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and M. Roth6
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Abstract. We present infrared imaging data in the J and
K ′ bands obtained for 18 active spiral galaxies, together
with 11 non active galaxies taken as a control sample. All
of them were chosen to satisfy well defined isolation crite-
ria so that the observed properties are not related to grav-
itational interaction. For each object we give: the image in
the K ′ band, the sharp-divided image (obtained by divid-
ing the observed image by a filtered one), the difference
image (obtained by subtracting a model to the observed
one), the color J −K ′ image, the ellipticity and position
angle profiles, the surface brightness profiles in J and K ′,
their fits by bulge+disk models and the color gradient.

We have found that four (one) active (control) galax-
ies previously classified as non-barred turn out to have
bars when observed in the near-infrared. One of these four
galaxies (UGC 1395) also harbours a secondary bar. For
15 (9 active, 6 control) out of 24 (14 active, 10 control) of
the optically classified barred galaxies (SB or SX) we find
that a secondary bar (or a disk, a lense or an elongated
ring) is present.

The work presented here is part of a large program
(DEGAS) aimed at finding out whether there are differ-
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ences between active and non active galaxies in the prop-
erties of their central regions that could be connected with
the onset of nuclear activity.
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1. Introduction

The existence of non-axysimmetric components of the
galactic potential has been frequently invoked as an ef-
ficient way to transport gas from the galaxy scale down
to the nucleus to fuel the AGN. In particular, the shocks
and gravitational torques induced by a galactic bar1 can
make the gas loose angular momentum and therefore fa-
cilitate the fuelling mechanism (Shlosman et al. 1989).
Nevertheless, it has been suggested that there is not a
preference for Seyfert nuclei to occur in barred galaxies
(Heckman 1980; Simkim et al. 1980). This result is con-
firmed by statistical analyses on the catalogued morphol-
ogy of Seyfert galaxies (Moles et al. 1995) and through
near-infrared imaging studies (McLeod & Rieke 1995;
Alonso-Herrero et al. 1996; Mulchaey & Regan 1997).

We have started a large observational program aimed
at studying the conditions for the onset of activity in
galactic nuclei. Based on previous work (Moles et al. 1995),

1 We mean bar = primary bar; when considering secondary
bars, it will be clearly stated.
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we search for detailed morphological and kinematical dif-
ferences between active and non active galaxies of similar
global morphology. We particularly pay attention to those
that could facilitate the transport of gas towards the very
central regions and the nucleus (for an example of the
complete analysis of one of our sample galaxies see Pérez
et al. 1999). For this purpose, we are obtaining optical and
near-infrared images and long slit spectroscopy with the
best possible spatial resolution.

We selected a sample of galaxies, out of which 18 host
active nuclei and the rest form a control sample of non
active galaxies (see Sect. 1).

In this paper we present the first data set: the infrared
imaging data in the J and K ′ bands. Infrared imaging is
particularly important because it allows us to trace the old
stellar population, and to separate the various components
(the bulge, disk, bar(s) and spiral arms) with the smallest
contribution of the active nucleus and less contamination
by dust absorption. In fact, various K band imaging stud-
ies have revealed that bars were present in galaxies clas-
sified as unbarred in the optical (McLeod & Rieke 1995;
Mulchaey & Regan 1997), hence showing that the near-
infrared is better suited for these purposes. The sample is
described in Sect. 2. In Sect. 3 we present the near-infrared
data we have obtained together with the HST archive im-
ages we used. In Sect. 4 we describe the different methods
of analysis applied to the images. In Sects. 5 and 6 the re-
sults are described for each of the galaxies in both sets of
active and non-active spirals respectively. The summary
is given in Sect. 7.

A discussion on the NIR properties of these galaxies,
together with the comparison of active versus non-active
galaxies derived from these data will be presented in a
companion paper (Márquez et al., in preparation).

2. The sample

The active galaxies have been chosen with the following
criteria: (a) Seyfert 1 or 2 from the Véron-Cetty & Véron
(1993) catalogue; (b) with morphological information in
the RC3 Catalogue; (c) isolated, in the sense of not hav-
ing a companion within 0.4 Mpc (H0 = 75 km s−1 Mpc)
and cz < 500 km s−1, or companions catalogued by Nilson
without known z; (d) nearby, cz < 6000 km s−1; and
(e) intermediate inclination (30 to 65◦). The control sam-
ple galaxies have been selected among spirals verifying the
same conditions (b), (c), (d) and (e), and with types sim-
ilar to those of the active spirals. Thus, all the galaxies in
our sample are isolated, in the sense of avoiding possible
effects of interactions with luminous nearby galaxies2.

The main properties of the sample galaxies, as given
in the RC3 catalogue are presented in Table 1.

2 In a strict sense, they are weakly interacting systems, since
we don’t take into account the possibility of being surrounded
by dwarf galaxies or HI clouds.

The samples are not large enough to give statistically
significant results, but the detailed study of each of the
galaxies in these samples should give us at least hints on
what differences between active and non-active isolated
spiral galaxies, if any, are to be taken into account to
identify the conditions for the onset of nuclear activity.

The active sample extends farther in redshift. In par-
ticular, there are six active galaxies with cz > 4000 km
s−1, but none in the control sample. Although this changes
the physical resolution achieved for those objects, we don’t
expect any bias due to that difference. Absolute mean
B luminosities give MB = −20.4 ± 0.6 for Seyferts and
MB = −20.3 ± 0.9 for non-active galaxies. Some contri-
bution from the active galaxies would be expected as a
consequence of the presence of the active nucleus itself
and of the higher levels of star formation sometimes ob-
served in that kind of galaxy (Maiolino & Rieke 1995). If
any, this effect is not systematically present in our small
samples, which can therefore be considered as comparable
with respect to the host galaxy luminosity. The distribu-
tion of inclinations is almost flat for the non-active galax-
ies, whereas there is a deficiency of active galaxies at large
inclinations, as expected for an optically selected sample
of active galaxies (McLeod & Rieke 1995). The morpho-
logical types of spiral active galaxies are earlier than Sbc,
resembling the type distribution of active galaxies in the
Véron-Cetty & Véron catalogue (Moles et al. 1995); non-
active galaxies have been selected to have similar types.
Looking at the presence of bars in the galaxies of both
samples (as catalogued in the RC3), we notice that only
one galaxy in the list of non-active objects is unbarred,
and three more are of intermediate type X. For the active
galaxies, half are barred and four more of type X. As al-
ready quoted, the presence of a primary bar does not seem
to be the direct cause for the nuclear activity. Otherwise
the lists of active and non active galaxies we have observed
are rather similar in global properties. We therefore esti-
mate that the sample of non-active galaxies is well suited
to be used as a control sample.

