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Major meteor showers based on
Global Meteor Network data

Masahiro Koseki

The Nippon Meteor Society, 4-3-5 Annaka Annaka-shi, Gunma-ken, 379-0116 Japan
geh04301@nifty.ne.Jjp

We confirm the validity of video observations to get the magnitude ratio of meteor showers by calculating the ratio
of shower meteors to sporadic meteors. The magnitude ratios obtained from the Global Meteor Network are a little
bit higher than those of SonotaCo net. The difference in cameras and in photometry may explain the difference, but
the sequences of the magnitude ratios are well matched in each group. The research on the property of a meteor
shower should be done carefully by a reclassification of meteors.

1 Introduction

We studied 14 major meteor showers (Koseki, 2023) using
SonotaCo net data! (SonotaCo, 2009 and SonotaCo et al,
2021). Itis very interesting and important to compare them
with Global Meteor Network data? (Vida et al., 2019; 2020;
2021). We can get similar results of course but recognize
interesting differences. It does not seem to be meaningful
to repeat the common points. We will focus on the
differences, limiting the similarities only to some examples.

2 General view

This study intends to compare the results obtained by the
Global Meteor Network data with SonotaCo net. The
method of the analysis should be the same and the readers
interested in this are requested to refer to previous
publication (Koseki, 2023). We showed three types of
graphs: the distribution of the relative number of shower
meteors to sporadic meteors, the activity graph with the
change of the mean magnitude, and the beginning height
comparison (Koseki, 2023). The observations of GMN
cover a rather short period of 2018-2023 (used data
downloaded 2023 February 25) and, therefore, this dataset
does not include the enhanced activity of the Orionids. The
Southern Taurids (SE component) showed enhanced
activity in 2022 while GMN data has been rapidly
increasing, so that STA data are biased. There are minor
differences due to different conditions like this, but
basically, the results are very similar.

Here, we will only compare the GMN results with the
previous example (Figure 1~3, Quadrantids). Figure 1
shows the distribution of the relative number of shower
meteors to sporadic meteors; at top the result for GMN and
at bottom for the SonotaCo net. The slopes of the graphs
seem somewhat different, but we see these might change
when we select a different range for determining them.
Figure 2 gives the activity graph with the change in the
mean magnitude. The activity and the mean magnitude

! SonotaCo Network Simultaneously Observed Meteor Data Sets
SNM20xxx, https://sonotaco.jp/doc/SNM/Catalog
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differ a little bit; the causes will be discussed later. Figure
3 shows the beginning height comparisons; they are very
similar, though the Quadrantids by the Global Meteor
Network appear concentrated in narrower magnitude range.
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Figure 1 — The distribution of the logarithm of the relative number

of Quadrantid meteors to sporadic meteors. GMN (top), SonotaCo
net (bottom).

2Global Meteor Network. https://globalmeteornetwork.org/
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Figure 2 — The sliding mean of the number of Quadrantids (solid blue line) and of the absolute magnitude (dotted orange line) using a 1
solar longitude bin. left: GMN and right: SonotaCo net; the number is divided by the number of years of observations.
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Figure 3 — The result of the linear regression for sporadic meteors is shown as a dashed line, that of the Quadrantids as a solid line. At
left: GMN, right: SonotaCo net.

Table 1 — Comparison of the magnitude ratio obtained by this study with SonotaCo net results. Slope and r-values are shown each upper
row for GMN and lower SonotaCo net, and the bottom is the magnitude ratio from the meteor calendar 2023 of IMO (Rendtel, 2022).

Shower  QUA LYR ETA SDA CAP PER ORI _SE _SF NTA LEO HYD GEM COoM
slope -0.117  -0.149 0.084 -0.112 -0.159 -0.216  -0.03 0.074 -0.245 -0.055 -0.151 -0.094 -0.226 -0.175
-0.095 -0.161 -0.007 -0.076 -0.161 -0.196 -0.036 0.076 -0.146 -0.063 -0.167 -0.06 -0.1 -0.083
r 3.09 2.98 5.69 3.12 2.53 2.73 4.36 4.48 2.15 3.32 3.38 3.63 2.32 3.08
2.81 2.51 4 2.93 2.17 2.49 3.75 3.89 2.33 281 2.84 3.42 2.68 331

IMO 21 2.1 2.4 25 25 2.2 2.5 2.3 2.3 2.5 3 2.6 3

In the following sections, we will discuss some small but
interesting differences.

3 Magnitude ratio

We studied the ratio of shower meteors to sporadic meteors
instead of the perception coefficient and showed we could
calculate the magnitude ratio using the ratio of shower
meteors relative to sporadic ones (Koseki, 2023). It is
necessary to investigate how the magnitude ratio of
sporadic meteors changes with the geocentric velocity. We
divided sporadic meteors into 14 groups with 10 km/s bins
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in geocentric velocity overlapping 5 km/s each, vy <15,
10 < vy < 20, 15 < vy < 25, and so on.

Figure 4 shows changes in the slopes of the logarithm
distribution in the different magnitude ranges along with the
geocentric velocity. We select the slope of the range
Ma =-6~-3 as we did in the case of SonotaCo net data;
there is some question as to whether the range can be fixed,
which we will discuss in more detail later. Table 1
compares the results of this study with the former results of
SonotaCo net data. We use the shower classification listed
in the GMN database except for Taurids (STA and NTA).

© eMeteorNews



eMeteorNews

2023 -4

Southern Taurids should be divided into two components,
that is, ‘Steady Expression’ (_SE) and ‘Sharply Fluctuating’
(_SF); Table 1 shows the clear difference between them.
We, therefore, classified three components of Taurids by
ourselves; We realized then that there was a big problem
with the classification of Taurids in GMN, which we will
discuss later.
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Figure 4 — Changes in the slopes in function of the geocentric
velocity. The values of the slopes for the most plausible range
—6 < Ma < -3 are connected with a bold line.
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Figure 5 — The relation between the magnitude ratios obtained by
GMN and by SonotaCo net (Table 1).

The slopes of the logarithm distribution as shown in
Figure 1 for example are listed in Table 1 upper row for
GMN and lower row for SonotaCo, and the same for the
estimated magnitude ratios. Though GMN estimates are
higher than SonotaCo net’s, the magnitude relation of the
magnitude ratio of each group is almost the same
(Figure 5).

The tendency for the GMN results to increase will be
discussed in more detail later, but here we give some notes
on the differences seen in Table 1.

The magnitude ratio and the mean magnitude become lower
around the shower maximum. GMN observations used here
are shorter periods than those of SonotaCo net and GMN
data are rapidly increasing. If GMN observers missed the
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shower maximum in 2022 the most fruitful year or had the
maximum, the magnitude ratio obtained here might be
biased not only in the case of STA but also other showers.

3.1. Discrepancy of observational time zone and
maximum

Figure 6 shows the numbers of shower meteors in function
of the solar longitude separately per year. GMN missed the
Quadrantids maximum in 2022 (Figure 6, top) and covered
the Geminids in 2022 (Figure 6, bottom). The magnitude
ratio of the Quadrantids (Table 1) might be biased by
meteors observed in 2022 before and after the maximum.
On the contrary the Geminid maximum was covered in
2022 and, therefore, the magnitude ratio of the Geminids
(Table 1) might be underestimated by meteors which have
a lower magnitude ratio at the maximum. This causes the
magnitude ratio of Geminids obtained by GMN to be lower
than that of SonotaCo net.
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Figure 6 — Changes in the observed shower meteors by year.
Quadrantids (top), Geminids (bottom) according to GMN.

