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Abstract. DENIS observations in the J (1.28n) and Kg The DENIS survey (Epchtein et al. 1997, Persi et al. 199
(2.15um) bands together with isochrones calculated for theith 2MASS (Skrutskie et al. 1997) is the first attempt to carr
RGB and AGB phase are used to draw an extinction map of thet a complete survey of the southern sky. The limiting mag
inner Galactic Bulge. The uncertainty in this method is mainlyitudes in the three near-IR photometric bands (I =08 J
limited by the optical depth of the Bulge itself. A compari=1.25um andKg = 2.15 um) for point sources arés™, 16™
son with fields of known extinction shows a very good agreend13™ respectively. The photometric accuracy (rms) is bettg
ment. We present an extinction map for the inner Galactic Bulgean 0.1 mag and the astrometric accuracy better than 1 arcs
(~ 20 deg?) These numbers are for uncrowded fields.

DENISKs/(J — Kg) colour magnitude diagrams (CMDs)
Key words: stars: AGB and post-AGB — infrared: stars — ISMin regions of low extinction show a well defined RGB and AGE
dust, extinction sequence in the Galactic Bulge (see Fig. 1). Due to their hig
luminosities (up taMl,, ~ —4.5 for non-saturated sources in
DENIS) these stars are ideal tracers of the stellar populatia
] in the Bulge and are found even in highly extincted region
1. Introduction In this paper we present a method to derive interstellar exti

Studying the stellar populations in the Galactic Bulge requirfi@n using isochrones from Bertelli et al. (1994) in combina
knowledge of the interstellar extinction. Previous studies (e.#n With DENIS CMDs. We show that this method is appro
Catchpole et al. 1990, Frogel et[al. 1999, Unavane 19@3’56“6 for low as well as for highly extincted regions. Finall
have shown that it can vary fromy = 5™ up toAy = 35™ We present a map of the extinction in the inner Bulge betwes
towards the Galactic Centre region. As in most parts of th@<{<8 and -1.5cb<1.5°. The finer details of the features see
Galactic Bulge, interstellar absorption is not homogeneous Buthe map will be discussed in a subsequent paper.
occurs in clumps, a detailed extinction map of the Bulge is
therefore essential.

Catchpole et al[[(1990) mapped the interstellar extincti@h Observations

aroundthe Galactic Centre (2 deg?) using the red giantbranch_l_he near infrared data were acquired in the framework of t
of 47 Tuc as a reference. Stanek et(al. (1996) mapped the in “NIS survey, in a dedicated observation of a large Bulge fiel

stellar extinction of Baade’s window using OGLE phOtometr¥imultaneously (Summer 1998) in the three usual DENIS bang

of red clump stars. Frogel et al. (1999) determined the inter- ~ -
stellar reddening for a few fields in the inner Galactic Bulg;%egunn | (0-8um), J (1.25:m) andKs (2.15.m). For the source

using the red giant branch of Baade’s window as a referenextrac'uon we used PSF fitting optimised for the crowded fielg

. Kiard et al. in preparation). For the astrometry, the individ
gﬁe\/ralues ranging from 0.27 up to 2.15 mag were found by trE%ll DENIS frames were cross-correlated with the PMM catalg

(USNO-A2.0). The absolute astrometry is then fixed by the a

Send offprint requests techulthe @iap.fr curacy of this catalog~ 1”). The internal accuracy of the DE-

* Based on observations collected at the European Southern ObB# astrometry, derived from the identifications in the overlag
vatory, La Silla Chile is of the order of 0.5.
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For the determination of the zero point all standard stars ob- ©
served in a given night have been used. The typical uncertainty |
of the zero points has been derived from the overlapping regions
and is about 0.05, 0.15 and 0.15 mag in the 1,J Egdbands
respectively. -

