to identify
Andromedids at the start and at the end of the activity
period. Using a series of reference orbits based on different
activity intervals, we can consider the activity profile
according to these different reference orbits. The relevance
of these reference orbits in Table 1 is given by the number
of orbits that fulfil the high threshold similarity Dp < 0.04
(Table 1). The resulting profiles are presented in Figures 63
to 73. The influence of the chosen reference orbit is
obvious. The terms “peak” and “maximum” are very
relative as these refer to activity levels of maximum 35% of
the sporadic background activity.

35% - Mean orbit: 215°< Ay <220°
% Spor. Act.

30%

mD<0.105
D <0.08
D <0.06

25% | mD<0.04

mD<0.02

20%

15%

10%

5%

Figure 63 — The activity profile based on the orbit similarity
shower identification using a reference orbit derived for the
activity interval 215° < Ao < 220°.
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Figure 64 — The activity profile based on the orbit similarity
shower identification using a reference orbit derived for the
activity interval 220° < 1o < 225°.
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Figure 65 — The activity profile based on the orbit similarity
shower identification using a reference orbit derived for the
activity interval 222.5° < 1o < 228.5°, the first maximum.
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Figure 66 — The activity profile based on the orbit similarity
shower identification using a reference orbit derived for the
activity interval 225° < Ao < 230°.
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Figure 67 — The activity profile based on the orbit similarity
shower identification using a reference orbit derived for the
activity interval 230° < Ap < 235°.
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Figure 68 — The activity profile based on the orbit similarity
shower identification using a reference orbit derived for the
activity interval 235° < Ao < 240°.
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Figure 69 — The activity profile based on the orbit similarity
shower identification using a reference orbit derived for the
activity interval 238.5° < Jo < 242.5°, the second maximum.
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Figure 70 — The activity profile based on the orbit similarity
shower identification using a reference orbit derived for the
activity interval 240° < Ao < 245°.
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Figure 71 — The activity profile based on the orbit similarity
shower identification using a reference orbit derived for the
activity interval 245.6° < 1o <246.1°, the third and final sharp
maximum.
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Figure 72 — The activity profile based on the orbit similarity
shower identification using a reference orbit derived for the
activity interval 245° < Ao < 250°.
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Figure 73 — The activity profile based on the orbit similarity
shower identification using a reference orbit derived for the
activity interval 241° <o <256° with the December psi
Cassiopeiid orbits identified by GMN.
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8 Conclusions

The analysis of the available Andromedid and December
psi Cassiopeiid orbits obtained by the Global Meteor
Network allowed a detailed picture to be established of the
structure of this stream during the enhanced activity
observed during 2021. The hourly rates remained very low
at 35% of the sporadic rates at best. This is barely noticeable
for an uninformed visual observer.

The activity period could be confirmed for at least the
interval 206° < Ao < 278° or roughly October 20 till end of
December. This activity period is considerably longer than
previously assumed and definitely longer than what has

been assumed for the automatic GMN shower
identification. The shower meteors were identified
according to the GMN shower association and

independently with the orbit similarity method. Although
the latter identifies almost twice as many Andromedid
orbits than the GMN method, all essential conclusions in
this study remain the same for both identification methods.

The activity profile reveals three different maxima, a first
enhanced activity during several nights around 1o ~234°, a
second more compact concentration at 1o ~239.4° and a
final short duration concentration at 1o ~246.0°. Beyond
these time intervals, the activity remained very low at less
than 5% of the sporadic activity.

The usual radiant drift caused by the rotation of the Earth
around the Sun is partly compensated by the changing
orbital orientation. This explains the disagreement in
radiant drift between different sources as these depend on
the activity interval taken into consideration for the radiant
drift. In case of the Andromedids, the radiant drift cannot
be determined with an ordinary linear regression with a
steady increment in R.A. and declination.

The orbital elements show an evolution in time, the
longitude of perihelion 17, the inclination i, and especially
the perihelion distance q increase during the activity period.
The eccentricity e decreases and the semi major axis a
remains constant. The distribution of the orbital elements
shows distinct concentrations within the Andromedid
complex.

A single reference orbit and radiant position cannot identify
all shower members. A range of orbits or an orbit matrix is
required to cover the structure of this complex shower. The
influence of the choice of the reference orbit on the
identification of Andromedid orbits has been shown.
Taking the drift in orbital elements into account to define a
set of reference orbits to apply the D-criteria could result in
an improved shower identification. It is not expected that
this would lead to significant different conclusions. It is
obvious that the Andromedid meteoroid stream suffered
severe perturbations to an extent that it should be
considered as a shower complex rather than as a single
meteoroid stream.

1 https://creativecommons.org/licenses/by/4.0/
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The Brazilian Meteor Observation Network (BRAMON) is a meteor detection network that has been implemented
in Brazil since 2014. BRAMON observed about 31 thousand meteors, of which 6% were observed simultaneously
by two or more stations during 2014 and 2015. We have made a statistical analysis of some meteor showers and
sporadic meteors of this homogeneous set of light curves and dynamic data. The distribution of meteor light curve
durations for the SDA and SPO do not vary between 2014 and 2015. This similarity could be associated with the
dependence of this duration with meteor altitude variation and the zenithal component of the geocentric velocity.
About 79% of the light curves with duration > 0.3 s, are convex in our sample. The F parameter has no dependency
on the parent body, meteor shower complex, or kinematic parameters. The median F equals 0.56, suggesting that

these meteors’ light curves are late-peaked.

1 Introduction

Meteors are luminous phenomena that occur in the upper
atmosphere. The spatial perspective of the meteor’s
trajectory is completely lost if the meteor is seen from a
single point on the Earth’s surface. The trajectory is
projected on a sky background that varies with the location
of the observation. Different stellar backgrounds observed
from multiple sites allow the reconstruction of the geometry
of the meteor’s appearance. For that, the observations must
happen in a common volume of the Earth’s atmosphere.
This common trajectory can be deduced from observations
made with the naked eye, photographic or TV cameras, or
radar. The first observations with dual photographic
cameras were started in 1936 at the Harvard Observatory
(USA) (McCrosky and Boeschenstein, 1965) and the
Ondrejov Observatory (former Czechoslovakia) in 1951
(Bland, 2004). High- sensitivity, low-cost TV cameras of
the order of 10~* lux became common from the early 2000s.
As a result, there was a significant increase in the number
of amateur and professional meteor monitoring networks
spread across Europe and the American continent, totaling
more than a dozen projects. The common aims of most of
these initiatives are the studies of dynamic (atmospheric
trajectory and orbit) and physical (magnitude, mass, and
chemical composition) properties of meteors. One of the
largest monitoring networks in the southern hemisphere is
the Brazilian Meteor Observation Network (BRAMON).
BRAMON started operating with nine stations in its first
year, and had 23 cameras in 2015. Most stations are located
in south-central Brazil, where the largest urban centers Rio
de Janeiro and S&o Paulo are located, and the rest in the
central, northeast, and west of the country. The stations are
equipped with a TV camera capable of recording
astrometric and photometric data from meteors, allowing
the study of the dynamic and physical properties of the
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meteors. BRAMON recorded 30768 single meteors
between 2014 January and 2015 September, which were
separated into 392 different meteor showers from the list of
the International Astronomical Union Meteor Data Center
(IAU MDC) and the sporadic meteors (SPO). 2035 paired
meteors were observed as double or multiple station events
in the same period.

We performed a statistical analysis of the light curve
photometric parameters (duration T and skewness F
parameters) from meteors observed by BRAMON between
2014 and 2015.
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Figure 1 — The spatial disposition of BRAMON stations in the
territory of Brazil (points) in 2014 and 2015. Three major
metropolitan centers had stations at that time: Brasilia, Jodo
Pessoa, and S&o Paulo. Some stations can have two or more
cameras pointed to different azimuths for pairings with adjacent
observational sites.
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2 The data

The main component of a meteor observation station is its
camera whose efficiency is limited by its sensor, sky
brightness, and detection software. Between 2014 and 2015,
a typical BRAMON station was equipped with a Samsung
SCB 2000 camera, which uses a Sony Super HAD 1/3 CCD
sensor, and is capable of registering light sources up to 0.05
lux intensity. These cameras were modified with the
removal of the infrared (IR) filter, and a Varifocal Ai 3-
8mm Dc F1.0 Ltvr-3 lens was combined. This lens provided
a field of view (FoV) of ~ 70 x 60 degrees for the shortest
focal length. The 23 BRAMON operators had 27 stations,
60% of which were located in small urban centers, with a
low level of light pollution. BRAMON stations are
distributed below the equator, concentrating near the Tropic
of Capricorn (Figure 1). The geographical disposition of the
stations allowed the detection of meteors in a declination
range between —90 and +60 degrees. BRAMON uses the
UFOCAPTURE  software to  detect  meteors.
UFOCAPTURE works in conjunction with the
UFOANALYSER and UFOORBIT programs that make it
more suitable for studying meteors. UFOANALYSER
classifies the detected objects (meteors, airplanes, insects,
etc.) in the videos. Each class is defined using configurable
parameters such as brightness, pixel dimensions, geometry,
and duration. For astrometry, a celestial map is
superimposed on an image extracted from the recorded
video to obtain the position in the sky (right ascension and
declination) and the apparent magnitude of the object as a
function of time. The UFOORBIT program combines
observations from different stations and calculates
trajectories and orbits of meteoroids. This program has
internal quality criteria that automatically reject pairs of
observations with low precision or with a path geometry
considered to be unrealistic. For this task, UFOORBIT has
four quality factors for determining dynamic parameters of
a meteor: Qo combines data from several stations based on
a given time interval (D) in which the same meteor is
observed at several stations; Qs rejects fictional meteors, Q2
excludes ill-defined radiants and Qs discards meteors with
ill-determined speeds. The orbital elements generated by
UFOORBIT are a mix of data with uncertainties that vary
according to the number of stations that simultaneously
registered the meteor, duration of the light phase, angle
implied by the trajectory recorded in the camera’s field of
view, etc. The data considered in Section 3 were processed
using conditions Qo, which by definition are more
permissive, but which maximize the number of available
orbits. However, it is perfectly possible to change the
standard processing criteria to exclude ill-defined orbits.
This was done in the reduction of BRAMON data. The
applied criteria are shown in Table 2 by Kornos et al.
(2013).

Veres and Toth (2010) analyzed the classification of
meteors generated by UFOORBIT and by the D-criterion
(Southworth and Hawkins, 1963). According to the
D-criterion, a small fraction of the SPO population is
contaminated by meteors associated with meteor showers,
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which were poorly classified by UFOORBIT. The median
contamination of the SPO population is 6.4% with a
maximum value of 15.2%. We consider these percentages
small so that the dynamic classifications performed by the
set of UFOCAPTURE programs allow a robust population
to study the BRAMON meteors within the scope of this
work.

Hajdukova et al. (2017) suggested that the orbital
eccentricity of GEM meteors is influenced by the accuracy
in determining meteor velocities. Table 3 by Hajdukova et
al. (2017) suggests that the weighted average orbital
elements generated by EDMONGd and SonotoCo, both users
of the UFO programs, and four other meteor detection
networks present varied deviations from equivalent
quantities generated by radar or photographic observations,
in addition to having essentially similar dispersion. Based
on the previous information, we conclude that the
distributions of the orbital elements generated by the UFO
programs, as well as other meteor detection networks, have
systematic and random errors. Random errors can be
associated with positional measurements of meteors in the
sky extracted from trajectories recorded in a way that is not
always favorable in the camera’s FoVs. Systematic errors
are due to the use of different methodologies to obtain
velocities and orbits.

Statistical hypothesis tests applied on datasets reduced with
different procedures can generate questionable results due
to systematic errors. This effect is not manifested in the
comparisons between BRAMON data because it comes
from the same detection network, composed of similar
cameras, and reduced with the same methodology.

The independent samples t-test has been used as a criterion
for testing the non-similarity (“null hypothesis”) between
the analyzed distributions of various meteor physical
parameters throughout this work. A large p-value (greater
than confidence level o = 0.05) indicates strong evidence
against the null hypothesis. The t-test is a parametric test
that makes the comparison between means of each observed
distribution, using their variance and the sample size.

We have analyzed two meteor light curve parameters: the
skewness parameter F and the light curve duration. The
duration of the light emission of a meteor is defined by the
time interval between the beginning and the end of the
detection of a meteor in a given season.

The most common measures of central tendency are the
arithmetic mean, the median, and the mode. Central
tendency estimators are extremely important because they
provide a typical value in the sample, regardless of their
dispersion. The choice of the best estimator is complex and
depends a lot on the shape of the distribution (symmetrical
or asymmetric). For a distribution that is of the Gaussian
type, the mean is the most reasonable estimator. For an
asymmetric distribution such as that observed in the
duration T and F parameter, a better estimator would be the
median, as it is not influenced by extreme values.
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We compared the means using the t-test for its common use
as a central tendency estimator in physics and astronomy.

The detected meteors were separated by meteor showers
and sporadic meteors (SPO). We consider meteors
associated with meteoroid streams from EDMONAd’s J8
radiant catalog, which are connected with the IAU MDC
working list of meteor showers (Kornos et al., 2014). The
association of meteors with meteor showers is based on the
2014 and 2015 versions of these catalogs, but updates have
been added based on the current classification scheme
(January 2022), based on the list of all meteor showers of
the Meteor Data Center.

