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Abstract. We present a catalog of near-infrared properties of LEDA galaxies, using the full resolution images from the DENIS
survey. The fluxes are integrated in eight homothetic ellipses defined by their proper axis ratio, position angle and major
axis (up to twice the blue diameter at the isophote 25 mag arcsec−2) extracted from the LEDA database. From the curves
of growth in I, J and Ks photometric bands, we estimated different apparent magnitudes and diameters (“total”, “Kron”
and “isophotal”). Isophotal parameters refer to the limiting surface brightnesses: 22.5 I mag arcsec−2, 21.0 J mag arcsec−2

and 20.0 Ks mag arcsec−2 for the three photometric bands, respectively. The result is a catalog of 753 153 objects (among
which there are 508 224 galaxies, 34 449 probable galaxies and 210 480 galaxies to be confirmed). The catalog gives about (the
figures vary, depending on the considered magnitude or diameter): 668 000 I-band magnitudes, 576 000 J-band magnitudes,
357 000 Ks-band magnitudes and 452 000 I-band diameters, 299 000 J-band diameters, 114 000 Ks-band diameters.
The typical standard deviations for I, J and Ks magnitudes are 0.14, 0.15 and 0.25, respectively, for magnitudes limited at
I = 16, J = 15 and Ks = 14. The contamination by superimposed objects probably remains the major source of problems
and could require future improvement. The completeness limits in magnitude are about: 15.5, 14.5 and 13 in I, J and Ks,
respectively.

Key words. galaxies: general – catalogs

1. Introduction

DENIS was the first attempt to carry out a very large near in-
frared survey from a direct electronic acquisition on the sky.
The project was first presented by Epchtein (1997). The result
of seven years of measurements, conducted under the control
of P. Fouqué, has lead to an impressive amount of data: about
900 000 images in Gunn- I band at 0.8 µm, in J band at 1.25 µm
and Ks band at 2.12 µm. Each elementary image is 12′ × 12′
with a pixel size of 1′′ (for J and Ks this spatial resolution is
obtained by microscanning). The integration time is 10 s. The
sequence of observation is made at a given right ascension for
a wide range of declination (30◦). This arrangement is called
a strip. It contains 180 elementary images with 1′ overlap on
each side.

Today many such large surveys have been undertaken
in different wavelength bands (2MASS, SLOAN, HIPASS,
FIRST). The 2MASS project was conducted on the whole

� Full Catalog illustrated in Table 6 is only available in elec-
tronic form at CDS via anonymous ftp to cdsarc.u-strasbg.fr
(130.79.128.5) or via
http://cdsweb.u-strasbg.fr/cgi-bin/qcat?J/A+A/430/751

sky with similar purposes: a very large sky infrared survey. It
uses J, H and Ks bands (Jarrett et al. 2000) with two dedicated
telescopes. DENIS was conducted in a more difficult way, us-
ing a telescope rented to ESO. For the extragalactic domain
we produced preliminary catalogs using low resolution images
(Vauglin et al. 1999; Paturel et al. 2003b; Rousseau et al. 2000;
Vauglin et al. 2002).

In this paper we present an exploitation of the DENIS sur-
vey using full resolution images. This leads to a catalog of
753 153 galaxies with I, J, Ks magnitudes. This is still a
provisional catalog because the final DENIS catalog (Mamon
et al. 2004, in preparation) will not be restricted to LEDA ob-
jects1. It will be deeper, more accurate and more homoge-
neous. Nevertheless, the present catalog should be useful for
preliminary studies, especially when I-band data is required.
The present catalog is about ten times larger than the one we

1 85% of galaxies in LEDA come from the automatic analysis of
the POSS1 survey (Paturel et al. 2000) and 15% come from the lit-
erature, the main contributions coming from: Vorontsov-Velyaminov
et al. (MCG), Nilson (UGC), Lauberts & Valentijn (ESO and ESOLV),
Zwicky et al. (CGCG) – see Paturel et al. (2003a) for the details.
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Fig. 1. Variation of adopted zero-points with strip number (i.e.
with time) for I, J and Ks photometric bands.

Table 1. Statistics of the different flags, for I, J and Ks photomet-
ric bands.

Qualityflag I J Ks

fzp 8% 9% 8%
fqlt 12% 11% 12%
fedge 1% 1% 2%
f∗ 18% 25% 37%

produced, for I-band only, with low resolution images (Paturel
et al. 2003b).

