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ABSTRACT

This paper presents the data recently released for the XMMitdl\WFI survey carried out as part of the ESO Imaging Survey (BIS)ect.
The aim of this survey is to provide optical imaging folloyw-data inBVRI for identification of serendipitously detected X-ray sagdn
selected XMM-Newton fields. In this paper, fully calibratiedividual and stacked images of 12 fields as well as scigmade catalogs for the

8 fields located at high-galactic latitude are presenteés&tproducts were created, calibrated and released usigfithstructure provided
by the EIS Data Reduction system and its associatedMBIB! image processing engine, both of which are briefly ddsdihere. The data
covers an area of 3 square degrees for each of the four passbands. The mediag as measured in the final stacked image$9¢ Oranging
from 060 and ¥51. The median limiting magnitudes (AB syster, &erture, & detection limit) are 25.20, 24.92, 24.66, and 24.39 mag
for B-, V-, R, and|-band, respectively. When only the 8 high-galactic lagtdigtlds are included these become 25.33, 25.05, 25.36, and
24.58 mag, in good agreement with the planned depth of thegwisual inspection of images and catalogs, compari$atatistics derived
from the present data with those obtained by other authatsradel predictions, as well as direct comparison of theltesibtained from
independent reductions of the same data, demonstrateiémesagrade quality of the automatically produced finalgesand catalogs. These
survey products, together with their logs, are availabliaéocommunity for science exploitation in conjunction witleir X-ray counterparts.
Preliminary results from the X-rg@gptical cross-correlation analysis show that about 61%efdetected X-ray point sources in deep XMM-
Newton exposures have at least one optical counterpartnithradius down taR ~ 25 mag, 50% of which are so faint as to require VLT
observations thereby meeting one of the top requiremertteeagurvey, namely to produce large samples for spectrastafmw-up with the
VLT, whereas only 15% of the objects have counterparts dowhe DSS limiting magnitude.

Key words. Catalogs — Surveys — Stars: general — Galaxies: generalay-general

1. Introduction available for all researchers. Even though all observatare

i _ . _targeting a particular object, the large field of view (FOVY) o
The new generation of highly sensitive X-ray observatorigg\-Newton allows many other sources to be detected in

such as Chandra and XMM-Newton is generating large VQjaep exposures. These sources are the main product of the
umes of X-ray data, which through public archives are maggnm-Newton Serendipitous Sky Survey (Watson et al. 2001),
which annually identifies about 50000 new X-ray sources.
Send offprint requests to: J. P. Dietrich To fully understand the nature of these serendipitously de-

* Based on observations carried out at the European SouthgsBied sources follow-up observations at other wavelengyth
Observatory, La Silla, Chile under program Nos. 170.A-Q78BRA- needed

0529, 71.A-0110. )
** Appendices A to D and Fig. 1 are only available in electroniof Based on a Call for Ideas for public surveys to the ESO

athttp://www.edpsciences.org community, the XMM-Newton Survey Science Center (SSC)
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Table 1. Central positions in right ascension, declination andgaldongitude and latitude of the 12 XMM-Newton fields obsst as part of
the XMM-Newton follow-up survey.

Field Target a (J2000.0) 6 (J2000.0) | b
XMM-01 RX J0925.74758 09:25:46.0 -47:58:17 271:21:18 +01:53:03
XMM-02 RXJ0720.4-3125 07:20:25.1 -31:25:49 244:09:28 -08:09:50

XMM-03 HE 1104-1805 11:06:33.0 -18:21:24 270:49:55 +37:53:29
XMM-04 MS 1054.4-0321 10:56:60.0 -03:37:27 256:34:30 +48:40:18
XMM-05 BPM 16274 00:50:03.2 -52:08:17 303:26:03 -64:59:19

XMM-06 RXJ0505.3-2849  05:05:20.0 -28:49:05 230:39:29 -34:36:50
XMM-07 LBQS 2212-1759  22:15:31.7 -17:44:05 39:16:07 - 52:55:44

XMM-08 NGC 4666 12:45:08.9 -00:27:38 299:25:55 +63:17:22
XMM-09 QSO B1246-057 12:49:13.9 -05:59:19 301:55:40 +56:52:43
XMM-10 PB 5062 22:05:09.8 -01:55:18 58:03:55 -42:54:13
XMM-11  SgrA 17:45:40.0 -29:00:28 359:56:39 -00:02:45
XMM-12  WR 46 12:05:19.0 -62:03:07 297:33:23 +00:20:14

proposed optical follow-up observations of XMM-Newtor2. X-ray observations
fields for its X-ray Identification (XID) program (Watson dt a
2001; Barcons et al. 2002; Della Ceca et al. 2004). This prbhe original proposal by the SWG to the ESO OPC was to
posal was evaluated and accepted by ESO’s Survey WorkRkfyer a total area of approximately 10 square degrees (40
Group (SWG) and turned into a proposal for an ESO large pfitelds) to a limiting magnitude of 25 (AB,d&5 2 aperture).
gram submitted to the ESO OFC. The OPC approved enough time to observe 12 fields, later ex-
The XMM-Newton optical follow-up survey aims at ob-tending the time allocation to include 3 more fields. Thisgrap
taining optical observations of XMM-Newton SerendipitouBresents results for the original 12 fields for which the cati
Sky Survey fields, publicly available in the XMM-Newtondata were originally publicly released in the fall of 2004thw
archive, using the wide-field imager (WFI) at the ESIPG corrections to the weight maps released in July 2005. Table 1
2.2m telescope at the La Silla Observatory. WFI has a F@ves the location of the 12 fields listing: in Col. 1 the field
which is an excellent match to that of the X-ray detectors oRame; in Col. 2 the original XMM-Newton target name; in
board the XMM-Newton satellite, making this instrument af0ls. 3 and 4 the right ascension and declination in J20a0; an
obvious choice for this survey in the South. A complemeii? Cols. 5 and 6 the galactic coordinateandb.

tary multiband optical imaging program (to median limiting The 12 fields listed in Table 1 were selected and prioritized
magnitudes reaching = 231) for over 150 XMM-Newton by a collaboration of interested parties from the SSC, agrou
fields is nearing completion in the North using the similarlgt the Institut fiir Astrophysik und Extraterrestrischegetung
well matched Wide Field Camera on the 2.5 m Isaac NeWtiAEF) of the University of Bonn, and an appointed commit-
Telescope (Yuan et al. 2003; Watson et al. 2003). In orderti of the SWG. These fields were selected following, as much
provide data for minimum spectral discrimination and pRot@s possible, the criteria given in the proposal, namely, (At
metric redshift estimates of the optical counterparts @kpr the fields had to have a largfective exposure time in X-ray
ously detected X-ray sources, the survey has been carrted @geally texp > 30 ks) with no enhanced background; (2) the
inthe B-, V-, R-, andl-passbands. The survey has been admir=ray data of the selected fields had to be public by the time
istered and carried out by the ESO Imaging Survey (EIS) teaghe raw WFI frames were to become public; (3) the original
This paper describes observations, reduction, and sciegggets should not be too bright dndextended, thus allowing
verification of data publicly released as part of this foHowa number of other X-ray sources to be detected away from the
up survey. Section 2 briefly describes the X-ray observatiogrimary target; and (4} 70% of the fields had to be located at
while Sect. 3 focus on the optical imaging. In Sect. 4 the righ-galactic latitude. Comments on the individual fields c
duction and calibration of optical data are presented ard e found in Appendix A.
results discussed. Final survey products such as stacked im

ages and science-grade catalogs extracted from them are pr. Combined EPIC X-ray images for the fields listed in
9 . 9 nalog . 27€ PIBle 1 were created from exposures taken with the three cam-
sented in Sect. 5. The quality of these products is evaluated

. L . eras (PN, MOS1, MOS2) on-board XMM-Newton. The sen-
Sect. 6 by comparing statistical measures obtained frosethe.,. . . . .

) Sitive area of these cameras is a circle with a diameter of ap-
data to those of other authors as well as from a direct compar-

ison with the results of an independent reduction of the sarﬁ:OXimately 30, The contributing X-ray observations are sum-
. : P o arized in Table 2 which gives for each field: in Col. 1 the
dataset. In this section the results of a preliminary assess

. . . : field identification; in Col. 2 the XMM-Newton observation id
of X-ray/optical cross-correlation are also discussed. Finally, in

Sect. 7 a brief summary of the paper is presented in Col. 3 the nominal exposure time; in Cols. 4-6 the settings
' iersu y Paperisp ' for each of the cameras. Here (E)FF indicates (extended) ful

! The full text of the large program proposal is availablérame readout, LW large window mode and SW2 small win-
at http://uww.eso.org/science/eis/documents/EIS. dow mode. These cameras and their settings are described in
2002-09-04T12:42:31.890.ps.gz detail in Ehle et al. (2004). For some fields additional obser
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Fig. 1. Color composite X-ray images for the 12 fields consideretimpaper (XMM-01 to XMM-12 from top left to bottom right). Brcolor
images are composites within the so-called XID-band (0%4V). Red, green and blue channels comprise the energgsah5-1.0 keV,
1.0-2.0 keV, and 2.0-4.5 keV, respectively. Weighting efshb-images was done in a manner that a typical extragatamirce with a power
law spectrum with photon index 1.5 and absorption columrsiigiNy = 1 x 10?°cmi~? would have equal photon numbers in all three bands.
North is up and East to the left. The size of the images is &)lyi80 x 30 but varies slightly with camera orientation.
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Table 2. Information about X-ray imaging used to create composit@aximages.

Field Obs. ID Texp (S) Camera settings
XMM-01 0111150201 62067 EPNLW MOS1FF MOS2SW2
0111150101 61467 EPNLW MOS1FF MOS2SW2
XMM-02 0164560501 50059 EPNFF MOS1FF MOS2 FF
0156960201 30243 EPNFF MOS1FF MOS2 FF
0156960401 32039 EPNFF MOS1FF MOS2 FF
XMM-03 0112630101 36428 EPNFF MOS1FF MOS2 FF
XMM-04 0094800101 41021 EPNFF MOS1FF MOS2 FF
XMM-05 0125320701 45951 EPNFF MOS1FF MOS2 FF
0125320401 33728 EPNFF MOS1FF MOS2 FF
0125320501 7845 EPNFF MOS1FF MOS2 FF
0153950101 5156 EPNFF MOS1FF MOS2 FF
0133120301 12022 EPNFF MOS1FF MOS2 FF
0133120401 13707 EPNFF MOS1FF MOS2 FF
XMM-06 0111160201 49616 EPNEFF MOS1FF MOS2 FF
XMM-07 0106660501 11568 EPNFF MOS1FF MOS2 FF
0106660401 35114 — MOS1FF MOS2 FF
0106660101 60508 EPNFF MOS1FF MOS2 FF
0106660201 53769 EPNFF MOS1FF MOS2 FF
0106660601 110168 EPNFF MOS1FF MOS2 FF
XMM-08 0110980201 58237 EPNEFF MOS1FF MOS2 FF
XMM-09 0060370201 41273 EPNFF MOS1FF MOS2 FF
XMM-10 0012440301 35366 EPNFF MOS1FF MOS2 FF
XMM-11 0112970601 27871 EPN FF — —
0112971601 28292 — MOS1FF MOS2 FF
0112972101 26870 EPNFF MOS1FF MOS2 FF
0111350301 17252 EPNFF MOS1FF MOS2 FF
0111350101 52823 EPNFF MOS1FF MOS2 FF
XMM-12 0109110101 76625 EPNEFF MOS1FF MOS2 FF

vations were available but these were discarded mainlydue//Fl is a focal reducer-type mosaic camera mounted at the
unsuitable camera settings. Cassegrain focus of the telescope. The mosaic consists 2f 4
The XMM-Newton data, both in raw and pipeline reCCD chips with 204& 4096 pixels with a projected pixel size
duced form, are available through the XMM-Newton Scienasf 0238, giving a FOV of 812 x 16.25 for each individual
Archive? These data were used to create a wide range of prathip. The chips are separated by gaps ¢f@2and 143 along

ucts which include: the right ascension and declination direction, respelgtidéne
I I 1IN 0,
— Combined EPIC images in the XID-band 0.5-4.5 ke\f/UII FSV OfV\g:I |séhus 3134233 \;]v_lthaflllmgfa:cctor 0:]9?9”@‘ .
(FITS): T eWFI. ata described in this paper are from the following
— Combined EPIC images in the total band 0.1-12 ke 0 sources:
(FITS); 1. the ESO Large Programme 170.A-0789(A) (Principal In-

— Color images using three sub-bands, 0.5-1.0 keV (red), vestigator: J. Krautter, as chair of the SWG) which has ac-
1.0-2.0 keV (green), 2.0-4.5 keV (blue), in the XID-band  cumulated data from January 27, 2003 to March 24, 2004
(JPG). at the time of writing.

