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Launch on December 19th at 
10:12:19am Swedish time

Soyuz-STB/Fregat (Vol Soyuz 6)

Burning the lower three Soyuz 
stages lasts ~9 minutes
Two burns of  the upper stage 
followed by separation of  Gaia
Deployment of  the sun shield 
All went perfect!

Launch Overview
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0.5 yr

2 months ecliptic pole 
scanning for photometry 
& chromatic aberrations

Jan 7th at19:58 CET for 2 hours

Jan 14th 

 Image courtesy A. Rudolph, D. Milligan (ESOC)



Commissioning (January-April)

After insertion at L2 (January 14th) commissioning began
• Basic angle monitoring (BAM)
• Wavefront Sensor Monitoring
• Monitor stray light due to BAM laser
• Early calibration of  CCD’s (bias levels & non-uniformity, etc.)
• Alignment and focusing of  the two telescopes (6-7 weeks)

First image: Gaia slowly being brought into 
focus shows a dense cluster of  stars 
(NGC1818) in the LMC

Normally, we do not make 
images but the SM’s can be read 
out to produce outreach images 

(HST image)
(Gaia image)



Current Status
Half  way through commissioning - nominal operations start May 9th

Gaia is working well and is responsive to commanding

DPAC people and software working well to interpret data
• Small bugs in the processing chain are being detected and fixed

No show stoppers have been identified but some problems identified:
• Not unusual for any science mission at this stage

• Two more months of  commissioning to go!

The 2.24m telescope at Mauna Kea Observatory in 
Hawaii was used to capture Gaia's tilt from 0° to 45° 
on 27 Feb. over half an hour to test stray light

Also main belt asteroid (2002 RS34) moving from 
top centre to right



Unexpected Issues
• Brightness in the sky - GBOT (Ground Based Optical Tracking) of  Gaia is needed for 

orbit reconstruction and velocity aberration corrections. Gaia is currently at G magnitude 
~20.5 (18 was hoped for)

! ESO could give observing time on VST or other 2m class telescopes
! VLBI observations of  Gaia (mas astrometry) have been tested successfully

Two images of  Gaia taken 6.5 minutes apart 
on January 23rd as seen with the Very Large 
Survey Telescope (2.61m) in Chile.

Position accuracy needs to be < 150m and 
velocity < 2.5 mm/s.!!



Loss Of  Transmission
• Loss of  transmission in telescope 2 (T2) - a loss of  1 Gmag (0.1 Gmag in T1). Slightly 

dependent on FP position and star color. Possibly from condensed water or gas from the 
payload module or thermal tent structures.

! Decontamination strategy in progress which consists of  heating mirrors (M/M’4 and 
mirror M’2) and monitoring the transmission of  T2. Ongoing but proving successful.



Stray Light
• Stray light in the FP - evolves in time with a period of  6 hours. Small performance loss 

in astrometry. For photometry & spectroscopy a shift to brighter magnitudes and a 
shallower survey. 

• Cause is uncertain, Astrium suspect diffraction of  sun light at the edge of  the 10m sun 
shield but part of  it could also be diffuse background from GC and/or zodiacal light.

! Tests changing SAA from 45° to 42° show some improvement (30% less at the 
peak level and on average 5-10% less).

! New test changing SAA to 0° should tell more. Slew started March 6, with a slew 
back to 45° degrees on March 7, data taken during the slews.

• (up to orders of  magnitude above background) 

L. Lindegren et al.: The astrometric core solution for the Gaia mission 29

Fig. 9. All-sky projections of (from top to bottom) the total stellar den-
sity in the input data to the demonstration solution, the number of AL
observations per source, and the resulting spatial density of AL observa-
tions. These and all subsequent sky maps use the Hammer–Aitoff equal-
area projection in equatorial coordinates, withα running from −180◦ to
+180◦ right to left.Top: The simulated sky contains some 2 million sin-
gle stars covering the Gaia magnitude range 6 ≤ G ≤ 20. The density
ranges from less than 1 deg−2 around the galactic poles to a maximum of
about 4800 deg−2 near the galactic centre in the bottom-right quadrant
of the map.Middle: The number of along-scan observations per source
reflects the scanning law of Gaia, which is roughly symmetric around
the ecliptic plane and gives an over-abundance of observations at eclip-
tic latitudes ±45◦. Bottom: The combination of the source density and
the scanning law gives the displayed density of along-scan observations.

The optimum number of data trains in a run is a complex
trade-off between the available number of CPUs and memory,
usable network bandwidth (more trains create more inter-CPU
traffic), and the given maximum storage system throughput. By
design of the system, the run time should scale inversely with the
number of data trains (assuming there are enough CPUs), i.e.,
doubling the number of DataTrains should halve the run time.
In the tests done until now, the run times are very satisfactory;
however, more work remains for achieving the desired optimal
scaling behaviour. A first AGIS run using simulated data for a
5 yr mission with 50 million primary sources was successfully
completed in June 2011. This being only a factor 2 less than
the baseline 100 million sources envisaged in the final AGIS run
towards the end of the mission, it marks an important milestone
in the development of the operational system.

