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SCIENTIFIC RATIONALE - the goal beyond the ICSC

® Generation of a deep and complete sky, on 41 sterad, as a reference tool and therefore interoperable for
the integration of multiband data (from radio to high energies) and multimessenger data (e.g. sources of
gravitational waves, neutrinos, ...) for efficient data mining aimed at fast multidimensional scientific data
exploitation;

e (Capacity for ad hoc recalibrations of astrometric and photometric data for the reclassification and
redetermination of the fundamental properties (motions and magnitudes) of classes of objects of
particular astrophysical interest;

® |nteroperability and integration of metadata from non-astronomical databases, i.e. engineering and orbital
data, data from service modules or payloads, or data coming, e.g., from Space Weather and/or surveillance
of space debris (space debris surveillance);

® QOperations of telescopes from Earth and space and support for studying new missions/projects.
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OBJECTIVES

Overall goal: an infrastructure for archiving, management, processing, visualization, reprocessing, and analysis
of Gaia data from raw data to processed data, not only for astrophysical exploitation but also for space science
technological exploitation to enable large-scale reprocessing (see Busonero talk's 1° Tech Meeting 10/10/23)

In particular: study and implement a prototype open-source platform tailored for supporting and allowing
scientific analysis on subsets of extracted Gaia data and metadata, alongside the Gaia database and data lake
at DPCT, e.g. Gaia GW use case on a different platform

!

To create a database and filesystem platform capable of extracting all sources within different specific areas
of the sky simultaneously and associating with each source the information regarding its transits and its
calibration data
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OBJECTIVES

We need fast queries and analysis of data from different perspectives:
® Run queries at billions of rows (sources) per second
® Switching between a source-oriented search by row (space) to a
columnar search by transit (time) leveraging both indexing methods
without the need to duplicate the DB volume;
® \We also need to pre-aggregate and pre-calculate the information in
the database before delivering it to the users.

The GAIA operations DM is not suitable for technical/scientific

exploitation

Credits: ESA/DPAC.
Missione 4 ¢ Istruzione e Ricerca
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Accomplished Work - DATA OVERVIEW

* CompleteSource: CompleteSource AstroElementary
source information (180 attributes), ~ 4.8 TB with

" sourceld transitld
2.793*1079 elements. alpha oclass
gllfhaStarErmr gg_lag]_
o : elta objectType
I-\.stro.EIement.ary | | deltaError acWinCoord
transit information (33 attributes), ~ 41 TB with varp@E hebalpi:@fov_
t
99.9*1079 elements. ﬁ;ﬂlpﬂ;’r observingtime
muAlphaStarError
e CrossMatch: muDelta CrossMatch
' muDeltaError -
association of sources and transits (8 attributes), ~ 1.4 TB |gMean.fluxMean transitld

gMean.fluxErr sourceld

with 88.997*1079 elements.
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e DM and metadata definition to be queried in an efficient CompleteSource AstroElementary

way

® Blob attributes as links to other tables
® The data are covered by an NDA - NO PUBLIC DATA

CompleteSource

~48TB

2.793*1079 elements

AstroElementary

~41TB

99.9*1079 elements

CrossMatch

~1.4TB

88.997*1079 elements

transitld
gclass

gMag
objectType
acWinCoord
healpixfov
observingtime

sourceld

alpha
alphaStarError
delta

deltaError

varpi

varpiError
muAIphaStarE
mu aStarError
muDel?ta CrossMatch

muDeltaError
gMean.fluxMean transitld
gMean.fluxErr sourceld
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GBIN

'assumedPhysicalMultiple': False,
'assumedVariableCombSpec': False,
'astrometricDuplicateSourcelId': 0,
'astrometricPseudoColor': None,
'astrometricPseudoColorError': None,
'astrometryFromEarlierCycle': False,
'bpIntegratedSpectrum': None,
'converged': True,

'deltaQ': None,
'emissionLinesCombined': False,

'sourceld': 3376960784291370112,
'alpha': 1.6257970447712626,
'alphaStarError': 415.1820285532908,
'delta': ©.389743536501208,

'deltaError': 304.3747106045399, ‘epoch': None,
" =1 'linDecompNormalsParamSolved': 31, 'excessNoise': 9.363175726773374,
® Requires specialized tools muRlphastar- : None,
'muAlphaStarError': None, 'expectedSigToNoise': None,
. . 'muDelta’: None, 'gRvs': MNone,
for Interp rEtatlon 'muDeltaError': None, 'gRvsConstancyProbability': None,
'radialVelocity': None, 'gRvsError': None,
'radialvelocityError': None, 'hasRadVelspeBarsSys': False,

'inPencilBeam’': False,

o CO nve rtEd gb“"] tO anOther :giﬁtErr:?ne’mone 'inverseConditionNumber': 2.485626464476809¢e-05,