As an illustration, Fig. 1 shows color composites of the finaf- the contributing programs 70.A-0529(A); 71.A-0110(A);
combined X-ray images for the 12 fields considered. Note that /1-A-0110(B) with P. Schneider as the Principal Invest-
the X-ray images have a non-uniform exposure time over the igator, which have contributed data from October 14, 2002
field of view due to (1) the arrangements of the CCDs in the t© September 29,2003

focal plane, which is dierent for the three cameras, and (2) gpservations were performed in ti&, V-, R-, and I-

the vignetting of the camera optics. passbands. These were split into OBs consisting of a sequenc

of five (ten in thel-band) dithered sub-exposures with the typi-
3. Optical observations cal exposure time givenin Table 3. The table gives: in Cdid. t
. . . _ .. passband; in Col. 2 the filter id adopting the unique naming
AS. mentioned earlier, the optical observat|0r_ls were Ao convention of the La Silla Science Operations Team; in Col. 3
using WFI at the ES(MPG-2.2m telescope in service mOOIeIfhe total exposure time in seconds; in Col. 4 the number of ob-
2 http://xmm.vilspa.esa.es/external/xmm_data_acc/ serving blocks (OBs) per field; and in Col. 5 the integration

xsa/index.shtml time of the individual sub-exposures in the OB. The dithdf pa
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Table 3. Planned observing strategy for the XMM-Newton follow-ugreducing, using a single environment, thé&elient observing

survey. strategies and the variety of sinfteulti-chip, opticalinfrared
cameras used by theftrent surveys carried out by the EIS
Passband  Filter Tt (S) Nog  Texp(s) team. The platform independent FM®/M image processing
B B/123ESO879 1800 1 360 engine is publicly available and can be retrieved from th® EI
Y ymeen umof 4 webpees
! /203 ESO879 9000 3 300 The system automatically recognizes calibration and sci-

ence exposures and treats them accordingly. For the reducti
frames are associated and grouped Reduction Blocks (RBs)

tern with a radius of 80 was optimized for the best filling of Pased on the frame type, spatial separation and time irtezva
the gaps. Filter curves can be found in Arnouts et al. (200d) alWeen consecutive frames. The end_ point of_the reduction 0)‘ a
on the web page of the La Silla Science Operations Team. RB is areduced image and an associated weight map describ-
Even though the nominal total survey exposure time for tifed the local variations of noise and exposure time in the re-
R-band is 3500 s, the data contributed by the Bonn group pfggced image. The data reduction algorithms are fully deedri
vided additional exposures totaling 11500 s each, spread off Vandame (2004). _ o
4 OBs. For the same reason dand data for the field XMM- ~ In order to produce aeduced image, the individual expo-
07 has a significantly larger exposure time than that given $4res within an RB are: (1) normalized to 1 s integration; (2)
Table 3 (see Table 9). astrometrically calibrated with the Gwd_e Star Catalogsiger
Service mode observing provides the option for constrairts (GSC-2.2) as reference catalog, using a second-ortler po
on e.g., seeing, transparency, and airmass to be specifiee jomial distortion model; (3) warped into a user-definedrefe
der to meet the requirements of the survey. The adopted c6R¢e grid (pixel, projection and orientation), using adkorder
straints were: (1) dark sky with a fractional lunar illumiom L@nczos kernel; and (4) co-added only using the weight for di
of less than @F; (2) clear sky with no cirrus though not necescarding the ﬂu>§ contribution from masked plx_els (e.g. direl
sarily photometric; and (3) seeing /2. TheR-band images tracks _automatma_lly detec_ted and m_asked using a Hoggi;_rtran
of the contributing program were taken with a seeing coirgtraformation), for whlch the pixel value is zero. Note that widi
of < 170 so that the data can be used for weak lensing studiét@! exposures in the RB are not scaled to the same flux level.
The total integration time in some fields may be higher thar!iS assumes that the time interval corresponding to an RB is
the nominal one listed in Table 3 because unexpected \ariati SMall enough to neglect significant changes in airmass.
in ambient conditions during the execution of an OB can cause 1€ 720 raw exposures were converted into 160 fully cal-
for instance, the seeing and transparency to exceed thie orffated reduced images, of which 146 were released iBthe
nally imposed constraints. If this happens, the OB is nogmaf36), V- (32), R- (43) andl - (35) passbands. Of the remaining
executed again at a later time. In these cases the decisim ofl4. 10 were observed with wrong coordinates, three (XMM-05
ing or not all the available data must be taken during the d4f, XMM-06 (1), XMM-12 (V)) were rejected after visual in-
reduction process. In the case of the present survey alk av§Pection and one (XMM-12) was discarded due to a very short
able data were included in the reduction, which explains wifjfegration time (73 s), associated to a failed OB. The numbe
in some cases the total integration time exceeds that atlyin ©f reduced images (150) exceeds that of OBs (130) because
planned. the RBs were built by splitting the OBs in order to improve
This paper describes data accumulated prior to October it cosmetic quality of the final stacked images, as disdusse
2003, amounting to about 80 h on-target integration. The sBElOW.
ence data comprises 720 exposures split into 130 OBs. About The photometric calibration of the reduced images was ob-
15% of theB-band and 85% of th&-band data are from the tained using the photometric pipeline integrated to thedzt
contributing programs. reduction system as described in more detail in AppendixB. |
particular, the XMM-Newton survey data presented here were
obtained in 41 dferent nights of which 37 included observa-
4. Data reduction tions of standard star fields. For these 37 nights it was gitieen

The accumulated optical exposures were reduced and cifioPtain photometric solutions. The four nights withowtrst
brated using the EIS Data Reduction System (da Costad@fd star observations are: February 2,_3 qnd 4, 2003 (Public
al., in preparation) and its associated image processigigen SUFV‘?V)? an(_j November 8, 2002 (contrlbutmg program). For
based on the €+ EISMVM library routines (Vandame 2004, the nights with standard star observations, the n_umber af me
Vandame et al., in preparatiohJhis library incorporates rou- SUréments ranges from a few to over 300, covering from 1 t0 3

tines from the multi-resolution visual model package (MVMB’andOIt fields. . ) ) .
described in Bijaoui & Rué (1995) and Rué & Bijaoui (1997). Table 4 summarizes the available photometric observations

It was developed by the EIS project to enable handling ame.table Iist_s: in Col. 1 the passpand; in Col. 2-5 the number
of nights assigned a default solution or a 1-3-parameter sol

3 http://www.ls.eso.org/lasilla/sciops/2p2/E2p2M/ tion; and in Col. 6 the total number of nights with standagd st

WFI/filters/ observations. For three nights (March 26, 2003; April 2,200
4 The PhD thesis is available fromhttp://wuw.eso.org/
science/eis/publications.html 5 http://www.eso.org/science/eis/
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Table 4. Summary of the number of nights with standard star obsde both science and standard exposures. Second, it is also

vations and type of solution. known that large-scale variations due to non-uniform iilum
nation over the field of view of a wide-field camera exist. The
Passband default 1-par 2-par 3-par total significance of this fect is passband-dependent and becomes
B 0 3 4 3 10 more pronounced with increasing distance from the opticial a
v 0 8 3 > 16 (Manfroid & Selman 2001; Koch et al. 2004; Vandame et al. in
|R 2 g g 2 13 preparation). Automated software to correct for thifeet has

been developed but due to time constraints it has not yet been
applied to these data.

Table 5. Comparison between the EIS 3-parameter fit solutions and The final step of the data reduction process involves the
the Telescope Team’s best solution. assessment of the quality of the reduced images. Following v
sual inspection, each reduced image is graded, with theegrad
ranging from A (best) to D (worst). This grade refers onlyhte t

Passband AZP Ak A color

5 _8'82 _%88 :8'8(13 visual aspect of the data (e.g. background, cosmetics)oOut
R 0:00 Q10 dOO 150 reduped images covering (see Sect. 3) the selected XMM-
| _004 Q05 -002 Newton fields, 104 were graded A, 35 B, 7 C and 4 D. The

images with grades C and D are listed in Table 6. The table,
ordered by field and date, lists: in Col. 1 the field name; in
August 6, 2003) the solutions obtained in the passbafhds Col. 2 the passband; in Col. 3 the civil date when the night
R, respectively (either 2- or 3-parameter fits) deviate from t started (YYYY-MM-DD); in Col. 4 the grade given by the vi-
median by-0.26,-0.5, —0.25 mag. Of those, only theband sual inspection; and in Col. 5 the primary motive for the grad
zeropoint obtained for April 2, 2003 deviates by more than 3|t is important to emphasize that the reduced images must be
from the solutions obtained for other nights. Note that $imet graded, as grades are used in the preparation of the finatimag
of solution obtained depends on the available airmass dod catacks. In particular, reduced images with grade D haveiro sc
coverage, which in the case of the XMM-Newton survey dentific value and were not released and were discarded in the
pends on the calibration plan adopted by the La Silla Scienstacking process discussed in the next section.
Operations Team. The success rate of the automatic reduction process is bet-
Because the EIS Survey System automatically carries @git than 95% and most of the lower grades are associated with
the photometric calibrations it is interesting to compaedo- observational problems rather than inadequate perforenaic
lutions to those obtained by other means. Therefore, the auhe software operating in an un-supervised mode. An interes
matically computed 3-parameter solutions of the EIS Surviayg point is that occasionallR-band images are alsdfacted
System are compared with tihest solution recently obtained by fringing (see Table 6) — for instance, in the nights of Asigu
by the La Silla Science Operations Team. The results of tl§sand September 23 and 29, 2003, all from the contributing
comparison are presented in Table 5 which lists: in Col. 1 theéogram. The night of August 6 is one of the nights for which
passband; in Cols. 2-4 the medfsets in zeropoint4P), ex- the computedR-band zeropoint deviates from the median. This
tinction (k) and color term (color), respectively. The agreemepbints out the need to consider applying fringing correctio
of the solutions is excellent for all passbands. Howeves it also in theR-band, at least in some cases. TRband fring-
worth emphasizing that the periods of observations of stathd ing problem accounts for five out of seven grade C images. The
stars available to the two teams do not coincide. remaining cases are due to stray-light and strong shaps-dist
Not surprisingly, larger fisets are found when 2- and 1+tions.
parameter fits are included, depending on the passband and esit should also be pointed out that the reduced images show
timator used to derive the estimates for extinction and rcola number of cosmic ray hits. This is because the construofion
term. Finally, taking into consideration only 3-paraméiteso- RBs was optimized for removing cosmic ray features in the fi-
lutions and after rejectinga3outliers one finds that the scattemal stacks using a thresholding technique. To this end the nu
of the zeropoints ig 0.08 mag. This number is still uncertainper of images in an RB was minimized for some field and filter

given the small number of 3-parameter fits currently avéglab combinations to have at least three reduced images enthgng
especially in theR-band. The obtained scatter is a reasonalgs,

estimate for the current accuracy of the absolute photaenetr
calibration of the XMM-Newton survey data. )