3. Extinction determination using isochrones L

Colour-Magnitude Diagrams were constructed for sources in
a small window (radius of 2arcmin) in the field. The modal
value of the distribution of thé\y, required to move the stars.
in the CMD to the zero extinction isochrone was taken as thel O
value of the extinction for this window. The interstellar ex-
tinction law Ay : Ay : Ax, = 1:0.256 : 0.089) from Glass
(1999) was used. The window was then displaced laterally in
uniform steps to construct an image of the spatial distribution |
of the extinction over the whole field. We have found that to-
wards the Galactic Bulge a sampling window of radius 2 arcmin
provides a sufficient number of stars to form a sequence en-
abling a reliable estimate of the extinction in such a window.
We presently do not use the DENIS data wikg < 7 due to

the saturation of the detectors. We only use those sources which
have been detected in J as well aigwith Kg brighter than

11 mag in order to be as complete as possible in J. This cri-

terion is also quite important in order to rule out fake sourcgsr:g 1. DENIS Ks/(J — K)s diagram for Baade’s window (Sgr 1)

at the fainter end of the luminosity function and to guarant%%perimposed are isochrones with Z=0.008. Z=0.02 and Z=0.05. re-

high extinction Ay > 25) we find that a large proportion of the

sources detected &ts do not have counterparts at the shorter

wavelengths. The location of these ‘missing’ J sources is con- Based on observed near infrared spectra for a sample of M
centrated in regions with high extinctioA{, > 25™). Hence giants and Mira Variables, kindly provided by A. Lant we

for regions with large extinction, where the number of sourcégave found the difference between K dfig to be small, in the
detected with the above criterion is smaller than in regions withder of 0.04—0.05 mag.

lower extinction, we only get a lower limit on the extinction.

Results Wlth.SUCh a;ampllng window and with d|splaceme§.t1. Uncertainties of the isochrone method
steps of 1 arcmin are discussed below.

Isochrones from Bertelli et al{1994) placed at 8 kpc di$~ig.[l shows a DENIS CMD in a part of the Baade’s Window
tance for a 10 Gyr stellar population with Z=0.02 has been usggprl, ~ 0.06 deg?). Overlaid are the isochrones with different
as a reference system. The isochrones were calculated forrtteallicities (forAy = 0). The isochrone with Z=0.02 is found
ESO filter system by convolving the near-infrared bands with follow well the observed CMD and is shownat, = 0 and
the spectral energy distributions from Kuruicz (1992) for tempeatso atAy = 1.35 which is the modal value of the extinction
atures higher than 4000 K. At lower temperatures the effectife@und for the field.
temperature scale from Ridgway et al. (1980) for the late M It is a well known fact that in the Galactic Bulge one deals
giants and the Lamn & Rocca-Volmerange (1992) scale fowith a wide metallicity and age range. Using isochrones with a
the early M giants has been used. The lack of very red statifferent Z would give us different extinction values. In order
dards limits the near-infrared colour transformation (Bressant& estimate the effect of metallicity on the derived extinction
Nasi[1999) and causes the colours of the Z=0.02 isochronevédues, isochrones with Z=0.05 and Z=0.008 have been consid-
‘saturate’ aroundJ — K)o = 1.35. Therefore a new, empiri- ered. Between the isochrone with Z=0.008 and Z=0.05 there is
cal T.g-(J—K) colour relation has been derived by making afit A(J — K) ~ 0.2 (see also e. g. Bressan et[al. 1998) which
through theT.g/(J — K), data available for cool giants [seecorresponds to A Ay ~ 1™. This is the typical uncertainty in
Schultheis et al. 1998 and Ng et al. (in preparation)]. Schulthéi® determination of the extinction assuming solar metallicity.
etal. [1998) demonstrated the good agreement of the isochroimesontrast to the effect of metallicity the isochrones are hardly
with the newT g-colour relation using NIR photometry of aaffected by an age-range (see e. g. Schultheis et al. 1998).
sample of Miras and Semiregular Variables in a field located Analysis of repeated observations (1996 & 1998) shows
at the outer Bulge. However, the upper part above the RGB tiat the internal dispersion in the photometry, in the crowded
(Kgs ~ 8.0) remains nevertheless more uncertain. regions, is less than 0.15mag fidg < 11. Compared to the
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Fig. 2. Observed CMDs with isochrones at derived extinction values (left panel) and histograms of the extinction values for individual
(right panel) for sample fields (radius¥2n Baade's window (filled circles, solid line), a field located/at0.37 andh = 0.5 (filled triangles,
dotted line) and around the Galactic Centre (open circles, dashed line).