The magnitude ratio of STA_SF is also lower than that of
SonotaCo net. The reason is similar to the Geminids case
because GMN covered the enhanced activity of STA_SF in
2022; Table 1 lists the magnitude ratio of the regular year
of STA_SF for the SonotaCo net and the GMN result is
lower than that for the SonotaCo net.
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2.2. Shower classification

Figure 7 (top) Quadrantids and (bottom) Geminids are the
radiant distribution compensated for their radiant drift; each
figure includes the period of each classified shower member
recognized. Quadrantids (Figure 7, top) are contaminated
by DAD and BBO. DAD interferes with one-third of the
Quadrantids in the case of SonotaCo net, but SonotaCo net
changed their definition of the shower table recently and
this overlap has been resolved.

. QUA
- BBO
- DAD U S IR
GUM ST
. LBO
- URS

15 1 o

+ tr +a o+

10 + . -« vty
% b -+ 4

. Wit ah T enae o
A o Tt e

terh [t .
M e A

ks .
e a2t it
L +

- GEM 15 T
- AGE AR PR
ALY + e L +
CMI - o
. DRG :
- DEG
- FPL
- JKL
- ILE
ILL
- KCA
MTA
NAA
NCC
NOO
NTA
- OLE
- ORN
- ORS
- PGE
- RLM
- SAU
scc
- THA
XUM

Figure 7 — Radiant distribution centered at the result of the
regression analysis for the radiant drift according to GMN.
Quadrantids (top), Geminids (bottom). The periods of the figures
drawn here are selected between their earliest classified meteor
and the last one, that is, 264.69° <l10<298.41° for the
Quadrantids and 239.7° < /e < 295.88° for the Geminids.

The radiant distribution of the Geminids (Figure 7, bottom)
is complex; four minor showers overlap it (DRG, JKL, JLL,
and THA). We pointed out already that DRG is at the
outskirt of the velocity distribution of the Geminids and
THA might be the early activity of the Geminids (Koseki,

234

2018). JKL and JLL seem to be sporadic activities, or the
outskirt of the Geminids as seen on the opposite side of the
radiant distribution.

We use unique classification for the three Taurid activities;
there are confusing situations, and we will return to the
shower classification problems later.
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Figure 8 — The logarithm distribution of the number of sporadic
meteors against absolute magnitude Ma. vg<15 km/s (top),
Vg > 70 km/s (bottom) according to GMN.
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Figure 9 — Changes in the slopes in function of the geocentric
velocity. The line ‘GMN_v’ (blue solid) is obtained by the varied
range of magnitude according to the change of perception.
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Figure 10 — The logarithm distribution of the number of sporadic meteors against the absolute magnitude Ma; SonotaCo net results (blue
filled circle) are added to Figure 7. left: vg < 15 km/s, right: vg > 70 km/s.

4 Discussions

4.1. Perception with velocity

If observations can catch all meteors, the logarithmic
distribution would become a straight line. Figure 8 clearly
shows the perception changes with velocity as the
perception in the slower range is higher than in the faster
range. Almost all meteors of the —2" magnitude could be
recorded in Figure 8 (top) but is missing several
percentages in Figure 8 (bottom). We selected the slope of
the range as M, = —6~-3 and calculated the magnitude ratio
(Table 1). If we changed the range for calculating the
sporadic magnitude ratio as shown in Figure 8 in every
velocity range, the results would become higher than the
former ratio for M, = -6~-3 (Figure 9).
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Figure 11 — Moving means of the magnitude of sporadic meteors
against velocity (km/s).

It seems too high for the sporadic magnitude ratio which we
have known, the ratios are over 4 in all velocity ranges and
reach 5 at the highest velocity. Figure 9 compares with
SonotaCo net results also, and this comparison might give
clues to answer the question. Both results show the increase
of the magnitude ratio with velocity; this may be true
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because the higher velocity meteors belong to the apex
source, the middle range the Toroidal, and the slower the
ANT source. But the magnitude ratios themselves are
different; GMN results are always higher than those of
SonotaCo net.

Figure 10 (left) and (right) compares the magnitude
distribution of GMN with the one of SonotaCo net for
vg < 15(km/s) and vg>70(km/s) respectively. GMN
catches fainter meteors than SonotaCo net especially for
slower meteors because they use larger lenses (Figure 11).
The magnitude ratio of the latter in the range of slower
meteors might be biased and seems to be underestimated.
On the other hand, the mean magnitude of GMN rapidly
decreases because they use longer focus lenses than
SonotaCo net; the apparent angular velocity of the meteors
on a CCD is higher, and the collected light per pixel
decreases.
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Figure 12 — Moving means of the standard deviation of the
magnitude distribution in Figure 11 against velocity (km/s).

Figure 10 shows one more important suggestion for the
question; both magnitude distributions of GMN are
narrower than those of SonotaCo net. Figure 12 gives the
standard deviations for the mean magnitude in Figure 11.
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Figure 13 — The distribution of the radiants by SonotaCo net. left: STA, 180° < Ao < 205°, —8° < < —2°, between 185° < lo < 245°,
right: NTA, 180° < 2-1e < 205°, 0° < 8 < +6°, between 200° < 1o < 260°.
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Figure 14 — The distribution of the radiants by the Global Meteor Network. left: STA, 180° < -1 < 205°, —8° < # < —2°, between
185° < o < 245°, right: NTA, 180° < /10 < 205°, 0° < B < +6°, between 200° < 1o < 260°.

It is clear that the standard deviation, which is the width of
the magnitude distribution, of the Global Meteor Network
is always narrower than those of SonotaCo net. Therefore,
it is suggested that the magnitude difference between the
Global Meteor Network and SonotaCo net is apparent
because they use different cameras and different
photometry. It is difficult to obtain an absolute magnitude
ratio by video observations at present, though this is also
true for other observation techniques. The magnitude ratios
or similar indexes are different for visual, radio, and other
observing techniques.

4.2. Shower classification in the case of Taurids

We already mentioned the contamination by sporadic or
minor shower meteors within the Quadrantids and
Geminids. There are many more important problems with
the shower classification for the Taurids. Figure 13 shows
the sun-centered longitude (4-10) with the longitude of the
sun for classified STA (Figure 13 left) and NTA (Figure
13, right) by SonotaCo net. Both STA and NTA are simply
expressed as a single broad group. On the contrary, Global
Meteor Network divided both STA and NTA into several
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sub streams (Figure 14). It seems that the IAU classification
was taken very strictly. We noted that such subdivisions
should not apply to complex showers such as the Taurids
(Koseki, 2018). These subdivisions were introduced by
Jenniskens et al. (2016) but they themselves listed these
subdivisions ranked as a lower category. The working
status in the IAU shower database (IAUSD) means they are
under research and not confirmed. There are questionable
entries even in the ‘established status’ in IAUSD (Koseki,
2020). We should be careful to study the properties of a
meteor shower, if someone does this the shower
identification should be redone.