There are two more points that should be considered 3n Final products
evaluating the accuracy of the photometric calibrationhef t 5
present data. First, for detectors consisting of a mosaic 0
individual CCDs it is important to estimate and correct fofhe 146 reduced images with grades better than D were con-
possible chip-to-chip variations of the gain. For the pnéseverted into 44 stacked (co-added) images using the EIS Data
data these variations were estimated by comparing the medi®eduction System. The system creates both a final stack, by
background values of sub-regions bordering adjacent CCBs-adding diferent reduced images taken of the same field with
The determined variations were used to bring the gain tothe same filter (see Appendix C), and an associated prodyct lo
common value for all CCDs in the mosaic. This was appliegith additional information about the stacking process ted

f1. Images
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Table 6. Grades representing the visual assessment of the reduegesm

Field Passband Date Grade Comment

XMM-05 R 2002-10-14 D strong stray light contamination
XMM-06 I 2003-01-29 D inadequate fringing correction
XMM-12 I 2003-03-29 D very short integration time
XMM-12 \% 2003-09-27 D out-of-focus

XMM-01 \% 2003-02-01 C strong shape distortions
XMM-07 R 2003-08-06 C stray light contamination
XMM-10 R 2003-08-06 C fringing

XMM-10 R 2003-09-23 C fringing

XMM-10 R 2003-09-29 C fringing

XMM-10 R 2003-09-29 C fringing

XMM-10 R 2003-09-29 C fringing

final image. Note that all stacks (and catalogs) and theg-asband images, still show some cosmic ray hits. This happens
ciated product logs are publicly available from the EIS syrv primarily in the regions of the inter-chip gaps, where fewer
release and ESO Science Archive Facility pajes. ages contribute to the final stack. Also, the automatic lgatel
The final stacks are illustrated in Fig. 2 which showsack masking algorithm has proven to fé@ent in removing
cutouts from color composite images of the 12 fields. From tHioth bright and faint tracks. The most extreme case is 3-satel
figure, one can easily see the broad variety of fields obsdayedite tracks of varying intensity in a single exposure. Thgioes
this survey — dense stellar fields (XMM-01, XMM-02, XMM-affected by satellite tracks in the original images were flagged
12), sometimes with dliuse emission (XMM-11), extended ob-n the weight-map images and thus are properly removed from
jects (e.g. XMM-08), and empty fields at high galactic ladi#u the stacked image. Naturally, in the regions where a satelli
(e.g. XMM-07). While the constraints imposed by the systetrack was found in one of the contributing images the noise is
normally lead to good results, visual inspection of the igggslightly higher in the stacked image. This is also reflectetié
after stacking revealed that at least in one case the fircdesta final weight-map image.

image was significantly degraded by the inclusion of areduce The accuracy of the final photometric calibration of course
image (graded B) with high-amplitude noise. Therefores thijepends on the accuracy of the photometric calibrationef th
image was not included in the production of the correspongduced images which are used to produce the final co-added
ing stack. The reason for this problem is being investigatetl stacks and the number of independent photometric nights in
may lead to the definition of additional constraints for thie awhich these were observed (see Table 7). The former depends
tomatic rejection algorithm being currently used. not only on the quality of the night but also on the adopted

Before being released the stacks were again examineddayibration plan. To preview the quality of the photometid-
eye and graded. Out of 44 stacks, 33 were graded A, 10 B, ai¢ghtion, Table 7 provides information on the number of re-
1 C, with no grade D being assigned. In addition to the gradgjgced images and number of independent nights for each pass-
comment may be associated and a list of all images with sognd and filter. The table gives for each field in: Col. 1 the
comment can be found in the README file associated to thfigld identification; Cols. 2—4 for each passband the number
release in the EIS web-pages. The comments refer mostlyotoreduced images with the number in parenthesis being the
images with poor background subtraction either due to vefyimber of independent nights in which they were observed.
bright stars (XMM-12) or extended, bright galaxies (XMM;08Complementing this information Table 8 shows the best type
XMM-09) in the field. It is important to emphasize that thgf solution available for each fiefiilter combination. The ta-
reduction mode for these data was optimized for extragalafe gives: in Col.1 the field name; in Cols. 2—5 the number of
tic, non-crowded fields, which is not optimal for some of #hesree parameters in the type of tihest solution available for
fields. Residual fringing is also observed in some stackh sufie passbands indicated. Solutions with more free paramete
as that of XMM-10 in theR-band and XMM-04, XMM-06 in in general indicate better airmass and color coveragajinig!
thel-band. better photometric calibration. Examination of these taldes

As mentioned in the previous section, to improve the rejegrovide some insight into the quality of the photometrid-cal
tion of cosmic rays, the RBs were constructed so that in m@shtion of each final stack, as reported below.
cases the stack blocks (SB) consist of at least 3 reduce®Bnag The main properties of the stacks produced for each field

as input. This allows for the use of a thresholding procedutg,q filter are summarized in Table 9. The table gives: in Col. 1
with the threshold set to.2cr, to remove cosmic ray hits from e field identifier: in Col. 2 the passband; in Col. 3 the total

the final stacked image. Even with this thresholding thekstagteration timeT;, in seconds, of the final stack; in Col. 4 the
consisting of only three RBs (totaling 5 exposures), moBtly nmper of contributing reduced images or RBs; in Col. 5 the

6 http://www.eso.org/science/eis/surveys,/ total number of science frames contributing to the finallstac
release XMM.html for catalogs andhttp://archive.eso. N qus. 6and 7 the seeing in arcseclonds gnd the poipt-spread
org/archive/public_datasets.html for the latest release of function (PSF) anisotropy measured in the final stack; in €ol
stacked images made in July 2005. the limiting magnitudemn, estimated for the final image stack
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Fig. 2. Above are cut-outs from color images of XMM-01 to XMM-12 (fnotop left to bottom right) to illustrate the wide variety oéfiils
the pipeline can successfully handle. The color imagedaii® composite werdR-band data is availabl&VI otherwise. The side length of
the images displayed here i9% 5/6. In these images North is up and East is to the left. Thesgasite color images also demonstrate the
accuracy of the astrometric calibration independentlyeagt in each passband.

fora 2’ aperture, 5 detection limit in the AB system; in Col. 9 worst values being’®0 and 151, respectively. This is signif-
the grade assigned to the final image during visual inspectigantly better than the seeing requirement 62 $pecified for
(ranging from A to D); in Col. 10 the fraction (in percentagethis survey.

of observing time relative to that originally planned. Finally, the following remarks can be made concerning the

. _ ... image stacks and their calibration:
This table shows that for most stacks the desired limiting g

magnitude was met il (24.92 mag) or even slightly exceeded— XMM-01 (R) — The background subtraction near bright
in B (25.20 mag). Thé&- andl-band images are slightly shal-  stars is poor. This field was observed as a single OB on
lower than originally proposed with median limiting magni- February 3, 2003 for which no standard stars were ob-
tudes of 2466 mag and 289 mag. Still, when only the high-  served. Since this is a galactic field there are no comple-
galactic latitude fields are included the median limitinggna  mentary observations from the contributing program, and
nitudes are fainter — 25.38j, 25.05 {), 25.36 R) and 24.58 therefore these observations cannot be calibrated.

(1) mag. All magnitudes are given in the AB system. The me— XMM-01 (1) — This field at low galactic latitude is very
dian seeing of all stacked images 169@ with the best and crowded and no acceptable fringing map could be produced
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Table 7. Summary of available data — number of reduced images and XMM-07 (R) — This field was observed in four nights

in parentheses number of independent nights — for each fielpass-
band.

(August 6, and September 23, 27, and 28, 2003) as part
of the contributing program. For the night of August 6 a 3-
parameter fit solution was obtained. However, this solution

Field B v R ! deviates by roughly 0.25 mag relative to the median of all
XMM-01 3(1) 3(@2) 3(1) 3(Q3) .

R-band solutions.
XMM-02 = 3(1) 3(1) 3(1) 3(1) XMM-07 (1) — There is a visible stray light reflection at th
XMM-03 3(1) 3(2) 5(3) 3(1) -0 (1)=Thereis avisible stray light reflection at the
XMM-04 3(1) 3(2) 4(2) 3(2) lower right corner of thg image. .
XMM-05 3(1) 3(2) 5(1) 3(2) XMM-08 (V) — The bright central galaxy is larger than
XMM-06 3(1) 3(2) 6(4) 3(2) the dithering pattern, thus making itfiicult to estimate
XMM-07 3(2) 3(2 6(4) 3(2) the background in its neighborhood. As a consequence the
XMM-08 3(1) 3(1) — 3(2 background subtraction procedure does not work properly.
XMM-09 3(1) 3(2 — 3(2 XMM-08 (1) — The comments about the background sub-
XMM-10 3 (1) — 5@ — traction for thev-band image also apply to theband. This
XMM-11 - 3(1)  3(2) 3(1) 5(4) field was observed using 3 OBs (which in this case also
XMM-12  3(1) 2@1) 3(1) 3(2

Table 8. Type of best photometric solution available for each field.

correspond to 3 RBs) on two nights (March 30, 2003, one
OB and April 2, 2003, two OBs). On the night of April

2 a 3-parameter solution was obtained for which the ZP
determined deviates significantly (more than) 3rom the

Field Default 1-par 2-par 3-par median of all solutions, even though the conditions of the
XMM-01 R BV — [ night seem to have been adequate. The reason for this poor
XMM-02 RI BV — — solution is at present unknown. Poor fringing correctiom is
XMM-03  — | R BV possibility but needs to be confirmed. The zeropoint for the
XMM-04 - v - BRI two reduced images taken in this night has been replaced
XMM-05 - R | BV by a default value.

XMM-06 o v BR ! XMM-09 (BVI) — The preceding comment about back-
XMM-07 — I B VR .

XMM-08 . Vv _ Bl ground subtraction (see XMM-08) can be repeated here for
XMM-09 _ _ B VI the large galaxy in the North-West corner of the image. The
XMM-10 _ _ B R background subtraction procedure fails, creating a strong
XMM-11 — — — BVRI variation around the galaxy.

XMM-12 — BR \Y | XMM-10 (B): This stack has a shorter exposure time than

from the science exposures in the field. The de-fringing was

done with arexternal fringing map generated from science

images taken on empty fields close in time to the XMM-01—

|-band observations.

— XMM-02 (R) — The observations for this pointing and filter —

the others released, leading to higher background noise.
XMM-10 (R) — This field was observed in the nights of
August 6, and September 23 and 29, 2003 as part of con-
tributing program. As in case of XMM-07 the solution for
August 6 deviates somewhat from the median.

XMM-11 (V) — The same comments as for the photometric
calibration of XMM-03 ) apply to this image.

XMM-11 (I) — Like for XMM-01 (I) an external fringing

were done with one OB (5 exposures) on February 2, 2003 map was used.
for which no standard stars observations were carried out-= XMM-12 (BR) — The background subtraction near bright

— XMM-02 (1) — The observations for this pointing and filter

stars is poor.

were done with two OBs (10 exposures each) on February XMM-12 (V) — The preceding comment about background
2, 2003 for which no standard stars observations were car- subtraction also applies to this image. In addition the com-

ried out. Like for XMM-01 () an external fringing map
was used.

ment about the photometric calibration of XMM-08'~(
band) also applies to this image.

— XMM-03 (V) — TheV-band calibration on the night of — XMM-12 (1) —The commentabout background subtraction
March 26, 2003 yields a 3-parameter fit that deviates from also applies to thé-band image. Like for XMM-011() an
the median of the solutions by roughly 0.26 mag (less than external fringing map was used.

