
2022 Occultations by Near-Earth Asteroids 
 
More information for specific occultations, including finder charts, maps, links to other resources, and 
when appropriate, cloud cover forecast maps, can be found on IOTA’s page for 2022 North American 
Near-Earth Asteroid (NEA) occultations at 
https://occultations.org/publications/rasc/2022/nam22NEAoccs.htm . Interactive (zoomable) maps 
that show event U.T. and circumstances when clicking on a specific location, Aladin zoomable 
photographic star charts, and different path statistics can be found on the OW cloud page for the event 
available with Occult Watcher for events generally less than two months in the future. 
 
Occultations by Near-Earth Asteroids (NEAs) is an exciting new endeavor that contributes to planetary 
defense by refining the orbits of these small but possibly dangerous objects. IOTA’s first success with NEA 
events was with (3200) Phaethon in 2019, but more spectacularly with (99942) Apophis last year, and 
finally with Didymos last month; much information about the occultations, their value, and how they 
helped retire the threat of Apophis, is given in a paper presented at the 7th Planetary Defense Conference 
that you can obtain at http://iota.jhuapl.edu/NEOoccultationsDunham.pdf . There are several 
opportunities in 2022 shown on the map and table below, similar to those described for bright main-belt 
occultations at https://occultations.org/publications/rasc/2022/nam22MBoccs.htm . Especially 
important this year will be occultations by (65803) Didymos and its small moon Dimorphos, the target of 
NASA’s DART planetary defense demonstration mission (see 
https://www.nasa.gov/planetarydefense/dart). Unfortunately, no observations of occultations by 
either Didymos or Dimorphos were obtained before the successful DART impact on Sept. 26, but shortly 
after that, Goldstone radar and radiometric tracking data of DART resulted in a good-enough 
improvement of Didymos’ orbit that the first ever occultation by Didymos was recorded by Roger Venable 
on Oct. 15, and several more have been observed since then. An occultations by Dimorphos was 
definitively observed by Robert Jones in California on Nov. 12; we want to obtain a few more Dimorphos 
events before its occultations become too short to record with video around 2023 March. Dimorphos 
orbits Didymos in a virtually circular orbit 3 Didymos diameters away in a period just under 12 hours. The 
latest JPL orbit, #199, is now the best, having fit well all occultation observations made through Nov. 15. 
During December, the Didymos occultation durations are still at least 0.20s, still allowing Dimorphos 
occultation possibilities with video, in spite of their being only 1/5th the duration of the Didymos events. 
Late in 2023 January, the Didymos occultation durations exceed 0.40s, but then decrease again. By 2023 
March, the opportunities decrease considerably as Didymos travels farther from Earth (so shorter 
occultation durations) and farther from the star-rich Milky Way. 
 
Since the paths for these events are all very narrow, one must travel to the paths with mobile equipment 
to observe them, rather like grazing occultations of stars by the Moon. And like lunar grazes, it is necessary 
to adjust the location for elevation above sea level. John Irwin in the UK has helped IOTA with this by 
supplying special Google Earth files that take elevation into account. More about the important remaining 
Didymos occultations of 2022 is given just after the information about the brighter NEA occultations for 
all of 2022 given on the next page. 

_ _ _ _ _  
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The best occultations of stars by NEA’s in North America during 2022 

 

 
Above is the map of 2022 NEA occultations that’s in the Handbook, and the corresponding table of 
information about each of the plotted occultations. The orbital elements are all from the NASA JPL 
Horizons Web site at https://ssd.jpl.nasa.gov/horizons.cgi and the stellar data are from the Early third 
release (EDR3) of the European Space Agency’s Gaia mission, as implemented with UCAC4, Tycho, and 
Hipparcos catalog identifiers with IOTA’s free Occult software. The 2023 Jan. 1st event is not included in 
the table above, but it is included on the map and table of Didymos events on p. 4. 
 
The successive columns in the table list: (1) the date and central time of the event; (2) the name of the 
occulting body; (3) the catalogue and number of the occulted star; (4) the star’s apparent visual 
magnitude; (5) the star’s right ascension and (6) declination; (7) the expected magnitude change from the 
combined brightness; (8) the predicted maximum duration of the occultation in seconds; and, (9) the path 

https://ssd.jpl.nasa.gov/horizons.cgi


location specified by the lands crossed by the eastern and western ends of the path shown on the map. 
The two-letter abbreviations for the US States and Canadian Provinces are given, with the order indicating 
the direction of motion of the shadow. “Baja” is Baja California, either Norte or Sur, while “Mex” denotes 
the rest of Mexico. Note that the times are for the geocentric time of closest approach; for any specific 
location in North America, the event time can be several minutes earlier or later.  As noted above for 
Didymos, when a NEA occultation is first observed, it generally must be done by a large team of observers 
to cover the relatively large uncertainty zone. But after one occultation is observed, that data can refine 
the orbit to allow more accurate prediction of future events that can then be covered by only a few 
observers.  
 
