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(906) Repsolda, comb. 8,7 mag / 5,4 s / drop 5,2 mag 2023 Jan 02, 19:35 
UT
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Center: VADUZ, LI
Radius 2000 km

precalculations April 2022
final calculations July 2022
Occult (author D. Herald)
Catalogue – stars:
Gaia EDR3
Elements of asteroids:
JPL Horizons (final)
(MPC, helpful calculations)
Miriade (binary asteroids
ephemerides)
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stars <=12 mag

1. TOP 20 events

asteroids >=5 km

From 282 events were chosen 20 best 
phenomena with bright stars or with long 
durations;
the condition of inclusion was also a small 
uncertainty of the belt;
(some good events with low altitude or 
dusk/dawn events were discarded)

duration >=4 s
drop >=0,4 mag
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(906) Repsolda, comb. 8,7 mag / 5,4 s / drop 5,2 mag 2023 Jan 02, 19:35 
UT
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(333) Badenia, comb. 11,5 mag / 20,7 s / drop 4,1 mag 2023 Feb 25, 02:55 
UT
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(712) Boliviana, comb. 8,7 mag / 12,1 s / drop 3,8 mag 2023 Feb 27, 19:28 
UT
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(96) Aegle, comb. 10,1 mag / 15,0 s / drop 1,3 mag 2023 Mar 11, 22:45 
UT
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(444) Gyptis, comb. 11,4 mag / 12,4 s / drop 1,6 mag 2023 Mar 22, 22:10 
UT
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(377) Campania, comb. 11,2 mag / 17,3 s / drop 2,7 mag 2023 Apr 08, 23:17 
UT
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(213) Lilaea, comb. 11,1 mag / 12,7 s / drop 1,5 mag 2023 Jul 28, 00:49 UT
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(356) Liguria, comb. 11,0 mag / 13,5 s / drop 2,7 mag 2023 Jul 28, 21:20 UT
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(309) Fraternitas (slow rotator), comb. 10,8 mag / 16,6 s / drop 
4,3 mag

2023 Aug 29, 02:34 
UT
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(3152) Jones, comb. 6,7 mag / 4,1 s / drop 10,5 mag 2023 Aug 31, 01:48 
UT
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(3152) Jones, comb. 6,7 mag / 4,1 s / drop 10,5 mag 2nd 
part of the path

2023 Aug 31, 01:48 
UT
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(598) Octavia, comb. 8,7 mag / 9,4 s / drop 4,6 mag 2023 Sep 12, 00:53 
UT



ESOP XLI, GRANADA, 2022 JIŘÍ KUBÁNEK, IOTA/ES

(52) Europa, comb. 11,4 mag / 18,8 s / drop 1,4 mag 2023 Sep 23, 20:08 
UT
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(921) Jovita (slow rotator), comb. 7,9 mag / 4,6 s / drop 8,6 mag 2023 Oct 27, 00:17 
UT
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(13) Egeria, comb. 10,0 mag / 15,5 s / drop 2,1 mag 2023 Oct 28, 21:14 
UT
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(407) Arachne, comb. 10,8 mag / 39,6 s / drop 2,5 mag 2023 Nov 05, 01:50 
UT
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(205) Martha, comb. 10,9 mag / 12,3 s / drop 3,1 mag 2023 Nov 08, 00:23 
UT
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(319) Leona, comb. 0,5 mag / 11,6 s / drop 2,9 mag – annular 
occultation

2023 Dec 12, 01:08 
UT

Event No. 
1
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(319) Leona, comb. 0,5 mag / 11,6 s / drop 2,9 mag – China, Tajikistan, Uzbekistan, 
Turkmenistan

Dec 12, 01:08 UT
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(319) Leona, comb. 0,5 mag / 11,6 s / drop 2,9 mag – Azerbaijan, Armenia, 
Turkey

2023 Dec 12, 
01:09UT
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(319) Leona, comb. 0,5 mag / 11,6 s / drop 2,9 mag – Turkey (W part), Greece, 
Albania

2023 Dec 12, 01:11 
UT
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(319) Leona, comb. 0,5 mag / 11,6 s / drop 2,9 mag – Italy 2023 Dec 12, 01:12 
UT
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(319) Leona, comb. 0,5 mag / 11,6 s / drop 2,9 mag – Sardinia 2023 Dec 12, 01:13 
UT
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(319) Leona, comb. 0,5 mag / 11,6 s / drop 2,9 mag – Balearic Islands 2023 Dec 12, 01:14 
UT
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(319) Leona, comb. 0,5 mag / 11,6 s / drop 2,9 mag – Spain (eastern part) 2023 Dec 12, 01:15 
UT
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(319) Leona, comb. 0,5 mag / 11,6 s / drop 2,9 mag – Spain (western part), 
Portugal

2023 Dec 12, 01:15 
UT
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(319) Leona, comb. 0,5 mag / 11,6 s / drop 2,9 mag – Bahamas, USA (FL) 2023 Dec 12, 01:24 
UT
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(319) Leona, comb. 0,5 mag / 11,6 s / drop 2,9 mag – Mexico 2023 Dec 12, 01:25 
UT
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(319) Leona, comb. 0,5 mag / 11,6 s / drop 2,9 mag – annular 
occultation

2023 Dec 12, 01:08 
UT
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(319) Leona, comb. 0,5 mag / 11,6 s / drop 2,9 mag – annular 
occultation

2023 Dec 12, 01:08 
UT

Great dimming 2019/2020

Betelgeuse – red supergiant, spectral type M1 – M2
Semiregular variable star.