3 Analysis

3.1 Duration of meteor light curves

Brosch et al. (2004) have shown that the duration of the
luminous phase of a meteor is the one of most important
light curve parameters to differentiate the 2002 LEO meteor
light curves. We have compared distributions of visible
light curve duration between different meteor showers to
investigate this idea. We analyzed the distribution of visible
light curve duration of meteors belonging to the SDA
(Southern delta Aquariids) in 2014, CAP (alpha
Capricornids), ETA (eta Aquariids), GEM (Geminids),
SDA, PER (Perseids) SIA (Southern iota Aquariids), and
STA (Southern Taurids) in 2015. The sporadic meteors
(SPO) were observed in both observing seasons. All
analyzed meteors in this section have been observed as
double or multiple station events.

potential symmetrical distributions. The sporadic meteors
have a duration distribution with skewness and kurtosis
equal to 48.169 and 326.537 respectively in the same
observational season. The high kurtosis value suggests that
the duration distributions of the SPO are heavily tailed or
have a profusion of outliers. We have identified these
outliers using the Tukey’s Fences method (k= 1.5),
corresponding to a light curve duration > 0.8 s and = 7% of
the sample. The median of SPO meteors’ outliers beginning
and ending heights variation AH (= Hp — H.) are twice the
value of the rest of the sample (23 versus 10 km in 2014,
and 20 versus 10 km in 2015) (Figure 3), associated with a
reduction of the geocentric velocity (38 versus 14 km/s in
2014, and 51 versus 21 km/s in 2015). These meteors have
a long atmospheric path and low velocity, justifying a
longer light curve duration. We were not able to define the
same statement for the meteor shower’s outliers between
the analyzed meteor showers due to the small number of
meteors in the same duration range.
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Figure 2 — Histograms of the duration T(s) of light curves of
sporadic meteors and some meteor showers observed in 2014 (a)
and 2015 (b, c, and d).

The observed distributions of the duration of the BRAMON
meteors are positively skewed (Figure 2), with skewness
and kurtosis varying between 13.725-17.218 (ETA) to
0.8301 - 0.529 (SIA) or 0.5393 — 0.4112 (SDA) for meteor
showers observed in 2015, implied in asymmetrical to
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Figure 3 — Relationship between the SPO’s meteors visible light
curve duration T(s) and beginning and ending heights H (km)
observed by BRAMON in 2014 and 2015 respectively.

Table 1 — Number of meteors N and median geocentric velocities
vg (km/s), beginning and ending height Hy and He (km), radiant
zenith distance Z (degrees) and duration T(s) for the SDA meteor
shower observed by BRAMON in 2014.

N Vg Hb He z T
24 36.0 92.8 85.7 23.6 0.20

We sort the meteor shower geocentric velocities on
ascending order in Table 2 to define the pairs compared
with the t-test. The t-test suggests a similarity between the
distributions of the duration of the light curves for the SDA
meteor shower observed in 2014 and 2015, with a
p-values = 0.078. This condition is valid for SPO meteors
observed in the same period (p-value = 0.35). The
comparison between the distributions of the pairs
GEM - SDA, SDA - SIA and PER — ETA in 2015 have
shown a dissimilarity between them (Table 3). The pair
CAP — GEM is similar with p-value = 0.12.
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Table 2 — Number of meteors N and median geocentric velocities
vg (km/s), beginning and ending height Hy and He (km), radiant
zenith distance Z (degrees) and duration T(s) for the meteor
showers observed by BRAMON in 2015.

Name N Vg Hb He z T

CAP 29 22.3 89.3 78.5 27.8 0.50
GEM 19 3338 94.7 814 458 0.63
SDA 55 38.6 91.8 84.7 26.5 0.22
SIA 30 39.8 90.6 90.6 27.4 0.16
PER 15 59.6 113.0 98.9 80.5 1.18
ETA 20 64.5 108.8 96.9 47.0 0.26

Table 3 — Meteor shower pairs and corresponding p-values
obtained from t-test using 2015 data.

Pair p-value
CAP-GEM 1.2x107
GEM - SDA 40x10%

SDA - SIA <7.0x107?
PER-ETA <1.0x10*
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Figure 4 — Relationship between the median visible light curve
duration T(s) and the ratio Tm (= AH/vg c0s(Z) ) (s) of the meteor
showers listed in the Tables 1 and 2. The best linear fit with linear
a and angular b coefficients is represented by the solid red line.

The meteor shower SDA has approximately the same
median geocentric velocity vg, zenith distance Z, and height
variation AH in 2014 and 2015 (Tables 1 and 2), which
could explain its similarity. There are significant
differences between some of these parameters for pairs of
meteor showers with p-value < 0.05, and even between
statistically similar showers as the pair CAP — GEM.

There is no distinction between the meteoroids analyzed in
this study from a mineralogical point of view. Sekiguchi
(2020) classified 1596 meteor spectra using the scheme by
Borovicka et al. (2005). The analyzed meteors are in the
absolute magnitude range from -8 to +2.6, similar to our
sample. The showers ETA, GEM, PER, and SDA showed
predominantly meteoroids with N3 type spectra (enhanced
Na and Fe poor). The dissimilarity between the pairs
PER — ETA, SDA-SIA and GEM — SDA in Table 3 could
not be explained by mineralogical difference between the
meteors from various meteors showers.

We calculated the ratio Tr between the height variation AH
and the zenith component of the meteor’s geocentric
velocity vq cos(Z). The classic model of the ablation of
meteors suggests that the duration depends on the initial
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mass, the density, height, speed of the meteor and the zenith
distance (its cos(Z)) (Hawkes and Jones, 1975). We found
that the ratio Tr is approximately equal to the duration T
(Figure 4).

The largest difference D between Ty, and T is associated
with the PER meteor shower (D =—0.25 s), as opposed to
what was observed in the CAP, GEM, SDA, SIA and ETA
meteoroid streams (—0.05 < D < 0.07 s). The difference D
between T and T could be explained by the deceleration
suffered by the meteoroid on its entry into the Earth’s
atmosphere. The previous measurements are approximately
within the uncertainty of the measurement of time in our
observations (0.07 s). Then, given the uncertainty of
duration, it is not possible to detect the effect of the
deceleration in the light curve duration amongst the
analyzed meteor showers.

The zenith component of the geocentric velocity in the
definition of duration T may be responsible for the
similarity or dissimilarity between the pairs defined in
Table 3.

The zenith distance of a meteor’s radiant depends on the
geographic location of the observer, so it is not
recommended to compare the distribution of the duration of
meteor light curves obtained from different observational
sites.
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Figure 5 — Light curves from sporadic early (a) and late-type (b)
meteors were observed in Jodo Pessoa (northeast of Brazil) in the
first quarter of 2015. The solid red curve corresponds to a sixth-
degree polynomial.

3.2 Symmetry of meteor light curves

The classical model for the ablation of a dust ball meteor
suggests an asymmetrical magnitude distribution around
the brightness peak. However, the light curve can be late or
early peaked due to variation in the atmospheric density and
meteoroid composition, size, bulk density, or compressive
strength (Figure 5). The light curve symmetry or skewness
parameter F, defined as the ratio between the time intervals
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for a meteor magnitude rise and drop of 1 magnitude
relative to the light curve peak (Brosch et al., 2004):

tpy —t
F — B1 M (1)
tp1 —te1
with tp4 and tg4 the time when the meteor brightness is 1

magnitude fainter than the peak (£ < tg4), and t,, is the
time of the peak brightness.

Table 4°— Number of meteors N, parent body or meteor shower
complex, and median F parameters for SPO meteors observed in
2014 and 2015, and seven meteor showers observed in 2015.

Parent
Name N Body/Complex F
NIA 32 x/298/1AQ 0.52
P/2008 Y12

SDA 8  (soHoy2orDAQ %2

109P/Swift-

PER 81 Tuttle/x 0-54
SPO 2014 751 XIX 0.55
SPO 2015 787 X/ 0.57

ETA 39 1P/Halley/x 0.58

SIA 43 x/298/1AQ 0.61

CAP 59 169P/NEAT/X 0.62

C/1852 K1
ERI 42 (Chacornac)?/x 0.69

Table 5°— Meteor shower pairs and corresponding p-values
obtained with t-test using 2015 data.

Pair p-value
SIA - SDA 2.0x10*
SIA-NIA 3.2x10°8
PER — ERI 4.2 x107?
SDA - PER 2.0x10?
ERI-ETA 43 %101
CAP -SIA 7.9 x 1072
ETA-PER 2.1x101
NIA — SDA 7.3x101

The times tg4, tgq1, and £y, of Equation (1) were estimated
with the sixth-degree polynomial adjustment of the meteor
light curves. This degree of the polynomial was arbitrated
for providing a high quadratic correlation factor (R?>0.95)
for curves with an approximately convex shape (Beech,
2007). The morphological classification applied in this
study is based on the F value: F = 0.5 corresponds to a
symmetrical light curve as predicted by the classic model,
F <0.5is an early one, and F > 0.5 a late skewed curve.

We analyzed the distribution of 4725 measures of parameter
F corresponding to light curves and duration equal to or
higher than 0.3 s. The choice of this minimum duration
implied light curves with at least 10 data points considering
an interval of = 0.033 s between each frame. The meteors
were observed at a single station, justifying the difference
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between the number of meteors in the same meteor shower
or sporadic meteors analyzed in Section (3.1). There were
no meteors with sufficiently high angular velocity in our
data set to generate trails that would make it impossible to
determine the points that made up the light curves. The
analyzed dataset has SPO meteors observed in 2014 and
2015 and the CAP, ERI, ETA, NIA (Northern iota
Agquariids), PER, SDA, and SIA meteors observed in 2015.
About 5% of this sample is made up of meteor light curves
with F < 0.2 and 16% with F > 0.8.
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Figure 6°— Histograms of the F parameter distributions of the light
curves of all meteors and SPO meteors observed in 2014 and 2015
(aand b), and for CAP and SIA meteor showers in 2015 (c and d).

Koten et al. (2004) did not identify light curves with F < 0.2
and about 2% of a total of 170 PER meteors had light curves
with F > 0.8. Our data do not allow us to refute these ideas.
The BRAMON’s light curves with F > 0.8, appear to be
double-peaked (Kozak, 2018) or probably present
flickering phenomena (Opik, 1936; Beech and Brown,
2000). This implied quadratic correlation coefficients
R% < 0.90 with the used polynomial. We do not consider
these F parameter estimates to be reliable. Light curves with
0.2 < F < 0.8 have an approximately convex shape
(Figure 5). As a result, we analyzed light curves with
0.2 < F < 0.8, which reduced our sample to 3732
measurements. This amount implied that 79% of
BRAMON meteors had approximately convex light curves,
which is a reasonable value when compared to the 67%
percentage of single-peak light curves found by Subasinghe
etal. (2016). The residual distribution is asymmetrical, with
left/negative skew, long left tale (skewness = —0.23), and
platykurtic (kurtosis =-1.0), and presents short thin tails
(Figure 6). The median F parameter of the meteor showers
and SPO meteors vary between 0.5 and 0.7 (Table 4).

The F parameters of the CAP, ETA, SDA, SIA, and PER
meteors do not appear to have any correlation with the
geocentric velocity or its zenith component, altitude
variation, or light curve duration comparing the data from
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Table 4 to 1 and 2. The t-test indicates that the meteor
shower F parameter distributions also are independent of
the dynamic association (Tables 4 and 5).

The distributions of the F parameter of the SPO meteors
vary between 0.5 and 0.7 (Table 4). The distributions of the
F parameter of the SPO meteors shows temporal variation
(p-value = 1.8 x 107%) between 2014 and 2015. The F
parameter distributions of meteor showers SDA, SIA, and
NIA are not similar to SPO meteors in the 2015
observational season (Table 6).

Table 6 — Meteor shower pairs and corresponding p-values
obtained with t-test using 2015 data.

Pair p-value
SPO - SDA 5.5x 107
SPO -ERI 6.2 x 102
SPO - NIA 3.8x107?
SPO -SIA 4.2 x107?
SPO - PER 2.9 x10?
SPO - ETA 44 %101
SPO — CAP 6.4 x 10!

Koten et al. (2004) postulates that the average F parameter
is inversely proportional to the strength of the material that
makes up the meteoroids. The strength of the meteoroid
material can be inferred indirectly through the PE criterion
(Ceplecha and McCrosky, 1976). Fireballs can be separated
into four classes (I, I1, 1A, and I11B), according to the PE
value. Brown et al. (2013) defined mean PE values for the
Taurids (—5.39 £ 0.34), PER (-5.52+0.24) and GEM
(—4.5 + 0.3) observed by the MORP network. The PER and
Taurids fireballs are more often of type Illa (short period
cometary), whereas the GEM meteors are of type I
(ordinary chondrite-like). GEM meteoroids would be less
fragile than PER. Thus, we could conclude that the pairs
defined in Tables 5 and 6 with p-value > 0.05 would have
similar strength levels. However, the PER meteors may
present late-peaked light curves for meteoroids of greater
mass (> 1075 kg) (Campbell-Brown, 2019).

The median F parameter of all meteor light curves observed
by BRAMON in 2015 and 2015 is 0.56, which suggests that
light curves are, in general, late peaked for meteors with a
duration greater than or equal to 0.3 s.