Some information about the occulting NEAs portrayed above is given below: 
(1866) Sisyphus:  Observations of occultations by this large NEA would be valuable since Sisyphus is out 
of radar range for at least the next 20 years. Due to the important Didymos campaigns, IOTA did not 
conduct a large effort to observe the only reasonable Sisyphus event on November 26th as originally 
planned, but Steve Messner travelled to the latest predicted path, which had been updated by Steve 
Preston with smaller errors than before, and Messner recorded the occultation, with a duration of 0.3s.  
(3122) Florence:  2017 radar observations show that Florence has 2 moons, one about 200m across and 
about 5 km away, while the other is a little more than 300m across and about 10 km away. Unfortunately, 
efforts for the Aug. 16th occultation, just after the 2022 IOTA meeting, were cancelled due to clouds. 
(3200) Phaethon: The paths should be quite accurate, with the orbit well-determined from the 2019 and 
2020 occultations, and more observed in 2021 and 2022, especially in Japan. But more observations are 
desired, to check for possible variations in Phaethon’s non-gravitational forces caused by mass shedding 
(Geminid meteoroids) from its extreme thermal environment. But again, the 2022 events weren’t 
observed, with our efforts concentrated on Didymos instead; one Phaethon event was observed in Japan. 
(65803) Didymos: The occultations by Didymos have the highest priority since NASA’s DART mission 
impacted Dimorphos, Didymos’ 160m moon that is 1.2 km away, on September 26th. Below are maps and 
tables with more predictions for occultations by Didymos, of stars to mag. 12.0. 
(99942) Apophis: Unfortunately, all of the occultations by Apophis in 2022 are very short, lasting only 
0.02s. Roger Venable attempted the occultation on April 9. But the event proved to be too difficult with 
the strong scintillation at the event’s altitude of 10°; Roger discussed the attempt, and the difficulties of 
NEA occultation observations in general, in two papers he gave at the 2022 IOTA meeting; see 
https://occultations.org/community/meetingsconferences/na/2022-iota-annual-meeting/ and also his 
article in Journal for Occultation Astronomy, Vol. 12, #4, pp. 11-17, available for free (JOA2022_4.pdf) at 
https://iota-es.de/joafree.html . 
(163693) Atira: Atira has an approximately 1-km moon orbiting perhaps 6 km from the primary. 
 
An ESA-funded project called Asteroid Collaborative Research via Occultation Systematic Survey (ACROSS) 
is described at https://occultations.org/publications/rasc/2022/nam22NEAoccs.htm . Their predictions 
are available via an ACROSS feed for Occult Watcher. ACROSS will provide the generally best astrometric 
data to generate the most accurate Didymos occultation paths, for IOTA’s campaign events. 

 
Roger Venable’s Call for Observation for Didymos occultations on July 20 & 24 is at 
https://occultations.org/publications/rasc/2022/CallForObservationJuly.pdf but the general 
information given there applies to later events as well. Those with telescopes with size of 8 in. [or 5 in. if 
you have a sensitive Watec camera that can integrate 2 frames or 4x] or larger can contribute to these 
campaigns; those with portable telescopes this large are encouraged to join the campaign. The short 
durations require video or CCD recording with sensitive cameras.  
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Occultations by (65803) Didymos in North America, Oct. 18, 2022 to Jan. 1, 2023 
 

 
 

 
 

The map and table above, and on the next pages, augment the RASC Handbook NEA maps given on p. 2 
of this document, to show only occultations by (65803) Didymos with mag. <12.1, to show more of the 
observable Didymos occultations. Paths only over Cuba or in the ocean in the southeastern part of the 
map were removed. The paths on the map highlighted with green font were observed; sky-plane plots 
and observer maps for some are on IOTA’s page of North American asteroidal occultation observations at 
https://www.asteroidoccultation.com/observations/Results/Reviewed/index.html . The paths 
highlighted with red font are the more important events that as many observers as possible should try to 
observe, especially to try to observe Dimorphos occultations. The bright Nov. 8th occultation has already 
occurred; unfortunately, it was too cloudy along the whole path across the USA, so nobody actually tried 
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to observe it. The paths highlighted with orange font are also valuable, but involving stars close to 12th 
mag. (still observable with 8-in. scopes) and/or over areas harder for most of our observers to reach. 
 

ACROSS found a new bright (mag. 9.4) NEA occultation that will occur on Dec. 13 (evening of Dec. 12 in N. 
America) that observers are encouraged to try to observe. The NEA, (1620) Geographos, has a good orbit, 
helped with radar observations in 1994, and is the most elongated object in the Solar System, with a 
potato-chip shape with dimensions 5 x 2 x 2 km. Additional information will be sent by email and/or 
possibly posted on the main NEA occultations page. The path is shown on the Occult maps below, from 
west to east, although the shadow moves east to west: 

   
 

 
 

Occult maps for the occultations by Didymos on Dec. 16, 19, and 23 can be found on the main NEA 
occultations page, including plans to try to observe each of them. The good bright one (mag. 10.6) on Dec. 
29 is only visible in the USA from the southernmost part of Texas; with the holidays, there probably won't 
be any attempt to observe it, but if there is, it will be announced either by e-mail (at least to the 
IOTAoccultations list) or on the main NEA page. A link to Steve Preston’s Web page, that includes finder 
charts of different scales, is at https://www.asteroidoccultation.com/2022_12/1229_65803_78624.htm 
A map of its path across southern Texas, generated from Derek Breit’s Google map at 
http://www.poyntsource.com/New/Google/20221229_78624.HTM is at the top of the next page. 
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Occult maps for the very important 2023 Jan. 1 occultation are below and top of next page, from west to east. 

