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Data processing, validation and visualization

Some recent activities within the frame of the Gaia DPAC (Data Processing and Analysis Consortium):

* CU3 (Core Processing), IDU (Intermediate Data Updating), Cross-Matching
— Development and integration of algorithms:

calibrations, image parameters, spurious detections... !
— Improvement of very bright stars astrometry ‘::;m _____ =
— On-ground detection and resolution of close star pairs | O
— Identification and modelling of resolved binary stars ' Dm[

--> improve catalogue resolution and completeness (DR4-DR5): clusters, binaries, dense areas...

* DPCB (Data Processing Centre of Barcelona)

— Operational runs at BSC (MareNostrum):
5.5 years of mission data (DR4),
up to 154E9 observations processed,
more than 280 TB generated...

— Now processing ~9.5 years of mission data

(already working towards DR5!) 4
— Official backup of the full MainDB and raw TM Archive
— Migration to MareNostrum 5
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Some recent activities within the frame of the Gaia DPAC (Data Processing and Analysis Consortium):

* Still in DPCB, Data visualization tools

— Catalogue Explorer, to visualize the “scene” (observations and
their match to sources) and run cross-matching tests e Tt : =

Spocncan

— Transit Explorer, to visualize the observations e = s
— Event Explorer, to examine the spacecraft and mission events S s

oTEOR T F e
" et i i Diigiion

Duration Units: ey

Somrce. 04014 1733
Seiner. s o7 5001 07 14

Fre P RAIDES 230977

# Colourise Rows

000 it 8 5 Pl 105
1200640 St SERVICE rodes v

Transit Explorer Yo ¥
om0 0330 2261 130 20
Eile Settings About Spocacan e 052 2250360 1351590 41 VP 1 Z0OUATE s
transitd [ nstiost | golass | gag | 0 [ a0 [ orc Saince Lot 2069 st 2278 100 Som A5 s
= 727 EEZ2 AL vPLL pros auesen L2880 From G
rrZ2 socior T 700 aneson 1284600 Wnort OO, causing-taic ¢
I P2 wpus 5 0057 e L0079 S0 et v snc Reset Al Changen
P vrue o aess ey 740 o e
[ F 72 sun smimia 0533 P sz Undo Last Ghares
P22 VL s sz 001 e 1220640 Sho SERICE e
- P22 sun oAz 1824 L 5287 P i . Probebly s Appi Granoes
g rAEZ2 VP s Tz 003 a0 129 510 20-sec (VP ana 3000
¥ Ea 22 Sposecrat L 801 230 1208 30 o SCEAR. ot T
= rarZa . 0 0000 16w 1295530 From I 1. ez
2 yrus s s 0003 a0 1526640 .55 (4P 8 055 w Op
2

OBMTStENd Units: ErS

1304640 St SERAICE nodes

fier | [selectAll | [_peselectal

: 140001
Multiple Strip Plotter :: [AF1, AF3, AF5] bsieireey S Table Fort Size 77
Zamanmis 025 212700 Acnion st o i

