
2023 Occultations by Near-Earth Asteroids 
 
More information can be found on IOTA’s page for 2023 North American Near-Earth Asteroid (NEA) 
occultations at https://occultations.org/publications/rasc/2023/nam23NEAoccs.htm . Also there for 
specific occultations, when appropriate, are finder charts, maps, links to other resources, and cloud cover 
forecast maps. 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 an event available with Occult Watcher (OW) for events generally less than two 
months in the future. When using OW for these events, you need to set the size and rank limits to small 
values to get the events to show up. For example, for the new (98943) CC21 campaigns, the object is only 
600m in diameter and with current 1-sigma errors of about 3 path-widths, the rank of the events are 
around 8, so a size limit of 0 km and rank limit of 5 are recommended in your OW configuration. For a 
specific event, you might select a site (for the General tab) near the path you want with a small (such as 
100 km) distance, to add that event to your OW list, without cluttering OW with dozens of inappropriate 
events, which would likely happen if you selected a large-enough distance with your home location. 
 
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 in 2021, and 
finally with Didymos late last year; 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 2023 shown on the map and table on the next page, similar to those described for bright 
main-belt occultations at https://occultations.org/publications/rasc/2023/nam23MBoccs.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. Occultations by Dimorphos were observed 
by Roger Venable in Florida on Oct. 19 and 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, #201, is now the best, having fit well all occultation observations 
made through Dec. 23. During January, the Didymos occultation durations increase to even 0.7s, allowing 
Dimorphos occultation possibilities with video, in spite of their being only 1/5th the duration of the 
Didymos events. 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 2023 is given just after the information about the brighter NEA occultations for 
all of 2023 given on the next page. 
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The best occultations of stars by NEA’s in North America during 2023 

 
 

 



Above is the map of 2023 NEA occultations that’s in the Handbook (but the map here is corrected with 
the right date for the Jan. 22nd Didymos event, and using red font to emphasize its importance), 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 successive columns in the table list: (1) the date and time of the event for a location near the center 
of the path on the map; (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 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 for any specific location 
in North America, the event time can be a few 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: 
(433) Eros: Observations are useful to improve the post-NEAR-Shoemaker orbit of Eros. 
(1620) Geographos: Radar observations show the asteroid to be the most elongated object in the Solar 
System. 
(1866) Sisyphus:  Observations of occultations by this large NEA are 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 a reasonable Sisyphus event on 2022 Nov. 26 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. Although there are no 
Sisyphus events on our N. America map or table, there are several Sisyphus events around the world, and 
some in N. America fainter than mag. 12. 

(2102) Tantalus: This 3km potentially hazardous asteroid is in an orbit inclined 64 to the ecliptic, and will 
be out of radar range until its next close approach in 2038. . The brightest NEA event of 2023 was by 
Tantalus, on Jan. 30, but only really observable from n. Greenland. The star was 4.1-mag. 110 Herculis = 
SAO 86406, spectral type F5. A more accessible event with 8th-mag. SAO 164452 will occur on May 7, am. 

 

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


(3122) Florence:  2017 radar observations found two Florence 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. Although there are 
no events by Florence in N. America brighter than our mag. 12 limit for non-Phaethon NEA’s for our map, 
there are several Florence events around the world, and some in N. America fainter than mag. 12. 
(3200) Phaethon: The paths should be quite accurate, with the orbit well-determined from the 2019, 
2020, and 2022 occultations. But more observations are desired, to check for variations in Phaethon’s 
non-gravitational forces caused by mass shedding (Geminid meteoroids) from its extreme thermal 
environment. It is JAXA’s DESTINY+ mission target. 
(29886) Randytung: This may be a 2nd target of ESA’s Hera mission to Didymos, so ACROSS is interested. 
(65803) Didymos: The occultations by Didymos have the highest priority since NASA’s DART mission 
planned to impact Dimorphos, Didymos’ 160m moon that is 1.2 km away, on September 26, 2022. Once 
a first occultation was observed, the following ones were predicted more accurately; then, especially 
valuable were two observations of occultations by Dimorphos as well as by Didymos, to help measure the 
effect of the DART impact. The 6.6-km/sec impact changed the orbital period of Dimorphos around 
Didymos by many minutes. The Jan. 1 event, involved a 9.0-mag. star, so it was also in the bright MB 
events list; the path was trans-Atlantic, with the occultation occurring earlier from Egypt, and northern 
Spain; unfortunately, it was clouded out in most areas. Weather reports show there were only scattered 
high clouds for the Jan. 5th occultation near Jacksonville, FL, but the altitude of the 11.4-mag. star was only 