4 Conclusions

We analyzed a homogeneous set of photometric and
dynamic meteor data obtained by BRAMON between 2014
and 2015. Our main results are:

Light curves of SPO meteors with T > 0.80 s are classified
as outliers, corresponding to 8% of the total humber of
meteors observed in 2014 and 2015. These outlier meteors
have AH height variations and the geocentric speeds are
twice and half of the rest of the sample respectively
justifying their longer duration.
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The distributions of the duration T of the luminous phase of
the meteors of the SDA showers and the SPO meteors do
not present variation between 2014 and 2015. There is a
similarity between the distributions of duration between the
meteor shower pairs CAP — GEM and SDA - SIA in the
2015 observational season.

The ratio between height variation AH and the zenith
component of geocentric meteor velocity vy cos(Z;) is
approximately equal to the duration T of a meteor light
curve.

The zenith distance of a meteor’s radiant depends on the
geographic location of the observer, so it is not
recommended to compare the distribution of the duration of
meteor light curves obtained from different observing sites.

The distributions of the symmetry parameter F of the
meteors’ light curves of SPO meteors are dissimilar in 2014
and 2015. The opposite condition was observed in 2015
between the meteor shower pairs SDA — PER, ERI — ETA,
CAP —SIA, ETA - PER, and NIA — SDA. The similarity
between these meteor showers suggests independence of
the F parameters with the light curve duration, cinematic
parameters, or parent body/meteor shower complex.

The median value of the symmetry parameter F of the light
curves registered in 2015, with a duration greater than or
equal to 0.3 s and 0.2 < F <0.8, is 0.56, indicating that the
meteor light curves are late-peaked
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Discovery of a shower associated with comet
197P/LINEAR in UKMON Meteor Orbit Data

John Greaves
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Examination of archived meteor orbits from the UKMON multi-station meteor survey in comparison to known
cometary orbits via D; criterion selection revealed meteor streaming associated with the Jupiter Family Comet
197P/LINEAR. Extension to other multi-station meteor surveys led to a significant increase of candidate meteors
helping to confirm matters. The recent evolution of the cometary orbit suggests that this shower is not only new
but may increase in activity in the years to come, with the possibility of the May iota Draconids being an early

expression outlier of this stream also being discussed.

1 Methodology

Archival data from the UKMON meteor survey (e.g.,
Campbell-Burns and Kacerek, 2014) were obtained from
the UKMON online public data archive? with the orbital
part of the data being analyzed utilizing the Jopek (1993) D
criterion modification, henceforth referred to as D;. One
analysis took the form of assessing the UKMON orbits
against those of comets using a D; upper threshold limit of
0.10.

After a reasonable match of ten meteor orbits were found
against the Jupiter Family Comet 197P/LINEAR? a wider
D, test was made using data from multi-station meteor
survey publicly available data archives of SonotaCo
Network (e.g., SonotaCo, 2009), CAMS (e.g., Jenniskens et
al., 2018), EDMOND (e.g., Kornos et al., 2014) and Global
Meteor Network (Vida et al., 2019a; 2019b). As various
regional meteor surveys can not only provide their own
dataset but contribute it to other surveys the combined
datasets used in this search had the potential for some
duplicates, accordingly the results were sorted on Right
Ascension and any objects in the resultant output having a
commonality of Right Ascension, Declination and Solar
Longitude had one of the duplicates removed (this led to the
removal of three orbits). The various surveys have differing
end dates for their public data releases, in the case presented
here only GMN, SonotaCo and UKMON has so far
provided data covering up until the end of 2021.

This resulted in a total of 161 meteor orbits meeting the
D, < 0.100 threshold for the 197P/LINEAR orbit used, of
which 72 have D; < 0.008 and 20 have D; < 0.006.

As all the surveys have at least some regional aspects in
global terms, with only some being truly global, leading to
concomitant caveats with respect to nightly coverage due to
local weather, as well as the dramatic increase in the number
of cameras and sites used in most if not all surveys in very
recent times, no year-by-year count of meteors is presented.

2 https://archive.ukmeteornetwork.co.uk/
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As survey temporal and spatial coverage increases and
becomes more complete such comparisons may well be
informative due to the evolution of this comet’s orbit, as
outlined in the Discussion section.

2 Results

The ten UKMON discovery orbits are listed in Table 1
below. Due to some surveys using similar software either
currently and/or in the past there is a tendency for them to
have similar if not identical styles for their identifiers.
Where relevant in Table 1 and also in the following Table 2
SonotaCo identifiers appear as is, the wvery similar
EDMOND identifiers are preceded by the two-letter prefix
‘ED’ and the equally similar UKMON identifiers are
preceded by the two-letter prefix ‘UK’ in order to clarify
the provenance of the orbits. At the time the data were
procured GMN did not use a unique identifier and as such
those orbits had a built-in running number identifier
appended to them on import into a master orbits database
created for analyses such as this. This running number is in
no way official.

3 Discussion

197P/LINEAR and its orbit

The original analysis used cometary orbits as a seed to
check for potential comet-shower associations within
UKMON orbit data, with 197P/LINEAR alone arising as a
previously unknown candidate. Whilst examining the data
at the Minor Planet Center for this small and faint object it
was noted that there were several different orbits provided
since 2003 effectively representing the comet’s perihelion
return nearly every five years. Although somewhat inclined
in its orbit the comet does nevertheless approach the orbit
of Jupiter to within one Astronomical Unit (1 AU) at
aphelion, having a Jupiter Family Comet Tisserand like
value (T;) of around 2.9.

3 https://minorplanetcenter.net/db_search/show_object?object _id
=197P
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Table 1 — The identifier, D, criterion value relative to 197P for the UKMON orbits, radiant position as Right Ascension and declination
in degrees, solar longitude o in degrees, geocentric velocity vy in km/s, perihelion distance g in Astronomical Units, eccentricity e,
inclination i in degrees, argument of perihelion @ in degrees and ascending node Q in degrees are given for each associated meteor orbit
followed by their mean and median value along with the standard deviation and finally the orbital details for 197P used in the test.

ID D R.A. Dec. Lo Vg q e i w Q

UK20200526_003101  0.088 235.4 53.7 64.962 16.3 0.9984  0.5873 24.15 196.1 64.97

UK20210530_235903  0.092 238.0 57.8 69.487 16.2 1.0082  0.5575 2491 190.09 69.5

UK20200531_000246  0.054 240.0 60.2 69.741 17.8 1.0107 0.6135 27.39 187.42 69.75

UK?20210531_235736  0.072 232.3 56.3 70.444 16.5 1.008  0.6376 24.13 189.97 70.46

UK?20190601_235642  0.082 225.9 62.5 70.940 15.2 1.0141  0.6094 22.3 180.97 70.94

UK20210601_234528  0.077 223.1 60.5 71.394 154 1.0138 0.6446 22.13 182.38 7141

UK20180604_001155  0.081 240.0 59.0 73.105 17.4 1.0108 0.6284 26.37 187.81 73.11

UK?20210605_002040  0.092 240.2 59.3 74.291 17.7 1.0116 0.628 26.91 187.15 74.3

UK?20210606_225702  0.098 241.6 64.6 76.150 18.3 1.0149  0.6088 28.51 180.47 76.16

Mean orbit 235.1 59.1 66.872 16.9 1.007 0.619 25.2 188.6 66.9
Median orbit 236.7 59.3 67.007 16.9 1.008 0.618 25.3 189.1 67
Stand. Dev. 6.3 4.2 5.333 11 0.007 0.034 21 5.9 5.3

197P/LINEAR 1.0599 0.6301 25.557 188.68 66.39

Table 2 — The identifier, Dy criterion value relative to 197P for all orbits, radiant position as Right Ascension and declination in degrees,
solar longitude Jo in degrees, geocentric velocity vg in km/s, perihelion distance g in Astronomical Units, eccentricity e, inclination i in
degrees, argument of perihelion @ in degrees and ascending node £ in degrees are given for each associated meteor orbit followed by
their mean and median value along with the standard deviation, as well as the minimum and maximum value for all orbits and finally
the orbital details for 197P used in the test. The GMN running number is not official, SonotaCo orbits have no prefix, an ‘ED’ or ‘UK’
prefix denotes an EDMOND or UKMON orbit respectively.

1D D; R.A. Dec. Lo Vg q e i o Q
ED20080523_224334 0.079 229.6 60.2 63.038 15.9 1.0101 05992 2361 18665 63.04
20090527_022105 0.092 234.9 52.4 65.459 15.9 0.9989 0.6431 2238 19543  65.46
ED20100524 220014 0.064 239.9 59.5 63.479 18.2 1.0075 0.6060 28.09  189.48  63.48
20100602_235220 0.058 234.0 62.4 71.825 16.9 1.0141 0.6482 2516 181.14  71.83

ED060506MLA0027 0.083 241.7 65.3 75.116 16.5 1.0147  0.5848 25.39 179.77 75.12
ED20110522_222928 0.081 240.4 60.2 61.330 18.0 1.0076  0.6028 27.87 189.02 61.33
ED052425ZGR0004 0.095 243.0 60.7 63.173 19.1 1.0084 0.6021 30.00 188.58 63.17

CAMS8363 0.088 239.7 55.7 65.627 18.8 0.9996  0.6579 28.19 194.91 65.63
ED20110529_231653 0.094 228.1 55.0 68.085 16.4 1.0074  0.6998 22.93 189.94  68.09
ED20110603_003805 0.089 245.2 66.9 71.975 17.7 1.0142  0.5891 27.73 179.00  71.98

CAMS8414 0.082 224.6 59.9 72.315 15.2 1.0132  0.6008 22.22 184.40  72.32
ED20110604_015304 0.095 2355 64.0 72.983 17.6 1.0143  0.7063 25.56 181.49 72.98
CAMS60415 0.094 231.8 52.6 58.610 16.4 0.9910  0.5817 24.07 199.26 58.61
CAMS60635 0.059 235.4 57.6 60.371 17.8 1.0014  0.6246 26.72 193.51 60.37
CAMS60798 0.051 234.4 57.4 61.539 17.2 1.0023  0.6083 25.84 193.22 61.54
CAMS60858 0.064 225.8 54.9 62.327 15.9 1.0021  0.6305 22.76 193.29 62.33
CAMS60876 0.077 239.2 55.3 62.371 17.8 0.9968  0.5957 27.10 196.63 62.37
CAMS61249 0.084 219.9 63.0 67.254 15.7 1.0132  0.6442 22.78 182.25 67.26
CAMS61346 0.077 225.8 63.2 68.165 155 1.0132  0.5885 23.27 182.91 68.17

ED20120529_215237 0.079 232.7 64.7 68.740 16.6 1.0137  0.5921 25.47 180.64 68.74
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ID D; R.A. Dec. Ao Vg q e i 1) Q
CAMS61674 0.058 235.6 62.2 70.119 16.8 1.0124  0.5856 25.75 185.29 70.12
CAMS62019 0.096 242.8 59.6 72.071 17.9 1.0094  0.5896 27.79 189.23 72.07
CAMS62848 0.097 230.3 64.1 78.650 16.8 1.0152  0.6267 25.28 179.59 78.65
CAMS116414 0.096 231.1 54.2 56.353 18.2 0.9916  0.6749 26.26 197.91 56.35
CAMS116669 0.092 234.3 52.2 57.486 174 0.9866  0.6036 25.73 200.85 57.48
CAMS116917 0.088 233.2 52.1 59.254 17.0 0.9890 0.6001 24.89 200.00 59.25
ED20130520_212457 0.082 232.1 59.7 59.826 17.1 1.0070 0.6181 25.80 189.24 59.83
20130521_205020 0.082 228.4 59.3 60.404 17.3 1.0080 0.6323 26.03 188.38 60.40
CAMS117442 0.053 230.8 57.4 63.078 16.3 1.0046  0.5995 24.26 191.85 63.07
CAMS117654 0.061 238.7 56.8 64.161 17.7 1.0016  0.6025 27.01 193.99 64.16
CAMS117745 0.064 223.2 59.5 65.970 16.2 1.0104 0.6652 23.28 186.74 65.96
CAMS117828 0.044 226.9 60.1 67.869 16.6 1.0111  0.6548 24.18 186.37 67.86
CAMS118015 0.086 227.8 54.6 69.021 15.6 1.0059 0.6166 22.43 191.54 69.02
CAMS118106 0.089 234.1 56.8 69.795 16.0 1.0070 0.5774 24.10 191.06 69.79
CAMS118212 0.085 223.9 56.4 69.947 16.1 1.0096 0.6804 22.71 188.28 69.94
20130531_214206 0.079 236.9 56.1 70.037 16.9 1.0078  0.5852 25.76 190.40 70.04
20130603_211321 0.072 231.4 57.0 72.893 16.7 1.0116  0.6386 24.76 186.84 72.89
CAMS118604 0.078 221.4 64.5 73.783 16.1 1.0145 0.6462 23.50 178.82 73.78
CAMS118684 0.098 227.4 63.2 74.670 15.3 1.0146  0.5688 23.10 181.02 74.67
CAMS187483 0.094 233.0 51.2 57.086 17.5 0.9840 0.6192 25.48 201.71 57.08
20140520_004224 0.089 237.3 57.7 58.388 16.9 1.0037  0.5901 25.51 191.85 58.39
CAMS366248 0.075 235.9 54.9 58.673 18.1 0.9940 0.6304 27.07 197.34 58.67
20140522_000305 0.066 235.8 55.1 60.286 16.7 1.0010 0.5928 24.94 193.95 60.29
CAMS188569 0.074 238.7 59.3 63.984 17.1 1.0062  0.5649 26.43 190.99 63.98
CAMS188636 0.056 230.0 60.6 64.719 16.2 1.0097  0.5972 24.26 187.56 64.72
CAMS188673 0.073 222.1 57.8 64.784 15.3 1.0088  0.6246 21.85 188.48 64.78
ED20140526_221937 0.082 225.3 62.7 65.384 15.6 1.0121  0.5963 23.24 184.21 65.38
ED20140526_231411 0.090 239.9 63.1 65.420 171 1.0112  0.5543 26.79 185.97 65.42
CAMS188822 0.090 2275 55.3 65.623 15.1 1.0049 0.5782 22.03 192.14 65.62
ED20140528_003629 0.087 220.8 55.1 66.436 14.9 1.0076  0.6328 20.87 189.83 66.44
CAMS189072 0.099 235.0 55.3 66.633 16.0 1.0024  0.5602 2411 194.09 66.63
CAMS189244 0.076 230.0 55.5 66.869 15.7 1.0048 0.5933 23.07 192.24 66.87
ED20140529 020818 0.073 243.2 59.2 67.457 18.6 1.0067 0.6115 28.79 190.80 67.46
CAMS189291 0.088 234.3 55.0 67.616 17.8 1.0021  0.6765 26.01 193.58 67.61
CAMS189423 0.054 227.0 57.1 67.820 16.0 1.0083  0.6373 23.19 189.34 67.82
CAMS189467 0.100 239.4 55.6 68.526 18.5 1.0016  0.6585 27.66 194.09 68.52
CAMS189531 0.074 224.7 61.0 68.680 15.2 1.0125 0.5921 22.49 184.72 68.68
CAMS189540 0.047 226.5 60.1 68.693 16.4 1.0115 0.6533 23.97 186.00 68.69
CAMS366360 0.079 243.1 60.5 69.302 17.9 1.0095 0.5806 28.03 188.77 69.30
ED20140531_035320 0.066 229.6 58.2 69.446 15.8 1.0097  0.5985 23.38 188.51 69.45
CAMS189805 0.089 2215 65.8 70.432 15.7 1.0139  0.6135 23.23 178.72 70.43
CAMS190039 0.086 230.9 68.0 71.557 17.3 1.0138  0.6245 26.27 177.47 71.56
CAMS190065 0.058 230.3 60.5 71.596 171 1.0123  0.6621 25.20 185.54 71.60
CAMS190316 0.061 232.1 62.1 73.536 16.7 1.0137  0.6185 25.20 183.70 73.54
CAMS190680 0.097 238.8 61.1 75.484 17.7 1.0128  0.6243 27.12 185.65 75.49
CAMS190803 0.093 236.6 63.4 76.424 17.0 1.0146  0.5938 26.26 182.32 76.43
ED20140608_021817 0.100 239.5 64.8 77.045 17.6 1.0149  0.5960 27.45 181.00 77.05
CAMS190901 0.098 232.6 64.1 77.255 17.8 1.0150 0.6670 26.71 180.56 77.26
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ID D; R.A. Dec. Ao Vg q e i 1) Q