Fig. 10.Map of the parallax errors in iteration 1. The iterative astromet-
ric solution starts off with spatially correlated errors in the astrometric
parameters, generated as described in the text. These (initial) parallax
errors have amplitudes of a few tens of mas. The number at the top-
right corner of this (and subsequent) maps is the maximum value of the
displayed range in µas.

Table 1. Characteristics of the simulated input data and demonstration
solution.

Quantity Value

Duration of science mission 5.0 yr
Number of sources 2 256 222

Number of along-scan (AL) observations 1.625 × 109
Number of across-scan (AC) observations 1.805 × 108
Standard uncertainty per AL / AC observation (representative):

G ≤ 13 92 µas / 520 µas
G = 15 230 µas / 1350 µas
G = 17 590 µas / 4000 µas
G = 18 960 µas / 7600 µas
G = 19 1600 µas / 16000 µas
G = 20 2900 µas / 38000 µas

Number of astrometric parameters 1.128 × 107
Number of attitude spline knots 6.575 × 105
Number of attitude parameters 2.630 × 106
Number of calibration parameters 7 812
Number of global parameters 1

7.2. Demonstration solution

7.2.1. Data simulation and model assumptions

Since the start of the development in early 2006, AGIS has
been tested continuously using simulated datasets of varying
complexity and size generated by the Gaia System Simulator
(Masana et al. 2005) created by DPAC’s dedicated coordina-
tion unit for Data Simulations (CU2; Mignard et al. 2008; Luri
& Babusiaux 2011). In the following we present the results of
a test solution using 5 years of simulated astrometric observa-
tions for about 2 million well-behaved (single) stars with a re-
alistic distribution both in magnitude and coordinates, based on
the Besançon galaxy model (Robin et al. 2003). Figure 9 (top)
shows the spatial source density of the data set in equatorial co-
ordinates. Of particular interest for the AGIS run is the stark
density contrast between ∼ 1 and 5000 deg−2 mainly depending
on galactic latitude, resulting in similarly high ratios in the total
astrometric weight of the sources in Gaia’s two fields of view.
In Bombrun et al. (2011) it was shown (using simulations on
a smaller scale) that a high weight contrast tends to reduce the
convergence rate of the astrometric solution compared to a situa-
tion where the weights are more balanced; however, the solution
always converges to the correct solution provided that enough



Gaia Is In A Good State
 
• 106 CCDs and 106 backend electronics units 
• 7 on board computers managing the CCDs and electronics 
• On-board SW working as expected 
• Payload and data handling unit for storing and downlinking data 
• The chemical propulsion system for large manoeuvres 
• Rubidium atomic clock
• Phased array antenna giving plenty of  margin in downlink capacity
• "-propulsion system to control Gaia's spin rate and torque due to solar radiation pressure 

Images of the Cat's Eye Nebula, from 23 - 25 January 
show the effect of  the spin rate

Left: non-optimized spin rate

Right: much sharper image as spin rate is closer to 
TDI read-out rate of  the CCDs (AL vertical)



Raw data

DPAC now has 450 people and 6 
data processing centers

Lund

Uppsala

Lund

Images ESA

How Lund 
Contributes



• Science Alerts (e.g. Supernova or micro-lensing): within hours or days

• L + 22 months (Sept. 2015): 
! Positions, G-magnitudes for well behaved single stars & 90% sky coverage
! Proper motions for Hipparcos stars - order of  magnitude improvement
! Ecliptic pole data from calibration of  photometry in 1° fields around the poles

• L + 28 months (March 2016): 
! First 5 parameter astrometry for single stars & >90% sky coverage
! Radial velocities for 90% of  bright well behaved stars 
! Integrated photometry BP/RP with basic verified astrophysical parameters

Early Data Releases



• L + 40 months (March 2017): 
! BP/RP spectrophotometry plus RV spectra for well behaved objects
! Object classification and astrophysical parameters
! Orbital solutions for short period (2 to ~30 months) binaries

• L + 65 months (May 2019): 
! Variable-star classifications with the photometry observations
! Solar system results with preliminary orbital solutions 
! Non-single star catalogues

Later Data Releases



Final Catalogue Release
• L + 101 months (May 2022):   5 yr mission + 3 yr processing

• L + 113 months (May 2023):   6 yr mission + 3 yr processing

• Consumables in Gaia could last up to 10 years and the mission 
could be extended depending on funding, radiation damage, etc.

• L + 161 months (May 2027): 10 yr mission + 3 yr processing

! Full astrometric, photometric, and radial-velocity catalogues
! All available variable-star and non-single-star solutions
! Source classifications plus astrophysical parameters 
! Exo-planet data
! All epoch and transit data for all sources
! All ground-based observations made for data-processing purposes



Lund Group
Lennart Lindegren:
Space Astrometry

Daniel Michalik: 
Merging of  
astrometric catalogues 
(HTPM)

David Hobbs: 
Space Astrometry

Rajesh Kumar 
Bachchan: 
Fundamental 
physics with Gaia

Giorgi Kokaia: 
Weak gravitational 
lensing effects in 
Gaia Data

Ylva Götberg
Probing the 
Galactic potential 
and dark matter


