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ABSTRACT

We present the final release of the multi-wavelen{¥hiM-LSS data set, covering the full sur-
vey area of 11.1 square degrees, with X-ray data processkdhgilatesXMM-LSS pipeline
version. The present publication supersedes the Pierte(2087) catalogue pertaining to
the initial 5deg?. We provide X-ray source lists in the customary energy b46ds2 and
2-10 keV) for a total of 6721 objects in the deep full-exp@soatalogue and 5572 in the
10ks-limited one, above a detection likelihood of 15 in askone band. We also provide

a multiwavelength catalogue,

cross-correlating our lishwR, NIR, optical and UV cata-

logues. Customary data products (X-ray FITS images, CFHaiW@G SWIRE thumbnail im-
ages) are made available together with our interactivegrigble database in Milan, while a
static snapshot of the catalogues has been supplied to CDS.

Key words: catalogues, surveys, X-rays: general

1 INTRODUCTION

The rationale for th&XMM-Large Scale Structur&XMM-LSS) sur-
vey was presented [n Pierre e al. (2004). A first cataloguéhie
5.5 deg® surveyed until year 2003 was presenteet al.
dm, hereafter Paper ). In the present paper, we supetisedirst
release with a new version which covers the entire fldgfarea of
the survey. All the data were processed or re-processeshaiiich
the latest version of our pipeline (see Secfiof 3.1). Weassl@éwo
families of X-ray database tables (see Sedfioh 2.4), a atdraht-
alogue (terme@XLSS) for event files truncated to a common uni-
form exposure of 10 ks, anddeeepercatalogue (terme@dXLSSd)
using the full exposure time.

TheXMM-LSS survey area, located aroultB0™ —5°, was
covered in the optical band by the Canada France Hawaii d@bes
Legacy Survd}Wide and Deep Synoptic fields (CFHTLS-W1 and
D1); in the NIR band partially by the UKIRT Infrared Deep Sky
Surveffl (UKIDSS;[Lawrence et al. 2007); in the IR by tSpitzer

* E-mail: lucio@lambrate.inaf.it
L Thttp://ctht .hawaii .edu/Science/CFHTLS/
2 |http:/mww .ukidss .org/
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Wide-area InfraRed Extragalactic sufdé@WIRE{Lonsdale et al.
M); and in the UV by the Galaxy Evolution EprcﬂQGALEX;
[Martin et al.l 2005) all-sky survey. We release also a multava
length database table (using data from the sources justiliedt
in conjunction with each of the X-ray table families.

Data from the present catalogue have already been used
in other works, published, submitted or in preparation,. e.g
Iadami etal. [(2011), Elyiv et al. [ (2012)[_willis etlal.[_(2012)
IMelnyk et al. (2012), Clerc et al. (2012b).

The plan of the paper is as follows: in Sectidn 2 we describe
the layout and content of our catalogue, in particular $af#.4
presents our database system by which users can have pablic a
cess to the entire data tables and associated data produas (
duced summary will be available via the Centre de Données de
Strasbourg [CDY); Section[B describes the X-ray data process-
ing and Sectiofl4 the generation of the multiwavelengthlagtee.
Finally some statistics are presented in Sedfion 5, andleding
remarks in Sectiop] 6.

3 |http://swire -html
4 http:/Mww

5 |http:/lcdsweb

.pac .caltech .edu/swire/swire
.galex .caltech .edu/
.u-strasbg .fr
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Table 1. The complete list ocXMM-LSS pointings in chronological order of observation.

Column (1) in each group of 4 is our own interrfld name(the letter G refers to the Liege/Milan/Saclay Guarant€iede, the letter B to Guest Observer
time, and the letter S to the SXDS; the suffix a,b,c indicagggtition of a pointing because of insufficient exposurerdfigh background filtering).

Fields flaggedadin column (3) have usually been repeated except for B17chBB87b, B68b which are the latest and best, though nomibaltl and are
necessary in order to avoid holes in the covered area.
Column (2) is the ESA Obsld identifier which can be used to{opko the pointing in th&KMM-Newton log and archive.

The exposure (in ks) indicated in column (4) is the weightezhmof MOS1, MOS2 and pn nominal exposures. These exposues tefer t2XLSSd. For
2XLSS all exposures longer than 10 ks have been curtailed to sueg#hl at event file generation time.

W @ ® @ O @ ® @ @ @ @ @
S01 011237 0101 ¢ 80.2" B20 003798 2001 149 B49 040496 6301 10.5
S02 011237 0301 371 B21 003798 2101 12.6 B51 040496 6501 8.9
S03 011237 0401 15.7 B26 003798 2601 11.3 B52 040496 6601 12.5
S04 011237 1701 453 B27 003798 2701 13.8 B54 040496 6801 13.6
G17 011111 0301 20.6 Bl7a 0037981701 bad 3.3 B55a 040496 69¢xd 6.6

G18 011111 0401 239 B18 003798 1801 13.7 B56 040496 7001 135
G13 010952 0501 21.4 B19 003798 1901 10.9 B57 040496 7101 10.5
G19 011111 0501 205 GO3 011268 0301 20.7 B59 040496 7301 10.7
G15 011111 0101 16.9 B25 003798 2501 8.6 B60 040496 7401 135
Gl6a 0111110201 bad 3.7 B24 003798 2401 14.0 B6la 040496 75¢xd 6.4
G16b 0111110701 9.1 B23 003798 2301 79 B62 040496 7601 104
BO1 003798 0101 11.6 B22a 003798 2201 bad 51 B63 040496 7701 26 1
B06 003798 0601 10.4 B28 014711 0101 10.4 B64 040496 7801 13.6
B02 003798 0201 10.5 B29 014711 0201 9.5 B65 040496 7901 135
BO7 003798 0701 9.4 B30 014711 1301 11.4 B66 040496 8001 135
BO3 003798 0301 10.7 B31 014711 1401 10.0 B67a 040496 8101 bati8

B05 003798 0501 134 B32a 0147111501 bad 1.6 B68a 040496 82tHd 2.0
BO4a 003798 0401 bad 5.9 B42a 0404965601 bad 10.6 B69 043096 8 8.7

B09 003798 0901 11.4 B58a 040496 7201  bad 6.0 B70a 040496 84td 45

G01 011268 0101 24.2 B44a 040496 5801 bad 54 B72 040496 8601 18 1
G04 010952 0101 23.3 B53 040496 6701 9.4 B71 040496 8501 10.8
G10 010952 0201 22.0 B48 040496 6201 9.4 B58b 055391 1401 23.5
GO07 011268 1001 22.2 B04b 040496 0101 bad 8.9 B6lb 0553911601 12.2

G09 010952 0601 19.5 B13b 040496 0201 bad 4.8 B70b 055391 1901 10.6

G14 011268 0801 11.0 B17b 040496 0301 bad 6.0 B44b 0553910901 23.2
Gl2a 0109520401 bad 1.7 B32b 040496 0401 10.5 B45b 055391 10tad 8.1

Gl1 010952 0301 19.3 G12b 040496 0501 9.5 B46b 055391 1101 1 21.
GO05 011268 0401 21.7 B22b 040496 0601 8.8 BO04c 055391 0101 5 10.
BO8 003798 0801 8.7 B33 040496 4701 9.3 B13c 055391 0201 10.6
G02 011268 0201 89 B34 040496 4801 9.2 Bl7c 0553910301 bad8 7.
B10 003798 1001 10.9 B35a 040496 4901 bad 5.1 B35b 0553910401 10.0

B11 003798 1101 10.0 B36a 040496 5001 bad 8.1 B47b 055391 1204d 6.3

B12 003798 1201 9.4 B37a 040496 5101 bad 8.0 B36b 055391 0501 06 1
B13a 003798 1301 bad 44 B38 040496 5201 10.6 B50b 055391 1301 9.7

B14 003798 1401 9.3 B39 040496 5301 10.4 B4lb 055391 0701 11.2
G08 011268 0501 19.0 B40 040496 5401 14.2 B42b 055391 0801 5 12.
B15 003798 1501 10.3 B4la 040496 5501 bad 4.4 B37b 055391 0601 14.3

B16 003798 1601 10.2 B43 040496 5701 13.4 B55b 055391 1501 6 12.
GO06 011268 1301 13.4 B4b5a 040496 5901 bad 6.8 B67b 0553911701 124

S06 011237 0701 46.9 B46a 040496 6001 bad 7.0 B68b 055391 18fxd 4.9

S07 011237 0801 35.8 B47a 040496 6101 bad 5.9

S05 011237 0601 32.7 Bb50a 040496 6401 bad 4.8

1 For field SO1 the full exposure is much longer than the typiddM-LSS exposure and for this reason the relevant data aréofistiy flagged bad in
2XLSSd, while those deriving from an analysis curtailed at 40 ksieed instead, with a field name of S8Q in column (1) and an exposure of 40.0 ks in

column (4).

2 CATALOGUE LAYOUT AND CONTENT

2.1 Listof available pointings

The entireXMM-LSS survey consists of 91 positions on the sky ar-
ranged with a regular spacing. Some of the pointings wereshieiv
repeated once or twice, because the first observations vaggefl

teed Time, AO-1, AO-2, AO-5 and AO-7 periods. In addition 7
pointings of the independent SubaXiviM-Newton Deep Survey
(SXDS; Ueda et al. 2008), with a somewhat different spacinty b
fully surrounded by our own pointings, were retrieved frone t
archives and reanalysed by us with our pipeline. The compit

of all 124 pointings is given in Tablg 1, while the layout oe tky

is plotted in Fig[l.

bad due to a too high background or insufficient clean exgosur
time. A total of 117 pointings were executed during the Goara

© 2012 RAS, MNRASD00,[1H22
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Declination (deg)

Right ascension (deg)

Figure 1. Layout of theXMM-LSS pointings and coverage in other wavebands. The posifithe XMM FOV footprints of good pointings are plotted and
labelled with their field name (in black). SXDS pointings pletted and labelled in gray (pink-gray in the web versi@gd pointings (later repeated by a good
one) are plotted in light gray (blue-gray in the web versiovijhout labels (except for the 4 cases where even the lagbservation is nominally bad). The
total geometrical area is estimated to be Ideg?. The dark gray (maroon in the web version) squares inditetevarious tiles of the CFHTLS W1 survey
(labelled with their shorttxz + y name; seéttp://terapix .iap .fr/cplt/oldSite/Descart/cthtls/cfhtiswidemosaictarg etWl.
html ), of our own supplementary pointings (labelled ABC) and @HTLS D1 field (thick). The large tilted square is the areseted by the SWIRE
survey. The shaded areas are those covered by the UKIDS&/sUEYXS, left; UDS, right) in release DR5. The entire aregoigered by th&SALEXAIS and

DIS surveys.

2.2 The X-ray source lists

In this paper we present two variants of the X-ray catalogaeh
including source lists for two bands, 0.5-2 and 2-10 keV, @am
B and CD respectively. Theeepcatalogue ZXLSSd) is obtained
from the processing of event files for the entire exposureashe
pointing (with the exception of pointing S01, whose dunatie
much longer than all other pointings, and which has beengssed
also as a "chunk” of 40 ks). Thetandardcatalogue ZXLSS) in-
stead uses a uniform exposure of 10 ks for all pointings Iptigen
that. Both catalogues share an identical processing andatine
layout. The list of database columns are reported in Tabans
[A2]in AppendixA.

© 2012 RAS, MNRASO00, [1H22

2.3 The multiwavelength catalogues

We provide also multiwavelength catalogues, named in the
database2XLSSOPT and 2XLSSOPTd (see list of database
columns in Tablé_AB in AppendikJA), generated correlating th
X-ray source list with optical, NIR, IR and UV catalogues &s d
scribed in Sectiohl4.

