Astrometric bias
due to overlapping image profiles in the focal plane
and its removal in the positions of near-Earth asteroids
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Hi-resolution digitisation using DAMIAN machine at ROB
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Measurements of (99942) Apophis
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Introduction

Blending Gaussian images
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Introduction

Known bias approximations for unresolved case

References Assumptions Bias approximation Error
term

Ross, F. (1921) ApJ 53, Calculated shift of geomet- Zero bias if the peaks are used instead the ge-
349 ric centroids instead shifts ometric centroids.

of peaks; PSF was assumed

I o< exp(—kr)

. . Lya
Zgn ;:Ig Kamp, P. (1937) AJ Photocenter position is the 50 = HQTLz = m 0((a/o)°)
) weighted mean of the two

components; the weights are

assigned proportional to the

luminosities of the compo-

nents
Hall, R.G., Jr. (1951) AJ Discrepancies are discovered Same as before
55, 215 experimentally with increas-

ing Am
Vieira-Martins, R. et al. PSF is a circular Gaussian; 5= ko2a * O((a/a)?)
(2006) Notes scien. et zeroford.er approximation to - exp(izz)+k(ﬂ'2—a2>
tech. de I'lnst. de méc. the maximum was found 20
cél. S087, 51;
Assafin, M. et al. (2013)
MNRAS 430, 2797
Benedetti-Rossi, G. et al. Same as before @ s k(1—3) exp(%(gi%)) O((a/g)ﬁ)
(2014) A&A 570, A86 ST —5— 5 a 5
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* Using k = 107 0-4AM one can find § =
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Analytic solution

Exact solution s/a = s'(a/gffm) for Gaussian images
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Analytic solution

. s(a/o,A . .
Exact solution s/a = w for Gaussian images
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of (0 — C)
Positions suspected for bias presence

Found 456,416 positions for 2,967 numbered and 21,723
of Gaia EDR3 stars at 1241 observatories.

unnumbered NEAs measured within 9

(0-0s"

(O = C)acoss,” (0 —C)acoss,”

Before and after the catalog correction was applied, Eggl, S. et al. (2020) /carus 339, 113596.
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Analysis of (O — C)

Inverse problem for finding the bias s (a, 0, Am)

=l

If CO =i(0-— C)acosd + j(O — C)s then a nonlinear equation is
CO-R=Rs(R+s,0,Am) VYCO-R>0.

)
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Angle ¢ and its observed distribution
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Analysis of (O — C)

Distribution of the calculated widths o converted to
FWHM
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All individual positions of NEAs (A), and the same distribution after being
grouped by the |AU observatory number using 6 = info; (B).
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Discussion and problems

Distribution (I) of the angle ¢ before and after removal of
the bias
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Bias removal using 6 = info;
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Discussion and problems

Distribution (II) of the angle ¢ before and after removal of
the bias
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Bias removal using increased inf o;
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Conclusions

Conclusions

@ The astrometric bias described appears due to measurements (non-coherent
accumulating of light) and depends on the image FWHM at the specific telescope, its
focusing, photometric band, atmospheric conditions, etc. The image width can be
determined by either direct measurements or fitting image profiles and is recommended to
be reported to the IAU Minor Planet Center using the ADES format.

@ Astrometry of both resolved and unresolved objects can be corrected due to the objects
nearby.

@ Astrometric positions of asteroids measured close to the stars are likely biased. We
recommend these measurements be down-weighted or eliminated from the orbit fitting
process.

@ The bias can be eliminated using image modeling for a group of objects.
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Conclusions

Acknowledgements

We thank personally Marcelo Assafin (Valongo Observatory) for the bibliographic reference
provided and Jon Giorgini (JPL NASA) for the comments regarding the JPL HORIZONS on-line
Solar System data and ephemeris computation service.

The research presented made use

DAMIAN machine measurements at ROB with the support provided by Belspo DIGIT-04
programme.

results from the European Space Agency (ESA) space mission Gaia. Gaia data are being
processed by the Gaia Data Processing and Analysis Consortium (DPAC). Funding for the
DPAC is provided by national institutions, in particular the institutions participating in the
Gaia MultiLateral Agreement (MLA).

data and/or services provided by the International Astronomical Union’s Minor Planet
Center.

the VizieR catalogue access tool and cross-match service provided by CDS, Strasbourg.
the JPL Horizons On-Line Ephemeris System developed at the Jet Propulsion Laboratory
(Solar System Dynamics Group), California Institute of Technology, under contract with
the National Aeronautics and Space Administration.

Ivantsov, Eggl, Hestroffer IAU Focus Meeting 10, Busan August 4, 2022 16 /16



	Introduction
	Analytic solution
	Analysis of (O-C)
	Discussion and problems
	Conclusions

