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Abstract. — We present near-infrared H-band (1.65 p m ) surface photometry of 297 galaxies (mostly) in the Coma 
Supercluster obtained with the Arcetri NICMOS3 camera, ARNICA, mounted on the Gornergrat Infrared Telescope. 
Magnitudes and diameters within the 21.5 mag arcsec-2  isophote, concentration indices, and total H magnitudes are 
derived. Combining these observations with those obtained similarly using the Calar Alto telescopes (Paper I) we find 
a strong positive correlation between the near-infrared concentration index and the galaxy H-band luminosity, and 
we analyze the consequent dependence of near-infrared growth-curves on H-band luminosity.
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1. Introduction

Although the study of the surface brightness distribu­
tion in galaxies dates back a long time (Hubble 1930; de 
Vaucouleurs 1948; Holmberg 1958), the analysis of photo­
graphic plates involves a number of time-consuming and 
painful steps that make large surveys of galaxies pro­
hibitive. Fortunately, modern CCD detectors have, for 
the most part, superseded photographic plates and have 
made possible many investigations which even 20 years 
ago would have been unthinkable. More recently, over the 
last ten years or so, the advent of large format near- 
infrared (NIR) detectors has made images at wavelengths 
longer than 1 Hm relatively easy to obtain. Such new in­
struments, equipped with 2562 arrays, provide for the first 
time the opportunity to study statistically significant sam­
ples of galaxies in the NIR (see e.g. de Jong & van der 
Kruit 1994).

Send offprin t requests to : G. Gavazzi
*Based on observations taken at TIRGO (Gornergrat, 
Switzerland). TIRGO is operated by CAISMI-CNR, Arcetri, 
Firenze, Italy
**Tables 1 and 2 are only available in electronic form at the 
CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) 
or via http://cdsweb.u-strasbg.fr/Abstract.html

The NIR wavelengths constitute the spectral region 
best adapted to studies of the quiescent stellar compo­
nent of galaxies. As pointed out by Gavazzi (1993), the 
light at these wavelengths is a good tracer of the lumi­
nous mass. In particular, the mass-to-light (M/L) ratio at 
1.65 µm remains constant with galaxy mass, thus making 
the H-band luminosity an accurate indicator of the system 
luminous mass. Moreover, within a galaxy, the NIR bands 
trace mass better than do optical bands, as they are less 
contaminated by the low M/L products of recent episodes 
of star formation. The NIR spectral region provides yet 
another advantage: the internal extinction at 1.65 µm is 
more than seven times lower than in the B band (e.g., 
Landini et al. 1984). On the negative side, the sky bright­
ness can be as much as ten magnitudes brighter than in 
the visible; thus more sophisticated and time-consuming 
observing and data reduction techniques are required.

In this paper, we present 1.65 µm (H-band) surface 
brightness measurements of 297 galaxies. More than 250 of 
these reside in the Coma Supercluster. The observing sam­
ple was selected by choosing members of the A262, Cancer, 
Virgo, Coma and A1367 clusters (primarily of late-type, 
but some E and SOs are included). In addition, we selected 
a significant population of galaxies in the portion of the 
“Great Wall” which lies in the bridge between Coma and

http://cdsweb.u-strasbg.fr/Abstract.html
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A1367. These objects are treated as isolated and are used 
as a control sample for environmental studies.

The observations were obtained with the Arcetri NIR 
camera, ARNICA, mounted on the Gornergrat Infrared 
Telescope (TIRGO). Together with the observations de­
scribed in a companion paper (Gavazzi et al. 1996a) (Pa­
per I), carried out with the Calar Alto 2.2 m telescope, 
these measurements comprise a complete sample of disk 
galaxies belonging to the Coma Supercluster. The sample, 
selected optically with mp < 15.7, consists of those galax­
ies with 18° < 6 < 32°; 11.5h < σ < 13.5h belonging to 
the Coma Supercluster with velocities in the range: 5000 
< V < 8000 kms-1. For this sample, we also have exten­
sive auxiliary data available, namely optical (B,V) images 
(Gavazzi et al. 1990; Gavazzi & Randone 1994b; Gavazzi 
et al. 1994a; Gavazzi et al. 1995a) and high signal-to-noise 
HI spectra acquired at Arecibo (Gavazzi 1987, 1989 and 
references therein).

