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Conferences

IMC 2024 in Kutna Hora, Czech Republic

Pavel Koten! and Tomds Henych!

While the last IMC took place in a place of technological marvels of the present and future, for this year we
would like to offer you a glimpse into our history. The conference will be held in a beautiful historic town that
became famous for its silver mining in the Middle Ages and was one of the richest cities of its time. It still retains
this fame today thanks to its inscription on the UNESCO World Heritage List.

1 Introduction

The next IMC will be held in Hotel Médinek in Kutnd Hora in the Czech Republic from 19th to 22nd
September 2024. It will follow the Europlanet Science Congress in Berlin from 8th to 14th September. The date
may be of interest to participants of this Congress, especially non-Europeans, who may wish to extend their stay
in Central Europe and attend both meetings.

2 Conference venue

The conference will take you directly to the historic centre of the town, where the Hotel Médinek Old Town™**
is located in. All necessary technical equipment for the conferences is available here. It has a conference hall
with a capacity of up to 120 seats. There is a coffee break room next to the hall. Two small lounges with 20 and
30 seats are also available. Free wi-fi is available throughout the hotel. Depending on their number, posters can
be arranged along the walls of the conference hall or in one of the small lounges.

The hotel can accommodate up to 112 guests in 52 rooms. There are single, double, triple, and quadruple
rooms. Each room has its own bathroom with toilet. The rooms are situated on three floors. A lift is available.
Twelve rooms on the upper floor have a balcony.

1 Astronomical Institute of Czech Academy of Sciences, Fri¢ova 298, Ondiejov, 251 65, Czech Republic
Email: koten@asu.cas.cz

IMO bibcode WGN-516-koten-imc2024 NASA-ADS bibcode 2023JIMO...51..143K
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{
Figure 2 — The conference hall can accommodate up to

120 seats in the theatre configuration. Photo credit: Ho-
tel Médinek.

The hotel restaurant has a capacity of 80 seats, and
another 50 seats are available in the café next to the
bar. The bar will be open until midnight. The café area
will be available for continued discussions even after the
closing hours of the bar.

Reception is open 24 hours a day. The hotel accepts
cash (Czech koruna) and credit cards. There is an ATM
nearby. A limited number of parking places are avail-
able in the courtyard and on the street in front of the
building (25 in total, free of charge). More places are
offered at a nearby partner car park (paid). The hotel
offers a private wellness area with sauna, infra sauna,
and whirlpool as well as a wide range of professional
massages. For those who prefer to arrange their own
accommodation, there are a number of other hotels in
the vicinity of Hotel Médinek.

Figure 4 — Café in front of the bar. Photo credit: H. Zichova.

3 Location

Kutna Hora is one of the most historically important towns in the Czech Republic. Its history began to be
written in the early Middle Ages, mainly thanks to silver mining. Kutna Hora is rightly considered the jewel
of the country, its wealth was at the very cradle of the boom of the Czech kingdom. It boasts a variety of
architectural styles and unique buildings from different historical periods. Its long history literally breathes on us
through every street, house, and church. It is no surprise that Kutna Hora is registered on the UNESCO World
Cultural Heritage List. Recent years have also seen a return to the tradition of wine growing, which was once an
integral part of the town’s colour.

Kutnéd Hora is located near the capital city of Prague in an easterly direction. It is easily accesible by car
(50 km), by train (about 50 minutes from Prague’s main railway station), or by bus. When travelling from the
east, it is close enough to the D1 highway on the way from Brno (160 km, about 1.5 hours drive). About 21000
people live in Kutnd Hora.

The starting point for most participants will probably be Prague. Prague is located in the heart of Europe. It is
an international transport hub, reachable by road, rail, and air. The Vaclav Havel Airport Prague (PRG/LKPR)
offers direct flights to more than 150 destinations around the world, mostly in Europe, but also in the USA, Asia,
and Africa.

Prague itself, another UNESCO World Cultural Heritage Site, is certainly worth a visit on the way to or from
the conference. After the conference, it is also possible to visit the Astronomical Institute in Ondfejov which is
located about 30 km from Prague, near the road between Kutna Hora and Prague.

4 Excursion

For those who will decide to attend IMC 2024 in Kutnd Hora, a picturesque place full of history, a guided
tour of the town’s most important sights will be offered on Saturday afternoon. Professional guides will show
you the town and help you uncover its medieval secrets.

Participants will visit St. Barbara’s Cathedral, walk through the historic centre of the town, and end the tour
at the 'Medieval Central Bank’, where they will learn how silver coins were minted in the Middle Ages. The tour
last approximately 2.5 hours.
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Figure 5 — St. James Church is one of the town’s landmarks. Photo credit: Hotel Médinek.

5 VIP activity

A guided tour will be arranged for those who would like to learn more about silver mining and processing.
The "Way of Silver’ tour lasts 1.5 hours and will not be included in the conference fee.

The tour introduces the whole process of medieval mining, the processing of raw silver, and the technology of
coinage. It includes a replica of a mining operation with technical equipment, the original large horse-powered
mining machine, an authentic medieval mine, and a 'mining settlement’. This offers replicas of log buildings and
shelters (known as miners’ caverns), ore washing troughs, a replica of a hearth furnace, and a silver ore crushing
plant. Equipped with a helmet with a torch and a miner’s coat with a hood, you will walk through about 250
metres long part of the original medieval mine.

6 The organizers

The local organising committee is comprised of David Capek, Tomas Henych, Pavel Koten (chairman), Lukas
Shrbeny, Vlastimil Vojacek, and Hana Zichova. They are all members of the Meteor Physics Group, Department
of Interplanetary Matter, Astronomical Institute of the CAS in Ondfejov, a well-known group in the field of
meteor science. The Ondfejov Observatory is the centre of the European Fireball Network, the longest-running
project for monitoring the bright meteors in the world. Its origins go back to the middle of the 20th century,
when Zdenék Ceplecha, a famous meteor scientist, laid the foundations of this network. The recovery of the
Pribram meteorites in 1959 represents the first instrumentally documented meteorite fall in history.

7 Conclusion
Despite the long tradition of meteor research in the Czech Republic, the IMC has never been held in our
country. As the members of the Meteor Group have participated in many IMCs in the past, we would now
like to invite the international meteor community to our country and give them the opportunity to meet at this
traditional meeting. That’s why we would like to welcome you in Kutna Hora, a beautiful historical mining town.
More information about the conference will be available soon on its website (https://imc2024.1imo.net/).
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Ongoing meteor work

Meteor Spectroscopy: Visual Lookup for Elemental Abundances
Joe Zendert, Detlef V. Koschny?, Regina Rudawska®, and Stefan Loehle*

We observe an increased effort of amateurs and professionals to acquire meteor spectra in the visual wavelength
in the past years. To allow a first identification of the chemical elements of the observed spectra, the paper
provides a list of plots that allow this identification. As the origin of the elements can be meteoric or atmospheric
which are exposed to different temperature regimes, the plots are provided for the 'warm’ component for meteoric

elements and the ’hot’ component for atmospheric elements.

Received 2023 December 8

This work has been presented at the International Meteor
Conference 2023.

1 Introduction

Meteor spectroscopy allows the identification and
quantitative analysis of dust grains passing through the
Earth atmosphere. Several groups around the globe ac-
quire meteor spectra either campaign-driven (Koschny
et al., 2012; Vaubaillon et al., 2015), or on permanent
basis (Koschny et al., 2013; Té6th et al., 2015), typically
based on the technology of video imaging and spectral
gratings. Source data are images either acquired as
individual exposures (long exposures) or as individual
frames (short exposures) obtained from a video stream.
The images contain the first order spectrum of the me-
teor. After the radiometric and geometric calibration of
the images the spectral information is extracted as an
intensity line plot. The quantitative analysis of these
intensity plots requires the optimization of several pa-
rameters:

» the wavelength of the intensity plot,

e the existence of a chemical element to contribute
to the line plot,

e the number density of atoms or molecules of each
identified element contributing to the emission,

e the contribution of the absorption by the vapor-
ized ablation cloud,

e the assumed temperature or temperatures of the
ablation,

¢ the line broadening of the optical system.

IEuropean Space Research and Technology Center (ESTEC),
2200 AG Noordwijk, The Netherlands.
Email: Joe.Zender@esa.int

2TU Munich, Germany

3THEA Group, ESA/ESTEC, The Netherlands

4High Enthalpy Flow Diagnostics Group (HEFDIG), Institute
of Space Systems, University of Stuttgart, Pfaffenwaldring 29,
70569 Stuttgart, Germany

IMO bibcode WGN-516-zender-spectroscopy
NASA-ADS bibcode 2023JIMO...51..146Z

All these parameters have been widely discussed in (Jen-
niskens, 2007; Ceplecha, 1971; Borovicka, 1994; Vojacek
et al., 2015; Zender et al., 2023).