Figure 15 and Figure 16 represent the difference in the
magnitude distribution before and after the reclassification.
Figure 15 (top) shows the distribution of STA according to
the GMN shower classification and it is curiously curved.
Figure 15 shows the result after being divided into _SE
(middle) and _SF (bottom) components and reclassified.
The distributions are just as valid as those for SonotaCo net
data (Koseki, 2023). Figure 16 is a similar comparison for
NTA; after the reclassification (bottom) the distribution

© eMeteorNews
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Figure 15 — The distribution of the logarithm of the number of
shower meteors relative to sporadic meteors. (Top): GMN
originally classified STA meteors, (middle): reclassified results of
STA_SE, (bottom): reclassified results of STA_SF.
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Figure 17 — The sliding mean of the number of Lyrids (solid line,
blue) and of the absolute magnitude (solid line, orange) using with
1 solar longitude bin; the number is the total number of orbits
collected (see Koseki, 2023, page 156).
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Figure 18 — The dotted line indicates the result of the linear
regression analysis for the Lyrids between Ma = —2.75~+1.25,
crosses on both sides are excluded from the analysis because of
the scarcity of the data (see Koseki, 2023, page 156).
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Figure 19 — The result of the linear regression for sporadic
meteors is shown as a dashed line, that of the Lyrids as a solid line
(see Koseki, 2023, page 156).
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Figure 20 — The sliding mean of the number of eta Aquariids
(solid line, blue) and of the absolute magnitude (solid line, orange)
using with 1 solar longitude bin; the number is the total number of
orbits collected (see Koseki, 2023, page 157).
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Figure 21 — The dotted line indicates the result of the linear
regression analysis for the eta Aquariids between
Ma=-2.75~+1.5, dots on both sides are excluded from the
analysis because of the scarcity of the data observations (see
Koseki, 2023, page 157).
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Figure 22 — The result of the linear regression for sporadic
meteors is shown as a dashed line, that of the eta Aquariids as a
solid line observations (see Koseki, 2023, page 157).
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Figure 23 — The sliding mean of the number of Southern delta
Aquariids (solid line, blue) and of the absolute magnitude (solid
line, orange) using with 1 solar longitude bin; the number is the
total number of orbits collected (see Koseki, 2023, page 157).
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Figure 24 — The dotted line indicates the result of the linear
regression analysis for the Southern delta Aquariids between
Ma =-2.25~+2.25, dots on both sides are excluded from the
analysis because of the scarcity of the data (see Koseki, 2023, page
157).
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Figure 25 — The result of the linear regression for sporadic
meteors is shown as a dashed line, that of the Southern delta
Aquariids as a solid line (see Koseki, 2023, page 158).
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Figure 26 — The sliding mean of the number of Capricornids
(solid line, blue) and of the absolute magnitude (solid line, orange)
using with 1 solar longitude bin; the number is the total number of
orbits collected (see Koseki, 2023, page 158).
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Figure 27 — The dotted line indicates the result of the linear
regression analysis for the Capricornids between Ma = -2~+2.5,
dots on both sides are excluded from the analysis because of the
scarcity of the data (see Koseki, 2023, page 158).
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Figure 28 — The result of the linear regression for sporadic
meteors is shown as a dashed line, that of the Capricornids as a
solid line (see Koseki, 2023, page 158).
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Figure 29 — The sliding mean of the number of Perseids (solid
line, blue) and of the absolute magnitude (solid line, orange) using
with 1 solar longitude bin; the number is the total number of orbits
collected (see Koseki, 2023, page 159).
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Figure 30 — The dotted line indicates the result of the linear
regression analysis for the Perseids between Ma = —4~+2, dots on
both sides are excluded from the analysis because of the scarcity
of the data (see Koseki, 2023, page 159).
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Figure 31 — The result of the linear regression for sporadic
meteors is shown as a dashed line, that of the Perseids as a solid
line (see Koseki, 2023, page 159).
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Figure 32 — The sliding mean of the number of Orionids regular
activity (solid line, blue) and of the absolute magnitude (solid line,
orange) using with 1 solar longitude bin; the number is the total
number of orbits collected (see Koseki, 2023, page 159).
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Figure 33 — The dotted line indicates the result of the linear
regression analysis for the Orionids during the regular activity,
between Ma = -3.25~+0.75, dots on both sides are excluded from
the analysis because of the scarcity of the data (see Koseki, 2023,
page 160).

Figure 34 — The result of the linear regression for sporadic
meteors is shown as a dashed line, that of the Orionids during
regular activity as a solid line (see Koseki, 2023, page 160).
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Figure 35 — GMN originally classified STA meteors, sliding mean
of the number of Southern Taurids activity (solid line, blue) and
of the absolute magnitude (solid line, orange) using with 1 solar
longitude bin; the number is the total number of orbits collected.
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Figure 36 — GMN originally classified STA meteors, the dotted
line indicates the result of the linear regression analysis for the
Southern Taurids, between Ma =-4~-1 and Ma=-0.75~+2.25,
dots on both sides are excluded from the analysis because of the
scarcity of the data.
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Figure 37 — GMN originally classified STA meteors. The result of
the linear regression for sporadic meteors is shown as a dashed
line, that of the Southern Taurids as a solid line.
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Figure 38 — The sliding mean of the number of Southern Taurids
SE activity (solid line, blue) and of the absolute magnitude (solid
line, orange) using with 1 solar longitude bin; the number is the
total number of orbits collected (see Koseki, 2023, page 160).
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Figure 39 — The solid line indicates the result of the linear
regression analysis for the Southern Taurids SE, between
Ma = -1~+2, dots on both sides are excluded from the analysis
because of the scarcity of the data (see Koseki, 2023, page 160).
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Figure 40 — The result of the linear regression for sporadic
meteors is shown as a dashed line, that of the Southern Taurids SE
as a solid line (see Koseki, 2023, page 161).
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Figure 41 — The sliding mean of the number of Southern Taurids
SF regular activity (solid line, blue) and of the absolute magnitude
(solid line, orange) using with 1 solar longitude bin; the number is
the total number of orbits collected (see Koseki, 2023, page 161).
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Figure 42 — The dotted line indicates the result of the linear
regression analysis for the Southern Taurids SF during the regular
activity, between Ma =-3~+2, dots on both sides are excluded
from the analysis because of the scarcity of the data (see Koseki,
2023, page 161).
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Figure 43 — The result of the linear regression for sporadic
meteors is shown as a dashed line, that of the Southern Taurids SF
during regular activity as a solid line (see Koseki, 2023, page 162).
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Figure 44 — GMN originally classified NTA meteors. The sliding
mean of the number of Northern Taurids (solid line, blue) and of
the absolute magnitude (solid line, orange) using with 1 solar
longitude bin; the number is the total number of orbits collected
(see Koseki, 2023, page 162).
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Figure 45 — GMN originally classified NTA meteors. The dotted
line indicates the result of the linear regression analysis for the
Northern Taurids, between Ma = —2~+2.75, dots on both sides are
excluded from the analysis because of the scarcity of the data (see
Koseki, 2023, page 162).
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Figure 46 — GMN originally classified NTA meteors. The result
of the linear regression for sporadic meteors is shown as a dashed
line, that of the Northern Taurids as a solid line (see Koseki, 2023,
page 162).
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Figure 47 — The sliding mean of the number of the reclassified
results of Northern Taurids (solid line, blue) and of the absolute
magnitude (solid line, orange) using with 1 solar longitude bin; the
number is the total number of orbits collected (see Koseki, 2023,
page 162).
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Figure 48 — The dotted line indicates the result of the linear
regression analysis for the reclassified results of Northern Taurids,
between Ma = —2.5~+2.5, crosses on both sides are excluded from
the analysis because of the scarcity of the data (see Koseki, 2023,
page 162).
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Figure 49 — The result of the linear regression for sporadic
meteors is shown as a dashed line, that of the reclassified results
of Northern Taurids as a solid line (see Koseki, 2023, page 162).