File View Data
020 o S EAR e T Shonmige Colamns Fiers

Transitid: 1 5, FOV1, ROW2, AFl, spc0, gMagoseo Transitid: 1 0 FOVI, ROW2, A3 SpCO, gMag0seo Transitid: 1 ), FOVI, ROWS, AE, spCo, gMagoseo 18 T coreon ok e WOC50C 4
inCoord: [7528.803, 1695], Ci ), MainGate: 4 /int 7528.803, 1693], 1490, MainGats WinCoord: [7528.803, 1693), 43 AGGS In TSM, IGM, WFS 5 Specan 2332014 0357 1F1T 200 VPUS | Z6/G hen SERYIG
Ipd: SUCCESS, Loc: (9.262, 6.084), GoF: 1874.405, DoF: 104 Ipd: SUCCESS, Loc: (9.532, 7.027), GoF: 833.351, DoF: 200 Ipd: SUCCESS, Loc: (10.107, 6.918), GoF: 1175.109, DoF' 199 50 CUG siart of Epoca? U6 2IWEN14 9713 230014 0713 1317000
AL (sample] AC 1samplel AL fsamplel AC Isample] AL(samplel AC sample]
24 6 e P e 24 s m i u e e Y 24 6 s a0 a1 24 e s n
% 15,000 4800 # 40,000 5 25,000 Ay
mf‘\'m‘ 10000 /\\_, e o ,,.,./'”\,.,_, o »,.-/\‘., yises umf\.m 2:‘”" ...o«/\\c.. i
o by £ a0 b 0 e 43 o SkyMap
™ T T mmaE® T s s wm R IR poos R IO Table Histograms SkyMaps yMa
AL (O AC [pivel) = AL [TDI] AC [piel) b AL D) AC [pixel] = s Region
AL [sample] 40 AL [sample] 4000, AL [sample]
w2 s . P PV a%0 o5 o w2 13 1 s — .
. ol = swo " Distribution of Events Count Included Text
w0 b e
n 3800 u b n 0.90 [ Cotumns
S0 .
i 2,600 5 2400 i Excluded Text
_ s _ = [
3 g s gm0 [Cotums
g 2 2m 2 s —
o0
s g 20 g o0 S
£ 850 L2 Event Catagones
E 42| E 3000 Z|E 13 [ Ever g0
£ = 5| E E E|Eimf 3
° £ s (E HE B . [ Data Segment
g i =]z LRSS (4 | ~ ] R N
< I3 b s T 2500 a & & - .
e Gl =1 20 o~ L 3 " Ao 5 Time Interval
s 230 4 | | b ? " CUTC © OBMT
2,300 2200 3 ) 4
210
20 F
S 2000 sy 7 3 1078,08 51013
1,900 1800 ' R F. P A
1o 1m0 -180, = c 180,0 Event Duration
1600 T 4 : 4 Duration Unit Rev v/
Lol j
9 10 11 12 13 14 13 16 17 18 7 8 5 10 1 12 13 14 15 16 7 8 5 10 1 12 13 14 15 16 17 18 4 e ¢ 4
ALl ALl ALTON 3 { P, & ;
% a7 ) ; z g n 454,720000
- G ¥ g . > (
Y 7 Reset All Changes
< 7 0
3 = [ ndo Last Enanges
| Apply Changes
Feay
W




Data processing, validation and visualization

Some recent activities within the frame of the Gaia DPAC (Data Processing and Analysis Consortium):

* CU9 (Catalogue Preparation) gaia archive

LIV SEARCH  STATISTICS VISUALISATION DOCUMENTATION HELP

— Catalogue validation for DR3 and the FPR: many new data types, tables, parameters...
— Development of software tools for statistics and validation, PR Ll
e.g. the Gaia Analysis Tool (GAT) T —
— Now working hard on the many DR4 products '
e P o

* Project Office
— Technical interfaces between Units and Centres; technical support to other Units

— Estimation of database and transfer sizes
— Curation of Operational Event Logs, support to visualization tools
— Support to additional (often cross-unit) investigations

matched_transits (median)

* CU3/IDT (Initial Data Treatment)

— Support to daily operations,
monitoring and resolution of onboard/onground issues

s 100 125 150 175 200 225 250

Institut de Ciéncies del Cosmos @ exciiexcia
UNIVERSITAT pe BARCELONA » DE MAEZTU

