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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 telescopes 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. The scopes at 20 unattended stations were pre-pointed to the alt/az of the occultation using 

Guide star charts with the “pre-point line of declination” plotted. We hope that new plate-solving techniques will enable more to 

make these multi-station deployments; we seek help in finding solutions that work with simple video systems in the field. Five more 

Phaethon occultations were observed in late 2019 and one 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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Best-observed 

Phaethon occultation



This well-observed occultation

had an unexpected large path shift





Occultations by NEAs in North America during 2023
to mag. 12.0 (to mag. 13.0 for Phaethon; 3 chances for it highlighted)

This map is adopted from 

one that we published in 

the Royal Astronomical 

Society of Canada’s Ob-

server’s Handbook for 

2023. It is also available on 

IOTA’s NEA occultations 

page at 

https://occultations.org/p

ublications/rasc/2023/na

m23NEAoccs.htm along 

with much more about NEA 

events worldwide. For 

more predictions, see 

https://occultations.org/p

ublications/rasc/2023/AC

M2023.htm . IOTA will 

prioritize the NEAs with 

uncertain futures given in 

ACM2023 #2312 presen-

ted on Monday in the NEO 

I session, & mission targets
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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 dots mark sites that had no occultation (negatives).

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

Above, the 2 pre-pointed 8cm Dunham      Above, the 3 positive light curves for the March 7th .

unattended systems that recorded                            occultation.

positives; 3 others they deployed had misses.



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, 

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 loca-

tions 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 observation (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 subse-

quent events listed on the previous slide secured the orbit. Venable’s 

subsequent deployments of his systems have led to other NEA occul-

tation successes, especially for Didymos and Dimorphos; see the 

next talk by Damya Souami.

Above right, April 11 near Farmington, NM, light curve of the 

the occultation of a 10.1-mag. star by Apophis, by 

Kai Getrost, recorded with 100 frames per second with a 

QHY 174M GPS camera attached to a 20-inch Dobsonian 

telescope. Effects of Fresnel diffraction are evident.

See the next talk by Damya Souami for the remarkable

Reduction of Apophis’ orbital errors from the addition of 

IOTA’s asteroidal occultation observations.
 



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

Below: Fresnel 

Diffraction 

Model fitted

To Ida’s Light 

Curve with PyOTE



Occultation of 8.4-mag. SAO 164452 (= HIP 106281) by (2102) Tantalus, 2023 May 7

(2102) Tantalus is a 1.4-km PHA in a highly

inclined (64 to the ecliptic) orbit that won’t be 

in radar range again until 2038. This bright event 

provided a chance to record an occultation with 

easily-transported 8cm systems, like those we used

for Apophis in 2021 March. IOTA members Ted Blank,

and David and Joan Dunham, deployed and pre-

pointed 10 of these systems near Socorro, N. Mex.,

to cover most of the 1- path error zone while Norm Carlson set up his larger (20cm) scope on the predicted center.

We used a predicted 2-km diameter for our planning but later we found a better recently-published radar diameter of 

1.4 km; also, the real error was much less than 1-. Next time, we’ll have more concentration near the center.

On 2022 Nov. 26, IOTA member Steve Messner recorded the 1st occultation by 7-km NEA (1866) Sisyphus in Minn.



Diagram by Dave Herald using the Occult4 program. For more, including the videos, please visit 

https://www.youtube.com/watch?v=w_Cc5Or1FFw . Gaia confirmed the duplicity from the small 

wobble of the center of figure, finding a period of 1.3 days. On 2022 May 16, Nosworthy and Gault found 

from another occultation that (172376) 2002 YE25 is likely a binary with 3-km objects about 15 km 

apart; see http://hazelbrookobservatory.com/ye25/#:~:text=Introduction,is%20probably%20two%20smaller%20objects. 

https://www.youtube.com/watch?v=w_Cc5Or1FFw
http://hazelbrookobservatory.com/ye25/#:~:text=Introduction,is%20probably%20two%20smaller%20objects


IOTA Observations of Occultations by Comets

On 2022 February 8, 3 amateur observers in Europe 

working with IOTA obtained what we believe to be 

the first unambiguous observations of an occultation 

by the nucleus of a comet, 28P/Neujmin 1. 

On 2022 Dec. 19, IOTA observers worked with Lucky Star & others to 

record the 1st multi-chord occultation by 29P/Schwassman-Wachmann 

1 (SW1). IOTA observed at least 2 more SW1 events, on 2022 Dec 29 

in NM and 2023 May 7 in the UK. But for the best info. about SW1 

occultations, see Buie et al.’s ACM 2023 E-Poster #2445.



2022 Jan. 25 Occultation of SAO 110026 by (877) Walkure, Double Resolved

In 1984, D. Evans recorded a lunar occultation of SAO 110026 

(= UCAC4 480-002385) photoelectrically at McDonald Obs., 

showing the star to likely be double with a sep. of 0.05ʺ. For the 

2022 event by Walkure, Paul Maley video recorded occultations 

of both components, shown in his light curve above. Also obser-

ving near Tucson was Norm Carlson, while D. and J. Dunham

deployed 3 pre-pointed 8cm systems. On the left is the sky plane

Plot of the timings, with station numbers: 1, Dunham1, Picacho Peak; 2, Carlson; 3, the predicted center; 4, Maley star 

1; 5, Maley star 2; 6, Dunham2, Rillito; and 7, Dunham3, Cortaro. The Walkure shape model used for the fit is DAMIT 

#1096. IOTA has discovered many doubles during asteroidal occultations, see MNRAS https://arxiv.org/abs/2010.06086.



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 larger collaborations of amateur 

and professional astronomers for an occultation enabled that success.

• The radar size and shape were verified, and the improved orbit allowed a good prediction for the next occultation, then 

subsequent events, and an improvement of Phaethon’s A2 non-gravitational parameter by a factor of 3.

• But recent observations show that sudden changes might occur to Phaethon’s orbit near perihelion, so more 

observations by this enigmatic object are needed.

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

and also smaller Didymos, further demonstrating the astrometric power of observations of NEO occultations for 

planetary defense; the next presentation will give more information about this.

• 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

• We encourage as many others as possible to time occultations by NEA’s, TNO’s and by other asteroids (and 

sometimes comets) from their observatories

• We want others to learn to make the necessary mobile observations, including the multi-station techniques pioneered 

by IOTA, to observe NEA and other occultations, to support planetary defense and asteroid science.

Please visit https://occultations.org/publications/rasc/2023/ACM2023.htm to get this 

presentation, and for links to IOTA’s, and other’s, Web sites that have predictions and 

much other information that will allow you, and others at your institution, to take part in 

this exciting field of astronomy. Contact: dunham@starpower.net; cell +1-301-526-5590

https://occultations.org/publications/rasc/2023/ACM2023.htm
mailto:dunham@starpower.net
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