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New June Aquilid Complex meteor shower: 
June theta2 Sagittariids (JTT#1129) 

P. Jenniskens 

SETI Institute, 189 Bernardo Ave, Mountain View, CA 94043, USA 
pjenniskens@seti.org 

A new meteor shower from an eccentric sunskirting-comet orbit was detected by CAMS networks on June 9 to 14, 
2021. Similar activity occurred last year but was not seen in prior years from 2010 to 2019. The geocentric radiant 
is located at R.A. = 304.4 deg, Decl. = –32.9 deg (equinox J2000.0), part of the JAQ#299 June Aquilid Complex. 
This new shower has been added to the IAU MDC working list of meteor showers as the June theta2 Sagittariids 
(JTT#1129). 
 
 

1 Introduction  

The southern-hemisphere networks of the CAMS video-
based meteoroid orbit survey detected what appears to be a 
newly registered meteor shower from an eccentric 
sunskirting-comet orbit. During this time of year, the June 
Aquilid Complex (#295, JAQ) is active with a number of 
showers below the ecliptic plane leading up to the Southern 
June Aquilids (NZC#165) (Jenniskens, 2006). 

 

Figure 1 – The June theta2 Sagittariids (JTT#1129), marked as the 
green cluster just below the ecliptic plane in the radiant-data 
visualization posted at CAMS website1 for the dates 2021 June 
10–13. 

2 The observational results  

The shower was detected in observations of the CAMS 
Namibia low-light video camera network (T. Hanke, E. 
Fahl, R. van Wyk), with additional detections by CAMS 
Australia (M. Towner, L. Toms, C. Redford), CAMS Chile 
(S. Heathcote, E. Jehin, T. Abbott), CAMS South Africa (T. 

 
1 http://cams.seti.org/FDL/ 

Cooper, P. Mey), and CAMS New Zealand (J. Baggaley, I. 
Crumpton, N. Frost, C. Duncan). 

Table 1 – Median orbital elements for the June theta2 Sagittariids 
(JTT#1129) (equinox J2000.0) obtained from CAMS data for 
2021. 

 2021 

���•  (°) 352.26 ± 0.05 

�.g (°) 304.4 

�/g (°) –32.9 

vg km/s 36.9 

a a.u. 1.05 ± 0.19 

q a.u. 0.070 ± 0.008 

e 0.932 ± 0.015 

�& (°) 158.2 ± 0.8 

�  (°) 260.5 ± 1.1 

i (°) 49.6 ± 5.9 

N 52 

 
The shower was active between 2021 June 9 22h to June 14 
01h UTC, corresponding to solar longitude 79.0° – 83.0° 
(equinox J2000.0). The shower is visible as a green cluster 
just below the ecliptic plane in the radiant maps of June 10 
to June 14, 2021, at the data visualization website1. Median 
orbital elements from 52 triangulated orbits are listed in 
Table 1. The radiant is significantly dispersed in longitude, 
in a direction similar to the overall dispersion of the 
underlaying shower #165, but narrow in latitude. This 
shower is now called the June theta2 Sagittariids and was 
added to the IAU Working List of Meteor Showers as 
number 1129 (Jenniskens, 2021). 

Similar activity was detected last year, from 2020 June 6 to 
14, with a broad maximum on June 10 at solar longitude 
79.7° (see CAMS website1 for those dates) but not in prior 
years from 2011 to 2019. It is possible that poor coverage 
in the southern hemisphere prior to 2020 contributed to that. 
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3 Discussion  

From our lookup table, the CAMS data visualization mis-
identified the shower as the radar-detected shower #765, the 
alpha Sagittariids (Pokorny et al., 2017). That shower, 
however, has a lower median speed and is very dispersed. 
The CMOR radar identified the activity as shower #165 at 
their website2. Instead, this shower has a compact radiant 
off-center from that of the diffuse shower 165 and is only 
active for a few days. 

The Northern June Aquilids have been linked to SOHO 
comet C/2009 U10 (Holman and Jenniskens, 2012). It is 
possible that the new shower is due to another comet 
fragment from a family of such fragments that resulted from 
the breakup of a common parent body some time ago and 
that have now dispersed by rotation of the nodal line. 
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The Geminids in 2020 
Koen Miskotte 

Dutch Meteor Society 
k.miskotte@upcmail.nl 

An analysis of visual observations of the Geminids in 2020 is presented. The maximum activity was expected to 
take place above Europe. Indeed, there was a peak in activity around solar longitude 262.14 degrees, but with a 
ZHR of 90 ± 4 it was remarkably low. 
 
