The Recording of the Path
of

Eris

 Introduction.  In recent years the question of the popular description of the “planets” of the solar system has been raises, discussed, and declared in the astronomical professions.  The question revolved to a great extent about the transneptunian objects (TNO’s).  Of these Pluto and Eris were way out front.  Early work on the discovery and observation of Eris indicated that it was larger and farther away than Pluto.  This caused astronomers to raise the question, “where do we stop in naming planets?”   That question has now been answered, at least temporarily, and does not impact the question, “what about them?”

I became involved in observing Pluto when a friend asked, “are we sure there is no ring structure?”  I became involved in observing Eris when a possible occultation of a faint star was announced.  While my observation of the occultation was a miss to the north, 2 other observers did find an occultation and the physical size was more clearly estimated for the first time.  This tipped me to begin tracking Eris with the hope of finding its path accurately and watching for other potential occultations.

This note includes my early work in determining for myself the path of Eris.  My hope is that, if a potential occultation exists, the data precision will be sufficient to make the prediction real.
Instrumentation.  The occultation attempt was made using the 14-inch Celestron telescope and the Andor Luca camera with an exposure time of 2 seconds in a continuous mode with 1000 frames separated by less than 100 microseconds.  The data review was performed visually and found to be negative.  That is, there was no dimming of the candidate star.

Higher sensitivity images were taken using the 14-inch Celestron telescope equipped with an SBIG ST-8 camera fitted with AO-8 adaptive optics.  The AO-8 provided high speed correction for minor tracking and atmospheric effects which would usually smear the images by several arcseconds.  CCDOPS exposure times were normally 300 seconds and tracking was 0.1 to 0.2 seconds.  Typically 5 to 10 images were recorded in an evening.  Each image was dark subtracted, flat fielded, and aligned with the other images.  

The average of all the aligned images was then resolved using CCDSOFT world grid system(WGS) astrometry.  This yielded a highly resolved image of the mag 18.5 asteroid.  The plate factor was 0.95 arcseconds per pixel and the FWHM was typically 2 pixels.

Occultation Results.  Our observation established a northern limit to the shadow.  An observation made in Chile was reported at 37 seconds and a second observation reported in Brazil was reported as 76 seconds.  The fitting of a circle through these 2 measurements yields a diameter of Eris equal to or a little less than that of Pluto, thereby deepening the mystery of the character of Eris.  The result, if confirmed would characterize Eris as having very high density and very high albedo. 
Position Results.  The position images were obtained as Eris moved through its western extension,  an apparent reversal in location in the sky as the earth rotates about the sun.  The locations in RA and DEC were converted from hours, minutes, and seconds to degrees in both values for the convenience of graphing.  Figure 1 shows the path in RA and Figure 2 shows the path in DEC.  
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Figure 1.  Path of Eris in RA in early 2011.
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Figure 2.  Path of Eris in DEC in early 2011.

A fit to second order equations is shown pasted into each graph.  These fitted values provide for convenient determination of residual errors.  The averages of the residuals are:


RA average residual        =   0.089084    arcseconds



DEC average residual      = -0.127871
The randomness on the residuals is:



RA one std deviation      =    0.757           arc seconds



DEC one std deviation    =    1.057
The residuals are likely limited by the accuracy to which the standard stars is known.

The future.  In the summer, perhaps about June 1, Eris will be visible clearly in the early hours.  At that time we should be able to document its position at the eastward extension.  This will provide broadly based data for interpolation and extrapolation of its positions.  We shall continue, using this data and other that is available to find its size and shape by occultation.
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												Fitted values of the parameters

						UT, days		RA, degrees		DEC, degrees		RA		DEC		fit-datum		fit-datum

				1		2.0097222222		24.4432083333		-4.3477194444		24.4431329279		-4.3481061434		-0.2714594271		-1.3921161764

				1		3.0291666667		24.4409583333		-4.3453861111		24.4409994431		-4.3456073163		0.1479951563		-0.7963385875

				1		4.0180555556		24.43925		-4.3429722222		24.4390937512		-4.343128969		-0.5624956771		-0.5642883431

				1		5.0034722222		24.43725		-4.3405888889		24.4373552555		-4.3406060167		0.3789198307		-0.0616600608

				1		6.0305555556		24.436125		-4.3380111111		24.4357137784		-4.3379197497		-1.4803977083		0.3289010944

				1		7.0291666667		24.4340416667		-4.3354638889		24.4342846931		-4.3352525229		0.8748951562		0.7609174125