© eMeteorNews

Figure 50 — The sliding mean of the number of Leonids (solid line,
blue) and of the absolute magnitude (solid line, orange) using with
1 solar longitude bin; the number is the total number of orbits
collected (see Koseki, 2023, page 162).
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Figure 51 — The dotted line indicates the result of the linear
regression analysis for the Leonids, between Ma = —4~+2, crosses
on both sides are excluded from the analysis because of the
scarcity of the data (see Koseki, 2023, page 163).
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Figure 52 — The result of the linear regression for sporadic
meteors is shown as a dashed line, that of Leonids as a solid line
(see Koseki, 2023, page 163).
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Figure 53 — The sliding mean of the number of sigma Hydrids
(solid line, blue) and of the absolute magnitude (solid line, orange)
using with 1 solar longitude bin; the number is the total number of
orbits collected (see Koseki, 2023, page 163).
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Figure 54 — The dotted line indicates the result of the linear
regression analysis for the sigma Hydrids, between Ma = —4~+2,
dots on both sides are excluded from the analysis because of the
scarcity of the data (see Koseki, 2023, page 163).
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Figure 55 — The result of the linear regression for sporadic
meteors is shown as a dashed line, that of the sigma Hydrids as a
solid line (see Koseki, 2023, page 163).
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Figure 56 — The sliding mean of the number of Geminids (solid
line, blue) and of the absolute magnitude (solid line, orange) using
with 1 solar longitude bin; the number is the total number of orbits
collected (see Koseki, 2023, page 164).
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Figure 57 — The dotted line indicates the result of the linear
regression analysis for the Geminids, between Ma = —2~+2.5, dotts
on both sides are excluded from the analysis because of the
scarcity of the data (see Koseki, 2023, page 164).
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Figure 58 — The result of the linear regression for sporadic
meteors is shown as a dashed line, that of the Geminids as a solid
line (see Koseki, 2023, page 164).
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Figure 59 — The sliding mean of the number of Comae Berenicids
(solid line, blue) and of the absolute magnitude (solid line, orange)
using with 1 solar longitude bin; the number is the total number of
orbits collected (see Koseki, 2023, page 164).
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Figure 60 — The dotted line indicates the result of the linear
regression analysis for the Comae Berenicids, between
Ma = —-6~+2, dots on both sides are excluded from the analysis
because of the scarcity of the data (see Koseki, 2023, page 164).
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Figure 61 — The result of the linear regression for sporadic
meteors is shown as a dashed line, that of the Comae Berenicids
as a solid line (see Koseki, 2023, page 165).
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A short duration new meteor shower on a long period comet type orbit has been detected during May 2023 by the
Global Meteor Network. Meteors belonging to the new shower were observed between 53.93° < 1o < 54.80° (2023,
May 15-16) from a radiant at R.A. = 300° and Decl.= +18° with a geocentric velocity of 59.7 km/s. The new meteor
shower has been listed in the Working List of Meteor Showers under the temporary identification M2023-K1.

1 Introduction

A routine visual check of the daily radiant plots of the
Global Meteor Network revealed a concentration of
radiants about 10° from the gamma Aquiliids (GAQ,
#0531) radiant, and visual inspection of plots for the
previous and next night revealed that the possibly new
shower has been active for only the night of 15-16 May
2023 (Figure 1). The initial search through the IAU
database has shown this may be a new shower, and a deeper
investigation has been made.

Sol min 54.00° (2023/05/15 09:40)
Sol max 55.00° (2023/05/16 10:33)
Count = 1066

2 Method and results

We used the procedure as described for some recent cases
of possibly new showers in Bootes and Draco (Segon et al.,
2023). The Southworth—Hawkins dissimilarity criteria Dsy
has been chosen for the analysis of the new radiant
concentration. A first iteration revealed a clear
concentration of orbits, as it can be seen on Figure 2. The
Railey distribution fit pointed at a Dsy value of 0.1 as the
orbital similarity cutoff (Figure 3), which resulted in 15
orbits representing the possibly new meteor shower.

Sun-centered geocentric ecliptic coordinates

Figure 1 — Radiant plot of the Global Meteor Network data for 2023 May 15-16 in Sun-centered geocentric ecliptic coordinates. The
new radiant is visible right (west) of the GAQ radiant and is marked by a red arrow.
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Figure 2 — Histogram of the distribution of the Dsw criterion
values valid for the final mean orbit.
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Figure 4 —All non shower meteor radiants in geocentric

equatorial coordinates during the shower activity. The pale
diamonds represent the new shower radiants plots, error bars
represent two sigma values in both coordinates.

The presence of non-shower radiants in the area around the
possibly new shower (Figure 4) shows the cutoff to be
reliable since the density of meteor radiants does not look
affected after removing shower members (plotted as pale
diamonds). The plot of the shower meteor radiants in
equatorial coordinates shows a very compact group, with a
standard deviation of the distances from the average radiant
position of about a single degree (see Figure 5). The I7-i

© eMeteorNews

diagram shows a compact group of radiants too (Figure 6),
without any other groups of radiants to be seen.
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Figure 5 — The reverse of Figure 4, now the shower meteors are
shown as circles and the non shower meteors as grayed out

diamonds. Note that there are no other groups of meteor radiants
to be seen in the vicinity of the possibly new meteor shower.
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Figure 6 — The diagram of the inclination i against longitude of
perihelion I7 shows showing a distinct group of radiants without
any other groups to be seen.
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Figure 7 — The activity period with the number of orbits identified
as new shower members.

The radiant of the possibly new shower lies in the
constellation of Sagitta, near the 5.3-magnitude star 13 Sge.
The activity of the shower has been detected between
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53.93° and 54.80° of solar longitude (Figure 7), however
we may round the activity to about one day. Only a single
meteor had a positive magnitude, and the overall average
brightness was —1.5 with all Sirius-bright meteors. On
average, six GMN cameras captured the same event: only
four meteors were captured from two locations, and a single
one was detected from twenty-one (21) sites.

This case has shown one of the most important
characteristics of the Global Meteor Network, namely the
value to cover events as they happen all around the globe.
The first meteor has been captured from the USA, followed
by South Korea, New Zealand, Malaysia, followed by
United Kingdom and the Netherlands, Brazil and back to
the USA where the last meteor has been captured!