2.4 Summary of online availability
2.4.1 The database tables

The database site at IASF Milano described in Paper | was relo
cated since August 2007 to the new ditiép://cosmosdb
jasf-milano inaf .it/XMM-LSS/ , and converted to the

DART interface [(Paioro et &l 2008) developed by us and used


http://terapix.iap.fr/cplt/oldSite/Descart/cfhtls/cfhtlswidemosaictargetW1.html
http://terapix.iap.fr/cplt/oldSite/Descart/cfhtls/cfhtlswidemosaictargetW1.html
http://cosmosdb.iasf-milano.inaf.it/XMM-LSS/
http://cosmosdb.iasf-milano.inaf.it/XMM-LSS/
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Table 2. The database tables of the current release

Data sets Tables

10 ks catalogues

Merged catalogue (all parameters):2XLSS
Single-band catalogues: 2XLSSB, 2XLSSCD
Multiwavelength catalogue: 2XLSSOPT

deep catalogues

Merged catalogue (all parameters):2XLSSd
Single-band catalogues: 2XLSSBd, 2XLSSCDd

Multiwavelength catalogue: 2XLSSOPTd
XMDS catalogues

Multiband X-ray catalogue: XMDS
Multiwavelength catalogue: XMDSOPT

at IASF to support several other projects. While the undiegly
MySQL database structure is virtually unchanged since tiesde-
scribed in_Chiappetti et hl. (2005), the user interface tessibm-
proved and in particular now requires public users to regisith
an individual username (see instructions reachable frenhtme
page).

In addition to the material described in Paper | (which will
continue to remain available), the database tables listdable[2
(plus the data products described in Sediion P.4.2) wilMadable
in our database allowing fully interactive selection. Refe Ap-
pendixA for the subset available in electronic form also BISC

Single-band tables are provided separately for the B [D.5-2
keV and CD [2-10] keV bands. They contain a selection of param
ters generated by XMIN, like both sets of values computed for the
point-like and extended source fit. Position errors and fae de-
rived a posteriori, and computed as per Sedfion B.1.1. Gnlyces
above a detection likelihood of 15 are made available in ithgles-
band tables. Redundant sources detected in overlappiranseof
different pointings are removed as explained in Se¢fioh 3.4

The B-CD band merged catalogue is obtained matching sin-
gle band detections within a correlation radius of 10see Sec-
tion[3.3), and includes only the parameters for the clasditin
(point-like or extended) relative to theest bandData in the other
band are made available even if they have a detection li@dih
below 15.

2.4.2 Associated data products

Data products are files associated with a given database &ver
distinguish the case gder-pointingand per-objectdata products.
When a database query returns a number of X-ray sourcespéach
them may point to an individual data product, or to one comitoon
the pointing where the source was detected. The databastaoe
allows the user to retrieve individual data products, oruidoon
the fly a.tar.gz  file containing all the products related to the

query.
2.4.2.1 X-ray images

The following X-ray data products are availalger-pointing
for the deep catalogue only:

(i) The B and CD band photon images (one mosaic cumulative
for the 3 detectors, after the event filtering)

(i) The B and CD wavelet images derived from the above
(iii) Separate exposure maps for the 3 detectors and 2 bands.
(iv) ds9 contours (log-spacing based on B band wavelet is)age

All images have a pixel size of 2/5Note that the World Co-
ordinate System (WCS) of the X-ray images is the one gertrate
by the SAS, therefore it does not take into account the agtirben
correction described in Sectibn B.2. Consequently wherlayiag
X-ray source positions exactly on the X-ray images, one lshaose
the coordinates labelled as “raw” in Talfle]JA1, although thiges
not make much difference for most of the sources, given tkel pi
size.

2.4.2.2 Multiwavelength data

The following thumbnail images are availabfer X-ray
sourcein association with the band merged and multiwavelength
catalogues (deep version only). The FITS thumbnail images h
proper WCS which allows direct overlaying of X-ray astrorizet
cally corrected positions as well as counterpart positions

(i) FITS CFHT images40” x 40") in thei’ band for sources
covered by the CFHTLS W1 or D1 fields and/or in thieband
when covered by our own ABC fields, obtained via the CADC
cutout servic8l. A PNG version is also available as for Paper I.

(i) FITS SWIRE images in the 4 IRAC band3((’ x 30”) and
in the 3 MIPS bands60” x 60"), obtained via the IPAC Gator
cutout servicé]

3 X-RAY DATA PROCESSING

The original XamIN pipeline used in Paper | was described in
detail in[Pacaud et hll_(2006). While referring to such pser
detail, we summarize here the main processing steps.

Standard SAS tasks are used to generate event lists. They
are filtered for solar soft proton flares and used to producgés
for the threeEPIC detectors, which are then co-added in each en-
ergy band. Such per-band images are filtered in wavelet spade
scanned by a source detection algorithm based oRT&ECTOR

i | 1996) to obtain a primary source list. Smur
characterization is then performed witlMIN, a maximum like-
lihood profile fitting procedure, designed for tiIM-LSS survey,
optimized for extended X-ray sources and associated signaise
regimes. XamIN performs parallel fits with two classes of surface-
brightness models, a point-like one and an extendedpfofile)
one and outputs the main parameter for both models in a FFTS ta
ble per pointing and per band. Further processing (as destin
Sectiong 31, 3|3 aid 3.4) is performed contextually or afiges-
tion of XAMIN output into our database.

3.1 The revised pipeline

For this release, we used the latest vergiom tempore(3.2) of
XAMIN , which has been improved while translating it from IDL
to Python (open source). All pointings, including thoseorégd in
theXLSS catalogue in Paper |, have been (re)processed afresh with
this latest version.

The XAaMIN pipeline output parameters for version 3.2 are

.cadc-ccda .hia-iha
.pac .caltech .edu

6 Thttp:/Avww .nre-cnrc

7 http:/firsa

.gc.ca/
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Figure 2. Effective sky coverage for the entidMM-LSS area in the soft
(B, [0.5-2] keV) and hard (CD, [2-10] keV) bands. This figureproduced

from Fig. 9 of Elyiv et al. (2012), updates and supersedesZg Paper .

The computation derives from simulations of realistie]M-LSS observa-
tions processed by XmIN .

the same listed in Table 2 of Paper | (and flagged in columnifX) i

TabledAl an@AR).
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Table 3. The Energy Conversion Factors for the individual EPIC cam-
eras and energy bands, in units i~ 12 ergs~! cm~2 for a rate of

one count/s. A photon-index power-law of 1.7 and a mégn value of

2.6 1029 cm~2 are assumed. The two MOS cameras are assumed to be
identical.

Detector Bband CD band
MOS 5.0 23
pn 15 7.9

tended sources classified in the customary C1 and C2 classes (
Sectior3.B) plus all point-like sources with a point soutdetec-
tion likelihood (L H) greater than 15 (so-calletn-spurious The
resulting sky coverage is shown in Hig. 2.

3.1.1 Countrate and Flux

As in Paper |, fluxes are not computed byMIN but are inserted
in the catalogue asdlerived parametersi.e. a single mean flux
([FLUX(MOS)+FLUX(pn)J/2) is computed from the count rates
using the customary conversion factors reported in Tabds8ym-
ing the spectral model given in its caption.
The observed logN-logS distributions are presented inFig.
reproduced in a simplified form fro MIZ).
Photometric accuracy plots based on simulations were pre-

The event file generation (and the subsequent pipeline) was sented in Fig. 3 of Paper | as a function of different off-aaigle

applied independently to the full exposure of each pointasgwell
as to 10 ks curtailed chunks (from the beginning of the exqsu
The latesiXMM calibrations availablero temporewere applied.

ranges. Further simulations were performed consideriffgrdnt
background levels as an additional parameter and are peesen
supplementing Paper |, in Figl 4 (the "background factor0&f5,

One of the differences between the old and new pipeline is the 1 and 4 refer to the nominal particle background defined inelab

correction of an offset of 0.5 pixel (where our pixel size i§"2 in
XY image positions. For this reason all X-ray source posgiand
catalogue names (see Secfiod 3.5) have changed.

We checked that the new pipeline version provides resuits co
sistent with the previous IDL version by performing detditests
on simulated and rea{MM pointings; then we proceeded to a di-
rect comparison, which shows a (good) agreement betweeaidhe
and new pipeline as reported in Appendix C1.

This is a summary list of all differences in catalogue genera
tion with respect to Paper I.

(i) more input data (5 to 1deg?)

(i) used latest SAS version and calibrations

(iii) used XamIN version 3.2

(iv) in particular half-pixel offset cured (see above)
(v) astrometry using CFHTLS T004 (see Secfiod 3.2)
(vi) band merging at 10 (see Sectiop 313)

(vii) overlap removal at 10 (see Sectiof 314)

(viii) web site relocated (see Section2.4)

(ix) more multi-\ bands (see Sectih 4)

In addition to the XAMIN output, a number of parameters are
calculated a posteriori in order to facilitate the intetption of the
data set. Since in its present stateANN does not perform er-
ror calculations, mean statistical errors were estimatedhbans
of extensive simulations, as explained in Paper Iland Paega
M) we note that only the first 2 digits are to be considieig-
nificant for the count rate and for the core radius as well ashi®
derived quantities.

Analogously to Paper |, only sources with an off-axis angle
< 13’ are processed by AvIN . The catalogues include all the ex-

© 2012 RAS, MNRASO00, [1H22

of [Elyiv et all {201D); the latter paper, to which we refer details,
gives also an alternate view in its Figs. 11 and 12). We caleclu
that the extremely weak dependency on background (if ang do
not require to introduce it into the parametrization of mmoétric
bias and accuracy as a function of count rate and off-axiseang
published in Table 6 of Paper I.

3.2 Positional accuracy and astrometric corrections

The XamIN pipeline does not provide directly error values, since,
for efficiency purposes, the likelihood surface is only shad for

its maximum. Therefore, identically to what was done in Pdpe
the positional ¢tatistica) error on the (point-source) coordinates is
estimated from Monte-Carlo simulations, and the valuegatdd

in the catalogue are computed from a look-up table of disoral
ues as a function of count rate and off-axis angle rangegfasted

in Table[4). The distribution of the errors is shown in par®ldf
Fig.[B.

Similarly to Paper I, in order to compensate for possgys-
tematic inaccuracies in theXMM pointing positions, a global
rigid astrometric correction was estimated using the SAsk ta
EPOSCORRWiIth rotational offset search disabled). The correction
offsets were computed afresh for the full exposure casegpplicd
to both the2XLSSd and2XLSS catalogues.

The input toEPOSCORRwWere, for each pointing, an X-ray
reference file with allhon-spuriousX-ray sources, while optical
reference files were generated taking all objects in the QFEHT
W1 fields within 6’ from the (raw) source position, brighter than
i’ = 25 (orr’ = 25 for the ABC fields, see Sectién 4.1), and hav-
ing a chance probability (as defined in Secfiod 4:3)p < 0.03. In
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Figure 3. The logN-logS distributions for the soft (left-hand parefd hard (right-hand panel) for the entf®IM-LSS area. These figures are reproduced in
a simplified form from Figs. 13 and 14 of Elyiv et al. (2012)
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Figure 4. Photometric accuracy for three background values (sepaegttwo off-axis angle ranges (top: 0-&nd bottom: 10-1/3 plots for the intermediate

range are rather similar). “Count-rate” is the measured MBOS2+pn rate, normalised to the on-axis value.

case of more possible counterparts, the one with the srhphels-

In most cases the offsets are rather small and barely signifi-

ability was taken. Fields B68a and B68b (both bad) had no CFHT canfl The range of the RA offset is3.7” < ARA < 1.1” (with

counterparts and were corrected using stars in USNO A2ddd Fi
G12a (bad) had no counterparts at all and was not corrected.