 
 
 

1 Introduction  

The 2020 Geminid observational campaign was long 
awaited. Not only was the maximum was predicted for 
Europe, but 2020 also fell nicely in the comparison series 
1996–2004 and 2012. Unfortunately, the Corona pandemic 
also severely hit Europe, making all kinds of large-scale 
movements almost impossible. Borders were closed, planes 
grounded and so the options to move to clear weather 
slowly but surely dried up. For the author and a number of 
Dutch observers, this meant waiting to see whether it would 
become clear in the Netherlands or not. Unfortunately, as so 
often in December, the weather did not cooperate. Almost 
nothing has been seen from the Benelux around the 
Geminid maximum. But the weather conditions were also 
poor in the rest of Europe, here and there people could 
benefit from small-scale clear sky periods. The observers in 
Israel were better off in that regard and were able to observe 
extensively on the nights of December 12–13 and 
December 13–14. There hasn’t been much observed on the 
American continent either. So, there was not much hope for 
a good analysis. Fortunately, it turned out that the latter was 
not so bad and that nice results were still achieved. 

2 The observers and analysis  

On the IMO website, 7445 Geminids were reported by 50 
observers. The author of this article received another 
observation with 169 Geminids. See Table 1 with all the 
observers who observed the Geminids in 2020. 

All data was pre-checked on the following points:  

• The limiting magnitude was rounded off at least at 5.9; 
• The radiant height was at least 25 degrees or higher; 
• Hourly counts were used for this analysis. These were 

added together when shorter counting periods were 
reported. Short isolated periods were not used; 

• A known Cp was used or calculated for all observers 
from whom data was used; 

• Extreme outliers are always removed, but this did not 
appear to be necessary in this analysis. 

3 Population index r  

The Geminids are known to have a strong variation in the 
size of the meteoroids during their activity period. 
Especially shortly after the maximum, this manifests itself 
through the appearance of bigger meteoroids, causing more 
brighter meteors. We can depict this phenomenon with the 
population index r. This number says something about the 
average brightness of the meteor shower. A low population 
index r means relatively many bright meteors, a high 
population index r means a lot of weak meteors. 

To determine the population index r you must have enough 
meteors available per time unit. For the nights before 
December 12, it is therefore only possible to determine a 
population index r per night. For 12–13 December periods 
of a few hours could be used and around the maximum there 
was enough data for every hour. 

To calculate the population index r, the observation data 
must meet two criteria: 

• The limiting magnitude may not be less than 5.9; 
• The difference between the limiting magnitude and 

mean magnitude of the meteors should not exceed 4 
magnitudes. 

For the calculation of the population index r, 3961 
Geminids could be used (Steyaert, 1981). Table 2 and 
Figures 1 and 2 show the results of the population index r 
calculations (only for r [–2;+5] and r [–1:+5]). 

If we look at Figures 1 and 2 in detail, we see that during 
the night 12–13 the population index r varies mostly 
between 2.0 and 2.5. During the maximum night over 
Europe, a steady decrease is visible after 2020 December 
14, 00h00m UT (���•  = 262.15°). Based on this, you would 
expect a maximum before this time. 

The Geminids are also known for short-lived periods with 
many fireballs. This can be quite spectacular for an 
observer. For example, in 2007 the author and some 
observers saw 22 Geminid fireballs with magnitudes 
between –3 to –8 within hours (Miskotte et al., 2010; 2011; 
Vandeputte, 2008)! 
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Table 1 – List of observers who observed the Geminids in 2020. 