Meteoroids ablate in the Earth atmosphere at tem-
peratures in the range of several thousands Kelvin.
Caused by the high entry velocity, a shock wave is cre-
ated in front of the meteor with a temperature of several
ten thousands of Kelvin. The size and form of the shock
wave and the relating temperatures are dependant on
the entry velocity and angle of the meteoroid in respect
of the atmosphere. A model for artificial particles was
developed by Vovk et al. (2023) and the authors pro-
vide a visual representation here as Figure 1 (Figure 4
in Vovk et al. (2023)).
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Figure 1 — A model for temperature regimes of the meteor
and the related shock wave as provided in Vovk et al. (2023).
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For a first identification of chemical elements, the
authors typically use the tables provided in Jenniskens
(2007) and Borovicka (1994). The intensities for the ele-
ments is given for 4000 K for the ‘warm’ component and
10000 K for the ‘hot’ component. From Figure 1 it must
be understood that the temperatures are not fixed tem-
peratures but instead the ‘warm’ and ‘hot’ components
represents ranges of temperatures, as e.g. discussed in
Jenniskens et al. (2004).
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Figure 2 — Sporadic meteor observed on 20130828T010304, the three plots represent simulations at 4000 Kelvin, 10000
Kelvin, and the superposition of the two temperature simulations (from top to bottom).

2 Spectral Response Profiles for
Meteoric and Atmospheric Elements

The individual line profiles of the elements shown in
the following figures were produced by ESA’s PlasmA
RAdiation DatabasE (PARADE) tool, originally used
to simulate variation of probe entries into planetary at-
mosphere’s (Smith, 2006). PARADE calculates the en-
ergy state transitions in atoms and molecules and pro-
vides the emission coefficient € in radiance, with the unit
W/m?/sr (Loehle et al., 2021; Zender et al., 2023). The
figures presented contain four subplots, each for one el-
ement. For each element the line intensities obtained at
4000 K are provided in W/m? /sr. For the main peak(s)
in the spectrum, the intensity evolution at the peak
wavelength(s) is computed over a temperature ranging
from 2500 K to 5000 K for the ‘warm’ component and
from 9000 K to 13000 K for the ‘hot’ components. The
temperature range is provided in the top-level x-axis
and the intensity at the right-side y-axis. The plots in
each section are listed in the order of maximum inten-
sity, thus the faintest responses are listed first and the
last subplot contains the highest peak intensity value.
Each subplot will allow for the respective element

o the identification of the main intensity or — in case
the element ablates with multiple intensity peaks
— the main two or three intensities,

« the intensity evolution of the main peak(s) over a
given temperature range.

2.1 Discussion of one Example

We provide the discussion of one sporadic meteor
that was observed at Teneriffe on 2010828T010304. Fig-
ure 2 shows three subplots each showing as a black-
colored profile the calibrated spectrum of the meteor.
The top-level plot contains the response of a few ele-
ments simulated at 4000 Kelvin, the middle-plot a few
elements simulated at 10000 Kelvin, and the bottom-
plot the superposition of the both temperature compo-
nents. The individual elements are color-coded as given
in the legend of the image in the top-right corner.

Here follows a discussion with the goal to interpret
the given spectrum. The reader shall take note that
other interpretations than the one given might be pos-
sible.

e The spectrum in the range from 500 to 775 nm is
characterized by an uplift. Comparing with the
atmospheric responses as given in Figure 11, the
uplift might be due to the warm component of N2.

e The interpretation of the two spectral peaks be-
low 500 nm is difficult, as several elements have
spectral maxima in this region. Assuming that
the maxima at 510 nm is a Fe™ line (see Figure
8), then the Fe™ can explain the three peaks below
510 nm, as shown in the middle-plot.

o Ifthere is an indication of Fe™, surely there should
be a response of Fe in the warm component. The
spectral response of the Fe-15 triplet as shown in
Figure 6 fits well the peaks from 526 to 550 nm.
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e The peak at 510 nm is build up from three ele-
ments (Mg, Cr, Fe) at the warm component, and
the Fe-ions.

e The peak at 746 nm could be a response from
atmospheric nitrogren (see Figure 9). N has how-
ever another, even stronger peak at 821 nm. This
peak is not observed in our spectrum which might
be explained by the lack of spectral sensitivity
above 800 nm. As the used algorithm currently
tries to fit all maxima, the maxima at 746 nm is
not identified.

e The atmospheric oxygen line at 777 nm is often
a typical peak in the meteor spectra. In the case
of our example, the oxygen can explain only a
part of the spectral increase seen between 760 and
790 nm.

o The identification of the other elements shown in
the legend of Figure 2 is questionable, and not
further discussed.

2.2 Atomic Responses

The reader shall take note that the iron atom has
several intensity maxima and strong emissions are in the
visual (above 400 nm) and the Ultraviolet (UV, below
400 nm). As the Earth atmosphere absorbs most of the
UV radiation at an altitude above 90 km and partially
below, the UV part of the iron emission can only be ob-
served for the meteor ablation phase below this altitude
(Vicinanza et al., 2021). As the spectral response of our
camera system was derived from star calibration (Vici-
nanza et al., 2021; Zender et al., 2023), the wavelength
below 400 nm is effected by the atmospheric absorption
resulting in a potential over-amplification this part of
the spectrum. For this reason we provide the iron re-
sponses above 400 nm as Fel-15 (the iron 15 multiplet)
and below 400 nm as Fe. Please see the spectral re-
sponses in Figure 3 (He, F, Ar, Ni), Figure 4 (Si, K, Ti,
Mn), Figure 5 (V, C, Cr, Mg), and Figure 6 (Fe, Ca,
Na, Fel-15).

2.3 Responses of Meteoric Molecules at
4000 K

Please see the spectral responses in Figure 7 (CO,
CH, CN, NH).

2.4 Responses of Ionized Elements

The intensity plots of ionized sodium, carbon, iron,
and argon are given in Figure 8 for the hot environment
(10000 K).

2.5 Responses of Atmospheric Elements

At an atmospheric entry altitude between 70 km
and 90 km there is a significant degree of thermochem-
ical non-equilibrium. Following Smith (2006), the den-
sity at 70 km is 7.9 x 107° kg/m? and the temperature
218 K. Peak post shock translational temperatures can
approach 30000 K, while the shock layer equilibrium
temperature is approximately 16000 K. At these condi-
tions the flow is significantly ionised, and we consider
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8 air species, those being No, N, Oz, O, NO, N;r, N+,
and OT. As the air species can show excitations at any
temperatures, we provide the plots for the ‘warm’ case
(Figure 9 and Figure 10) first, followed by the plots for
the ‘hot’ case (Figure 11 and Figure 12).

2.6 Conclusion

We have provided a list of plots showing the emis-
sion profiles of several chemical elements that might be
contained in meteoroids and or that are present in the
Earth atmosphere. These plots allow a first identifica-
tion of the elements contained in a meteor spectrum.
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Figure 7 — CO, CH, CN, and NH spectral response profiles at 4000 K.
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Figure 8 — Na¥, CT, Fe™ and Ar™ spectral response profiles at 10000 K.
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Figure 9 — OT, N, N, and Ny spectral response profiles at 4000 K.
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Figure 10 — O, NO, Oz, and N7 spectral response profiles at 4000 K.
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Figure 11 — O", N, N, and N3 spectral response profiles at 10000 K.
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Figure 12 — O, NO, Oz, and N7 spectral response profiles at 10000 K.
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August delta-Capricornids 2022 observations by CAMS
Tim W. Beck!, Peter Jenniskens?, and the CAMS team

We report on the 2022 August 16-17 CAMS detection of a predicted encounter with debris ejected by parent
comet 45P /Honda-Mrkos-Pajdusédkovd in 1980. This was the first time that a meteor shower associated with this
comet was observed. The observations demonstrate that cm-sized dust is associated with this comet. The shower
was already in the TAU Working List of Meteor Showers as IAU number 199, the August delta-Capricornids,

based on uncertain prior detections of meteors in similar orbits to that of the comet.

Received 2023 November 12

This work has been presented at the International Meteor
Conference 2022.

1 Introduction

Jupiter-family comet 45P /Honda-Mrkos-Pajdusdkova

(Figure 1) moves in a low-inclination (: = 4.2°) or-
bit with perihelion distance well inside Earth’s orbit
(¢ = 0.53 AU). The orbit passes relatively close to the
orbits of Earth and Venus and meteor shower activity
has been predicted for both planets (e.g., Jenniskens,
2006; Vaubaillon & Christou, 2006).

The comet was discovered in 1948 and was observed
during the returns in 1954, 1964, 1969, 1974, 1980,
1990, 1995, 2001, 2006, 2011 and 2016 (e.g., Wlodar-
czyk, 2022). Radar observations during the 2016 return
shows it has a 1.3-km large nucleus that rotates with a
spin rate of 7.6 h (Springmann et al., 2017; Springmann
et al., 2022).During each rotation, it has repeated CN
and Cg emissions in the form of a jet with gas pro-
jected away from the nucleus with an outflow velocity
of 0.5 km/s (Springmann et al., 2022). It emits large
(> 2 cm) grains (Springmann et al., 2017), which would
cause visible meteors when impacting Earth. The comet
was observed by the SWAN camera on the SOHO satel-
lite in 2001, 2011 and 2017, during which time the comet
activity has remained similar, with no long-term fading
or abrupt decreases (Combi et al., 2020).

