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Example Gaia DR2 : 1 692 919 135 sources
gaiaMinimal = 40GB (3 columns, no indexes)
gaiaBasecat = 308 GB + 40 GB (24 columns, 1 primary key, 1 index) 
gaiaSource =  583 GB + 45 GB (94 columns, 1 primary key, 1 index)

sizes refer to MyISAM tables

A cross-match is not a cone search
A cross-match is always a trade-off

A fraction of mismatched and/or missed objects is always present 
Large stellar catalogues : density variations + 

angular resolution differences +
stellar motion                                    

What’s “large” : number of sources
number of columns needed by the cross-match

Barnard star:   pmtotal ~10393.59 mas/yr
star motions -> standard  model: full covariance 
matrix for positions, proper motions and parallax

Missed counterparts +
Single counterpart is not always the right answer

Marrese et al. 2017, A&A 607, 105
Marrese et al. 2019, A&A 621, 144 



External catalogues number of sources + basecat size 

Pan-STARRS1 DR1 
GSC2.3
PPMXL
AllWISE
2MASS PSC
SDSS DR9
URAT-1
APASS DR9
Tycho 2
RAVE DR5
Hipparcos 2

:  138GB +  52GB     (8 columns)
:    64GB +  21GB     (8 columns)
:    98GB +  16GB   (12 columns)
:    65GB +  17GB     (9 columns)
:    30GB +    8GB     (9 columns)
:    35GB +  12GB     (9 columns)
:    17GB +    5GB     (8 columns)
:   4.3GB +  1.4GB    (8 columns)
: 292MB +  65MB  (12 columns)
:   32MB +  20MB    (8 columns)
:   14MB + 3.1MB  (12 columns)

~ 585 GB

GaiaPortal DB: 2.6 TB



Is the active and ongoing management of data through its life cycle of interest and usefulness.
Preserving: Collecting and taking care of research data.
Sharing: Revealing data’s potential across domains
Discovering: Promoting the re-use and new combinations of data

The processes of collecting data from diverse sources and integrating it into repositories that are many more times more
valuable than the independent parts.

The process of caring for data, including to organizing, describing, cleaning, enhancing and preserving data for public use
providing meaningful and enduring access to data allowing for users engaging in data discovery and analysis.

XM: data curation & preservation



XM general principles
• Large size -> precomputed + best match
• Collaboration framework -> performances + general purpose 
• Trade-off between correctness and completeness
• Spider not chain for multiple catalogues XM: independent but homogeneous
• Consistency -> positional XM, no photometry

§ Trust your data and use the catalogues position errors (2D equivalent of 5s) 
§ Get to know and understand your data 
§ XM is efficient in finding out if there is something wrong in the astrometry

or there is an effect which was not accounted for
§ Use a priori knowledge (see Panstarrs1) but no prejudices (2MASS)
§ Beware of wavelength differences (AllWISE)
§ Beware of binaries with an astrometric signature 

sparse vs dense (small/big are different concepts)

Apply a special treatment (position error broadening) ONLY IF 
reason is known and affected sources can be identified



• Catalogue acquisition (from original repositories)
• Catalogue ingestion
• Catalogue homogenization
• Basecat production
• Basecat cleaning (when needed)
• Basecat + Catalogue update
• Local density computation  
• Basecat update  

Catalogues preparation

CPU intensive: 
slowest part of XM:   
~ 1 week for Gaia



WP 974  - DPAC Consortium Meeting - Abano Terme

Possible duplicates: well behaved catalogues

W1



XM steps - Possible duplicates: solution -> self cross-match
Tycho2+SKY2000

Real duplicates

3 Oct 2018WP 974  - DPAC Consortium Meeting - Abano Terme

original cleaned

original

original cleaned
~11 million objects



Reverse cone-search 
to account for angular resolution differences   XM steps ->

• Calculate a cone search extcat vs Gaia (with proper motions propagation)

with fixed radius = effective angular resolution / 2

• Find ext Cat sources with 2 or 3 Gaia neighbours (more than 3 means projected geometry needs to be 
evaluated, crowded field)

• Delete couples/triplets with one or more Gaia sources with no proper motion
• Delete couples/triplets where ∆angular distance > angular resolution / 4

• Remaining ext cat sources will be flagged in the basecat

and their position errors will be broadened

by  effective angular resolution / 2

Ang Res

Gaia
Ext Cat

Ang Res

Gaia
Ext Cat

Ang Res

YES NO



R = 3”

Ang Res (W1) = 6.1”
RAerr(peak) = 0.05”
DECerr (peak) = 0.04”

allWISE sources:                                747 634 026

best (Gaia sources)                            300 207 917

best (allWISE sources)                       297 775 002     39.83%

reverse cone (allWISE sources)         390 343 451     52.21%

added  (allWISE sources)                    21 131 648      2.83%

URAT1 sources:                                 228 276 482

best (Gaia sources)                            188 071 510

best (URAT1 sources)                        187 922 547   82.32%

reverse cone  (URAT1 sources)         224 286 814   98.25%

added (URAT1 sources)                        3 069 477     1.34%

Ang res difference results: URAT1, 2MASS, allWISE
R = 1.25”

Ang Res = 2.5”
RAerr (peak) = 0.01”
DECerr (peak) = 0.01”