3 New shower or existing shower?

Before making claims that the detected activity qualifies to
be listed as a new meteor shower, the known existing
meteor showers active around this time from this part of the
sky must be checked. The only suspect candidate is the
gamma-Aquiliids (GAQ#0531) meteor shower, first
reported by Segon et al. (2014). In geocentric equatorial
coordinates as well as in Sun- centered ecliptic geocentric
coordinates, the radiant concentrations appear as close but
distinct neighbors. As the new shower activity appears later
than the GAQ-activity and west of it in radiant position, the
off-set in radiant positions cannot be explained by radiant
drift. The Tisserand relative to Jupiter proves both GAQ and

Table 1 — Known neighboring  shower, gamma-Aquiliids
(GAQ#0531, Shiba, 2023), compared to the new meteor shower,
New (a) and New (b) derived by two different methods.

GAQ New (a) New (b)
26 (°) 48.7 54.54 545
Aon (°) 40.2 53.93 54.2
Joe (°) 58.0 54.80 55.5
ag (°) 304.9 300.3 300.4
dg (°) +14.4 +17.8 +17.8
Aag (°) 0.97 - -
A8 (°) 0.24 - -
Vg (km/s) 62.8 59.7 59.6
2 (%) 311.3 307.2 307.3
220 (°) 262.7 252.8 252.8
B (°) 33.0 374 375
a(AU) 275 300.9 79.4
q(A.U) 0.985 0.903 0.9014
e 0.964 0997 0.989
i(°) 123.7 1135 1134
w (°) 197.7 218.2 2184
Q) 48.7 54.4 545
1 (°) 246.4 272.6 272.9
Tj -0.49 -0.45 -0.40
N 40 15 9
248

the new shower are Long Period Comet-type orbits
(Table 1). The orbits differ mainly by ~10° in inclination
and ~26° in longitude of perihelion.

Further verification of the IAU MDC Working List of
Meteor Showers (Jenniskens et al., 2020; Jopek and
Kanuchova, 2014; 2017; Jopek and Jenniskens, 2011;
Neslusan et al., 2020) did not reveal any other nearby
meteor shower activity.

4 Another search method

Another method has been applied to check this new meteor
shower discovery. The starting point here can be any
visually spotted concentration of radiant points or any other
indication for the occurrence of similar orbits. The method
has been described before (Roggemans et al., 2019). The
main difference with the method applied in Section 2 is that
three different discrimination criteria are combined in order
to have only those orbits which fit different criteria. The D-
criteria that we use are these of Southworth and Hawkins
(1963), Drummond (1981) and Jopek (1993) combined.
Instead of using a cutoff value for the D-criteria these values
are considered in different classes with different thresholds
of similarity. Depending on the dispersion and the type of
orbits, the most appropriate threshold of similarity is
selected to locate the best fitting mean orbit as the result of
an iterative procedure.
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Figure 8 — Radiant plot in geocentric Sun-centered -ecliptic
coordinates for different similarity thresholds, the radiant of the
gamma-Aquiliids (GAQ#0531) is marked as a diamond.

This method detects 45 candidate orbits if we admit
Dp < 0.08, 30 for Dp < 0.06, 20 for Dp <0.04 and 9 for
Dp <0.02. The better the similarity, the narrower the
observing window. The mean orbit computed according to
Jopek et al. (2006) for the orbits selected using the method
of Segon et al. (2023) is listed as New (a) in Table 1, the
mean orbit for the selection using the method of Roggemans
et al. (2019) is listed under New (b). The dispersion in
geocentric Sun-centered ecliptic coordinates is displayed in
Figure 8. The position of the gamma-Aquiliids
(GAQ#0531) is shown east (at right) of the new shower.
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The concentration of the orbits of the newly discovered
meteor shower appears very distinctly in the diagrams of the
inclination against the longitude of perihelion (Figure 9)
and the diagram of the inclination against the perihelion
distance (Figure 10). In both diagrams the position of the
gamma-Aquiliids (GAQ#0531) is marked as a diamond and
appears clearly separated from the new meteor shower
orbits.
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Figure 9 — Diagram of the inclination i against the longitude of
perihelion 77, the radiant of the gamma-Aquiliids (GAQ#0531) is
marked as a diamond.
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Figure 10 — Diagram of the inclination i against the perihelion
distance q, the radiant of the gamma-Aquiliids (GAQ#0531) is
marked as a diamond.

5 Comparing older data and other
datasets

Looking up past years orbit data for Global Meteor Network
(2018-2022, 722315 orbits), we find 35 orbits with
Dp <0.08 and 7 with Dp < 0.04, recorded in the period
2020-2022. The SonotaCo net orbit data (2007-2022,
443197 orbits) has 21 orbits with Dp < 0.08 and only 3 with
Dp < 0.04, recorded in different years. EDMOND (2001
2016, 317831 orbits), has 16 orbits with Dp < 0.08 and only

3 https://www.ta3.sk/IAUC22DB/MDC2022/Roje/pojedynczy ob
iekt.php?lporz=01710&kodstrumienia=01221
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2 with Dp < 0.04 in different years. The CAMS orbit data
(2010-2016, 471582 orbits), has 24 orbits with Dp < 0.08
and only 3 with Dp < 0.04, recorded in different years
between 2012 and 2016.

None of the major video orbit catalogues has previously
recorded any trace of some concentration of orbits related
to the new meteor shower.

6 Conclusion

A possibly new meteor shower in the constellation of
Sagitta active for only about a day, has been found from the
results of May 15-16, 2023 observations by Global Meteor
Network. The resulting orbit is a typical long period comet
one, but no connection to any known comet has been found
meaning the parent body of this shower remains unknown.
The new meteor shower has been listed in the Working List
of Meteor Showers under the temporary identification
M2023-K13.
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Using the cameras of the Global Meteor Network in Arizona, Colorado and New Mexico we reconstruct the reentry
trajectory of the Dragon capsule trunk (Crew-5 flight) which occurred on 2023 April 27 around 08"52™ UTC. We
compare the preliminary trajectory to known orbital information of the object and deduce the moment of rapid

reentry.

1 Introduction

On 11 March 2023, four astronauts returned from the
International Space Station in the Crew-5 Dragon
spacecraft. Shortly before the capsule reentry, it separated
from its 37 m3 trunk. The trunk entered an orbit around
Earth, and reentered on 27 April 2023, around 08"52™ UTC.
The reentry of the trunk was well observed by meteor
cameras of the Global Meteor Network (GMN) in the
American Southwest. We report on these observations and
compare the camera-derived trajectory with the last known
orbit of the trunk.

2 Observations

The reentry was observed by 21 GMN cameras. All of them
had clear skies, allowing accurate astrometric calibration on
many stars. The reentry was detected on almost all cameras
by the fireball detector and raw video of the reentry was
saved. For some parts of the observations, we had to fall
back to “FF” files in the ‘four-frame format’ (Vida et al.,
2021) which contain data aggregated over 10 seconds. An
overview of the observations is shown in Figure 2.

USLOON
USLOOB

USLO1B
Us000)
= USLOLC
m—SO00R

= USLOO3

Uso003G

' ' I I ' ' I
08:50:20 08:50:40 08:51:00 08:51:20 08:51:40 08:52:00 08:52:20

Figure 1 — Cameras contributing over time (UTC).