11 so observation would have been difficult; the event was on OW but nobody signed up for it there. The 
9.1-mag. Jan. 22nd event, like the Jan. 1st occultation, occurred earlier (Jan. 21st UT) over northern India, 
Turkey, Italy, and southern France. Unfortunately, it was overcast along the path over Florida, but great 
observations of the event were obtained from France and Italy. More about the Didymos  efforts are given 
in a Sky and Telescope article by Damya Souami at https://skyandtelescope.org/astronomy-news/how-
citizen-scientists-are-monitoring-the-dart-impact/ . 
(98943) 2001 CC21: This estimated 600m NEA is a flyby target of the Hayabusa2 extended mission (the flyby 
will occur in July 2026) that hopes to rendezvous with the 30m Apollo-orbit NEA 1998 KY26 in 2031. The 
Japanese space agency JAXA is interested in characterizing 2001 CC21 that is currently occulting many 
stars. Four large expeditions have already been mounted in Japan this year; 2 were clouded out and the 
others had 10 and 12 stations that all had no occultation. 3 more campaigns are planned in Japan in March, 
with up to 100 observers; an event on Mar. 26 involves 5.1-mag. HIP 103668 = 6 Persei; see their Web site 
at http://hal-astro-lab.com/asteroid/2303_2001CC21_index.html (Google translate does a pretty good 
job translating this to English). Pages 7 and 8 have a map and table of the better 2001 CC21 events in 
North America, & more about them. 
(99942) Apophis: Unfortunately, all of the occultations by Apophis in 2023 are very short, lasting only 
0.01s; systems that can record faster than video rate will be needed, and even then, the event will be 
quite difficult due to Fresnel diffraction smearing. As Apophis recedes farther from Earth next year, the 
events become virtually impossible, and we will likely not be able to observe them again until 2028, or 
maybe 2027, as Apophis approaches its close Earth flyby in April 2029. 
(101955) Bennu: This is NASA’s OSIRIS-Rex’s target asteroid, but the 2023 events are all too short to record 
with video; I regret now that I included them. 

(163693) Atira: Radar data show Atira has a 1-km moon orbiting about 6 km from the 5-km primary. 

_ _ _ _ _  

See the next page for a map and table of the best 2023 North American Didymos occultations. 
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Occultations by (65803) Didymos in North America, 2023 to mag. 14.0 

 

 
The above Didymos map and table are similar in form to those for the map and table of the best of all NEA 
occultations on p. 2, but there are some additional columns in the table above, some of which are 
described at the bottom of p. 2 and the top of p.3 of 
https://occultations.org/publications/rasc/2023/nam23MBoccs.pdf . The occultation on Jan. 1 whose 
map label and table line has purple font to indicate that the event was observed, but the result is uncertain 
due to clouds. The Jan. 22nd and 26th event’s fonts are red to emphasize their importance; see below. The 
events with tan font are other events for which observational efforts are planned; if you are interested in 
participating in any of these campaigns, contact us at the email address at the end of this document, and 
read more about them at https://occultations.org/publications/rasc/2023/nam23NEAoccs.htm . The 
Jan. 23rd and 29th events were new, found in a recent search; *’s follow their dates. Since I invested much 
work already labeling the map, I added them with straight lines; more accurate Occult maps showing their 
paths are given later. IR satellite imagery shows that all of the early January occultations were completely 
or mostly cloudy along their entire mapped path, with some exceptions noted on the next page. 

https://occultations.org/publications/rasc/2023/nam23MBoccs.pdf
https://occultations.org/publications/rasc/2023/nam23NEAoccs.htm