2MASS PSC sources:                         470 992 970 

best (Gaia sources)                            450 688 227 

best (2MASS sources)                       437 576 291   92.91% 

reverse cone  (2MASS sources)        447 763 481   95.07%

added (2MASS sources)                       1 124 445   0.24%

R = 1.25”

Ang Res = 2.5”
errMaj (peak) = 0.06”



XM requirements
Performances :
• parallelization
• minimize number of pairs evaluated by selecting the 

minimal initial search radius on an object-by-object basis
• read data once
• perform calculations in RAM with no intermediate products 

on disk
• optimize engine to speed output writing
• minimize mysql connections
Scientific :
• Define best neighbours using a Figure of Merit
• Best and Good neighbours in two separate outputs 
• XM is both a source-to-source and a local problem ->

take into account the surroundings of the Gaia sources in     
the ExtCat (local density) + surroundings of ExtCat matched 
sources in Gaia (mates) . 

• Declination strips definition: independent runs of the XM 
program (each strip has same number of sources)

• Plane sweep technique: define active list 
δA-maxD ≤ δB ≤ δA+maxD
requires data  ordered by declination and definition of oid

• filter and refine technique: 
- first filter: square on active list in RA  (neighbours)
- second filter : position errors convolution, haversine 

distance, mahalanobis distance
(good neighbours)

• Likelihood (figure of merit) calculation
highest -> best neighbour

• Mates: Two or more Gaia objects with the same best 
neighbour. 

XM solutions: algorithm 
(dense catalogues)



Architecture, DB design and C code optimization for XM

C data structures, number of Gaia strips, size of active lists, .. 
have been optimised for performance.

BaseCat preparation and XM validation (in particular consistency tests) are longer than an XM run

Input data: MyISAM engine (light MySQL storage engine) 
Output data: Percona XtraDB engine  (concurrent writing) 
Mysql connections -> for each strip  2 reading + 2 writing

C code data structures: 
active list (updated, not re-created), large square (neighbours), 
small square (good neighbours), mates, best neighbours.
C code buffers:
best neighbours & good neighbours writing buffers.

XM servers: 
2 processors with 8 cores (with hyper-threading) 

at 2.0 GHz, for a total of 32 cores
256GB RAM 
2 disks 1.2TB SAS, 10 K rpm 
-> Normal use 4 servers

Bottlenecks:
• Optimisation compromises between CPU usage and I/O 
• I/O: writing rather than reading   
• Performances (execution time) depends on the 

characteristics of the external catalogues (stellar density, 
position errors size) 

Writing performance:  ~200.000 inserts/s
Execution time : 1-5 hours 
(slowest is allWISE, reason is access to C data structures)

DB requirement ->
read-intensive
write-intensive

MariaDB 10.1 DBMS 

The code is written in C language



A priori knowledge: fraction of Gaia sources matched with PS1 
Original

RA error

XM results:  
810 359 898  80.5%
887 805 323  88.2%

Threshold 40 mas, broadening 40 mas



QUERYHOME STATISTICS HELPLOGIN DOCUMENTATION

XM basic Query Results

XM NEIGH

Reset Query Form SUBMIT Query

MULTIWAVELENGHT XM

XM advanced

Spectral domain

Radio IR Optic. UV EUV X-ray !-ray

WARNING

The cross-match of Gaia with several surveys is computed and available in
QUERY => XMatched External Catalogues

Cross-Match Algorithm

● Nearest neighbours [Gaia vs UserCat]

Upload your catalogue

Input file:
csv format with mandatory fields: 

Help ID, RA [deg], DEC [deg], errRA [mas], errDEC [mas], Epoch [Jul.yr]UPLOAD

Output setup

Format
○ csv

○ fits

○ VOtable

Gaia columns
◻ RA [deg]
◻ err.RA
◻ DEC [deg]
◻ err.DEC

◻ ALL

◻ Gband [mag]
◻ …
◻ …

Download
◼ bestNeighbour

◻ Neighbourhood

Algorithm parameters

Searching radius:                             (arcsec) ● Apply GaiaCat PM

○ Apply UserCat PM

Browse

DR3:
SSDC  Gaia 
Cross-match 
tool

GARBG
FUTURE

Spectroscopic 
surveys

M dwarfs catalogues

RR Lyrae catalogues

































Gaia SSDC Table Access Protocol
o Starting point: TAPLib 2.0 (AUG 2016) available on https://github.com/gmantele/taplib
o Inclusion of a MySQL translator task 

Mathematical and trigonometric functions
JOIN and subqueries
Search conditions (WHERE, HAVING, ORDER BY, GROUP BY)

o Geometrical functions based on MySQL-SPHERE + dynamic index facility (dif) allowing a fast query execution on large 
tables   ->   AREA, BOX, CIRCLE…

o Management of multiple connections by using the same DB structure of GaiaPortal (Java code)

On going: 
Tests on DR2 data (sync/async)
Java code optimization

Future: Service registration and publication to the VO



A priori knowledge vs prejudice
XM results (best neighbours)
450 688 227 matches out of 470 992 970 sources
missed ~20 million 2MASS sources (4.3 %)

2MASS is bright all sources should have 
a Gaia counterpart 

red dots Gaia DR2 sources
yellow rombs 2MASS PSC sources 