3. The data

We have obtained K ′ images for the 18 active galax-
ies together with J images for 15 of them. J and K ′

images were taken for 11 non-active spirals. The in-
frared data have been acquired mainly with three tele-
scopes: the 2 m Télescope Bernard Lyot (Pic du Midi
Observatory, France), the 2.5 m DuPont telescope (Las
Campanas, Chile), and the 3.5 m telescope at Calar Alto
(Spain). We have also used some short observations taken
with the ESO 2.2 m telescope in La Silla for the rela-
tive calibration of one of the J images obtained during a
non-photometric night. The journal of observations is pre-
sented in Table 2. We always used NICMOS-3 256 × 256
detectors; the pixel scales are given in Table 2.
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Table 1. Data for the sample galaxies in the RC3 catalogue

Name α(2000.0) δ(2000.0) PGC B D25 R25 PA cz t Seyfert
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

Active galaxies

UGC 1395 01 55 22.2 +06 36 41 7164 14.18 1.10 0.10 — 5184 .SAT3.. 1
IC 184 01 59 51.2 −06 50 28 7554 14.66 1.02 0.31 7 5400 .SBR1*. 2
IC 1816 02 31 51.3 −36 40 17 9634 13.83 1.16 0.07 — 5086 .SBR2P? 1
UGC 3223 04 59 09.4 +04 58 31 16482 13.83 1.15 0.25 80 4723 .SB.1.. 1
NGC 2639 08 43 38.0 +50 12 24 24506 12.59 1.26 0.22 140 3198 RSAR1* 1
IC 2510 09 47 43.2 −32 50 15 28147 14 1.10 0.27 148 2700 .SBT2*. 2
NGC 3281 10 31 52.2 −34 51 27 31090 12.60 1.52 0.30 140 3439 .SAS2P* 2
NGC 3660 11 23 32.3 −08 39 29 34980 15 1.43 0.09 115 3678 .SBR4.. 2
NGC 4253 12 18 26.4 +29 48 48 39525 14.00 0.98 0.06 — 3819 PSBS1*. 2
NGC 4507 12 35 37.1 −39 54 31 41960 12.78 1.22 0.10 — 3499 PSXT3.. 2
NGC 4785 12 53 26.9 −48 44 58 43791 13.21 1.29 0.31 81 3735 PSBR3*. 2
NGC 5347 13 53 18.6 +33 29 32 49342 13.16 1.23 0.10 130 2312 PSBT2.. 2
NGC 5728 14 42 24.1 −17 15 12 52521 12.37 1.49 0.24 0 2885 .SXR1*. 1
ESO 139-12 17 37 39.5 −59 56 29 60594 13.59 1.20 0.11 35 5200 PSAT4P* 2
NGC 6814 19 42 40.7 −10 19 25 63545 11.85 1.48 0.03 — 1509 .SXT4.. 1
NGC 6860 20 08 46.2 −61 05 56 64166 13.68 1.13 0.25 34 4462 PSBR3.. 1
NGC 6890 20 18 17.9 −44 48 25 64446 13.05 1.19 0.10 152 2471 .SAT3.. 2
NGC 6951 20 37 15.2 +66 06 22 65086 11.91 1.59 0.08 170 1331 .SXT4.. 2

Non-active galaxies

NGC 151 00 34 02.8 −09 42 20 2035 12.23 1.57 0.34 75 3654 .SBR4..
IC 454 06 51 06.6 +12 55 19 19725 − 1.24 0.28 140 3945 .SB.2..
NGC 2712 08 59 31.2 +44 54 56 25248 12.38 1.46 0.26 178 1833 .SBR3*.
NGC 2811 09 16 11.3 −16 18 47 26151 12.66 1.40 0.46 20 2514 .SBT1..
NGC 3571 11 11 30.1 −18 17 19 34028 12.99 1.48 0.46 94 3571 PSXT1*.
NGC 3835 11 44 05.6 +60 07 13 36493 13.20 1.29 0.39 60 2452 .SX.2*a/
NGC 4162 12 11 51.8 +24 07 24 38851 12.55 1.37 0.22 174 2542 RSAT4..
NGC 4290 12 20 48.4 +58 05 32 39859 12.66 1.37 0.16 90 3035 .SBT2*.
NGC 4779 12 53 50.8 +09 42 33 43837 12.91 1.33 0.07 70 2793 .SBT4..
NGC 6012 15 54 13.5 +14 36 08 56334 12.96 1.32 0.14 168 1988 RSBR2*.

NGC 6155 16 26 08.4 +48 21 58 58115 13.20 1.13 0.16 145 2429 .SXT..b

(1) Most common galaxy name;
(2) and (3) α and δ coordinates (equinox 2000.0);
(4) PGC number;
(5) B magnitude;
(6) isophotal diameter (at B = 25 mag arcsec−2), D25, in units of log(0.1×a (arcmin));
(7) axis ratio, R25 in units of log(a/b);
(8) major axis position angle in degrees from N to E (when available);
(9) velocity in km s−1;
(10) galaxy morphological type as given by the RC3, except for a(.S..2* in the RC3) and b(.S?... in the RC3), for which the morphological
type is from Márquez & Moles (1996);
(11) Seyfert activity class for active galaxies.
The data in Cols. 5-9 were taken from the RC3.

As seen in Table 1, there are some galaxies with ex-
tended angular sizes close to 2 arcmin or even larger, which
do not fit in a single frame. For two of them, namely
NGC 4779 and NGC 6951, a mosaic of images was per-
formed in order to have images for the entire galaxy disk.

The data reduction and calibration was performed, fol-
lowing the standard procedures with the IRAF3 software

3 IRAF is the Image Analysis and Reduction Facility made
available to the astronomical community by the National
Optical Astronomy Observatories, which are operated by the



4 I. Márquez et al.: Near-infrared photometry of isolated spirals with and without an AGN. I.

Table 2. Journal of observations

Name Teles. Obs. Filter Exp. Seeing µ2σ
date time FWHM (mag/

(s) (arcsec) arcsec2)

UGC 1395 CAHA 09/96 K′ 5400 0.95 20.7
IC 184 CAHA 09/96 K′ 1800 0.95 19.8
IC 1816 LC 09/96 K′ 3000 - 20.1

J 800 - 21.0
UGC 3223 LC K′ 2700 1.2 19.9
NGC 26391 TBL 03/97 J 1000 - 20.5

K′ 3000 - 19.7
IC 2510∗ LC 05/96 K′ 3600 0.87 19.6

04/97 J 1000 0.71 20.8
NGC 3281 LC 05/96 K′ 3500 0.84 19.8

04/97 J 1000 0.89 21.1
NGC 3660 LC 04/97 J 1200 - 21.3

04/97 K′ 2000 - 20.2
NGC 42533 TBL 03/97 J 1000 - 21.3

K′ 2800 - 19.3
NGC 4507∗ LC 05/96 J 1400 0.80 21.0

K′ 3600 0.97 20.2
NGC 47853 LC 04/97 J 1000 0.71 20.8

K′ 3000 0.71 20.2
NGC 5347∗,2 TBL 03/97 J 1000 1.4 21.3

K′ 3060 1.9 19.4
NGC 5728 LC 04/97 J 1000 0.88 20.9

K′ 2800 0.85 20.2
ESO 139-12 LC 05/96 J 1000 1.0 21.2

K′ 3400 0.97 19.5
NGC 68143 LC 05/96 J 1000 1.2 20.9

K′ 3200 0.87 19.3
NGC 68603 LC 04/97 J 1000 0.87 20.9

K′ 2600 0.89 20.3
ESO 05/96 K′ 720 0.89 17.5

NGC 6890 LC 04/97 J 1000 0.76 20.7
K′ 2600 0.78 20.1

NGC 6951 NOT 09/96 J 1760 1.3 18.8
K′ 3520 1.3 19.5

NGC 1511 LC 09/96 J 800 - 21.1
K′ 1800 - 19.9

IC 454 TBL 03/97 J 1000 1.2 20.3
K′ 2800 1.25 19.2

NGC 2712 TBL 03/97 J 1000 1.1 20.7
K′ 3200 1.2 20.1

NGC 2811∗ LC 05/96 K′ 3400 1.0 19.8
04/97 J 1000 1.19 20.7

NGC 35711 LC J 1000 0.84 21.1
K′ 3000 0.67 20.1

NGC 3835∗ TBL 03/97 J 1000 - 21.3
K′ 3000 - 19.7

NGC 4162 TBL 03/97 J 800 1.6 21.3
K′ 3000 1.1 20.0

NGC 4290 TBL 03/97 J 1200 1.1 21.0
K′ 3000 1.1 19.5

NGC 4779 TBL 03/97 J 4×1000 1.1 20.9
K′ 4×1000 1.1 19.3

NGC 6012 TBL 03/97 J 1000 1.2 21.0
K′ 3600 1.35 19.7

NGC 6155 TBL 03/97 J 600 1.15 21.0
K′ 3200 1.65 19.5

CAHA: 3.5 m telescope at Calar Alto (0.32′′/pixel); LC: 2.5 m telescope at Las Campanas (0.348′′/pixel); TBL: 2 m Bernard Lyot telescope at Pic
du Midi (0.5′′/pixel); ESO: 2.2 m telescope at La Silla (0.278′′/pixel); NOT: Nordic Optical Telescope at La Palma. (0.51′′/pixel).
∗ Galaxies with non-flat remaining background.
1,2,3 Galaxies with NICMOS HST archive images, (1) published by Böker et al. (1999); (2) published by Regan & Mulchaey (1999); (3) unpublished.

and SQIID package. For the objects, exposures of typically
about 2 minutes (dithered in short exposures of about

Association of Universities for Research in Astronomy
(AURA), Inc., under contract with the U.S. National Science
Foundation.