The offsets computed bgposcoRrRwere applied to all co-

just 16 pointings with ARA| > 2, 27 pointings with a signif-
icance of the offset greater th&a, of which 13 abovels). The
range of the Declination offset is2.7"" < ADec < 2.7" (with

ordinate sets for each source in the database. Astromnibtroos-
rected positions were used in the subsequent operationevet of

the redundant sources, source naming and cross-idendficaith

the catalogues in other wavebands.

inaf it/
.html

8 tabulated online athttp://cosmos .iasf-milano
~ Issadmin/Website/LSS/List/ .newastroreport
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Table 4. Positional accuracy @ error on R.A. or Dec.) for point sources
derived from simulations of 10 ks pointings and having a daia likeli-
hood> 15. Values are given for the B and CD bands, as a function of the
summed measured count-rat€R = MOS1+MOS2+pn. This table is re-
produced from Table 8 of Paper I, to which the reader is retefor further
details.

Band B CD
Countrate (count/s) Errof’y  Error (')
0 <off-axis< 5

0.001 < CR < 0.002 2.0 2.0
0.002 < CR < 0.005 1.7 1.7
0.005 < CR < 0.01 1.3 1.3
CR > 0.01 0.8 0.8
5 <off-axis< 10’

0.001 < CR < 0.002 2.0 2.0
0.002 < CR < 0.005 1.8 1.9
0.005 < CR < 0.01 1.5 1.5
CR > 0.01 1.0 1.0
10’ <off-axis< 13/

0.001 < CR < 0.002 - -
0.002 < CR < 0.005 1.9 2.0
0.005 < CR < 0.01 1.6 1.7
CR > 0.01 1.2 1.3

just 4 pointings with A Dec| > 2", 7 pointings with a significance
greater thar3o, of which 3 abovels).

The quality of the positional accuracy can be estimateds-
teriori from figures like Figd.5 arld 8. For a final statistics see Sec-

tion[2.2.

3.3 Band merging

The XamIN pipeline has been optimized for the detection of clus-
ters (which occurs preferentially in the soft band), andvigvelet
filtering component is inherently working on a single bande(s
IL(TQbG) and references therein), therefosenttural
that energy bands are treated separately and the mergirgy-is p
formed at the post-processing stage, namely in the datahges-
tion stage. Since, as in Paper |, we intend to provide an Xoaayl-
merged catalogue along with the single-band ones, suchgimger
procedure was defined in Paper | to cope with the case thatrag X-
source can be detected in one or two bands and, for each kmnd, ¢
be independently fitted by the extended and point source Isode
with the coordinates free. For each band, a source is cledsi8
extended (E) as described in Secfion 3.6, otherwise it ssiflad
as point-like (P). Then, pointing by pointing, we flag asations
between the 2 bands within a search radius of 18lote that we
allow associations involving spurious sourcédd < 15) at most
in one band. We keep the information (rate, flux, etc.) about e
tries below this threshold in the merged catalogue, sincetitd be
more useful (e.g. for upper limits) than no information at kit
we flag those cases wilspurious = 1 or CDspurious = 1. Fi-
nally, for each soft-hard couple in the merged cataloguedeime
thebest bandi.e. the band in which the detection likelihood of the
source is the highest and from which the coordinates aretdke
source flagging and classification (and the way fluxes appehei
database) is identical to the one described in Tab. 9 of Raper
The change with respect to Paper | is the increase of the kearc
radius from 6 to 10. In fact an examination of théLSS catalogue
showed an excess of couples of soft-only and hard-only seurc

© 2012 RAS, MNRASO00, [1H22
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Table 5. Statistics of the band merging procedure

Number of sources for condition total  non-spurious
in input soft-band table 10348 7339
in input hard-band table 7124 3235
after initial merging 14216

of which preserved w.r.t./6merging 13713 7824
of which upgraded 505 457
lost (no longer considered) 492

Xmaxdist < 2 33% 37%
X¥maxdist < 4/ 69% 75%
after “divorce” procedure

preserved 13724

upgraded 492

usually detected in the same pointing with a distance maligin
above 6. They could be interpreted as "potential missed mergers”
since they might have escaped band-merging because ofdhe di
tance. Or, if they were in different pointings, they could’peten-

tial missed overlaps”. We performed a thorough analysi®ofces
closer than 30. 95% of the detections in the same field before band
merging, closer than 10 meet the definition of missed mergers,
while only 25% of those farther than 10do.

Thestarting pointis represented by the individual band tables.
After the initial merging procedure f@XLSSd one can directly
compare the 10 and & merging as shown in Tab[é 5, where (a)
"preserved”’ means they are either unmerged (single band detec-
tion) or merged in the same way, and identical in all respébjs
"upgraded” means they would have been considered’aiz8 de-
tections in a single band, and are merged into one 4t (cf) lost
means single-band detections 406 longer considered.

As already described in Paper |, there is a limited number
of cases where the band mergingpismarily ambiguous, and a
source in a band happens to be associated with two diffetent o
jects in the other band (i.e. gives rise to a couple of entries
the merged table). The implication on source naming is dsed
below in Sectiori 315. In a further step of the band merging pro
cedure we also consideresgtcondaryambiguous cases based on
the inter-band distance (database columaxdist) between the
positions found by XMIN in the two energy bands: if in a cou-
ple bothXmaxdist < 6" (i.e. they would have been ambiguous
also with the old merging), or botkmaxdist > 6" (irremedi-
ably ambiguous), both merged entries are maintained; wihen o
Xmaxdist is below 6’ and the other above, the latter entrydis
vorced The lower-distance element remains a merged two-band de-
tection, while the other is reset to an only-hard or onlytsofirce.

Note that not all sources in the produced merged table will
go into the catalogue: those which are spurious in both baiitls
not go, as well as those removed as redundant according to the
procedure in Sectidn 3.4. The total number of ambiguousscase
the final catalogue is really small: 20 couples and 5 singdesr(
6721) for2XLSSd and 15 couples and 8 singles (over 5572) for
2XLSS.

For sources detected in both energy bands, the inter-band di
tanceXmaxdist is an additional indicator besides the nominal po-
sition error described in Sectign B.2. Its distributionéparted in
panel (a) of Fig:b. If we compute a statistical position etraom-
bining quadratically the nominal errors in the two bands,caa
also see that foPXLSSd 38% haveXmaxdist < o, 76% within
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20 and 93% within3o (for 2XLSS the percentages are 30%, 67%
and 88% respectively).

3.4 Removal of redundant sources

As in Paper I, in the case of redundant objects detected inethe
gions where the pointings overlap, we keep in the catalogie o
the detection pertaining to the pointing where the sourcthés
closest to the optical centre (columBsffaxis, CDoffaxis in
the database). Since overlap removal is the final stage alocate
building, it is here that sources withH < 15 are discarded and
only non-spurious sources are brought forward. Howeveragat
ance with Paper |, for analogy with the band merging, redohda
objects are associated within a larger radius ¢f. Moreover, the
off-axis angle criterion is applied only if the overlappipgintings
are both flagged good or both bad, otherwise the source iroibe g
pointing prevails unconditionally.

The overlap removal affects 1574 entriesAKLSSd and
1205 in2XLSS.

Note that the present catalogue also contains a few sources i
fields flagged bad. An extremely conservative usage may @clu
all sources detected in bad fields using conditibadfield = 0.

A less conservative one should include the 4 (bad, non-szeéd)
fields mentioned in the caption of Talile 1,

3.5 Source naming

Application of the latest XMIN version, of the updated CHFTLS
T004 astrometric corrections, and of th€’10@adius in the band
merging and overlap removal stages, implies that, evereipdmt-
ings already covered by the VersiorXLSS catalogue, a source
may be sometimes superseded by a different choice, andanyho
may have slightly different coordinates. The same appliethé
two processings (full exposures and 10 ks exposures). this;
bined with the IAU requirement that once a source in a catadog
has been assigned a name (even if this is a "coordinate nathe”)
name cannot change even if the actual coordinates are iegbrov
(modified), unless a completely new catalogue is issued,Ueao
define the following naming convention:

(i) the Tofficial” catalogue nameXcatname iS now gener-
ated in the formn2XLSS Jhhmmss.s-ddmmss , or respectively
2XLSSd Jhhmmss.s-ddmmss where, as in Paper I, the coor-
dinates used in assigning the name are the ones deducethafter
rigid astrometric correction, and chosen as official, hese for the
best bandsee TablEAR).

(i) the single-band catalogue nan®&satname andCDcatname
use the unofficial prefixe8XLSSBor 2XLSSCDfor both the deep
and 10 ks catalogues. However, as in Paper |, the coordinages
in the name correspond to the extended (E) or point-like (f) fi
the relevant band (TableA2).

(i) the reference to thXLSS source replaced by2XLSS or
2XLSSd source is possible using columfisspointer which
contains the value ofseq in the tableXLSS (an explicit look-up in
the latter table is necessary to find its name or other cheriatits).

(iv) Similarly, when accessin@XLSS it is possible to use col-
umnZXdeep which points to the value of thigseq closest source in
2XLSSd.
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Figure 5. Histograms (as a fraction of the total number of objects in-
dicated in each panel title) of distances or positional p&ters for the
2XLSSd catalogue. Panel (a) gives the distribution of the interebdis-
tanceXmaxdist for objects detected in both energy bands. Panel (b) gives
the distribution of the position errors for the soft (lightag histogram, red

in the web version) and hard (light gray histogram, blue i& web ver-
sion) bands, and of their combined error for sources deténtboth bands
(black histogram). Panel (c) gives the distance betweeiX &y positions

in the two catalogues for objects commorn2i8LSSd and2XLSS (both
resulting from same XMIN pipeline). Panel (d) gives the distance be-
tween the X-ray positions in the two catalogues for objecsimon to
2XLSSd and XMDS (different event file reduction and different pipel
see Appendik d3). Panel (e) gives the distribution of théadise between
the X-ray position and the position of the best counterpaithe optical,
NIR, IR or UV band. The black histogram is for all the objectisva coun-

As described above in SectibnB.3, in a small number of cases, terpart (of any quality) in at least one non-X-ray band. Af$mwn és a
a source in a band happens to be associated with two differentfraction of the same totathe distributions for the counterparts having ei-

objects in the other band. These couples of catalogue erdree

ther good or fair probability (light gray histogram, red hetweb version),
and for those having good probability (gray histogram, etioh the web

version). © 2012 RAS, MNRASO00 [THZ2



Table 6. Statistics of extended sources

Classification and catalogue 2XLSS  2XLSSsd

sources wittBc1c2 # 0 147 160
of which C1 49 53
of which C2 98 107

total no. of extended sources 187 210
of which C1 54 57
of which C2 133 153
extended in both bands 4 4
soft C1 detected in both bands 9 12
soft C2 detected in both bands 12 16
soft only C1 36 37
soft only C2 86 91
hard only C1 5 4
hard only C2 35 46

flagged by a non-zero value in columaink, Consistently with
the convention defined in Paper I, the ambiguity in the nanme-is
solved (when necessary, i.e. in 1 caseZ¥t SSd and 3 cases in
2XLSS) by the addition of a suffix: e.g. the two members of a cou-
ple will appear a2XLSS JHHMMSS.S-DDMMSSmd 2XLSS
JHHMMSS.S-DDMMSSh

3.6 Extended source classification

The extended source classification is the same as desaniPegber
|. Extended sources are selected from thevXn parameter space
as detections witextent > 5", likelihood of extent >
15, and further divided into two classes: C1 witkelihood

of extent > 33 andlikelihood of detection > 32,
which is almost uncontaminated by misclassified point sesjrand
C2 (the rest), allowing forz 50% contamination. This classifica-
tion is rather stable even in case of changes in the exposueet
background, as shown in Fig. 9 12a)

The XMM-LSS Catalogue Il 9

4 GENERATION OF THE MULTIWAVELENGTH
CATALOGUE

4.1 The input catalogues

Most of the XMM-LSS area was covered in the', ¢',r’ 4, 2/
bands by the W1 Wide Synoptic field of the CFHTLS, and the core
area (our G pointings in Tallé 1, corresponding to the XMOS) a
by the 1deg® Deep field D1. The northernmost stidp> —3.7°
was not part of CFHTLS and was observed under a Guest Observer
program in a similar configuration at the CFHT (but only in the
g',7’, 2’ bands) with three pointings (so called ABC fields), leav-
ing a gap only in correspondence of the bright star Mira Ceti.