Observer Sessions Teff. GEM Observer Sessions Teff. GEM 

Adams Mark 2 09h29m 171 Melandri Fabrizio 1 02h30m 192 

Amorim Alexandre 1 00h57m 2 Merlin Frederic 1 04h25m 113 

Bao Wenjie 1 01h30m 27 Nilforoushan M. 1 01h40m 43 

Ben Craig 1 03h06m 73 Pineau François 1 01h00m 24 

Benítez S. Orlando 1 02h19m 109 Plum Jonas 1 00h40m 7 

Brown Steve 2 04h30m 110 Prokofyev Sasha 1 00h15m 1 

Correa da Silva Riziele 1 03h07m 2 Ratz Ella 2 10h38m 451 

Deconinck Michel 2 02h00m 85 Rendtel Ina 7 17h51m 240 

Dubishkin Dmitry 1 00h45m 6 Rendtel Jurgen 9 20h24m 239 

Edin Howard 4 04h08m 214 Romanov Filipp 10 05h20m 178 

Eini Shlomi 2 08h30m 476 Ross Terrence 8 12h09m 502 

Gavriljuk Dmitry 1 01h00m 7 Sergey Ivan 2 04h52m 2 

Gerber Christoph 1 00h28m 22 Shi Wei 1 03h15m 227 

Godley William 1 01h00m 27 Sperberg Ulrich 1 02h00m 0 

Growe Matthias 1 01h04m 0 Sun Fengwu 3 03h28m 245 

Hergenrother Carl 1 00h57m 48 Taibi Richard 2 02h10m 14 

Hickel Gabriel 1 01h28m 34 Tchenak Tamara 2 14h41m 753 

Hughes Glenn 1 00h45m 0 Uchiyama Shigeo 2 02h42m 74 

Jiménez López Gerardo 2 02h50m 33 Vandenbruaene H. 1 01h04m 32 

Jones Paul 1 02h00m 169 Weiland Thomas 4 09h17m 359 

Jung Hansub 1 02h10m 29 Westfried Ariel 3 08h32m 528 

Katz Omri 2 08h42m 426 Wächter Frank 2 01h15m 108 

Kostenko Roman 8 03h20m 161 Wächter Sabine 2 01h39m 73 

Levin Anna 2 16h21m 792 Xiaofan Wei 1 02h06m 165 

Marsh Adam 2 06h54m 14 Zeinodini Mostafa 1 00h19m 7 

Marsh Jemma 2 02h00m 0  
   

 
Table 2 – Population index r Geminids 2020. 

Date ���•  (°) r[–1;+5] ± r[–2;+5] ± 

7–12–2020 19h00m 255.819 3.00 ~ 3.00 ~ 

12–12–2020 05h55m 260.383 2.18 0.4 ~ ~ 

12–12–2020 21h40m 261.048 2.38 0.33 ~ ~ 

13–12–2020 00h20m 261.161 2.11 0.21 2.27 0.21 

13–12–2020 05h34m 261.383 2.35 0.22 ~ ~ 

13–12–2020 06h36m 261.427 2.53 0.15 2.64 0.15 

13–12–2020 19h00m 261.953 2.40 0.12 2.24 0.12 

13–12–2020 20h02m 261.997 2.02 0.14 2.05 0.14 

13–12–2020 22h07m 262.088 1.88 0.08 1.97 0.08 

13–12–2020 23h02m 262.124 2.10 0.08 2.07 0.07 

14–12–2020 00h06m 262.169 2.16 0.08 2.25 0.08 

14–12–2020 01h30m 262.228 1.90 0.07 2.01 0.06 

14–12–2020 03h19m 262.297 1.60 0.09 1.73 0.08 

14–12–2020 06h57m 262.459 1.74 0.15 1.96 0.15 

14–12–2020 21h10m 263.062 2.17 0.48 ~ ~ 

15–12–2020 00h10m 263.189 2.20 0.4 ~ ~ 

15–12–2020 05h05m 263.398 2.55 0.69 2.30 0.69 
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Figure 1 (left) and Figure 2 (right) – Population index r for the Geminids 2020 [–1:+5] against solar longitude ���•  (°) (left) and against 
GMT 12 December 2020 00h00m UT to 15 December 2020 12h00m UT (right). 

 

 
Figure 3 – Composition with 7 Geminids, captured at a location near Evora, Portugal, during the night 2007 December 14–15. Photo 
and composition made by the author. 
 
 
Table 3 – Overview of observations of many Geminid fireballs in a short time. 