20 s in J and 50 s in K ′ offset by about 2−3 arcsec) were
taken on the source and on the sky, until the total inte-
gration time was achieved (see Table 2). A median dark
frame was calculated for every night with the same ex-
posure as that of the objects by using the corresponding
dark frames obtained before and after the observations.
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Flat-field frames were obtained for each filter by subtract-
ing the median dark frame from the sky frames, normal-
izing the resulting frames and calculating the median. We
then subtracted the dark frame from the object frame, di-
vided by the normalized flat-field and subtracted the cor-
responding sky frame. Sometimes, another constant had
to be subtracted in order to attain the zero background
level. In order to align the resulting frames to better than
a pixel fraction we used the non-saturated stars in these
frames or, when there were no stars, we used the centre of
the galaxy. For the flux calibration a number of standard
stars were observed and mean extinction coefficients were
applied (kJ and kK′ in magnitudes airmass−1 are respec-
tively 0.12 and 0.08 for Las Campanas and La Silla, 0.12
and 0.10 for the TBL, 0.057 and 0.042 for the NOT and
kK′ = 0.1 for Calar Alto). The error level on the standard
stars amounts to 10%. In Col. 7 of Table 2 we give the
isophotal magnitude/arcsec2 corresponding to 2σ of the
background.

We have retrieved HST calibrated infrared images ob-
tained with NICMOS (filter F160W) for the eight galax-
ies for which such data was available (see Col. 1 in
Table 2).

4. Methods of analysis

4.1. Morphological features

K ′ images of the galaxies in grey scale with isocontours
overlaid are shown in Figs. 1a-28a. All figures are only
available in electronic form.

In order to detect the presence of features showing a
departure from radial symmetry such as bars and spiral
arms, we have used a masking technique. We filtered the
original images with a box of 2 − 3 times the FWHM of
the seeing (median filter) and divided the observed image
by the filtered one. The resulting images (hereafter called
the sharp-divided images to differenciate them from those
obtained by subtraction, i.e. the so-called unsharp mask-
ing technique) are shown in Figs. 1b-28b. This technique is
very well suited to trace asymmetries in the light distribu-
tion, such as bars, spiral arms, dust lanes, rings; it allows
the subtraction of the diffuse background in a very con-
venient way to look for subtle, small-scale variations and
discuss the possible presence of both dust extinguished
and more luminous regions (Sofue et al. 1994; Márquez &
Moles 1996; Márquez et al. 1996; Erwin & Sparke 1999;
Laine et al. 1999).

The presence of bars can be determined quantitatively
by studying the behaviour of isophotal position angles
(PAs) and ellipticities (εs): a bar is characterized by a
local maximum in the ε corresponding to a constant PA
(Wozniak et al. 1995; Friedli et al. 1996; Jungwiert et al.
1997). Therefore, we have fit ellipses to the isophotes
(Jedrzejewski 1987) with the IRAF ellipse task in sts-
das.analysis.isophote, allowing the center, PA and ε to

vary from one isophote to the next. Foreground stars have
been masked out. The resulting parameters allow the re-
construction of a model galaxy. The difference between
the original image and the model (hereafter called the di-
fference images) are particularly useful to trace all the
features that cannot be described with ellipses, as spiral
arms and boxy or peanut-like components. They are given
in Figs. 1c-28c and discussed separately for each galaxy.
When the PA suddenly changes from one isophote to the
next, the model cannot work for the regions left inside (see
Figs. 1c, 8c, 9c, 11c, 12c, 15c, 18c, 19c, 25c and 26c).

4.2. Surface photometry and photometric decomposition

The major axis PA (counted anticlockwise from north to
east as usual) and ε from the ellipse fitting are drawn as
a function of the ellipse semi-major axis (therefore, in ra-
dius) in Figs. 1e-28e.

In Figs. 1f-28f the surface brightness profiles (isopho-
tal magnitude fit to the ellipse versus ellipse semi-major
axis) are given for K ′ and J . We have used the 1-D result-
ing profiles to obtain the bulge and disk contributions. We
have fit an exponential to the outermost region (the disk),
subtracted it to the observed profile and fit a r1/4 law (the
bulge) to the residual; this calculation was continued un-
til convergence was achieved (see Márquez & Moles 1996,
1999). The resulting bulge and disk parameters are given
in Table 3. The surface brightness profiles in J and K ′ are
plotted in Figs. 1f-28f with the bulge, disk and bulge+disk
fits superimposed. The corresponding residuals are shown
in Figs. 1g-28g. Since residual background subtraction is
the biggest source of error in determining the profiles (see
for instance de Jong 1996), we caution the reader that in
the cases where the galaxy occupies most of the frame and
the residual background level could only be determined
in very small regions, the error in the profiles can reach
15−20%. Otherwise, residuals are in general smaller than
20%, except in the bar and spiral arm regions.

4.3. Color images and color gradients

For galaxies for which a J band image is also available,
we display in Figs. 1d-28d the ratio of the J to K ′ im-
ages (after background subtraction), median filtered by
3×3 pixels in order to enhance the S/N of the outer re-
gions. Color images will allow a more complete description
of the previously detected morphological features in terms
of the contribution of dust and/or star forming events. We
note that in the cases where the background is not flat,
somewhat structured color images are obtained (galaxies
with non-flat remaining backgrounds are indicated with
an asterisk in Col. 1 of Table 2).

Magnitudes integrated in circular apertures and J−K ′
color gradients were obtained from the curves of growth as
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Table 3. Bulge+disk decomposition parameters and magnitudes

Galaxy µd rd md µb rb mb mT µd rd md µb rb mb mT map
J

rap
J

map
K′ rap

K′
J K′

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19)

