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Gaia‘s second star catalogue

from Twitter



* Key science objectives of Gaia mission: Build a rotation-free, dense
highly accurate celestial reference frame in the optical wavelength
range

* Gaia Celestial Reference Frame (Gaia-CRF)
* Axes are fixed with respect to quasars.

e Coincide with the International Celestial Reference Frame (ICRF 3)
established by VLBI observations of selected quasars.
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Gaia Data Release 2: The Celestial reference frame (Gaia-CRF2)

¢ Gala DR2 (Gaia Collaboration et al. 2018)

 Complete astrometric data (positions, parallaxes, and proper
motions) for more than 550 000 quasars.

* 30th General Assembly of IAU, Resolution B2 “The Third Realization
of the ICRS Frame”, valid from January 2019

* Gaia DR2 astrometric solution avoided rotation and aligned axis
against prototype version of 3 realization of ICRS/ICRF (ungegren et al. 2015)
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Gaia Data Release 2: The Celestial reference frame (Gaia-CRF2)

* Gaia-CRF2 first optical realisation of a reference frame at sub-milliarcsecond
(mas) precision, using a large number of extragalactic objects

* Ten quasars per square degree (except in the Milky Way band)

e 100-fold increase in the number of objects from the current realisation at radio
wavelengths, i.e. the ICRF2 (reyetal. 2015)

* Gaia-CRF2 is bound to replace the HCRF (Hipparcos Celestial Reference Frame)

* Positions and proper motions of the =~ 1.3 billion stars in Gaia DR2 are nominally
in the same reference frame

e Gaia Collaboration., 2018, A&A 616, 14, “Gaia Data Release 2: The Celestial
reference frame (Gaia-CRF2)“
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Reference for measuring the Hubble constant

Of particular importance for this conference:

e Accuracy of the Gaia parallaxes:

—Random errors
—Systematic errors, in particular the Gaia parallax zero point
—Best method to obtain a “clean” sample
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Parallax to distance
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Formal uncertainty in parallax (random errors)
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https://www.cosmos.esa.int/documents/29201/1770596/Lindegren_GaiaDR2_Astrometry_extended.pdf/lebddb25-f010-6437-cb14-0e360e2d9f09
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Random and systematic errors of parallaxes

 Random error - published uncertainty in Gaia DR2

— on average zero, standard deviation o,
—in order to account for possible underestimation: o, = ko; with k =1.0

* Systematic error

— may depend on position, magnitude, colour, ...

External calibration

— standard deviation o, «

— mean value is parallax zero point @[ «

 External (total) uncertainty

Ooyr = VK202 + 052

see https://www.cosmos.esa.int/documents/29201/1770596/Lindegren GaiaDR2 Astrometry extended.pdf
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Random and systematic errors of parallaxes
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Vw(0) =1849 pas?c? = g, ~43 pas’
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Random and systematic errors of parallaxes
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see https://www.cosmos.esa.int/documents/29201/1770596/Lindegren GaiaDR2 Astrometry extended.pdf
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Random and systematic errors of parallaxes

The external errors were estimated assuming that the uncertainties given in the
various catalogues are correct (which we know is often not true)!

Ratio external/internal uncertainty
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Parallax zero point

* The zero point @ :

— expected measured parallax for a source at infinity
— to be added to the catalogue value
— should be zero for a perfect Gaia with a stable basic angle

AL shift = g sin § sin I
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Lindegren&Bastian
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Parallax zero point

* The zero point @ :

— expected measured parallax for a source at infinity

— to be subtracted from the catalogue value
— basic angle varies with an amplitude of *1mas

M1-ASTRO 1

Gaia Basic-Angle Monitor, Fabricius et al. (2016)
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Basic Angle Variation

 Spin-related distortion model
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Parallax Zero Point

e Lindegren et al., 2018, A&A 616, A2, “Gaia Data Release 2: The
astrometric solution”
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Parallax zero point from 492,928 quasars with small errors: e
= 3 percent of basic S 1000
_29 ‘Llas angle variation 3
. 5 100
amplitude £
=
10
uasar parallaxes <0.0025 pas for redshifts z> 0.1
Q P H 1f /492928 Quasars with o< 1 mas |
6';543210123456
. . . . Normalised centred parallax (= + 0.029 mas) /o
“... the actual offset applicable for a given combination of
. L. . Fig. 8. Distributions of the normalised centred parallaxes for the same
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tens Of |.laS “ same standard deviation (1.081) as the normalised centred parallaxes for
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Parallax Zero Point

e Lindegren et al., 2018, A&A 616, A2, “Gaia Data Release 2: The

astrometric solution”