Observers Date Period UT Start ���•  (°) End ���•  (°) Mean ���•  (°) Location 

Johannink, Miskotte, 
Vandeputte, Vanderkerken 15 Dec.2007 00h45m–04h15m 262.539 262.687 262.613 Portugal 

Weiland, Bettonvil 13–14 Dec. 2012 19h25m–00h10m 262.025 262.227 262.126 Oman 

Martin 15 Dec.2015 05h00m–08h30m 262.668 262.817 262.743 US 

Ross, Craig 14 Dec. 2020 06h11m–10h22m 262.419 262.603 262.511 US 
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Remarkable in this respect are the 2020 observations of 
Terrence Ross and Ben Craig from Texas and California 
respectively. Terrence Ross saw 7 Geminids of –3 (2×), –4 
(2×), –5 and –6 (2×) on 2020 December 14, between 7h25m 
UT and 8h30m UT3. The time he observed before this period 
(December 14, 2020 between 05h28m and 06h30m UT) there 
were no bright Geminids at all4. This observation reminded 
the author on the 2007 observations from Portugal. 
Observer Ben Craig saw 14 bright Geminids (–5, –4 and 
12×–3) between 6h11m and 10h22m UT on 2020 December 
145. Similar stories are known: in 2012 Felix Bettonvil and 
Thomas Weiland saw quite a few fireballs from Oman in a 
short time (Weiland and Bettonvil, 2015). Pierre Martin 
also witnessed several fireballs in a short time in 2015 
(Martin, 2018)6. Table 3 provides an overview of these 
observations. 

 

Figure 4 – Spectacular composition made by Pierre Martin from 
Texas, US in the night 14–15 December 2015. Canon EOS 6D, 
Sigma ART 24-35mm F2, (stopped at f / 2.2), focal length: 24mm, 
25 sec exposures ×61, ISO 1600. More beautiful photos can be 
seen online7. 

 
It is striking that the fireball observations from 2007, 2017 

and 2020 partly overlap in solar longitude. The 2012 
observation is an outlier that fell much earlier in solar 
longitude. It also seems that this phenomenon did not occur 
every year. The author will investigate this in a larger study 
of the Geminids in a future publication. 

4 Zenital Hourly Rate (ZHR)  

The ZHR could also be determined with the calculated 
population index r. In total, of the 7445 Geminids reported 
to IMO, 4808 were used for the ZHR analysis. The results 
of the calculations are shown in Table 4 and Figure 5. 

If we look closely at Figure 5, we see ZHR values between 
30 and 60 for December 12–13, something you would 
expect at this time. There is an isolated ZHR point near solar 
longitude 161.5° (ZHR 119 ± 15). 

During the maximum night (13–14 December 2020) we see 
indeed a peak around solar longitude 262.14° in Europe. 
However, this is a very low peak with a ZHR of 90 ± 4 
followed by a declining ZHR. The question is whether this 
is the real peak or rather a sub-peak. However, the 
decreasing population index r (more brighter Geminids) 
after 2020 December 14, after 00h00m UT seems to confirm 
that this was the main peak. If this is really the case, the 
maximum ZHR value found is very low. The problem in 
this story is the higher ZHR values that are found at the end 
of the night and above the USA. Unfortunately, this data 
from only a few observers is based on relatively low 
Geminid numbers. It is also quite a late time for a major 
peak, but it has sometimes happened before in previous 
years. 

The 1996–2004–2012–2020 series  
Every eight years we can observe at almost the same solar 
longitude and almost the same phases of the moon. In the 
article about 30 years of Geminid observations (Miskotte et 
al., 2010; 2011) we looked at whether we could find 
something of a trend in activity over a period of 30 years. It 
was concluded that the maximum Geminid ZHR increased 
from 1983 to 1996/2004 (from 80–100 to 120–140) and 
then remained stable or decreased slightly to 100–120. 
There are good data sets from 1996, 2004 and 2012, so we 
can (cautiously) compare the data from 2020 with these 
years. The ZHR graphs from previous years have been 
determined in an exactly identical manner. Hourly counts 
were used, and an assumed r value was used with the 
population index r = 2.2 to solar longitude 262.2°, after that 
r = 2.00. The 2020 data was also calculated in this way. The 
ZHR values found hardly deviate from the curve with the r 
values calculated in this article. Figures 6, 7, 8 and 9 are 
results from these comparisons. 

 

 
3 https://www.imo.net/members/imo_vmdb/view?session_id=818
49 
4 https://www.imo.net/members/imo_vmdb/view?session_id=818
48 
5 https://www.imo.net/members/imo_vmdb/view?session_id=818
31 

 

6 https://www.imo.net/members/imo_vmdb/view?session_id=760
23 
7 https://pmartin.smugmug.com/Astronomy/2015121317-
Astronomy-Trip-to-T 
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