We used a compilation of the Terammanchromatic cata-
logues for W1 (release T004) and the ABC fields, edited to get
rid of duplicates in overlapping pointings, and replacimglefined
magnitudes due to non-detection in one band with the ligitiag-
nitude of the pointing. Separately we also used the pancitiom
catalogue of the D1 field.

Most of theXMM-LSS area was also observed by Btzer
Space Telescopas part of the SWIRE surve t al.
[2003). We obtained from IPAC a compilation of an unpublished
release catalogue in the 4 IRAC (3.6, 4.5, 5.8 and/81) and 3
MIPS (24, 70 and 16Q:m) bands, which was pre-processed for
classification of extended objects; in particular IRAC flshare
Kron fluxes for extended objects and so-called aperture @'Y1.
otherwise, while they are APEX (PRF) fluxes for MIPS.

For the UKIDSS NIR survey we retrieved from the WSA pub-
lic archivé] data (within 10 from our X-ray source positions)
from the release DR5plus, which at the time provided pactaer-
age of some areas of tIM-LSS via the DXS and UDS surveys
(in particular the latter covers the SXDS area).

For the UV band we retrieved from the NASA MAST pub-
lic GALEX archiv? (using the @sJoss tool) data from the
GRA4/GRS5 release (within 10 from our X-ray source positions).
Since it is well known that the MASTALEX catalogue contains
redundant sources wheBALEXpointings overlap (so calleding
artifacts), we have run a procedure to flI&ALEX objects within
1.5” from any other one observed in a different tile, and to priefer
each set the one observed in two bands, or with smallestiated

The catalogues report only the flagging as extended source inseparation, or with smallest off-axis angle.

the soft band (columBc1c2). However, for the unique purpose
of band merging, the same classification has nominally been a
plied also to the hard band. A short statistics is reportetainie[6,
while the compatibility in the two cataloguesompatiblemeans
extended in both catalogues in the (prevailing) band whesedie-
tected, and undetected (or point-like) in the other bandhmswvn
by this breakdown:

95 sources with same extended classification

8 sources with compatible classification

1 soft extended i2XLSS, hard extended i@XLSSd
23 point-like in2XLSS, extended irXLSSd

20 extended ir2XLSS, point-like in2XLSSd

Studies of galaxy clusters in theMM-LSS are presented in
Adami et al. [(2011). Willis et al[ (201.2) and Clerc et al. (20).
More information on confirmed clusters is also availablehe t
XMM-LSS survey cluster databke

9 |http:/ixmm-Iss .in2p3 .fr:8080/13sdb/
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The coverage of thEMM-LSS area by the various catalogues
is shown in Fig[lL.

All appropriate data were ingested in tables within our
database and elaborated therein with the procedure deddni
low (the optical data were also used separately forpileeentive
astrometric correction described in Secfiod 3.2).

4.2 The candidate definition procedure

As a preliminary step, we construct within our databasestation
tables between the X-ray sources in eitB¥t. SS or 2XLSSd and
each one independentty the CFHTLS D1, W1, SWIRE, UKIDSS
andGALEXtables, using a radius of'6

The next step is amcremental additiorprocedure through
the above tables in the quoted order:

(i) We create a generalized correlation table, with columns
designated to hold pointers to the various cataloguesaliaid

10 Thttp://terapix Jdap fr/
11 http://surveys .roe .ac.uk/wsa/
12 http://galex .stsci .edu/GR4/
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with as many records as X-ray sources. Each record is an n-
uple (X, D1,W1,SWIRE,UKIDSS,GALEX) initialized as
(X,0,0,0,0,0). Records are termembunterpart sets

(i) We start with the D1 table and for each X-ray source we
insert a pointerin the relevant record if there is at least one D1
object within @'. If the X-ray source has one optical counterpart
only, the D1 pointer isnsertedin the existing primary record, so
the n-uple is filled a$zx1, d., 0,0, 0, 0).

If it has more, the pointer of the closest candidate is ieskas
above, whileadditional records are addedopying from the pri-
mary one and replacing the pointer with one associated \uih t
other D1 object, e.g. an additional n-ugle;, ds, 0, 0, 0, 0).

(iif) Then one proceeds in turn to the next tabisertingan ob-
ject from such a table when it is closer to one of the existimgne
terparts in other non-X-ray tables within a predefined rad@nly
objects within 8 from the relevant X-ray source are considered,
while a correlation radius of 05 is used when comparing posi-
tions of the same origin (i.e. D1 and W1), df when comparing
to SWIRE or UKIDSS catalogues, and of 1.5vhen comparing to
GALEX.

(iv) A pointer isinsertedin an existing record when there is
a single match with the X-ray position and all the positions i
the previously processed catalogues. E.g. an n-uple isteghdes
(z1,da,wa,0,0,0) Additional counterpart sets are generated
all other cases (typically an independent counterpart @Xtray
source with no counterpart in previous catalogues, butdcaldo
be an ambiguous association of more sources in the curréast ca
logue with a previously defined counterpart set). E.g. incdee of
W1 objects they are compared with D1, while SWIRE objects are
compared first with W1, then D1; UKIDSS objects are compared
with preceding tables (in order W1, D1, SWIRE); and GALEX
objects are compared with all other tables (in order W1, D1,
SWIRE, UKIDSS). One may therefore end up with completely or
partially filled pre-existing n-uples likéz1, da, wa, $a, 0, ga), OF
with new n-uples like(z1, 0, wn, $n, un, 0) Or (z1,0,0, sp, 0, 0),
or (seldom) with ambiguous cases like:, d», ws, 0,0, g4) and
(1'1, db, Wy, 0, O, gr).

(v) Finally the chance probabilities for random associatb a
counterpart with the X-ray source are computed as desciibhed
mediately hereafter.

4.3 Computing probabilities and counterpart ranking

We computefour probabilities: probX0, probXS, probXU and
probXG; each is the probability of chance coincidence between the
X-ray source and its counterpart in a given catalogue, basete
X-ray to optical (or SWIRE, UKIDSS oGALEX) distance, the op-
tical, IR or UV intensity (magnitude or flux)y., and the density of
sources brigther than such an intensity. They are basedarmalfa

(_1986) like

prob =1 — exp(—m n(brighter than m) 7'2) Q)

wherer is the X-ray to counterpart distance, while a rough esti-
mate of the density.(brighter than m) is computed as described
in detail in AppendiXB.

At this stage each X-ray source can have more than one po-
tential counterpart (or better, counterpart sets, wheca sat may
include associated counterparts in D1, W1, SWIRE, UKIDS& an
GALEX). A preliminary ranking can be assigned on coarse proba-
bility ranges:

good ifprob < 0.01

fair if 0.01 < prob < 0.03
bad ifprob > 0.03

The acceptable tuning with the data of such coarse classifica

tion is demonstrated by Fig. B1. Such a pre-ranking is refined
multi-step heuristic procedure, which assigns a scorethaissev-
eral criteria (for instance weighing more a good or fair faioibty
in the optical or SWIRE bands, or the fact that the best pritibab
of a counterpart set is at least 10 times better (smallen)tthase of
any other counterpart set for the same X-ray source, or \ehétle
counterpart set is unique, or brightest and closest). Inescases
a visual inspection of the optical thumbnail (see SediichZ22)
with the overlay of all counterpart set elements has beeessecy.
In exceptional cases this resulted in a manual editing (lysdele-
tion of counterpart sets due to artifacts, like unresolietteffects
in one of the catalogues, or problems near very bright orated
sources).

The result of the ranking is the assignment of the value of
columnXrank (see Tabl¢_AB) in the multiwavelength catalogues
2XLSSOPTor 2XLSSOPTd(derived respectively from the 10 ks
and deep X-ray catalogues).

The number ofpotential counterpart sets can be rather high
(16813 for2XLSSOPTand 20837 fo”XLSSOPT(. However a
large number of them (9093 and 11500), based on the above rank
ing procedure, obtain a raml¢ank = —1, which means they have
to be rejected. This leaves 7720 or resp. 9337 potentialteoun
part sets in the publicly releas@XLSSOPTor 2XLSSOPTd Such
non-rejected counterpart sets, as the result of an ampigndly-
sis, haveXrank between 0 and 2. For X-ray sources with a single
counterpart set (either physically unique or just one rejaeted)
Xrank is either 0 or 1. When instead an X-ray source has more pos-
sible counterpart sets, there is a single one whichxrask = 0
or Xrank = 1, i.e. the preferred, while all the secondaries have
Xrank = 2. More details on ranks, together with a detailed statis-
tics, are presented in Sectibn 5]2.1. The rank, and the taiten
counterpart list, are provided as a convenience for databssrs,
but are not at all intended as prescriptive. Additional infa-
tion about visual, spectroscopic and SED classification @iy
sources with respect to the optical counterparts may bedfdun

(2012).

5 AFEW STATISTICS
5.1 The X-ray catalogues

The number of sources in the merged 10ks catalogue is 5572 for
2XLSS (4932 in2XLSSBand 1923 in2XLSSCD. The number

of sources in the deep catalogue is 6721 3X1L.SSd (5881 in
2XLSSBdand 2645 i2XLSSCDJ.

A majority of objects detected in the full exposures are con-
firmed in the 10 ks exposures, usually with the same classdita
and within a distance of'6 the differences are concentrated within
the objects with poorer likelihood. However there is a digant
number of detections, not necessarily spurious, which dhere
present only in the full exposures (not surprising) or evely i
the 10ks exposures. If one considers datoreband mergingind
spurious source filtering, 24% of the soft detections and 40thbe
hard detections in full exposures are not confirmed in 10 kson
while 8% (soft) and 19% (hard) 10 ks detections are new.

Considering band merged dabafore overlap removal (and
spurious source filtering), 29% of the merged detectionslirek-
posures are not confirmed in 10 ks ones (mainly single soft non

© 2012 RAS, MNRASD00,[1H22
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Figure 6. Comparison of the detection likelihood (top row) and of thexf{bottom row) in the soft (left column) and hard (right colo) energy bands
between2XLSS and 2XLSSd. Crosses and diamonds indicate point-like or extendedctsbgssociated in the two catalogues (see text). Blue sisderi
indicate likelihood or flux are present butdefinedin one catalogue, while triangles indicate sources preselytin one catalogue (both are placed at a
conventional out-of-range X or Y position). The nhumber ofeats with undefined values inoth catalogues in a given band, but nevertheless associated,
is indicated near the top left corner of each panel. Coloulingp (only in the web version) is as follows: black cross fairg-like common sources in
2XLSS good fields; cyan cross idem for bad fields; green cros@X¥&rSSd extended object point-like iBXLSS,; vice versa for red cross; red diamond for
extended sources in bo#XLSS and2XLSSd. Triangles are black or red for point-like or extended sesrahich are either new i2XLSS or present in
2XLSSd but lost in the shallower catalogue. In the likelihood pltie thin pink lines are fiducial marks corresponding to fh&i®us/non-spurious threshold
(15) and to the conventiondbr (40) anddo (75) levels.

Table 7.Basic statistics for th@XLSS and2XLSSd catalogues between deeper but disuniform exposures and shalloweoromif
exposures. A comparison with the VersiorXLSS) release is re-

Case 2XLSSd 2XLSS pOI’ted in Appendlml

Total number of sources 6721 5572 . . . .

While sources in aatalogueare by construction non-spurious
Detected in both bands (i.e. with LH > 15 in at least one bany they can be detected
non-spurious in both bands 27% 23% as such in both bands, detected as non-spurious in one band an
non-spurious in soft band only 8% 8% spurious in the other, or detected in a single band. The Hoserkin
non-spurious in hard band only 2% 1% percentage is reported in Table 7. The deep catalogue ismatyg

Detected only n soft band 52% 57% better for what concerns full-fledged both band detections.

