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The occultation of the bright star  Arietis (HIP 13165) by the asteroid (828) Lindemannia was recorded by 10 observers in Texas on November 10, 2002. Clouds hampered many more potential observers. Nine disappearances, ten reappearances, and 2 near misses are reported. A least-squares fit to the data results in a 52.6 km. X 50.8 km. ellipse with the major axis oriented at a PA of 90.0o. However, deviations from a perfect ellipse were observed.

The occultation of the star  Arietis (HIP 13165, mag. 5.3) on November 10, 2002 by the asteroid (828) Lindemannia over North America was eagerly anticipated by members of the International Occultation Timing Association. This event included one of the brightest stars predicted to be occulted that year and the occultation occurred on a weekend night, when more observers could be mobilized. Initial predictions by Edwin Goffin showed that the path of the shadow would cross central Florida and México from east to west. Updates closer to the date of the event by Steve Preston, using the latest available asteroid astrometry from FASTT and TMO, indicated that the path had shifted north and now crossed the southern portions of South Carolina, Georgia, Alabama, Mississippi, Louisiana, east and central Texas, and northwestern México. In particular the shadow was predicted to pass north of Houston and between San Antonio and Austin in Texas. The formal uncertainty of the prediction was about ±50 km. perpendicular to the path direction, which was about the estimated size for the asteroid itself.

In Texas a large campaign was thus initiated to recruit as many volunteer observers as possible and to place them so that as wide a track as possible could be covered, centered on the predicted path and minimizing duplication. Paul Maley and Steve Preston developed and implemented a unique mapping scheme in which observing tracks, spaced by 1 km. perpendicular to the path of the shadow, were overlaid on an urban map in order to coordinate the placement of a large contingent of observers with different skills and observing needs. In addition, Steve Preston prepared detailed geographical maps of the region with observing chords and observing sites drawn in, while Paul Maley used email to contact the potential observers and set up an information web page where they could easily visualize their intended observing locations. Richard Nugent helped organize observers in the Houston Area while Rick Frankenberger did the same in the San Antonio area. Over 100 enthusiastic observers signed up for the event since it was a relatively easy observation of a naked-eye star, located near the central meridian, decreasing in brightness by over 9 magnitudes, a little past midnight, and on a weekend night. David Dunham helped organize observers in other locations.


Weather conditions were predicted to be fine for the night of the occultation. However, winds from the southeast brought high humidity from the Gulf of Mexico to the region and clouds formed over most of the Houston area, preventing most observers there from observing the event. Further east, near San Antonio and Austin, observers had better luck though they had to fight dew formation on their telescopes. Overall, 10 observers reported successful timings of the occultation that were useful for estimating the outline of (828) Lindemannia. Three of them recorded the event on video while the others performed visual observations. Observers in the other southern states where the shadow crossed over were clouded out. No reports from México were obtained. The Table summarizes the Texas observations in order of decreasing observer latitude. According to the location of the successful observers, the actual path of the occultation shifted northward of the final prediction by about half of the expected path width of the shadow, or about 25 km.


Each timed event (D and R) was projected on the fundamental plane of the sky according to the method described by Mills and Elliot (Direct Determination of Asteroid Diameters from Occultation Observations. Asteroids. T. Gehrels, ed. University of Arizona Press, Tucson, 1979, 98-118). The star position used (R.A. = 02h 49m 17.5606s, DEC. = +17o 27’ 51.471”) was obtained from the Hipparcos star catalog (ESA, The Hipparcos and Tycho Catalogues, 1997, ESA SP-1200) and was corrected by its proper motion to the epoch of the occultation. Ephemeris for the asteroid were generated using JPL’s HORIZON web-based service (Giorgini, J.D., et al., JPL’s On-Line Solar System Data Service, Bulletin of the American Astronomical Society, 1996, 28(3), 1158. http://ssd.jpl.nasa.gov/horizons.html ). W. Dean Pesnell used a custom-made least-squares routine to find the ellipse that best fits the data points. The Figure shows the location in the fundamental plane of all the reported Ds (crosses) and Rs (stars) connected by a line for each observer, two near misses (diamonds), and the best-fit ellipse: which has dimensions of 52.6 km. X 50.8 km. with the major axis oriented at a PA of 90.0o. This very nearly resembles a circle.


