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Gaia and the Vera Rubin Observatory

• Gaia astrometry underpins Rubin Observatory survey calibration

• Gaia (spectro) photometry for flux calibration

• Gaia key input for many SMWLV/ TVS/ Solar System Rubin 
Observatory survey science cases

• Gaia in-flight operations likely overlaps Rubin Observatory 
operations for H2/2023 to H1/2025
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The Gaia-LSST Connection
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• In general terms the LSST survey 
extends Gaia from ~r = 20

• Gaia’s domain is the inner Milky Way 
and Disk (and it is whole sky!)

• The LSST probes the Halo and faint

6.12 A Comparison of Gaia and LSST Surveys

Table 6.6: Adopted Gaia and LSST Performance

Quantity Gaia LSST

Sky Coverage whole sky half sky

Mean number of epochs 70 over 5 yrs 1000 over 10 yrs

Mean number of observations 320a over 5 yrs 1000b over 10 yrs

Wavelength Coverage 320–1050 nm ugrizy

Depth per visit (5�, r band) 20 24.5; 27.5c

Bright limit (r band) 6 16-17

Point Spread Function (arcsec) 0.14⇥0.4 0.70 FWHM

Pixel count (Gigapix) 1.0 3.2

Syst. Photometric Err. (mag) 0.001, 0.0005d 0.005, 0.003e

Syst. Parallax Err. (mas) 0.007f 0.40f

Syst. Prop. Mot. Err. (mas/yr) 0.004 0.14
a One transit includes the G-band photometry (data collected over 9 CCDs), BP and RP spec-
trophotometry, and measurements by the SkyMapper and RVS instruments.
b Summed over all six bands (taken at di↵erent times).
c For co-added data, assuming 230 visits.
d Single transit and the end-of-mission values for the G band (from SkyMapper; integrated BP
and RP photometry will be more than about 3 times less precise).
e For single visit and co-added observations, respectively.
f Astrometric errors depend on source color. The listed values correspond to a G2V star.
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Chapter 6: Stellar Populations

Figure 6.26: A comparison of photometric, proper motion and parallax errors for SDSS, Gaia and LSST, as a function
of apparent magnitude r, for a G2V star (we assumed r = G, where G is the Gaia’s broad-band magnitude). In
the top panel, the curve marked “SDSS” corresponds to a single SDSS observation. The red curves correspond to
Gaia; the long-dashed curve shows a single transit accuracy, and the dot-dashed curve the end of mission accuracy
(assuming 70 transits). The blue curves correspond to LSST; the solid curve shows a single visit accuracy, and
the short-dashed curve shows accuracy for co-added data (assuming 230 visits in the r band). The curve marked
“SDSS-POSS” in the middle panel shows accuracy delivered by the proper motion catalog of Munn et al. (2004).
In the middle and bottom panels, the long-dashed curves correspond to Gaia, and the solid curves to LSST. Note
that LSST will smoothly extend Gaia’s error vs. magnitude curves four magnitudes fainter. The assumptions used
in these computations are described in the text.
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Gaia: star map for the Milky Way
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Gaia data leads to insight 
across astronomy

Gaia: a Big 
Science, Big Data 

Challenge

Gaia EDR3: with larger to 
come

Over 1.7 Trillion observations, and counting …

Mapping 
star 
density out 
to 100pc

Credit: ESA/ 
Gaia/ LMC and 
SMCDPAC

Credit: ESA/ 
Gaia/ DPAC

The LMC and 
SMC



Gaia DR1 source counts /Credit ESA/Gaia/DPAC



Gaia DR2 source counts /Credit ESA/Gaia/DPAC



Gaia EDR3 flux colour (~1.5 Billion  sources /Credit ESA/Gaia/DPAC



Latest (Gaia EDR3) Astrometric contents
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Gaia EDR Science Examples
see https://www.cosmos.esa.int/web/gaia/edr3-papers

ESA/Gaia/DPAC

https://www.cosmos.esa.int/web/gaia/edr3-papers
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See: Gaia Collaboration, Smart, 
R.L., et al. 2021

https://doi.org/10.1051/0004-6361/202039498
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A systematic pattern in the proper motions

Copyright: 
ESA/Gaia/DPAC; 
CC BY-SA 3.0 IGO. 
Acknowledgement: 
S. Jordan, T. Sagristà

See Gaia Collaboration, 
Klioner, S.A., et al, 2021 Nic Walton / Gaia @ LSST:UK 2021

of the QSO’s (extragalactic sources) detected by Gaia 

https://doi.org/10.1051/0004-6361/202039734
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l The measurement results in an astronomically small number: 

(0.232 ± 0.016) nm/s2 towards ! = 269.1∘ ± 5.4∘ , " = −31.6∘ ± 4.1∘

or (7.33 ± 0.51)  km/s Myr−1  or a proper motion amplitude of 5.05 ± 0.35 microarcsecond/yr 

è This is close to
the expected centrifugal 
acceleration of the Solar 
System in its motion in the 
Galaxy!