UGC 1395 - - - - - - - 19.8 21 10.5 16.3 1.17 12.6 10.4 - - 10.82 35
IC 184 - - - - - - - 18.2 14 9.9 17.7 4.9 10.9 9.5 - - 9.98 35
IC 1816 18.8 11 11.0 11.2 0.2 10.9 10.2 18.1 13 9.8 12.6 0.54 10.56 9.38 10.65 45 9.52 45
UGC 3223 - - - - - - - 18.1 20 8.9 15.9 2.1 10.9 8.7 - - 9.28 45
NGC 2639 17.6 17 8.7 18.2 9.6 9.9 8.4 16.7 18 7.8 17.5 14 8.3 7.3 9.08 50 7.83 50
IC 2510 19 19.2 10.1 18.0 2.9 12.3 10. 17.9 16 9.1 10.6 0.3 10.2 8.8 10.82 42 9.56 42
NGC 3281 19.6 92 7.03 18.8 15 9.48 6.9 19.1 109 6.2 17.8 17 8.3 6.1 9.42 35 8.43 35
NGC 3660 21.2 44 10.3 21.4 57 9.3 8.9 19.1 18 10 19.8 19 10 9.4 10.63 35 9.89 20
NGC 4253 18.4 10 10.7 17.3 2.7 11.7 10.3 17.0 10 9.4 6.4 0.1 7.3 7.2 10.63 50 9.21 50
NGC 4507 20.1 31 9.9 17.9 7.5 10.1 9.3 18.9 32 8.7 16.0 4.8 9.2 8.2 9.97 44 8.75 44
NGC 4785 17.1 22 7.7 12.3 0.7 9.7 7.6 17.5 25 7.8 15.0 2.1 9.9 7.6 9.73 28 8.77 28
NGC 5347 19.8 23 10.3 19.1 7.9 11.2 9.9 18.2 19 9.1 15.5 2.2 10.4 8.8 10.30 48 9.00 48
NGC 5728 20.2 103 7.4 17.0 6.1 9.6 7.3 18.1 22 8.8 15.3 3.6 9.1 8.2 9.58 38 8.68 38
ESO 139 20.0 25 10.3 15.6 1.3 11.6 10. 19.1 26 9.3 15.2 1.7 10.6 9.0 10.54 45 9.69 45
NGC 6814 19.4 62 7.7 18.5 9.2 10.3 7.6 18.0 40 7.3 16.6 5.5 9.5 7.1 9.30 47 8.04 47
NGC 6860 18.2 11 10.3 13.2 0.4 11.5 10. 18.1 15 9.6 16.6 3.9 10.3 9.1 10.56 38 9.49 38
NGC 6890 18.4 16 9.7 17.8 3.5 11.7 9.6 17.2 15 8.6 15.5 1.8 10.8 8.5 10.35 29 8.97 38
NGC 6951 20.4 69 8.5 19.4 22 9.3 8.1 18.6 55 7.2 17.4 16 8.0 6.8 8.6 112 7.20 112
NGC 151 23.8 191 9.7 19.6 25 9.3 8.7 19.3 11 11.4 19.2 15 10.0 9.7 9.18 42 8.68 45
IC 454 19.4 53 8.1 18.2 5.8 11.0 8.0 18.1 74 6.1 16.6 5.5 9.5 6.0 10.02 45 8.77 45
NGC 2712 19.0 24 9.5 10.2 0.3 9.4 8.7 18.3 26 8.5 13.5 1.5 9.3 8.1 9.69 55 8.59 55
NGC 2811 19.3 47 8.2 17.4 9.8 9.0 7.8 17.4 26 7.6 14.6 3.6 8.4 7.2 9.07 38 7.92 38
NGC 3571 20.1 68 8.3 18.4 9.0 10.3 8.1 19.3 50 8.1 17.3 7.9 9.4 7.8 10.09 38 9.13 38
NGC 3835 18.8 25 9.1 16.9 2.7 11.4 8.9 17.8 23 8.3 18.4 12 9.7 8.0 10.22 55 8.86 55
NGC 4162 18.7 17 9.8 17.3 2.7 11.8 9.6 17.5 18 8.6 13.7 0.9 10.5 8.4 9.78 55 8.64 55
NGC 4290 18.6 20 9.4 13.7 0.7 11.2 9.2 17.6 20 8.3 12.6 0.7 9.9 8.1 9.74 60 8.46 60
NGC 4779 20.4 37 9.8 16.0 1.8 11.4 9.6 19.4 37 8.9 14.8 1.7 10.2 8.6 10.06 65 8.83 65
NGC 6012 19.1 30 9.1 16.6 0.8 13.8 9.0 18.0 30 7.9 11.8 0.2 11.6 7.8 10.00 48 8.90 48
NGC 6155 19.2 19 10.2 20.3 11.8 11.5 9.9 18.5 18 9.5 20.7 52 9.2 8.6 10.29 55 9.19 55

(1) Galaxy name.
(2) Equivalent surface brightness for the disk component in J band.
(3) Equivalent radius for the disk component in J band.
(4) Computed total magnitude for the disk in J band.
(5) Equivalent surface brightness for the bulge component in J band.
(6) Equivalent radius for the bulge component in J band.
(7) Computed total magnitude for the bulge in J band.
(8) Computed total bulge + disk J magnitude.
(9)-(15) The same as (2)-(8) for the K′ band.
(16) J magnitude measured from simulated aperture photometry.
(17) Radius of the circular aperture used to measure the J magnitude.
(18) K′ magnitude measured from simulated aperture photometry.
(19) Radius of the circular aperture used to measure the K′ magnitude.

Surface brightnesses are given in magnitudes arcsec−2 and radii in arcsec.

in Márquez & Moles (1996). The apertures and the corre-
sponding magnitudes are given in Table 3. Color gradients
are shown in Figs. 1h-28h for galaxies for which we have
data in the two bands. The background subtraction was
done as described above and the same caveat applies, in
the sense that some color gradient could be artificially
produced for the galaxies with non-flat backgrounds.

In Table 4 we give the magnitudes that we measure
for 9 galaxies, together with J , K ′ and/or K magnitudes
found in the literature. A straightforward comparison be-
tween our J values and those reported in previous works
(for the same apertures) gives: Jus−Jother = −0.42± 0.25.
Only 4 galaxies in our sample have been observed in K ′

by Mulchaey et al. (1997); we find: K ′us − K ′Mulchaey =

0.015± 0.63. If we exclude NGC 6890 (see Sect. 5.17) we
obtain: K ′us −K ′Mulchaey = −0.30 ± 0.36. For 10 galaxies
and a total of 12 measurements, we find: K ′us −Kother =
−0.42 ± 0.32. This value is comparable to the difference
between K ′Mulchaey and Kother (−0.55 ± 0.49). These dif-
ferences in the zero points are not critical for our purposes
and will not be discussed further. In any case, we notice
that the differences in the colour indexes J−K ′ are within
the errors.

In Table 5 we give the parameters we determine for
primary and secondary bars4 in the sample galaxies. We

4 We note that all the elongated central structures we call
secondary bars could be either bars or elongated rings or disks;
kinematical data will help to discriminate among them.
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Table 4. Total magnitudes for the 9 galaxies with also K′ and/or J magnitudes from the litterature

Galaxy K′us K′others(ref) Jus Jothers(ref)

UGC 1395 10.82 10.3(2)
NGC 2639 7.83 8.44(5) 9.08 9.40(5)
NGC 3281 8.43 9.12(1) 9.42 10.28(1)
NGC 4253 9.21 9.9(2),9.56(5),9.65(6) 10.63 11.04(5),11.01(6)
NGC 4507 8.75 9.28(1),8.9(4) 9.97 10.27(1)
NGC 5347 9.00 9.7(2),9.8(4)
NGC 5728 8.68 9.21(1) 9.58 10.25(1)
NGC 6814 8.04 8.65(1),8.0(4) 9.30 9.72(1)
NGC 6890 8.97 9.26(1),8.0(4) 10.35 10.31(1)
NGC 6012 9.02 9.19(3)

(1) K magnitudes from Glass & Moorwood (1985) (2) McLeod & Rieke (1995) (3) de Jong (1996) (4) Alonso-Herrero et al.
(1998) (5) Hunt et al. (1999) (6) K′ magnitudes from Mulchaey et al. (1997).

specify which of the methods above have been used to
detect the presence of secondary bars (or primary bars
when detected for the first time), and if evidence is found
in available HST images. We note that, excepting the sec-
ondary bar of IC 2510, only seen in the sharp-divided im-
age (just marginally in the PA-ε plot), the secondary bars
are obtained in at least two methods.