: &

ICCUB




Recent achievements and outlook

# sources in Gala DR3
° Data Release 3 (DR3): : Total number of sources _ 1,811,708,771
GAIA FOCUSED PRODUCT RELEASE Gaia Early Data Release 3
A GOLDMINE FOR COSMOLOGISTS: GAIA LOCATES HUNDREDS OF LENSED QUASARS Nlinhes OO VM JOR SRRy LARTTALEIA
- Re I ea Sed 13 J u n e 202 2 A . Number of 5-parameter sources 585,416,709
. ) Number of G-parameter sources 882,328,108
Number of 2-parameter sources 343,964,953
LOtS Of new data prOdUCtS Gaia-CRF sources 1614173
Sources with mean G magnitude 1,806,254 432
Sources with mean Gge-band pholometry 1542033472
[ ] Foc u sed P rod u ct Re I ea se ( F P R) : :,‘m:m:ieuzeg‘ A Sources with mean Gge-band photometry = HJ;!;: gj;t;?‘:ease =
i
Sources with radial velocities 33,812,183
—_ Re I ea SEd 10 OCtObe r 2023 Sources with mean Grye-band magnitudes 32,932,187
Sources with rotational velacities 3524677
— H Mean BRIRP spectra 218,187 643
Additional OmegaCen sources, e s
. . . Vanable-source analysis 10,509,536
G raVItatI o n a I Le n Sesl I m p roved 2 s Variability types (supervised machine leaming) 24
T Supervised machine-learming classification for variables 9,976 BBL
SSO a St ro m et ry; I—PVS, D I BS 3 760 032 B ‘ Specific Object Studies - Cepheids 15,021
quasar candidates analysed suspected ta be lensed quasars.. that are highl 7 prediced to be v 3 Specilic Object Studies — Compact comparnions 5.308
Specific Object Studies - Eclipsing binaries 2,184 477
Y . Specific Object Studies — Long-period variables 1,720,588
D ata Re |e a S e 4 ( D R4) . Specific Object Studies — Microlensing events 363
F I | . I . . 6 6 h Specific Object Studies — Planetary transits 214
—_ ull nominal mission ( mont S) O EOCEED FRONUCTRELEASE Specific Object Studies - RR Lyrae siars 271779
GAIA REVEALS THE CROWDED CORE OF MASSIVE STAR CLUSTER Specific Object Studies — Short-timescale variables AT1679
. : Pl e 3 iy R L Specific Object Studies — Solar-like rotational medulation variables 474,026
D 2026 5 i , the largest
- u rl ng glo S A 5 t Specific Object Studies — Upper-main-sequence oscillators 54,476
. Specific Object Studies — Active galactic nuclei B72,228
— Epoch data for all data products 26 5 el
a n d SOU rces 3 4 — S Qo‘““ t,% Gaia observes Gaia now sees
(incl. astrometry, spectra, etc.)
* Data Release 5 (DR5):
. . ~ ¥ ! = v i =
— Extended mission (~10 years), : S : G o R
¥ 3 ¥ lainter in the cluster core
date TBD (around 2031)
— Already working on it! .
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the distant Universe on the hunt for gravitational lenses:
b of our biggest questions about the cosmas.
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PPCC AstroHEP LIA4 (large surveys) at ICCUB

Overview of activities funded by PPCC:

* Preparation of Gaia DR4: 1 postdoc
development of algorithms and software for the Gaia data processing and analysis,
transforming the raw Gaia data into usable science data products

* Cloud-based data mining of Gaia data:

1 engineer
define methods and technologies to efficiently exploit massive amounts of data

Commercial Cloud Services

* Data fusion of Gaia with other catalogues:

1 engineer
investigate data fusion techniques and apply them to Gaia and J-PAS/J-PLUS (proof-of-concept) 2

e Gaia knowledge transfer and transversal support:

. . . 1 engineer
apply lessons learned in Gaia to other surveys and projects g

—> Strengthen the national leadership in Gaia
- Define strategies for massive data science
—> Find and exploit synergies of Gaia with other surveys and projects
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PPCC AstroHEP LIA4 (large surveys) at ICCUB

* General progress:

So far, mostly focused on the preparations for Gaia DR4 and the validation of its data products
Also good progress on Cloud technologies and knowledge transfer
More modest progress on catalogues fusion; defining proof-of-concept = discussions with OAJ/CEFCA

e Preparation of Gaia DR4:

Definition of multi-epoch descriptors:
easy catalogue search for certain transients and peculiar objects without requiring massive epoch data analysis

