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Abstract. This paper announces the release at CDS of a sdb-ntroduction

ntial f poin r he DENIS project. . . .
stantial set of point sources detected by the S P o]e%e main purposes of this paper are to announce the first pub-

DENIS is.the first astronomical survey of the Southern sky it release of DENIS data through the World-Wide Web server
two near-infrared bandg/(at 1.25:m, andK’, at2.15 im) and of the CDS, and to present the first steps in the validation pro-

one optical band (Gunfat 0.82:m), conducted by a European

consortium, using the 1m telescope at ESO, La Silla (Ch"e).ce”sasb%l;tt;ese data, concerning their astrometric and photometric

. . . .rel
The first data release, described here, consists of a prellnfﬁ— The Deep Near-Infrared Survey of the Southern sky (DE-

nary set of about 17 million extracted point sources, correspond-., . ; ;
ing to 102 strips (2% of the Southern sky), and resulting fro@s) is a project to survey the southern sky in three wavelength

observations performed in 1996. ands (Gunn; 0.82um; J, 1.25um; and K, 2.15 pm) simul-

Data are available through a World-Wide Web server at tl;l%neously, with Ii_miting ma.gn.itudes 18.5, 16'.5 and 14.0, respec-
CDS (Strasbourg astronomical Data Center): tively (for a detailed description, see Epchtein 1998).

) . The project is managed by a European consortium, led by
http://cdsweb.u-strasbg fr/denis.html. N. Epchtein (Observatoire de lab€& d’Azur), involving fif-
teen institutes in eight different countries. The observations are
Key words: infrared: stars — Galaxy: stellar content —stars: lo p_erformed Wit.h the ESO 1m telgscopg atlLa .SiIIa ((_Zhilg). The
mass, brown dwarfs — astronomical data bases: miscellanedls >, > cgrned out b_y obs_ervmg strips3f” in declination
_ sur\}eys ana 12’ in right ascension with an overlap 8f between con-

secutive strips. The observations started at the end of 1995 and
will be completed by the end of 2000.

The data are reduced in two consecutive steps: the first is

@E[formed as a joint effort of the Institut d’Astrophysique de
ris (IAP) and Observatoire de Paris; the second is performed
at the Leiden Observatory. The position of a general extracted
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* Based upon observations collected at the European Southern
servatory, La Silla, Chile
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point source is provided with an accuracy better thaand its however, of such a nature that they could change the statistical
magnitude to better than 0.1 mag. interpretation of the currently released data sets.

The Centre de Donées Astronomiques de Strasbourg Within a strip, association has been done between bdnds (
(CDS) is implementing the final databases and provides accdss(,), and overlapping images (with the notable exception of
to a preliminary set of processed and calibrated data, througheal quality flagged sources which are not matched and appear
WWW server. duplicated). The positional coincidence is determined by exam-

The scientific exploitation of the already existing data iming the elliptical shape parametrization of each entry. When
carried out by several working groups, allowing a continuoassource is present several times in a given band, the resulting
monitoring of the quality of the survey data. merged entry in the catalogue carries the simple flux average for

the magnitudes, and the weighted average for the coordinates.
Eventual overlaps between adjacent’(120°) strips have not
2. The data been matched in this preliminary release. These elements should
be carefully taken into account when working on star counts de-
rived from the released data.

The survey observations with all 3 cameras started in routine |t should also be noted that in the final DENIS catalogue,
mode in December 1995 and were slowed down by techni@yerlaps between adjacent strips will lead to a better accuracy
and meteorological problems in 1997 and 1998. The surveyfdhe photometry (see Sekct. B.2).

currently (June 1999) progressing at nominal speed.