Detected only in hard band 11% 10%

Not detected in other catalogue 24% 9% A breakdown considering also the classification for the 5117
common objects can be summarized as follows: 85% are ckbsifi
point-like identically in both catalogues (which mean$eitpoint-

spurious, or in similar proportion between hard and softwgu- like or undetected in each band), which goes up to 97% cledsifi
rious), while 14% of the 10 ks detections are new (the mgjarie point-like and compatible (i.e. detected in both bands ie cata-
spurious, but mainly single detections in the soft bandailevhen logue and in a single one in the other); 2% are classified anesd
non-spurious). (usually identically, only compatible in 8 cases, while irsihgle

We proceed below to some further comparison between the case the source is detected as extended once in the soft ead on
deep and 10 ks catalogues, which allows us to assess a ffade-o in the hard band); the few remaining cases arX8SSd and
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202XLSS extended sources which are point-like in the other cat-

alogue.

The distances between common objects are in very good

agreement: 90% within"2 97% within 4’, and 99% within 6(see
also panel (c) of Fid.l5).

A comparison of likelihoods and fluxes for sources assodiate
is reported in Figl6. As expected the likelihood in the shioex-
posure2XLSS catalogue is compatible but lower than the one in
2XLSSd (the points lay below the diagonal fiducial line of equal
values).

For fluxes they are generally rather well consistent (with ex
ceptions for a few extended sources), with only a moderaie sc
ter for fainter objects. In lack of error bars, one can corapghe
compatibility of fluxes for the 5144 sources associated betw
2XLSSd and2XLSS. For the 4656 with a soft-band detection in

both catalogues, 60%, 81% and 96% of the sources have fluxes

within 10%, 20% or 50%. The equivalent percentages for th621
with a hard-band detection are 53%, 77% and 95%.
In Fig.[d we provide also an histogram of the fluxes, mainly

for the 2XLSS catalogue (but the shaded area indicates what we

"gain” at low fluxes passing from 10 ks to full exposures).

5.2 The multiwavelength catalogues

5.2.1 Statistics on each catalogue

We first present some general statistics on both catalogues

in parallel, quoting values fo2XLSSOPT followed by those for
2XLSSOPTdin parentheses.

To evaluate whether in a given region we do not find coun-

terparts in a given wavelength table because they do not @xis
because the region has not been observed at all, one shértore
Fig.[.

2XLSSOPT(2XLSSOPT( starts from 16813 (20837) nom-

inal counterpart sets, from which we removed the 9093 (11500

rejected krank = —1 as explained in Sectidn 4.3).

X-ray sources nominally flagged ddank fields(i.e. hav-
ing a singlenull counterpart seti.e. no catalogued CFHTLS,
SWIRE, UKIDSS or GALEX counterpart within’§ are 221

2XLSS 10 ks soft band

1000

100

No. of occurrences

10

=

ot
[N
~

| 05 O .
10—15 10—14 10—13
0.5-2 keV soft flux (erg/cm2/s)

2XLSS 10 ks hard band
HRRRREI T T

1000

100

No. of occurrences

10

|

|

1 M| | :
10-16 10-15 10-14 10-13
2-10 keV hard flux (erg/cm2/s)

716-12

(248). Note that the absence of catalogued sources does nNOfrigure 7. Histogram of the soft (top panel) and hard (bottom paneljefiux

mean they are necessarily real blank fields. Often brightcesu
are omitted by the catalogues, but are visible if one ingpect
the thumbnail image. Compare for instance the cases of esurc
2XLSSOPT.Xseq = 43302, which is very close to a R=15.6 galaxy
shown in SIMBAD, or2XLSSOPT.Xseq = 38678 whose field is
spoiled by the nearby bright star BD-05 427. So some of thescas
flagged as blank field can instead have a bright counterpart.

Concerning tentative identifications of 5572 (6721) X-ray
sources:

18% (17%) have ahysically single counterpa(set)

40% (39%) have asingle very reliable counterparti.e.
Xrank = 0 plus eventualejectedcounterpart sets

21% (28%) have aingle , but not so reliable, counterpaite.
Xrank = 1, also plus eventuagjectedcounterpart sets

16% (16%) argpseudo-ambiguousvith onedefinitelypreferred
counterpart Xrank = 0), plus one or more nominal secondary
counterparts with rank 2.

13% (14%) aredefinitely ambiguoyswith one nominally pre-
ferred counterpartirank = 1), plus one or more secondary coun-

The gray shaded histogram in the background refers t@X%ieSSd deep
catalogue. All other histograms refer to tB¥LSS 10 ks catalogue, and
namely to: all sources in the band (thick black); sourcesdletl in both
bands (thin solid red); sources detected only in the banmiténby definition
non-spurious; thin dashed magenta); fluxes with a spuriketiood in the
band, associated with a non-spurious source irother band (thin dotted
green). Colours are shown only in the web version. The varfostograms
are slightly offset for clarity.

terparts with rank 2, at least one of which is not terribly seothan
the nominally preferred one.

With reference to the criteria defined in Section] 4.3, 48.2%
(48.6%) of the sources have a best counterpart with a godzhpro
bility, 29.5% (30.1%) with a fair one, and 4.0% (3.7%) are wath
blank fields.

One might also relate the counterpart association with the X
ray detection significance (using the cross calibratiowben like-
lihood and number of presented in Append[x C3.1): for instance
of 1412 (1888) X-ray sources detected abdwe 77% (76%) have
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Xin dbstance sfier salromelriz carrecth 5.2.2 Differences betwe@XLSSOPTand2XLSSOPTd
p——— L e = —
a .:wdhimmmm
o Y et puntpar)
L +  bad (bvet countapests] 4

ey s The differences between the two catalogues with optical-ide
tifications derive from three main reasons, the former twysji

logical, due to the different exposures:

(i) the X-ray source may be detected in one of the input cata-
] logues and not in the other
(ii) the X-ray source may be detected or classified diffdyent
i (spurious or non-spurious, in one or two bands, point-likex
tended)

(i) the X-ray source can be detected at a displaced pwsitio

Citn D [armomsh
-]
T

The latter displacement may result in some of the possible
i } . counterparts be outside thé 6correlation radius, and therefore
crmsoITIM *t Y 3 Syl e i in the list of counterpart sets being partially or totall§felient, and
spo- ommewe REREE a with different ranks.
« UKD ST Considering all potential counterpart sets (includingaisg
’ rank rejectedcounterparts since rejection may act differently be-
cause of the displacement), about 86% of the common ones are
ok e § identical (i.e. have the same counterparts in all non-Xgata-

logues), of which 139 are confirmed "blank fields” (catalogued

Figure 8. Distances in RA and Dec between the X-ray corrected position counterpart in any waveband). The remaining cases may e alt
and _the cognterpart position. Different symbols ir_]dicdme identification gether different counterpart sets, or partially match ¢ime of the
quality. A C|rcle' is plotted when .the_cour?terpart is the base, gnd the non-X-ray catalogues). More details are provided in Apjpel®
Chanc.e probability is good or fair (filled in case of 909.d fatitity). A Concerning the tentativelank fieldsone has to note that,
cross is plotted for the best counterpart when the problslbad. A dot is besides the 139 common ones, there are ZXBSSOPTdblank

plotted for secondary (ambiguous) counterparts, irresmeof probability, ; .
but only if it is good or fair. Different colours (web versiamly) or shades fields not present in the 10ks catalogue and282 SSOPTblank

(as shown on figure) indicate the origin of the counterpasitjom for the fields which are new in the latter catalogue (42 are new X-ray
distance calculation. Two fiducial radii of 2 and 4re also shown. This sources with no deep counterpart, the other 40 are no lorigek b
figure refers to2XLSS; the equivalent figure foRXLSSd is extremely fields).

similar. Coming now tonon blank fields, remember that the identifi-
cation procedure is incremental. So it starts (in absencz D
counterpart) associating a W1 object with the X-ray sourben it
may append one SWIRE object (associated with the X-ray sourc
and within 1’from W1) to the counterpart set, and create a new
counterpart set for another SWIRE object. And so on and gb for
for the other wavebands. Each association may be differeiat a
result of a small displacement in the X-ray position. In thesm
favourable case this may just prefer a particular counteipaa
counterpart set otherwise identical and identically ranke other
cases counterpart sets similar but differing in one wavebaay

be ranked differently (primary vs secondary or even refcte

a good counterpart, 18% (20%) a fair one, and only 2% (1%) are
unidentified; of 2436 (3169) X-ray sources ab@®¢ 68% (65%)
have a good counterpart, 25% (27%) a fair one, and 2% (2%) are
unidentified.

One shall also note that tiranking depend®n the proba-
bilities, and these depend on the distance (Setfidn 4.3}reed-
fore ultimately on the X-ray positiorif the latter changes, the rank
choice will change. The differences between the two catedog
variants are discussed in the next section.

Finally, the quality of the tentative identifications can ds
sessed from the offset (distance) between the X-ray sowsidqn
and the position of the best counterpart in the best couaitesgt. 5.3 Comparison with XMDS
This is shown in Fig[18 and in panel (e) of Fid. 5. 83% (84%) of

. I~ . 0
all counterparts have a distance ywthnfl, 4vhich occurs fqr_ 90% presented in this paper and the XMD&WM Medium Deep Sur-
(91%) of the best counterparts with fair or good probakiit{the : .
X P . . vey) one, a subset of which was published as the XMDS/VVDS
circles in Fig[8) and for 95% (95%) of those with good protiabi - - . .
i i : U 4¢ cataloguel (Chiappetti etlal. 2005). Since the entire XMDIS ca
ties (the filled circles in Fid.]8). . . . .
. . . . . alogue is unpublished, we will release it through our degatzan-
There is some evidence from FiQl 8 of a systematics in . .
L L o . textually with Version 2XMM-LSS ones (see Tablé 2). A com-
the deviations between X-ray positions and positions in the . . . . .
. L . parison provides an opportunity to validate and cros$scaté two
various catalogues. The average deviation for the optical a . o - - .
- . different pipelines (a traditional and an innovative one}fte same
UKIDSS catalogues clusters around a point in the third quad- . L L
,, 1 . input data. The main differences between the two pipelinasd,
rant (e.g—0.39",—0.07" for W1), while the one for SWIRE . . -
clusters around a point in the first quadraftsg”,0.57""). For further details of the comparison are reported in Appeldi C
P d o ) The XMDS catalogue includes 1168 sources (by definition all

11 1 i 11 H
2XLSSd (0407, —0.07 ) and 0.797, 0.52°) respectively. in the G-labelled fields) of which 1057 are catalogue@Xi.SSd.
Concerning panel (e) of Figl 5, it reports the distributidthe AppendiXCZL1L provides further details, in particular:
X-ray to counterpart distance, using as counterpart jpositie one PP P NP '

with the smallest distance (in 37% this is an optical sourc84% (i) A cross calibration of the detection likelihood of
a SWIRE one, in 9% a UKIDSS one and in 209%GALEXone). XAMIN with the significance in terms of the number of

This section provides a sketchy comparison between thiogats
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of the XMDS shows that a likelihood of 75 corresponds more or
less to thelo level, and one of 40 to th&o level.

(ii) Fluxes match rather well, although with a systematited
ence (which, considered the different procedures is futiyept-
able), namely2XLSSd fluxes are 0.895 lower than the XMDS
ones in the B band, while they are only 1.040 higher in the CD
band.

(iif) Also XMDS fluxes measuredimultaneouslyin all bands
match well2XLSSd fluxes measuredeparatelyfor sources de-
tected in both bands, which reinforces trust in the band mgrg
procedure described in Sectionl3.3.

It is also possible to compare the counterparts in opticad (a
other) bands between the XMDS and @2¥LSSOPTdcatalogue
and, as shown in AppendxX_C3.2, the compatibility between th
counterparts is also satisfactory.

5.4 Comparison with 2XMM

We did a quick comparison with the 2XMM (secoKtMM-Newton
serendipitous source) catalogmmog).mm
reported in Appendix_34. We find, despite the differenceshin t
data processing and in the definition of the energy band, eepac
able match in terms of number of sources, respective distamzl
fluxes.