2. First reduction process and checking

The data reduction was conducted by Borsenberger (1997).
The data received from the observational site of La Silla are
first sent to the Paris Data Analysis Center where they are pre-
processed. They are flat-fielded and the sky background is sub-
tracted. The original coordinate system given in the header is
replaced by a calibrated one obtained by a cross-identification
of stellar sources with the USNO-A2.0 astrometric catalog
(Monet et al. 1998). Despite this improvement some coordi-
nates are still uncertain. We will see below how this problem is
solved.

Many primary or secondary photometric standards were
measured at least twice every 180 images (strip). From this
analysis one of us (JB) derived the I, J and Ks zero points
needed to transform intensities to absolute fluxes. The adopted
zero points are given for each night (the strips from the same
night have thus the same zero-point). The variations along the
survey are shown in Fig. 1. Some abrupt changes correspond
to cleaning of mirrors or modifications of the camera. When it
was not possible to measure zero-points, we adopt the mean be-
tween the previous and next values, instead of using a default
value. In such cases a flag is put on the corresponding data.
This flag is designated as fzp. The statistics of flagged objects
is given in Table 1.

During the DENIS survey there was no automatic monitor-
ing to check the quality of the sky. So, we use the stability of

Fig. 2. Variation of quality estimated from the fluctuations of the sky
background along a strip as a function of strip number for the I pho-
tometric band.

the sky background to test the reliability as showed in a pre-
vious paper (Vauglin et al. 2002). The sky background may
vary along a strip, e.g. when the strip crosses the Milky Way.
However, the standard deviation of the sky background calcu-
lated for an elementary image should be more stable along a
strip if the sky is clear. On the contrary, if clouds cross the
field, the pixel intensities will vary at random and the standard
deviation of the sky background will increase. Of course, one
cannot exclude that unresolved stars also affect the standard
deviation of the sky background in crowed fields, but this will
also produce poorer data2. Thus, the fluctuations of the stan-
dard deviation of the sky background along a strip is used to
estimate the quality q of the strip. The definition is thus:

q = σstrip(σimage(skybackground)), (1)

where σdomain(quantity) is the standard deviation of “quantity”
calculated over "domain". As an example we show the quality q
for the I-band for all strips of the survey (Fig. 2). When q is
higher than 0.3 mag (in I) or 0.2 mag (in J or Ks) a flag is
put on the measurement. This flag is designated as fqlt. The
statistics of flagged objects are given in Table 1.

3. Recognition and photometry of galaxies

Our previous experience (Vauglin et al. 1999; Paturel et al.
2000) showed us that it is difficult to have full reliability
with automatic recognition of galaxies. So, we made use of
our LEDA database containing about 2 million galaxies from
which about 1 million galaxies have been confirmed either by
redshift measurements or by visual inspection up to the 18th
B-magnitude. By selecting objects in the DENIS survey area,
921 340 galaxies are kept (of which 565 000 are considered as
confirmed galaxies).

Further, because the coordinates in LEDA are relatively
good (the standard deviation is typically a few arcseconds

2 We checked also some possible correlations (e.g., q vs. sec ζ or
q vs. |b|) without finding any significant correlation. The quality of
images reflects only the quality of the sky, at the time of observation.
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Fig. 3. Fraction of objects having a flag f∗ as a function of absolute
value of the galactic latitude. The dashed line represents the mean
fraction.

according to Paturel et al. 1999) this solves the remaining
problem of DENIS coordinates. We will keep only objects
for which a good agreement exists between both coordinate
determinations.

From LEDA we also extracted the diameter D25, axis ra-
tio R25 and position angle β for all selected galaxies. The di-
mensions refer, on average, to the blue limiting surface bright-
ness 25 mag arcsec−2. Diameters and position angle are used
to integrate the flux in eight homothetic ellipses having diame-
ters regularly distributed between D25/4 and 2D25 (i.e., 2D25/i,
i down from eight to one).

During this integration process we searched for the max-
imum of the pixel intensity within the ellipse of diame-
ter 2D25/5. This defines the adopted center of the galaxy. The
central flux and the surface area of the corresponding ellipse is
used to estimate the object type (star or galaxy) when it is not
confirmed from LEDA (see Sect. 4). We calculate the DENIS
coordinates for the pixel of maximum central intensity. When
the discrepancy with the LEDA coordinates exceeds twice the
minor axis or is greater than 30′′, a flag is put on the mea-
surement. Objects having a problem of coordinates are rare
(a few percent). They are simply removed.