Figure 1 shows the cameras that observed the reentry over
time. Most cameras that observed the event were operated
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by either the Lowell Observatory or the New Mexico
Meteor Array (NMMA).

3 Datareduction

All observations were manually calibrated and the location
of the trunk on every video frame was manually picked
using the SkyFit2 software (Vida et al., 2021). These picks
are available in the Global Fireball Exchange (GFE) format
and are part of the accompanying data release (Dijkema et
al., 2023).
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US000R

usoooL. USD01L

Figure 2 — Co-added images of the camera observations. Note that
only portions of the trajectory are shown from some stations for
which FF files were available.
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Figure 3 — Ground track of the reentry. The red line shows the ground track of the propagated TLE orbit.

The trajectory was computed piecemeal using the
WesternMeteorPyLib (WMPL) trajectory solver (Vida et
al., 2019). The solver was developed and tuned for meteors
on heliocentric orbits which have a much shorter duration
and higher speeds, unlike satellites on geocentric orbits.
When used without alterations, the solver will produce an
inaccurate trajectory with high deviations from the
measurements.

We have worked around the limitations of WMPL by
cutting the data into time chunks, where each time chunk is
treated as an individual event. This technique introduces
some discontinuities in the trajectory, which have been
marked in the figures. Essentially, the trajectory solver does
not compensate for the lift experienced by the spacecraft
which curves the trajectory but assumes that individual
pieces of the trajectory are straight lines. The compensation
for the trajectory curvature due to gravity was also disabled
as the lift significantly reduced the amount of trajectory
deviation. The same technique was used previously in the
reduction of a StarLink reentry above Spain in February
2022 (Dijkema et al., 2022).

4 Comparison with the last-known orbit

Most commonly, the orbits of satellites are monitored by
radar systems such as the US Space Surveillance Network
(SSN). The orbital parameters are shared on space-
track.org* in the form of two-line elements (TLESs).
Typically, these orbital elements are updated daily.

4 https://www.space-track.org (accessed May 9, 2023).
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Figure 4 — Top: height vs. time of the observed trajectory. The
TLE height is not in the plot, it is at 134 km. Bottom: velocity vs.
time our observed trajectory. Fitting errors before around
08M'50m408 are present as only one camera observed the beginning.

The last known TLE of the Dragon trunk, with a NORAD
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ID 55840, has epoch 2023-04-27TQ7:40. The epoch is not
the time of the radar measurement, but it should be close to
it. This means that the orbital parameters were measured
using radar observations only hours before the reentry. For
an object this close to reentry, the accuracy of the TLE orbit
is low.

The ground track of the propagated TLE is shown as a red
line in Figure 3. It matches our trajectory well. A deviation
is visible in the first part of the trajectory which is likely due
to the inaccuracy of the meteor observations: only one
camera observed the beginning (see Figure 1).

Our observations show that the object is ahead of the
predicted ground track. At the beginning of our
observations, it is ahead of the TLE by about 7 seconds and
at the end, it is ahead by about 4 seconds (due to obvious
deceleration). It should be noted that there may be a time
delay on our observations of about 0.5 seconds.

The main difference between the last known orbit and the
observed trajectory is the height. Predicting a suitable
‘drag’ term in TLEs is notably hard because this term
depends on many factors like the orientation of the
spacecraft and the solar activity (determining the extent of
the atmosphere). The TLE orbit predicts a height of 134 km
at the time of the reentry. The observations show (Figure 4,
top panel) an actual height of around 98 km down to around
68 km (the beginning and end of the trajectory are less
accurate).

The TLE orbit predicts an almost constant velocity of 7.8
km/s around the time of the observed reentry. Our
observations do not lead to a good velocity fit until
08"50™M40%. From then on, we observed a velocity of 7.6
km/s decreasing to 6.2 km/s (Figure 4, bottom panel). The
trajectory was not observed in full; the trunk exited the field
of view of the last camera before the end.

5 Future work

To improve the trajectory, a trajectory solver could be used
which includes the last known orbital information and
computes the drag and lift dynamics. From past meteoroid
work, a solver that could be considered is that of Sansom et
al., 2019. From the spacecraft side, a solver could be used
in NASA’s General Mission Analysis Tool (Hughes et al.,
2017).

6 Conclusion

In this preliminary analysis, we have shown that Global
Meteor Network observations of the Crew-5 trunk reentry
match the orbit of the Crew-5 trunk well and that meteor
camera observations can provide valuable information
about the timing, location, height, and dynamics of satellite
reentries.
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A summary of the activity of the CAMS-BeNeLux network during the month of April 2023 is presented. This month
was good for 9763 multi-station meteors resulting in 2888 orbits.

1 Introduction

Meteor activity in April is still at a low level for northern
latitudes. But around April 22", we welcome the first well-
known yearly meteor shower, since the Quadrantids, in
early January: the Lyrids.

2 April 2023 statistics

Weather in April was very unsettled with also temperatures
slightly below average values. We could obtain results in 29
out of 30 nights. That seems a fairly good result. But on the
other hand, the number of orbits obtained in each of these
29 nights, remained fairly low. This was caused by very
different observing conditions across the BeNeLux for most
of the time. Only in three nights we could collect more than
200 orbits (April 13-14, 19-20 and 25-26). In 8 nights, we
collected less than 10 orbits (including one night without
any orbit at all, the first night this month).

CAMS-BeNeLux collected 9763 multi-station meteors this
month, resulting in a total of 2888 orbits. 56% of all orbits
were captured by more than two stations.

On average 101 cameras were active this month. This
number is much higher than last year, since the number of
stations grow significantly in the last months.

At least 88 cameras were active every night. When we
compare that with the results, this number clearly shows
that many stations were very often cloudy for at least a part
of the night.

3 Conclusion

Compared to other April months only two years gave a
higher number of orbits. This good score is only explained
by the larger number of cameras involved in our network.

© eMeteorNews
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Figure 1 — Comparing April 2023 to previous months of April in
the CAMS-BeNeLux history. The blue bars represent the number
of orbits, the red bars the maximum number of cameras capturing
in a single night, the green bars the average number of cameras
capturing per night and the yellow bars the minimum number of
cameras.

Table 1 — Number of orbits and active cameras in the BeNeLux
during the month of April in the period 2012—-2023.

. . . Max. Min. Mean
Year Nights Orbits  Stations Caarlns Cams C:ris
2012 6 11 4 2 2.0
2013 19 140 9 10 6.5
2014 19 421 12 29 18.8
2015 27 1212 15 43 339
2016 26 971 17 50 15 37
2017 28 1235 20 60 32 48.2
2018 27 1929 21 83 59 73.3
2019 29 2538 20 84 44 67.7
2020 29 4128 25 94 76 89.4
2021 28 3061 27 91 59 80.6
2022 27 2543 24 81 62 77.2
2023 29 2888 36 111 88 1014
Total 294 21077
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A summary of the activity of the CAMS-BeNeLux network during the month of May 2023 is presented. This month
was good for 9756 multi-station meteors resulting in 2734 orbits.