6 CONCLUDING REMARKS

We have presented in this paper X-ray full-expos2¥LSSd)
and 10 ks-limited exposure2XLSS) catalogues for the 11.1
deg? XMM-LSS field. The total number of X-ray sources re-
ported in these two catalogues are 6721 and 5572, resdgctive
The sources were detected in the 0.5-2 keV and/or 2-10 keV en-
ergy bands with a new version (3.2) of theaMIN pipeline.
We have also provided two multi-wavelength cataloguess&ro
correlating out the X-ray sources with IR/SWIRE, NIR/UKIBS
optical/CFHTLS and UMBALEX sources),2XLSSOPTd and
2XLSSOPT corresponding to the full and 10 ks-limited exposure
catalogues respectively. We have also described in detaXiray
band merging, the X-ray point-like and extended sourcesiflaa-
tion, the matching procedure of counterparts from multisl@mgth
surveys as well as extensive statistics to compare the tesepted
catalogues between them and with previous studies.

Catalogues and associated data products are availablegthro
the Milan data base htp://cosmosdb Jasf-milano
inaf .iYXMM-LSS/ ), with a reduced summary stored at CDS.

ACKNOWLEDGMENTS

The results presented here are based on observations eabtain
with XMM-Newton an ESA science mission with instruments and
contributions directly funded by ESA Member States and NASA
We acknowledge the work done by Krys Libbrecht on the
XAMIN pipeline translation.

Optical photometry data were obtained with
MegaPrime/MegaCam, a joint project of CFHT and
CEA/DAPNIA, at the Canada-France-Hawaii Telescope (CFHT)
which is operated by the National Research Council (NRC) of
Canada, the Institut National des Sciences de I'Univershef t
Centre National de la Recherche Scientifiqgue (CNRS) of FEranc
and the University of Hawaii. This work is based in part onadat

products produced at TERAPIX and the Canadian Astronomg Dat
Centre (CADC) as part of the Canada-France-Hawaii Telescop
Legacy Survey, a collaborative project of NRC and CNRS. We
acknowledge the help of J.J. Kavelaars of the CADC Helpdesk
about thumbnail cutout for the ABC fields.

This work is in part based on observations made withSpézer
Space Telescopavhich is operated by the Jet Propulsion Labo-
ratory, California Institute of Technology under NASA. $apt

for this work, part of theSpitzer Space Telescopegacy Science
Program, was provided by NASA through an award issued by
the Jet Propulsion Laboratory, California Institute of fieclogy
under NASA contract 1407.

This work is in part based on data collected within the UKIDSS
survey. The UKIDSS project uses the UKIRT Wide Field Camera
funded by the UK Particle Physics and Astronomy ResearcimCou
cil (PPARC). Financial resources for WFCAM Science Archive
development were provided by the UK Science and Technology
Facilities Council (STFC; formerly by PPARC).

GALEX is a NASA mission managed by the Jet Propulsion
Laboratory. GALEX data used in this paper were obtained from
the Multimission Archive at the Space Telescope Sciendcituites
(MAST). STScl is operated by the Association of Universitier
Research in Astronomy, Inc., under NASA contract NAS5-Z555
Support for MAST for non-HST data is provided by the NASA
Office of Space Science via grant NNX09AF08G and by other
grants and contracts.

OM, AE and JS acknowledge support from the ESA PRODEX
Programmes "XMM-LSS” and "XXL", and from the Belgian Fed-
eral Science Policy Office. They also acknowledge supporhfr
the Communauté francaise de Belgique - Actions de rebleerc
concertés - Académie universitaire Wallonie-Europe”.

REFERENCES

Adami C., et al., 2011, A&A, 526, A18

Baldi A., Molendi S., Comastri A., Fiore F., Matt G., Vigndli,,
2002, ApJ, 564, 190

Bertin E., Arnouts S., 1996,

Chiappetti L., et al., 2005, A&A, 439, 413

Clerc N., Sadibekova T., Pierre M., Pacaud F., Le Févre,J.-P
Adami C., Altieri B., Valtchanov |., 2012a, MNRAS, 423, 3561

Clerc, N., et al., 2012b, in preparation

Downes A. J. B., Peacock J. A., Savage A., Carrie D. R., 1986,
MNRAS, 218, 31

Elyiv A, etal., 2012, A&A, 537, A131

Lawrence A., et al., 2007, MNRAS, 379, 1599

Lonsdale C. J., et al., 2003, PASP, 115, 897

Martin D. C., et al., 2005, ApJ, 619, L1

Melnyk, O., et al., 2012, submitted to A&A

Paioro L., Chiappetti L., Garilli B., Franzetti P., Fumana,M
Scodeggio M., 2008, ASPC, 394, 397

Pacaud F., et al., 2006, MNRAS, 372, 578

Pierre M., et al., 2004, JCAP, 9, 11

Pierre M., et al., 2007, MNRAS, 382, 279 (Paper I)

Ueda Y., etal., 2008, ApJS, 179, 124

Watson M. G., et al., 2009, A&A, 493, 339

Willis J.P., et al., 2012, submitted to MNRAS

© 2012 RAS, MNRASDO00, [1H22


http://cosmosdb.iasf-milano.inaf.it/XMM-LSS/
http://cosmosdb.iasf-milano.inaf.it/XMM-LSS/

APPENDIX A: LISTINGS OF DATABASE CONTENT

The list of columns in the X-ray single-band and band-merged
bles is almost the same as in Paper |, however is reporteafor ¢
pleteness in Tablés Al ahd]A2. As for Paper |, ifi@inparameters
(as flagged in such tables) of the merged X-ray cataloguebwill
available in electronic form also at the CDS. The multivawejth
tables have instead a substantially increased number ofmed,
which are listed in TablgA3.

APPENDIX B: DETAILS OF PROBABILITY
COMPUTATION

Probabilities of chance association between a countesipdran X-
ray source are computed using form{lh (1) in Se¢fich 4.3revine
densityn(brighter than m) is computed from simple linear fits as
reported in TablEB1. The same table indicates also the raps
or fluxes used to look-up at the density for the appropriate bd/e
did only a rough estimate of the parametrization of the dgrisi
the entireXMM-LSS area, neglecting any possible spatial variation.

X-ray to CFHTLS probability, callegrobX0, is computed for
sources with a CFHTLS counterpart in the order: D1 if presalse
W1. In the case of undefined CFHTLS magnitudes, the poiniiieag t
limiting magnitude was used (read directly from the W1 table
fixed toi’ = 25 for D1).

The other probabilities, X-ray to SWIRE probabilipy obXs,
X-ray to UKIDSS probabilityprobXu, and X-ray to GALEX prob-
ability probXG, are computed as given in the notes in Tablé B1.

A probability of 99 ("undefined”) is assigned whenever it
could not be computed.

A statistics of the probability ranking defined in SecfioH .
shown in Fig[Bl1. This figure indicates an acceptable tuniith w
the CFHTLS, SWIRE and UKIDSS catalogues, wi#ALEXdata
are perhapsvertunedin the sense that there is an excess of good
probabilities. This may indicate that the probability cartgiion
has to be revised.

APPENDIX C: COMPARISON BETWEEN CATALOGUES

We provide here details on the comparisons: (a) between
2XLSSd and Version |1 XLSS (Section[Cl); (b) between
2XLSSOPTand 2XLSSOPTd(Section CPR); (c) between our cat-
alogues and the XMDS one (Sectibn]C3); (d) between our cata-
logues and the 2XMM one (SectibnlC4).

C1 Comparison betweenXLSS and 2XLSSd

We first checked that the new pipeline version provides tesoin-
sistent with the previous IDL version by performing detditests
on simulated and redMM pointings. The detection parts of both
pipelines give nearly identical results for point-like aextended
sources. The characterization parts (maximum likelihotithdj)
are in excellent agreement for point-like sources. Regaraix-
tended sources, comparison of fluxes, sizes and likelihestls
mates from the two pipelines are in very good agreement. $lifme
ferences do however show up for individual faint source®areses
close to the detector borders and gaps. These differenndsecat-
tributed to statistical fluctuations, and comparing theskias to
the input characteristics of simulated sources in a sizdistense,
we conclude that both pipelines perform equivalently. Fjnae
compared directly the results.
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The association between sources in the Version 2 catalogues
(2XLSS and 2XLSSd) with the earlierXLSS release (in the
smaller area covered by the latter) is possible using thebdate
columnXlsspointer, as explained in Sectidn_3.5. 2824 sources
are common betweeXLSS and2XLSSd (out of 3385 inXLSS).
There are 452 objects appearing only2KLSSd in the point-
ings covered byXLSS and 561XLSS objects not confirmed in
2XLSSd. A majority (respectively 95% of the former and 88% of
the latter) have a poor detection likelihodll f < 40 correspond-
ing conventionally to< 3c0). As an example of the rather good
agreement between the two catalogue versions (mainly eetwe
the older and newer XmMIN version, and also between thé &/s
10" band merging) we compare the fluxes betwe&r8S and
2XLSSd (which makes sense sing¢.SS was also using full ex-
posures), via the plots given in FIg.IC1.

C2 Comparison betweer2XLSSOPTand 2XLSSOPTd

There are 20837 potential counterpart sets for 6721 X-ray
sources in input fo2XLSSOPTd and 16813 for 5572 sources
for 2XLSSOPT (the comparison includes negative ramgected
counterparts since rejection may act differently becaus¢he
displacement). Of these, 1188 entries (for 428 X-ray s®)rce
in 2XLSSOPT have no obvious correspondent in the deep
2XLSSOPTd

On the other hand 15625 counterpart sets are associated with
5144 X-ray sources i2XLSS with a corresponding source in
2XLSSd. These are the X-ray sources present in both catalogues.

13454 counterpart sets (86% of the common ones) for 4979
2XLSS sources (97% of the common ones) are identical (i.e. have
the same counterparts in all non-X-ray catalogues).

Of these, 139 are confirmed "blank fields” (cataloguedcoun-
terpart in any waveband).

Of the remaining 13315, 11556 (87%) have the same rank in
2XLSSOPTdand2XLSSOPT namely, with reference to the rank
definitions in Sectiof 413:

3710 are primary counterparts,
1439 are secondary counterparts,
6407 are rejected counterparts, not included in the catelng

1759 (of the 13315) have the same counterpart but with ardiffe
ent rank:

for 511 of them the rank change is irrelevant (i.e. they remai
anyhow the primary counterpart in both catalogues);

201 and 175 counterpart sets rejected? XLSSOPTdare re-
spectively primary and secondary choice2 L. SSOPT

170 and 196 primary or secondary2XLSSOPTdare rejected
in 2XLSSOPT

254 2XLSSOPTdprimaries become secondary 2XLSSOPT
while 252 undergo the opposite change from secondary togpyim

In 38 additional cases (only 0.2% of the common ones) the
counterpart set is the same between a coupl2XtfSSOPTand
2XLSSOPTdentries, but the latter are not associated by column
Xdeep. l.e. two sources have the same counterpart set but are not
the closest. In 10 cases this is due to ambiguous band melgihg
in the rest (which is anyhow an extremely small number) thifbp
ably means that there are two 10 ks sources both displaced fro
but close to a given full exposure one (or v.v.).
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defined in Section413.
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Figure C1. Comparison of the flux in the soft (left column) and hard (tighlumn) energy bands between the VersiokLISS catalogue an@XLSSd.
Symbols are identical to those of Fig. 6.
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Table Al. List of parameters provided in the pubdM-LSS catalogues. All are available at tK®IM-LSS Milan database in the separate tal2¥&SSB

or 2XLSSBdfor the soft band an8XLSSCDor 2XLSSCDdfor the hard band. The column name has an appropriate préfenthere are two column names
given, one with the prefix B and one with the prefix CD, only tme @pplicable to the given band appears in the relevant talileoth may show up in
the band-merged tabl@XLSS or 2XLSSd (the family of table2XLSSd, 2XLSSBd and2XLSSCDdconstitutes the full exposure catalogue, wiikLSS,
2XLSSBand2XLSSCDthe 10 ks one); column names without prefix are relevant tinttigidual band only. The last four columns indicate respety: (X)
whether a parameter is natively computed bynXN ; (m) whether a parameter is available also in the band-rdeijge; (0) whether a parameter is present
in the multiwavelength table together with those describethblelA3; and (C) whether a parameter is present in théocata stored at CDS.

