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. y T L a . ABSTRACT
. b : . ., Gaia is ESA's ambltlous space astrom’etry m|ss|on the main_objective “of which *is .to astrometrically and spectro-
19 Ly * photomefrically map 109 celestial "objecgs (mostly in our galaxy) with unprecedented accuracy. The satellite will downlink

"\r i cldse to 100=TB of raw. telemetry data over 5 years: To,achieve its required ‘accuracy of a few 10s of micro-arcsecond
.?astrometry, intricate processing -of this data is required. In addition to the main ‘astrometric instrument Gaia will host a
!Radlal Velouty |nstrument two lqw-resolution dlspersers for multi-colour photometry and two Star Mappers.

o The-"ba5|c prlncmle of the astrometrlc data reduetion’is to determine all the varlables of the system (source positions,
“ attitude;- calibratior, photometry,-spectroscopy .) in order to achieve an optimal match' with the observations. The data

F

T - wreductiom will be perfornigd in, several.cycles, in each cycle new data from the satellite will be processed and the starting
- - o sof‘u‘honwﬂl be |mproyed
* . i e [LF
: o= e L}?Ia Data Processmg and Analysis Consortium (DPAC) has been formed recently and will answer ESA’s.announcement of
L - Ay %ﬁp_o unlty‘for' the data processing. All of Europe’s expertise iin-astrametry will be"needed_in order'to feduce Gaia data to
> : -3 e level of accuracy ne'eded to meet the mission goals. .
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Progress in astrometric accuracy The data processmg requrrements far Gaia-are amongst the most "
- " . challengings of * any: suentlﬁm eavour to daté: Due “to ,the " " H
immense volume’ of datd tha ({8 cullested for 102 stars,, it
will ““bes ‘a  major . challenge,  ew by “the: istandards - -of " HV H
computatfbnal ‘powers in. the T Uﬂé to' process, manage £ L
and “extract rthescientific’ resu -necessa “to, build a phase | ; é " H' “
-spage map oflour Galaxy. tne ky..Gal,a is.iA, some sehses= ' % H g e
« the- astronemical’ e.quwalent enome roject,; “and i z | . §
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A total- of same’ ¥00' Terabyté i e.d‘ata.wi‘ll be coltected

" during Gaia's lifetime .= The. tqtal d ~archivi e_ynay surpass-ore . *

Petabyte; at” ctrrent stdte-of- the -art dl,sc Jaccess rates, thl,s

would‘ requlre 40 days 5|mply tq red'd _- .,d.., SR
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Errors of
best star positions o
and parallaxes o

The requlred hunrerical -processm is cMossaI 'of-.oreler 102‘ -
opst Using the world's fas‘te'st iputer (as -bf eaIIyI'ZOd'G, .

" IMB/DOE's BlueGene 136 TFlof system), wauld: reggife 85" days 3

“ of processor power. T-he size' of “the pllo'blem and the, * ¥
requirements. for rigorous testing «ahd. _optimisation, .can ‘be

* emphasised by noting that just 1 second of GPU_ti aWejeﬂ to

any spécific'task, |per“object (e. 9. vay fiability classifig ll,)- would . = - - .
require 3'0 years of:CPU time for_.; entlre d«fta_,set,-gﬂer taslg,_ i) ; a
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Astrometric Global Iterative Solution ™ - Errors.In Source Positions after AGIS convergence

The core of the Gaia datasreduction consiSts=on the*
accurate determination, of the ‘sourcé positions, 5
spacecraft attitude and instrument calibrations. The
Astrometric Global iterative solutioh is the realization e -
of the mathematical. framework ~and =algorithms X
developed by Lennart Lmdegren (Lund Observatory)

The plausibility .and fea5|b|lrty of the Global |terat|ve .
solution has-been a concern-in the Gaia community: for" '

the past several years and has led to the development: .= <%
of several prototypes of in¢reasing complexity. A

J

The ESAC AGIS 'system consists of the three
astrometric blocks: Soufce, Attitude and Calibration. i
This system is data driven, each observation is read
from disk precisely once|per iteration. The calibration
and attitude are ;loadg¢d once per iteration per
processor, where every Jattempt has been made to
reduce the disk accessesfdue to possibility of multiple
terabytes of data being handled.

The system can process five years worth of simulated
observations of one_ million objects in under four
hours. AGIS requires aréuhd 25 iterations to converge
on the sub microarcsecond error limit when the initial
data contains errors | of the order of 100
miliarcseconds. It runs on dicluster of 18 dual-3.6GHz
Xeon processors giving a oyeratl-performance of 140
GFLOPs. Up until Gaia’s lagnch (endof-2011) the
system will be staled-and exercised using up to100
million sources and more complex data. 1
§ 5 Gaia-Data Processing
o N -ometric Verification ¥ s
“g':::::ﬁs::::‘:fms S f core Astrometric Solution L' CUS: Photometric Processing The" AGIS system will produce the core astromietric reSults from the Gaia mission. The Gaia
3 L i G +Photometric calibration and modeling mission will also preduice ah-enormous range of astrophysical information from the combined

+Health and safety monitoring «Instrumental modeli B ¥ d e PR T O
Gaia Ground Segment (ESA) DPC: Astronomical Observatory of Torino e astrometric, pHotal mm specrroscc_:prc ata produced by the Gaia instruments.

+Image restoration _
e Al The diverse range essmg tasks requmed to extract the true potential of the Gaia data is
DPC: Institute of Astronomy, Cambridge JUERCIReICEVSIIEETIACL1- orgahlzatfuh to undertake alone. Over 250 scientists and engineers from
across Europe will form the Gaia Data Processing and Analysis Consortium (DPAC) responsible

! for' the producflon validation afid operation ofthe processing systems needed.
uild and maintain Main Dat

J3: IDT and First Look
«Decode wl‘::mr;vrs o The DPAC is Ioglcauy divided into Coordination Units (CUs) according to scientific nature of the

processing  required and arertasked with the production of the processing systems. The CUs
are supportéd by a set of Data Processing Ceritres (DPCs) respansible for the operation of the
Iprocessing systems. An. executive comml'ttee oversees the activities of the DPAC.

“Extended objects . . The Iarge scope and cytting-edge nature oF many of the data reduction activities implies a
CusSnecascopichIseesing high risk>'li orger to manage thesé risks an iterative, incremental development process will be
. used throughout the DPAC..Six;manth 'synchronized development cycles are used to partition

*Spectra extractic s b 5 { - 4 d )
«Radial and rotational velocity determination development activities, with frequent integration and validation of systems across the entire

al Parameters DPAC. We aim to ensure, that unknown or poorly- spemfled requirements do not lead to ‘late
design breakage

ination of astrophysical parameters
g iodi ES, Toulouse
CU3: IntermedlateDataUpdate Y The dlagram on the left presents the overall dlstrlbutlon of relationship between the CUs and

*Reproce: Variability alerts F DPCs and some of the-scientific and technlcal tasks tackled by each CU with the overall data
DPC: ISDC, Geneva + . flow indicated. -

For more information en Gala, visit http://www.rssd.esa.int/gaia