1 Introduction

Beside the everlasting sporadic activity, this month is well
known for one of the greatest meteor showers on the
Southern Hemisphere, the eta Aquariids around May 6.
Although meteor activity in early May is still at a low level
in the BeNelLux, activity from this stream makes
observations even in our regions attractive, especially
around May 6.

2 May 2023 statistics

The weather in May showed two faces: a very unsettled first
half of this month, and a very sunny second half. In 14
nights we could collect more than 100 orbits. No less than
12 of those nights occurred after May 15, which confirm the
difference in clear nights in the first and second half of this
month.
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Figure 1 — Comparing May 2023 to previous months of May in
the CAMS-BeNeLux history. The blue bars represent the number
of orbits, the red bars the maximum number of cameras capturing
in a single night, the green bars the average number of cameras
capturing per night and the yellow bars the minimum number of
cameras.

We could obtain results in 30 out of 31 nights, no orbits for
May 8-9 although 6 cameras captured meteors but without
triangulations. CAMS-BeNeLux collected 9756 multi-
station meteors this month, resulting in a total of 2734
orbits. In these results too, we see a sharp difference for both
halves of May: 987 orbits in the first half of May against
1747 orbits in the second half.

© eMeteorNews

Nearly 60% of all orbits were captured by more than two
stations, a bit higher than in the last months as a result from
the exceptional good conditions in the BeNeLux after May
15.

On average 108 cameras were active this month. This
number is much higher than last year, since the number of
stations grow significantly in the last months. At least 93
cameras were active every night. Unfortunately, station
3701 isn’t active anymore because the operator Martin
Richmond-Hardy, passed away early May.

Table 1 — Number of orbits and active cameras in the BeNeLux
during the month of May in the period 2012—2023.

Year Nights Orbits  Stations ('\:1 ?;(s (';2 Ir:s 2:/';;2
2012 5 13 4 2 2
2013 13 69 9 13 6.8
2014 22 430 13 31 19.7
2015 25 484 15 42 242
2016 26 803 17 52 16 39.9
2017 24 1627 19 64 22 52.0
2018 31 2426 21 84 64 76.6
2019 29 1825 20 84 53 72.4
2020 29 3226 24 93 70 90.5
2021 28 1500 25 81 50 68.2
2022 30 2160 28 96 65 79.8
2023 30 2734 36 116 93 108.6
Total 292 17297

3 Conclusion

Compared to other months of May only one year gave a
better score in orbits. May 2020 delivered 3226 orbits. This
was one of the sunniest months ever recorded in the
BeNeLux with more than 300 hours of sunshine.

As a result we could collect some nights then with more
than 200 orbits around the maximum of the eta Aquariids
on May 6. Unfortunately, we could only collect a few orbits
from this stream in 2023, due to the unsettled weather at that
time.
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Photographic Lyrid observations
on 22 April 2023

Mikhail Maslov

skjeller@yandex.ru

A presentation is given with photographic records obtained during the 2023 Lyrids.

1 Introduction

Here are the results of photographic Lyrid observations on
22 April from 16"08™ to 21"00™ UT. The images were taken
with a Pentax KP camera and 8.5 mm lens, without guiding.
The night was nearly moonless, the session took place under
dark rural sky with some light cirrus clouds. In total 22
meteors were detected, 7 LYR and 15 SPO among them.
The Lyrid activity was not very high so far, at the half of
the sporadic level. Suggesting sporadic ZHR of 10 and
taking into account the height of the Lyrid radiant during
the night we get the Lyrids ZHR ~ 7.

2 The results

The results are presented in the text form below and in the
form of composite images for every hour of observations:

e 16M08™-17"00™ UT — 0 LYR, 5 SPO, Lyrid radiant
altitude: 27 degrees, Moon: altitude 2 degrees, phase
7%

e 17M00™-18"00™ UT — 4 LYR, 3 SPO, Lyrid radiant
altitude: 35 degrees, Moon: below horizon

e 18M00™-19"00™ UT — 0 LYR, 1 SPO, Lyrid radiant
altitude: 44 degrees, Moon: below horizon

e 19700m-20"00™ UT — 2 LYR, 2 SPO, Lyrid radiant
altitude: 52 degrees, Moon: below horizon

e 20"00™-21"00™ UT — 1 LYR, 4 SPO, Lyrid radiant
altitude: 60 degrees, Moon: below horizon.

Figure 1 —20"00™—-21"00™ UT — 1 LYR, 4 SPO, Lyrid radiant altitude: 60 degrees, Moon: below horizon.
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Figure 2 — 17"00™-18"00™ UT — 4 LYR, 3 SPO, Lyrid radiant altitude: 35 degrees, Moon: below horizon.

Figure 3 — 18"00™-19"00™ UT — 0 LYR, 1 SPO, Lyrid radiant altitude: 44 degrees, Moon: below horizon.
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Figure 4 — 19"00™-20"00™ UT — 2 LYR, 2 SPO, Lyrid radiant altitude: 52 degrees, Moon: below horizon.

Figure 5 —20"00™-21"00™ UT — 1 LYR, 4 SPO, Lyrid radiant altitude: 60 degrees, Moon: below horizon.
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Radio meteors April 2023

Felix Verbelen

Vereniging voor Sterrenkunde & Volkssterrenwacht MIRA, Grimbergen, Belgium
felix.verbelen@skynet.be

An overview of the radio observations during April 2023 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 April 2023.

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

n(h—1) ) n(h+1)

N(h) = — 2 4

Weak to moderate lightning activity was recorded on only
2 days, while local interference and unidentified noise
remained low this month. On several days solar noise was
however quite strong. A few examples displayed in Figures
5to 8.

5 https://www.meteornews.net/wp-
content/uploads/2023/05/202304 49990 FV_rawcounts.csv
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Meteor activity was slowly increasing, with a nice outburst
of the Lyrids reaching a maximum here on April 23", As
the graphs show, the shower is hardly seen when “all”
reflections are considered, but shows up prominently in the
graphs of “overdense” reflections. A closer look at the data
also reveals a number of fainter showers.

Over the entire month, only 2 reflections longer than 1
minute were observed. Along with some interesting
“epsilons” they are included (Figures 9 to 14). A lot more
“epsilons” are available on request.

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 April 2023
daily totals of "all” reflections (automatic count_Mettel5_7Hz)
Felix Verbelen (Kampenhout)
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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 VVVS-beacon (49.99 MHz) during April 2023.
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49.99MHz - RadioMeteors April 2023
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 VVVS-beacon (49.99 MHz) during April 2023.
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49.99 MHz - RadioMeteors April 2023

Felix Verbelen (Kampenhout)
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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 VVVS-beacon (49.99 MHz) during April 2023.
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49 99MHz - RadioMeteors April 2023
number of reflections >10 seconds per hour (weighted average)
Felix Verbelen (Kampenhout)
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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 VVVS-beacon (49.99 MHz) during April 2023.
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Figure 5 — Solar noise outburst on 17 April 2023
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Figure 7 — Solar noise outburst on 21 April 2023
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Figure 6 — Solar noise outburst on 20 April 2023

Figure 8 — Solar noise outburst on 17 April 2023
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2023-04-03 05:10UT 49.35HHz Felix Verbelen{Kaupenhout /Belgiuu) =BEKAMD 2023-04-21 08:05UT 49.93MHz Felix Verbelen (Haupenhout/Belygiuu)=EEHAMP

Figure 9 — Meteor echo 3 April 2023, 05"10™ UT. Figure 12 — Meteor echo 21 April 2023, 08"05™ UT.