5. Description of individual active galaxies

5.1. UGC 1395

The K ′ image in Fig. 1a shows an extended bulge from
which two spiral arms originate. A small elongation is seen
in the center, that could be due to the presence of a small
bar (see below). Although this galaxy is classified as S(rs)b
in the RC3, McLeod & Rieke (1995) already reported the
presence of a bar with a 16 arcsec radius, PA = 145◦ and
ε = 0.5 from their K image. It doesn’t show up in our
sharp-divided image in Fig. 1b, but is clearly detected in
the plot of ε and PA with radius (Fig. 1e) which is in
agreement with Peletier et al. (1999). The parameters we
deduce for the bar from that plot are very similar to those
reported by McLeod & Rieke (1995).

The sharp-divided image reveals the presence of a
small bar, extending along PA = 139◦, up to 7 arcsec
from the center. It is not detected in the PA and ε plot
as it is too weak to be apparent. Other evidence for this
nuclear bar is the curved dust pattern that surrounds the
very central region in the broad band HST image (filter
F606W) by Malkan et al. (1998).

The difference image in Fig. 1c shows that the overall
fit is good except in the region where the arm contribution
is important. The surface brightness profile (in agreement
with that of McLeod & Rieke) is well fit by a bulge+disk

model, except in the zone where the arm contribution is
important (Figs. 1f and 1g).

5.2. IC 184

This galaxy shows rotation of the PA and twisting of the
isophotes in the central region. Evidence for the existence
of a bar inside the primary bar is presented in Figs. 2b
and 2e, where ε shows two maxima for a rather constant
PA. The inner bar is also evident in the broad band HST
image by Malkan et al. (1998). The region connecting the
two bars is visible in Fig. 2b as a thin curved elongation
starting at the end of the inner (thicker) bar.

The difference image in Fig. 2c shows the two nested
bars as well as the region where the spiral arms begin; the
spiral arm to the north is much brighter than its south-
ern counterpart. Due to the bars and arms, the residuals
are high except in the very outer zones (Fig. 2g), and the
bulge + disk fit is not very good (Fig. 2f).

5.3. IC 1816

A big bar (Fig. 3e) and three spiral arms are detected,
among which the north west arm is the brightest and most
detached (Fig. 3a). At large scales, the image has a some-
what triangular shape. A small galaxy is seen 35 arcsec
to the south along PA = 168◦, but no redshift is available
for it.

The sharp-divided image (Fig. 3b) clearly reveals the
bar, the ring, and the spiral arms. Note that the very cen-
tral zone appears somewhat elongated.

The bar and arms are also clearly seen in the difference
image (Fig. 3c), and except for the bar region the residu-
als are quite small (Fig. 3g). The bulge + disk model fits
the data very well except for the bar region (Fig. 3f).
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Table 5. Parameters of the bar(s)

Galaxy Primary Primary Primary Detection∗ Secondary Secondary Secondary Detection∗

bar PA bar bar size bar PA bar bar size
ε (arcsec) ε (arcsec)

UGC 1395 145 0.56 16 f,o 139 0.32 7 s,h
IC 184 170 0.50 9 i,f,d 30 0.40 4 f,h
IC 1816 110 0.50 10 i,s,f,d 0: 0.20: 1: c,h
UGC 3223 75 0.71 21 i,s,f,d 75: 0.45: 5: f,h
NGC 2639 137 0.40 8 f,s 117 0.15 2 s,h
IC 2510 145 0.61 15 i,s,f 143: 0.52: 7: s
NGC 3281 133 0.40 5 i,s,o
NGC 3660 110 0.70 23 i,s,f,d
NGC 4253 105 0.50 11 i,s,f,d 5 0.10 2 s,d,h
NGC 4507 52 0.35 9 s,d,f,o
NGC 4785 65 0.50 10 i,f 82 0.35 5 f,d,c,h
NGC 5347 105 0.60 34 i,d,f
NGC 5728 30 0.60 44 i,f,o 90 0.45 4 i,s,f,d
ESO 139-12
NGC 6814 25 0.30 12 i,s,f,o
NGC 6860 10 0.55 10 i,s,f 90 0.10 4 f,d,s,c,h
NGC 6890 15 0.30 6 s,f,o
NGC 6951 84 0.52 45 i,s,f,d,o

NGC 151 155 0.45 18 i,s,f,d 80 0.30 5 s,f,d,h,c
IC 454 128 0.76 18 i,s,f,d 133 0.40 3 s,f,c
NGC 2712 25 0.60 20 i,d,f 5 0.25 5 s,f,d,c
NGC 2811 30 0.50 20 s,f 20 0.30 5 s,f,d
NGC 3571 90: 0.25: 2: s,c,h,f
NGC 3835 55 0.40 5 s,f,c
NGC 4162 145: 0.30: 12: f,s
NGC 4290 35 0.65 26 i,s,f,d 55: 0.35: 6: s,f,d
NGC 4779 8 0.65 30 f,d
NGC 6012 155 0.65 16 i,s,f,d
NGC 6155 160: 0.35: 15: i,f 120 0.40 6 s,f,d

∗ We refer to the image in which the bar is detected as following: i: direct image; s: sharp-dividing; f: ellipse fitting parameters;
d: difference image (original − model); c: color image; h: HST image; o: others (see text).

Notes:
All the elongated central structures we call secondary bars could be either bars or elongated rings or disks; kinematical data
will help to discriminate among them.
The quantities followed by a column are those for which we are not certain that such an elongation is detected.

The J/K ′ image (Fig. 3d) has a rather smooth aspect
except at the very center where a small, elongated struc-
ture is seen, just in the direction traced by the offset dust
lane in the broad band HST image by Malkan et al. (1998).
It could be the signature of a nuclear bar within a 1 arcsec
radius (see also Fig. 3e).

5.4. UGC 3223

This is a classical barred SBa galaxy, with a very large
bar (Figs. 4a and 4e). The sharp-divided image (Fig. 4b)
clearly reveals the bar as well as the beginning of two spi-
ral arms originating at both extremities of the bar.

The bulge + disk model fits well the observed pro-
file except in the bar region (Fig. 4f), and except for this
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(large) region the residuals are very small (Fig. 4g). The
spiral arms appear most clearly in the difference image
(Fig. 4c).

We find evidence for the presence of an inner bar in
Fig. 4e (see Table 5). In fact, an inner bar feature is evident
in the HST broad band image by Malkan et al. (1998),
with a curved dust lane structure associated with it.

5.5. NGC 2639 (UGC 4544)

This galaxy appears to be very regular at first sight
(Fig. 5a). However, the sharp-divided image (Fig. 5b) re-
veals the presence of a fat primary bar, at variance with
its RSa(r) classification. We note that Fig. 5e shows a
roughly constant PA value for the whole galaxy, preclud-
ing a definitive quantification of the primary bar exten-
sion. In any case, NGC 2639 has to be classified as barred
(or lensed) on the basis of the IR images.

The difference image reveals the existence of two spi-
ral arms, one to the north west and the other to the south
east, which splits into two arms (Fig. 5c). The surface
brightness profile (in agreement with that by Moriondo
et al. 1998) decomposition, specially in the K ′ band
(Fig. 5f), implies very small residuals except in the lense
and the spiral arm region (Fig. 5g).

A red arc-like feature going from the SE spiral arm
northwards to the NW arm is visible in Fig. 5d, cor-
responding to the presence of dust lanes which clearly
appear in the broad band HST image by Malkan et al.
(1998). This would indicate the presence of a small central
bar. An elongated ring-like structure from 9 to 18 arcsec
in radius is seen in the Paα HST image by Böker et al.
(1999), i.e., a ring just exterior to the bar. This small bar is
further confirmed by the sharp-dividing method and the
ellipse fitting applied to the HST H image (see Figs. 5e
and 29).

5.6. IC 2510

The K ′ band image shows a bar, spiral arms and a pseudo-
ring (Fig. 6a). The spiral arm to the south is clearly visi-
ble on the sharp-divided image (Fig.6b), as well as a sec-
ondary bar.