   
 

   
 

Similar maps are posted on the main IOTA NEA occultation page for the other December occultations. 
 



Steven Chesley at the Jet Propulsion Laboratory prepared the sky-plane diagrams at the top of the next 
page. They show that Dimorphos should reveal itself as a bump on the north side of Didymos, with it 
unlikely that any space between the two objects will be found. Good observational coverage around the 
northern limit of the occultation will be needed to show the valuable Dimorphos “bump”. 

  
 
Similar diagrams for the other December Didymos occultations will either be distributed by e-mail, and/or 
will be posted on the main IOTA NEA occultation page. That is also the case for the Google Earth elevation-
following observer fence lines generated by John Irwin or by a version of Occult4 that will be released 
soon. John Irwin’s lines display on Google Earth as follows: The central line is yellow, the limits are orange, 
and the 1-sigma limits are red. A series of green parallel lines are plotted at fixed intervals on the sky plane 
so that observers can be assigned lines to cover, in a coordinated effort to obtain optimum coverage of 
the Didymos occultations. When appropriate, aqua-colored lines are plotted showing the expected 
Dimorphos limits. All of these lines are projected on the Google Earth map, taking into account the 
elevation above sea level of the terrain. A coordinator assigns lines to interested observers, via email. In 
some cases, auxiliary information, such as finder charts and/or weather forecast maps, and Irwin’s Google 
Earth file, are posted on IOTA’s page for 2022 North American Near-Earth Asteroid (NEA) occultations at 
https://occultations.org/publications/rasc/2022/nam22NEAoccs.htm that is updated more frequently 
than this .pdf document. 
 
David gave a PowerPoint presentation about Didymos occultations at a meeting of NASA’s Small Bodies 
Assessment Group (SBAG) in late January; see 
https://occultations.org/publications/rasc/2022/DunhamDidymosOccultationsNew.pdf . He gave an 
update of this talk at the early June SBAG meeting available at 
https://occultations.org/publications/rasc/2022/DunhamDidymosOccultations.pdf and Damya  
Souami described ACROSS at https://occultations.org/publications/rasc/2022/ACROSS-SBAGintro.pdf . 
The ACROSS main Web page is at https://lagrange.oca.eu/fr/home-across .  

 
The maps were produced with IOTA’s free Occult software; see http://www.lunar-
occultations.com/iota/occult4.htm . You can download and use this software and use it to compute your 
own local lists and information about these and many other occultations. The information for doing this 
is at http://www.lunar-occultations.com/iota/2022iotapredictions.pdf . This describes a prediction 
input file for planetary and asteroidal files called All2002.xml. You can use that file to generate local 
predictions, but you can replace it with the other files listed on the next page to generate predictions for 
more occultations, mainly of fainter stars than shown on the maps, or for other parts of the world: 
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2022NA-NEAs.xml – This is the input for the 18 occultations by NEAs in North America listed in the first 
table above, plus the 2023 Jan. 1st Didymos occultation shown on the map.  
 
DidymosJPL199WorldToMag14rest2022.xml – This is an input for about 150 occultations by Didymos 
worldwide to mag. 14.0 for the rest of 2022. The fainter events will be more difficult to observe, so you 
might want to set the magnitude limit to, for example, 12.0 or 13.0. The latest JPL orbit#199 was used 
that fit all of the Oct. and Nov. observed Didymos occultations well. 
 
2022World-NEAminusPhaethonToMag14.xml – This is an input for 4713 occultations by all of NEA’s 
described above worldwide to mag. 14.0, but excluding (3200) Phaethon, due to the special precautions 
needed to compute its occultations caused by the high eccentricity of its orbit. The Didymos occultations 
before July, and all of the Apophis occultations, have very short durations, making them very difficult to 
observe. 
 
2022WorldPhaethonLateToMag13.xml– This is an input for 24 occultations by Phaethon worldwide to 
mag. 13.0 during late 2022, after its perihelion passage on May 15.  
 
For worldwide occultations by major and minor planets worldwide for the whole year, use the All2002.xml 
file noted above, but even more occultations can be found with Occult Watcher (it is also limited to the 
next two months); links to it are given above.  
 
David and Joan Dunham, dunham@starpower.net, 2022 January 23; updated May 22, June 13, July 17, 
September 9 and 12, November 11, and December 1 and 9. 
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