02

Median parallax + 0.029 mas

-0.2

Fig. 12. Map of the median parallaxes for the full quasar sample, show-
ing large-scale variations of the parallax zero point. See Fig. 5 for the
coordinate system and density of sources. Median values are calculated
in cells of about 3.7 x 3.7 deg?. Only cells with | sinb| > 0.2 are plotted.

Several areas of a few tens of degrees
where the parallaxes are systematically
offset by about +50 pas from the global
mean.
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Fig. 13. Map of the median parallaxes for a sample of sources in the samples as in Fig. 6. The red curve is a Gaussian distribution with the
LMC area, showing small-scale variations of the parallax zero point. same standard deviation (1.081) as the normalised centred parallaxes for
Median values are calculated in cells of about 0.057 x 0,057 deg”. the full sample.

Period of about 0.6° and a typical
amplitude of about £(20-30) uas.
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Other Papers discussing the Gaia DR2 parallax zero point

e Lindegren et al., 2018, A&A 616, A2, “Gaia Data Release 2: The astrometric

solution”, -29 pas (1 “ ”
uas (1) an offset of -29 uas bie” 1
* Arenouetal, 2018, A&A 616, A17, “Gaia Data Release 2: Catalogue Validation”: - [
5645 pas (2) from Gaia DR2 RR Lyrae stars, -33+9 pas (3) from GCVS RR Lyrae stars I CorreSpondS to -0.06

* Riess etal, 2018, ApJ 861, 126, “Milky Way Cepheid Standards for Measuring [ magthdeS at lkpc
Cosmic Distances and Application to Gaia DR2: Implications for the Hubble i “white”, bright ————f—— 3
Constant”: 50 Cepheids: -46 +13pas (4) r

“white” —=—— 2

. . . 4 1 “yellow” 4
* Stassun & Torres, 2018, ApJ 862, 61, “Evidence for a Systematic Offset of -80 pas in [ ]
the Gaia DR2 Parallaxes*, Eclipsing Binaries: -82 +33pas (5) for (G< 12). I bright, (G= 12) 5

Zinn et al., 2018, Apl, arXiv:1805.02650, “Confirmation of the zero-point offset in

Gaia Data Release 2 parallaxes using asteroseismology and APOGEE spectroscopy in
the Kepler field”: RGB stars: 52.8+2.4(stat.)+1(syst.) pas (6), Red Clump: 50.2 + [
2.5(stat.) £ 1(syst.)uas (7) [ “red” —— 7/

“red” —e— 6

paper
»

Muraveva et al., 2018, MNRAS 481, 1195: “RR Lyrae stars as standard candles in the
Gaia Data Release 2 Era“:

871 “white” * 8

Groenewegen, 2018, A&A in press, arXiv:1802.05796: “The Cepheid period -- [ “yellow” 9
luminosity -- metallicity relation based on Gaia DR2 data“: 9 Cepheids: -49 [
+ 18pas (9) 10T “yellow” * 10

Ripepi et al., 2018, AA, arXiv:1810.10486: “A re-classification of Cepheids in the “vellow” 11
Gaia Data Release 2“:

Sahlholdt &Silva Aguirre. 2018, MNRAS 481, L125, “Asteroseismic radii of dwarfs: -12 -1I1 0 -1 bo -90 -80 -7I0 -éo -50 -40 -30 -20 -10
new accuracy constraints from Gaia DR2 parallaxes”, dwarfs: -35 +16pas (11)

parallax_zero_point/muas
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How to filter stars with “good” astrometric solutions?

N R 2
‘ . 2 E : [ R, = along-scan residuals
astrometri C_Ch i 2_a 1= X - o 0= standard uncertainties of along-scan residuals
o
=1 % °
astrometric_chiZ_al “unit weight error” (UWE)

astrometric_n_good_obs_al — 9

L. Lindegren, LL-124
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How to filter stars with “good” astrometric solutions?