The August delta-Capricornids (#199, ADC) me-
teor shower was first detected by Terentjeva (1989),
her shower 43, from a D-criterion search among fire-
ball streams. She found meteors in similar orbits ra-
diating from R.A. = 324°7, Decl. = —1398 (B1950)
and V; = 22.0 km/s during August 13-31, and gave the
name “d-Capricornids”. Porubcan & Gavajdova (1994)
in a D-criterion search among 1 000 photographed orbits
of meteors brighter than —3 also found a stream with
orbital elements similar to 45P. Given the large number
of anthelion meteors in similar orbits, a link with comet
45P was proposed, but remained uncertain (Jenniskens,
2023).

I'Mendocino Community College, Ukiah, CA 95482, USA.
Email: tbeck@mendocino.edu

2SETI Institute, 339 Bernardo Ave, Mountain View, CA
94043, USA.
Email: pjenniskens@seti.org

IMO bibcode WGN-516-beck-adc
NASA-ADS bibcode 2023JIMO...51..160B

Figure 1 — Comet 45P in a photo by Michael Jager (with
permission) on 2011 29 September.

The dust trail model by S. Shanov and S. Dubrovski
in Jenniskens (2006) put the 1969 dust of 45P in Earth’s
path on 2015 August 14, at A\ = 140°990 radiat-
ing from R.A. = 32578, Decl. = —10°7 with V, =
25.63 km/s, but that event was not observed.

Maslov (2020) named the shower ”x-Capricornids”
and predicted encounters with dust trails of 45P in 2010,
2014 and 2019, but with difficult to observe properties
and none were detected. Conditions were better for
2022, when he predicted an encounter with the 1980-
dust ejected by 45P on 16 August at 23"40™ UT (so-
lar longitude Ag = 143°772), with the dust passing
Earth’s orbit at 0.00377 AU, and requiring an ejection
speed of 9.82 m/s to put the dust far enough ahead of
the comet. The predicted radiant was given as R.A. =
326 °8, Decl. = —15?1. The radiant would be placed
well for most network locations throughout the night,
with best viewing predicted for Namibia. The 0.72
phase Moon would create some light pollution, with 2-3
hours of dark skies in the early evening hours (Maslov,
2020).

The outburst was first detected on August 15/16,
and then again on 16/17, by the CAMS low-light video
networks (Jenniskens, 2022a; Jenniskens, 2022b), which
suggested two activity periods. Because earlier predic-
tions of dust trail crossings from 45P had not panned
out, the source of the outburst was initially unclear.
The main outburst was confirmed from SonotaCo data
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by Sekiguchi (2022), who identified the outburst as hav-
ing been caused by comet 45P, and from Global Meteor
Network data by Roggemans et al. (2022).

Here, we re-visit and expand on the CAMS network
observations.

2 The CAMS network

2.1 CAMS California

CAMS was founded in 2010 with the first stations
at Fremont Peak Observatory, Lick Observatory, and
in Sunnyvale in California. This CAMS California net-
work has since expanded with stations in Northern Cal-
ifornia, including in Foresthill. In 2021, a 4-camera
station in Windsor was expanded to a full 16-camera
station. Small 8-camera stations were established in
Mendocino County (Ukiah Latitude Observatory) and
Lake County (Taylor Observatory) in 2023.

2.2 Global CAMS networks

The CAMS network has since expanded to 14 other
locations in the world and there are now some 600 cam-
eras that monitor the night sky in an effort to triangu-
late the trajectory and speed of meteors and determine
the pre-entry orbit in space. In 2019, the network was
expanded with 3-station 16 cameras each in Australia,
Chile and Namibia. The results of the triangulations are
posted for network coordination purposes the next night
at the website http://cams.seti.org/FDL/, and also
presented to the public at https://meteorshowers.
seti.org.

Figure 2 shows all meteors detected on August 16/17
by CAMS Namibia. The following CAMS networks tri-
angulated meteors from the August delta-Capricornids
shower: 82 meteors were triangulated by network #17
CAMS Namibia (coordinated by T. Hanke, station op-
erators E. Fahl and R. van Wyk), 11 by network #16
CAMS Chile (S. Heathcote, E. Jehin, station operator
T. Abbott), 9 by #7 LO-CAMS (coordinated by N.
Moskovitz), 9 by #3 CAMS BeNeLux (coordinated by

Figure 2 — Detected meteors over Namibia in the night of
2022 August 16/17.
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C. Johannink and M. Breukers), 7 by #1 CAMS Cali-
fornia (station operators J. Albers, T. Beck, E. Egland,
B. Grigsby, and J. Wray), 5 by #2 CAMS Florida (co-
ordinated by A. Howell), 5 by #8 CAMS South Africa
(T. Cooper, P. Mey), 4 by #14 CAMS Arkansas (co-
ordinated by L. Juneau, with one station operated by
S. Austin), 3 by #20 CAMS Texas (coordinated by W.
Cooney), and 1 by #7 the UAE Astronomical Camera
Network (coordinated by M. Odeh).

3 Results

137 meteor orbits from this shower were triangu-
lated. They form a well defined cluster in the anthelion
source (Figure 3, which includes SonotaCo and Global
Meteor Network data). A representative sample of or-
bital elements is given in Tables 1 and 2.

The magnitude size distributions (From —4 magni-
tude up in steps of 1 magnitude): 2, 2, 2, 9, 21, 36,
40, 24, 1. Based on the detection probability curve de-
rived from the alpha Capricornids, with similar entry
speed and location in the anthelion source, the magni-
tude size distribution index was x = 2.20 & 0.15 (Jen-
niskens, 2023).

Based on the deceleration parameters, the mete-
oroids with early beginning heights (N = 124) had an
average density of 0.28 g/cm® (Jenniskens, 2023). A
zero magnitude meteor would be 0.25 g, or 1.2 cm in
diameter. Hence, most meteors detected were smaller

2022-08-16

2022-08-17

Figure 3 — Combined global video data of ADC (white blob
at center) on nights of August 15/16 and 16/17.
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than 2 cm in size, suggesting some fragmentation may
have occurred since ejection from the comet.

Figure 4 shows the activity curve. The shower mete-
ors were counted and binned in 0°05 (~ 1 h) intervals
of solar longitude, and those counts from all stations
combined are plotted as crosses. A number of CAMS
networks detected small numbers of meteors in the solar
longitude interval 143°0 — —143°3 (first peak), while
CAMS Namibia detected the main peak (second peak).

Those counts were corrected to Zenith Hourly Rates
for the observations made in Namibia. Conditions in
Namibia were excellent, with the radiant at 33° in the
beginning of the night, rising to 80° around midnight
and dropping below 30° elevation only in the last two
hours of the night. The survey area monitored by the
cameras (with camera fields of view above 30° eleva-
tion at a given site) was similar to the area covered by
a standard visual observer, taken to be above 32° ele-
vation (Jenniskens, 1994). Over that area, the number
of meteors detected (XP(m)x™) by a visual observer
would be only 40% more than the number of meteors
triangulated by the video cameras for the magnitude
size distribution index of x = 2.2.

An exponential curve fitted to the activity (e.g., Jen-
niskens, 1994) gives a peak rate of ZHR = 35 and a B-
slope parameter of B = —5.0 £ 0.5 (dashed line in Fig-
ure 4). A Lorentz curve fitted to the data gives a peak
rate of ZHR ~ 30 and a Full-Width-at-Half-Maximum
of 0°15. This duration is related to the outflow con-
ditions during ejection. Both solutions are centered on
solar longitude 143 °714 4+ 0 2005, which corresponds to
2022 August 16, 22"13™ UTC.

The resulting ZHR values are slightly higher than
those derived from Global Meteor Network observations
at https://globalmeteornetwork.org/flux/plots/
flux_oADC2022_s01%3D143.00-144.50_year 2022_
full.png, shown by open squares in Figure 4.
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Figure 5 — Gnomic projected tracks 60° about the August
delta-Capricornids radiant from Namibia in the night of
2022 August 16/17.

The early August 15/16 observations (Peak 1) that
first alerted us to the outburst were made mostly by
the CAMS Chile (network #16), LO-CAMS (#6), and
CAMS California (#1) networks. This activity may be
part of a more extended activity that also produced
some meteors earlier and later than the main peak. Be-
cause several networks were involved with different ob-
serving conditions, that activity is difficult to quantify.

The observed radiant during the main Peak 2 was
R.A. = 325.28 + 0.06, Decl. = —11.40 £+ 0.06, and
Vy = 24.12 £+ 0.14 km/s, with errors here describing
the accuracy of determining the median value, not the
dispersion in the values as are listed in Tables 1 and 2.

4 Discussion

The outburst was detected not only among trian-
gulated meteors, but also in the single-station mete-
ors. Figure 5 shows those meteors detected by CAMS
Namibia that radiated from the August delta-
Capricornids radiant.

The observed solar longitude of 143 °714 of the peak
is close to that predicted (143 °772), about 1.5 h ear-
lier. The FWHM of the shower is 0 °15, which corre-
sponds to about 3.6 h, so that the prediction was in
good agreement with the observations. The predicted
radiant was given as R.A. = 326°8, Decl. = —15°1,
while the observed radiant was only +1 25 different in
R.A. and +3°7 in Decl., close considering the low in-
clination of the orbit and strong rotation of the nodal
line.