In order to remove superimposed stars we use the following
procedure: when a pixel intensity is higher than the maximum
found at the center of the galaxy, we replace the surface area
corresponding to the Point Spread Function (PSF) around this
pixel by a constant intensity. This constant intensity is chosen
in the vicinity of the considered pixel (typically at a distance
corresponding to the PSF radius). When the total correction
exceeds 0.3 mag a flag is put on the measurement. This flag will
be designated as f∗. The statistics of flagged objects are given
in Table 1. As expected, the number of objects that have this
flag increases towards low galactic latitude (Fig. 3). Note that
the presence of a flag does not mean that the magnitude should
be rejected. It simply means that a correction for superimposed
stars has been applied.

The eight fluxes within the eight homothetic ellipses are
transformed into magnitudes using proper zero points (previous

Fig. 4. The curve of growth of a typical galaxy (NGC 7808). The
points (filled circles) and dashed line represent the raw measurements
obtained by integrating within the eight homothetic ellipses defined in
the text. The open circles and solid line represent the measurements
corrected for the local sky-background calculated from the two largest
ellipses. The error bars are obtained from the standard deviation of the
curve of growth.

section) and constant atmospheric extinction coefficients: 0.02
in I, 0.08 in J and 0.11 in Ks. Because the sky background has
been reduced to zero, on average, the magnitudes do not need,
in principle, a sky background subtraction. In practice, the local
sky background is estimated from external ellipses. We give an
example of a curve of growth (magnitude vs. surface area) for
a typical galaxy arbitrarily chosen (Fig. 4). In the next section,
we use the surface brightness profile for each galaxy.

The final test of quality is made by flagging galaxies that
are near the edge of the frame. If the marginal projections of
the largest ellipse have more than five percent length outside
the limit of the frame, a flag fedge is put on the measurements
for this object. Table 1 summarizes the statistics of all flags.

After this first step we obtain three catalogs. They con-
tain: 1 562 677 measurements for 724 973 objects in I,
1 315 302 measurements for 633 049 objects in J and 934 816
measurements for 416 234 objects in Ks. Many objects are mea-
sured several times because of the overlap of the images along
a strip and the overlap of adjacent strips. Thus, we have to cal-
culate the mean curve of growth for each object.

4. Mean of different determinations

To calculate the weighted mean of different measurements we
have first to estimate the standard deviation of each of them.
Because the standard error on magnitudes is the same as the
standard error on surface brightness (assuming there is no un-
certainty on the calculation on the surface area), this standard
error is estimated through a fit of a parametric Sersic profile
(surface brightness S B vs. r1/n, as shown for instance in Fig. 5).
Different values of the parameter n are used over the range 1
to 4 in order to reproduce either the exponential law or the de
Vaucouleurs’ law. The standard deviation of the best fit is at-
tached to a given curve of growth.



754 G. Paturel et al.: Extragalactic near infrared catalog

Fig. 5. Fit of a Sersic function to the brightness profile of a typical
galaxy (NGC 7808). The error bars result from the standard deviation
of the fit.

The galaxy profile is calculated as follows: Let fi ( fi =
10−0.4mi , i = 1 to 8) be the fluxes within the eight ellipses of
surface si = πaibi. The surface brightness Bi at an equivalent
radius3

r∗,i =
√

si + si−1

2π
(2)

is expressed as:

Bi = −2.5 log
fi − fi−1

si − si−1
· (3)

We limited the calculation to realistic values of the surface
brightness; i.e., up to 24, 23 and 22 mag arcsec−2 for I, J
and Ks, respectively.

Using the standard deviation (rms residuals) of the fit, we
calculated the weight of each individual magnitude as the in-
verse of the square of the standard deviation (w = 1/σ2). Then,
we calculated the weighted mean magnitudes within the eight
homothetic ellipses and their actual error (Paturel et al. 1997).
This actual error takes into account both the internal uncer-
tainty given by the standard deviation of the fit and the external
uncertainty resulting from the comparison of independent mea-
surements. An object is rejected if, at a given level, the magni-
tude cannot be calculated. Further, when the standard deviation
of the fit is larger than a given limit, all measurements are also
rejected. The adopted limits are: 0.6, 0.8 and 1.0 mag for I, J
and Ks, respectively.