Kredit:ESO/M. Montargès et al.
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(319) Leona, comb. 0,5 mag / 11,6 s / drop 2,9 mag – annular 
occultation

2023 Dec 12, 01:08 
UT

Mag (V) 0,0 – 1,6 (1,7); mid 
value about 0,5 (0,6) mag. 

Betelgeus
e

Kredit: AAVSO

Left -Mag of Betelgeuse 1988 – 
2022
Down -  Mag of Betelgeuse 9/2018 
– 2/2021

Angular diameter:
Occult calculated: 48,1 mas;
Values 41,9 mas to 60 (or 
more)
It is not easy!
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(319) Leona, comb. 0,5 mag / 11,6 s / drop 2,9 mag – annular 
occultation

2023 Dec 12, 01:08 
UT

Betelgeuse was the first star to be measured in
size. Michelson & Pease (1921) reported a 
diameter of 47 mas. With add limb-darkening + 
17% Þ  55 mas.

Betelgeus
e

Angular diameter of Betelgeuse:
Left – 1993 – 2009 - Diameter of α Ori 
measured at 11.15 μm (Infrared Spatial 
Interferometer).
Top – 1990 – 2014 - Evolution of the near 
infrared diameter of Betelgeuse.
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(319) Leona, comb. 0,5 mag / 11,6 s / drop 2,9 mag – annular 
occultation

2023 Dec 12, 01:08 
UT

Mag (V) 14,2
Delta 1,808 AU
Very slow 
rotator:
430 ±  2 h
Tumbler 

Leona

Occult calculated 60.8 ±  3 km
From Occult:
Satellite IR diameters for asteroid 
(319)

       NEOWISE  50.0 ±  5.0km
          AcuA  65.0 ±  4.2km
          IRAS  68.2 ± 11.0km
           MSX  81.3 ± 11.8km

From Occult:

319 Leona occults HIP 27989, on 2023 Dec 12

Star Diameter
 diameter = .0481"     [CHARM/CADARS, 51 measures]
          = 104% of the asteroid's diameter
    *** WARNING - special processing required ***
  *** WARNING: Occultation is ANNULAR. Mag drop adjusted 
***
  => fades of about 8.4 secs might be expected.

Fresnel diffraction
 diffraction for light drop of 2 mag (to 16%) = 0.0002"
  => fades of about 0.05 secs might be expected
 diffraction for light drop of 4 mag (to 2.5%) = 0.0006"
  => fades of about 0.14 secs might be expected
                * * *

Another source: 89 +- 28 km 
(Nugent, C. R.; Mainzer, A.; Bauer, J.; 
Cutri, R. M.; Kramer, E. A.; Grav, T.)
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(319) Leona, comb. 0,5 mag / 11,6 s / drop 2,9 mag – annular 
occultation

2023 Dec 12, 01:08 
UT

Mag (V) 14,2
Delta 1,818 AU
Very slow 
rotator:
430 ±  2 h
Tumbler 

Leona

light curve amplitude 0,68 mag

lower limit for axis ratio
(longest/shortest)
a/c >= 1,7

Volume of ellipsoid 4/3 * p * a * b * 
c

For a/b/c = 1,7/1,3/1
(for b=1,3 is V (elipsoid) @ V (sphere, 
r=b) 
And If b=68 km Þ   a=52 km, c=89 
km 

Profile a/c
Profile a/b

Profile b/c



ESOP XLI, GRANADA, 2022 JIŘÍ KUBÁNEK, IOTA/ES

(319) Leona, comb. 0,5 mag / 11,6 s / drop 2,9 mag – annular 
occultation

2023 Dec 12, 01:08 
UT

    This annular occultation means that 93,06% of 
the disk occulted and 6,94% of the disk of the star will not be occulted. Drop of 
the magnitude 2,90.

Betelgeuse – 48,1 mas

Leona –  46,4 mas (60,8 
km)

Duration 11,6 s is the interval 
between moments pic. 1 and 
pic. 7.Sky motion of Leona is 8,4 mas/s (for Córdoba) or 8,1 mas/s 

(for start or end of the path) – (PA 262,1) - MPC, Minor Planet 
Ephemeris Service.