The initial confusion about the outburst identity
was due in part to the big difference in the orienta-
tion of the nodal line for the orbit of 45P compared to
that of the meteoroids. 45P had an argument of perihe-
lion of 326 °3 and node 88 °9 in the 2017-Aug-10 Epoch,
which adds up to a longitude of perihelion of 55 °3. In
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Table 1 — Radiant and orbital elements of the observed August delta-Capricornids. N# is the network number (Jenniskens,

2023).
# Ao R.A.,;, Decl, Vg q a e i w Node Mv N#
) ) () (am/s) (AU)  (AU) OO
1 142.6911 32740 —14.94 24.66 0.521 2.86 0.818 1.45 94.6 322.63 3.3 17
2 142.7164 320.88 —13.43 23.00 0.605 342  0.823 1.32 263.7 142.78 1.5 17
3 142.8027 324.12 —11.96 24.03 0.554 3.08 0.820 1.77 270.2 142.83 1.8 8
Peak 1:
4 1429142 32530 —8.39  23.20 0.539 234 0770 4.18 2743 14293 -14 16
5 143.0102 324.44 —12.10 23.67 0.557 2.90 0.808 1.55 270.2 143.14 -2.0 19
6 143.0144 323.80 —9.50 22.64 0.567 246  0.770 3.54 270.6 143.03 0.7 16
7 143.0158 322.82 —14.60  21.57 0.606 2.52 0.760 0.05 262.4 146.65 —1.6 14
8 143.0205 324.43 —11.28 24.38 0.548 3.20 0.829 225 270.7 143.10 -2.2 2
9 143.0220 323.42 —11.40 27.16 0.534 844 0937 2.66 268.7 143.04 —-1.7 16
10 143.0447 324.09 —9.48  25.00 0.540 3.51 0.846 3.86 271.0 143.09 -39 19
11 143.0494 32455 —11.98 24.18 0.551 3.13 0.824 1.65 2704 143.16 -—-1.4 2
12 143.0691 324.68 —11.93 23.86 0.553 2.94 0.812 1.65 270.7 143.18 -3.5 2
13 143.0693 327.50 —12.93 22.72 0.537 217 0753 0.14 2741 14443 -09 14
14 143.0717 324.64 —13.06 24.97 0.546 3.74 0.854 0.83 2699 143.12 —-46 16
15 143.0870 324.20 —9.99 24.25 0.548 3.09 0.822 331 2709 143.14 -1.0 19
16  143.1100 322.65 —15.84 22.67 0.602 3.11 0.807 0.77 85.0 322.86 -3.1 6
17 143.1143 324.52 —11.42  26.82 0.625 5.95 0912 2.33 270.5 143.20 -2.9 1
18  143.1241 32575 —11.01  25.11 0.525 3.26 0.839 2.22 273.1 143.20 -0.3 2
19  143.1479 324.75 —10.99 28.84 0.503 193 0975 2.84 271.0 14321 -—1.5 6
20 143.1580 325.03 —10.81 24.41 0.540 3.06 0.823 249 271.8 143.23 -3.0 6
21 143.1616 322.70 —10.74  23.66 0.575 3.24 0.822 297 2675 143.22 —0.6 6
22 143.1656 327.28 —15.53  23.48 0.543 256  0.788 1.79 93.1 323.06 —3.0 1
23 143.2025 325.06 —11.43 27.75 0.511 8.09 0.937 2.25 271.3 143.28 —2.2 6
24 143.2071 323.92 —11.77  24.05 0.561 3.25 0.827 1.96 269.1 143.27 -0.2 2
25 143.2217 321.03 —8.76  29.89 0.536 00 1.063 5.96 265.0 143.25 —-34 1
26 143.2242 324.82 —11.47  23.96 0.551 295 0.813 197 271.0 14322 -24 16
27 143.2253 325.70 —12.10 27.17 0.511 5.86 0.913 1.44 272.2 143.22 -—-1.5 16
28 143.2386 324.20 —8.40  29.74 0.496 00 1.000 5.60 271.1 143.27 -0.7 6
29 143.2412 32545 —11.91  26.92 0.516 5.95 0.907 1.66 271.8 143.24 -2.0 16
30 143.2595 325.00 —11.44  23.99 0.548 293 0813 1.95 2712 14334 -3.0 6
31 143.2612 324.74 —13.47 25.94 0.540 493 0.891 0.48 269.2 143.58 —2.7 6
32 143.2615 324.27 —13.62 24.31 0.561 3.52 0.840 0.45 268.3 143.59 -—5.1 6
33 143.2727 32491 —11.44  25.26 0.537 3.75 0.857  2.08 271.0 143.35 -—2.8 1
34 143.2811 324.86 —11.62 23.85 0.552 2.92 0.811 1.84 270.8 143.37 —-1.9 1
35 143.3065 324.85 —11.64 23.85 0.553 293 0811 1.82 270.7 143.39 -3.6 1
36 143.3079 324.77 —11.64 23.99 0.552 3.01 0.817 1.85 270.6 143.39 —2.2 1
<> 143.16 324.7 —11.5 24.3 0.546 3.20 0.823 2.0 270.7 143.22
o £0.10 +1.2 +1.7 £20 +£0.024 £0.071 £1.3 £2.5 =£0.65

contrast, the meteors had a quite different argument of
perihelion of 270°9 and a node 143 °8, which adds up
to about the same longitude of perihelion of 54 °7. So,
the ellipse is oriented in the same direction in space,
but the nodal line has rotated. The difference in ori-
entation of the nodal line of the current orbit is mostly
a consequence of a close encounter of the comet with
Jupiter in 1983 (Jenniskens, 2023).

The earlier encounters predicted by Maslov came
with caveats. The 2019 prediction was thought to pro-
duce mostly faint meteors and at a ZHR less than 10.
We checked the available video data and confirm that no
detection was made (Figure 6). Several networks were
observing at the time of the encounter, but only two
meteors (not related to this shower) were detected in
this general area on November 6 between 02"30™ and

04230™ UTC. Although the predicted 2019 encounter
is almost three months later than our observed 2022
shower, this is consistent with a comet at low orbital
inclination.

The shower was initially given the designation
M2022-Q1 by the Meteor Data Center, this being the
first example following the introduction of shower des-
ignations by the IAU Commission F1 in 2022. Desig-
nations are temporary markers, with the assignment of
number, code and name being postponed to the future.
In this case, the shower was quickly found to already be
in the list, and the designation was removed from the
list. However, that may not be appropriate, because
the shower is now also known in the literature by that
designation. A later assignment of shower names will
automatically create a duplication of the list.
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Table 2 — Partial list (every 3rd of 98 total) of observed second peak August delta-Capricornids.