30).

— XMM-04 (1) — Low level fringing is still visible in the final
stacked image.

— XMM-06 (1) — As in XMM-04, low level fringing is still
visible in the final stack.

— XMM-07 (B) — From the three reduced images available Some improvements in the image quality may be possible

only two were used for stacking because of the high ampiit the future by adopting a fierent observing strategy such as
tude of noise in one of them which greatlffected the final larger dithering patterns to deal with more extended object
product. shorter exposure times to minimize the impact of fringing.
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Table 9. Overview of the properties of the produced image stacks.

Field Passband Tin #RBs #Exp. Seeing PSFrms my, Grade Completeness

(s) (arcsec) (mag) (%)
XMM-01 B 1800 3 5 1.19 0.056 24.94 A 100
XMM-01  V 6599 3 15 0.97 0.056 25.32 A 150
XMM-01 R 3500 3 5 0.82 0.074 23.97 B 100
XMM-01 | 8998 3 30 0.69 0.063 23.53 A 100
XMM-02 B 1800 3 5 1.17 0.051 24.51 A 100
XMM-02 V 4399 3 10 0.96 0.076  24.63 A 100
XMM-02 R 3500 3 5 0.64 0.087 24.69 A 100
XMM-02 | 5998 3 20 0.94 0.079 23.84 A 67
XMM-03 B 1800 3 5 1.01 0.031 25.44 A 100
XMM-03 V 4399 3 10 0.86 0.068 25.35 A 100
XMM-03 R 11748 5 20 0.83 0.152 25.15 A 336
XMM-03 | 9297 3 31 0.96 0.061 24.39 A 103
XMM-04 B 1800 3 5 1.17 0.041 25.22 A 100
XMM-04 V 4399 3 10 1.07 0.050 25.05 A 100
XMM-04 R 11748 4 20 0.76 0.069 25.57 A 336
XMM-04 | 8998 3 30 0.87 0.066 24.83 A 100
XMM-05 B 1800 3 5 1.24 0.076  25.18 A 100
XMM-05 V 4399 3 10 151 0.063 24.80 A 100
XMM-05 R 12348 5 21 0.94 0.072 25.58 A 353
XMM-05 | 8998 3 30 1.09 0.056 24.58 A 100
XMM-06 B 1800 3 5 0.87 0.052 25.57 A 100
XMM-06 V 4399 3 10 0.73 0.039 25.43 A 100
XMM-06 R 14998 6 25 0.85 0.060 24.54 A 429
XMM-06 | 8998 3 30 0.74 0.044 24.40 A 100
XMM-07 B 2699 2 8 1.24 0.035 25.55 A 150
XMM-07 V 4399 3 10 1.10 0.050 25.37 A 100
XMM-07 R 15698 6 27 1.03 0.058 25.66 A 449
XMM-07 | 8998 3 30 0.95 0.048 24.96 A 100
XMM-08 B 1800 3 5 1.28 0.062 25.62 A 100
XMM-08 V 4399 3 10 1.03 0.082 24.93 A 100
XMM-08 | 8998 3 30 0.79 0.052 24.76 B 100
XMM-09 B 1800 3 5 0.94 0.045 24.59 B 100
XMM-09 V 4839 3 11 0.83 0.031 24.20 B 110
XMM-09 | 8998 3 30 0.72 0.038 23.81 B 100
XMM-10 B 1500 3 5 1.12 0.042 24.26 B 83
XMM-10 R 11748 5 20 0.88 0.049 24.62 C 336
XMM-11 B 1800 3 5 1.09 0.058 25.25 A 100
XMM-11 V 4399 3 10 0.77 0.075 24.03 A 100
XMM-11 R 3500 3 5 0.60 0.090 23.10 A 100
XMM-11 | 12297 5 41 0.77 0.087 22.64 A 137
XMM-12 B 1800 3 5 1.09 0.087 23.41 B 100
XMM-12 V 3519 2 8 0.79 0.085 23.48 B 80
XMM-12 R 4899 3 7 0.64 0.111 23.16 B 140
XMM-12 | 3599 3 12 1.21 0.093 22.01 B 40

5.2. Catalogs As mentioned earlier, the fields considered here cover a

range of galactic latitudes of varying density of objeatisome
For the 8 fields located at high-galactic latitudes With> 30°,  cases with bright point and extended sources in the field. In
a total of 28 catalogs were produced (not all fields were ofgris sense this survey is a useful benchmark to evaluate the
served in all filters, see Table 7). Catalogs for the remainiRerformance of the procedures adopted for the un-supervise
low-galactic latitude fields were not produced since these axtraction of sources and the production of science-gratie ¢
crowded stellar fields for which SExtractor alone is not wefljogs. This also required carrying out tests to fine-tune the
suited. As inthe case of the Pre-FLAMES survey (Zaggia et alhoice of input parameters to provide the best possible comp
in preparation), it is preferable to use a PSF fitting altionit mjse. Still, it should be emphasized that the catalogs predu

such as DAOPHOT (Stetson 1987). Details about the catalgg in some sense general-purpose catalogs. Specific scienc
production pipeline available in the EIS data reductiorteays

are presented in Appendix D.
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goals may require other choices of software (e.g. DAOPHOT, ion galaxy located South-East of it. The presence of these
IMCAT) and/or input parameters. galaxies leads to a large number of spurious object detec-
A key issue in the creation of catalogs is to minimize the tions in their surroundings in all bands.
number of spurious detections and in general, the adopted ex XMM-08 (VRI) — See the comments about spurious object
traction parameters work well. However, there are unadsd@la  detections for XMM-08B-band.
situations where this is not the case. Among these are: €1) th XMM-09 (B) — Cosmic rays are misidentified as real ob-
presence of ghost images near bright stars. Their locatidn a jects. The very bright galaxy located at the North-West
size vary with position and magnitude making itfaiult to of the image leads to the detection of a large number of
deal with them in an automatic way; (2) the presence of bright spurious objects extending over a large ared K100) in
galaxies because the algorithm for automatic masking does n  all bands. Even though the galaxy has been automatically
work well in this case; (3) residual fringing in the image) (4 masked, theféected area is much larger than that predicted
the presence of stray light, in particular, associated tmithht by the algorithm, which is optimized for stars. Thus, addi-
objects just outside the observed field; (5) when the image is tional masking by hand would be required.
slightly rotated, the trimming procedure does not trim tbe ¢ — XMM-09 (VI) — See the comments about spurious object
ners of the image correctly, leading to the inclusion of oegi detections for XMM-09B-band.
with a low S/N. In these corners many spuriously detected ob— XMM-10 (R) — The stacked image was graded C because
jects are not flagged as such. The XMM-Newton fields are a of fringing. The fringing pattern causes a high number of
good showcase for these various situations. spurious object detections along the fringing patterrgHea
Another important issue to consider is the choice of the ing to a catalog with no scientific valu&his catalog is
parameter that controls the deblending of sources. Expegie  released exclusively as anillustration.
shows that theféects of deblending depend on the type of field
being considered (e.g. empty or crowded fields, extended gb-_ .
ject, etc.) and vary across the image. Some tests were tarfe Discussion
out but further analysis of this topic may pe required_. 6.1. Comparison of counts and colors
A number of tests have also been carried out to find an ade-
quate compromise for the scaling factor used in the caliomat A key element in public surveys is to provide potential users
of the size of the automatic masks (see Appendix D) which d&ith information regarding the quality of the products esded.
pends on the passband and the magnitude of the object. WhRethis end a number of checks of the data are carried out and
the current masking procedure generally works well, the ogeveral diagnostic plots summarizing the results are aatiom
timal scaling will require further investigation. It is alslear cally produced by the EIS Survey System. They are an integral
that for precision work, such as e.g. lensing studies, amidit part of the product logs available from the survey releagepa
masking by hand is unavoidable. It should also be mention@ge to the large number of plots produced in the verification
that occasionally the masking of saturated stars failss Boi Pprocess these are not reproduced here. Instead a smalliset il
curs in five out of the 28 catalogs released and only-ft% of trating the results are presented.
the saturated stars in them. These cases are likely to baref st A relatively simple statistics that can be used to check the
just barely saturated, at the limit of the settings for auttin catalogs and the sfgalaxy separation criteria is to compare

masking. the star and galaxy number counts derived from the data to tha
Bearing these points in mind, the following comments ca@f other authors anidr to model predictions. As an example,
be made regarding some of the released catalogs: Fig. 3 shows the galaxy counts infidirent observed passbands

for the field XMM-07. Here objects with CLASSTAR< 0.95
— XMM-03 (B) — The automatic masking misses a few satwf fainter than the object classification limit were usedre-c
rated stars. ate the sample of galaxies. Note that the number counts shown
— XMM-06 (B) — Due to a small rotation of the image of an the figure take into account thefective area of the cata-
few degrees the trimming frame does not mask the bordérg, which is available in it¥IELDS table (see Appendix D).
completely. As can be seen, the computed counts are consistent with those
— XMM-06 (V) — The deblending near bright galaxies is inebtained by previous authors for all passbands (Arnouts et a
suficient. Deblending near bright stars is too strong. 2001; Metcalfe et al. 2001).
— XMM-06 (R) - Asin theV-band image the deblendingnear A complementary test is to compare the stellar counts
bright galaxies is indficient. to those predicted by models, such as the galactic model of
— XMM-06 (1) —As in theV-band image the deblending neaGirardi et al. (2005, and references therein). Generdily, t
bright galaxies is indicient. Spurious object detectionsagreement of model predictions is excellentBrandV-band
are caused by reflection features of bright stars and sti@talogs, becoming gradually worse fer and especially in

light reflections. I-band, near the classification limit, with the counts fajlin
— XMM-07 (B) — Spurious objects in the corners are causd@low model predictions (e.g. XMM-0B-band). Note, how-
by insuficient trimming. ever, that plots of CLASSSTAR versus magnitude show a less

— XMM-08 (B) — Masks are missing for a number of satuwell defined stellar locus for these bands. It is thus redsena
rated stars. XMM-08 contains an extended, bright galaxy assume that the observedfdiences between catalogs and
(NGC 4666) at the center of the image, plus a compamodel predictions are due to misclassification of stars kxga
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ies. Alternatively, these may also reflect short-comingthan is not related to the calibration of the night, as will be seen
model adopted. However, a detailed discussion of this issudoelow.
beyond the scope of the present paper.
While useful to detect gross errors, number counts are not ) ] ]
sufficiently sensitive to identify more subtleffiirences. The 6-2. Comparison with other reductions
comparison of expected colors of stars with theoretical -mo(‘g
eIs. pr0\./|de-s a better test of the accuracy of the photome e sources extracted from the final image stacks, to those
calibration in the dierent bands. Using color transformations L . .
. o . of other authors and to model predictions provide an inferna
computed in the same way as in Girardi et al. (2002), the theg- : .
) ; . means to assess the quality of the data products. However, in
retical colors of stars can be obtained. Such comparisons we . . )
T : : e particular case of this survey one can also benefit fream th
made for all five fields with data in four passbands. The rg-

sults for two cases, XMM-06 and XMM-07 are illustrated irfact that about one third of the accumulated data has been in-

Figs. 4 and 5, respectively, which sho® € V) x (V - I) and dgpepdently reduced by the Bo_nn group in charge of the con-
(V—R)x(R—I),diagrams. Fo’r XMM-06 the data are in excellen ributing program (Sect. 3). The images in common are used in

agreement with the colors of stars predicted by the themmetit I‘Ilf)tso erﬁg?r?ct?:;}zl:aeﬂzggef r: iggf?égﬁcnﬂ%fnthfhzsggnmnemk(:)a
model, with only a small{ 0.05 mag) d¢fset inR - I, indicat- P : ! w

ing a good calibration. On the other hand, for XMM-07, o used their "Garching-Bonn Deep Survey” (GaBoDS) pipeline

n
observes a significantiset ¢ 0.2 mag) inB — V. This field fErben etal. 2005). ) _

was chosen because it exemplifies the worfised observed A total of 15 stacked images in th8-, V-, and R-
relative to the theoretical models. Since thitset is only visi- Pands were produced and compared to those produced by the
ble in the 8- V) x (V- 1) diagram, it suggests a problem in th&ElS'MVM pipeline. The astrometric calibration was done us-
B-band data. Data for this figfiiter combination comes from ing the GSC-2.2 catalog, the same as that of the EIS reduction
two nights 2003-06-30 and 2003-08-06. Closer inspection Igrcontrast to the reductions carried out by the EIS systam, i

the observations in the night of 2003-06-30 show that: (&) tR9eS were photometrically calibrated using the measuresmen
standard stars observations span only 2 hours in the middl&bStandard stars compiled by Stetson (2000). The type af sol
the night; (2) the photometric zeropoint derived using tela t|on_(number of free parameters.of a Imegr fit) _for a mght was
able measurements (24.59 mag) is reasonably cloger] to Qeudeq on a case by case basis after visual inspection of the
the median value of the long-term trend (24.71 mag); (3) thgear fits.

