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D. Michalik et al.: The Tycho-Gaia astrometric solution

Fig. 3. All-sky maps characterizing the astrometric performance of the nominal TGAS solution (pixel size 3.4 deg2). The cyan line denotes the
ecliptic. a) Actual errors in parallax (TGAS solution minus simulated true values), median per pixel to show that the solution is unbiased. b) Same
as before, but RSE per pixel to characterize the size of the actual errors. c) Formal standard errors in parallax as computed in the astrometric
solution. d) RSE values of the normalized errors in parallax.

Fig. 4. All-sky maps for a TGAS simulation with simulated data gaps (see Sect. 4.2). Left: number of field of view transits per star. Right: formal
standard errors (uncertainties) in parallax as computed in the astrometric solution.

Removing all observations corresponding to these gaps we
find that a stable solution is still possible. Compared with the
solution without gaps some stars are observed less, resulting in
larger formal errors. About 1000 stars are not observed at all, and
were removed from the solution and subsequent statistics. As
shown in Fig. 4, the gaps cause considerable inhomogeneity in
the sky coverage and formal errors. The white lines and wedges
in the left panel show the areas most a↵ected by the data gaps.
As expected, stars in those areas also have large formal errors, as
seen in the right panel. The formal errors are plotted on the same
scale as Fig. 3, panel c, to show that only the areas a↵ected by
dead time su↵er from larger errors. 441 pixels are saturated, all
of these corresponding to areas a↵ected by dead time. For 3.5%
of the sky the formal errors are larger than 3 mas. Globally, the
parallax and position errors are about 16% higher than in the
solution without data gaps. The proper motion errors, which are
dominated by the errors in the Tycho positions, are less a↵ected.

4.3. Solution without HIPPARCOS parallax prior

For validation purposes it is desirable to compare the paral-
lax values of the TGAS solution with Hipparcos. This is
problematic when using the nominal TGAS since it already in-
corporates the Hipparcos parallaxes as a prior. As shown in
Fig. 5 (left panel) this leads to a statistical correlation between
the two datasets (correlation coefficient +0.23). As a result the
di↵erences between the parallaxes have a smaller spread than
expected from their combined standard errors (right panel of
Fig. 5).

To derive independent parallaxes, we propose a TGAS solu-
tion incorporating only the position and proper motion informa-
tion from the Hipparcos Catalogue. This is achieved by setting
the prior parallax value and the corresponding row and column
in the Hipparcos prior normal matrix to zero before adding
the information arrays. As shown in Fig. 6 this removes the
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T               he IMPRS Heidelberg invites graduate students to its 11th annual summer school. Astronomical data sets are 
increasing in size and complexity. Extracting meaningful and reliable scientific results from these is a challenge, 

and relies on the application of appropriate and properly-understood methodology. 
The school will look at the principles of inference and methods of astronomical data analysis and data mining. We 

will cover a range of numerical and statistical techniques and their application to different types of astronomical data.
The emphasis of the summer school will be on practical methodology and solving real-world 

problems to address questions like: How do we deal with missing data, outliers, and selection effects? 
How should we compare models to data? How do we best combine different data sets? What is an efficient 
numerical approach?

Astrostatistics & Data Mining
12 – 16 September 2016
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