# Ao R.A.; Decl, Vg q a e i w Node Mv N#
() ) () (m/s) (AU)  (AU) CINOING
Peak 2:
37 143.5633 325.20 —11.45  24.09 0.549 3.02 0.818 1.90 271.0 143.61 —-14 17
40 143.5836 327.02 —11.25 23.44 0.534 3.42 0.779 1.7 2745 143.64 2.0 17
43 143.5962 328.18 —10.56  23.88 0.513 2.34 0.781 1.86 277.1 143.64 —0.3 8
46 143.6111 324.81 —11.54 2585 0.537 4.58 0.883 2.06 270.1 143.65 0.5 17
49 143.6185 325.41 —11.30 24.00 0.548 2.93 0.813 196 2714 143.66 3.3 8
52 143.6252 324.15 —10.84 28.15 0.522 15.9 0.967 3.06 269.1 143.65 —-2.1 17
55 143.6444 324.60 —11.65 25.18 0.547 4.00 0.863 1.97 269.5 143.69 2.6 17
58 143.6593 324.30 —11.26 23.68 0.564 3.03 0.814 2.21  269.2 143.76 0.2 3
61 143.6642 326.36 —11.43 24.79 0.529 3.12 0.830 1.68 2729 143.71 2.8 17
64 143.6671 325.13 —11.03 23.73 0.553 2.85 0.806 2.20 270.9 143.70 2.9 17
67 143.6790 325.81 —11.78 28.92 0.499 19.5 0.974 1.79 2715 143.72 1.8 17
70 143.6807 325.06 —11.49 25.63 0.537 4.23 0.873 2.02 2704 143.72 2.2 17
73  143.6898 326.06 —11.55 23.69 0.545 2.70 0.798 1.8 2723 143.74 0.9 17
76 143.6948 325.38 —11.41 23.84 0.551 2.89 0.809 1.87 271.1 143.73 0.9 17
79 143.6980 325.56 —11.19 24.11 0.545 2.95 0.815 2.02 2715 143.74 0.2 17
82 143.7026 325.28 —11.54  23.72 0.554 2.86 0.807 1.78 270.8 143.74 3.0 17
85 143.7049 325.14 —11.53  27.78 0.517 9.40 0.945 213 2704 143.74 0.4 17
88 143.7170 324.95 —11.53  26.98 0.526 6.64 0.921 2.12 270.1 143.75 1.3 17
91 143.7223 325.27 —11.19 24.17 0.548 3.06 0.821 2.09 271.0 143.76 0.6 17
94 143.7273 324.46 —11.25  28.25 0.520 17.2 0.970 2.60 269.3 143.76 —3.6 17
97 143.7305 325.08 —-9.67  23.20 0.556 2.58 0.785 3.20 271.5 143.75 0.3 17
100 143.7371 324.87 —11.60 23.58 0.561 2.90 0.807 1.81 270.0 143.77 2.9 17
103 143.7403 325.32 —11.23  24.20 0.548 3.07 0.821  2.05 271.0 143.77 2.0 17
106 143.7591 326.94 —11.24  23.55 0.536 2.49 0.785 1.59 274.0 143.80 2.4 16
109 143.7658 325.41 —12.22  23.72 0.555 2.90 0.809 1.22 270.5 143.82 1.4 16
112 143.7711 325.73 —11.63  24.73 0.539 3.31 0.837 1.67 2714 143.80 1.5 17
115 143.7789 325.45 —10.99 23.51 0.553 2.72 0.797 214 271.3 143.81 1.8 17
118 143.7968 325.34 —11.11 24.26 0.547 3.10 0.824 2.14 271.0 143.82 2.7 17
121  143.8015 325.22 —11.40 23.88 0.554 2.96 0.813 1.91 270.6 143.84 1.5 16
124  143.8069 324.51 —10.43 23.65 0.561 2.94 0.809 2.79 269.8 143.82 1.9 17
127  143.8297 325.35 —11.82  26.39 0.530 5.22 0.899 1.72 2704 143.85 2.2 17
130 143.8596 325.29 —12.35 27.24 0.525 7.59 0.931 1.32 2699 143.88 2.9 17
133 143.8964 326.23 —11.01 24.14 0.539 2.86 0.811 2.00 2725 143.91 1.2 17
134  143.9281 325.55 —11.51 23.59 0.555 2.80 0.802 1.73 270.9 143.93 2.4 17
<> 281.17 325.3 —11.4 24.1 0.546 2.99 0.814 196 270.9 143.75
o +0.16 +0.8 +0.5 +1.4 +0.015 +0.059 +0.42 +1.6 40.08
135 144.6041 328.05 —-9.54  23.38 0.529 2.32 0.772 2.61 2754 144.67 —-0.5 7
136 144.6475 324.85 —-9.59  24.20 0.559 3.30 0.831 3.40 269.2 144.67 0.2 17
137  144.7198 326.92 —-10.32 23.93 0.541 2.76 0.804 2.33 272.5 144.81 —-0.7 5
5 Conclusions Acknowledgements

For the first time, meteors have been observed that
are demonstrated conclusively to have originated from
comet 45P /Honda-Mrkos-Pajdusédkova. The predicted
1980-dust trail encounter by Maslov (2020) is in good
agreement with the observations, suggesting other such
predictions for this comet may also come to fruition in
the future.

The meteoroids were cm-sized, but perhaps smaller
than material ejected by the comet, suggesting fragmen-
tation. However, the observation of debris ejected in the
1980 return in 2022 demonstrates that some material
survives the interplanetary medium over this timescale
and makes it more likely that even older meteoroids pre-
viously linked to 45P may in fact have originated from
this comet.
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Figure 6 — Predicted 2019 encounter (x). Dots represent de-
tected meteors within the two hour window on November 6
2019, 02"30™-04"30™ UTC corresponding to Maslov’s pre-
diction.
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Comparison of three different camera systems monitoring the meteor
activity over Hungary in 2020-2023

Livia Deme, Krisztian Sdrneczky, Antal Igaz, Baldzs Csak, Ndndor Opitz, Nora Egei, and
Jézsef Vinko!

We present statistical analysis of visual meteor data taken with networks of meteor cameras operating in
Hungary between 2020 and 2023. We use three different camera systems: a set of traditional MetRec-based
video cameras, a self-developed automated DSLR camera system and a network of newly installed AllSky7
camera stations. Similarities and differences between the data produced by the three systems, aimed at recording

different types of meteor phenomena, are presented and discussed.

Received 2023 December 19

1 Introduction

Dust grains from cometary tails and/or ejected as-
teroid material, ranging from several microns to roughly
meter-sized bodies in diameter, are responsible for most
of the observed meteor events when entering Earth’s at-
mosphere (see e.g. Ye and Jenniskens, 2022, and refer-
ences therein). Meteor populations are usually divided
into two basic categories: sporadic meteors having no
preferred direction, i.e. they appear at random posi-
tions on the sky all year round, and meteor showers
arriving from a specific direction, called the radiant.
Meteoroid orbits causing many of the currently known
meteor showers can be traced back to a parent body,
usually a comet or an asteroid (McIntosh, 1991; Jen-
niskens, 1994; Ye & Jenniskens, 2022). Sporadic mete-
ors are thought to be originated from old cometary tails
and/or interplanetary dust trails that have been dis-
solved since their ejection, providing a more-or-less sta-
tionary background of incoming sporadic meteor flux.

Since the visual meteor activity, i.e. the hourly or
nightly rate of observable meteors are usually increased
by more than an order of magnitude during the peak
date of showers, meteor showers have been studied more
frequently in the literature. Still, there is an increasing
number of papers dealing with the statistical properties
of sporadic meteors (see e.g. Jones and Brown, 1993;
Rendtel, 2006; Wiegert et al., 2009; Dubietis and Arlt,
2010, and references therein).

Despite the lack of a specific radiant, several pre-
ferred directions of sporadic meteors can be identified
(e.g. Campbell-Brown and Jones, 2006): most of the
sporadic meteors arrive from the apex of Earth’s orbit,
while the helion and antihelion sources are located in
the ecliptic roughly perpendicular to the apex-antapex
direction. Beside these sources, two additional ones at
~ 60 degrees north and south of the ecliptic, named
northern and southern toroidal sources, were identified
from radar observations (Jones & Brown, 1993). The
apex and the antihelion sources provide the majority
of the visually observable sporaric meteor population
(Rendtel, 2006).

IHUN-REN Research Centre for Astronomy and Earth Sci-
ences, Konkoly Observatory, Konkoly Thege 1t 15-17, Budapest,
1121 Hungary. Email: vinko@konkoly.hu

IMO bibcode WGN-516-deme-comparison
NASA-ADS bibcode 2023JIMO...51..166D

In this paper we use data from different meteor cam-
era systems operating in Hungary to reveal the visual
meteor activity between 2020 and 2023. Here we con-
centrate on the statistical properties of sporadic me-
teors and the brightest events, mostly fireballs. The
measured properties of recent meteor showers will be
presented in a subsequent paper. In the next section
we briefly summarize the technical parameters of the
camera systems applied in this study, followed by the
description of the data taken by the different cameras,
the obtained results and our conclusions.

2 Meteor camera systems in Hungary

In Hungary, the deployment of video camera systems
for automated detection of visual meteors was started
more than 20 years ago. Most of those cameras are
still operating. They consist of an analogue video cam-
era (either PAL, or NTSC) attached to a PC having
a Matrox frame-grabber video card that samples the
analogue video stream, and takes rapid snapshots of
digital frames (~ 25 frames per second) when a mov-
ing object, presumably a meteor, appears in the field-
of-view. Meteor detection and measurement is han-
dled by the “Meteor Recognizer” (METREC, https:
//metrec.org) software. The sensitivity limit is typ-
ically between 4 and 5 magnitude, depending on the
type and manufacturer of the particular camera. These
cameras are integrated within the camera network of
the International Meteor Organization (IMO). In this
paper we use three of them: Hukon, Hupis and Huhod.
The basic parameters for these three cameras are sum-
marized in Table 1. METREC uses a well-defined set of
reference stars for computing astrometry and calibrated
photometry for each meteor event.