CAMS378824 0.081 234.6 56.8 57.453 18.1 0.9978 0.6377 2699 19518  57.45
ED20150520_204748 0.095 234.6 60.6 59.311 17.5 1.0068  0.5953 26.88 189.46 59.31
20150523_022656 0.093 235.7 60.3 61.101 15.6 1.0085 0.5883 23.20 188.23 61.10
ED20150524 220102 0.064 237.3 60.8 63.207 18.2 1.0088  0.6332 27.69 188.07 63.21
CAMS261709 0.098 222.7 57.6 74.083 15.6 1.0128 0.6613 22.16 185.33 74.08
CAMS261763 0.091 239.6 60.8 74.232 175 1.0122  0.6017 26.95 186.41 74.23
ED20150605_211215 0.094 241.9 61.6 74.679 17.9 1.0137 05923 28.03 184.06  74.68
CAMS262192 0.097 232.2 65.0 78.121 16.7 1.0151  0.5979 25.46 179.08 78.12
CAMS444956 0.100 236.5 57.5 56.541 17.5 0.9984  0.5833 26.82 195.15 56.54
20160519_002758 0.079 2333 54.3 57.888 16.5 0.9987 05999 2449 19499  57.89

ED20160523_232311 0.060 233.7 60.0 63.013 16.7 1.0087  0.5996 25.22 188.27 63.01
ED20160524_233547 0.093 233.8 542 63.982 154 1.0009 0.5720  22.66 194.67 63.98

CAMS445444 0.081 226.5 59.3 65.312 15.2 1.0096  0.5775 22.56 187.94  65.31
CAMS445465 0.064 232.6 56.2 65.407 16.3 1.0038  0.5902 24.22 192.76 65.41
CAMS322105 0.043 235.1 59.9 65.412 18.0 1.0081 0.6540  26.97 189.12 65.41
CAMS322112 0.057 226.0 55.9 65.445 16.0 1.0057 0.6394  22.92 191.13 65.45
20160603_005430 0.072 233.2 59.1 72.307 15.5 1.0131 0.6146 22.67 18454 7231
CAMS322828 0.098 2411 67.9 72.897 18.7 1.0143  0.6306 29.12 178.28 72.89
CAMS322854 0.096 228.6 62.6 72.976 15.3 1.0141 0.5618 23.16 182.45 72.98
20160604_024948 0.093 247.7 59.9 73.342 18.3 1.0110 0.6460  27.87 187.65 73.34
CAMS322981 0.073 231.8 60.3 74.029 16.7 1.0130  0.6317 24.93 185.27 74.03
ED20160606_210930 0.090 232.3 65.8 76.347 16.6 1.0143  0.5962 25.46 176.79 76.35
20170520_224425 0.096 2331 50.3 59.494 16.5 0.9893  0.5859 24.27 200.08 59.49
20170530_013215 0.097 251.3 61.3 68.255 18.0 1.0115 0.5564  28.72 186.28 68.26
20180522_021821 0.080 2335 59.1 60.357 16.3 1.0067  0.6387 23.68 189.51 60.36
20180527_021646 0.046 237.4 60.7 65.160 16.9 1.0102  0.6466 25.04 186.86 65.16
20180530_215143 0.089 227.6 59.9 68.821 15.3 1.0130  0.5655 23.08 183.44  68.82
20180603_032144 0.098 243.6 57.5 71.915 16.3 1.0075  0.5968 24.30 190.79 7191
20180603_035405 0.079 249.0 66.6 71.936 17.2 1.0142 05810 26.72 180.57 71.94
UK?20180604_001155 0.081 240.0 59.0 73.105 17.4 1.0108 0.6284  26.37 187.81 73.11
GMN4598 0.078 226.0 52.9 62.527 16.5 0.9984  0.6683 23.11 19520 62.54
GMN4620 0.086 221.7 59.8 62.626 154 1.0095 0.6200  22.29 187.28 62.64
GMN4697 0.071 231.4 535 64.358 16.5 0.9986  0.6196 24.01 195.63 64.36
UK?20190601_235642 0.082 225.9 62.5 70.940 15.2 1.0141 0.6094  22.30 180.97 70.94
GMNS5079 0.100 237.3 58.5 71.206 18.6 1.0087 0.6884  27.62 189.30 71.21
GMN5215 0.082 237.9 67.1 73.274 17.8 1.0144  0.6078 27.62 178.91 73.28
GMN79106 0.090 236.4 52.3 60.136 18.1 0.9882  0.6317 26.73 200.14  60.15
GMN79107 0.097 236.9 52.7 60.136 18.7 0.9887  0.6598 27.58 199.64  60.15
GMN79373 0.094 221.2 52.3 60.981 15.6 0.9990 0.6637 21.42 194.74  60.99
GMN79472 0.068 225.8 57.1 61.169 16.7 1.0043  0.6641 2391 191.49 61.18
GMNT79497 0.069 234.7 55.7 61.240 18.3 0.9983  0.6661 26.96 195.17 61.25
GMN79505 0.075 223.8 58.0 61.252 16.3 1.0062 0.6564  23.30 190.05 61.26
GMN79507 0.090 2253 534 61.253 15.2 0.9993  0.5965 21.75 195.12 61.26
GMNT79675 0.081 237.7 58.5 61.945 17.0 1.0040 0.5626 26.16 192.43 61.95
GMNT79677 0.088 223.9 56.4 61.958 15.0 1.0050 0.5924  21.73 191.47 61.97
GMNT79689 0.080 235.2 52.8 62.071 17.6 0.9924  0.6311 25.92 198.48 62.08
GMNT79764 0.068 2255 59.7 62.391 16.4 1.0084  0.6496 2391 188.33 62.40
GMN79902 0.082 222.3 60.8 63.219 15.9 1.0105 0.6438 23.03 186.21 63.23
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ID D; R.A. Dec. Ao Vg q e i 1) Q

GMN80106 0.076 229.3 53.5 64.300 17.0 0.9993 0.6707 2421 19492 6431
UK?20200526_003101 0.088 2354 53.7 64.962 16.3 0.9984  0.5873 24.15 196.10 64.97
GMNB80192 0.056 226.4 55.9 65.046 16.2 1.0052 0.6514 23.26 191.42 65.05
GMNB80229 0.056 237.2 59.2 65.149 18.4 1.0065  0.6597 27.73 190.41 65.16
GMNB80352 0.053 2374 59.0 65.856 18.3 1.0066  0.6551 27.61 190.45 65.86
GMNB80752 0.070 226.9 59.2 67.144 17.2 1.0099 0.6933 24.72 187.53 67.15
GMN80822 0.085 235.0 54.8 67.792 17.6 1.0015 0.6558 25.86 194.11  67.80
GMN80849 0.069 232.0 55.6 67.863 17.1 1.0044 0.6580 2496 19228  67.87
GMN80861 0.037 236.9 61.2 67.893 17.5 1.0105 0.6155  26.79  187.27  67.90
GMN80990 0.056 239.7 63.3 68.789 18.2 1.0123 0.6206  28.04 18495  68.80
20200531_015313 0.074 239.6 60.3 69.455 15.7 1.0118 05721 2371  186.10  69.45
UK20200531_000246 0.054 240.0 60.2 69.741 17.8 1.0107  0.6135 27.39 187.42 69.75
GMNB81655 0.081 234.2 56.7 70.941 171 1.0071  0.6401 25.32 190.76 70.95
GMN 218148 0.079 225.0 57.2 59.711 15.9 1.0038 0.6183 22.99 191.82 59.72
GMN 218196 0.079 235.1 60.2 59.789 17.3 1.0056  0.5999 26.42 190.62 59.80
GMN 218476 0.065 235.6 54.8 61.085 17.8 0.9958  0.6306 26.53 196.69 61.09
GMN 218636 0.099 2317 50.2 61.274 17.3 0.9870 0.6489  24.62  200.55  61.29
20210522_171348 0.081 235.6 52.8 61.539 17.7 0.9920 0.6232 26.08 198.84 61.54
GMN 218701 0.069 230.2 56.6 61.885 16.0 1.0028 0.5856  23.77  193.04  61.90
UK?20210523_015210 0.075 2339 57.0 61.885 15.9 1.0038 0.5791 2362 19243  61.90
GMN 218703 0.097 2334 59.0 61.900 18.7 1.0050 0.7062 2757 190.81 6191
GMN 219470 0.070 231.3 64.9 66.765 17.2 1.0130 0.6319 26.03 182.41 66.77
GMN 219502 0.073 241.6 59.9 66.863 17.7 1.0079  0.5739 27.53 189.90 66.87
GMN 219858 0.082 236.9 62.7 68.462 16.5 1.0122 0.5550 25.68 18525  68.47
GMN 220001 0.096 2225 65.3 68.619 16.9 1.0137 0.6792 2464 17996  68.63
GMN 220284 0.069 234.1 58.1 69.487 16.3 1.0084 0.5885 24.66  189.73  69.50
UK?20210530_235903 0.092 238.0 57.8 69.487 16.2 1.0082 0.5575 2491  190.09  69.50
GMN 220318 0.094 216.9 60.9 69.516 14.7 1.0135 0.6172 2096 18247  69.53
GMN 220524 0.089 234.7 56.0 70.379 17.5 1.0057 0.6596  25.77 19166  70.39
GMN 220543 0.077 242.4 64.7 70.400 18.2 1.0135 0.5960 2851 18291 7041
GMN 220588 0.078 229.9 56.2 70.444 16.6 1.0077 0.6558  24.08  190.13  70.46
UK?20210531_235736 0.072 232.3 56.3 70.444 16.5 1.0080 0.6376 24.13 189.97 70.46
GMN 220835 0.088 218.9 60.0 71.246 14.8 1.0136  0.6183 21.19 183.11 71.26
GMN 220861 0.100 239.4 68.4 71.326 184 1.0139 0.6261 28.62 177.79 71.33
GMN 220899 0.096 240.0 68.1 71.358 18.1 1.0140 0.6056  28.33 17815  71.37
UK?20210601_234528 0.077 223.1 60.5 71.394 154 1.0138  0.6446 22.13 182.38 71.41
GMN 220992 0.091 224.8 67.4 71.425 16.2 1.0137  0.6087 24.36 177.19 71.44
GMN 221122 0.084 239.0 58.8 71.627 17.2 1.0092 0.5932 26.39 189.33 71.64
GMN 221419 0.099 241.3 66.7 72.396 19.1 1.0143 0.6551 2956  179.88 7241
GMN 221517 0.074 239.5 62.5 73.192 18.1 1.0132 0.6292 27.81 18466  73.20
GMN 221529 0.072 232.0 66.5 73.214 17.4 1.0144 0.6299  26.40 17878  73.22
GMN 221564 0.090 223.9 58.1 73.261 15.2 1.0127  0.6208 21.92 185.50 73.27
UK?20210605_002040 0.092 240.2 59.3 74.291 17.7 1.0116  0.6280 26.91 187.15 74.30
GMN 222340 0.096 241.0 65.3 76.150 18.3 1.0149 0.6174 2843 180.76  76.16

UK?20210606_225702 0.098 241.6 64.6 76.150 18.3 1.0149 0.6088 2851  180.47  76.16
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ID D; R.A. Dec. Vg q e i 1) Q

mean 233.1 59.1 67.112 16.9 1.007 0.619 25.2 188.5 67.1

median 233.8 59.3 67.616 16.9 1.008 0.618 25.2 188.8 67.6
stdev 6.6 4.1 5.323 11 0.007 0.034 2.1 5.9 5.3

min 216.9 50.2 56.353 147 0.984 0.554 20.9 176.8 56.3

max 251.3 68.4 78.650 19.1 1.015 0.706 30.0 201.7 78.6

197P 1.060 0.6301 25.6 188.68 66.39

MID 0.078 230.8 252.5 60.200 16.7 0.989 0.604 24.3 198.1 60.2

Accordingly, the orbit used in this analysis was progressed
backwards to earlier epochs and also to a lesser extent to
future epochs via numerical integration. This revealed that
prior to a less than 1 AU encounter with Jupiter itself in
1941 the comets perihelion distance, g, dropped below the
roughly 1.2 AU previous average value and remained
between roughly 1.12 and 1.17 until a nearly 0.5 AU
encounter with Jupiter in 2001 which reduced g further to
around 1.06 AU. In the formal elements provided by the
Minor Planet Center (see footnote 2 in the Section
Methodology) so called “non-gravitational” elements are
also included (although not used in the less rigorous
analysis of this study), such elements being due to other
effects on a comet’s motion, usually outgassing.