'linDecompNormals': [0.17978651002121898, tggi:i:;ﬂfs;k e

. 0.21658186521428793, 0.021359902368825224, ' ipdFracoddwin' : ©
fo rmat for easiler usage 0.15672888162006487, -0.007329793929945749, ' ipdGofHarmonicAmplitude': 194292.4375,
D e I e O 'ipdGofHarmonicPhase': 39.968650817871094,
0.09194578488838766, -5.103146522638524e-05, 'isGrvsvalid': False,
X . 3.3191361333?632335, -3.135311633??32643, "isPhotometricOutlier': Fa]_se’
® GBIN fI|ES can COﬂtalﬂ 0.09556740757878916, -5.341107177382422e-05, 'isRadvelvariable': False,
0.0028955756289015286, 0.019095000561812434, 'isSB2': False,
. . 4.645244283992821e-18, -3.3773274466869448e-18, 'isWeakClassification': False,
mU|t|p|e CS/XM/AE entnes 1.875151880209317e-21, -1.0141508864111856e-19, 'matchedObservations': 2,
-9.097583078950226e-20, 0.0010000000474974513], 'matchedObservationsUsedByAgis': 2,
'refEpoch': '<javaobj:gaia.cul.tools.time.GaiaTime>', 'MeanFluxExcess': None,
'colConstLevel': None, :meanDnBo?rdGMag':|2ﬂ.?1393?5,
'f2': 1.2288812398910522, meanVarp}FactorAc : 0.7114633321762085,
L. \ 'meanVarpiFactorAl': -0.5583772659301758,
noiseFlag': 8, ) ) i
'solutionId': 1636042515805110273, Disclaimer: example with fake data

'bpMean’': MNone,

'fieldoOriginators': '<javaobj:java.util.EnumMap=",

'gMean’:
'<javaobj:gaia.cul.mdb.cu5.photpipe.phot.dmimpl.MeanPhotImpl>"
'rpMean’': None,

'Gof': 0.8,

'assumedModelOrigin': @,
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GBIN FITS

® Requires specialized tools for interpretation

® Converted gbin to another format for easier N |
® |nitially considered FITS format but faced

usage -
® GBIN files can contain multiple CS/XM/AE CNallenses | | .
entries ® Created FITS files for each gbin, defining

expected structures.

'sourceld’': 3376960784291370112, " . . .
® (Challenges with FITS rigid structure for dynamic
"alphaStarError': 415.1820265532908,

'delta': 8.389743536501208,

'deltaError': 304.3747166045399,

'"LinDecompNormalsParamSolved': 31, HEECIS.

"'muAlphastar': None,

"'muAlphastarError': None,

'muDelta’': None,

'mubeltaError': None,

'radialVelocity': None,

'radialVelocityError': None,

'varpi': None,

'varplError': None,

Disclaimer: example with fake data
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HDF5

- B CompleteSource_130097_0000. | (pject Attribute Info General Object Info
» =~ CompleteSourcelmpl 0

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing

® Considered HDF5 for a more flexible QA0 Attribute Creation Order: | Creation Order NOT Tracked
QAbp Number of attributes = 109 ' . 44 attribute | Delete Attribute
structure LAg
@ Algold Name Type
® |ntuitive search @AlphaFel Alpha 64-bit floating-point
@ AlphaFeGspSpec AlphaStarError 64-bit floating-point
® Better blob inte g ration QArp AssumedModelName String, length = variable,
@ AstrometricWeight AssumedModelOrigin 8-bit integer
Q BestVariabilityTypes AssumedPhysicalMultiple 8-bit integer
CQaBpMean AssumedVariableCombSpec 8-bit integer
fChi2 AstrometricDuplicateSourceld  64-bit integer
. QClassLabel AstrometricPseudoColor 64-bit floating-point
J ava Ob J ects ” H D F 5 Gl"oup S @ ClassifierResults AstrometricPseudoColorError 64-bit floating-point
@ CombinedLikelihood AstrometryFromEarlierCycle 8-bit integer
J ava arl:ays # HDFS Datqsets QCombinedProb BpIntegratedSpectrum 32-bit floating-point
Java primitives smp HDF5 Attributes QCrossMatchChange ColConstLevel 32-bit floating-potnt
QCuSourceFlags Converged 8-bit integer
QDistance Delta 64-bit floating-point
QEBPminRP DeltaError 64-bit floating-point
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QUERIES

Typical query: Another example of a query:
® Given a specific area of the sky ® Given a specific time
® |dentify all the sources within ® |dentify all the transit data
e Pair the source information with the transit e Pair the source information with the transit
data data

Each of the billion astronomical objects is observed on average 200 times over the 10 years of the
mission's duration

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing Missione 4 ¢ Istruzione e Ricerca




Centro Nazionale di Ricerca in HPC,

NextGenerationEU Sl e d e I I | R icerca DI RIFR EEA A ER &HE ENZA \ : Big Data and Quantum Computing

+»__| Finanziato /23, Ministero : : IC S C
« * | dall'Unione europea dell’Universita Italiadomani

Thank you for your attention!
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