These data were collected with the primary aim of de­
termining redshift-independent distances using the Tully- 
Fisher (TF) relation. The determination of peculiar veloc­
ity fields, hence the three-dimensional matter distribution 
in the local Universe, is a crucial issue. While the Pisces- 
Perseus Supercluster shows large peculiar velocities, up 
to 3000 kms-1 (Gavazzi et al. 1991), in the Coma Super­
cluster region the Hubble flow is relatively smooth and 
unperturbed (Gavazzi et al. 1991; Courteau et al. 1993; 
Bernstein et al. 1994). Our data from this region 
are therefore ideal for the investigation of the lo­
cal distribution of matter. For this purpose, we de­
rive total H magnitudes, obtained by extrapolat­
ing the available measurements to the radius cor­
responding to the optical diameter (as explained in 
Gavazzi & Boselli 1996). These total magnitudes, de­
termined from two-dimensional observations, should be 
significantly more accurate than previous determina­
tions based on aperture photometry measurements (e.g. 
Aaronson et al. 1986; Gavazzi et al. 1991) since they are 
obtained with less growth-curve extrapolation and don’t 
suffer from contamination from stars in the field.

A crucial aspect of the application of the TF relation 
is the correction of total magnitudes for extinction. The 
necessity of minimizing inclination corrections to the ve­
locity width dictates the use of inclined systems. Such sys­
tems are those which suffer most from internal extinction. 
Although NIR magnitudes suffer less from extinction than 
do optical ones, the correction cannot be neglected as it 
may be as much as 0.3 mag, well exceeding the scatter in 
the NIR TF relation (e.g., Bernstein et al. 1994). There­
fore close attention will be paid both to the determination 
of the systemic inclination and to the inference of inter­
nal extinction in the galaxies in our sample; internal ex­
tinction corrections will be applied according to Boselli & 
Gavazzi (1994).

Other issues which we will address in future papers 
include the mass-to-light ratio in galaxies, which has direct 
implications on galaxy dark matter content.

In this paper we report on the observations collected 
and analyzed to date. Section 2 describes the sample stud­
ied, and the observations are outlined in Sect. 3. Image 
analysis strategies are discussed in Sect. 4. Preliminary 
results obtained combining the present sample with the 
one studied in Paper I are given in Sect. 5 and summa­
rized in Sect. 6.

2. Sample selection
All targets observed in this work are selected from the 
CGCG catalogue (Zwicky et al. 1961-1968), and thus their 
mp < 15.7. As mentioned before, the galaxies presented 
in this work do not form a complete sample; however, 
they do in conjunction with the data taken at Calar Alto 
(Paper I).

Combining the two sets of data, and limiting ourselves 
to the subsample of galaxies later than SOa (which we em­
phasized in the observations), we achieve different degrees 
of completeness for different clusters. Out of the 37 galax­
ies listed in the 2x2 deg2 regions containing the Cancer 
cluster, we imaged 29, or roughly 80%. Similarly we ob­
served 41 objects out of 62 listed in the 2x2 deg2 region 
containing A262.

On the other hand, we observed at TIRGO only 16 
Virgo cluster galaxies. However the observations of a 
complete subsample in this cluster has been carred out 
with the Calar Alto telescope and are reported separately 
(Boselli et al. 1996).

