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» Gaia is theCornerstone Mission 6 in “Horizon 2000+” (ESA)

* Approved in 2001

e 2001-2003: Phase A (feasibility studies)
e 2005-2006: Phase B (detailed design)
e 2006-2013: Phase C/D (construction)

e 19 Dec-2013: Launch

e July 2014 - 2018: nominal operatlons (+1yr
extension).

e Orbit around L2
« 2013-2022: data reduction =

Insertion Manoeuvre Part 2 (20 %)

0 2 4 6 8 10 12 14 16 18
fkm] <10

xrotaling



Qae Gaia: global astrometry mission DPAC

Gaia’s main science goal is to unravel the dynamical and chemical
evolution of the Galaxy — back in time to its formation — and to study its
kinematics, dynamics, and structure

A large 3D survey of the Milky Way (and beyond)

Based on Hipparcos principles (large angle, global astrometry) and
success

Hipparcos: launched Aug. 1989
Operations: 1988 -1993

Data reduction: 1988 -1997
European leadership
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AN Gaia capabilities DPAC

» Low resolution spectrophotometry for 1 billion stars, allowing
estimations of Teff, logg, Av and [Fe/H]

« Radial velocities for 150 million stars (G < 16)

« Atmospheric parameters, reddening and rotational velocities for 5
million stars (G < 12)

» Detailed chemical abundances for 2 million stars (G < 11)
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Two Challenges:

- To build the satellite:

- Thermal and mechanical stability
=>CCDs operate at ~ -110°C
=><1mK at focal plane
=>~uK in the torus

- High precision
- The largest focal plane + TDI sinchronized with rotation

- Data processing:
- Complex relationship as astrometry, photometry and
spectroscopy
- ~1 PetaByte of data, 102°-21flop
- pas accuracy, 0.1 yas=1013rad
- Hipparcos approach (flat files, sequential process) not possible
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Satellite spin axis

2

Precession of the /'
spin axis in 70 days

Line of sight 1

Consecutive 3¢
great circles

Line of sight 2
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106 CCDs , 938 million pixels, 2800 cm?, 0.75 sqdeg
CCDs: 4500x1966 pix, operated in TDI mode

104.26¢cm

42.35cm

Ff j\'\'\!’\ﬂ"\
BEREERE

CCDs Astrometric Field CCDs

—

Image motion
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Images courtesy EADS-Astrium
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G{g Windowing DPAC

N = 45 10° obs/day
Window (in red): to be
downloaded for each object
f detected and confirmed
Not all the pixels are
readed



. Source detection/confirmation in action - -
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e Qne sample
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12 pixals C

'
1

18 pixels

18 pixels

Example:

* The required window around the star covers 18x12 CCD pixels

* The read window is composed of 18 along-scan samples of 1x12 pixels
* Only the 18 electron-count sample values are sent to the ground



caia  Posjtions, G magnitude DPAC
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BP, RP Photometry

Gaia

12,500 {

12,000
11,500
11,000
10,500
10,000
9,500
9,000
8,500
8,000
7,500
7.000
6,500
6,000

5,500

5,000 {

4,500
4,000
3,500

3,000

2,500
2,000
1,500

00 25 50 75 100 125 150 17.5 200 225 250 275 300 325 350 37.5 40.0 425 450 47.5 50.0 525 550 57.5 60.0 625

RP (60x12) Gclass: 0 Row: 6 fov:2
SourcelD: 1790278334752489478 TransitlD: 40393879318618788 GMag: 7.8284082 Star

4,000
101 3,750
- @ 3,500
St ©
O 3,250
w
o 3,000
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 2,750
X
BP (60x12) Gclass: 0 Row:7 fov:2
SourcelD: 1790281031991951361 TransitlD: 40393867904874292 GMag: 8.477877 Star
2,750
2,500
o
8 2,250
¥ 2000
0o 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 SG 58 60 1,750

X

RP (60x1) Gclass: 1 Row:6 fov:2 trunc: false
SourcelD: 1771733357458096137 TransitiD: 40394038369379702 GMag: 12.202732 Star