N R 2
(_f) R,=along-scan residuals

astrometric_chi2_al = x2 = Z = i anr )
=1 \% 0,= standard uncertainties of along-scan residuals

=X = \/ astrometric_chiz_al “unit weight error” (UWE)
N -5 astrometric_n_good_obs_al — 5
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G mogninude 0001, L. Lindegren, LL-124
FIGURE 2: UWE (u) for a subset of five-parameter solutions in Gaia DR2 as a ol £l
function of the G magnitude. The yellow dots are for the in.dividual solutions; the FIGURE 1: Histogram of the UWE (u) for five-parameter solutions of sources in Gaia
grey curve is the (slightly smoothed) median. The subset include all sources for DR2 with G magnitude in the ranges 10.8-11.2, 13.9-14.1, and 17.995-18.005. The
G < 11 mag, and an exponentially decreasing random fraction of the fainter sources. dashed vertical lines show the medians of the distributions.
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How to filter stars with “good” astrometric solutions?

N 2
R B .
agtrometric_chiz_al = X2 = Z (_—t) RI_ a|0ng-SCan reS|dua|S
51 ~ o i .
=1 0,= standard uncertainties of along-scan residuals
2 . : . .
we ] X \/ astrometric_chi2_al “unit weight error” (UWE)
N -5 astrometric_n_good_obs_al — 5
8 20

The function uy was determined by sampling Gaia DR2 in bins of
magnitude and colour, estimating the “typical” UWE (taken as the 41st
percentile of the UWE) per bin, and fitting a semi-analytical function.

& 4 4 % u
N »¢ |RUWE = _
. 2 ¥ u,(magnitude,colour)
! 1 ,Re-normalised Unit Weight Error”
0
1l U —— | Uy can be obtained from “Known issues”:

G magnitude

https://www.cosmos.esa.int/documents/29201/1769576/DR2 RUWE V1.zip
L. Lindegren, LL-124

Stefan Jordan, November 10, 2018 The Hubble Constant Controversy: Status, Implications and Solutions, WE-Heraeus-Symposium, Berlin

Normalisation function u,



How to filter stars with “good” astrometric solutions?

N 2
R _ .
astrometric_chi2_al = x? = Z (__‘ R,=along-scan residuals
i X% 0,= standard uncertainties of along-scan residuals
2 . : . .
w— )X _ astrometric_chi2_al “unit weight error” (UWE)
N -5 astrometric_n_good_obs_al — 5
20
— u 10
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»! . FIGURE 1: Histogram of the UWE (u) for five-parameter solutions of sources in Gaia
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DR2 with G magnitude in the ranges 10.8-11.2, 13.9-14.1, and 17.995-18.005. The .
dashed vertical lines show the medians of the distributions. L LI n d eg re nl L L_ 1 24

Normalisation function u,
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How to filter stars with “good” astrometric solutions?

astrometric_chi2_al =x% = Z (

N

=1

&
ay

2

astrometric_chi2_al

astrometric_n_good_obs_al —

R,=along-scan residuals
0,= standard uncertainties of along-scan residuals

“unit weight error” (UWE)

RUWE =

u
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us(G, Gap — Giw)

Recommendation for clean filtering:
* RUWEL 14

e visibility periods used > 8

e 1.0 +0.015(Ggp — Grp)? < flux_excess_noise < 1.3 + 0.06(Ggp — Ggp)?
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May 1993: First proposal for Gaia at ESA

2000: Accepted as "Cornerstone Mission” by ESA
2006: Start of the industrial phase

2007-2013: Various reviews

December 19, 2013: Launch

Until 18 July 2014: "Commissioning" (test) phase
August 2014: Start of regular measurements

14 September 2016: First Gaia Catalogue

25. April 2018: Second (first “real") Gaia Catalogue
2019: End of the nominal mission (5 years time)
2019-2020: Approved extended mission (1.5 years)
2021 (first half): Third Gaia catalogue

2020-2024: Expected extended mission (3.5 years)
2023?: Fourth catalogue due to the nominal mission
20267?: Fifth catalogue due to extended mission



Gaia is European Teamwork