Support to non-single stars processing unit:
filters and criteria to select the initial candidates of astrometric binary stars (resolved and non-resolved)

Support to extended objects unit:
gravitational lenses (incl. epoch photometry calibration), galaxies, quasars; understanding of instrumental effects

Support to Solar System objects unit:
pre-processing and inputs determination

Support to spectroscopic processing unit:
epoch and catalogue cross-checks; instrumental effects

Core astrometric processing unit:
analysis of cross-matching resolution and astrometric results; definition of useful indicators for DR4 users

Next: progressive ingestions of Gaia data into the Archive for incremental validation of all products and technical preparations
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PPCC AstroHEP LIA4 (large surveys) at ICCUB

Expertise on Cloud-based data mining technologies:

* Extensive use of Commercial Cloud Services through European funds (OCRE)
— Large Linux Virtual Machines, et -
— Apache Spark cluster, Data Lake, wae o
— Machine Learning services,
— Notebooks, BigQuery... l ”I I || , Illl |I ‘
— Run large simulations, get richer statistics, |, ",sl \ J |" | l“ ||||||'"|||I|””""IIFI |”|| H |
"”II""!!I"II“ m 1] i i nhlumlum ‘HIHJ [ILLLELLL TP
find correlations, improve current models

— Outstanding performance achieved with B|gQuery on the DR3 bulk catalogue:
1.8B sources ingested in 3 min, complex queries in <10 sec

* Gaia Data Analysis Framework (GDAF):
— Hadoop + Spark + Parquet + libraries + interfaces, formerly deployed at CESCA/CSUC

e SPACIOUS, European project recently granted; massive data mining on Gaia and other missions

* PPCC-funded activities:
— GDAF revision and deployment at BSC - tests on DR3 data in their cloud platform

— Now studying tools for quick queries and tests on huge internal DPAC tables
(at BSC, to ensure data governance and privacy)

= Google Cloud

EE:IE Compute Engine

Institut de Ciéncies del Cosmos & EXCELENCIA
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PPCC AstroHEP LIA4 (large surveys) at ICCUB

Data fusion of Gaia with other catalogues:

Identify limitations and complementary features between Gaia and other catalogues
Initial proof-of-concept: OAJ catalogues (J-PAS, J-PLUS, J-VAR?)

Initial concepts and ideas:

Cross-match Gaia DR3 with J-PLUS DR3 (if not done already)

Train classifiers to determine spectral types from Gaia data (using astrophysical parameters and spectra),
extend training using J-PLUS data = cross-check and extend to unmatched stars in both catalogues

Refine Gaia photometry by using the J-PLUS one on matching sources, then extending it to the rest of Gaia sources

Depending on the outcome, publish the combined (fused) catalogue

On the longer term:

Identify additional rich products or data quality improvements achievable through Gaia + J-PLUS data fusion
Investigate the application to other surveys: WEAVE, Euclid, LSST, PhotSat
Develop a Cloud-based service to support data fusion of two catalogues, including cross-match and ML services

10 ﬁ@
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PPCC AstroHEP LIA4 (large surveys) at ICCUB

Knowledge transfer from Gaia to other projects:
* Virgo, PLATO, Jasmine, LISA, GaiaNIR...
* In general: massive data processing pipelines, data handling techniques, astrometric algorithms

(attitude, cross-match, instrument model)
* PPCC engineer: focus on PhotSat ground segment definition and implementation

Also proof-of-concept and pre-market projects:

Gaia4Sustainability = Gaia map of the brightness of natural sky
Evaluate and identify sources of light pollution

B2CATS - Cloud-based continuous authentication based on behavioral sensing
Apache Kafka, Docker/Kubernetes, optimized data streaming

11 gé‘
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Thank you

Xavier Luri (xavier.luri@ub.edu)
Jordi Portell (jportell@icc.ub.edu)

on behalf of the Gaia ICCUB-IEEC Team
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