The CGCG lists 1086 galaxies projected onto the re­
gion of the Coma Supercluster surveyed by us (18° < 6 < 
32°; 11.5h < α < 13.5h). Of these 994 have a redshift 
measurement, providing us with a distance estimator. Ex­
tensive imaging with optical CCDs and/or aperture pho­
tometry measurements have been carried out in this re­
gion, thus optical (V, B, U band) magnitudes with an 
accuracy of ~0.1 mag are available for ~60% of the tar­
gets (see Gavazzi & Boselli 1996), toghether with reliable 
morphological classifications. Out of the 1086 galaxies 507 
are spirals, and for 257 of these we obtained an H band 
image. However if we consider only the members of the 
Coma supercluster (i.e. with velocities in the range: 5000 
< V < 8000 kms-1, see Gavazzi et al. 1995b for details 
on the Coma Supercluster membership and for the separa­
tion between cluster and isolated samples) the fraction of 
galaxies observed rises to 245/279. If, finally, we restrict to 
galaxies with mp < 15.6, than the ratio becomes 209/221. 
In conclusion our data set can be considered complete, at 
least among the members of the Coma Supercluster, to all 
spirals with mp < 15.6.
Table 1 lists the relevant parameters of the galaxies ob­
served at TIRGO. The Table is arranged as follows: 
Column' 1: CGCG denominations (Zwicky et al. 1961-68).
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Few galaxies, fainter than the CGCG limit are taken from 
Dressier (1980) and Butcher & Oemler (1985).
Columns 2, 3: adopted (1950) celestial coordinates. 
Column 4: “aggregation” parameter. This parameter de­
fines the membership to a group/cluster/supercluster: 
CSisol, CSpairs, CSgroups indicate members of the Coma 
Supercluster (5000 < V < 8000 kms- 1); CSforeg means 
objects in the foreground of the Coma Supercluster (V 
< 5000 kms-1) and CSbackg means objects in the back­
ground of the Coma Supercluster (V > 8000 kms-1). 
Column 5: morphological type.
Columns 6, 7: major and minor optical diameters (a25, 
b25) (in arcmin) derived as explained in Gavazzi & Boselli 
(1996). These diameters are consistent with those given in 
the RC3.
Column 8: CGCG photographic magnitude.
Column 9: total H magnitude (Ht) obtained extrapo­
lating the present photometric measurements (combined 
with those of Paper I) to the optical diameter along circu­
lar apertures, corrected for internal extinction as outlined 
in Gavazzi & Boselli (1996).
Column 10: observing year.

3. Observations and image reduction
The observations reported in this paper were carried out in 
several runs from 1993-1995 with the 1.5 m, f /20 TIRGO. 
The folded Cassegrain focus of the telescope is equipped 
with the Arcetri NIR camera, ARNICA, which relies on 
a 2562 NICMOS3 array detector (Lisi et al. 1993; Lisi et 
al. 1995; Hunt et al. 1995). With a pixel size of 0.96 arc- 
sec, the field-of-view is 4.3x4.3 arcmin2. 28 galaxies were 
observed in Spring, 1993, during the camera’s commis­
sioning, and 18 were observed as part of service observing 
in Spring (1994). The majority of galaxies (239) were ob­
served in March (1995), when 27 nights were allocated to 
the present project. 14 of 27 nights were useful; 8 of 14 
were photometric. One more photometric night was ob­
tained in November 1995. Typical seeing conditions were 
2-3 arcsec FWHM.

Obtaining a satisfactory background subtraction is 
the main difficulty of NIR observations. At 1.65 pm, 
the sky brightness at the Gornergrat is «  13.0 -  
13.5 mag arcsec-2, and varies on time scales compara­
ble with the typical duration of an observation (e.g., 
Wainscoat & Cowie 1992). To achieve a brightness limit 8 
to 9 mag arcsec-2 fainter than the sky requires an image 
in which the deviations from flatness do not exceed 0.06%. 
Thus, data acquisition techniques must be able to monitor 
the sky fluctuations and data reduction must take these 
into account.

To this end, we used two types of pointing sequences, 
or “mosaics” , according to the size of the galaxy. Galaxies 
with an optical diameter >1.5 arcmin were observed us­
ing a sequence in which half of the time is devoted to the

target, and half to the surrounding sky (hereafter denoted 
as a type “A” mosaic) (sketches of the “mosaics” used can 
be found in Fig. 2 of Boselli et al. 1996). Typically eight 
fields centered on the source were alternated with eight sky 
fields, positioned along a circular path around the galaxy 
and offset by 4 arcmin from the source position. The on- 
source positions were “dithered” by 10 arcsec in order to 
facilitate the elimination of bad pixels. To save telescope 
time, galaxies with an optical diameter <1.5 arcmin were 
observed with a pointing sequence consisting of nine point­
ings along a circular path and displaced from one another 
by 1 arcmin such that the target galaxy is always in the 
field (hereafter denoted as a type “B” mosaic).