We calculated the mean of each flag. The integer division
gives the final flags, each being 0 or 1. We also calculated the
confidence in the recognition of an object as a galaxy. Many
objects are confirmed galaxies. Hence, this parameter is useful
only for objects not yet confirmed. This parameter is defined in
magnitude as:

G = −2.5 log fmaxi + 2.5 log S central, (4)

3 The equivalent radius is defined as r∗ =
√

s/π. Note that the radius
we use shares the elliptical ring in two equal areas.

the higher the parameter, the more secure the acceptation as
galaxy. This parameter was used in our first attempt to extract
galaxies from binned DENIS images (Vauglin et al. 1999). fmaxi

is the central peak flux (calibrated and corrected for extinction)
and S central is the surface area of the central region (see pre-
vious section). The justification is that, unlike to a galaxy, a
star has a small surface area and a high central intensity. Then,
a typical star correspond to a small “G”. On the contrary, a
galaxy has a high “G”. In order to test the significance of this
parameter we show its distribution for two classes of objects
(Fig. 6): confirmed and not confirmed galaxies, the latter ones
being chosen near the galactic plane (|b| < 10◦) to increase
the chance of having non extragalactic objects. For confirmed
galaxies G may be as low as 21, 20 or 18.5 in I, J and Ks, re-
spectively. Below these values the classification as “galaxy” is
uncertain. To be more conservative, it is better to accept un-
confirmed object as galaxies when G is larger than 22.5, 21.0
or 19.6 in I, J and Ks, respectively. In our catalog, the object
type will be noted “G” for confirmed galaxies, “g” for not con-
firmed galaxies with high “G” and “?” for objects that should
be confirmed either by a visual inspection or by redshift mea-
surement because G is too small (i.e. below the adopted limit).
For such a classification only I and J are considered because Ks

is clearly not discriminant (see Fig. 6).
We plot (Fig. 7) the fraction of not confirmed galaxies ver-

sus the default magnitude in I-band. The fraction is almost con-
stant up to the completeness limit (Ilim ≈ 15.5 mag) found in
Sect. 8, but rises quickly above this limit. This shows that much
work is still needed to confirm the extragalactic nature of many
objects in LEDA. Nevertheless, the DENIS magnitudes will be
available from this paper, when these objects will be confirmed.

5. Magnitudes and diameters

The largest ellipses used for flux integration are very large (up
to twice the D25 blue diameter). They are used to correct for the
local variations of the sky background. The local brightness of
the sky background is estimated as:

Bbg =
f8 − f6
s8 − s6

, (5)

where fi is the flux within the ith homothetic ellipse (i.e.,
10−0.4mi) and si its corresponding surface area. The corrected
magnitude within the ith ellipse is calculated as:

mt = −2.5 log( fi − si ∗ Bbg). (6)

Actually, the corrected flux is calculated up to 6/8 of twice
the D25 blue diameter (i.e., 1.5 times D25). For the Ks-band we
integrated up to D25 only and used the last four elliptical rings
to estimate the local sky background. Now, we will consider
only the corrected magnitudes.

We calculated four kinds of magnitude for each band:

1- Default magnitudes Id, Jd and Kd. They are simply the inte-
gration of corrected flux up to the last ellipse (1.5 D25 for I
and J, D25 for Ks).

2- Total asymptotic magnitudes It, Jt and Kt. They result from
the extrapolation where the curve of growth becomes flat
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Fig. 6. Parameter G for two populations: confirmed galaxies (full line) or unconfirmed objects near the galactic plane (dashed line). Below the
limits drawn with a vertical doted line an unconfirmed object should not be considered as a galaxy without verification.

Fig. 7. Fraction (in percentage of the total number) of not confirmed
galaxies versus the default magnitude, Id. The dashed line shows the
completeness limit (dashed line) found in Sect. 8. Above this limit the
fraction of not confirmed galaxies raises rapidly.

(i.e., where the derivative of the polynomial representation
of the curve of growth is zero).

3- Kron magnitudes (Kron 1980) Ik, Jk and Kk. They result
from the integration of corrected flux up to the adaptive
equivalent Kron radius :

rk = k
∑

r f (r)∑
f (r)
, (7)

where f (r) is the flux up to the equivalent radius r. The
calculation of rk is made up to the last ellipse. The balance
between systematic and random errors is achieved for k = 2
(Bertin & Arnouts 1996).