Thus, from just after the turn of the Millennium until now
this comet, which is likely outgassing dust and ices, has had
a perihelion distance getting ever close to the mean orbit of
the Earth. Indeed, this led to the recovery of the comet in
2003 where it was identified as a new asteroidal object 2003
KV2. It was recovered during its next apparition in 2008 as
2008 E2 and soon afterwards both its association with the
earlier object and its cometary nature were realized.
Following that there were returns in 2013 and 2018 with
next perihelion being due in early December 2022.
Throughout these apparitions the perihelion distance
remained very near to 1.06 AU, although never getting
much nearer to Earth than 0.3 AU throughout. In 2024,
around the aphelion following on from the upcoming 2022
perihelion, the comet will again come within 1 AU of
Jupiter after which the perihelion distance will increase to
averaging around 1.1 AU and over. This small to and from
drift in q following occasional aphelion interactions with
Jupiter will carry on for the rest of the Century with even a
limited potential of q dipping barely just below 1 AU in the
next Century, however such forward extrapolations become
less secure especially given the non-gravitational effects
which can be quite variable in their vector during each
perihelion.

Nevertheless, it can be seen that 197P became available in
recent most times in order to produce a stream. It may have
done so in the past, having danced with close approaches to
Jupiter for long ages, but as it is a small and faint comet
(rarely achieving much above magnitude 20 even when
within 1 AU of Earth) and meteoroids from past to long past
epochs may well have diffused out of the stream.
Unfortunately, its new era of closer perihelion distances
coincides with the evolution and growth of multi-station
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video meteor surveys and accordingly it is likely impossible
to disentangle the recent increase (especially in the 2020-
2021 seasons) of this latest May to earliest June shower
from the great increase of coverage and consequent data
that have arrived in the past two or three years, even
amongst the long established and previously relatively
prolific monitoring groups.

However, as many of these surveys are now reaching
optimal coverage to the point of near saturation such that
differences due to year by year, and/or aphelion by aphelion
orbit changes, along with the combination of the orbit drift
and the non-gravitational forces as an indicator of material
ejection, may well lead to enhanced periods of cometary
activity in the last week in May and first week in June,
centered around June 1%, The various surveys, which are
more effective for brighter meteors, reveal a goodly
proportion of fireballs for this shower, and although some
detections were as faint as magnitude 4 the mean magnitude
is around O with the brightest meteor being magnitude -5.

4 Nomenclature of the shower

Finally, during the analysis the mean values of Table 2 for
Right Ascension and Declination and Solar Longitude were
compared with those of extant showers. The shower May
iota Draconids, henceforth MID (Segon at al., 2015), was
something of a distant possibility when only the UKMON
data were used, its position and timing being markedly
removed from said mean. However, when the analysis was
extended to include more surveys, it then became an
extreme outlier to the stream identified in the current
analysis, albeit the MID discovery paper not mentioning
any association with the comet, despite the shower
discovery date post-dating 197P’s discovery. Indeed,
another associated candidate (an asteroid) was noted in that
paper, despite many of the particulars of its orbit being
markedly different.

Given the evolutionary trends of the comet’s orbit there
remained the possibility that the MID shower represented a
stream from a discrete orbit from an earlier epoch.
Accordingly, the values given for the orbit in the MID
discovery paper were tested against the orbit for
197P/LINEAR used in this analysis and gave a result for D;
of 0.078, a respectable enough value. Therefore, given this
similarity the MID shower is likely the same as the 197P
shower and accordingly the former only requires its details
updating following the current more complete number of
orbits available, remembering that the “shower” is likely to
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be a collection of slightly discrete streams due to the orbital
evolution of the comet with little time having passed for
dynamic relaxation, and that 197P should now be noted as
the parent body to the May iota Draconids.

5 Conclusion

Examination of UKMON meteor orbits via Dy criterion
testing revealed a likely association of 10 of the orbits with
the comet 197P/LINEAR. An extended analysis using
meteor orbits from other publicly available surveys
extended the number of orbits by 151. Examination of the
comet revealed a succession of close approaches to Jupiter,
both in the past and in the future, not only leading to the
comet orbit’s perihelion distance coming within range
sufficient for any meteoroids to be likely noted on Earth but
oscillating at a value for the foreseeable future likely to
make this the ongoing case, with even a possibility of
crossing just within Earth’s orbit in the more distant future.
However, due to the evolution of the orbit coinciding with
the evolution of multi-station video meteor monitoring to
ever greater spatial and temporal coverage it cannot be
shown as to whether an apparent recent increase, or even
discovery, of such a shower is primarily due to this
increased monitoring or to the orbital evolution. The
presence of varying non-gravitational effects in the orbital
particulars of the comet also suggest episodic outgassing
thus complicating further any particular year’s increase
and/or decrease in meteors.

Taking this drift into account and its likely effect on radiant
position and Solar Longitude over time, examination of
extant meteor showers revealed that the May iota
Draconids, though dissimilar and already given a candidate
parent body in the literature, may in fact be connected to
197P/LINEAR which would make it the true parent body.
Similarly, the larger picture provided by the increase in
survey data available since the discovery of the May iota
Draconids shows that the mean orbital and radiant and
duration particulars need to be updated.

The periodic Jupiter Family Comet 197P/LINEAR due to
aphelion interactions with Jupiter has recently evolved into
an orbit with perihelion distance closer to Earth’s orbit than
hitherto known. The May iota Draconids may well be an
early indication of the continued drift and evolution of the
meteoroid stream. If so, the modern radiant of the shower
is now centered nearer Right Ascension 233.1 degrees,
Declination +59.1 degrees and Solar Longitude 67.1
degrees, in other words a week before and a week after a
date centered around June 1%. It presents a number of slow-
moving bright meteors and fireballs given its roughly
17 kms™ geocentric velocity. Modern surveys’ coverage
availability could lead to revealing results relatable to the
comet’s orbital variations whilst its parent body’s variable
perihelion distance remains close enough to Earth’s orbit
for at least the next Century.

4 https://creativecommons.org/licenses/by/4.0/
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A potential new summer shower in Lacerta

John Greaves

midmet@mail.com

Examination of archived sporadic meteor orbits from the UKMON multi-station meteor survey suggests a summer

shower centered in Lacerta.

1 Methodology

Archival data from the UKMON meteor survey (e.g.
Campbell-Burns and Kacerek, 2014) were obtained from
the UKMON online public data archive and all the orbits
flagged as being sporadic retained whilst all other orbits
were removed, leading to 16252 remaining orbits. The
orbital part of the data was then analyzed against a copy of
itself for all 16252 orbits utilizing the Jopek (1993) D
criterion modification, henceforth referred to as D;, to
obtain matching orbit pairs using a Dy upper threshold limit
of 0.10. This particular processing time took over four days
on a 3GHz intel quadcore computer.

The resultant output was examined for radiant clustering via
passive visual inspection of the radiants’ positions plotted
against the sky with solar longitude and geocentric velocity
being scaled into the graphical representation. Following
on from this some indication of a reasonably tight but thinly
populated grouping was noted in Lacerta and accordingly a
wider D, test was made upon the mean orbital particulars of
those meteors using data from multi-station meteor survey
publicly available data archives of SonotaCo Network (e.g.
SonotaCo, 2009), CAMS (e.g. Jenniskens et al., 2018) and
EDMOND (e.g. Kornos et al., 2014) and Global Meteor
Network (Vida et al., 2019a; 2019b). As various regional
meteor surveys can not only provide their own dataset but
contribute it to other surveys the combined datasets used in
this search had the potential for some duplicates,
accordingly the results were sorted on Right Ascension and
any objects in the resultant output having a commonality of
Right Ascension, declination and solar longitude had their
duplicates removed. This led to the removal of one orbit,
with one other orbit being removed as its orbit had a
hyperbolic solution. A new mean orbit was then derived
from the results and that orbit further tested against the
above-mentioned datasets using the D; criterion.

2 Results

The analysis resulted in a total of 21 meteor orbits meeting
the D; < 0.100 threshold, of which 13 have D; < 0.008 and
4 have D; < 0.006. The meteoroids spanned the years 2009
to 2021, with 2012 the only missing year, ranging from only
one some Yyears to four each in 2015 and 2016. However,
due to the nature of the surveys used all bar one of the
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meteors were brighter than magnitude +1 and of these 12
were brighter than magnitude 0, essentially fireballs, with
the brightest magnitude —3.4. Thus, there is a selection
effect for only the brightest of potential meteors from this
shower having been detected. The distribution of meteors
as a function of solar longitude is displayed in Figure 1, and
the particulars of the meteors are given in Table 1.

N s,

110 1 112 113 114 115 116 17 118
Ao

Figure 1 — The number of meteors as a function of 1o (solar
longitude) in degrees.

Figure 2 —The orbits of the 21 meteors depicted for a
representative date of July 16™ where the Earth and Sun are
represented by black dots, with the Earth’s orbit shown as an
ellipse and the meteor orbits shown with the above ecliptic
sections in dark grey and the below ecliptic section in lighter grey.
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Table 1 — Mean and Median plus standard deviation on the Mean along with Minimum and Maximum values of the meteor orbits are
given for :- Right Ascension (in degrees); declination (in degrees); solar longitude, Ao, (in degrees); geocentric velocity, vg, (km/s);
perihelion distance, g, (AU); eccentricity, e; inclination, i, (in degrees); argument of perihelion, w, (in degrees); ascending node, Q, (in
degrees); ecliptic longitude, 4, (in degrees); ecliptic latitude, S, (in degrees); ecliptic latitude minus solar longitude, 210, (in degrees)
and longitude of perihelion, 77, (in degrees).

R.A. Dec Ao Vg q e i 1) 0 A Yij A-2o 7
Mean 342.3 44.1 114.0 53.5 0.935 0.922 98.5 213.4 1140 6.3 46.5 252.3 3275
Median 3424 440 113.7 53.3 0.937 0.924 97.8 2136 1137 6.0 46.5 252.1 326.6
Stand. Dev. 24 1.0 2.6 0.8 0.013  0.033 1.6 2.9 2.6 25 1.0 15 45
Min 3388 427 1106 521 0909 0.849 957 209.2 110.6 2.6 445 2493 3208
Max 346.8 467 1188 549 0955 0.990 1014 2184 1188 10.6 48.6 2550 3351

The similarity of the orbits is revealed in Figure 2 where the
ecliptic crossing path at a date of July 16™ is depicted with
the Earth and Sun shown. Figure 3 lists the disposition of

in Lacerta and subsequently an iteratively derived mean
orbit for an area in Lacerta was tested against an extended
dataset of orbital data. This resulted in 21 potential meteor

orbits from which mean and median and standard deviation
particulars of radiant, Solar Longitude, and orbit were
derived.

the meteors in terms of geocentric ecliptic latitude gy in
Sun-centered geocentric longitude with respect to the
UKMON sporadic meteor background, whilst Figure 4
does the same for the case of the meteor orbital inclinations
i against the longitudes of perihelion 77. Finally Figure 5
denotes the position of the 21 meteors in Right Ascension
and declination with respect to the full entirety of the 16252
sporadic UKMON meteors used in the analysis via Aitoff
projection.