Special efforts have been devoted to cover priority regiogs
of high scientific interest, such as the Magellanic Clouds, the
Galactic bulge, and giant molecular clouds. One of us (S. Derriere) has performed a series of tests in order

The observing technique is the following: the sky, souti® assess the astrometric and photometric quality of the released
of declination+2°, has been divided into 5112 regions namegoint source data.
slots A slotis12’ wide in right ascension, and spait¥ in dec-

Iination.. TVYO adjacent slots haé overlaps in right ascensi9n3_1_ Astrometric validation

or declination. A DENISstrip corresponds to the observation

of a slot. A given slot may be observed several times (for exarhhe catalogues of the strips in the first DENIS release contain
ple if the photometric quality has been detected as insufficiensingle entry for objects cross-identified in the same colour
by the data reduction software). Thus several strip numbers ¢iitame overlap) or among different colours. About 10% of the
refer to the same slot. A strip is made of 180 individual imag@bjects are identified simultaneously in the three colour chan-
(12 x12), with 2’ overlaps between consecutive images.  nels.

DENIS astrometry is performed in two steps: first, pairing
of extracted objects is done between channgls/( K;), in
overlaps between consecutive frames, and with sources from
All the images received from La Silla are first processed an astrometric reference catalogue (ARC hereafter); then, the
the Paris Data Analysis Center (PDAC), where the images a&ual astrometric calibration based on this pairing information
checked and calibrated (Borsenberger 1997); afterwards, heerformed, and a sky position is derived for each source.
point source extraction (Bertin & Arnouts 1996) and the as- Comparison of objects lying in overlapping strips indicates
trometric and photometric calibrations (Deul et|al. 1995) as# internal accuracy @f.5".
carried out at the Leiden Data Analysis Center (LDAC). Each In the released DENIS data, the Guide Star Catalog (GSC,
strip is processed independently. Analysis of extended sourdsgsker etal. 1990), which contains about 15 million stars, is used
carried out at PDAC, is not considered in the present articks the ARC. The astrometry of the final DENIS point source
which deals only with point sources. catalogue will be based on the Tycho catalogue (ESA 1997),
through the use of the USNO A2.0 catalogue (Monet étal.1997),
itself calibrated on Tycho. Since an independent offset is indeed
determined for each DENIS frame, the ARC must have a large
The preliminary database of DENIS point sources releasedaserage density (at least of the order of 1 star per DENIS frame).
CDS provides, for 102trips(as of June 1999), the three-colour In order to check for the accuracy of the DENIS astrometry,
information resulting from the reduction pipeline. comparisons between positions in the DENIS and USNO A1.0

The available strips were selected according to their ast(also calibrated on the GSC) catalogues have been performed.
metric and photometric quality, in order to form a useful samplehe USNO A1.0 was preferred in order to have, for each DENIS
of the current DENIS point source catalogue. It is to be noteame, a sufficient number of objects likely to be detected in both
however, that this is not a subset of the final catalogue of pogatalogues. We selected for each DENIS frame all the DENIS
sources, because some improvements in the reduction pipetind USNO A1.0 sources detected on that sky region, and for
are still currently being implemented, and this will imply a neweachsingle USNO A1.0 source we searched for all the DENIS
reduction of already observed data. These improvements are sotjrces located in its vicinity. We over-plotted on a single chart

2.1. The survey observations

Data validation

2.2. Point source data reduction

2.3. Data selection
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Strip 3947 — Frame 144

Table 1. Summary of catalogue record contents for DENIS point

_‘,‘_.-i %p‘*}? TG ! sources
fﬁg‘;‘; f ‘-‘-'1_- i ] R
- hf;'j-’-‘f;ﬂ,*“ < Column Contents
LD DENIS Id. Identifier JHHMMSS $DDMMSS
E {“q Strip DENIS strip number
ke g RA, DEC J2000 Right Ascension and Declination, and
il n associated error
= Rild = For eachl, J, K5 channel
< f_;i r@_} Mag Aper 7’ Magnitude derived from the flux collected in a
B & fixed 7’ aperture centered on the source, and
I associated error
L Mag Aper 18"  Same as above with Y5aperture, and associ-
= ated error
& Mag Auto Automatic (Kron type) scaling elliptical aper-
y ture magnitude
g'!__ Eg?;;g a,b,ed Parameters of the object ellipse
’ Stellarity 1forastar; O foran extended source; see Bertin

Fig. 1. Chart showing the systematic shifts between USNO A1.0 and
DENIS positions for a given frame (example of bad quality astrometryFlags
leading to the rejection of the strip). Circles show the 1, 2.5, 5, 10 and
15" ranges. The shift illustrated here was in the range 5 to 10 arcsed-ield

(as shown on Fid.]1) for each USNO A1.0 source, the relati
position of all its DENIS neighbours closer than a given radiu £
Provided that some objects are detected in both catalogues, é&gn
that there is no significant shift between the two catalogueﬁq e
there will be a cluster of points around relative position (O'ORI s
In case there is a systematic shift, this cluster will be locate
around the relative position corresponding to the shift.