4- Isophotal magnitudes Is, Js and Ks. They result from
the integration of corrected flux up to the isophotal el-
lipse at 22.5 I mag arcsec−2, 21.0 J mag arcsec−2 and
20.0 Ks mag arcsec−2, respectively.

The uncertainty on these magnitudes is calculated as the
quadratic sum of the actual error on the surface brightness (cal-
culated in previous section) and of the error on the surface area
calculated as 1.086 ∆s/s, where ∆s is the uncertainty on the
surface area, i.e. on the number of pixels. We estimated roughly

this error as
√

s. So, the total error on total magnitudes is cal-
culated as:

st =
(
σ2(m) + 1.179/s

)1/2
. (8)

In order to remove exceedingly faint objects (in LEDA some
galaxies reach 20th B-magnitude) we consider only objects for
which the total magnitude is smaller than: 18, 17 or 16 for I,
J and Ks, respectively. With the calculation of magnitudes, we
calculated “total”, “Kron” and “isophotal” diameters for I, J
and Ks.

We calculated also the colours I − J, I −Ks and J −Ks from
K-magnitudes to reveal discrepant magnitudes. Indeed, when a
magnitude is involved in two discrepant colors (differing from
the mean at the 3σ level) it is removed because it results from
an uncertain measurement. The mean values are the following:

〈I − J〉 = 1.12 σ = 0.41
〈I − Ks〉 = 2.25 σ = 0.62

〈J − Ks〉 = 1.10 σ = 0.61.

The distributions are shown in Fig. 8. Note that a better esti-
mate of colors can be deduced from the difference of magni-
tudes within a same ellipse. The study of colors will be con-
ducted in a separate paper.

6. Comparison with independent surveys

We first make an internal comparison of our “default”,
“Kron” and “isophotal” magnitudes with our “total” magnitude
(Table 2). The scales agree very well and we will consider zero
point shifts only. Except for the isophotal magnitude, they do
not differ from total magnitude by more than a few percent.

In order to have an external estimate of the standard devia-
tion of our DENIS magnitudes, we make a comparison of our
I magnitudes with the I-band ones of the survey by Mathewson
et al. (1992). Our J and Ks magnitudes are compared with the J
and Ks magnitudes of the 2MASS survey (Jarrett et al. 2002).
For 2MASS we use the “total” magnitudes (Cols. 41, 44 and 47
in the 2MASS extended source catalog).

We first made a cross-identification with these surveys.
Each galaxy of our catalog is searched in other catalogs within
a radius of r = 10′′. The cross-identification is accepted when
there is only one candidate within r and when the agreement
between coordinates is better than 5′′.



756 G. Paturel et al.: Extragalactic near infrared catalog

Fig. 8. Colours I − J, I − Ks and J − Ks, calculated from total magnitudes.

Table 2. Comparison of zero-points of different kinds of appar-
ent magnitude (“default”, “Kron” and “isophotal”) with the “total”
magnitude.

X-axis Y-axis 〈X − Y〉 σ n
DENIS It DENIS Id −0.058 0.043 93 666
DENIS It DENIS Ik −0.063 0.017 91 811
DENIS It DENIS Is −0.214 0.101 81 536
DENIS Jt DENIS Jd −0.053 0.061 49 746
DENIS Jt DENIS Jk −0.068 0.027 49 357
DENIS Jt DENIS Js −0.304 0.121 39 175
DENIS Kt DENIS Kd −0.025 0.044 19 406
DENIS Kt DENIS Kk −0.136 0.086 20 217
DENIS Kt DENIS Ks −0.115 0.102 9 923

A cut at a limiting magnitude (16, 15 and 14 for I, J and Ks,
respectively) avoids the classical bias that distorts the relation-
ship (Paturel et al. 1991) when the catalogs involved in the
comparison have different depths. The effect of the choice of
these limits is studied below (Table 4). Further, in order to ob-
tain the nominal standard deviation, we first made the compar-
ison for confirmed galaxies, with no flags and with an internal
actual error less than 0.2 mag. This last limitation practically
does not affect the results. Indeed, we repeated the calculation
with an internal error as large as 0.9 mag without having a sig-
nificant change in the final standard deviation (see Table 5).
The case of less accurate objects (those with a flag) is studied
in next section.