Notes about the Didymos occultations shown on the previous page; the Occult maps of past Didymos 
occultations have been removed from this document, but can be found on a page for past Didymos 
occultations at https://occultations.org/publications/rasc/2023/PastDidymosEvents.htm .: 

Jan. 1: The star is SAO 79648, spectral type K0. Vadim Nikitin recorded the star around the expected time from the 
predicted central line in southern Colorado, but through variably thick clouds; analysis has not yet shown if the 
occultation was recorded well enough above the considerable noise, to tell if there is a reportable event. The IR sat. 
image showed extensive cloudiness along the whole path in N. America. 
Jan.  5: Clear, but retreating high clouds low in the east where the target may have been; nobody signed up for it on 
Occult Watcher, and I know of no observations made or attempted. 
Jan. 10: Mostly clear in the path in cen. & e. Ore., very cloudy everywhere else; very faint star. 
Jan. 12: Mostly clear in this path only across Mexico for this 13.1-mmag. star, but most consider it too dangerous to 
observe in rural areas at night there, and nobody tried it. 
Jan. 16: The Canadian forecast showed that it was overcast over the path shown on the map. 
Jan. 18: Roger Venable coordinated observations of this; primarily his results showed that Didymos’ path shifted 
about 300m south, which helped European observers better cover both Didymos & Dimorphos on Jan. 21/22. 
Jan. 22: The star is SAO 59925, spectral type A2. This was our last really good chance to record an occultation by 
Dimorphos with video with relatively small telescopes; unfortunately, clouds prevented any observation from 
Florida, but great results were recorded in Europe. 
Jan. 26*: I only found this good 10.6-mag. event Jan. 15 with a new Occult search using JPL#201, then considered 
the best orbit for Didymos fitted to the Oct. – Dec. observations. The #201 orbit shifted by less than a km from the 
previous 200 orbit, so I don’t know why this event wasn’t found during the late Dec. search using #200. For this 

relatively bright star, the central duration was a nice 0.57s. The event altitude was >15 in Wyoming & higher 
westward. The Occult map for this event is below. But the cloud cover was considerable and nobody tried it. 
Jan. 28: The IR satellite image showed it was mostly clear along the path, but as far as I know, no observations were 
obtained of this faint event. Observers had used their energy for earlier events, and after the success with the 9 th-
mag. occultation on Jan. 21st in France, I think observers realized they could not get any better information with this 
event that was bound to have large observational errors with the 13th-mag. star.  
Jan. 29*: Like Jan. 26, this 12.20mag. event was just found on Jan. 15; it had a whopping 0.76s central duration, so 
a Dimorphos occultation could last 4 NTSC frames. The path actually passed over Washington, DC, but with an 
altitude of only 4 deg.; in s.e. Michigan, the altitude is 10 deg., and increases farther west along the path. The Occult 
map for this event is below. Unfortunately, no observations were obtained, mainly due to bad weather. 
Feb. 8: This event was too faint (star mag. 15.6) for my lists, but was found by ACROSS, which encouraged 
observations of it with large portable telescopes, when possible. The Occult map for it is below. The logistics proved 
too difficult for those few who might have been able to try it; the IR satellite image showed that it was clear in the 
path over VA and eastern NC, although the best forecasts available half a day before showed it would be rather 
cloudy in those areas. Remarkably, the path also passed over the downtown telescopes of the observatory complex 
in La Plata, Argentina. But inquires to astronomers there showed the old instruments there could not reach the low 

altitude (21) due to the many high trees in the park there. Currently, they have a good observatory outside of town, 
and a better one in northwestern Argentina, but those were well outside the path, and no portable telescopes large 
enough for this observation were available. 
 