More recently, starting in 2017, our team at Konkoly
Observatory developed and installed a new system,
named Konkoly Meteor Observatory Network
(KoMON), which is based on a combination of a digital
video camera with a more modern DSLR digital camera.
The moving object is recognized by the video camera
uses a custom Python-based software then it triggers
the DSLR camera to take digital frames for 10 seconds.
An LCD panel, placed in front of the CMOS chip of
the DSLR camera, chops the incoming light by a pre-
programmed de Bruijn sequence (Howie et al., 2017) to
separate the likely meteors from other, slow-moving ob-
jects (airplanes, birds, treeleafs, insects, satellites, etc).
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Table 1 — Parameters of the MetRec-based video cameras
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Name Longitude  Latitude  Altitude Center Az Center Alt Field-of-view
(deg.) (deg.) (m) (deg.) (deg.) (deg. x deg.)
HUKON 18.963793 47.499622 490 317.7 40.9 80.7 x 56.4
HUPIS 19.895140 47.917229 947 348.1 50.8 80.9 x 56.8
HUHOD 20.312500 46.418499 79 328.7 50.8 80.3 x 55.8
Table 2 — Camera parameters for the KoMON stations
Site name Longitude  Latitude  Altitude  Direction  Field-of-view
(deg.) (deg.) (m) (deg. x deg.)
Konkoly 18.963793  47.499622 490 W 90 x 80
Piszkesteto  19.895140 47.917229 947 7Z,N,E,S;W 360 x 90
Gothard 16.6031 47.2578 232 Z,N,E,S 270 x 90
Devavanya 20.9356 47.0814 84 7Z,N,E.S,W 360 x 90
Becsehely 16.7918 46.4479 180 Z.N.E 180 x 90
Table 3 — Camera parameters for the AllSky7 stations
Site name Camera name Longitude Latitude Altitude Field-of-view
(deg.) (deg.) (m)
Konkoly AMS18 18.963793  47.499622 490 All-sky
Becsehely AMST71 16.7918 46.4479 180 All-sky
Piszkesteto AMST2 19.895140 47.917229 947 All-sky
Fehergyarmat AMS97 22.5178 47.9854 111 All-sky
Hortobagy AMS98 21.1451 47.5941 121 All-sky

The KoMON system has been designed to be sensitive
to the brightest, relatively slow meteors, like fireballs.
Such meteors might be missed by the conventional video
camera systems, because they might saturate the cam-
era causing a failure of the recognition algorithm. Thus,
the KoMON system detects only the brightest end of the
meteor brightness distribution function (BDF), and, by
design, it likely detects the slower events instead of the
fastest ones. The system parameters are collected in
Table 2.

At the time of writing this paper, proper astrometry
and photometry is not yet implemented for the KoMON
system. Thus, the cameras in the KoMON network are
capable of recording only the moment (within ~ 1 sec-
ond) of the beginning of a meteor event and its angular
speed along the projected trajectory. An integrated dig-
ital image (taken with 10 seconds exposure time) as well
as digital video frames are also stored for each triggered
event. Due to the lack of calibrated digital photometry,
we were only able to use a visual brightness estimate
for the recorded meteors that appeared brighter than
the stars on the corresponding digital frame. This way
we can still classify meteors that are brighter than ~ 0
visual magnitude, beside the lack of more precise pho-
tometric information.

Finally, starting in mid-2021, several stations of the
AllSky7 camera system (https://allsky7.net) have
been deployed at various sites in Hungary. These sta-
tions consist of an integrated unit of 7 cameras provid-
ing practically all-sky coverage, calibrated astrometry
and broad brightness sensitivity range. The average
limiting magnitude for each unit is ~ 4 mag. The pa-

rameters for the stations that are at our group’s disposal
are summarized in Table 3.

3 Data

The three different camera systems provided differ-
ent types of data for us. The most complete high-level
dataset was obtained by the METREC-based cameras,
after post-processing and cleaning the nightly data by
visual inspection. METREC is able to classify each
recorded meteor based on its projected trail on the sky.
If a meteor trail is close to a radiant of a known me-
teor shower, and the meteor angular velocity matches to
the known velocity of that meteor shower, then the me-
teor is classified as a member of that particular shower.
The sporadic meteors belonging to the antihelion source
are classified as ANT. Two other ecliptical showers, the
Northern and Southern Taurids (NTA and STA, respec-
tively) are also thought to belong to the sporadic meteor
population. All other meteors that cannot be assigned
to any meteor shower are classified by METREC as SPO.
Many of those meteors are coming roughly from the
apex direction. We extracted and analyzed the follow-
ing data from the logfile of each night: date, time (both
in UT), classification and magnitude for each event. We
also used the nightly statistics computed by the auxil-
iary program CHECKLOG: the total number of meteors,
the number of sporadic meteors and the effective observ-
ing time for each recorded night. These numbers were
then summed up for each month to create a monthly
statistics from 2019 December to 2023 October.

The KoMON system provided a more limited
dataset. We used only the UT dates and time for each
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event recorded by each camera since 2019 December up
to 2023 October. Simultaneous detections were treated
as a single event, using a maximum time difference of
+1 second for multiple detections of the same meteor.
We also visually inspected all frames to identify poten-
tial fireballs by selecting meteors that appeared brighter
than any of the stellar objects on each frame (see Sec-
tion 2). Finally, we corrected the number of detected
meteors for the number of active cameras at each site,
resulting in a number of detections per a single DSLR
camera FoV on each observed night.

The AllSky7 system uses a custom Python-based
software for meteor detection, astrometry and bright-
ness estimates. Neither classification of meteor show-
ers, nor calibrated photometry is done at the individual
sites, though. The meteor shower classification is part
of the server-based multi-station analysis of the AllSky7
datasets. Since the primary goal of the present study is
meteor statistics, we extracted and used only the date
and time of each event recorded by the AllSky7 stations
at each site.

4 Results

In this section we describe our results based on the
data obtained by the three camera systems.

4.1 The population index of sporadic
meteors

Based on the magnitude information and classifi-
cation for each meteor by METREC, we were able to
determine the nightly variation of the population index
for the sporadic meteors, after summing up the number
of events labeled as SPO, ANT, NTA or STA.

The population index is determined from the ob-
served cumulative BDF for a sample of meteors:

N(m)= Ny-r™ (m <m"), (1)
where m is the magnitude, N(m) is the number of me-
teors brighter than m magnitude, Ny is a normalization
constant, m* is the magnitude limit for detection com-
pleteness and r is the population index. From Equa-
tion (1) the population index can be derived simply as
r=N(m+1)/N(m) for m < m*.

We adopted m* as the magnitude of the peak of the
meteor BDF' histogram using 1 magnitude-wide bins,
and derived the population index using the numbers for
2 magnitude bins below the peak. Figure 1 illustrates
the methodology: the left panel shows the histogram of
the BDF of all sporadic meteors from the HUKON camera,
which turned out to be the most stable one from photo-
metric point of view. The right panel plots the cumula-
tive BDF for the same dataset. m* = 1 is estimated as
the magnitude of the maximum of the BDF in the left
panel. The blue line is a least-squares fit of Equation (1)
to the points within the interval of [m* —2 < m < m*|.

Figure 2 shows the variation of the nightly popula-
tion indices for the three METREC cameras as a func-
tion of Julian dates. Ignoring the few outliers (probably
due to low number of recorded meteors and/or inferior
weather conditons), most of the indices are within the
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Figure 1 — The method used for population index determi-
nation. Left panel: the observed number of meteors (n(m))
as a function of magnitude. Right panel: the cumulative
BDF (N(m)) against magnitude. The blue line indicates
the fitted model from Equation 1.
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Figure 2 — The variation of the nightly population index of
SP0O meteors recorded by HUKON during 2020-2023.

range of 2 < r < 4. The black horizontal line indi-
cates the mean value of (r) = 2.85 + 0.48 for the com-
bined sample of the three cameras. This is in good
agreement with result of Rendtel (2006) who obtained
(r)y =2.95+0.15 as a yearly average.

Note, however, that the population index determi-
nation suffers from known issues. For example, Molau
(2015) discussed several improvements which may result
in somewhat different population indices for the same
dataset. He obtained (r) = 2.5 as a mean value for spo-
radic meteors, which is very similar to the results of Jen-
niskens (1994) (2.2 — 2.5) and Vida et al. (2020) ((r) =
2.55 + 0.06). More recently Betzler (2023) suggested
a different statistical function (the g-exponential func-
tion) to represent the cumulative meteor BDF. He ob-
tained (r) = 3.63+0.01 based on a more extended mag-
nitude range of —5 < m < 0. The differences between
these reported population indices illustrate that despite
the improvement of the methodology, these estimates
may still suffer some sort of systematic errors. Nev-
ertheless, in the following we apply our results above,
(r) = 2.85 £ 0.48 for consistency. Contrary to Betzler
(2023), we did not detect significant variation in the



WGN, THE JOURNAL OF THE IMO 51:6 (2023)

50 T T T T T T *

A HUPIS e
. HUKON =
40 | | HUHOD &
o 30 F
&
o
T 20t
10 |
0 . . . . . . .
800 1000 1200 1400 1600 1800 2000 2200
J.D.-2458000
50 e " ] HUPIS e
° HUKON =
40 | - | HUHOD &
[ ] M = °
o 30 = : i 1 ° = f
[-% L]
< = 1 : 8 & 4 ; P
T 4 a i .
20 3
i ; ! 5 4 . E i i
w0 = g

0

. . . . . . .
0 50 100 150 200 250 300 350
Solar longitude (J2000)

169

HUKON

Hourly meteor rate

160 [SHW — GEM
140 -

o

g 120 | PER

§ 100t I

g 8o L QUA

>

T 60| SDA ORI |

3 ETA [ ‘ |

I 40} LYR | ) | |

[} | |
. W
0 N U % aa ol DN L . .
0 50 100 150 200 250 300 350

Solar longitude (deg)

Figure 3 — Left: The hourly rates of SPO meteors as a function of J.D. (upper panel) and solar longitude (lower panel).
Right: Hourly meteor rates by HUKON for all sporadic meteors, including SPO, ANT, NTA and STA (upper panel) and meteor
showers (lower panel). Major showers are labeled by their IMO codes.

population index of sporadic meteors along a year (Fig-
ure 2).