This led to a potential shower of some small radiant
dispersion but relatively tight date of presentation of around
1 to 4 bright to fireball level medium to fast meteors per
annum, near a representative radiant of Right Ascension
342 degrees, declination 44 degrees centered around a solar
longitude of 114 degrees (around July 16™) and a geocentric

3 Conclusion velocity of 53.5 km/s.

Examination of 16525 sporadic UKMON meteor orbits
suggested a clustering of same geocentric velocity meteors

ﬂo 60 —
55 +
50 +
®
® o0
WPy o0
T ®
45 + e :..
1 ®
40 +
B +——P - Ay TR
230 235 240 245 250 255 260 265 270 275

A-Ao°

Figure 3 — A depiction of the ecliptic latitude, S, with respect to the difference between the Sun-centered ecliptic longitude, A-1o, for
the shower meteors depicted as black filled circles and the UKMON sporadic meteor background in light grey circles.
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Figure 4 — A depiction of the orbital inclination, i, with respect to the longitude of perihelion, 77, for the shower meteors depicted as
black filled circles and the UKMON sporadic meteor background in light grey circles.
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Figure 5 — The Right Ascension and declination of the shower meteors are shown in Aitoff Projection denoted as red filled circles with
the entirety of the 16525 sporadic UKMON meteors denoted as light grey dots. Grid lines are shown for every 3 hours of Right Ascension

and every 30 degrees of declination.
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In this work we focus on the development of an artificial intelligence in the framework of the Southwestern Europe
Meteor Network (SWEMN) and the SMART project. This is named AIMIE and is capable of writing scientific
contributions from fireball data included in the SWEMN database. As an example of the capabilities of AIMIE we
also present in this work a report containing the analysis of some of the remarkable fireballs spotted from our meteor-
observing stations from January to February 2022. These have been observed over the Iberian Peninsula, and their
absolute magnitude ranges from —10 to —13. One of these bolides was a potential meteorite-dropper. The emission

spectrum of one of the events is also discussed.

1 Introduction

The Southwestern Europe Meteor Network (SWEMN) is a
research project coordinated in Spain from the Institute of
Astrophysics of Andalusia (IAA-CSIC) with the aim to
analyze the Earth’s meteoric environment. This network is
also integrated by researchers from the Complutense
University of Madrid (UCM), the Public University of
Navarre (UPNA), and the Calar Alto Observatory (CAHA).
In 2021 we decided to open the project to the amateur
community. This Pro-Am collaboration resulted in the
deployment of new meteor stations in our country that
provide their results to our network.

© eMeteorNews

In order to identify and analyze meteors in the Earth’s
atmosphere, SWEMN develops the Spectroscopy of
Meteoroids by means of Robotic Technologies (SMART)
survey (Madiedo, 2014; Madiedo, 2017). And to improve
our knowledge about the Earth-Moon meteoric
environment, SMART works in close connection with
another project conducted by IAA-CSIC: the MIDAS
survey (Moon Impacts Detection and Analysis System).
MIDAS uses the Moon as a laboratory that provides
information about meteoroids hitting the lunar ground
(Ortiz et al., 2015; Madiedo et al. 2015a, b). A strong
synergy has been proved to exist between this survey and
the SMART project (Madiedo et al. 20153, b).

199



2022 -3

eMeteorNews

Recently, we announced the development of the first digital
and interactive meteor database containing meteor events
recorded over Spain and surrounding regions (Madiedo et
al., 2021). And later on, we discussed the development of
artificial intelligence (Al) tools designed to handle the
contents of this database, and also capable of disseminating
in social networks and media information about relevant
fireballs recorded by our systems (Madiedo et al., 2022).
Now we have gone one step further by developing an Al
which is capable of writing a scientific work by employing
the information contained in the above-mentioned database.
We describe here the main features of this innovative tool,
which has been named AIMIE (acronym for Artificial
Intelligence with Meteoroid Environment Expertise). We
also focus on the description of some of the most
remarkable fireballs recorded by our systems from January
to February 2022. The report describing these events has
been fully written by AIMIE. So, this work is an example of
the capabilities of the current version of this new software.

2 New applications of the SWEMN digital
database: AIMEE

Software development has been a priority since the SMART
project was started in 2006. Thus, this software was
necessary in order to calculate meteor trajectories and
meteoroid orbits. But also, to analyze meteor spectra and to
automate the operation of remote meteor-stations
(Madiedo, 2014). In addition, the lack of enough manpower
made also necessary to create software tools that could
accelerate different parts of the data processing and results
dissemination pipeline. The first Al methods employed by
the SWEMN network were implemented in the SAMIA
software developed by the first author to handle the contents
of the SWEMN meteor database and also to automatically
derive valuable information from the events contained in it
(Madiedo et al., 2021). Next, additional Al methods were
implemented to disseminate our scientific results among the
general public through social networks (mainly Twitter and
Facebook), information media, our website, and also
YouTube (Madiedo et al., 2022). Before these tools were
available, the time consumed by this dissemination process
was very significant, since all of the information necessary
for this purpose was gathered manually, and the
corresponding reports were also prepared by hand.

The Al in the SAMIA software was recently expanded to
write autonomously scientific communications from the
information stored in the SWEMN database. This includes
abstracts for congresses, but also papers like this one. This
Al was named AIMEE, which is the acronym for Artificial
Intelligence with Meteoroid Environments Expertise. The
user only needs to specify the author’s list and, of course,
which event(s) must be included in the work. The
information stored for each event in the SWEMN database
is so comprehensive (Madiedo et al., 2021), that in most
cases AIMEE can find there all of the information necessary
to prepare the communication. If some information is
missing, the IA asks the user to provide it. But AIMEE can

7 http://www.astro.amu.edu.pl/~jopek/MDC2007/
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also try to find additional information on its own by using
external databases. Thus, for instance, it can obtain data
about meteoroid streams from the IAU meteor database’.
And it can find bibliographic references by employing the
SAO/NASA Astrophysics Data System (ADS). In
addition, by employing geolocation services, AIMEE can
also know the specific and precise geographic areas
(country, region, province, city, seas, etc.) that a particular
event overflew along its atmospheric trajectory.

The software contains a database with predefined templates
for congresses and journals. In this way, AIMEE can
compose the text by following the style and maximum
length requested in each case. At this moment AIMEE is
capable of writing communications for several congresses:
EPSC, LPSC, and Meteoroids. But also, for the
MeteorNews e-zine. In a near future, templates for peer-
review journals will be implemented. The text created by
AIMEE is written in MS-Word DOC format and covers the
whole work: communication title, authors and their
affiliations, abstract, materials and methods, figures, tables,
etc. Even the conclusions and references. The user can
perform modifications to this text manually or ask the 1A to
write again a given section of the communication in a
different way.

Finally, AIMEE can provide feedback to the SWEMN
meteor database if new information was obtained for a
specific event during the preparation of the scientific
communication.

As an example of the current capabilities of AIMEE, we
present below a report prepared by this Al in relation to a
series of remarkable bolides recorded by the SWEMN
network along January and February 2022. The remaining
text appearing in this work below this paragraph was
written entirely by AIMEE.

3 Instrumentation and methods

To record the events analyzed in this work we have
employed Watec 902H2 and Watec 902 Ultimate cameras.
Their field of view ranges from 62 x 50 degrees to 14 x 11
degrees. To record meteor spectra we have attached
holographic diffraction gratings (1000 lines/mm) to the lens
of some of these devices. We have also employed digital
CMOS color cameras (models Sony A7S and A7SII)
operating in HD video mode (1920 x 1080 pixels). These
cover a field of view of around 70 x 40 degrees. A detailed
description of this hardware and the way it operates was
given in previous works (Madiedo, 2017).

The atmospheric path and radiant of meteors, and also the
orbit of their parent meteoroids, were obtained with the
SAMIA software, developed by J. M. Madiedo. This program
employs the planes-intersection method (Ceplecha, 1987).
The emission spectrum presented in this work was analyzed
with the CHIMET software (Madiedo, 2017).

8 https://ui.adsabs.harvard.edu/
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Figure 1 — Stacked image of the SWEMN20220102_060558
“Santa Margarida” bolide as recorded from Sevilla.

(0)Y/©)

Figure 2 — Atmospheric path and projection on the ground of the
trajectory of the SWEMN20220102_060558 meteor.

4 Description of the 2022 January 2 event

We spotted this bright fireball (Figure 1) from the meteor-
observing stations located at Calar Alto, Sierra Nevada,
Sevilla, La Sagra (Granada), Huelva, El Aljarafe, and La
Hita (Toledo). The bright meteor was recorded on 2022
January 2, at 6"05™58 + 0.1° UT. The event had a peak
absolute magnitude of —12.0 + 0.5, and was included in our
meteor database with the code SWEMN20220102_060558.
A video showing images of the bolide and its trajectory was
uploaded to YouTube®.

Atmospheric trajectory, radiant and orbit

The event overflew Portugal. It began at an altitude
Hp =119.9 + 0.5 km near from the zenith of the locality of
Alhandra, and the terminal point of the luminous path was
located at a height He = 62.2 £ 0.5 km, over the locality of
Santa Margarida. The apparent radiant was located at the
equatorial coordinates a = 146.67°, 6=—4.54°. Besides, we
found that the meteoroid stroke the atmosphere with a

9 https://youtu.be/xKLRM1WQNKk4
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velocity v., = 58.1 + 0.4 km/s. The trajectory in the Earth’s
atmosphere of the bright meteor is shown in Figure 2.

Table 1 — Orbital data (J2000) of the progenitor meteoroid of the
SWEMN20220102_060558 fireball before its encounter with our
planet.

a (AU) 133+58 o () 123.8+01.0
e 0.983+0006 | Q()  101.517026 + 105
q(AU)  0.224+0.004 | i(9) 121.0+05

This event was named “Santa Margarida”, since the bright
meteor was located over this locality during its final phase.
The parameters of the heliocentric orbit of the parent
meteoroid before its encounter with our planet are included
in Table 1. The geocentric velocity of the meteoroid was
vg=57.3+0.4 km/s. These parameters and the derived
radiant confirm that the bright meteor was generated by the
sigma Hydrids (IAU code HYD#0016) (Jenniskens et al.,
2016). According to the value estimated for the Tisserand
parameter with respect to Jupiter (T, = 0.09), the meteoroid
followed a cometary orbit before impacting the Earth’s
atmosphere. Figure 3 shows the orbit in the Solar System
of the meteoroid.

Figure 3 — Projection on the ecliptic plane of the orbit of the
SWEMN20220102_060558 event.

5 The 2022 January 9 bolide

This stunning fireball (Figure 4) was recorded by our
systems on 2022 January 9, at 0"18M08 + 0.1° UT. The event
had a peak absolute magnitude of —13.0 = 0.5. The bolide
was included in our meteor database with the code
SWEMN20220109_001808.

Atmospheric path, radiant and orbit

By calculating the luminous path of the bolide we deduced
that the event overflew the south of Spain. The ablation
process of the meteoroid began at a height H, = 103.5 £ 0.5
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km almost over the locality of Montecorto (province of
Cédiz), and the bolide penetrated the atmosphere till a final
height He =31.0 £ 0.5 km near from the zenith of the
locality of Paradas (province of Sevilla). The apparent
radiant was located at the equatorial coordinates
a =127.24° 6=—4.67°. The meteoroid hit the atmosphere
with an initial velocity v, =417 +0.4 km/s. Figure 5
shows the atmospheric path of the bright meteor. We named
this bright meteor “Montecorto”, because the bolide passed
near from the zenith of this locality during its initial phase.

The orbital parameters of the parent meteoroid before its
encounter with our planet have been included in Table 2.
The geocentric velocity obtained for the particle yields
Vg=40.2+0.4 km/s. These values and the calculated
radiant confirm that the fireball was generated by the alpha
Hydrids (IAU code AHY#0331) (Jenniskens et al., 2016).

Figure 4 — Stacked image of the SWEMNZ20220109_001808
“Montecorto” bolide as recorded from Calar Alto (CAHA).
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Figure 5 — Atmospheric path and projection on the ground of the
trajectory of the SWEMN20220109_001808 fireball.

According to the value calculated for the Tisserand
parameter referred to Jupiter (T; = 1.13), before striking our

10 https://youtu.be/b7w2qdBY_ R4
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atmosphere the particle was moving on a cometary orbit.
Figure 6 shows the orbit in the Solar System of the
meteoroid.

Table 2 — Orbital data (J2000) of the progenitor meteoroid before
its encounter with our planet.

a (AU) 8.0+18 o () 114.7 + 00.4
e 0.962+0008 | Q(°)  108.400679 + 10
q(AU)  0.299+0.002 | i(9) 443+05

Figure 6 — Projection on the ecliptic plane of the orbit of the
SWEMN20220109_001808 “Montecorto” meteor.

6 The 2022 January 14 fireball

We captured this stunning bolide from the meteor-
observing stations located at Calar Alto, Sierra Nevada,
Sevilla, La Sagra (Granada), Huelva, EI Aljarafe, Madrid
(Universidad Complutense), and La Hita (Toledo)
(Figure 7). The fireball was spotted on 2022 January 14, at
21M27M07 + 0.1°UT and had a peak absolute magnitude of
—-12.0 £ 0.5. It was included in our meteor database with the
code SWEMNZ20220114 212707. This bright meteor can
be viewed on this YouTube video®.

Atmospheric path, radiant and orbit

According to our calculations, the fireball overflew the
south of Spain. Its initial altitude was Hy = 85.3 £ 0.5 km
near from the vertical of the locality of Ventillas (province
of Ciudad Real). The bolide penetrated the atmosphere till
a final height He = 23.6 £ 0.5 km near from the vertical of
the locality of Solana del Pino (province of Ciudad Real).
The position found for the apparent radiant correspond to
the equatorial coordinates o =63.68°, ¢ =+39.26°. The
entry velocity in the atmosphere concluded for the parent
meteoroid was V., = 13.6 £ 0.3 km/s. The atmospheric path
of the luminous event is shown in Figure 8.