The different results of the two-by-two comparisons are
summarized in Table 3. Examples of the comparison are given
in Fig. 9 for the default magnitudes: Id, Jd and Kd.

For the comparison with Mathewson’s sample, we consid-
ered the direct regression (because Mathewson’s magnitudes
are assumed to be much more accurate than our magnitudes),
while for the comparison with 2MASS we used the mean re-
gression, because we assume that both systems have nearly
the same accuracy (this is a first estimate, probably leading
to an underestimation of our standard deviations). The slopes
for I-band magnitudes are not significantly different from one.
For J and Ks-bands, the small departure from one, always leads
to a shift in magnitude smaller than half the standard deviation,
over a range of 10 mag. Thus, we will provisionaly consider
only the zero-point differences.

Table 3. Comparison of zero-points of our DENIS magnitudes, with
those of other samples (“Mathewson” and “2MASS”).

X-axis Y-axis 〈X − Y〉 σ n
Math. I DENIS Id 0.018 0.144 599
Math. I DENIS It 0.085 0.142 605
Math. I DENIS Ik 0.023 0.143 606
Math. I DENIS Is 0.143 0.185 542
2MASS J DENIS Jd 0.031 0.242 48 442
2MASS J DENIS Jt 0.089 0.218 49 140
2MASS J DENIS Jk 0.023 0.210 48 439
2MASS J DENIS Js −0.210 0.214 38 199
2MASS K DENIS Kd 0.039 0.402 23 538
2MASS K DENIS Kt 0.091 0.379 21 499
2MASS K DENIS Kk −0.069 0.350 21 943
2MASS K DENIS Ks −0.096 0.362 10 300
2MASS J DENIS Jd 0.031 0.242 48 442
2MASS J DENIS Jt 0.089 0.218 49 140
2MASS J DENIS Jk 0.023 0.210 48 439
2MASS J DENIS Js −0.210 0.214 38 199

The zero-point shift (Table 3) is reasonably small (less than
a few percents) when considering “default” magnitudes. Our
total magnitudes are brighter than those from other surveys, but
the zero-point shifts never exceed 0.1 mag. In another paper
we will make more detailed comparisons, in order to convert
magnitudes to homogeneous systems.

To estimate the standard errors of our magnitudes we
assumed that all the error in I-band comes from our own
I-magnitudes and that the errors in J and Ks are the same
than those of 2MASS J and Ks magnitudes. In other words,
the standard deviation of the I-band regression gives directly
the standard error on our I-magnitudes while the standard er-
ror on J- and Ks-magnitudes is obtained by dividing the stan-
dard deviation of the regression by

√
2 (same error on both

axes). The results for different limiting magnitudes are summa-
rized in Table 4. Let us note again that the standard errors on J
and Ks magnitudes of 2MASS are probably smaller than ours.
Thus our standard errors may be underestimated.

A comparison of our I magnitudes with J ones from
2MASS gives a standard deviation σ ≈ 0.21. Assuming again
that the error on both axes is the same, one deduces that the
uncertainty on our I-band magnitude is about 0.21/

√
2, i.e.,

σ(I) ≈ 0.15. This is in good agreement with the value esti-
mated from the comparison with Mathewson’s sample around
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Table 4. Standard error on our magnitudes as a function of the limiting
magnitudes.

mlim σ(I) n σ(J) n σ(Ks) n
10.00 – – 0.09 143 0.11 470
11.00 0.10 14 0.08 685 0.13 1766
12.00 0.10 67 0.09 2804 0.16 5517
13.00 0.11 240 0.10 9703 0.20 13790
14.00 0.12 461 0.12 25470 0.25 21943
15.00 0.14 586 0.15 48439 0.26 22959
16.00 0.14 586 0.16 53750 0.26 22961

Table 5. Standard error on total magnitudes as a function of the flag.
The first two lines give the result when there is no flag but for actual
error limited to either 0.2 mag or 0.9 mag.