12,000 {

11,500 |

11,000
10.500

10,000 {

9,500
9.000
8,500
8,000
7.500
7.000

6,500

6,000 |
5,500 |

5,000
4,500
4,000
3,500

3,000

2,500

2.000

1,500

1,000 |

s00

00 25 50 7.5 100 125 150 17.5 200 225 250 27.5 30.0 325 350 37.5 40.0 425 450 47.5 300 525 550 57.5 60.0 625

BP (60x1)
SourcelD: 1771714339342909441 TransitiD: 40394027186434584 GMag: 12.329305 Star

-1‘-"‘""_""‘—-1

Gelass: 1 Row:3 fov:2 trunc: false



Gaia-BP spectra Gaia-RP spectra v Gaia

Counts [normalised]
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VS2 Gcelass: 0 Row: 5 fowv:2

RVS1 Gclass:1 Row: 4 fov:2
SOUCHID: 1773620481 713685007, TAANTRID: 4059455810201 9057. GMag: 6826236 . Star SourceiD: 1790270131364954113  TransitiD: 40393833992208590 GMag: 8.782738  Star
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GQ; Data Analysis. Concept and Requirements DPAC

Object model Instrument calibrations
type of photometry » photometric point Predicted
bject . —| spread *| ccpdata
obF astrometry ——» Proper [——# Field |——»{ geometric | function
A direction angles B
: Satellite J L Relativistic ‘ Attitude
; orbit data mode| data
5 5
e S Observed
CCDdata

R(s,a,c,g)=n""(t,|e)—n“ (s, a g N)

Source parameters
(ctg, B, Tigs Ugs Mg)

Attitude parameters .

(spline coefficients) Aucxiliary
parameters

(e.g. Ephemeris)

Calibration parameters
(AL/AC positions of
CCDs, etc)

Global parameters

t;: Time of observation / (e.g., PPN y)
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a8, 0,20

Astrometric solution

Estimates parameters of 4 models:

» (S) Source 5 X 109 param

A) Attitude ~10® param

b

(
» (C) Calibration ~10°® param
(

» (G) Global < 10* param

t — f1(SaA.C.q)?
i Z l fl( g)

o
p [

Least squares solution:
10'° parameters using 10" observations,

direct solution unfeasible
(Bombrun et al. 2011),

use Astrometric Global Iterative Solution:
ACGIS (Lindegren et al. 2012)
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GQ:,Astrometric Global Iterative Solution “DPAC

A
Data

e 100 milion stars

(4) * Model for secondary stars

 Not fitting to the model: CUx

(2) = (5)
e Improved after new data are
a | available => Data Updating

3)

(€)

Ficure 1: Functional overview of AGIS processes and top-level data flow-
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Intermediate Data Update

Outer iteration
Inner iteration (interaction

(non-linearity and outliers) with all other

processes)
\ AGIS

« New transit data
» Improved centroids
» Improved selection

@
/ )
AGIS iteration @ of primary sources
u

(S-A-C-G
cross-terms)




Upstream Downstream

CUS Cu4
Photometric Complex object

N
processing processmg
Cambridge

CU3 CuU3

e - Cu7
Initial Data Treatment 3 Astrometric core MDB
First Look processing ESAC Varée;?lﬁ't:ﬂasngl gms
ESAC ESAC/Torino
CU1 CU3 /
aiz;;fgtlge CcuU6 Intermedlate Data Update CcUS
Spectroscopic Barcelona Astrophysical
processing charactenzahon
Ccu2 DES N
Simulations
Barcelona/CNES \

Cu9
Archive and

Catalogue access
ESAC

Alerts
Transients, new SSOs, . ..
Cambridge/CNES
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i,

f-@esa
Industry/ESA CSG/ESOC
(23)
The final One consortium: the DPAC

responsibility
of the Mission is
In the hands of ESA

Data reduction is a
responsibility of the
scientific community, |
funded by the member states
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>Pata Processing and Analysis Consortium (DPAC) %PAC