4.2 The hourly rate of sporadic meteors

The rates of sporadic meteors were estimated from
the HUKON, HUPIS and HUHOD data in the following way.
We adopt the sporadic hourly rate (HRypo) definition
from Dubietis and Arlt (2010) as

nSO
PO R pAm

Hiepe = terf
€

(2)
where 1, is the number of sporadic meteors per night,
r is the population index, Am is the magnitude differ-
ence between the camera sensitivity limit and a refer-
ence value, t. sy is the effective observation time in hours
and F' is the correction factor between the camera field-
of-view (FoV) and that of a human observer. For the
latter we adopt a conservative estimate that a human
observer sees ~ 1/3 of the visible hemisphere of the
sky. From Equation 2 it is seen that we do not correct
the rate for the zenith distance of a fiducial “radiant”
of sporadic meteors, unlike e.g. Rendtel (2006). It is a
common practice to define Am = 6.5 — Lm, where Lm
is the limiting magnitude (the sensitivity limit) for a
particular camera (Jenniskens, 1994).

We adopted the following nominal limiting magni-
tudes: Lm = 4.5 (HUKON and HUPIS) and Lm = 4.0
(HUHOD). Since these limiting magnitudes may change
during the night due to variable weather conditions,
we also attempted to use the nightly averaged values
from the .mag files provided by METREC. The limit-
ing magnitude estimates by METREC have a 1 minute
resolution, thus, they could be used to model the vari-
able weather conditions during each night. However,
it was found that while using a variable Am based on
these data the night-to-night scattering of the calcu-
lated HRgpo values increases by a large amount, which
is not physically expected for the true rate of sporadic

meteors. Therefore, we decided to apply a single Am
value for each camera as listed above.

Figure 3 shows the results. In the upper left panel
we plot HRgp, for all three cameras against Julian days.
The annual oscillation, noted previously by many ob-
servers (e.g. Campbell-Brown and Jones (2006); Rend-
tel (2006)) is evident from these data. Dubietis and Arlt
(2010) even found correlation between HRgp, and the
solar activity cycle. Our data do not cover ~ 20 years,
which would be necessary to confirm the existence of a
~ 11 year-long cycle, but the annual variation is recov-
ered consistently by all three cameras.

The lower left panel of Figure 3 displays the same
data against solar longitude. Again, the increase of
HR,po during the Fall season (September — November)
is visible each year. This is fully consistent with the re-
sults of Dubietis and Arlt (2010) who also found a ~ 50
percent increase of HRg,, in September with respect
to the rate measured in April. This annual variation
of HRgpo seems to be consistent with the seasonal vis-
ibility of the apex direction during the 2nd half of the
night.

Rendtel (2006) attributed the annual variation of
HRspo he found in the IMO database (VMDB) to the
polluting effect of misclassified shower meteors (see Fig-
ure 6 in Rendtel (2006)). We also tested this effect,
but found that this is less significant in our data. In
the upper right panel of Figure 3 we plot the nightly
HRspo derived from the HUKON data as a function of so-
lar longitude. It is seen that the SPO meteors (plotted
with red symbols) dominate the majority of sporadic
events, and the increase of the sporadic activity within
Ap = 100 — 200 deg is mostly due to SPO meteors. The
antihelion source (plotted with blue symbols) provides
only a small fraction of the total sporadic rate, and the
annual variation is less visible in those data.

The lower right panel displays the inferred rates for
meteor showers. These are only approximate ZHRs as
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they are not corrected for radiant position to keep con-
sistency with the measurement of the sporadic rates,
and they are used only for comparison. Indeed, the ap-
pearance of several of the richest showers can be easily
identified, and they are labeled. Comparing the top
right panel with the bottom right figure, it is seen that
the increase of the sporadic rate is not generally due
to the polluting effect of showers. For example, in the
late August — late October season (Ag = 150 — 200),
when HRgp, is the highest in our data, the activity from
showers was negligible, at least from 2020 to 2023. On
the other hand, a pollution effect can be identified dur-
ing the Geminids in mid-December, but this is localized
to a single night during the shower maximum, around
December 13. Thus, we conclude that the increase of
HRgpo during September — November is real. It cor-
relates well with the seasonal visibility of the apex di-
rection where most of the sporadic meteors are coming
from, but it might also be connected with some sort of
enhancement in the distributions of meteoroid param-
eters (mass, particle size, velocity, spatial density, etc.)
that contribute to the appearance of visually identified
meteors, observed locally from the northern hemisphere
(Dubietis & Arlt, 2010).

Regarding the median value of HRgp, and its stan-
dard deviation, we measure 26.3 + 6.8, 32.1 + 9.2 and
26.9+9.1 for HUPIS, HUKON and HUHQOD, respectively. For
the combined sample it is 28.4 + 8.4. These values are
generally higher than those in recent literature: they
are a factor of ~ 3 higher than the results of Dubietis
and Arlt (2010) (HRgpo ~ 10 £ 2 from data by visual
observers), and still somewhat higher than the estimate
by Rendtel (2006) based on video meteor observations
(HRspo ~ 22+3). Since HRqp, as defined in Equation 2
depends critically on the assumed FoV of a visual ob-
server as well as the proper statistical accounting of the
unobserved faint meteors, the difference between our re-
sults and that of Rendtel (2006) is not significant. Note
that if we had corrected the camera FoV to the whole
area of the full sky hemisphere (27 steradian) instead of
the FoV of a human observer, then the calculated rates
should have been scaled up to 3 times higher values,
resulting in ~ 85 sporadic meteors/hour.

4.3 The frequency of slow fireballs as
potential impactors

Fireballs are spectacular events representing the
brightest end of the BDF of visual meteors. Tradition-
ally, meteors brighter than Venus (m < —4 mag) are
called fireballs. Most of them produce flares during or
at the end of their visible path, but the definition is
related only to the visual brightness (i.e. brighter than
—4 magnitude) and not the occurrence of any flares.
Since fireballs are the most probable impactors among
meteors, there is significant interest in studying their
frequency in any meteor stream.

The KoMON system, as mentioned in Section 2, was
designed to capture mostly the brightest and relatively
slow meteors, in order to detect potential impactors.
Despite its limited capabilities, we were able to visu-
ally identify the brightest events (brighter than ~ 0

WGN, THE JOURNAL OF THE IMO 51:6 (2023)

©
S
Qo
[
S
fe)
©
@
0 ‘ L& ‘ ‘ ‘ ‘ ‘
800 1000 1200 1400 1600 1800 2000 2200
J.D. - 2458000
0.6
°
o o
0.5 t . °. .o . . g
© °
T oaf ® e © o o ° o o
[ ® ° ° L] 8 i
= H ° ° 3
S 03 a PO 8 °
fe) ®
g 0.2 ° i
°
0.1t ° ]
°
0 ‘ ‘ ‘ ‘ ‘ L e
0 50 100 150 200 250 300 350

Solar longitude (J2000)

Figure 4 — The ratio of “fireballs” (meteors brighter than 0
mag in this paper) to the number of all meteors recorded by
the KoMON system as a function of J.D. (top panel) and
solar longitude (bottom panel)

magnitude) by visually inspecting every recorded frame,
starting from 2019 December up to 2023 October. The
reason for extending the magnitude limit to 0 mag, in-
stead of —4 mag, was twofold. First, since there is no
calibrated photometry available in the KoMON system,
only relative brightness estimates with respect to the
brightest visible stars could be made. Second, since the
real fireballs are rare, extending the magnitude limit
from —4 mag down to 0 mag increases the number of
events in the sample, thus, it becomes more suitable for
statistical studies. In the following, when we refer to
fireballs, we mean meteors brighter than 0 magnitude.

Figure 4 plots the ratio of fireballs to all events
recorded by the KoMON cameras as a function of Julian
dates (upper panel) and solar longitude (lower panel).
Meteor numbers belonging to the same month are
summed, in order to get better statistics for these rel-
atively rare events. Thus, each symbol represent the
ratio of the monthly sum of fireballs to the sum of all
recorded meteors. As mentioned in Section 2, multiple
detections have been removed, thus, they do not intro-
duce a bias in the number of fireballs. The mean fireball
ratio for the whole sample turned out to be about 30
— 50 percent (0.37 £ 0.12). The actual numbers go be-
low or above this range in a few months when very few
meteors were detected by the KoMON cameras for a
number of reasons (weather, technical issues, etc.).

Figure 5 displays the number of fireballs per month,
normalized to a single camera and scaled up to all-sky
FoV, again, as a function of J.D. (upper panel) and
solar longitude (lower panel). These numbers can be
regarded as the number of fireballs in each month for
the whole sky above Hungary. Again, we used the
monthly sums to reduce the fluctuations due to low
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and the METREC monthly meteor numbers corrected for 0
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number statistics. As expected, meteor showers are
clearly identifiable in these plots. For example, Gemi-
nids in 2019 December produced especially high number
of fireballs. Later Perseids at Ag ~ 145 deg showed the
highest number of fireballs recorded by the KoMON sys-
tem. The mean value is estimated as Ny, = 2.94+£1.91
fireballs per month.