This operation was systematically applied to each DEN
frame, in order to reject strips with anomalous astrometric S

lution.

3.2. Photometric validation

The photometric calibration of each night is derived from o
servations of standard star fields; a fixed extinction coefficien

& Arnouts (1996)

Extraction and Image Flags; Image Artifact
marker; Merged object indicator

Field Position reference

remove strips with heavily parasited frames. A small number of
Wtifacts may, however, remain among the point sources: some

them, appearing as vertical triplets Jhor K, are micro-
ning features due to poor pixels on the NICMOS cameras.
y will, as much as possible, be removed from the final DE-
catalogue.

Fig[2 shows the histogram &f J, and K, magnitudes for

Itge 17 million point sources belonging to the first data release.
In the final DENIS catalogue, overlaps between adjacent

ps will lead to a better accuracy in the photometry. Global

photometry will be performed when a sufficient number of ad-
jacent overlapping strips are reduced, by deriving variations in
the originally derived nightly based ZPs. Comparison of objects

is used to determine the zero point (hereafter ZP) for each strip
4. Data organization

(see details in Fouduet al[ 1999).

Although each standard star is observed 8 times on differ%ni
parts of the chip, some of these measurements might later be

tI))_/ing in overlapping strips indicates an accuracy of 0.05to 0.1
mtag for the photometric zero-points.

Catalogue contents

rejected in the phase of source extraction and object characTeable 1 gives an overview of the contents of an individual record
ization. On average this reduces the number of measureméntse preliminary database of DENIS point sources.

from 8 to 6. In addition, only standard stars fainter than 1=10.5
mag, J=8.0 mag, and K=6.5 mag are used for the photomeﬂiﬁ Data access

calibration.

A series of graphics (including colour-colour diagrams anthe released data are being made available through the CDS

differential star counts histograms) are routinely provided fo¥eb server at the following address:
each DENIS strip, together with the data. These graphs alltwtp://cdsweb.u-strasbg.fr/denis.html
the user to check the contents and quality of individual strips. This server provides access to DENIS documentation, in-
For example, colour-colour diagrams clearly show the effect ouding scientific reports, list of publications, etc., and to the
interstellar reddening, while star counts provide an estimatemfblicly released data sets. The database implementation ben-
the completeness limit for the corresponding strip. efits from the CDS environment (Genova etlal. 1998)-

Only strips observed during good photometric nights amdhp name resolveV1z1iER query engine (Ochsenbein 1998),
with good zero points were released. Care was also exerciseditapin cross-identification atlas, etc.
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- Fig. 2. Raw differential star counts
100 ! ! ! ! , T ) for I, J and K (0.2 mag bins) cu-
8 10 12 14 16 18 20 mulated for the 102 released strips
AUTO negni t ude (17.5 million sources).
4.3. Query modes In complement to the CDS services, observational DENIS

. . . . S daftafor galaxies are also being made available through the Lyon-
An interactive sky map provides a graphical access to IndIVIdLﬁeu don Extragalactic Database (LEDA: see S&ct. 5.6, below).

strips, while an auxiliary database provides information aboBENIS data of Asymptotic Giant Branch (AGB) stars recog-

night and strip qualities. Strips can be searched directly by pr?lied as associated to sources included in the ASTRID database
sition orstrip or slothnumber.

s - . . re al r lly integr into thi .
In addition an optimized query mechanism provides acceasse also gradually integrated into this base

to individual data records (including source number, position,

I, J, K, magnitudes, and estimated errors, and additional flagsHighlights of DENIS scientific results
related to the source extraction) for the extracted point sourcgs,
The first release of the preliminary database includes about 1
million entries in 102 strips.