© eMeteorNews


https://youtu.be/b7w2qdBY_R4

eMeteorNews

2022 -3

We named this bright meteor “Ventillas”, because the
bolide was located near the zenith of this locality during its
initial phase. The orbital parameters of the parent meteoroid
before its encounter with our planet are included in Table 3,
and the geocentric velocity derived in this case was
vg=7.9%0.5 km/s. By taking into account these orbital
data and the radiant position, it was concluded that the
fireball was generated by a sporadic meteoroid. From the
value derived for the Tisserand parameter with respect to
Jupiter (T;=3.77), we found that the meteoroid was
moving on an asteroidal orbit before entering our
atmosphere. This orbit is shown in Figure 9.

Figure 7 — Stacked image of the SWEMN20220114_212707
“Ventillas” meteor as recorded from La Hita.
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Figure 8 — Projection on the ground of the trajectory of the
SWEMN20220114_212707 fireball.

Table 3 — Orbital data (J2000) of the progenitor meteoroid before
its encounter with our planet.

a (AU) 1.9+0.1 o () 201.8 +00.5
e 0.49+0.03 Q) 294433674 +10°5
q(AU)  0.960+0.001 | i(9) 3.9+02

Our analysis reveals that the meteoroid was not completely
ablated in the atmosphere. Thus, we obtained a non-zero but
small (below 50 grams) terminal mass. The dark flight was
also analyzed and the landing area of the surviving mass

© eMeteorNews

was determined. An expedition was organized to that area
by experts in meteorites in collaboration with the SWEMN
network. However, the meteorite was not found.

Emission spectrum

The emission spectrum of the bolide was also recorded from
the meteor-observing station located at La Hita. This signal
was calibrated in wavelength by employing typical lines
appearing in meteor spectra, and then corrected by taking
into account the sensitivity of the recording device. The
resulting calibrated emission spectrum is shown in
Figure 10. This plot shows the most remarkable lines
identified in the spectrum. These contributions correspond
to Na I-1 (588.9 nm), Mg I-2 (516.7 nm), Fe I-4 (385.6 nm),
Fe 1-41 (441.5 nm), Fe 1-42, Fe 1-43 (414.3 nm), Fe 1-15
(526.9 nm), and Fe 1-318.

Figure 9 — Projection on the ecliptic plane of the orbit of the
SWEMN20220114 212707 event.
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Figure 10 — Calibrated spectrum of the
SWEMN20220114 212707 bolide.
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7 Description of the 2022 January 18
event

We captured this bright bolide from the meteor-observing
stations located at Calar Alto, Sierra Nevada, Sevilla,
Huelva y La Sagra (Granada). The event was spotted on
2022 January 18, at 18M"20M54 + 0.1° UT (Figure 11). It had
a peak absolute magnitude of —11.0 + 0.5. The fireball was
included in our meteor database with the code
SWEMNZ20220118 182054. A video about this bolide can
be viewed on YouTube!!, A wide number of casual
observers saw how the bright meteor crossed the sky and
reported the event on social networks.

Atmospheric path, radiant and orbit

It was obtained by calculating the trajectory in the
atmosphere of the event that the bright meteor overflew the
Mediterranean Sea. Its initial altitude was H, =77.1£0.5
km over the sea. The bolide penetrated the atmosphere till a
final height He =29.6 + 0.5 km over the sea. From the
analysis of the atmospheric path, we also found that the
apparent radiant was located at the position a = 321.69°,
0 = +78.04°. The pre-atmospheric velocity inferred for the
meteoroid yields v, =14.0+0.3 km/s. The path in the
atmosphere of the event is shown in Figure 12.

Figure 11 — Stacked image of the SWEMN20220118_182054
meteor.

Table 4 — Orbital data (J2000) of the progenitor meteoroid before
its encounter with our planet.

a (AU) 1.13+0.02 o () 186.8 + 00.4
e 0.1340.02 Q) 298346236 + 105
q(AU)  0.9830 +0.0001 | i () 156+0.7

The parameters of the heliocentric orbit of the progenitor
meteoroid before its encounter with our planet are contained
in Table 4. The calculated value of the geocentric velocity
of this particle is vy = 8.6 £ 0.4 km/s. With these data and
the radiant position, we inferred that the parent meteoroid
belonged to the sporadic background. The Tisserand

1 https://youtu.be/XHIPdXjbNvY
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parameter with respect to Jupiter yields T;=5.4, which
shows that this meteoroid was moving on an asteroidal orbit
before entering the atmosphere. This orbit is shown in
Figure 13.

Figure 12 — Atmospheric path and projection on the ground of the
trajectory of the SWEMN20220118_182054 holide.

Figure 13 — Projection on the ecliptic plane of the orbit of the
SWEMN20220118_182054 event.

8 The 2022 January 19 meteor

This gorgeous event was spotted on 2022 January 19, at
4M11m03 +0.1° UT. The bolide (Figure 14) had a peak
absolute magnitude of —-11.0+1.0. We listed it in our
meteor database with the code SWEMN20220119 041103.
A video showing images of this bolide and its atmospheric
trajectory was uploaded to YouTube'?.

Atmospheric path, radiant and orbit

According to the analysis of the trajectory in the atmosphere
of the bright meteor we inferred that the bolide overflew
Spain. Its initial altitude was Hp = 126.6 + 0.5 km near the

12 https://youtu.be/ce_7i6AMMNI
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zenith of the location of Orea (province of Guadalajara).
The fireball penetrated the atmosphere till a final height
He = 69.0 £ 0.5 km near from the zenith of the location of
Pefialen (province of Guadalajara). The apparent radiant
was located at the equatorial coordinates o =219.61°,
0 =+16.65°. Besides, we obtained that the meteoroid
entered the atmosphere with a velocity v, =64.9+0.5
km/s. Figure 15 shows the projection on the ground and the
path in the atmosphere of the event.

Figure 14 — Stacked image of the SWEMNZ20220119 041103
“Orea” event as recorded from Calar Alto.

Figure 15 — Atmospheric path and projection on the ground of the
trajectory of the SWEMNZ20220119_041103 meteor.

We named this bright meteor “Orea”, because the fireball
passed near the zenith of this locality during its initial phase.
The parameters of the orbit of the progenitor meteoroid
before its encounter with our planet are included in Table 5,
and the geocentric velocity yields vq = 63.2 + 0.5 km/s. By
taking into account this orbit and the radiant position, we
concluded that the fireball was generated by the 12 Bootids
(IAU meteor shower code TBO#0607). The value
calculated for the Tisserand parameter with respect to
Jupiter (T; = 0.21) indicates that the meteoroid was moving
on a cometary orbit before striking the atmosphere. This

© eMeteorNews

orbit in the Solar System is drawn in Figure 16 (Segon et
al., 2014).

Table 5 — Orbital data (J2000) of the progenitor meteoroid before
its encounter with our planet.

a (AU) 56+1.3 w () 173.2 + 00.4
e 0.82 +0.04 Q)  298.752428 +10°5
q(AU)  0.9808 +0.0003 | i(°) 127.6+0.2

Figure 16 — Projection on the ecliptic plane of the orbit of the
SWEMN20220119 041103 “Orea” fireball.

9 The 2022 February 11 fireball

Figure 17 — Stacked image of the SWEMN20220211 022400

“Daimiel” event as
Complutense).

recorded from Madrid (Universidad

On 2022 February 11, at 2'24™00 + 0.1° UT, our cameras
recorded this bright event (Figure 17). The peak luminosity
of the bright meteor was equivalent to an absolute
magnitude of —10.0£1.0. The event was listed in the
SWEMN meteor  database  with  the code
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SWEMN20220211 022400. A video containing images of
the bolide and its atmospheric trajectory was uploaded to
YouTube3,

Figure 18 — Atmospheric path and projection on the ground
of the trajectory of the SWEMN20220211_022400 holide.

Atmospheric path, radiant and orbit

The bolide overflew the center of Spain. Its initial altitude
was Hp = 114.5 + 0.5 km, near the vertical of the locality of
Villacafias (province of Toledo). The fireball penetrated the
atmosphere till a final height He = 45.8 + 0.5 km, near the
zenith of the locality of Daimiel (province of Ciudad Real).
The equatorial coordinates inferred for the apparent radiant
are a =210.67°, 6 =+72.60°. The entry velocity in the
atmosphere found for the parent meteoroid was
Vo, = 24.2 £ 0.3 km/s. Figure 18 shows the luminous path of
the event.

Figure 19 — Projection on the ecliptic plane of the orbit of the
SWEMN20220211_022400 “Daimiel” meteor.

13 https://youtu.be/vMgcfONSWVE
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Table 6 — Orbital data (J2000) of the progenitor meteoroid before
its encounter with our planet.

a (AU) 25+0.1 o () 206.52 + 00.04
e 0.63 +0.01 Q@)  322.034733+10°
q(AU)  0.9466 +0.0004 | i(°) 325+0.3

The fireball was named “Daimiel”, because the bright
meteor was located near the zenith of this locality during its
final phase. The orbital parameters of the progenitor
meteoroid before its encounter with our planet have been
can be found in Table 6, and the geocentric velocity yields
Vg = 21.4 + 0.3 km/s. These values and the derived radiant
confirm that the bright meteor was produced by the sporadic
background. The Tisserand parameter (T; = 2.93) led to the
conclusion that before hitting our planet’s atmosphere the
progenitor particle was moving on a cometary (Jupiter
family comet, JFC) orbit. This orbit in the Solar System is
shown in Figure 19.

10 The 2022 February 18 fireball

On 2022 February 18, at 1"02m47 + 0.1° UT, the systems
operated by the SWEMN network spotted this remarkable
bright meteor (Figure 20). The fireball had a peak absolute
magnitude of —13.0 £ 1.0. It was included in our meteor
database with the code SWEMN20220218_010247. A
video about this fireball was uploaded to YouTube.

Figure 20 — Stacked image of the SWEMNZ20220218 010247
“Torremocha” bolide as recorded from Calar Alto.

Atmospheric path, radiant and orbit

The calculation of the atmospheric trajectory of the bright
meteor allowed to deduce that the fireball overflew Spain.
The initial altitude of the meteor yields H, = 91.6 £ 0.5 km
over the locality of Torremocha (province of Céceres). It
ended at a height He = 24.4 £ 0.5 km near the zenith of the
locality of Aldea de Trujillo (province of Caceres). From
the analysis of the atmospheric path we also found that the
apparent radiant was located at the position a = 144.02°,
0 = +15.93° The entry velocity in the atmosphere obtained

14 https://youtu.be/SafR6jgGFXI
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for the parent meteoroid was v, =20.7+0.3 kmf/s.
Figure 21 shows the trajectory of the bolide in our
atmosphere.

Table 7 — Orbital data (J2000) of the progenitor meteoroid before
its encounter with our planet.

a (AU) 2.22+0.08 o () 69.7 +00.1
e 0.67+0.01 Q) 148939624 + 105
q(AU)  0.729+0.004 | i(9) 0.79+0.03

]
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Figure 21 — Atmospheric path and projection on the ground of the
trajectory of the SWEMN20220218 010247 “Torremocha” event.

Figure 22 — Projection on the ecliptic plane of the orbit of the
SWEMN20220218 010247 “Torremocha” fireball.

We named this bolide “Torremocha”, because the fireball
overflew this locality during its initial phase. The orbital
parameters of the parent meteoroid before its encounter
with our planet are listed in Table 7. The value calculated
for the geocentric velocity was vy =17.6 + 0.3 km/s. By

© eMeteorNews

taking into account this orbit and the radiant position, we
inferred that the bright meteor was generated by a
meteoroid associated with the sporadic component. The
Tisserand parameter with respect to Jupiter yields T; = 3.31,
which means that before striking the atmosphere the
meteoroid was moving on an asteroidal orbit. This orbit is
drawn in Figure 22.

11 Conclusions

We have focused in this work on the description of an
innovative tool that employs artificial intelligence (Al)
techniques to generate scientific contributions from the
information stored in the SWEMN digital database. This Al
was named AIMEE (Artificial Intelligence with Meteoroid
Environment Expertise). AIMEE has been employed in this
work to automatically generate a report about a series of
events recorded in the framework of the SWEMN network
and the SMART project. In this way, we have also
presented here some of the brightest fireballs recorded by
our meteor-observing stations from January to February
2022. Their peak absolute brightness ranges from mag. —10
to mag. —13. The text below, which summarizes the main
conclusions derived from the analysis of these bolides, was
written by AIMEE.

The “Santa Margarida” fireball was recorded on January 2.
This sigma Hydrid (HYD#0016) meteor event had a peak
absolute magnitude of —12.0 and overflew Portugal. The
meteoroid followed a cometary orbit before hitting the
Earth’s atmosphere.

The second bright meteor discussed here was the
“Montecorto” fireball. This was recorded on January 9. The
peak magnitude of this alpha Hydrid (AHY#0331), which
overflew the south of Spain, was —13.0. Before striking our
planet’s atmosphere the meteoroid was moving on a
cometary orbit. The final height of this deep-penetrating
meteor was of about 31 km.

