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First Occultations by (3200) Phaethon described at PDC 2021

The 1st occultation, of 7.3-mag. SAO 40261 whose path crossed the southwestern USA on 2019 

July 29, was found by Isao Sato in Japan. The orbit was refined by the planetary ephemeris team 

at JPL that provided a prediction that was much more accurate than expected. Almost 70 tele-

scopes were set up, 8 by SwRI and the rest by IOTA, to record the event from a span of 45 km, 

with the 6 central stations recording the event. 5 more occultations were then observed in late 

2019 and 1 in 2020 that resulted in a 3-times reduction of the error of the determination of the A2 

non-gravitational parameter of Phaethon’s orbit, with a table of the observed events on the lower 

left.
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The Japanese Occultation Information Network (JOIN) seeks outreach to neighboring countries

Founding

DESTINY+ provides some support via the Planetary Exploration Research Center (PERC)
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2021 Occultations by (99942) Apophis from PDC 2021-1

Much information about past observed Apophis occultations ia at http://iota.jhuapl.edu/Apophis2021.htm.

The 1st observed event on March 7th benefitted from a JPL prediction based on radar data from Mar. 4-6; the 

star was 8.4-mag. NY Hydrae, an

eclipsing binary with high Gaia RUWE.

Left: Stations near Oakdale, Louisiana with the planned lines;

Green dots mark positive sites, red ones negatives. Above, the

3 positive lightcurves, 2 with pre-pointed 80mm scopes set up 

by D. and J. Dunham, for the March 7th occultation.

Right: Residuals from the

first 5 Apophis occultations

from the JPL 214a orbit that

gave 0 weight to Mar. 7 since

the star’s Gaia RUWE was 

high. The high-precision orbit,

with radar & occultations, 

retired the risk of impact with

Earth for at least a century.

marginal detection, not used



2021 Occultations by (99942) Apophis from PDC 2021-2

The 1st observed event on March 7th benefitted from a JPL prediction based on radar data from 

Mar. 4-6; the star was NY Hydrae, an eclipsing binary with high Gaia 

RUWE. On 2021 Mar. 22, R. Venable recorded the occultation of a 

10.0-mag. star from 5 locations with large pre-pointed telescopes in

Florida (below); he covered the east side of the predicted (JPL207) 

path while others covered the west side. To the right is Venable with 

one of his 14-in. Fastar (f/2.1) SCT’s with specially-built low mount 

that adds stability and facilitates quick set-up. His fence of telescopes

extended just far enough east to catch the critical occultation obser-

vation (green dot, positive) while the others were negative (red dots).

With this effort, Venable saved Apophis’ accurate orbit that helped 

retire its risk of impact; the subsequent events listed on the previous

Slide secured the orbit. Venable’s subsequent deployments of his

Systems have led to other NEA occultation successes, especially for

Didymos and Dimorphos shown on the next slide.



Occultations by the Didymos/Dimorphos System, 2022-2023

Sky plane plot of the 

Didymos occultation of 

an 11.2-mag. star in 

Japan, 2022 Oct. 18, 

one of the better-

observed Didymos 

occultations.

Sky-plane plot of the first 

observed occultation by 

Dimorphos, upper left, shortly 

before the occulta- tion by 

Didymos, R. Venable,

Crawford, FL, 2022 Oct. 19.

Far right: Lionel Rousselot’s

light curve of the 2023 Jan 21

Occ’n by Didymos and Dimor-

phos near Perigueux, France

Several other Didymos occ’ns have been observed around the world;

for more about results from them, especially on the orbits, see papers by Chesley 

(PDC 2023; ACM 2023); the poster by Tanga et al., “the ACROSS network”; and 

more ACROSS by Souami et al. (ACM 2023)

Sky plane plot of the occultation of a 9th-

mag. star by Dimorphos and Didymos,

observations organized by ACROSS in 

France by P. Tanga et al., 2023 Jan. 21.



1st Observed Occultation by 2001 CC21, NEA flyby target of Hayabusa2

Below: Fresnel 

Diffraction

Model fitted

To Ida’s Light

Curve with PyOTE



The coverage shown

on the previous slide is

not valid because the 

March 5th star had a poor

Gaia solution due to its 

high RUWE. This plot shows

only the observations for stars 

with good Gaia data, all results 

being negative.





Conclusions
• The rare bright 2019 July 29th occultation was the first successful campaign for a small 

NEO; until Apophis in 2021, it was the smallest asteroid with multiple timed chords 

during an occultation. One of the largest collaborations of amateur and professional 

astronomers for an occultation enabled this success.

• The radar size and shape were verified, and the improved orbit allowed a good 

prediction for the Sept. 29th occultation, then subsequent events, and an improvement 

of Phaethon’s A2 non-gravitational parameter by a factor of 3.

• The occultation technique was successfully applied to Apophis, which is more than 10 

times smaller than Phaethon, and Didymos/Dimorphos, further demonstrating the 

astrometric power of observations of NEO occultations for planetary defense.

• Information about the sizes, shapes, rings, satellites, and even atmospheres of Kuiper 

Belt objects, Centaurs, Trojans, and other asteroids is proportional to the number of 

stations that can be deployed for occultations by them

• So we encourage as many others as possible to time occultations by TNO’s and by 

other asteroids from their observatories

• We want students to learn to make the necessary mobile observations, including the 

multi-station techniques pioneered by IOTA, to observe NEO occultations; someday, 

one or more of them might observe an occultation that will save the world, or part of it.

• We hope that the pursuit of NEO occultations will inspire a new generation of 

astronomers to learn, apply, & improve the techniques for mobile occultation 

observation, like lunar grazing occultations did for us in the 1960’s and 1970’s.

• A longer more detailed version of our PDC 2021 presentation is at

http://iota.jhuapl.edu/PDC2021NEOoccultationsDunhamPresentationLong.pdf



Additional Resources
• A longer and more detailed version of the Phaethon presentation is available, 4th from 

the bottom, on the presentations page of the 2020 IOTA meeting at:
http://occultations.org/community/meetingsconferences/na/2020-iota-annual-

meeting/presentations-at-the-2020-annual-meeting/ Another interesting talk there 

describes a fully automatic portable system, by A. Knox, the 4th from the top.

• IOTA NEA occultations: https://occultations.org/publications/rasc/2023/nam23NEAoccs.htm

• MNRAS paper about IOTA’s/NASA’s asteroidal occultation archive and results:
https://arxiv.org/abs/2010.06086

• IOTA main Web site, especially the observing pages: http://occultations.org/

• Occult Watcher for finding asteroidal occultations for your observatory and area, and 

for coordinating observations: http://www.occultwatcher.net/

• Link to George Viscome’s occultation primer: 
http://occultations.org/documents/OccultationObservingPrimer.pdf

• IOTA YouTube videos (Tutorials and notable occultations): 
http://www.asteroidoccultation.com/observations/YouTubeVideos.htm

• SwRI Lucy Mission Trojan occultations Web site (SwRI expeditions planned for many 

of them): http://lucy.swri.edu/occultations.html

• RECON TNO/Centaur occultations Web site (Mainly, w. USA events):
https://www.boulder.swri.edu/~buie/recon/reconlist.html

• Lucky Star TNO/Centaur/Trojan occultations Web site: https://lesia.obspm.fr/lucky-

star/predictions.php

• ACROSS (Asteroid Collaborative Research via Occultation Systematic Survey)

https://lagrange.oca.eu/fr/home-across Updated 2023 April 4
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