No other stellar occultation has been observed for this asteroid (Dunham, D., Observed Minor Planet Occultation Events, Version for January 18, 2002). The observed mean size of the asteroid during this occultation matches its estimated diameter of about 53.4 km. obtained by other methods (IRAS Diameters and Albedos from the IRAS Minor Planet Survey, Version 4, 1983. http://pdssbn.astro.umd.edu/SBNast/holdings/IRAS-A-FPA-3-RDR-IMPS-V4.0.html ). From the eccentricity of the ellipse, and assuming that the rotation axis is on the plane of the sky and aligned with the minor axis of the asteroid and that the third axis is similar to the minor axis, we can estimate an amplitude for its rotation curve of less than 0.1 magnitudes. Unfortunately this cannot be confirmed as its rotation period has not yet been photometrically measured (See: Harris, A.W., Minor Planet Lightcurve Parameters, update for March 1, 2001. http://cfa-www.harvard.edu/iau/lists/LightcurveDat.html or Warner, B., Collaborative Asteroid Lightcuve Link (CALL). http://ssd.jpl.nasa.gov/horizons.html and links therein).


It is clear from the Figure that the shape of the asteroid deviates from the modeled ellipse. The following end of the asteroid (observed Rs) in particular seems to have irregular topography. Also note that observer BR probably had a very close miss as the nearby short chord recorded by observer BH places a stringent southeastern edge on the outline of the asteroid. One difficulty with timing this particular occultation was the short duration of the event. The longest occultation lasted only 3.9 seconds. Each second of time corresponds roughly to 14 km. in the plane of the sky (see Figure). This makes an accurate estimation of the reaction time for the visual observations very important since uncertainties of ±0.2 seconds become significant in the final estimation of the asteroid size and shape.


Overall the observing campaign organized for this particular asteroid occultation was a success. The scheme for coordinating and placing a large number of observers using detailed urban maps and the internet was implemented for the first time and could be used in future asteroid occultations. Most of the outline of the asteroid was recorded with little overlap. The only exception being the northern edge, but that is understandable in light of the northern shift of the actual occultation path, where fewer observers were located following the final prediction. It is indeed unfortunate that clouds interfered and prevented more observers from recording the event and providing a finer grid of chords to better constrain the outline of asteroid (828) Lindemannia.

	NAME

(v = video)
	Latitude (N)
Longitude (W)
	Elevation

(m)
	D

(UTC)
	R

(UTC)

	Fred 

Henderson
	+30o 25’ 05.4”

  96o 38’ 55.1”
	200
	--------------
	06:34:55.8

	Kent 

Francis              v
	+30o 16’ 58.1”

  97o 50’ 36.5”
	200
	06:35:00.8
	06:35:03.7

	Richard 

Nugent              v
	+30o 16’ 32.2”

  96o 56’ 42.5”
	295
	06:34:54.0
	06:34:57.4

	Walter 

Aulenbacher
	+30o 03’ 30.9”

  97o 43’ 02.3”
	100
	06:34:59.8
	06:35:03.3

	Paul 

Sventek
	+30o 01’ 48.2”

  97 o 41’ 17.7”
	100
	06:34:59.7
	06:35:02.9

	Rick

Frankenberger  v
	+29o 57’ 09.1”

  98o 23’ 50.8”
	396
	06:35:04.19
	06:35:07.46

	Scott 

Magee
	+29o 50’ 02.1”

  99o 14’ 48.3”
	500
	06:35:10.1
	06:35:14.0

	Dwight

Jurena
	+29o 49’ 14.4”

  98o 31’ 32.0”
	430
	06:35:06.2
	06:35:08.8

	Barry

Hidemma
	+29o 48’ 11.7”

  98o 21’ 24.7”
	384
	06:35:06.5
	06:35:07.7

	Heather

Sherbourne
	+29o 47’ 45.0”

  98o 44’ 00.0”
	432
	06:25:07.4
	06:35:10.4

	Becky

Ramotowski
	+29o 45’ 36.3”

  98o 27’ 36.0”
	360
	miss
	miss

	Pedro

Valdés Sada
	+29o 33’ 54.7”

  98o 27’ 41.8”
	253
	miss
	miss


Table: Successful reported observations from Texas of the occultation of the star  Arietis by the asteroid (828) Lindemannia on November 10, 2002.  D stands for the time of disappearance of the star behind the asteroid and R is the reappearance. 
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Figure: Observed disappearances (crosses) and reappearances (stars) of the star in the fundamental plane of the sky during the occultation of the star  Arietis by the asteroid (828) Lindemannia on November 10, 2002. Diamonds represent misses. Each chord is labeled on the right side of the figure with the initials of the observer (see Table). The subindex “v” indicates a video recorded observation. The best-fit ellipse is outlined.