I try to summarize in the following tables of options (for sky 
motion 8,4 mas/s):

What will the phenomenon look 
like?
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(319) Leona, comb. 0,5 mag / 11,6 s / drop 2,9 mag – annular 
occultation

2023 Dec 12, 01:08 
UT

Leona 
km

Leona 
mas

Betelgeu
se mas

Dur. 
Partial 
Phase (s)

Dur. 
annular / 
total phase 
(s)

Dur. 
Partial 
Phase (s)

Type occulted Drop 
(mag) 
/without 
limb 
darkening/

50 38,1 41,9 4,5 0,5 4,5 annula
r

82,68% 1,90

50 38,1 43 4,5 0,6 4,5 annula
r

78,51% 1,67

50 38,1 48,1 4,5 1,2 4,5 annula
r

62,74% 1,07

50 38,1 60 4,5 2,6 4,5 annula
r

40,32% 0,56

60,8 46,4 41,9 5,0 0,5 5,0 total 122,63
%

13,70

60,8 46,4 43 5,1 0,4 5,1 total 116,44
%

13,70

60,8 46,4 48,1 5,5 0,2 5,5 annula
r

93,06% 2,90

60,8 46,4 60 5,5 1,6 5,5 annula
r

59,80% 0,99
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(319) Leona, comb. 0,5 mag / 11,6 s / drop 2,9 mag – annular 
occultation

2023 Dec 12, 01:08 
UT

Leona 
km

Leona 
mas

Betelgeu
se mas

Dur. 
Partial 
Phase (s)

Dur. 
annular / 
total 
phase (s)

Dur. 
Partial 
Phase (s)

Type occulted Drop 
(mag) 
/without 
limb 
darkening/

65 49,6 41,9 5,0 0,9 5,0 total 140,13
%

13,70

65 49,6 43 5,1 0,8 5,1 total 133,05
%

13,70

65 49,6 48,1 5,7 0,2 5,7 total 106,33
%

13,70

65 49,6 60 5,9 1,2 5,9 annul
ar

68,34% 1,25

68,2 52 41,9 5,0 1,2 5,0 total 154,02
%

13,70

68,2 52 43 5,1 1,1 5,1 total 146,24
%

13,70

68,2 52 48,1 5,7 0,5 5,7 total 116,87
%

13,70

68,2 52 60 6,2 1,0 6,2 annul
ar

75,11% 1,51
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(319) Leona, comb. 0,5 mag / 11,6 s / drop 2,9 mag – annular 
occultation

2023 Dec 12, 01:08 
UT

Leona 
km

Leona 
mas

Betelgeu
se mas

Dur. 
Partial 
Phase (s), 
beg.

Dur. 
annular / 
total phase 
(s)

Dur. 
Partial 
Phase (s), 
end.

Type occulted Drop 
(mag)
/without 
limb 
darkening/

81,3 62 41,9 5,0 2,4 5,0 total 218,96
%

13,7

81,3 62 43 5,1 2,3 5,1 total 207,90
%

13,7

81,3 62 48,1 5,7 1,7 5,7 total 166,15
%

13,7

81,3 62 60 7,1 0,2 7,1 total 106,78
%

13,7

89 67,9 41,9 5,0 3,1 5,0 total 262,61
%

13,7

89 67,9 43 5,1 3,0 5,1 total 249,35
%

13,7

89 67,9 48,1 5,7 2,4 5,7 total 199,27
%

13,7

89 67,9 60 7,1 0,9 7,1 total 128,07
%

13,7
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(319) Leona, comb. 0,5 mag / 11,6 s / drop 2,9 mag – annular 
occultation

2023 Dec 12, 01:08 
UT

Annular 
occultation of 
Betelgeuse, star 
like 3,4 mag? (in 
V) or 1,1 mag? 
(in R)

3,1

2,8

3,3
3,8

3,7

1,6

0,2

3,2

3,7

2,0
1,8

2,5



ESOP XLI, GRANADA, 2022 JIŘÍ KUBÁNEK, IOTA/ES

(319) Leona, comb. 0,5 mag / 11,6 s / drop 2,9 mag – annular 
occultation

2023 Dec 12, 01:08 
UT

Conclusion:
On the central line can be total occultation or annular 
due to unclear values of angular sizes of both bodies 
(Betelgeuse and Leona).
Drop can be from several tenths mag to more than 1 
mag or star can disappear completely.

Recommendation:
Test your cameras of different exposures and gain on 
bright stars in advance. 
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(128) Nemesis, comb. 11,0 mag / 34,2 s / drop 1,3 mag 2023 Dec 13, 01:03 
UT
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(366) Vincentina (slow rotator), comb. 8,2 mag / 4,0 s / drop 6,3 
mag

2023 Dec 16, 20:00 
UT
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(48) Doris, comb. 10,7 mag / 18,2 s / drop 0,6 mag 2023 Dec 23, 01:35 
UT
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