B exposures were taken close to sunrise; and (4) there was aTo carry out the comparison of the data products, cata-
significant increase in the amplitude of the DIMM seeing at tHogs were produced from the EIS and GaBoDS images using
time the XMM-07 exposures under consideration were takeahe same extraction parameters. These catalogs were -associ
For the night of 2003-08-06 standards cover a much larger timted with each other to produce a merged catalog for each field
interval, yielding a zeropoint of 24.82 mag with comparablend passband. The results of this comparison for all thd-avai
difference relative to the long-term median value for this filtetble images in common are presented in Table 10. The table
as given above. The results suggest that the observed probigves: in Col. 1 the field name; in Col. 2 the original target

s shown above, comparison offidirent statistics, based on
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Table 10. Summary of the astrometric and photometric comparisondiffiérences were computed EIGaBoDS.

Field Target Passband  Aa cosg) AS Am
(arcsec) (arcsec) (mag)
XMM-03 HE 1104-1805 B 0.02+0.04 -0.01+0.03 013+0.02
XMM-03 HE 1104-1805 R 0.02+0.05 -0.01+0.05 001+ 0.04
XMM-04 MS 1054.4-0321 B 0.00+ 0.05 000+ 0.05 012+ 0.04
XMM-04 MS 1054.4-0321 V 0.02+0.05 -0.00+0.05 000+ 0.04
XMM-04 MS 1054.4-0321 R 0.03+ 0.06 000+ 0.06 000+ 0.03
XMM-05 BPM 16274 B 0.00+0.06 -0.01+0.06 005+ 0.04
XMM-05 BPM 16274 R 0.03+0.09 -0.01+0.09 018+ 0.04
XMM-06 RXJ0505.3-2849 B 0.02+0.04 000+ 0.04 000+ 0.02
XMM-06 RXJ0505.3-2849 V 0.02+0.04 -001+0.04 -0.04+0.04
XMM-06 RXJ0505.3-2849 R 0.01+0.03 001+ 0.04 005+ 0.03
XMM-07 LBQS 2212-1759 B 0.02+0.06 -0.02+0.06 034+ 0.04
XMM-08 NGC 4666 B 0.00+0.06 -0.01+0.05 000+ 0.03
XMM-08 NGC 4666 \% 0.00+0.06 -001+0.05 -0.01+0.03
XMM-09 QSO B1246-057 B 0.02+0.06 -0.01+0.05 002+ 0.02
XMM-10 PB 5062 B -0.03+0.05 -0.01+0.07 005+ 0.02

Fig. 4. BVI (left panel) andVRI (right panel) color-color plot for stars
objects in the XMM-06 field (large dots) and that obtainedhgghe-

oretical models (small dots).

Fig. 5. Same as Fig. 4 for XMM-07.

to ignore obvious outliers in the computation of the mean and
the standard deviation.

Fig. 6 illustrates the results obtained from the comparison
of the position of sources extracted from images produced by
the two pipelines for the particular case of XMM-06Rrband.
From the figure one can see that the positions of the sources
agree remarkably well. In fact, as summarized in Table 18, th
typical mean deviation is 20 mas with a standard deviation of
~ 50 mas, confirming the excellent agreement in ekternal
(absolute) astrometric calibration to be distinguishedrftthe
internal calibration discussed later.

Fig. 7 shows a plot of the magnitudefdirences measured
on the GaBoD3R-band image of the field MS 1054-8321
(XMM-04) versus the magnitudes measured on the correspond-
ing EIS image. This field shows that the photometry of both
reductions agree remarkably well. The measured scattéeof t
magnitude dierences is smalk(0.03 mag) for this as well as
for most other fields. This result indicates that the intepna-
cedures used by the two pipelines to estimate chip-to-crip v
ations are consistent. Moreover, inspection of the lastroal
of Table 10 shows that for 11 out of 15 cases the mdsets
are<0.05 mag. This is reassuring for both pipelines consider-
ing all the diferences involved in the process, which include
differences in the routines, procedures and the standard stars
used. It is important to emphasize thaffeiences in the com-
puted zeropoint of the photometric solutions ar€.08 mag,
even for the cases with the largedfdiences such as XMM-05

name: in Cols. 3 and 4 the meaffset and standard devia-(R) and XMM-07 (B). The value of 0.08 mag is consistent with
tion in right ascension and declination in arcseconds; ih &o the scatter measured from the long-term trend shown by the
the mean and standard deviation of the magnitudierdinces Z€ropoints computed over a large time interval, as predente
as measured within an aperture 6f ¥he mean and standardhe EIS release of WFI photometric solutions, thus reprigsgn
deviation of the magnitude fierences were determined in thdn€ uncertainty in the photometric calibration. Therefahe
interval 17< m < 21. This range was chosen to avoid saturaté@ifSets reported in the table cannot be explained Hewinces
objects at the bright end and to limit the comparison to ot the photometric calibration alone. This point is invgated
jects whose estimated error in magnitude is smaller thantabty more detail for XMM-05R-band and XMM-07B-band.

0.01 mag at the faint end. An iterativerSejection, which al-

All R-band images for XMM-05 were taken in one night

lowed rejected points to re-enter if they are compatibldhwiind the photometric solutions determined by both teamseagre
later determinations of the mean and variance, was employedy well. While the source of the discrepancy has not yet
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Fig. 6. Comparison of astrometry for tHe-band image of XMM-06 Fig. 7. Comparison of aperture magnitudes’ (8perture) measured
(RX J0505.3-2849), selected to represent a typical case. Tifteets on theR-band image of the field XMM-04 (MS 1054-8321). The
are computed EISGaBoDS. The dashed lines are centered 0Q)0 dashed line is at a magnitudeffégrence of 0, while the solid line de-
while the solid lines denote the actual barycenter of thetgoi notes the actualffset between the EIS and the GaBoDS reduction.
The diference at the bright end is caused bffalent treatments of
saturated objects in both pipelines.
been identified, the stellar locus in thB £ V) x (V - 1) and
(V-R) x(R-1) diagrams based on the source catalog extracted
from the EIS images yield results which are consistent with
model predictions, suggesting that the problem may lie & th
Bonn reductions. On the other hand, the larffeat (0.34 mag) the case of XMM-06, one finds that the size and pattern of the
between thd-band observations of the field XMM-07 is mosPSF are in good agreement and both reductions yield a smooth
likely caused by the data taken in the night 2003-06-30. /hiPSF with no obviousféects of chip boundaries over the whole
the standard star observations in this night suggestvelgti field. The situation is dierent for XMM-04 as can be seen in
good photometric conditions, the available measuremeiats sFig. 8, which shows a map of the PSF distortion obtained by
only about 2 hours in the middle of the night, while the sceenthe EIS (left panel) and Bonn (right panel) groups. While the
exposures were taken at the very end of the night. Inspestioroverall pattern of distortion is similar, the amplitude b&tPSF
the ambient condition shows a rapid increase in the ampitudistortion of the EIS reduction is significantly larger and e
of the DIMM seeing which could be related to a localized variaibits jumps across chip borders. Although tlfieet is small in
tion in the transparency. In fact, the Bonn pipeline, whidmnm absolute terms, it should be taken into account for apjidinat
itors the relative dtferences in magnitude for objects extractelying on accurate shape measurements. The reason fer thes
from different exposures in an OB, finds strong flux variatiortifferences is likely due to the fact that the astrometric calibr
that could be caused by changes in the sky transparency otiby in the EIS pipeline is done for each chip relative to ascab
the twilight at sunrise. The latter could also account ferfdct |ute external reference, without using the additional constraint
that these observations were later repeated in August of ttit the chips are rigidly mounted to form a mosaic. By neglec
year. The important point is that the Bonn group discarded timg this constraint, the solution for each chip in the mosaday
calibration of the frames taken in 2003-06-30, while thevautvary slightly depending on the dithered exposure beingidens
matic procedure adopted by EIS did not. ered and the density and spatial distribution of the refegen
In addition to evaluating the accuracy of the image registars in and around the field of interest. Since the accurbcy o
tration and photometric calibration, the independentetidns the GSC-2.2 of 250 mas is approximately equal to the pixel
also dfer the possibility to evaluate the shape of the imagesze of WFI of @238, in addition to the absolute calibration
To this end the PSF of bright, non-saturated stars orRhe of the image centroid, finding amternal relative astrometric
band images for XMM-04 (MS 1054-0©321) and XMM-06 solution further ensures that images iffelient dithered expo-
(RX J0505.3-2849) were measured and compared. These atges map more precisely onto each other during co-addition
the only two cases in which the final stacked images were ptoiperfections in thenternal relative astrometry result in ob-
duced by using exactly the same reduced images. This is¢taysets not being matched exactly onto each other, thereby de-
by the diferences in the criteria adopted in building the SBs. lyrading the PSF of the co-added image.
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6.3. X-ray/optical correlation From the high-galactic latitudes there are 3 fields with more
_ _ _ _ _ . than one observation. However, for XMM-05 only the two
As pointed outin the introduction, the ultimate goal of tbfs  ayailable observations with good tinte> 10 ks were con-
tical survey has been to provide catalogs from which one cggjered. One of them had technical problems that prevehted i
identify and characterize the optical properties of X-rayrees  from heing used for catalog extraction. For XMM-09 the seurc
detected with deep XMM-Newton exposures. list created contained many spurious sources due to remain-
X-ray source lists for the high-galactic latitude fields @ering calibration uncertainties in the pipeline processedges
produced by the AlP-node of the SSC. These are basedaidl was not considered further. Figures showing the restilts
pipeline processed event lists which were obtained with tkge source detection process with all sources indicatednon a
latest dficial version of the Software Analysis System (SASmage in TIFF format, the composite X-ray images, and the
V6.1). In its current version this SAS-based pipeline doats nsource lists can be found on the web-page of the AIP-SSC-
work with stacked images. node’! Below these source lists are used to identify their optical

Source detection was performed as a three-stage procgggiterparts.
using eboxdetect in local and in map mode followed by a  The extraction yields 995 point-like X-ray sources of which
multi-PSF fit withemldetect for all sources present in the ini-742 are unique. The filerence between these two numbers re-
tial source lists. The multi-PSF fit invoked here works onri-5 i flects diferences in the three independent source lists extracted
putimages, i.e. 5 per EPIC camera. The five energy bands uket the field XMM-07. The mean flux of the 742 unique X-
per camera cover the ranges: (1) 0.1-0.5 keV; (2) 0.5-1.0 ke®ly sources i€ meaf0.5— 2.0keV) = 85x 10Pergent?s,
(3) 1.0-2.0 keV; (4) 2.0-4.5 keV; and (5) 4.5-12.0 keV. the median flux in this band iBmeq0.5 — 2.0keV) = 3.7 x