2023-04-04 04:00UT 45.39MHz Felix Verbelen(Kampenhout/Belgium) =BEKAMP 2023-04-23 01:10UT 49.93MHz Felix Verbelen (Kaupenhout/Belgiuu)=EEHAMP

Figure 10 — Meteor echo 4 April 2023, 04"00™ UT. Figure 13 — Meteor echo 23 April 2023, 01"10™ UT.

2023-04-11 02:20UT 45 35MHz Felix Verbelen{Kampewhour /Belgium) =BEKAMD 2023-04-24 01:55UT 45 95MHz Felix Verbelen (Haupenhout/Eelgium) =EEHAMP

Figure 11 — Meteor echo 11 April 2023, 02"20™ UT. Figure 14 — Meteor echo 24 April 2023, 01"55™ UT.
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felix.verbelen@skynet.be

An overview of the radio observations during May 2023 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 May 2023.

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

n(h—1) ) n(h+1)

N(h) = — 2 4

The evolution of the observed meteor activity this month is
peculiar which is especially striking in the automatic counts
of “all” meteors. On May 13, the number of reflections
suddenly drops drastically and remains so on May 14. We
see the same on May 22 and 23. Since May 13, the number
of reflections remains abnormally low during the day, to
show almost normal values during the night.

It was first thought to be a problem with the beacon, but that
doesn’t seem to be the case. An increased ionization of the
D-layer due to the high solar activity could be an
explanation, but no direct relationship was found, especially
on May 13, 14, 22 and 23. Other causes are still under
investigation. The fact is that the low number of reflections
was also noticed by other observers of our network.

6 https://www.meteornews.net/wp-
content/uploads/2023/06/202305 49990 FV_rawcounts.csv
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In the period from May 1 to May 13, lightning activity was
recorded on 6 days. It was quite strong on May 4, and on
May 5, between 20"00™ and 21"00™ UT, the core of a
thunderstorm area was directly above the beacon, resulting
in many remarkable short reflections (Figure 7).

Solar activity produced strong noise almost daily. At our
frequency the bursts were mainly of type Il and thus
relatively short-lived. Some examples are attached (Figures
5 and 6).

Especially the eta-Aquariids caused considerable activity in
the beginning of the month, which is striking in the counts
of the overdense reflections.

Over the entire month, 12 reflections longer than 1 minute
were observed. A selection of these is included along with
some other interesting “epsilons” (Figures 8 to 24). Many
more of these are available on request.

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 May 2023
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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 VVVS-beacon (49.99 MHz) during May 2023.
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49.99MHz - RadioMeteors May 2023
daily totals of reflections longer than 10 seconds
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49.99MHz - RadioMeteors May 2023
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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 May 2023.
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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 May 2023.
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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 VVVS-beacon (49.99 MHz) during May 2023.
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3-05-05 16:55UT 439300z Falix Verbalen(Rampeshout /el gium) sBERANP

GOUT 45 5900z Felix Verbelen(Kasperhous

Figure 5 — Solar activity produced strong noise almost daily. At our frequency the bursts were mainly of type 11l and thus relatively
short-lived.
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B e Lyiun) “BERAND)

% Verbelen (Kapenhout

B Lyiun) ~BERAND

Figure 6 — Solar activity produced strong noise almost daily. At our frequency the bursts were mainly of type Il and thus relatively

short-lived.
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Z0EZ-0&5-04 E0O:30UT 49 95MH=z Felix Verbelen (Fampenhout /Belogiuw) =BEFAMP

Figure 7 — In the period from May 1 to May 13, lightning activity was recorded on 6 days. It was quite strong on May 4, and on May 5,
between 20"00™ and 21"00™ UT, the core of a thunderstorm area was directly above the beacon, resulting in many remarkable short
reflections.

2073-05-02 D7:05UT 43 33MHz Felix Verbelen{Kampenhout/Belgium) =BEKAND 2073-05-03 04:15UT 43 33MHz Felix Werbelen (Fampenhout/Eelgiun] =EERAMP

Figure 8 — Meteor echo 2 May 2023, 07"05™ UT. Figure 9 — Meteor echo 3 May 2023, 04"15™ UT.
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2023-05-04 08:20UT 49.35HHz Felix Verbelen{Kaupenhout /Belgiuu) =BEKAMD 2023-05-07 06:20UT 49.93MHz Felix Verbelen (Kaupenhout /Belygiuu)=EEHAMP

Figure 10 — Meteor echo 4 May 2023, 08"20™ UT. Figure 13 — Meteor echo 7 May 2023, 06"20™ UT.

2023-05-08 05:00UT 49.99MHz Felix Verbelen{Kaupenhout/Belgiuu) =BEKMND 2023-05-07 09:00UT 49.33MHz Felix Werbelen (Fawpenhout /Eelygiuu) =EERAMP

Figure 11 — Meteor echo 6 May 2023, 05"00™ UT.

2023-05-06 DE:300T 43 33MHz Felix Verbelen{Kampenhout/Belgium) =BEKANP z073-05-07 10:Z0UT 49 33MHz Felix Werbelen (Fampenhout/Eelgiun] =EERAMP

Figure 12 — Meteor echo 6 May 2023, 06"30™ UT. Figure 15 — Meteor echo 7 May 2023, 10"20™ UT.
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2023-05-10 07:35UT 49.95HHz Felix Verbelen{Kaupenhout /Belgiuu) =BEKAMD 2023-05-13 03:05UT 49.93MHz Felix Verbelen (Haupenhout /Belygiuu)=EEHAMP

Figure 16 — Meteor echo 10 May 2023, 07"35™ UT. Figure 19 — Meteor echo 13 May 2023, 03"05™ UT.

2023-05-11 07:55UT 49.99MHz Felix Verbelen{Kaupenhout/Belgiuu) =BEKMND 2023-05-1% 0&:50UT 49.33MHz Felix Werbelen (Hawpenhout /Eelygiuu) =EERAMP

Figure 17 — Meteor echo 11 May 2023, 07"55™ UT.

2073-05-11 D3:25UT 43 33MHz Felix Verbelen{Kampenhout/Belgium) =BEKANP 2073-D5-15 03:45UT 43 33MHz Felix Werbelen (Fampenhout/Eelgiun] =EERAMP

Figure 18 — Meteor echo 11 May 2023, 09"25™ UT. Figure 21 — Meteor echo 15 May 2023, 03"45™ UT.
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2023-05-16 05:15UT 49.95MHz Felix Verbelen{Kaupenhout /Belgiuu) =BEKAMD 2023-05-25 03:55UT 49.93MHz Felix Verbelen (Haupenhout/Belygiuu)=EEHAMP

Figure 22 — Meteor echo 16 May 2023, 05"15™ UT. Figure 24 — Meteor echo 25 May 2023, 03"55™ UT,

2023-05-12 04:05UT 49.99MHz Felix Verbelen{Kaupenhout/Belgiuu) =BEKMND

Figure 23 — Meteor echo 19 May 2023, 04"05™ UT.
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