Finally, we compare the KoMON fireball numbers to
the meteor numbers taken by the METREC-based cam-
eras after statistically selecting only the brightest me-
teors. Figure 6 shows the comparison for those cameras
that are either at the same site (Piszkesteto — HUPIS,
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Figure 7 — The total number of KoMON fireballs corrected
for the —4 magnitude limit (assuming a population index
of r = 1.5, see text) plotted with filled red circles and the
number of observed fireballs brighter than —4 magnitude
reported by visual observers from Hungary (green open tri-
angles).
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Konkoly — HUKON) or relatively nearby (Devavanya —
HUHOD). Since the camera FoV-s in the two systems are
similar (81° x 56° for a METREC camera and 90° x 80°
for a single KoMON camera), no correction for this fac-
tor was made. The KoMON data taken with multiple
units at the same site were normalized to a single cam-
era. The numbers from the METREC-based cameras
are corrected for the magnitude difference between the
camera limiting magnitude and 0 mag, thus, applying
the factor of 2™, where r is the population index. We
found that if we set r = 3.0 and Am = —5.0, —5.0
and —4.5 for HUPIS, HUKON and HUHOD, respectively,
they give the best agreement between the METREC and
the KoMON data. It is seen in Figure 6 that the two
datasets are generally consistent. Thus, the KoMON
system is able to capture most of the meteors at the
brightest tail of the meteor BDF if they appear within
the camera field-of-view.

It is interesting how many true fireballs we can see
if we use the original —4 mag limit as a cutoff. Us-
ing the same population index of r = 3.0, the normal-
ized KoMON fireball numbers must be corrected with
r~* ~ 0.012. Such a correction would predict an aver-
age of ~ 0.036 fireball per month, i.e. a single fireball
in every 2 years. This is clearly way below the actual
number of detected fireballs, either by our cameras or
by visual observers. Thus, the population index may be
different from 3. This is expected because most of the
true fireballs are due to shower meteors that have lower
population index. Assuming r = 1.5 one would get the
true fireball rate as ~ 0.6 per camera per month, which
is a more reasonable estimate.

We have made an independent test in order to con-
firm this assumption by comparing the predicted num-
ber of KoMON fireballs brighter than —4 magnitude
using the correction factor of r=* with » = 1.5 with the
number of actually observed fireballs brighter than —4
magnitude over Hungary. For the former we selected
all fireballs detected by the KoMON system, while for
the latter data we used the Hungarian mirror of the
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Figure 8 — Left panel: monthly meteor detections for the AllSky7 cameras. Right panel: comparison of monthly meteor
detections by AMS18 and HUKON, after correction for field-of-view difference.

IMO fireball report webpage (https://mcse.imo.net)
to collect the observed fireballs over Hungary as re-
ported by visual observers between 2020 and 2023. Mul-
tiple detections were filtered out, so each fireball was
counted only once. The results are plotted together in
Figure 7. It is seen that the two independent datasets
are consistent with each other. It confirms the hypoth-
esis that the magnitude distribution of bright fireballs
can be modeled with the population index of r ~ 1.5,
which is significantly less than that of the sporadic me-
teors. Also, based on the detections by the KoMON
system one can predict the true number of very bright
fireballs reasonably well.

4.4 Comparison of MetRec-based cam-
eras with AlISky7 units

Since the AllSky7 units provide all-sky coverage,
limiting magnitude comparable to that of the METREC-
based cameras and non-stop operation, they are ex-
pected to become the next generation of autonomous
meteor cameras when the METREC-based video cam-
eras are retired. Thus, it is useful to compare the per-
formance of the two camera systems in order to test
whether the AllSky7 cameras delivered datasets similar
to METREC, both in quantity and quality.

Because the Python-based software of the AllSky7
cameras are still under continuous development (Han-
key, personal communication), in this paper we use only
the total number of meteors recorded by the AllSky7
stations at our disposal (Table 3) as a test parameter.
The meteor numbers were collected from the camera
servers by summing up the number of “reduced” me-
teor events on each night, after visually inspecting all
frames and removing the likely artificial records (usu-
ally due to airplanes).

In the left panel of Figure 8 we plot the sum of the
recorded meteors in each month since the deployment
of the individual stations as a function of Julian date. It
is seen at first glance that the summed meteor numbers
from the different stations are more-or-less consistent
with each other, even though the individual stations
are distributed at ~ 100 — 200 km from each other,
thus, they may experience different observing/weather
conditions. On the other hand, it is also visible that the
monthly meteor numbers show a declining trend for all

cameras during the first ~ 800 days after deployment.
This decline of the recorded meteor numbers seems to
be less pronounced for AMS72 during the 1st year of its
operation, but then it also develops the same declining
trend in its recorded meteors.

In the right panel of Figure 8 the data from AMSI18
are compared with the monthly sum of meteors cap-
tured by HUKON. These two cameras are both placed
at the same site, on the rooftop of the headquarters
of Konkoly Observatory in Budapest, Hungary, thus,
weather-related differences are not expected. The HUKON
data were corrected for the smaller field-of-view of the
camera, thus, they represent the expected number of
meteors as if HUKON were an all-sky camera, like AMS18.
It is seen that the mean level of the HUKON data is rel-
atively constant each year (except, of course, the peak
amplitudes due to the different activity levels of the
richest meteor showers). On the contrary, the meteor
numbers from AMS18 show a notable decline with re-
spect to the HUKON data. Since these two cameras are
at the same site, this illustrates that the decline is not
due to the general and continuous worsening of the ob-
serving conditions (e.g. climate change) over Hungary.
Instead, it is suspected that this effect is caused by some
kind of technical reasons affecting the AllISky7 camera
stations.

In Figure 9 we plot the ratio of the monthly meteor
numbers from three different AllSky7 station and the
nearest METREC-based cameras. The decline in the
AMS18/HUKON data is clearly visible, as above. The
AMST72/HUPIS ratio seems to be more stable, but the
second part of the curve (the data taken in 2023) shows
wide oscillations preventing the observability of any
long-term trend. The AMS98/HUHOD ratio spans a
shorter range than the other two, but it suggests the
same declining trend as the AMSI18 data.

Thus, it is concluded that all AllSky7 stations (ex-
cept maybe AMS72) managed by our group show a gen-
eral long-term decline in the recorded monthly meteor
numbers, while such a decline is not visible in the data
of our METREC-based cameras. According to the devel-
oper of the AllSky7 system (Hankey, personal commu-
nication), this is software-related due to multiple rea-
sons. One is related to the applied screening criterion:
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previously the software was designed to select meteors
whose tracks contain at least three measured points,
while later it was changed to keep only those that have
at least 5 points. Also, sometimes the screening Al un-
intentionally misses some of the faint and short meteors.
Since the AllSky7 system was specifically designed to be
triggered by meteors that can be simultaneously mea-
sured from many sites, these changes resulted in better
performance of the system as a whole. However, our
analysis above shows that with the present conditions
the data from the individual AllSky7 stations are less
suitable for statistical studies than those from the ME-
TREC-based cameras.

5 Conclusion

In this paper we presented a statistical study of the
data from three different meteor camera system operat-
ing in Hungary from 2020 to 2023. Based on the results
detailed in the previous sections, we draw the following
conclusions.

1. We measured the population index of all sporadic
meteors detected by our METREC-based cameras,
and obtained (r) = 2.85 4 0.48 as the mean value
and standard deviation. This is consistent with
the results by Jennniskens (1994), Rendtel (2006)
and Vida et al. (2020). Unlike Betzler (2023), we
did not detect annual variation in the population
index of sporadic meteors.

2. The hourly rate of sporadic meteors was estimated
based on the data provided by METREC. We got
HR,po = 28.4+ 8.4 sporadic meteors/hour for the
combined sample from all three cameras (HUPIS,
HUKON and HUHOD). This is consistent with the re-
sults of Rendtel (2006) based on video meteor
data, but seems to be a factor of 3 higher than
the estimates by Dubietis and Arlt (2010) from
visual observations.

3. The frequency of “fireballs” (defined as meteors
brighter than 0 mag in this paper for statisti-
cal reasons) was studied by the KoMON camera
system. We obtained a monthly rate of Ny, ~

173

2.94 + 1.91 events per month. Comparing these
data with those from the METREC-based cameras
after scaling those down to 0 limiting magnitude
we got reasonable, order-of-magnitude agreement.
Note that after applying the brightness correction
to —4 mag using a population index of r ~ 1.5, we
found good agreement with the numbers of true
fireballs reported by visual observers from Hun-
gary. This is consistent with the expectations, be-
cause most fireballs likely belong to meteor show-
ers, whose population index is substantially lower
than that of the sporadic meteors.

4. Comparing the monthly total meteor numbers
taken by our AllSky7 stations with similar data
from METREC (after scaling the latter to all-sky)
we found an unexpected decrease of the AllSky7
data with respect to those from METREC. All
our AllSky7 stations show the same trend, except
maybe AMST72. We tested that it is not related to
any long-term worsening of the observing condi-
tions, and it is not likely due to the varying con-
tamination of non-meteor events in the AllSky7
data. All the data suggest that it is probably a
software-related reason, which has been confirmed
by the developer.
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