The SAS taskeposcorr was applied to the X-ray sourcel0 Pergent?sh. Sources withF(0.5 - 2.0keV) = 4 x
list. Eposcorr correlates the X-ray source positions with thé0 *erg C”_Tz st are detected already with an exposure time
positions from an optical source catalog, in this case ti% g9f 5 ks, while the limiting flux in the EIS-XMM fields at the
catalog, to correct the X-ray positions, assuming that the t d€€pest exposure levelshgy, ~ 3 x 10*ergem?s .

counterparts are contained in the reference catalogue. Nearly all the X-ray source lists were matched to catalogs
ﬁracted from th&k-band images, with the exception of field

The source detection scheme used here is very similar to . .
y M-08, which was correlated with the-band. Two search

pipeline implemented for the production of the second XM dii. 2’ and 5 d Thel | flects the tvoi
Newton catalog of X-ray sources to be published by the XMI\)|’5"II "’t i ‘::‘_n | ' we_re;se - 1he arger_tya ude :e ects the typi-
Newton-SSC later in 2005 (Watson et al., in preparationjs P& statistical errorin A-ray source position de ermioaftyp-

approach is superior to that used for the creation of sout, glly n the range- 0.5"-2"), c_:oupled \_N'th an additional sys-
ﬁmatlc error component(1”) in the attitude of the spacecratft.

lists which are currently stored in the XMM-Newton Scienc tchi dius of & dst hiv & 263
Archive since it makes use of X-ray photons from all camer enc?, _atmr;l ching traf'tl;]S 0 orresp_)rohn sto Irloug ya o
simultaneously. It also distinguishes between point-dikd ex- uncertainty for most of the sources. The smaller corr
tended X-ray sources. In this paper we only consider pdet-| dius is justified by the o_Ilstrlbut|0n of the positional acacy of
sources. Extended sources at high galactic latitudes ayesél th_(teh):;]ray sgur_;:es% which pegl;so/até. 3 It ez’:er?(zjs upto’s
exclusively galaxy clusters and cannot be matched with indY’ e majority of sources (92%) being withi .

The results of X-ray source extraction and their cross-

idual objects in the optical catalogs. Examining theirgaoe . e . . ) . .
viau: J : Pl . gs. Examining thel identification with their optical counterparts for 7 hightgctic
ties is beyond the scope of this work. i . . : .

| . h hina b he XMM-N latitude fields (9 observations) are summarized in Tablé&ad.
n carrying out the maiching between the ) eWtO.réach field two rows are given: the first row refers to the match-

source lists and those extracted from the optical images, "ing done with a B search radius, in the second row the numbers

important to note that the X-ray images lie fully within the¥ for the smaller 2 search radius are reported. The table lists:
of the WFI images. Hence an optical counterpart can be poten-

tially found for any of the X-ray sources. 7 http://www.aip.de/groups/xray/XMM_EIS/
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Table 11.Contents of X-ray source lists for high-latitude XMM-EISIés.

Field Obs. ID Ns Passband Np, N1  (N1/Ns)(%)  Nay Npan B \% | BV Bl  BVI

@) &) ®) 4) ®) () @) 8 (9 (10 @11) (12) (13) (14 (19)
XMM-03 0112630101 69 R 92 61 88 62 47 1 1 1 0 0 0
69 36 35 51 27 27 0 0 0 0 0 0

XMM-04 0094800101 101 R 156 91 90 84 68 0 0 1 1 0 0
101 74 73 72 57 57 0 1 1 0 0 1

XMM-05 0125320401 89 R 130 79 89 52 42 1 0 2 0 0 0
89 59 57 64 37 37 1 0 2 1 0 0
XMM-06 0111160201 110 R 173 101 92 105 79 1 1 0 0 0 0
110 76 72 65 61 58 3 0 1 0 0 0

XMM-07 0106660101 144 R 191 119 83 84 66 3 0 2 1 0 2
144 82 81 56 52 52 2 2 1 1 0 1

XMM-07 0106660201 110 R 134 91 83 65 53 3 0 2 1 0 2
110 62 61 56 39 39 1 0 0 2 1 0

XMM-07 0106660601 162 R 211 139 86 93 76 1 0 1 2 0 0
162 100 98 60 59 59 1 1 1 2 0 1

XMM-08 0110980201 123 I 130 97 79 82 70 1 0 — 0 — —
123 73 73 59 58 58 0 2 — 1 — —

XMM-10 0012440301 88 R 113 76 86 50 46 1 — — — — —
88 57 56 64 35 34 3 — — — — —

in Col. 1 the field name; in Col. 2 the Obs. ID of the XMM-  Inspection of Fig. 9 shows that: (1) about 87% (61%) of the
Newton observation; in Col. 3 the number of detected X-raray point sources have at least one optical counterpainfrvi
point sources with a likelihood of existence larger thiaaml the search radius of’52") down toR ~ 25 mag, and very few

= 6, Ng; in Col. 4 the passband of the catalog used as the gmurces have more than 3 matches. In only very few cases one
tical reference for matching; in Col. 5 the number of matchefinds up to five associated optical sources, i.e. potentigdiph

Nm within 5” (2”7); in Col. 6 the number of X-ray sources withcal counterparts; (2) only about 15% of the X-ray sourceghav
at least one match;. In the case of multiple matchestire= 1  counterparts down to the Digital Sky Survey magnitude limit
sources refer to the closest matching optical source; in Tol(R ~ 20.5), underscoring the need for dedicated optical imag-
the identification rateN; /Ns; in Col. 8, the number of X-ray ing in order to identify the X-ray source population; (3) this-
sources, which have at least one counterpart in the op#géal tribution of the X-rayoptical positional &set peaks at around
erence catalog, and are also detected in all other avaibgiite 1" for the sources withm = 1. Them = 1 matches are well

cal passbands. This is a subset of the objects listed in Ciol. 5concentrated within a circle of’2 The distribution is almost
Col. 9, the same as in the previous column but fomthe 1 op- flat if all associations are considered. This underlines the

tical counterpartd\; a1, which is a subset of the objects listedrue physical counterparts to the X-ray sources will be tbun

in Col. 6; finally, in Col. 10-15 the number of optical counterpredominantly among tha = 1 sources, i.e. the nearest and in
parts in other passbands, which are not detected in theerefer most cases single associated optical sources; (4) thequasdit
catalog. In Col. 13—-1BV, Bl andBVI refer to objects which differences between X-ray and optical coordinates seem to be
are simultaneously detected in the respective passbamtbbutandomly distributed.

not correspond to matches of X-ray sources with the referenc The statement that the additional correlations found withi

catalog. Because we only list objeetidhout match in the refer- . . .
ence catalog the number of objects reported in Col. 10-1b i tri]e greater search radius are chance alignments s steregth

. . : . Y an estimate of the number of random matches between X-
some cases higher in the second row than in the first row. Th?aeand ontical sources. Using an averade of 110 X-rav seurce
are X-ray sources with matches By, V-, or I-band within a y P ' 9 g Y

: , . : . er field we can compute the total area covered by the search
circle of 2’ having matches in the reference catalog only in the e, . . o .

, . circles with 3’(2”) radius. Multiplying this with the typical
larger 8’ search radius.

number density of sources in the optical catalogs (30 arcinin
we estimate 70 (12) random matches for an average field. The
rnumber of random matches within the smaller correlation ra-
dius is well below the observed number of optigatay coun-
terparts.

The results of the X-ragptical cross-correlation for all
fields with availableR-band catalogs (619 unique sources) al
displayed in Fig. 9. The figure shows: (top left) the multij
function; (top right) the cumulative fraction of X-ray saes
with optical counterparts in @'search radius (dashed line) and In addition, from this preliminary analysis the following
a 2’search radius (straight line); (bottom left) the distribat conclusions can be drawn: (1) about 39% of the X-ray sources
of the positional &fsets between X-ray and optical sources; arfthve no associated optical source withinBhis optical identi-
(bottom right) the corresponding scatter plotintheg § plane. fication completeness is comparable with that found by HEckar
Note that in three panels ati = 1 matches are represented bt al. (2005) in a similar study of X-ray source samples, but
filled histograms an@r larger symbols. there may also be small contributions from sources witheiarg
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Fig. 9. X-ray/optical R-band positional correlationtgp left) number of correlated optical sources to X-ray sourcesiwift{; (top right)
cumulative fraction of X-ray sources with optical counteng in theR-band catalog. The dashed line is for tHes@arch radius, the straight
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optical positional €set of all andm = 1 sources;Hottom right) distribution of positional fisets in the right ascension — declination plane.

offsets than allowed by the adopted search radius, contaminaSummary

tion by spurious X-ray sources, and random matches with the

optical catalogs; (2) over 50% of thra = 1 sources are de- This paper describes the data products — reduced and stacked
tected in all the other bands available, withiti; 13) corre- images as well as science-grade catalogs extracted frolatthe
lations which occur at search radii greater th&na2e most ter — produced and released for the XMM-Newton follow-up
likely random correlations with the comparably dense @pticsurvey performed with WFI at the E$KMPG-2.2m telescope
catalogs; (4) all sources which are detecte®Rirare also de- as part of the ESO Imaging Survey project. The survey was
tected inBV, indicating that the optical counterparts of the Xearried out as a collaboration between the EIS, XMM-Newton-
ray sources are not excessively red or, even if they are r&§C and IAEF-Bonn groups. At the time of writing 15 WFI
the blue images are ficiently deep to detect them; (5) thefields (3.75 square degrees) have been observed for thisysurv
small number of X-ray sources matched with objects in tig which 12 were released in the fall of 2004, with correcsion
B- and V-band catalogs without matches in tReband cat- to the weight maps in July 2005, and are described in this pa-
alog suggests that we are also not dealing with excessivpBr. For the 8 fields at high galactic latitude catalogs ase al
blue objects. Figure 10 shows color-color diagrams for #ild fi presented.

XMM-06 for stars and galaxies in the field and compares it e images were reduced employing the/E18M image

with the optical colors of X-ray sources matching objects ifrocessing library and photometrically calibrated ushegE|S

the optical catalogs. Stars and galaxies were selected Uiiia reduction system. The EIS system was also used to pro-

the SExtractor CLASSSTAR classifier with the cuts mac_ie alyuce more advanced survey products (stacks and catalogs), t

CLASSSTAR < 0.1 and CLASSSTAR > 0.99 for galaxies 5ggess their quality, and to make them publicly availalzlehé

and stars, respectively. These diagrams show that, as anld Qe together with comprehensive product logs. The queafity

expect, no specific sub-population of stars or galaxies @ne gata products reported in the logs is based on the compar-

identified with the X-ray sources. ison of diferent statistical measures such as galaxy and star
number counts and the locus of stars in color-color diagrams
with results obtained in previous works as well as predictio
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Fig. 10. Optical colors for galaxies (top panels) and stars (bottamefs) in the field XMM-06. The black squares mark X-ray sesria this
field with matches to the optical catalogs in all four passisan

of theoretical models calibrated by independent studiees& errors in dealing with extreme but rare situations, redungi
diagnostics are regularly produced by the system forming earried out with human intervention are prone to random er-
integral part of it. rors which can never be eliminated. Second, more robust pro-
In the particular case of this survey, a number of framesdures can always be added or existing ones tuned to deal wit
have been reduced by both EIS and the Bonn group, usingéxceptions once they are found. However, as always when deal
dependent software thus allowing a direct comparison afghe ing with automatic reduction of large volumes of data, thed re
sulting images and catalogs to be made. From this comparisssue is to decide on the trad&-between coping with these
one finds that the position of the sources extracted from@sagare exceptions and the speed of the process and margit-of fai
produced for the same figfdter combination by the dierent ures one is willing to accept.
pipelines are in excellent agreement with a mefised of ~ Finally, a comparison of the PSF distortions suggests
20 mas and a standard deviation~ob0 mas. Comparison of that some improvement could be achieved by requiring the
the magnitudes of the extracted sources shows that in den&i&MVM to impose an additional constraint on the astromet-
the mean fiset iss 0.05 mag, consistent with the estimatedic solution to improve thénternal registration. As mentioned
error of the photometric calibration of abouD8 mag. Cases earlier this can be achieved by imposing the geometrical con
with larger deviations were investigated further and thebpr straint that the CCDs form a mosaic.
lem with the two most extreme cases were found to be unre- Preliminary catalogs were also extracted from the availabl
lated to the calibration procedure. Instead, it demoresirtite X-ray images and cross-correlated with the source lists pro
need for the implementation of additional procedures toecogduced from theR-band images. From this analysis one finds
with the specific situation encountered and the need fortatbethat about 61% of the X-ray sources have an optical counterpa
calibration plan. This discussion illustrates a couplengpor- within 2”7, most of which are unique. Out of these about 70%
tant points. First, that while an automatic process is ptoneare detected in all the available passbands. Combined thes