Flag σ(I) n σ(J) n σ(Ks) n
no flag 0.14 606 0.15 48439 0.25 21943
(a.e. ≤ 0.2)
no flag 0.15 713 0.16 148350 0.27 85380
(a.e. ≤ 0.9)
fzp 0.14 44 0.16 4291 0.26 1679
fqlt 0.14 61 0.16 4595 0.30 2782
fedge 0.12 14 0.17 294 0.25 354
f∗ 0.24 91 0.28 4249 0.36 3776

the same limit (0.14 at 15th mag). These results are obtained af-
ter one cycle of 2σ rejection. Without any rejection, they give
larger standard errors. For instance, for limiting magnitudes 16,
15 and 14 in I, J and Ks respectively, we obtain 0.20 (instead
of 0.14), 0.18 (instead of 0.14) and 0.28 (instead of 0.25).

We compared our I-band diameters at the isophote 22.5
I-mag arcsec−2 with those measured by Mathewson at the
isophote 23.5 I-mag arcsec−2. The comparison is shown in
Fig. 10. The shift between both diameter systems is 0.066 with
a standard deviation σ = 0.052. This shows that, on average,
the accuracy of these diameters is as good as, e.g. Nilson’s di-
ameters (σ = 0.06 according to Paturel et al. 1991).

We estimate the quantity ∂ log D/∂µ ≈ 0.07 for the I-band
around the brightness µ = 23 mag arcsec−2. For comparison,
in B-band, around 25 mag arcsec−2, this quantity is 0.09, for a
typical spiral galaxy (Fouqué & Paturel 1985).

7. Influence of flags

Some measurements have a flag to say that they can be affected
by a problem. Four flags are used: fzp quality of the zero-point,
fqlt quality of the night, fedge object near the edge of the frame
and f∗ contamination by superimposed object. The flag indi-
cating that the coordinates do not agree with original ones is
not considered because the corresponding objects have been
removed.

The standard deviations, calculated as previously, are given
in Table 5. The calculation is made for the limiting magni-
tudes 16, 15 and 14 for I, J and Ks, respectively. The most
severe influence comes from f∗ (star contamination).

8. The catalog of raw data

The three catalogs for I-, J- and Ks-band have been merged
in one catalog arranged as follows. Four lines are given for
each galaxy. The first line gives the parameters common to
the three photometric bands; the next three lines give diame-
ters and magnitudes for each photometric band. The detailed
description is given below with an example in Table 6.

8.1. First line: Identification and common parameters

Column 1: right ascension and declination for the equinox
2000 in hours, minutes, seconds and tenths, and in degrees,
arcminutes and arcseconds respectively. These coordinates are
those calculated from the I-band images;
Col. 2: the Principal Galaxy Catalog numbering (Paturel et al.
2003a);
Col. 3: alternate names following our previous hierarchy
(Paturel et al. 2003a). Names that correspond to a multiple sys-
tem are written in parenthesis. Names that do not agree with
NED identification have been written with a question mark (?).
Names that have been moved from one galaxy to another since
the first PGC(1989) catalog have been written with an excla-
mation point (!);
Col. 4: label indicating that the object is present in the 2MASS
extended source catalog;
Col. 5: apparent blue diameter log D25 in log scale (D25 in
0.1 arcmin) at the isophote 25 B-mag arcsec−2;
Col. 6: axis ratio in log scale (log of major axis to minor axis)
at the isophote 25 B-mag arcsec−2;
Col. 7: adopted position angle in degrees measured from the
North to the East. Its value covers the range 0◦−180◦;
Col. 8: object nature: confirmed galaxies (G), possible galax-
ies (g) or object to be confirmed (?).

8.2. Next three lines: Global parameters

Column 1: photometric band designation (I, J or Ks);
Col. 2: right ascension and declination for the equinox 2000 in
decimal hours and degrees;
Col. 3: discrepancy d of the coordinates with respect to the
LEDA coordinates. d is measured in arcseconds;
Col. 4: parameter G (see text) to characterize the nature of the
object for not confirmed galaxies;
Col. 5: flags of quality. Each flag has a value 0 when there is no
problem or 1 when one can suspect the data to be affected. The
flags characterize the following features (in this order from the
left to the right): flag 1 for quality of zero point, flag 2 for qual-
ity of the night, flag 3 for quality of the position of the object
within the frame (edge effect), flag 4 for superimposed sources;
Col. 6: number of independent measurements;
Col. 7: decimal logarithm of apparent total diameter log Dt (Dt

in 0.1′);
Col. 8: decimal logarithm of apparent Kron diameter log Dk

(Dk in 0.1′);
Col. 9: decimal logarithm of apparent isophotal diameter
log Ds (Ds in 0.1′), at isophote 22.5, 21.0 or 20.0 mag arcsec−2

for I, J or Ks, respectively;
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Table 6. Description of the structure of the catalog for each galaxy. In the electronic form available at CDS, only the numerical data are given
(the designation of columns are given here only for clearness). Further, the four lines are all written on a single line to make the reading easier.
The catalog is sorted in Right Ascension for the Equinox 2000.