The difference image (Fig. 6c) shows very distinctly
the spiral. This is the only case for which we detect a
secondary bar only from one method. Moreover, primary
and secondary bars have almost the same PA. We there-
fore quote the secondary bar as doubtful in Table 5.

The bulge + disk decomposition gives good results ex-
cept in the bar region, specially in K ′ (Figs. 6f and 6g).
The J/K ′ image remains quite constant (Figs. 6d and 6h).

5.7. NGC 3281

The K ′ image (Fig. 7a) shows an elongated boxy bulge
with possible spiral arms coming out of it. This galaxy is
classified as non-barred in the RC3. However, the sharp-
divided image (Fig. 7b) clearly shows the existence of a
weak bar. The possible existence of a bar was already
suggested by Xanthopoulos (1996), on the basis of an I
band image. We also detect weak spiral arms in the sharp-
divided image. Since these structures are weak, the PA is
roughly constant throughout the galaxy (Fig. 7e); how-
ever, they do induce a small bump in the surface bright-
ness profiles (Fig. 7f).

The J/K ′ image (Fig. 7d) shows that the (J−K ′) color
index is fainter in the nucleus, in the small spiral structure
around the nucleus, and in the region of the bar.

5.8. NGC 3660 (Mrk 1291)

A strong bar is seen in the K ′ image of this galaxy
(Fig. 8a) but the ring is barely visible. On the other hand,
both the bar and ring appear clearly on the sharp-divided
image (Fig. 8b).

The edges of the bar can also be seen in the differ-
ence image (Fig.8c); the bar parameters are determined
from Fig. 8e. From an R image, Chapelon et al. (1999)
give PA = 116◦ out to 16 arcsec for the bar. This agrees
with Friedli et al. (1996) who show that bars are generally
longer in K than in R.

The J/K ′ color image (Fig. 8d) shows a smooth
structure, increasingly red towards the center, and a steep
central gradient (Fig. 8h). The bar region also appears
redder than the surroundings. The color map also shows
clear hints of the existence of a small, red circumnuclear
region.

Due to the large size of this galaxy, the bulge+disk de-
composition is not reliable (Fig. 8f), as confirmed by the
high residuals (Fig. 8g).

5.9. NGC 4253 (UGC 7344, Mrk 766)

This galaxy has a thick bar and a weak external ring
(Fig. 9a). Its nucleus is displaced relatively to the centroid
of the outer isophotes. The bar parameters from Fig. 9e are
in agreement with previous results in J (Alonso-Herrero
et al. 1998) and K (McLeod & Rieke 1995; Peletier et al.
1999). Note that this direction is also that of the stellar
bar seen at optical wavelengths (Mulchaey & Wilson 1996;
Mulchaey et al. 1996).

The sharp-divided image (Fig. 9b) reveals the presence
of a small structure, possibly a secondary bar, roughly
perpendicular to the main bar. This feature appears even
more clearly on the difference image (Fig. 9c).

The J/K ′ image shows a double nuclear structure with
a (J −K ′) color index redder than the rest of the galaxy
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(Fig. 9d); this structure can explain the observed decen-
tering. Notice that in the very central zone (r < 3 arcsec)
ε is not the same in J and K (Fig. 9e). This feature seems
to correspond to that delineated by the dust pattern that
surrounds the innermost 2 arcsec in the HST optical image
(Malkan et al. 1998). Unfortunately, the nucleus is satu-
rated in the infrared HST image, so we cannot analyse
the presence of faint nuclear elongations. Nevertheless, a
curved dust pattern feature with a radius of ≈4 arcsec can
be seen along the NE-SW direction (Fig. 30), favouring the
presence of a nuclear bar.

The profile is in good agreement with that given by
McLeod & Rieke (1995). The bulge+disk fit is quite sat-
isfactory (Figs. 9f and 9g).

5.10. NGC 4507

The K ′ image agrees with that of Mulchaey et al. (1997),
and indeed shows no clear presence of a bar (Fig. 10a). A
noticeable curved dust lane to the SE reaching the inner-
most 2 arcsec is visible in the HST image by Malkan et al.
(1998).

The sharp-divided image (Fig. 10b) clearly shows a bar
that is also apparent on the difference image (Fig. 10c).
This bar had been already reported by Mulchaey et al.
(1997) (r = 10.5 arcsec, PA = 53◦, ε = 0.34).

ε and PA show strong variations at 18−20 arcsec from
the nucleus, where the spiral arms begin (Fig. 10e) and
produce a small bump over the bulge+disk fit (Fig. 10f).
The bar is also apparent as a small enhancement over this
fit. However, due to the relative weakness of the bar and
arms, the residuals remain small (Fig. 10g). The J/K ′ im-
age is quite smooth except in the very nucleus, which has
much redder colors (Fig. 10d) than the outer galaxy.

5.11. NGC 4785

This galaxy has a bright thick bar (Fig. 11a) and a com-
plex spiral structure with several arms, including a thin
arm to the south with several blobs. Note that the major
axis orientation varies with radius in the central 14 arcsec
(Fig. 11e).

The sharp-divided image reveals the presence of a ring
and shows well the spiral arms (Fig. 11b). These features
are also clearly visible in the difference image (Fig. 11c),
where a small central bar seems to be present. The exis-
tence of such a small bar is confirmed by the J/K image
(Fig. 11d) and by the variations of ε and PA with ra-
dius (Fig. 11e) both in ground based and HST images.
The sharp-dividing method applied to the NICMOS HST
image shows an inner elongation of ≈ 1.5 arcsec along
PA = 109◦ (Fig. 31).

The colour image is quite constant except at the lo-
cation of the arms and inner ring which appear redder in
the J/K ′ color image (Figs. 11d and 11h).

5.12. NGC 5347

The K ′ image of this galaxy only shows a large bar, the
rest of the structure being very smooth with hardly any
hint for the presence of spiral arms (Fig. 12a), in agree-
ment with Mulchaey et al. (1997). Even the sharp-divided
image shows no structure (Fig. 12b) except for the bright
nucleus.

However, the extremities of the bar appear well in
the difference image (Fig. 12c), and the existence of a
bar is confirmed by the PA and ε variations both from
ground based and HST images (Fig. 12e) (in agreement
with Mulchaey et al. 1997) and by the excess over the
bulge+disk fit (Figs. 12f and 12g).

Surprisingly, the J/K ′ image reveals a double struc-
ture separated by ≈ 3 arcsec, resembling a double nucleus
(Fig. 12h). The close inspection of the color optical to
near-infrared image by Regan & Mulchaey (1999), shows
that this may result from the dust lane crossing the nu-
cleus.

5.13. NGC 5728

This galaxy is larger than the size of our infrared images,
so we will only present here the properties of the inner
regions.

The K ′ image clearly shows the presence of a small bar
within the large bar (Fig. 13a), both already reported by
Wozniak et al. (1995) in their BV RI images. The small
bar appears even more strongly in the sharp-divided im-
age (Fig. 13b), where a small inner ring is also visible
(r ≈ 4 arcsec, corresponding to the ring reported by Buta
& Crocker 1993). The small bar and ring as well as the ex-
tremities of the large bar are also visible in the difference
image (Fig. 13c), while the nucleus and ring show weaker
J relative to K ′ than the rest of the galaxy (Fig. 13d).

Two maxima of ε coupled with a constant PA
(Fig. 13e) allow us to determine both primary and
secondary bar parameters (see also Shaw et al. 1993;
Wozniak et al. 1995).

Since we obviously do not reach the galaxy disk, the
bulge+ disk fit cannot be fully correct (Figs. 13f and 13g).

5.14. ESO 139-12

This galaxy shows a very regular structure in the K ′ band
(Fig. 14a), with a luminous bulge and no bar. No structure
appears either in the sharp-divided or difference images
(Figs. 14b and 14c), and the J/K ′ image appears to be
very smooth (Figs. 14d and h). A faint and quite curved
dust lane is visible in the published HST image (Malkan
et al. 1998) within the central 2 arcsec only.