Column name units meaning and usage X m o C
Bseq or CDseq - internal sequence number (unique) X X X
Bcatname or CDcatname — IAU catalogue nam@XLSSx Jhhmmss.s-ddmmss ,x=B or CD X X X
Xseq - numeric pointer to merged entry see Tahlg A2 X X X
Xcatname - name pointer to merged entry see T&blé A2 X X X
Xlsspointer - Xseq of corresponding source KLSS version | catalogue X X X
Xdeep - Xseq of corresponding source BXLSSd (in table2XLSSonly) X X X
Xfield - XMM pointing number (internal use) X X
FieldName - XMM pointing name X X
Xbadfield Oor1l pointing is good (0) or bad (1) X X

expml S MOS1 camera exposure in the band X

expm2 S MOS2 camera exposure in the band X

exppn S pn camera exposure in the band X

gapml " MOS1 distance to nearest gap X

gapm2 " MOS?2 distance to nearest gap X

gappn " pn distance to nearest gap X

Bnearest or CDnearest " distance to nearest detected neighbour X X

Bclc2 0—1—2 1 for class C1, 2 for C2, 0 for undefined X X X
CDclc2 0—1—2 1 for class C1, 2 for C2, 0 for undefined

Bcorerad or CDcorerad " core radius EXT (for extended sources) X X X
Bextlike or CDextlike - extension likelihood EXTLH X X X
Bdetlik _pnt or CDdetlik  _pnt - detection likelihood DETLH for point-like fit X

Bdetlik _ext or CDdetlik  _ext - detection likelihood DETLH for extended fit X

Boffaxis or CDoffaxis ! off-axis angle X X
Brawra _pnt or CDrawra _pnt ° source RA (not astrometrically corrected) for point-like fi X

Brawdec _pnt or CDrawdec _pnt ° source Dec (not astrometrically corrected) for point-liike X

Brawra _ext or CDrawra _ext ° source RA (not astrometrically corrected) for extended fit X

Brawdec _ext or CDrawdec _ext ° source Dec (not astrometrically corrected) for extended fit X

Bra _pnt or CDra _pnt ° source RA (astrometrically corrected) for point-like fit X

Bdec_pnt or CDdec _pnt ° source Dec (astrometrically corrected) for point-like fit X

Bra_ext or CDra _ext ° source RA (astrometrically corrected) for extended fit X

Bdec_ext or CDdec _ext ° source Dec (astrometrically corrected) for extended fit X

Bposerr or CDposerr " error on coordinates according to Talle 4 X X
Bratemos _pnt or CDratemos _pnt ct/s MOS count rate for point-like fit X

Bratepn _pnt or CDratepn _pnt ct/s pn count rate for point-like fit X

Bratemos _ext or CDratemos _ext ct/s MOS count rate for extended fit X

Bratepn _ext or CDratepn _ext ct/s pn count rate for extended fit X

countmos _pnt ct MOS number of counts for point-like fit X

countpn _pnt ct pn number of counts for point-like fit X

countmos _ext ct MOS number of counts for extended fit X

countpn _ext ct pn number of counts for extended fit X

bkgmos _pnt ct/pixel/detector ~ MOS local background for point-like fit X

bkgpn _pnt ct/pixel pn local background for point-like fit X

bkgmos _ext ct/pixel/detector ~ MOS local background for extended fit X

bkgpn _ext ct/pixel pn local background for extended fit X

Bflux or CDflux erglcn?/s source flux (undefined i.e. -1 for extended) X X
Bfluxflag or CDfluxflag Oto2 0 if MOS-pn difference< 20%, 1 between 20%-50%, 2 above 50% X X

The 2171 remainin@XLSSOPTcounterpart sets (covering 1479

2171, because one specific counterpart set is compared liitie a

individual 2XLSS X-ray sources) can baltogether differenfrom

all counterpart sets IRXLSSOPTdfor the associated X-ray source
(the X-ray source position moved so much that entire copatér
sets are farther than’6 from either position), or may partially
match (from 1 to 4 out of the 5 D1, W1, SWIRE, UKIDSS or
GALEX catalogues).

A breakdown of the partial matches (with a total larger than

© 2012 RAS, MNRASO00, [1H22

2XLSSOPTdcounterpart sets for the corresponding X-ray source)
is:

2150 are no matches,

234 cases match in 1 catalogue,
66 cases match in 2 catalogues,
25in 3,

7in4.
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Table A2. List of database parameters, as Tdblé A1, but for the additicolumns present only in the merged catalogue ta@¥asSS or 2XLSSd. When
there are two column names given, one with the prefix B and dthethe prefix CD, they relate to the given band, and both shpin the band-merged table.
Column names with the prefix X are relevant to merged progerti

Column name units meaning and usage X m o C
Xseq - Internal sequence number (unique) X X X
Xcatname - IAU catalogue nam@XLSSd Jhhmmss.s-ddmmss c, see Sectioh 315 X X X
Bspurious and CDspurious Oorl set to 1 when soft/hard component has OET< 15 X

Bdetlike and CDdetlike - detection likelihood EXTLH (pnt or ext according to source class) X X X
Xra ° source RA (astrometrically corrected) (pnt or ext acc. urse class in best band) X X X
Xdec ° source Dec (astrometrically corrected) (pnt or ext accotoce class in best band) X X X
Bra and CbDra °© source RA (astrometrically corrected) (pnt or ext accaydmsource class) X X X
Bdec and CDdec ° source Dec (astrometrically corrected) (pnt or ext accqydd source class) X X X
Xbestband 2o0r3 band with highest likelihood: 2 for B, 3 for CD X
Xastrocorr 4or5 astrometric correction from CFHTLS (4) or USNO (5) onad0) X
Xmaxdist " distance between B and CD positions X
Xlink - pointer to Xseq of secondary association, see Section 3.5 X
Bratemos and CDratemos ct/s/detector ~MOS count rate (pnt or ext according to soclass) X X X
Bratepn and CDratepn ct/s pn count rate (pnt or ext according to source class) X X

An alternative breakdown (totalling 2171) is the following The main procedural differences between the two pipelines

. can be summarized as follows:

261 single no-match cases,

1601 multiple no-matches per X-ray source, (i) The XMDS covers the fields GO1 to G19 in Table 1

15 cases with one counterpart set with 1-3 matches, (i) XMDS data were analysed with flly independentand

51 cases with one no-match and one 1-3 matches, more traditional) pipeline based on the on

6 cases with mixed matches, (iif) The XMDS pipeline uses the SAS to detect candidates in
237 with more no-match and mixed matches. 5 energy bands simultaneously (and not in 2 independentsband

. . ) ) with later merging) operating on event files merged from all 3
A different approach for the comparison is to consider only sy nim cameras and from the entibéMM field of view (not just
thebest counterpartse. those ranked 0-1 (by definition one per X- 14 central 13

ray source). Let us exclyde thg 16RXLSSOPTd(24% of 6721) (iv) It then applies thI.02) characterizatio
X-ray sourceso not confirmed in the 10ks catalogue, and the 528, nich is robust but oriented to point sources only (unlike th
2XLSSOPT(8% of 5572) new in the 10ks catalogue, and let us \\ayelet method in XmIN which handles better extended sources).
concentrate on the common sources. Of their best countsrpar (V) The event pattern selection is different (non-standamd
broader in XMDS).

~ 86% are essentially confirmed in both catalogues, namely ' ) ] ]
(vi) The removal of redundant sources is handled diffeygiml

3% are confirmed tentative blank fields, particular the primary detection is chosen differentlg plosition is
72% have the same counterparts and the same rank, inherited from the primary detection, but the flux is obtaiseack-
10% have the same counterparts and compatible ranks, ing data from all overlapping pointings.
only 1.4% have partially matching counterpart sets wittstinae (vii) The astrometric correction offsets are different.

or compatible best rank. (viii) Also the XMDS catalogue does not include spurious ob-

jects (but only those above a probability threshold), sodiffer-
ence between the raw database table and the catalogue iduenly
to the overlap removal procedure.

A further 5% and 4% have the same counterparts but they are
ranked differently (the best counterpart in one catalogueither
secondary or rejected in the other).

The remaining 5% have altogether different or partiallychatg

counterparts which are ranked differently. C3.1 Comparison of the X-ray source lists

So the difference between counterparts in the deep and Hi&s c
logues is confined to less than 15% of the common sources.
As anticipated in Section 5.3, the XMDS catalogue includes

1168 sources, by definition all in the G-labelled fields. Cangon
C3 Comparison with XMDS with the 2XLSSd or 2XLSS catalogues may also involve adja-
cent B fields if theXMM-LSS overlap removal procedure preferred
those. The association between XMDS af/dM-LSS sources is
done within a radius of 0 The comparison occurs naturally with

A subset of the XMDSXMM Medium Deep Survey) data was pub-
lished as the XMDS/VVDSlo cataloguel(Chiappetti etlal. 2005;

Ithe samg p?pif Clclmttalrt]f?d allso the Ifot?]N-Loth c)fh;gesentlazcat the deep catalogue, because it involvesstimeinput (ODF) event
tﬁgue).h on gxtuz y o et ret ea”se O'th\? en I;?MM LSSmJa data (for the full exposures) with different pipelines ambqe-
rough our database contextually with Versio -LSSones 4 rec Of those 1168 objects:

(see Tabld12), we report here some details of a comparison be-
tween the catalogues presented in this paper (maXhsSd) and 1082 have a counterpart in the full exposure input tables,
XMDS. of which 1057 are catalogued 2XLSSd;

© 2012 RAS, MNRASD00,[1H22



The XMM-LSS Catalogue Il 19

Table A3. List of additional non-X-ray columns in the multiwvaveleh@XLSSOPTor 2XLSSOPTdtables: they also include columns with the X, B or CD
prefixes from TableE-A1 arld A2, while those with the O, S, U orr€fip refer to optical, SWIRE, UKIDSS oBALEX data, and those without prefix to

combined properties.

Column name  units meaning and usage

Xrank -1012 ranking of the counterpart set (Eed 4.3)

Ou magnitude «* magnitude

Og magnitude ¢’ magnitude

Or_ magnitude r’ magnitude

Oi magnitude i’ magnitude

Oz magnitude z’ magnitude

Oue magnitude  error om™ magnitude

Oge magnitude  error og’ magnitude

Or_e magnitude  error on’ magnitude

Oi_e magnitude  error o magnitude

Oze magnitude  error oz’ magnitude

OseqD1 - internal sequence number (if magnitudes from D1 field)
OseqW1 - internal sequence number (in W1 or ABC fields)

Ofield - CFHT field identification in formtx 4y or D1 or A,B,C (se€4]1 and Figl 1)
Ora ° RA of the optical candidate

Odec ° Declination of the optical candidate

Oflag - binary flag combining 0/1 galaxy/star, 0/4 normal/mask#8 ,normal/saturated
Sf36 nJy IRAC flux at 3.6um

Sf45 udy IRAC flux at 4.5um

Sf58 nly IRAC flux at 5.8um

Sf80 nly IRAC flux at 8.0um

Sf24 udy MIPS flux at 24um

Sf70 nJy MIPS flux at 70um

Sf160 udy MIPS flux at 16Qum

Sf36 e nly error on 3.6:m flux

Sf45 e udy error on 4.5um flux

Sf58 _e nly error on 5.§:m flux

Sf80 _e uly error on 8.Qum flux

Sf24 e nly error on 24um flux

Sf70 e uly error on 7Qum flux

Sf160 _e nly error on 16Qum flux

Sseq - internal sequence number for SWIRE objects

Sra ° RA of the SWIRE candidate

Sdec ° Declination of the SWIRE candidate

Uj magnitude  J magnitude

Uh magnitude  H magnitude

Uk magnitude K magnitude

Uj e magnitude  error on J magnitude

Uh.e magnitude  error on H magnitude

Uk_e magnitude  error on K magnitude

Useq - internal sequence number for UKIDSS objects

Ura ° RA of the UKIDSS candidate

Udec ° Declination of the UKIDSS candidate

Gnuv mJy GALEXnear UV flux

Gfuv mJy GALEXfar UV flux

Gnuv_e mJy error on near UV flux

Gfuv _e mJy error on far UV flux

Gseq - internal sequence number BALEX objects

Gra ° RA of the GALEXcandidate

Gdec ° Declination of theGALEX candidate

distXO " distance from the X-ray corrected position to the opticaitian
distXSs " distance from the X-ray corrected position to the SWIRE fimsi
distXu " distance from the X-ray corrected position to the UKIDSSifims
distXG " distance from the X-ray corrected position to BALEXposition
probX0O - chance probability of X-ray to optical association 4.
probXs - chance probability of X-ray to SWIRE association (Seé 4.3)
probXuU - chance probability of X-ray to UKIDSS association (e 4.3
probXG - chance probability of X-ray t&ALEXassociation (sde4.3)
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Table B1. Parameters used for probability computation.