Fresnel Diffraction Effects for NEA Occultations 
 

IOTA’s page for North American NEA occultations includes a section, “Limiting Distance when Fresnel Diffraction 
Smearing is Significant”, relying heavily on a presentation about NEA occultation light curves given by Roger Venable 
at the 2022 IOTA meeting. These give formulae for the Fresnel Length, FL, that depends on the object’s distance and 
the wavelength of light. A factor “rho” is found by dividing the object’s radius by FL; previous studies show that 

Fresnel diffraction smearing becomes a significant problem, especially for low S/N events, when rho is 0.88. This 
happens at the following distances for:  
Dimorphos (radius r = 80m), 0.18 AU; Apophis (r  = 169m), 0.82 AU; 2001 CC21 (r = 300m), 2.59 AU; and  
Didymos (r = 400m), 4.60 AU. Beyond these distances, the object becomes “diffracted out”, unless the star is bright 
enough to provide a high S/N. Didymos and 2001 CC21 only have significant diffraction problems when they are 
farthest from Earth and near the aphelia of their orbits.  

https://occultations.org/publications/rasc/2023/PastDidymosEvents.htm


Occultations by (98943) 2001 CC21 in North America, early 2023 to mag. 12.0 

 

 
 

The table above, under the map, follows the same format as the one for Didymos on p. 5, but here, a few events 
don’t cross land on the map, so under path, Atl (Atlantic) or Pac (Pacific) indicate the ocean. Lab is for Labrador, 
distinguishing it from Newfoundland (NL) Island. During the middle of 2023, 2001 CC21 is too close to the Sun for 
observing occultations. There will be more occultations during the last quarter of 2023 that will be shown in another 
map and table in a future update of this document. Our mode now should be to observe all events you can in 
coordinated efforts like for Didymos, to try to record a first occultation by 2001 CC21; we will coordinate with 
Japanese observers and others to try to avoid duplication, to optimize the search coverage; smaller efforts can be 
made after the first detection. 



The map and table on the previous page show the better events, but there are more events, especially with 12th-
mag. stars, that can be recorded with 8-inch and larger telescopes, so you are encouraged to make your own 
searches with Occult4 using the worldwide input file for the rest of 2023 of stars down to mag. 14. Vince Sempronio 
has added worldwide events for the next 60 days on OW as AZfeed events,  but beware of your OW filters, as 
explained in the first paragraph of this document. Google Earth (GE) .kmz files with terrain-following parallel fence 
lines at 300m intervals on the sky plane (greater distance when projected on the ground) are available for the next 
events passing near observers, are on IOTA’s NEA occultations Web page. If you want one of these GE files for 
another event, we can provide it upon request. An example of an observable event fainter than the p. 8 map limit is 
below, occurring around 5:40 UT of Feb. 25 (Friday p, Feb. 24 local time). You can find more with your own searches. 

 
_ _ _ _ _ 

 

The Asteroid Collaborative Research via Occultation Systematic Survey (ACROSS) project home page is at 
https://lagrange.oca.eu/fr/home-across , and predictions are at https://lagrange.oca.eu/fr/prediction  
. The effort is funded by the European Space Agency (ESA) and is focused on Didymos and other Hera 
mission NEA possibilities. 

 

David gave a PowerPoint presentation about Didymos occultations at a meeting of NASA’s Small Bodies  
Assessment Group (SBAG) in early 2022; see 
https://occultations.org/publications/rasc/2022/DunhamDidymosOccultationsNew.pdf with an 
update in June at https://occultations.org/publications/rasc/2022/DunhamDidymosOccultations.pdf . 
ACROSS was described at https://occultations.org/publications/rasc/2022/ACROSS-SBAGintro.pdf .  

 

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/2023iotapredictions.pdf . This describes a prediction 
input file for planetary and asteroidal files called All2023.xml. You can use that file to generate local 
predictions, but you can replace it with the other files listed at 
https://occultations.org/publications/rasc/2023/nam23NEAoccs.htm to generate predictions for more 
occultations, of fainter stars than shown on the maps, or for other parts of the world. 
 

This document will seldom be updated; more frequent updates with more timely information will be made 
at https://occultations.org/publications/rasc/2023/nam23NEAoccs.htm . Later in the year, some past-
event files will be removed that may result in broken links. 
 

David and Joan Dunham, dunham@starpower.net, 2023 January 6; updated Jan. 16 and February 22 
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