While ε does not vary much with radius, the PA does
vary strongly as the isophotes are seen to rotate (Fig. 14e),
probably due to the effect of the flocculent spiral structure.
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The bulge+disk fit is acceptable, with residuals smaller
than 20% throughout (Figs. 14f and 14g). The J/K ′ im-
age shows a red nuclear region, also visible in the color
gradient plot (Fig. 14h).

5.15. NGC 6814

This galaxy shows a beautiful spiral structure on the
K ′ image, with spiral arms emerging from a thick bar
(Fig. 15a). Our image appears to be quite similar to that
of Mulchaey et al. (1997).

The spiral structure is seen in the sharp-divided image,
where the bar is traced as a faint elongation (Fig. 15b).
The spiral structure is clearly observed in the difference
image (Fig. 15c).

Except for the very nucleus, the J/K ′ image remains
constant throughout the galaxy, excepting the innermost
2 arcsec, which are redder (Figs. 15d and 15h).

The bar parameters from (Fig. 15e) are in agreement
with Mulchaey et al. (1997). Note the strong and sudden
change of PA at the radius where the spiral arms begin.
However the bulge+disk fit is very good (Figs. 15f and
15g). The NICMOS HST image is saturated in the nu-
cleus, so it cannot be used to gather information on the
presence of inner structures. The bar is seen as a thick
elongated 10 arcsec structure along the NS direction in
Fig. 32.

5.16. NGC 6860

This galaxy has an asymmetrical bar along PA ∼ 10◦,
more extended to the north than to the south (Fig. 16a).
The ring is not apparent in the K ′ image, where we barely
detect the beginning of a spiral arm north of the bar.

The bar in the sharp-divided image appears clearly
bent (Fig. 16b), possibly due to the dynamical effects of a
small inner bar (Figs. 16b, 16c, 16d). The difference image
(Fig. 16c) also evidences a faint spiral arm detaching from
the southern end of the outer bar to the north east, and a
brighter, tighter arm starting at the west end of the inner
bar to the South. The variations of ε and PA with radius
(Fig. 16e) hints on the presence of a secondary bar.

The J/K ′ image confirms the existence of a small red-
der inner bar (Fig. 16d), that is also evidenced by the dust
lane structure in the HST image by Malkan et al. (1998).
The main bar and the beginning of the spiral arms ap-
pear as bumps in the bulge+disk fit (Figs. 16f and 16g).
The color gradient is very steep in the central regions
(Fig. 16h).

5.17. NGC 6890

Despite its classification as a non-barred galaxy, the K ′

image of NGC 6890 reveals a strong bar (Figs. 17a and e),

together with the beginning of two spiral arms at the ex-
tremities of the bar, the northern arm being brighter than
the southern one (Fig. 17b). These features are also appar-
ent in the K ′ image by Mulchaey et al. (1997), but these
authors give PA = 179◦ corresponding to a radius r ≈
14 arcsec, where the PA strongly decreases. However, their
plots of the PA and ε show that the bar actually extends
up to about 6 arcsec with PA ≈ 15◦, in agreement with
our values. We also note that, even considering the differ-
ences in the photometry (see Table 4) the isophotal levels
differ by more than 6 magnitudes, those by Mulchaey et
al. being extremely bright and most probably incorrect.

The difference image reveals a beautiful spiral struc-
ture as well as a possible inner ring (10 − 15 arcsec)
(Fig. 17c). This inner ring seems confirmed by the J/K ′

image (Fig. 17d), where J appears to be somewhat larger
around the nucleus than in the very central region. Notice
a smooth decrease of J relative to K ′ with increasing ra-
dius from 2 arcsec outwards (Fig. 17h). The NICMOS
HST image shows spiraling structure reaching the central
arsecond, with some hints of dust at 0.5 arcsec (Fig. 33).

The bulge+disk fit is quite good except in the arm
regions (Figs. 17f and 17g).

5.18. NGC 6951 (UGC 11604)

This is the first galaxy of our sample for which all the nec-
essary data has been acquired (imaging and spectroscopy);
it has been studied in detail by Pérez et al. (1999) and will
not be presented here. We just note that no secondary bar
is detected even in NIR HST images.

6. Description of individual non active galaxies

6.1. NGC 151

This galaxy is larger than the size of our infrared images,
so we only present here the properties of the inner regions.

The K ′ image shows a strong and broad bar, a disky
structure, a large ring, and a nuclear region roughly per-
pendicular to the bar (Fig. 18a). Besides confirming the
presence of a weak ring, the sharp-divided image reveals
the existence of a small bar roughly perpendicular to the
large bar (Fig. 18b). These features appear very clearly in
the difference image (Fig. 18c) and are quantified by look-
ing at the variations of ε and PA with radius (Fig. 18e).
The Paα image by Böker et al. (1999) shows that there
is star formation ocurring at the ends of the bar and
along the ring. The sharp-masking method applied to the
HST F160W image confirms the presence of the inner bar
which can be traced closer to the nucleus (r ≈ 2.5 arcsec,
PA = 68◦, Fig. 34).

The J/K ′ image shows a roughly circular redder re-
gion of 7 arcsec radius (Fig. 18d); the inner bar is seen as
a slightly redder elongation along PA ≈ 90◦.
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The bulge+disk fits are merely indicative since the im-
age is too small to reach the disk (Fig. 18f). They show
the existence of the two bars.

6.2. IC 454 (UGC 3570)

This galaxy has a particularly large bar, with the west
arm more visible than the east one (Fig. 19a). The bright
feature at the north west end of the bar is most probably
a superimposed star. The central region of the bar and
the west arm are clearly seen in the sharp-divided image
(Fig. 19b), while the extremities of the bar appear more
strongly on the difference image (Fig. 19c). This illustrates
the fact that the sharp-dividing method is very well suited
to detect elongated features which do not always appear
as clearly in the difference images (in the cases where they
can be nicely fit by ellipses). The PA and ε plots evidence
the presence of a secondary bar (see also Fig. 19c).

The J/K ′ image and (J − K ′) color gradient appear
quite constant except in the bulge region and central
bar where (J − K ′) is redder (Figs. 19d and 19h). The
bulge+disk fit is quite good except at the extremities of
the bar (Figs. 19f and 19g).

6.3. NGC 2712 (UGC 4708)

This galaxy also has a very large bar, and well developed
arms, the eastern being brighter than the western one
(Fig. 20a). The sharp-divided image (Fig. 20b) reveals the
presence of a small bar within the large bar. This is con-
firmed by the difference image (Fig. 20c), where the spiral
arms are also apparent. The ε and PA variations allow to
quantify the parameters for both bars (Figs. 20e and 20h).

The J/K ′ image shows that the small bar is bluer, at
variance with the other nuclear regions which all appear
redder in (J −K ′) (Fig. 20e), including the surrounding
emission. The joint analysis with the optical data will al-
low a full interpretation of this result. This structure is
also visible in the color gradient, which remains constant
further out (Fig. 20h).

The bulge+disk fit is obviously not good because of
the strong bar and spiral arms (Figs. 20f and 20g).

6.4. NGC 2811

The entire galaxy almost fits in the K ′ image, which
has a quite regular aspect, with no obvious bar or arms
(Fig. 21a). This image is very similar to that by Jungwiert
et al. (1997) in the H band. On the other hand, the sharp-
divided and difference images clearly reveal the presence
of a bar, a smaller bar and weak spiral arms (Figs. 21b
and 21c). The existence of two bars is confirmed by the
variations of ε and PA (Fig. 21e).

The J/K ′ image is smooth, with a reddish bar and
a blue surrounding ring (Fig. 21d). The bulge+disk fits
are satisfactory, with small residuals throughout (Figs. 21f
and 21g).