Queries can be made for all DENIS sources around a givEhe large range of DENIS wavelengths (from thband to the
position (center and radius, where the center is to be specifi§eband is afactor 2.5 in wavelength) makes the survey data well
either as J2000 coordinates, or by the name of a central objgdited for the detection of red dwarfs of the latest spectral types
to be resolved byimBAD). Selection of objects in the colour-(M7 or later) about which little is known. The analysis of 220
colour diagrams of specified strips is also possible. square degrees of high galactic data led to the identification of 25

Finally, the DENIS point source database is also availabdvarfs later than M7V, doubling the known inventory of these
through théV1ziER catalogue service, and through tiieapin  very cool objects (Delfosse etlal. 1999), and 3 brown dwarf can-
interactive sky atlas, where additional query modes and furdielates. One of these three is DENIS-P J1228-1547 (Delfosse
tionalities are available. etal[1997); Keck spectroscopy showed the presence of a strong
lithium absorption line at 680.7 nm (Mantet al[1997; Tinney
et al.[1997); in such fully convective objects lithium nuclear
burning never took place and thus there has been no hydro-
The DENIS point source data server at CDS will continue @en burning either. In addition, this object is the first identified
evolve in the future, with newly reduced data being gradualbinary brown dwarf (Martin et al. 1999). Interestingly, one of

. Faint stars in the solar neighbourhood:
red and brown dwarfs

4.4. Future evolutions

incorporated. the other two candidates DENIS-P J0205-1159 has no lithium
Changes in the data reduction pipeline will be posted in ti@lartin, private communication) in spite of a significantly lower
corresponding information pages. effective temperature.

New features for an improved support of the query mecha- Very few of these enigmatic objects are known. The extreme
nism and source selection will also be made available as theyBrelwarfs and brown dwarfs contained in the DENIS database
being developed. A mirror copy of the publicly released 2MAS&nstitute potentially the first statistically significant sample of
J, H, K, data (see e.g. Skrutskie 1998) is planned to becoitiese objects, sufficiently large to determine their local density
available, in parallel, at CDS, for easier cross-comparison. (i.e. the disc luminosity function) and to form the basis for the

calibration of the observable properties of brown dwarfs (flux
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calibrated spectra and distances) into more fundamental physs such large scale structures; the much higher angular resolu-
cal quantities (effective temperature, luminosity, mass). tion of DENIS (a few arcseconds instead of a few degrees with
coBE) will give more detailed information.

The DENIS data will be used to interpret the data on the
inner Galaxy at 7 and 1&m obtained through the ISOGAL
Detailed maps of the extinction in nearby molecular clouds (program (see &ault et all 1996). Several other surveys of the
Chameleon, Ophiuchus, Orion and Serpens) can be obtaiireter Galaxy exist already, and we expect that the additional
via star counts in the DENIS data. An example is the study mformation from the DENIS and ISOGAL survey on the stellar
Cambeésy et al.[(1997) of the nearby Cham | cloud, that hasntent will be important, perhaps essential, to obtain a com-
produced an extinction map of much higher angular resolutiprehensive model for the inner Galaxy.
than before. The existing survey data have already significantly con-

The DENIS survey observations make possible to obtadtrained models for the large scale structure of the Galaxy (Ru-
similar maps of other well-known and nearby clouds, e.g. thophy et al. 1996, 1997). The scale length in the galactic plane has
in Ophiuchus and Serpens, but also in small globules. Whieeen determined as well as the outer edge of the stellar disc, the
these extinction maps are combined with maps in the CO mlesition of the Sun relative to the galactic plane and the shape
limeter line emission, with 60 and 1@®n maps obtained by and density of some spiral arms and of the 3 kpc ring.

IRAS, the distribution of gas, dust and of the temperature will There is a strong interest in DENIS survey data on the
be known much better than so far. bulge and the bar of our Galaxy: Schultheis (1998) analysed

Counting stars in the whole DENIS data base will eventualtile DENIS measurements €f30,000 sources in the Palomar-
provide the first deep maps of interstellar extinction throughoGtoningen field #3 (PG3). Among these there are 36 previously
the Galaxy. known AGB variables; carbon stars are missing, confirming ear-
lier studies.