* 459 members
» 24 Funding Agencies

¢ =P
cnes @h

italiana

4#7 7\
DLR UK SPACE

AAAAAA

k\ GOBIERNO MINISTERIO

MLA duration: 2007-2022

» With a 5 years mission, ~33% of _
DPAC cost will be dedicated to FTEs/year up to 2011 270
Operations Average yearly cost: ~30Meuros

Global cost: ~500M€



G\E)ata Processing and Analysis Consortium (DPA@FAC

Gaia

Project Scientist

Gaia Project ‘

T. Prusti Team
Cu1
Architecture/Infrastructure/MDB
O'Mullane + Lammers/Levoir
|
cu2 cu3 Cu4 . s | CU6 cu7 CUs
Simulation Core Proc. Object Proc. | | Photometric Proc E Spectro. Proc Variability Astrophysical
______________ ; Parameters
Science Science Science Science Science Science Science || Science
|| Luri + || Bastian + T Pourbaix + van Leeuwen | [ Katz + || Eyer + | Bailer-Jones TBD
Babusiaux/ Torra/ Tanga + Brown/ Cropper/ Evans + Thevenin
Mignard Lattanzi Jordi Munari /Dubath
Technical | | | Technical | || Technical Technical | | Technical || Technical Technical | || Technical
Wallut O'Mullane CNES —| De Angeli Jean-Antoine Beck Janotto TBD
Cacciari
ESAC OATO I0AC CNES Geneva
DPC DPC DPC DPC DPC
O'Mullane Volpicelli van Leeuwen Passot Beck
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caia Tasks at BSC (I) DPAC

e Simulations for testing the whole Gaia-DPAC processing
chain:

— High-realism simulation of the Gaia instrument - GASS
— High-realism simulation of the Gaia catalogue - GOG

 Provision of:

— Full-scale sky simulations for Operations Rehearsals —
testing of the main Scientific Critical software involved In
the daily processing of Gaia Telemetry stream.

— Reduced density simulations covering long term periods for
the testing of the whole Gaia data processing chain
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Scientific milestones:

- Large mission simulations using realistic

Universe Model

- Simulation of telemetry for rehearsal

campaigns before Gaia launch
- 1,2 bilions sources catalogue

- Simulation of epoch and combined (final) data

using GOG

- Simulations of RVS (spectra) data

Selected FoV1 Sources [obj/deg/2] (154714165 sam| ples)
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300,000
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Observation Time Error [TDI [mas]]

o

AF3 Observation Time Error By True Magnitude (109797315 samples)
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Computational Products:

- GASS (telemetry simulation)
- >20 datasets, from few days to 5 years at reduced density
- 4 Operational rehearsal dataset (several days of full density telemetry).
- Several TB of data generated

- GOG (object generator)
- 2 full sky simulations
- >30 datasets (special objects, partial sky, etc)
- Several TB of data generated



Tasks at BSC (Il) DPAC

Raw data re-processing and calibration system — Intermediate
Data Updating (IDU)

Detailed design and first implementation

Assessed feasibility of concept and correct integration in the
whole Gaia processing chain

Test on 1.5 years of downsized data (700M observations,
equiv. 8 days mission) in just 5 days using up to 84
MareNostrum |l nodes

Running some IDU-processes on real data (XM, Detection
Classifier)
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AF3 Observation Time Error By True Magnitude (109797315 samples)
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Data at DPCB
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M Files received m
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Total size: 10,417 GB
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AO received by time (4 days) PAC

Diats Proveusng & Amalysi

DPCB DataStatsUpdaterTask #plotLabel 2015-05-19 17:.08

AstroObservation :: REV 02144.00000-02160.00000 :: OBMT 46310400001433600-46655999998771200 = 96:00:00
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DPCB DataStats2DMap 2015-09-05 14:07

Time Mod 86400 [sec]

AO received by time (10 months)

AstroObservation
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Dot Broneming it Analysis Consorium

po Gaia
Qa Accumulated AO during (10 months) “~DPAC
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Hipparcos 50717