Coordinates PGC number Name 2MASS log D25 log R25 PA t
J000332.2-104439 PGC0000243 NGC 7808 2MASS 1.05 0.03 103 G

Band Coordinates (2000) d G Flags n log Dt log Dk log Ds s(log D) md mt mk ms s(m)
i: 0.05894 –10.7442 2. 23.64 0000 2 1.16 1.04 0.96 0.01 12.24 12.23 12.31 12.44 0.09
J: 0.05894 –10.7445 1. 22.66 0000 1 1.14 1.04 0.87 0.02 11.22 11.18 11.24 11.46 0.15
K’: 0.05896 –10.7443 3. 21.88 0000 1 0.97 0.88 0.91 9.99 10.38 10.32 10.36 10.34 0.24

Fig. 9. Comparison of DENIS I-, J-, Ks-bands “default” magnitudes with respectively the I-band magnitudes from Mathewson’s sample and
the J and Ks magnitudes from the 2MASS survey.

Col. 10: standard deviation attached to the logarithms of
diameters;
Col. 11: default apparent magnitude md integrated up to the last
ellipse (see text);
Col. 12: apparent total magnitude mt, integrated up to the el-
lipse of major axis Dt;
Col. 13: apparent Kron magnitude mk, integrated up to the el-
lipse of major axis Dk;
Col. 14: apparent isophotal magnitude ms, integrated up to the
ellipse of major axis Ds;
Col. 15: standard deviation attached to the apparent
magnitudes.

8.3. Completeness of the catalog

The catalog gives data for 753 153 galaxies (among which
there are 508 224 galaxies, 34 449 probable galaxies and
210 480 galaxies to be confirmed). The catalog gives about
(the figures may vary, depending on the considered magnitude
or diameter): 668 000 total I-band magnitudes, 576 000 to-
tal J-band magnitudes, 357 000 total Ks-band magnitudes and
452 000 total I-band diameters, 299 000 total J-band diame-
ters, 114 000 total Ks-band diameters.

The typical standard deviations on total magnitudes
are 0.14, 0.15 and 0.25, for I-, J- and Ks-band and limits in
magnitude of 16, 15 and 14, respectively.

In order to estimate the mean completeness limit for each
band, we plotted the log N(m < mlim) vs. mlim (Fig. 11), for

Fig. 10. Comparison of DENIS I-band diameter at the isophote
22.5 I-mag arcsec−2 with those measured by Mathewson at the
isophote 23.5 I-mag arcsec−2.

the three bands. The slopes differ significantly from the canon-
ical value 0.6, expected for a uniform distribution of galaxies.
The slopes are: 0.52, 0.54 and 0.58, for I-, J- and Ks-band
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Fig. 11. Completeness curves for I, J and Ks magnitudes. Black circles and solid line represent the completeness curves for the present DENIS
catalog. Open circles and dashed line represent the completeness curves for the 2MASS extended source catalog.

respectively. This variation seems to be correlated with the un-
certainty: the higher the uncertainty on magnitude, the closer
to the canonical value 0.6. This could be an illustration of the
Eddington effect recently analyzed by Teerikorpi (2004).

From Fig. 11 one sees that the completeness limits are
about : 15.5, 14.5 and 13.5 in I, J and Ks, respectively. For
comparison we give the same plot for J and Ks of the 2MASS
extended source catalog (open circles), limited to the southern
hemisphere. 2MASS is deeper in Ks (≈14 mag instead of 13.5).
In J, the deepness is almost the same for both survey. The
2MASS catalog has more objects than the DENIS one but it
presents an excess of bright objects, while DENIS presents a
lack of bright objects (in J). On the other hand, due to the se-
lection of our objects from LEDA (essentially built from blue
plates), our catalog is probably biased towards blue objects.

In conclusion, we want to warn any potential user that the
contamination by superimposed objects (stars or companion
galaxies) remains the major cause of problems. In using of in-
dividual measurements it is advisable to check that there is no
contamination within 2 D25. This could be a way to improve
the database in the future.
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