6.5. NGC 3571

This galaxy does not fit entirely in the K ′ frame. The
K ′ image shows no evidence for a bar (Fig. 22a), but the
sharp-divided image does show the existence of a small
thick bar (Fig. 22b). Due to its small size and relative
roundness, the bar cannot be detected either in the differ-
ence image (Fig. 22c) nor in the ε and PA plots (Fig. 22e).
However, the ellipse fitting to the HST image evidences
this structure as a clear elongation of ∼2 arcsec along
PA = 90◦(Fig. 22e). This is confirmed by the HST sharp-
divided image (Fig. 35) derived from the Böker et al.
(1999) data.

The J/K ′ image is quite smooth, with the central re-
gion somewhat redder than the outer zones (Fig. 22d).

The bulge+disk fits are quite good (Figs. 22e and 22f)
even if we do not have an image of the entire galaxy
(Fig. 23h).

6.6. NGC 3835 (UGC 6703)

A thick bar and two spiral arms can be seen in the K ′

image (Fig. 23a) and even better in the sharp-divided im-
age (Fig. 23b), while the difference image only shows the
spiral arms clearly, but not the bar (Fig. 23c).

The characteristics of the bar can be seen in the vari-
ations of ε and PA with radius (Fig. 23e).

The J/K ′ image shows a small extension (4 arcsec in
radius) along the east-west direction where the (J −K ′)
colour is bluer than for the rest of the galaxy (Fig. 23d).
Better resolution images should be obtained in order to as-
certain what causes the misalignment between this struc-
ture in the color image and the inner bar.

Because of the presence of the spiral arms, the
bulge+disk fits are not very good (Figs. 23f and 23g).

6.7. NGC 4162 (UGC 7193)

The K ′ image of this galaxy is quite irregular (Fig. 24a);
two arms with a flocculent appearance can be seen, but no
bar. The sharp-divided image does not show any strong
feature (Fig. 24b). On the other hand, the difference im-
age reveals a beautiful spiral structure (Fig. 24c), with a
circumnuclear ring, three rather closed spiral arms start-
ing from the ring towards the north and three other more
open spiral arms also starting from the ring but towards
the south (Fig. 24c).

The ε and PA variations with radius may reveal the
presence of a bar (Fig. 24e); however, this feature does
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not appear very clearly in these plots and we only have
some hints of a small thick bar in Fig. 24b, so we cannot
be completely certain of its detection.

The bar and spiral arms appear in the bulge+disk fits
in J and K ′ as bumps at about 12, 20 and 38 arcsec
(Figs. 24f and 24g). The J/K ′ image is quite smooth, with
(J −K ′) somewhat redder at the center (Fig. 24d).

6.8. NGC 4290 (UGC 7402)

The K ′ image shows the bar, spiral arms and a large weak
external ring (Fig. 25a); the central isophotes are twisted
relative to the bar. The sharp-divided image seems to show
a small structure in the center at PA = 90◦ (Fig. 25b); the
bar and spiral arms are clearly seen. These structures ap-
pear even more strongly in the difference image (Fig. 25c).
The ε and PA variations are also consistent with the exis-
tence of two bars (Fig. 25e); however, it is difficult to say
if the small structure in the center is really a small bar
within the bar because it is thick and faint.

The bulge+disk fits are good except in the bar and
spiral arm regions (Figs. 25f and 25g). The J/K ′ image
and the color gradient are very smooth, with a slightly
redder nucleus (Figs. 25d and 25h).

6.9. NGC 4779 (UGC 8022)

A mosaic of images was obtained for this galaxy, so our
data really encompasses the entire object.

The K ′ image shows a strong bar, and weak flocculent
and asymmetric spiral structure (Fig. 26a), as confirmed
by the sharp-divided image (Fig. 26b). The bar and be-
ginning of the spiral arms appear more clearly on the dif-
ference image (Fig. 26c). Chapelon et al. (1999) find a bar
with PA = 5◦ and r ≈ 16 arcsec. The bar that we measure
is somewhat longer (Fig. 26e), in agreement with Friedli
et al.’s (1996) result that bars are generally longer in K
than in R (see also NGC 3660).

The J/K ′ colour image is fairly smooth (Fig. 26d).
The bulge+disk fits clearly show the bar and spiral arm
regions (Figs. 26f and 26g).

6.10. NGC 6012 (UGC 10083)

The K ′ image shows a bar with somewhat peculiar sharp
edges; no evidence either for spiral arms or for a ring is
seen, in spite of the classification of this galaxy as RSBR2*
(Fig. 27a). This image is consistent with the smaller one
obtained by de Jong & van der Kruit (1994). The peculiar
aspect of the bar is confirmed by the sharp-divided and
difference images (Figs. 27b and 27c), where the bar seems
to be crossed by a dust lane. In this case, the bar would
be young and star formation should be observable along

it; we will therefore look for evidence for star formation in
our spectra.

The difference image also shows evidence for bright
spots towards the edges of the bar, specially towards the
north (Fig. 27c); although this could be a star superim-
posed on the galaxy, the fact that there is a faint southern
counterpart tends to indicate that these regions may both
be in the galaxy.

The variations of ε and PA with radius (Fig. 27e) give
bar parameters in agreement with de Jong’s (1996) results.

The bulge+disk model fits the profiles very nicely ex-
cept in the region of the bar and bright spots (Figs. 27f
and 27g). The J/K ′ image and color gradient are quite
smooth throughout the galaxy (Figs. 27d and 27h).

6.11. NGC 6155 (UGC 10385)

A small bar is visible on the K ′ image, together with a
spiral arm starting northward and another one wrapped
towards the south east (Fig. 28a). Note that the center is
displaced relatively to the centroid of the outer isophotes.

The bar and north spiral arm appear faintly on the
sharp-divided image (Fig. 28b) and much more clearly on
the difference image (Fig. 28c). The variations of ε and PA
with radius (Fig. 28e) show that the bar reaches a radius
of 6 arcsec (PA = 120◦). A larger bar may be present up
to 15 arcsec (PA = 160◦); however, we cannot be certain
that it is a bar since the spiral arms seem to start at a
smaller radial distance than the edges of this structure.

The bulge+disk model shows the strong contribution
of the bar and spiral arms (Figs. 28f and 28g).

The J/K ′ image is fairly smooth and becomes redder
at the very center (Figs. 28d and 28h).

7. Summary

We have observed a sample of 29 isolated spiral galaxies:
18 host an AGN (Seyfert 1 or Seyfert 2) and 11 are non-
active galaxies. We present here the infrared data in the J
and K ′ bands, as well as the image analysis. This includes
sharp-divided images obtained by dividing the observed
images by their filtered counterparts, difference images,
obtained by fitting ellipses to the isophotes and subtract-
ing such models to the observed images, and colour J/K ′

images. A bulge+disk model was fit to the image profiles,
and the corresponding fit parameters are given.

Four (one) out of five (one) of the optically classi-
fied non-barred active (control) galaxies harbour a bar.
Three of them had already been described as barred
galaxies, as derived either from NIR (UGC 1395, which
also has a secondary bar, and NGC 6890) or optical I
(NGC 3281) analyses. The other two (NGC 2639 and
NGC 4162) are classified as barred for the first time. For
15 (9 active, 6 control) out of 24 (14 active, 10 control) of
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the optically classified barred galaxies (SB or SX) we find
that a secondary bar (or a disk, a lense or an elongated
ring; see Table 5 for those cases for which the reported
central elongation remains uncertain) is present.

A discussion on the physical properties of these galax-
ies, together with the comparison of the properties of ac-
tive versus non-active galaxies derived from these data will
be presented in a forthcoming paper (Márquez et al., in
preparation).
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