J. P. Dietrich et al.: ESO Imaging Survey: Optical follow-afpl2 selected XMM-Newton fields 19

sults indicate that the adopted observing strategy sutdlyss Rué, F. & Bijaoui, A. 1997, Experimental Astronomy, 7, 129

yields the expected results of producing a large populaifonStetson, P. B. 1987, PASP, 99, 191

X-ray sources+ 300) with photometric information in four Stetson, P. B. 2000, PASP, 112, 925

passbands, therefore enabling a tentative classificatiomead- Stocke, J. T., Morris, S. L., Gioia, |. M., et al. 1991, ApJS8, 7

shift estimation, sfiiciently faint to require follow-up observa- 813

tions with the VLT. Vandame, B. 2004, Traitements d’images a grand-champs
The present paper is one in the series presenting the resul&t multi-longeurs d’ondes. Application aux releves "ESO

of a variety of opticginfrared surveys carried out by the EIS Imaging Survey” (PhD-thesis, Université de Nice)

project. Watson, M. G., Auguéres, J.-L., Ballet, J., et al. 2001, A&A

365, L51

N Watson, M. G., Pye, J. P., Denby, M., et al. 2003,
Acknowledgements. The results presented in this paper are partly Astronomische Nachrichten, 324. 89

based on observations obtained with XMM-Newton, an ESA sci- . . .
ence mission with instruments and contributions direatiyded by Wisotzki, L., Koehler, T., Kayser, R., & Reimers, D. 1993,

ESA Member States and NASA. This paper was supported in partA&A' 278,L15

by the German DLR under contract number 500X0201. JPD wXgan, W., Brinkmann, W., Siebert, J., & Voges, W. 1998, A&A,
supported by the EIS visitor programme, by the German Mipist 330, 108

for Science and Education (BMBF) through DESY under theqmioj Yuan, W., McMahon, R. G., Watson, M., et al. 2003,
05AE2PDAS8, and by the Deutsche Forschungsgemeinschaft underAstronomische Nachrichten, 324, 178

the project SCHN 343-1. LFO acknowledges financial support

from the Carlsberg Foundation, the Danish Natural SciereseRrch

Council and the Poincaré Fellowship program at Obsemaié la

Cote d’'Azur.

References

Arnouts, S., Vandame, B., Benoist, C., et al. 2001, A&A, 379,
740

Barcons, X., Carrera, F. J., Watson, M. G., et al. 2002, A&A,
382,522

Barkhouse, W. A. & Hall, P. B. 2001, AJ, 121, 2843

Bertin, E. & Arnouts, S. 1996, A&AS, 117, 393

Bijaoui, A. & Rué, F. 1995, Signal Processing, 46, 345

Burke, D. J., Collins, C. A., Sharples, R. M., Romer, A. K., &
Nichol, R. C. 2003, MNRAS, 341, 1093

Della Ceca, R., Maccacaro, T., Caccianiga, A., et al. 2004,
A&A, 428, 383

Eckart, M. E., Laird, E. S., Stern, D., et al. 2005, ApJS, 135,

Ehle, M., Breitfellner, M., Gonzalez Riestra, R., et al.020
XMM-Newton Users’ Handbook

Erben, T., Schirmer, M., Dietrich, J. P., et al. 2005,
Astronomische Nachrichten, 326, 432

Gioia, I. M. & Luppino, G. A. 1994, ApJS, 94, 583

Gioia, I. M., Maccacaro, T., Schild, R. E., et al. 1990, ApJS,
72,567

Girardi, L., Bertelli, G., Bressan, A., et al. 2002, A&A, 391
195

Girardi, L., Groenewegen, M. A. T., Hatziminaoglou, E., & da
Costa, L. 2005, A&A, 436, 895

Grupe, D., Mathur, S., & Elvis, M. 2003, AJ, 126, 1159

Haberl, F., Motch, C., Buckley, D. A. H., Zickgraf, F.-J., &
Pietsch, W. 1997, A&A, 326, 662

Koch, A., Odenkirchen, M., Grebel, E. K., & Caldwell, J. A. R.
2004, Astronomische Nachrichten, 325, 299

Landolt, A. U. 1992, AJ, 104, 340

Manfroid, J. & Selman, F. 2001, The Messenger, 104, 16

Metcalfe, N., Shanks, T., Campos, A., McCracken, H. J., &
Fong, R. 2001, MNRAS, 323, 795

Motch, C., Hasinger, G., & Pietsch, W. 1994, A&A, 284, 827



J. P. Dietrich et al.: ESO Imaging Survey: Optical follow-afil2 selected XMM-Newton field€Online Material p 1

Online Material



J. P. Dietrich et al.: ESO Imaging Survey: Optical follow-afil2 selected XMM-Newton field€Online Material p 2

Appendix A: Comments on the individual fields

Below a broad overview of the 12 fields discussed in the ptesen
paper is given. It includes a description of their nature toed
original target of the X-ray observations. Details aboet éix-

posure time per camera per observation are given on the web-

page.

1. XMM-01/RX J0925.7-4758 — The original target was
the ROSAT-discovered, galactic supersoft X-ray binary
RX J0925.74758, also known as MR Vel (Motch et al.
1994). The X-ray image is a superposition of two medium
deep ¢ 60 ks) observations with EPIC-PN in large win-
dow, EPIC-MOS1 in full frame, and EPIC-MOS2 in small8.
window mode. This results in a reasonably deed 15 ks)

sects their trajectories annually, the spacecraft is teten

in the anti-Leonid direction for safety reasons. The field
then repeatedly chosen for observation was centered on the
Zz = 2.217 quasar LBQS 2212759 (Barkhouse & Hall
2001). The X-ray image is a superposition of five observa-
tions with all cameras in full frame mode. Enhanced back-
ground dected less than 15% of the observations resulting
in a truly deep field with more than 200 ks net exposure in
all three cameras. The nominal target of the observations
was not discovered, the image is thus dominated by the
serendipitous source content. The most prominent source
is a new cluster of galaxies close to the center of the field.
XMM-08 /NGC 4666— The target of this field was the al-
most edge-on spiral galaxy NGC 4666 which dominates the

exposure in the common PN and MOS area (less than half center of the field. Although the target was optically and X-

of the field of view).

2. XMM-02/RX J0720.4-3125 — Targeting the ROSAT-
discovered isolated neutron star RX JO72R425 (Haberl
et al. 1997), the X-ray image is a superposition of three
medium deep observations with all cameras in full frame.
The bright target of the observation causes visible out-08.
time events (OOT) in the X-ray images leading to bright
stripes through the target. These stripes are fixed in aetect

ray extended, the target was included in the public survey
since the target blocks only about 5% of the field of view.
The X-ray image is a combined image of the three EPIC
cameras of the single observation of the target, all taken in
full frame mode.

XMM-09 /QSO B1246-057— The target was the broad ab-
sorption line quasar B124®57. The XMM-Newton ob-
servation of the target was published by Grupe et al. (2003).

coordinates, hence they do not coincide in sky coordinates The X-ray image is a combined image of the three EPIC

resulting in three dferent OOT stripes.
3. XMM-03/HE 1104-1805— The primary target of this

cameras of the single observation of the target, all taken in
full frame mode. The field is unusual, about one quarter of

XMM-Newton observation was the double-lensed quasar the field in the NE corner is almost devoid of X-ray sources.
HE 1104-1805 (Wisotzki et al. 1993). This is an empty The dominant point-like object is the X-ray counterpart of
field at high galactic latitude. The X-ray image is a com- the Algol binary HD 111487 (RBS 1165).
bined image of the three EPIC cameras during the singl XMM-10/PB 5062 — PB 5062 (also known as
observation of the target. Bad space weather resulted in aQSO B22020209) is a quasar at redshit = 1.77
loss of~65% of the total exposure and a rather shallow re- (Yuan et al. 1998). The X-ray image is a combined image
sulting image {10 ks). of the three EPIC cameras of the single observation of the
. XMM-04 /MS1054.4-0321 The galaxy cluster target, all taken in full frame mode.
MS 1054.4-0321 at redshift ofz 0.83 is the most 11. XMM-11/Sgr A — The target of this field is the center of
distant cluster in the Einstein Medium Sensitive Survey our Milky Way. The X-ray image is a superposition of five
and among the most massive ones (Gioia et al. 1990; observations with all cameras in full frame mode. The ob-
Stocke et al. 1991; Gioia & Luppino 1994). The X-ray servations were severelyfacted by background flares re-
image is a combined image of the three EPIC cameras of sulting in a loss of more than 50% of the observation time.
the single observation of the target, all taken in full frame Nevertheless, repeated observations of the field resulid i
mode. medium deep exposure with more than 40 ks exposure in all
5. XMM-05/BPM 16274— The white dwarf BPM 16274 is  three cameras. The image is dominated ffude emission
at high galactic latitude. This field is used for calibrason from the galactic center region. In addition there are two
of the optical monitor on-board the XMM-Newton satellite.  classes of point-sources, heavily absorbed, i.e. likebkba
The X-ray image is a superposition of six observations in ground sources with hard X-ray spectra and foreground
full frame mode of all three cameras. The archive contains sources with soft X-ray spectra.
already many more data sets with other camera settings B2dXMM-12 /WR 46 — This object also known as HD 104994

the observations in this field are ongoing.
6. XMM-06 /RX J0505.3-2849- This is a field at high galac-
tic latitude. The galaxy cluster RX J05053849 in the

is a Wolf-Rayet star. The X-ray image is a combined image
of the three EPIC cameras of the single observation of the
target, all taken in full frame mode. Data loss due to en-

center was detected as part of the SHARC survey (Burke hanced background is insignificant resulting in a medium

et al. 2003) at a redshift a&f = 0.509. The X-ray image is
the superposition of all three EPIC cameras, which were all
operated in full frame mode. Only the PNffared signif-
icantly from high background, resulting in a medium deep
X-ray image ¢45 ks).

deep field with more than 70 ks exposure in each camera.