distance spread of the Galactic Bulge (.35 mag) the errors Table 1.Mean value ofdy (in 0.1° x 0.1° box) along different lines
in the photometric accuracy as well as the errors coming fravfisight towards the inner Galaxy
the isochrones are negligible.

b £=6° (=3 (=0° (=-3" [(=-6°

3.2. CMDs in sampling windows 0.75° 6.8 8.9 12.0 11.9 13.7
0.00° 11.7 16.3 25.7 22.8 11.6
In Fig.[2 we show the CMDs for sampling windows at three dif-0.75°  14.7 10.9 10.9 135 7.7

ferent locations, namely a field with low extinction in Baade’s

window, one with intermediate extinction &t= —0.37° and

b = 0.5° and one at the Galactic Centle 0,0 = 0). Thelow 4. Results

extinction field considered here is a small part of the Sgr | field

whose CMD is presented in Fig. 1. While the RGB/AGB branchhe whole map for the inner Galactic Bulge is shown in Hg.
in Baade’s window shows a narrow RGB/AGB sequence, for tHé€ map has a resolution of 4 arcminutes (the diameter of t
two other fields one sees clearly a wide spread in(fhe Kg) Sampling window used). Note the clumpy and filamentary b
colour. The Baade’s window is known to have low and wellaviour of the distribution of extinction especially close to th
behaved extinction and this is seen as a sharp peak in the di§gdlactic plane. There are also small pockets with uniform e
bution of Ay (Fig.[d). For the field at = —0.37,b = 0.5 and tinction of aboutAy, = 6 magnitudes (for example the ISOGAL
around the Galactic Centre one does not find a single well di€/d ¢ = 0,b = 1 studied by Omont et al. 1999). Tatil¢ 1 give
fined peak but perhaps two different peaks which indicates thae values of the mean extinction in various locations in the i
there maybe two or more distinct layers of extinction causifg! Bulge. The distribution of extinction along the line of sigh
material along this line of sight. Alternatively the absorbing matrough the Bulge will be discussed in detail in a subsequ
ter may show clumpiness on a scale smaller than the 4 arcminR@®er (Ganesh et al. in preparation).

diameter of the sampling window. As mentioned earlier, our J In Fig.[4 we present a contour map of the extinction arou
and K detections are Comp|ete in regions with low extinction (Jbe Galactic Centre. The distribution of extinction in this re
to Ay < 25) and a large proportion of K sources do not have@ion has been studied earlier by Catchpole et al. (1990) usi
counterparts (up to 60-90%) in the regions with high extinctidd&K data. We find a good agreement in the observed stru
(GC). Itis unfortunately not possible to use the results from tiigres keeping in mind the higher resolution results present
regions with low extinction to assign a completeness limit fdlere. The difference Ay, compared to Catchpole et al. is typ-
the obscured ones because the controlling factors are confudt@ify smaller than 3. The average interstellar extinction alo
in the first case and the detector sensitivity in the second.te Galactic plane (see Fig.4)4s 24™ in Ay although this

map of the ‘missing’ J sources shows that they are a signific&Right be a lower limit (as seen by the presence of patches
source of uncertainty in regions witky, > 25. Ay > 30) due to the effect of the ‘missing’ J sources discuss

earlier. Along the minor axis th&y decreases tb5™ towards
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Fig. 3. Map of the extinction in the inner Galactic Bulge. The image grey scale represeits amnge in magnitudes from 0 (white) to 35
(black). A coloured high resolution image can be found at http://www-denis.iap.fr/articles/extinction/
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Fig. 4. Contour plot of the extinction around the Galactic Centre witBertelli, G., Bressan, A., Chiosio, C., Fagotto, F., Nasi, E., 1994,
contours plotted in the range from 0 to 35 at 7 mag interval&n A&AS, 301, 381

The major contours are labeled in large italic fonts. Local maxima (witfessell, M. S., Brett, J. M., 1988, PASP 100
Av > 30) are also marked with the localy values in small fonts.  Bressan, A, Nasi, E., 1995, priv. communication
Bressan, A, Granato, G. L., Silva, L., 1998, A&A 332, 135
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