Good news: we can do this!

Bad news: no surprises!

NB: maximal acceleration of the Sun 
w.r.t. the solar system barycentre: 300 nm/s2
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The acceleration of the Solar System

Slide: Sergei KlionerNic Walton / Gaia @ LSST:UK 2021

centripetal

This measurement 
based on the 

observations of 1.6M 
QSO’s



Visualising the Gaia Sky
https://zah.uni-heidelberg.de/gaia/outreach/gaiasky/

13 May 2021 Nic Walton / Gaia @ LSST:UK 2021 15

https://zah.uni-heidelberg.de/gaia/outreach/gaiasky/


Find Out More:
https://www.cosmos.esa.int/web/gaia/early-data-release-3
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https://www.cosmos.esa.int/web/gaia/early-data-release-3


Contents of Gaia DR3
ready for the start of Rubin Observatory operations 
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Data Product No. of sources Comments
Astrometry 1.8 billion Same as Gaia EDR3
G/BP/RP photometry 1.8 billion Same as Gaia EDR3
Radial velocities ~30 million GRVS ≲ 14
Photometric variability: 
classification, characterization, 
light curves

7+ million Includes eclipsing, (MS) 
pulsating,
transients, spotted, flaring, 
evolved pulsators, and 
quasars

Source Classification and
astrophysical parameters

≳ 300 million based on the BP/RP/RVS 
spectra,
magnitude limit TBD

Mean BP/RP/RVS spectra TBD subset
numbers as presented at Gaia EDR3 release



Contents of Gaia DR3
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Data Product No. of sources Comments
Solar system objects epoch 
astrometry/photometry

≳100,000 including orbit solutions

Solar system objects mean 
BP/RP
reflectance spectra

~5000

Catalogue of astrometric,
spectroscopic, eclipsing non-
single stars

TBD Combined solutions where 
possible

QSO host and galaxy 
morphological characterization

TBD Based on input list

G/BP/RP photometry light 
curves for all sources in 5.5⁰
radius field centred on M31

~1.1 million Includes variable and non-
variable sources
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Contents of Gaia DR3
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§ Astrometric non-single star solution types
• acceleration, 7 and 9 parameters
• orbital solutions, 12 parameters
• stochastic solutions

• single star source model or basic binary star model 
does not fit

• NOTE: no epoch astrometry or epoch radial 
velocities will be released as part of Gaia DR3

§ Astrophysical parameters based on 
BP/RP/RVS spectra

• 𝑇eff, log 𝑔, 𝐴!, 𝐸(𝐺"# − 𝐺$#), metallicity, 
abundances, distances, radii, masses, activity
index
• solutions from multiple algorithms will be provided
• rotational velocity for bright subset of stars (TBC)

• Extinction map
• Source classification (star, binary, galaxy, . . . )

§ Mean BP/RP/RVS spectra
• For subset of sources only
• Tool to handle BP/RP spectra will be 

provided
§ Solar system objects
• Orbits
• Reflectance spectra
§ QSO hosts and galaxies
• Morphological characterization
§ Light curves for field around M31
• Preview of Gaia DR4 epoch photometry

A ‘pencil beam survey’ (GAPS) will 
be released together with Gaia DR3
• all integrated photometry time 

series for ~1.1 million sources 
(variables and non-variables)

• 5.5 degree radius field centred 
om M31



Gaia DR4 and Beyond
https://www.cosmos.esa.int/web/gaia/release

• Full astrometric, photometric, and radial-
velocity catalogues.

• All available variable-star and non-single-
star solutions. 

• Source classifications (probabilities) plus 
multiple astrophysical parameters (derived 
from BP/RP, RVS, and astrometry) for 
stars, unresolved binaries, galaxies, and 
quasars. Some parameters may not be 
available for faint(er) stars. 

• An exo-planet list.
• All epoch and transit (reduced) data for all 

sources. 

DR5 release will include mission 
extension data
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Map shows early DR4 cross 
match run - 142 billion 
detections processed – 750K 
CPU hours on MareNostrum
Insert shows zoom in on M31
Credits: ESA/Gaia/DPAC, F. Torra, J. 
Portell, J. Castañeda, M. Bernet, S. 
Bartolomé and CU3-IDU/DPCB team

https://www.cosmos.esa.int/web/gaia/release


Gaia/MW-Gaia Plenary 14 @ EAS 2021:
=> register for Gaia Symposium S15 at  

https://eas.unige.ch/EAS2021/registration.jsp

4 May 2021 Nic Walton -MW-Gaia @ ChETEC-INFRA KO (Virtual)21

Credit: ESA/Gaia/DPAC 

Symp15: https://eas.unige.ch/EAS2021/session.jsp?id=S15

https://eas.unige.ch/EAS2021/registration.jsp
https://eas.unige.ch/EAS2021/session.jsp?id=S15