Appendix B: Photometry

The photometric calibration is done in a fully automated way

7. XMM-07 /LBQS 2212-1759—- In order to avoid poten- by the EIS Data Reduction System (da Costa et al., in prepa-
tial damage from the Leonid meteors when XMM interration) calibrating all data to the Vega magnitude systehe T
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photometric pipeline extracts catalogs from the standtad sAppendix C: Image stacks
fields, and measures fluxes aftdrent apertures to allow for a
growth curve inspection. The positions and flux measuresne
for each object are cross-correlated with those correspgnd
to known standard stars as stored in a database. The matc%[
stanc_iard st_ars_are then used to determine the_pho_tome{ric ze Grouping: reduced images are grouped Biémking blocks
ropoint, extinction and color term from a linear fit. Finalllge

zeropoint for each science frame is derived from the lingar fi ,can centers of 0.25 times the field-of-view), and filter

derived for the night of observation. — Validation: as the co-addition is carried out in pixel space

In the case of optical observations, as in this paper, s required that all images have been warped to the same
the calibrations have been based on observations of Landolt otarence grid. Therefore, images in a SB must share the

(1992) standard star fields. The magnitudes were measured inggme reference grid (projection, reference position, Ipixe

6"apertures, which from monitoring the growth curve of all * gca1e and orientation). In addition, the images contritguti
measured stars proved to be adequate. The linear fits had fromy 50 SB or their original RBs, are checked to ensure that
one to three free parameters (_tlepending on t_he gvailable air'they appear only once in the SB. Images in the SB are also
mass and color coverage provided by the calibration plan. In checked to ensure that their flux scale has been properly
cases where the airmass zodcolor coverage is insticient, normalized to 1 s, and if not they are re-normalized accord-
pre-specified values for the extinction and color term gzitte- ingly.

termined from other solutions or from theoretical modets, a _ gnstraints: images in an SB are checked to ensure that

used. L ) they meet certain constraints, for instance on the value of
The photometric pipeline computes photometric parame- seeing, the rms of the PSF distortion and grade. In addition,

ters for all possible typ_es of_fits (one to three free paramspte  he contributing images to an SB, or their original RBs, are
and chooses the solution with the smallest rms to bedése  hacked to prevent the repetition of raw exposures. Images
solution _for the night. A night is considered ph_otometnc ifthis ot satisfying the constraints are discarded from the SB.
scatter is less than a pre-defined value, which at the presentpgg homogenization: allimages in the SB are convolved by

time is taken to be 0.1 mag. If none of the solutions satisfies 5 gaussian with a FWHM corresponding to the the largest
this criterion angbr the solution found yields unrealistic re- ,5,e computed for the contributing images.

sults (e.g. negative extinction) then the nightis congdemon-  _ 1 x scale determination: before the images can be co-

photometric and a default value for the zeropoint is adoatet] added, which is done using a weighted mean procedure, it
its error set to-1. For nights without observation of standard ;g necessary to have all images at the same flux level. This

star_fields, a (jefault zer_opoint a_nd an error-@fare assignedto s qone by scaling photometric frames to zero airmass using
the image. Finally, during quality assessment of the dal, ¢ e extinction cofiicients from the photometric solutions.

ibrated images with zeropoints that deviate significaribyrf The non-photometric frames are scaled to the zero airmass
a reference value have the zeropoint in the header changed tqgy e of the photometric frames (see below)

a default value and its error set+3. When a default value is _ cq_addition: images in a validated SB are co-added us-

assigned all images will have the same zeropoint in the lieade ing a weighted mean. The weight images reflect the expo-
regardless of the airmass at which they were observed. For ho ¢ e times of their associated science image. Therefae, th
mogeneity, the default value normally adopted is the median weight of each image is a combination of exposure time
the zeropoints reported in the trend analysis kept by ettier 54 nojse. However, the weight images also contain infor-
telescope team (depending on the instrument) or the ifterna mation about the location of bad pixels and masks which
EIS database. In the case of WFI, only one solution is curent 46 set to zero weight and thus do not contribute to the final
reported on the WFI WWW pagés. image. In the co-addition process, performed by the rou-

The derived photometric solutions were used to calibrate tine add-mosaic of the EIBIVM library, a sigma-clipping
the reduced images. The zeropoint in the header of a reducedprocedure is employed to remove cosmic ray hits.

image is given by

I\/{ost fields are covered by more than one reduced image. These
n o .

are co-added to create the final image product. The following
egs are involved in the creation of a final stacked image:

(SBs) according to position (with a minimum distance be-

ZP =ZP — kX (B.1) The image co-addition uses a weighted mean combination.
L . . . The weighting is done with the weight images produced by
whereZP’ is the zeropoint at zero airmass (determined frome image reduction. Additionally, a thresholding proqeds

thedli??a:r?t as descnb;ed P?'b(r)lvti)s;he extlnctlog Coﬁc:jenlj .employed to remove cosmic rays. In general, the use of weight
ands 1s the armass at which the frame was observed. Ls| ps and cosmic ray hits removal produces very clean final

this definition the Vega magnitude can computed by images

As mentioned above, all images in an SB have to be scaled
= -25log(f) + ZP B.2 !
Mhega 9() 82) to a common flux level before the co-addition to assure the pho
wheref is the flux in number of counts directly measurable ofpmetric calibration of the final, stacked image. For thicsd-
the image (note that the reduced images are normalized to 1R, one has to consider two cases:

8 http://www.ls.eso.org/lasilla/sciops/2p2/E2p2M/ 1. SB with at least one photometric frame— In this case
WFI/zeropoints/ the reference flux level is obtained from the combination
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of all contributing photometric frames. First, all photame peak value among these objects. This value is used to set the
rically calibrated frames are scaled to the flux level thaaturation flag.
would have been obtained at zero airmass. This is done To be able to remove objects close to bright stars masks
using the extinction cdicients of their respective photo-can be created in two ways: by an automatic routine or by hand
metric solutions. Second, by computing a weighted avarsing a Skycat plug-in. The automatic masking adds masks
age of all scaled images a reference image is created. Boyund saturated objects as well as around objects britjfater
the final co-addition all input images (photometric and nom user-specified magnitude. The size of the mask scales with
photometric) are scaled to the flux level of the referentlke major-axis of the object, as computed by SExtractor. The
image. The scaling factors are determined by compariegaling factor is specified by the user. The adopted shape of
object magnitudes. Naturally, in cases where only one phthe masks is a square with one of the diagonals oriented North
tometric frame is available, this one is used as the referenSouth in an attempt to mask thefdaction spikes. The parame-
2. SB with no photometric frames— Occasionally, hone of ters used in the mask definition are reported in the prodggct lo
the reduced images in an SB are photometrically calibrat&de positions of all masks are reported in ¥¥SKS table in
(e.g. no standards were observed in the night, observatitims catalog.
in non-photometric nights). In such cases, all images are Note that except for objects wit8/N less than that re-
scaled to the flux level of an arbitrarily chosen reference imuired, no object is removed from the catalog. If necessary,
age from the SB. The zeropoint of the final stacked imagerizore objects can be pruned by the user according to the flags
then the zeropoint of the adopted reference image. The described below. In addition, the default magnitude system
ropoint of the output image is that of the arbitrarily choseadopted for the objects can be changed using the information
reference. These frames can be identified by the negatxailable in theFIELDS table.
zeropoint error assigned to these cases, as described aboveThe catalogs produced by the EIS Data Reduction system
are in FITS format, based on the “Leiden Data Center” (LDAC)
convention originally adopted by the DENIS project anddate
expanded in the course of the EIS project. It currently issi
The final processing step in the EIS Data Reduction syst&a FITS header and the following tabl&LELDS, OBJECTS,
is the creation of source catalogs by standardized proesduMASK, andFILTER.
resulting in catalogs containing enough information to be d The FIELDS table contains general information for all ob-
rectly usable for scientific applications. Here the prothrcof jects in the catalogs. It consists of 109 columns includ{iy:
catalogs for deep, sparse fields is discussed. The produwgftiobasic information set by the LDAC library; (2) keywords take
catalogs for crowded fields, which are not included in this rérom the FITS header of the image from which the catalog was
lease, will be described in Zaggia et al. (2005, in prepanati extracted; (3) the main SExtractor configuration paranseter
The EIS catalog production is based on SExtractor (Bertised; and (4) information computed by the EIS Data Reduction
& Arnouts 1996) and a common configuration file for all catsystem. The latter includes, for instance:
alogs with a minimum number of adjustments to be made for
individual images. For each image the appropriate values fo
the seeing and magnitude zeropoints as well as the weigpt-ma

associated to each image are used. Other parameters are thne WCS coordinates of the comers of the original image
same for all catalogs. . .
. . and of the trimmed area;

The catalog production starts with a very I&/N catalog, o : .

: : : . — the extinction correction. This is computed as the average
which contains a large number of spurious objects. To preduc T e

. . of the value of the extinction in cells of & 3, distributed
a science-grade catalog a number of steps are taken. Rgst, t . . )
. 4 . . over the trimmed image;
catalog is pruned for objects with&N (determined from the - .
. : — the value added to the original magnitude of the extracted
MAGERR_AUTO) below a user-defined level, which was set to ; . ;
. : . objects in the Vlega system to produce the reported magni-
5 for this release. The object magnitudes are convertedeto th : . )
. : . tudes in the catalog in the AB system;
AB system according to the response function of the optical . :
! L . — an estimate of the fudge factor used to multiply the errors
system and corrected for galactic extinction. At presdrig t X
L . . . L reported by SExtractor to correct for the correlated noise
correction is applied to the magnitudes of all objects,idaig . ) )
. introduced by the re-sampling kernel;
stars. To facilitate the use of the catalogs 14 flags are afdded .
. . — total and trimmed areas.
each object as described below.

The saturation level of the final image stack ifidult to Some of the information contained in tREELDS table is also
determine from the input images due to variations in integravailable in theProduct Logs which are available on the EIS
tion time and possibly seeing. Therefore, the saturatioal le XMM-Newton follow-up survey release pages.
is determined from the extracted catalog. The method iscdbase The OBJECTS table reports the parameters characterizing
on the FWHM and peak flux of bright objects. The distributhe individual extracted objects as computed by SExtractor
tion of the FWHM is determined and sigma-clipped to exclude has 69 columns, some being vectors (e.g. aperture magni-
bright galaxies from the sample. Among the remaining objedtides), describing the main geometric and photometricqrrop
those with FWHM deviating more tharw3are taken to be the ties of the objects. The parameters were chosen as a compro-
saturated objects. The saturation level is set to the mimmumise between the total number of parameters and the most fre-

Appendix D: Catalog production

the diameter of the 10 apertures used for aperture magni-
tudes, ranging from’1to 5” in steps of 05 and a large
aperture of 10;
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quently requested parameters from survey product usees. Th
choice of apertures and the flags defined are the result of sug-
gestions made by users of EIS data products. In additioreto th
SExtractor flag, which are described in the SExtractor manua
14 other flags have been defined to facilitate the filterindnef t
catalogs. These are

— FLAG_SEX1-FLAG_SEX128 — 8 flags individually represent-
ing the various SExtractor flag components;

— FLAG_SAT —set to 1 if the object is saturated;

— FLAG_TRIM — set to 1 if the object is inside a trimmed area;

— FLAG_MASK — set to 1 if the object is inside a masked area;

— EISFLAG— sum ofFLAG_TRIM andFLAG_MASK

— FLAG_STATE — 1 if any of the above flags are set

— FLAG_STAR — 1 if star, O if galaxy, based on SExtractor’'s
CLASS.STAR parameter. The value used for separation
and the magnitude down to which a classification was at-
tempted are reported in the product log.

The MASK table gives the number and coordinates of the
vertices of both automatically created masks as well asthos
drawn by hand using a Skycat plug-in.

The FILTER table gives the filter transmission curve and
their convolution with the optical system response funttio

List of Objects

‘RX J0925.74758' on page 2
‘MR Vel on page 2

‘RX J0720.4-3125’ on page 2
‘HE 1104-1805’ on page 2
‘MS 1054.4-0321’ on page 2
‘BPM 16274’ on page 2

‘RX J0505.3-2849' on page 2
‘LBQS 2212-1759’ on page 2
‘NGC 4666’ on page 2
‘B1246-057’ on page 2

‘HD 111487’ on page 2

‘RBS 1165’ on page 2

‘PB 5062’ on page 2

‘QS0 B2202-0209’ on page 2
‘WR 46’ on page 2

‘HD 104994’ on page 2