				1		9.0201388889		24.4318333333		-4.3301111111		24.4319265213		-4.3297716731		0.3354767057		1.2219767559

				1		12.0368055556		24.4292916667		-4.3215722222		24.42959976		-4.3210533246		1.1091360807		1.8680313726

				1		21.0840277778		24.4316666667		-4.2921944444		24.4316260551		-4.2919157427		-0.1462017318		1.0033262142

				1		26.0770833333		24.4384583333		-4.2737694444		24.4385279142		-4.2739142074		0.2504909766		-0.5211466469

				1		27.0347222222		24.4402916667		-4.2699416667		24.4403217863		-4.270305476		0.1084305729		-1.3097135764

				1		28.0770833333		24.442625		-4.2660277778		24.4424463517		-4.2663203591		-0.6431340234		-1.0532926469

				2		43.1097222222		24.493375		-4.2019083333		24.4930223342		-4.2022269222		-1.2695969271		-1.1469199764

				2		45.0493055556		24.502375		-4.1928666667		24.5022637113		-4.1930552972		-0.4006392318		-0.6790699524

				2		48.0625		24.5175416667		-4.1788194444		24.517851641		-4.1783980242		1.1159076563		1.5171128125

																-0.0898416166		-0.1278710127		average

																0.7567345787		1.0712220587		Stdev
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						min						RA						RA degrees		DEC						DEC		DEC degrees

		date		days		time		time days				h		min		sec				deg		min		sec

		1/2/11		2.00		14		2.0097222222		1		1		37		46.37		24.4432083333		-4		20		51.79		351.79		-4.3477194444

		1/3/11		3.00		42		3.0291666667		2		1		37		45.83		24.4409583333		-4		20		43.39		343.39		-4.3453861111

		1/4/11		4.00		26		4.0180555556		3		1		37		45.42		24.43925		-4		20		34.7		334.7		-4.3429722222

		1/5/11		5.00		5		5.0034722222		4		1		37		44.94		24.43725		-4		20		26.12		326.12		-4.3405888889

		1/6/11		6.00		44		6.0305555556		5		1		37		44.67		24.436125		-4		20		16.84		316.84		-4.3380111111

		1/7/11		7.00		42		7.0291666667		6		1		37		44.17		24.4340416667		-4		20		7.67		307.67		-4.3354638889

		1/9/11		9.00		29		9.0201388889		8		1		37		43.64		24.4318333333		-4		19		48.4		288.4		-4.3301111111

		1/12/11		12.00		53		12.0368055556		11		1		37		43.03		24.4292916667		-4		19		17.66		257.66		-4.3215722222

		1/21/11		21.00		121		21.0840277778		20		1		37		43.6		24.4316666667		-4		17		31.9		151.9		-4.2921944444

		1/26/11		26.00		111		26.0770833333		25		1		37		45.23		24.4384583333		-4		16		25.57		85.57		-4.2737694444

		1/27/11		27.00		50		27.0347222222		26		1		37		45.67		24.4402916667		-4		16		11.79		71.79		-4.2699416667

		1/28/11		28.00		111		28.0770833333		27		1		37		46.23		24.442625		-4		15		57.7		57.7		-4.2660277778

		2/12/11		43.00		158		43.1097222222		41		1		37		58.41		24.493375		-4		12		6.87				-4.2019083333

		2/14/11		45.00		111		45.0493055556		43		1		38		0.57		24.502375		-4		11		34.32				-4.1928666667

		2/17/11		48.00		130		48.0625		46		1		38		4.21		24.5175416667		-4		10		43.75				-4.1788194444





		2.0097222222		1		2011		24.4432083333		-4.3477194444

		3.0291666667		1		2011		24.4409583333		-4.3453861111

		4.0180555556		1		2011		24.43925		-4.3429722222

		5.0034722222		1		2011		24.43725		-4.3405888889

		6.0305555556		1		2011		24.436125		-4.3380111111

		7.0291666667		1		2011		24.4340416667		-4.3354638889

		9.0201388889		1		2011		24.4318333333		-4.3301111111

		12.0368055556		1		2011		24.4292916667		-4.3215722222

		21.05625		1		2011		24.4316666667		-4.2921944444

		26.0493055556		1		2011		24.4384583333		-4.2737694444

		27.0347222222		1		2011		24.4402916667		-4.2699416667

		28.0493055556		1		2011		24.442625		-4.2660277778
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