Planetary nebulae (PNe) are an interesting category of ob-
jects as well. Already 250 of the 750 known PNe in the southern
The exploration of DENIS data of dense molecular clouds wiky have been detected by the DENIS survey (Kimeswenger et
lead to the detection of a large number of stars in the procesabf1998). The survey will provide better surface photometry at
formation: young stellar objects (YSOSs), protostars, etc. Copgt three wavelengths than previously known. It will also dis-
(1996) has studied DENIS data of the Orion molecular clousver faint, red, background stars that often contaminate pho-
and discovered many new faint YSOs which are likely to be tbmetry at visual wavelengths but that also may be used as dis-
Tau stars. tance indicators. A further goal concerns the few thousand PNe

From an analysis of similar data, Caréby et al.[{I998) in the inner Galaxy that must exist, but that have escaped de-
detected YSOs that probably form a new population of lowection so far because of interstellar extinction. Kimeswenger
luminosity T Tau stars: a full survey of the clouds in Chameleat al. expect that DENIS will find many new of those.

(an area of several tens of square degrees) and in other similarEven in medium or high latitude fields, where interstellar

regions will improve our knowledge of the low-end of the luextinction at visual wavelengths is not a problem, the DENIS
minosity function. survey data will identify red giants that can be used to trace
their distribution in the halo, before optical surveys (such as the
Sloan) produce more complete results.

5.2. The interstellar medium

5.3. Young stars in dark clouds

5.4. The distribution of stars in the disc
and in the bulge of our Galaxy

At visual wavelength the search for stars in the inner galacﬁc‘r" Stars in the Magellanic Clouds

disc is limited to distances smaller than one or two kiloparsea#ith a distance modulus dfn — M) = 18.6 for the Large
while at 2um red giants and supergiants are detected up Magellanic Cloud andm — M) = 19.1 for the SMC, DENIS
galactic center distances: the extinction in the infrared is mugcords data of all stars witl — I) > 3 that have a luminosity
smaller A ~ Ay /10). The DENIS large-scale digital surveyhigher than about 2500, or My, < —4.0 and thus all AGB
in the infrared, with its homogeneous magnitude limits in itstars except the few that are very red. There are large differences
photometric bands — with the exception of a modest variatigmluminosities and element abundances between populations of
(0.6 mag) in the early data in th€,-band — provides an ideal AGB stars in different surroundings, e.g. the SMC, the LMC,
support for new studies of the distribution of dust, red giants attte outer disc of our Galaxy and our bulge. Most AGB stars in
red supergiants in our Galaxy. The newly detected supergiatifs SMC are carbon-rich whereas in the galactic bulge the AGB
will give the distribution of the star formation rate and the regtars are all of M—type (“oxygen-rich”). The reasons for these
giants the distribution and evolution of older stellar populationgriations are not well understood at present and the DENIS
in the galactic plane. samples may provide the data for a breakthrough.

Detailed new information are expected to be obtained about Knowledge so obtained will be of great importance in the
the inner spiral arms, the ring, the bar and the bulge of tBeidy of AGB stars in other Local Group dwarf galaxies, within
Galaxy. ThecoBE/DIRBE data have been important in find-
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the grasp of large ground-based telescopes such as the ESO'he galaxies discovered in the DENIS survey are expected

VLT. to be the input for future spectroscopic surveys of the southern
A specific catalogue of DENIS point sources in both Magsky (see e.g. Theureau et al. 1997; Mamon 1998).

ellanic Clouds is planned to become publicly available around

mid 1999 (see Cioni, Loup & Habing 1999). 6. Conclusion

5.6. Galaxies and cosmology The preliminary database of DENIS point sources (about 17

million sources for 2% of the Southern sky) can be used for

Near infrared surveys such as DENIS offer substantial advafssessing the interest of DENIS data for large scale scientific

tages for constructing samples of galaxies: the low extinctigfudies in a variety of fields.

allows for a fair view of external galaxies, virtually unaffected
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