Gaia

PAC

ats Provessing i Asalysis Consortium
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Filtering spurious detections



caia Hipparcos 21421

HIP21421 HIP21421
Scans: 14, Revs: 1262-1921 Scans: 14, Revs: 1262-1921
Obs: 67.621, GMag: 19,34+-1,46 (5,02, 20,94) Obs: 46,458, GMag: 19.21+-1.63 [5.02, 20.94)
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Extended objects



Cat's Eye Nebula. NGC6543

Gaia




Pinwheel Galaxy, NGC5457 PAC:
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Cross-matching observations DPAC

* *

*

~

Scan width: 0.9

f
* ¥ "
*

1. Objects are matched in successive scans
2. Attitude and calibrations are updated

Sky scans 3. Objects positions etc are solved
(highest accuracy 4. Higher terms are solved
along scan) 5. More scans are added

6. System is iterated
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XM resolution

50G-0000 : E3021323301110

Scans: 8, Revs: 1104-1800

Obs: 8, GMag: 13.20+-0.25 [12.87, 13.53)

Sre: 170, GMag: 13.35+-0.00 (13,35, 13.35)
-16°11'05.655"

S0G-0000: E3021323301110

Scans: 20, Revs: 1104-1818
Obs: 614, CMag: 14.44+-0.84 [12.58, 16.33]
Sre: 39/0. GMag: 14.48+-0.78 (13.02, 15.95)
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XM resolution is currently under heavy development to
Improve handling of complex cases. This will most likely
lead to higher CPU requirements.
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Gaia

e After 11 months of Nominal Operations: DPAC

Nominal mission time:

Raw data received:

Astro/photometric transits received:

Astrometric CCD measurements:
Photometric CCD measurements:

Spectroscopic transits received:

Spectroscopic CCD measurements:

Main DB size:

340 days

~9TB
(~26GB/day)

> 22 billion
(~64M/day)

> 220 billion
> 44 billion

> 1.5 hillion
(~4.5M/day)

> 4.5 billion
~70TB
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Data release scenario

aia

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

First release:
Summer 2016

* Positions (a,0) and G-mag for single-like stars (90% of the sky)
* Ecliptic pole data during commissioning

«the Hundred Thousand Proper Motions (HTPM) catalogue based on the Hipparcos stars = Tycho-Gaia
(TGAS)?

Second release:
Early 2017

* Positions, proper motions, parallaxes and G-mag (90% of the sky)

* Integrated XP photometry for sources with Astrophysical parameters estimated with appropriate standard
errors.

Third release:
2017/2018

* Astrometric soluti inaries (2 months — 75% of the observing time)

» Object classification and astrophysical parameters, together with XP and RVS spectra for well-behaved
objects.

«Mean radial velocities and atmospheric parameter estimates for non-variable stars:

Fourth release:
2018/2019

 Variable star classifications and parameters as available, and the epoch photometry
» Solar system results with preliminary orbital solutions and individual epoch observations
* Non-single star catalogue

Final release:
2022

« Full astrometric, photometric, radial velocity catalogue
« All available variables and non-single stars solutions

 Source classifications (probabilities) + 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.

« List of exoplanets.
« All epoch and transit data for all sources
« All Ground Based Observations made for data processing purposes (or links to it)




o Gaia

Gale Tycho Gaia Astrometric Solution (TGAS) “DPAC
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- Tycho: 2.5 milions stars
- 6 — 12 month of Gaia observations: two parameters
- Sub-mas accuracy for positions, pm parallaxes



Gaia

Conclusions DPAC

Gala operating nominally around L2 with all the instruments
Ground-segment working (reception, input data)
DPAC dalily systems working. Almost all the systems running

BSC. IDU runs started. Full IDU execution beg. 2016
Simulator activities finished

Added complexity due to “instrumental” problems
Calibrations and BAM under analysis (also adding complexity)

First data release + TGAS in mid 2016



Q2237+030 Einstein’s Cross HE0435-1223

Gravitational lensing detected by Gala placed over HST images.
QSOs are very distant (10° ly). Lensing produced by a galaxy
some 100 Mpc away.

Astrometric accuracy < 100 mas