The third fireball was the “Ventillas” bolide. This was
recorded on January 14. It was associated with the sporadic
background, its peak magnitude was —12.0, and overflew
the south of Spain. The meteoroid was moving on an
asteroidal orbit before striking our planet’s atmosphere. At
the final stage of its luminous phase this deep-penetrating
bolide was located at a height of about 23 km. Since the
analysis of the final stage revealed a non-zero mass, this
meteor was considered as a potential meteorite-dropper.
The emission spectrum of the bolide was also registered and
analyzed. This exhibits the lines from Na I-1 (588.9 nm),
Mg I-2 (516.7 nm), Fe 1-4 (385.6 nm), Fe 1-41 (441.5 nm),
Fe 1-42, Fe 1-43 (414.3 nm), Fe 1-15 (526.9 nm), and Fe I-
318.

The next fireball analyzed here was a bolide recorded on
January 18. Its peak magnitude was —11.0. The meteor was
produced by a sporadic meteoroid and overflew the
Mediterranean Sea. Before impacting our atmosphere, this
meteoroid was moving on an asteroidal orbit. The ending
height of this deep-penetrating fireball was of about 29 km.
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The fifth bright meteor presented in this report was a fireball
recorded on January 19 that was named “Orea”. Its peak
magnitude was —11.0. The fireball was produced by a 12
Bootid (TBO#0607) meteoroid and overflew Spain. This
meteoroid was moving on a cometary orbit before striking
our atmosphere.

The next event was the “Daimiel” bright meteor. This was
recorded on February 11 and its peak absolute magnitude
was —10.0. The meteor event was produced by a sporadic
meteoroid and overflew Spain. This meteoroid was moving
on a cometary (JFC) orbit before entering the atmosphere.
This deep-penetrating meteor reached a final altitude of
about 45 km.

And the last event presented in this paper was the
“Torremocha” bolide, that was recorded on February 18. It
was also associated with the sporadic background. Its peak
magnitude was —13.0 and overflew Spain. Before colliding
with the atmosphere, the meteoroid was moving on an
asteroidal orbit. This deep-penetrating meteor reached a
terminal height of about 24 km.
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February 2022 report CAMS BeNeLux
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A summary of the activity of the CAMS BeNeLux network during the month of February 2022 is presented. This
month was good for a total of 5770 multi-station meteors resulting in 1939 orbits. Most of them were collected

during the last ten days of this month.

1 Introduction

Meteor activity in February is nearly at the lowest level for
northern latitudes. After a poor month of January, we hoped
for some improvement this month.

2 February 2022 statistics

In February the gloomy weather continued until February
20 for most of our stations. Mean temperatures were again
fairly high, due to lack of clear skies during the night. Once
more the northern stations were hampered by long periods
of overcast skies, where the more southern stations could at
least get some results like on February 7-9, and February
16,18 and 19.

So, the effect that the active more northern stations got less
results than the stations in the southern parts of the
BeNeLux was maintained during the first twenty nights of
this month. During five February nights, all during the first
two third of this month, we couldn’t collect any data at all.

The last week however weather improved significantly,
culminating in complete clear and transparent nights
towards the end of the month.

CAMS-BeNeLux collected 5770 multi-station meteors this
month, resulting in a total of 1939 orbits, 1154 of them in
the last 8 nights, or nearly 60% of the total amount of orbits
this month.

The number of orbits derived from more than two stations
remained at the low level of approximately 60% during the
first three weeks. As a result of the clear and transparent last
period of February, this percentage increased to nearly 70%
then.

On average 63.7 cameras were active during the nights this
month. This number is lower than last year, because for
different reasons some stations were only partly operational
or not at all active this month. Prospects are good however
that stations at Burlage, Gent, Zoersel and Alphen will
deliver results again in the near future. In Humain a new
camera was added to the network, delivering results since 8
February. Some more new cameras will be added to our
network in the coming weeks.

© eMeteorNews
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Figure 1 — Comparing February 2022 to previous months of
February in the CAMS BeNeLux history. The blue bars represent
the number of orbits, the red bars the maximum number of
cameras running in a single night and the green bars the average
number of cameras running per night.

Table 1 — February 2022 compared to previous months of
February.

Year Nights Orbits Stations ('\:/; 2?1)1(5 c';g Ir:s ?:n%s
2013 9 38 6 5 - 2.3
2014 21 601 12 29 - 20.3
2015 21 7 14 39 - 27.4
2016 24 1075 17 51 13 36.9
2017 16 717 18 53 20 38.6
2018 26 4147 22 91 48 81.7
2019 24 3485 18 74 50 68.8
2020 24 1215 22 84 62 73.1
2021 25 2136 26 91 60 78.6
2022 23 1939 24 78 49 63.7
Total 213 16130

3 Conclusion

The results for February 2022 are the fourth best during 10
years of CAMS BeNeLux.
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A summary of the activity of the CAMS BeNeLux network during the month of March 2022 is presented. This
month was good for a total of 10436 multi-station meteors resulting in 3189 orbits, a record number for March.

1 Introduction

Meteor activity in March is now reaching the lowest level
for northern latitudes. The sunny weather at the end of
February continued throughout March, resulting in a record
number of orbits.

2 March 2022 statistics

When we look at the mean temperatures, March shows a
peculiar pattern. The whole month was nearly one degree
warmer than normal. But there was a striking difference
between mean temperatures during daytime and nighttime.
Maximum temperatures were nearly 3 degrees higher than
normal, on the opposite, minimum temperatures were more
than 1 degree below normal. That could mean only two
things: a lot of sunshine at daytime, and a lot of clear skies
at night.

In fact, the BeNeLux had a record month of March for
sunshine. Approximately 255 hours of sunshine is more
than 20% higher than the sunniest March between 1901 and
2021. This month would even get a top-10 ranking for
sunshine in June, July or August, what emphasizes the
unique situation in March 2022.

As a result, only 2 nights remained without any orbit this
month. CAMS BeNeLux collected 10436 multi-station
meteors this month, resulting in a total of 3189 orbits.

The number of orbits derived from more than two stations
was, due to the clear weather at a fairly high level of
approximately 73.1%. On average 70.6 cameras were active
during the nights this month. This number is lower than last
year (78.9), because for different reasons some stations
were only partly active or not active at all this month.

The station at Ermelo suffered irreparable hardware
problems at the end of March. Prospects are good however
that this station as well as the stations at Burlage and Zoersel
will again deliver results in the near future. Fortunately, the
station at Gent is active again since early April.

Some more new cameras will be added to our network next
month.
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Figure 1 — Comparing March 2022 to previous months of
February in the CAMS BeNeLux history. The blue bars represent
the number of orbits, the red bars the maximum number of
cameras running in a single night and the green bars the average
number of cameras running per night.

Table 1 — March 2022 compared to previous months of March.

Year Nights Orbits Stations ('\:/; 2?1)1(5 c';g Ir:s 2:/':;2
2012 2 12 2 2 - 2.0
2013 10 69 6 7 - 4.2
2014 24 793 12 29 - 22.8
2015 23 1033 14 42 - 31.7
2016 23 856 16 51 12 38.2
2017 26 1048 19 55 20 44.4
2018 25 1280 22 91 53 735
2019 29 1215 20 78 54 64.4
2020 27 3026 25 93 66 81.7
2021 28 1998 27 91 59 78.9
2022 29 3189 24 79 58 70.6
Total 246 14519

3 Conclusion

The results for March 2022 are the best during 11 years of
CAMS BeNeLux.
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An overview of the radio observations during February 2022 is given.

1 Introduction

The graphs show both the daily totals (Figure 1 and 2) and
the hourly numbers (Figure 3 and 4) of “all” reflections
counted automatically, and of manually counted
“overdense” reflections, overdense reflections longer than
10 seconds and longer than 1 minute, as observed here at
Kampenhout (BE) on the frequency of our VVS-beacon
(49.99 MHz) during the month of February 2022.

The hourly numbers, for echoes shorter than 1 minute, are
weighted averages derived from:

nth—1) n(h) nh+1)
x T tT 3

N(h) =

During this month local and unidentified noise and
interference was moderate to high, and due to a variety of
technical problems the counts from February 17" to 21%
proved unreliable and were therefore left out, with the
exception of a reflection longer than 1 minute on February
18,

15 https://www.meteornews.net/wp-
content/uploads/2022/03/202202 49990 FV_rawcounts.csv
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Weak to moderate lightning activity was recorded on 4
days.

In fact, there were no real highlights this month and as
expected the general activity remained low. Only 2
reflections longer than 1 minute were observed here.
SpecLab pictures of these, together with another interesting
long reflection are shown in Figures 5-7. In addition to the
usual graphs, you will also find the raw counts in cvs-
format®® from which the graphs are derived.

The table contains the following columns: day of the month,
hour of the day, day + decimals, solar longitude (epoch
J2000), counts of “all” reflections, overdense reflections,
reflections longer than 10 seconds and reflections longer
than 1 minute, the numbers being the observed reflections
of the past hour.
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49.99MHz - RadioMeteors February 2022
daily totals of "all" reflections (automatic count_Mettel5 7Hz)
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Figure 1 — The daily totals of “all” reflections counted automatically, and of manually counted “overdense” reflections, as observed here

at Kampenhout (BE) on the frequency of our VVS-beacon (49.99 MHz) during February 2022.
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Figure 2 — The daily totals of overdense reflections longer than 10 seconds and longer than 1 minute, as observed here at Kampenhout
(BE) on the frequency of our VVS-beacon (49.99 MHz) during February 2022.
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Figure 3 — The hourly numbers of “all” reflections counted automatically, and of manually counted “overdense” reflections, as observed
here at Kampenhout (BE) on the frequency of our VVS-beacon (49.99 MHz) during February 2022.
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49.99MHz - RadioMeteors February 2022
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Figure 4 — The hourly numbers of overdense reflections longer than 10 seconds and longer than 1 minute, as observed here
at Kampenhout (BE) on the frequency of our VVS-beacon (49.99 MHz) during February 2022.
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2022-02-03 10:20UT 49.35HHz Felix Verbelen{Kaupenhout /Belgiuu) =BEKAMD 2022-02-28 08:20UT 49.93MHz Felix Verbelen (Haupenhout/Belygiuu)=EEHAMP

Figure 7 — Meteor reflection 28 February 2022, 08"20™ UT.

2022-02-18 01:45UT 43.99MHz Felix Verbelen{Kaupenhout/Belgiuu) =BEKMND

Figure 6 — Meteor reflection 18 February 2022, 0145 UT.
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An overview of the radio observations during March 2022 is given.

1 Introduction

The graphs show both the daily totals (Figure 1 and 2) and
the hourly numbers (Figure 3 and 4) of “all” reflections
counted automatically, and of manually counted
“overdense” reflections, overdense reflections longer than
10 seconds and longer than 1 minute, as observed here at
Kampenhout (BE) on the frequency of our VVS-beacon
(49.99 MHz) during the month of March 2022.

The hourly numbers, for echoes shorter than 1 minute, are
weighted averages derived from:

n(h—1) nh) n(h+1)

N =— 2 4

On 1 and 4 March there were interruptions due to
maintenance work near our beacon, so data for those
periods are missing.

Local interference and unidentified noise remained low for
most of the month apart from sometimes strong noise

16 https://www.meteornews.net/wp-
content/uploads/2022/04/202203 49990 FV_rawcounts.csv
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caused by solar eruptions (Figure 5), but this was of course
interesting in itself.

No lightning activity was recorded during this the month.
As expected, overall shower activity remained low, with no
real highlights, but there were some interesting minor
showers such as the Zeta Cygnids on March 24™. In addition
to the usual graphs, you will also find the raw counts in cvs-
format'® from which the graphs are derived.

Only 4 reflections lasting more than 1 minute were
observed this month, 2 of which were rather faint. (Figures
610 9).

The table contains the following columns: day of the month,
hour of the day, day + decimals, solar longitude (epoch
J2000), counts of “all” reflections, overdense reflections,
reflections longer than 10 seconds and reflections longer
than 1 minute, the numbers being the observed reflections
of the past hour.
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Figure 1 — The daily totals of “all” reflections counted automatically, and of manually counted “overdense” reflections, as observed here
at Kampenhout (BE) on the frequency of our VVS-beacon (49.99 MHz) during March 2022.
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49.99MHz - RadioMeteors March 2022
daily totals of reflections longer than 10 seconds
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Figure 2 — The daily totals of overdense reflections longer than 10 seconds and longer than 1 minute, as observed here at Kampenhout
(BE) on the frequency of our VVS-beacon (49.99 MHz) during March 2022.
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Figure 3 — The hourly numbers of “all” reflections counted automatically, and of manually counted “overdense” reflections, as observed
here at Kampenhout (BE) on the frequency of our VVS-beacon (49.99 MHz) during March 2022.
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Figure 4 — The hourly numbers of overdense reflections longer than 10 seconds and longer than 1 minute, as observed here
at Kampenhout (BE) on the frequency of our VVS-beacon (49.99 MHz) during March 2022.
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2022-03-24 09:30UT 49.93MHz Felix Verbelen (Kaupenhout/Belygiuu)=EEHAMP

20220328 _11:00-12:00UT_49.99 MHz_noise

z022-03-26 03:00UT 49.33MHz Felix Werbelen (Fawpenhout /Eelygiuu) =EERAMP

Figure 5 — Solar eruption 28 March 2022.

2022-03-05 06:15UT 49.99MHz Felix Verbelen(Kaupenhout /Belgiuu) =BEKAMIP

Figure 9 — Meteor reflection 26 March 2022, 03"00™ UT.

2022-03-12 06:50UT 43.99MHz Felix Verbelen{Kaupenhout/Belgiuu) =BEKMND

Figure 7 — Meteor reflection 19 March 2022, 06"50™ UT.
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