Probability m densityn(brighter than m) a b  Notes
probXO i’ n(< ') = 100+b7 -9.32415  0.293833  for D1 field
-9.23183 0.290519  for W1 excluding ABC fields
r n(< r') = 10a+b7’ -9.18619  0.279706  for W1 ABC fields
probX S Fy n(> Fy) = 109+bxlog(Fy) in increasing order ok whichever first
A = 3.6um -1.68062  -0.944191
A =4.5um -1.73693  -0.976644
A = 5.8um -2.04933  -0.829700
A =8.0um -1.49944 -1.07201
A= 24um 0.102480 -1.53410
probXU J n(< J) = 109107 -8.67503  0.268272  taken best if both bands are present
K n(< K) = 10%+bK -8.96264  0.321560
probXG ~ NUV n(< NUV) = 10¢+0NUV -11.0875  0.326965  taken best if both bands are present
FUV n(< FUV) = 100+bFUV -13.9827  0.433838
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for the hard band. The dashed vertical line indicate¥ieSSd acceptance thresholds b/ > 15, while the dotted horizontal line shows the conventional
level of 40. Crosses indicate all objects detected in the given banded) diamond surrounds the sources detected above LH tideishboth bandsn
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while 1019 have one in the 10 ks input tables,
of which 956 in2XLSS.

Of the 86 XMDS sources not in the input table XL SSd:

23 are at off-axis angles greater thari {Rjnored by XamIn),

and 39 anyhow at large off-axis angles (0’), so it is not sur-
prising they were excluded byAMiIN;

similarly 43 are potential ultrasoft sources (the band tfita
highest S/N ratio in XMDS is the A band [0.3-0.5 keV], which is
not processed by the current release aivX\ ), so they are legiti-
mately excluded;

considering the XMDS significance, 46 and 72 are respegtivel
below3c and4c;

if one allows the combination of different conditions, a ne-
jority of the XMDS-only sources (76) amsther ultrasoft, or at of-
faxis > 10" or at< 3o.

We concentrate below on the 1057 XMDS sources with

a 2XLSSd correspondent (which can be calledmmon cata-
logued. Of them:

783 are in the same (G) field, so should be exactly the same de-

tections;

173 are stacked XMDS entries;

the remaining 103 cases associate sources detected irediffe
pointings: 39 in another G field, 64 in a B field.

Concerning the distance between the (astrometrically cor-

rected) X-ray positions in the XMDS ar2lXLSSd catalogues,
58% of the sources are closer thah, 88% closer than’4 and
only 4% more distant than’% in general concentrated among
the sources with lesser significance, and the few extended. on
The agreement between XMDS aB¥LSSd positions, peaking
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36% in the CD band, and
30% in both.

The fluxes, computed for XMDS according to the prescrip-
tions of Baldi et al.[(2002) and f&XMM-LSS as explained in Sec-
tion[3:11, are compared in Fig_IC3. Extended sources &kbsi
C1 are excluded as the®XLSSd flux is set to undefined. The
fluxes match qualitatively, although there is a systematiereénce:
namely2XLSSd fluxes are 0.895 lower than the XMDS fluxes in
the B band, while they are only 1.040 higher in the CD band.

It can be seen that a larger scatter in fluxes occurs for the
sources which have poorer significance in either catalogbéde
outliers are generally due to sources presumably fallireg aechip
gap on one detector (and as such characterizedfloyxitag of
2), or exceptionally by residual C2 extended sources (fackthe
XMM-LSS flux is computed from the point-like rate).

C3.2 Comparison of the optical counterparts

Itis also possible, similarly to what was done in SeciionZ.2
to compare the counterparts in optical (and other) bandsdast
the XMDS catalogue and one of o¥MM-LSS catalogues. In do-
ing this one should consider:

() thatthe identification procedure for XMDS is historilyedif-
ferent from the one used here, in particular it was done iersgv
incremental steps, and uses distances capped tim 2he compu-
tation of probabilities,

(i) that the catalogues used for XMDS were in larger num-
ber (for a total of 27) and included many other, includingeold

around 1/, is better than the typical inter-band distance between y5ia sources (e.g. VVDS, radio data, SIMBAD and NED, CFHTLS
2XLSSd detections in the two energy bands, which peaks around 193 etc.)

2". Compare panels (d) and (c) of Fig. 5.

We have cross calibrated graphically the detection likelth
of XAmMIN with the chance probability of the XMDS (for definition
sed Baldi et 4, 2002) and the detection likelinood @fMN with
the significance in terms of number of of the XMDS (see
[Chiappetti et dl. (2005) and references therein). We onyvsthe
latter in Fig.[C2. One can see that a likelihood of 75 corrasso
more or less to théo level, and one of 40 to thés level.

Therefore we present a comparison limited to the
2XLSSOPTdcatalogue (the one which matches better XMDS in
exposures), and, for XMDS, teduced counterpart setonsider-
ing only CFHTLS T004 D1 and W1, SWIRE DR6 and GALEX.
UKIDSS was not included sinc2XLSSOPTduses release DR5,
while XMDS used release DR3. More specifically we consider
only the 1057 X-ray sources in common between XMDS and

We also note that 89% of the common sources have B as the 2XLSSd, as described in C3.1.

best band (highest likelihood) BXLSSd. To be more precise:

96% of the sources are observed2¥L.SSd in the B band,
62% are observed in the CD band, and
57% are observed in both.

This can be compared with the totality of tfBXLSSd cat-
alogue, where (with no appreciable difference between tille f
2XLSSd catalogue and the sources in the G fields alone):

84% of the sources have B as the best band,
89% are observed in the B band,

48% in the CD band, and

37% in both.

The XMDS by construction includes measurements in all 5gner
bands even if the source is above the probability thresholylia
one. If we consider as good detections for XMDS only thosé wit
prob < 2 x 107* in the band, we have that, of the sources in
common with2XLSSd:

91% are detected in the B band,
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They correspond to 4316 counterpart sets (of any rank) in
2XLSSOPTdand 4916 in XMDS. We found that a large fraction
(3620) of the possible counterpart sets are identicaltfiey have
the same counterparts, irrespective of ranking, in bothlagtes).

We can then concentrate on thest counterpartéranks 0-1;

a similar ranking system, though different in details, wasdialso
for XMDS):

for 627 cases (59% of 1057) the best counterpart is exacatly th
same in all 4 D1, W1, SWIRE and GALEX catalogues,

for 16% in 3 catalogues (the other may be different or migsing

for 15% in 2,

for 4% in 1;

making a total of 81% with the choice of a highly compatible
counterpart.

A very limited number of cases (5 and 8) are potential "blank
fields” respectively in2XLSSOPTd and XMDS, with another
counterpart in the other catalogue.

The remaining 193 (18%) cases select an altogether differen
counterpart in the two catalogues:
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Figure C4. Comparison of the flux in the soft (left panel) and hard (rigatbel) energy bands. betwe2XLSSd and 2XMM. Crosses and diamonds indicate
point-like or extended objects associated in the two cgtedse (see text). Blue asterisks indicate fluxes presentirimgfinedin 2XLSSd, while triangles
indicate sources present only in one catalogue (both aceglat a conventional out-of-range X or Y coordinate). Cotmding (only in the web version) is as
follows: black cross for point-like common sources, redtiad for extended sources in b@KLSSd and 2XMM, green cross f@XLSSd extended object
point-like in 2XMM; vice versa for red cross; triangles atadk or red for point-like or extended sources. Remembeiflinges for C1 extended sources are

undefined in our database (see Table 9 in Paper I).

for 97 2XLSSOPTdand 77 XMDS sources the counterpart set is
present only in one catalogue and fully replaced by somgtbise
in the other;

in other 96 or 116 cases, the counterpart set which is pesferr
in one catalogue is still present in the other with a diffénemk
(secondary or rejected).

In conclusion, the compatibility between the counterpésts
satisfactory.

C4 Comparison with 2XMM

We quickly compared ouRXLSSd catalogue with the 2XMM
catalogue Mog). Namely we used the 2XMMi-
DR3 "slim” reduced catalog@, which contains exposure-merged
sources (not individual detections), and thus somewhatpaoen
with our post overlap-removal catalogues.

We restricted a comparison to a rectangular area fully encom
passing2XLSSd and noticed that such an area includes precisely
just our pointings, with the only exception of a single auuial
pointing centered on the bright star Mira Ceti (Obsld 0148301).

(parameteBC_DET-ML), we note that of 1141 unassociated 2XMM
sources, 67% hav& _DET_ML < 15.

Of the associated cases, all but 69 have a single association
The ambiguous ones are all plain couples, and usually wp#-se
rated (one 2XMM source at 1“2from the2XLSSd position, and
the other at 8-9).

The distance between the astrometrically corrected positi
(2XMM used the USNO catalogue for this purpose) for the asso-
ciated primary (closest) cases is withifi 2n 55% of the cases,
within 4” in 86% and within 6 in 95% (while 90% of the 69 sec-
ondaries are above’$ The histogram of distances however peaks
ata 1l offset (not unlike XMDS v2XLSSd).

The common subset contains 100 of our extended sources,
and 88 2XMM extended sources (i.e. those with their paramete
SC_EXTENT > 0). 56 are considered extended in both catalogues.
110 of our extended sources do not appear at all in 2XMM, add 11
2XMM extended sources do not appealiLSSd.

The 2XMM slim catalogue does not contain count rates. It
contains fluxes in several energy bands, but these aredatifféom
ours. We can directly compare the sum of 2XMM bands 2 and 3
with our B band (0.5-2 keV), while at harder energies we can-co

The rectangular area contains 6181 2XMM sources. Since the Pare the sum of 2XMM bands 4 and 5 (2-12 keV) with our CD band

slim catalogue does not contain indication on the pointings
can tentatively flag sources in the Mira Ceti field as the 6Giwit
13 from the respective pointing centre. We checked the associa
tion with our 67212XLSSd sources within the customary radius
of 10”. We find:

5039 sources are associated
16822XLSSd ones are not associated
1141 2XMM ones are not associated

We note that 59% of the unassociat2dLSSd sources have a
rather poor likelihood §/ . < 20), and 93% are belowW/ L < 40
(i.e. 30). Despite the different definition of the 2XMM likelihood

13 http://Ixmmssc-www  .star .le .ac.uk/Catalogue/
2XMMi-DR3cat _slim _v1.0.csv .gz

(2-10 keV).

The comparison of the fluxes is reported in £ig] C4. The av-
erage 2XMM2XLSSd flux ratio for common point-like sources
is 0.92 in the soft band (same energy range), and 1.22 in titk ha
bands (where 2XMM extends 2 keV further). Again, considgrin
the differences in the pipelines, the agreement is accleptab

This paper has been typeset fromgXMATEX file prepared by the
author.
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