On-chip integration times were set to avoid saturation 
but to ensure background-limited performance, and the 
telescope was moved after 30 to 60 s. Typical total inte­
gration times on-source were 300 s or more.

3.1. Photometric calibration
The 1993 observations were obtained during the first year 
of ARNICA’S operation. At that time, the photometric 
properties of the camera were not yet characterized, and 
thus we did not attempt to independently calibrate our 
observations; instead we have calibrated them using aper­
ture photometry from the literature (see below).

The 1994 and 1995 observations were calibrated us­
ing the standard stars BS 696 (H = 5.495), HD 84800 
(H = 7.53) and HD 129653 (H = 6.92) taken from Elias 
et al. (1982) which were observed hourly throughout the 
night. The calibration stars were observed with a third 
pointing sequence (mosaic type “C”) which consisted of 
five positions, starting with the star near the center of the 
array, followed by positioning the star in each of the four 
quadrants. The telescope was defocussed to avoid satura­
tion. After image reduction as described below, and af­
ter performing virtual aperture photometry, the typical 
uncertainty in the nightly calibration under photometric 
conditions is 0.05 mag.

3.2. Data reduction procedures
Since dome exposures cannot be obtained at TIRGO due 
to the vicinity of the telescope secondary ring to the dome, 
the multiplicative correction for the system response, or 
flat field, was derived daily from the observations. Many 
tens (typically 30 to 40) sky frames taken in similar con­
ditions throughout the night were combined with a me­
dian filter. The combined frame, normalized to its average 
counts, was used as the flat-field (FF) frame.

The reduction procedure varied according to the type 
of mosaic. For type “A” mosaics, the (usually eight) sky 
exposures were combined with a median algorithm to form 
a median sky. For type “B” and “C” mosaics, the median 
sky was determined by combining all the frames in the 
pointing sequence. The median algorithm is necessary to
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remove unwanted star and galaxy images in the median 
sky frames. The median sky was first normalized to its av­
erage counts, then multiplied by the average counts of the 
individual target frames; finally this rescaled frame was 
subtracted from each of the target observations. Such a 
procedure accounts for temporal variations in the sky level 
which are on the order of 5% during a pointing sequence, 
but introduces an additive offset which is subsequently 
removed (see below).

The sky-subtracted target frames are then divided 
by the FF frame described in the preceding paragraph. 
Each of these corrected frames was then analyzed for low- 
spatial-frequency gradients, and if necessary, fitted with 
a two-dimensional 3 to 5 degree polynomial which was 
then subtracted (we carefully checked that this procedure 
did not produce artificial features which could disturb the 
photometry of the target objects). If this process was not 
effective in removing the spatial gradients, the correspond­
ing frames were rejected from further analysis. Finally, the 
corrected frames were registered using field stars and com­
bined with a median filter which allows bad pixel removal. 
Foreground stars were eliminated by manual “editing” of 
the target frames. All image reduction and analysis was 
performed in the IRAF environment and relied on the 
STSDAS package1.

We have assessed the quality of the final images both 
on small spatial scales, and over the entire array. All of 
the images are truly background limited, as the noise we 
measure is the same as that which we would theoretically 
expect from the statistical fluctuations in the sky back­
ground. Moreover, the flat-field correction is very accu­
rate as the noise over an entire row or column is compa­
rable to that over small spatial scales (few pixels). Thus, 
the noise characteristics over large spatial scales are en­
tirely dictated by the S/N of the measurement, not by the 
quality of the flat-fielding. The deviation from flatness is 
0.05-0.06%, in few cases 0.09%; this is the accuracy with 
which we can determine the sky background, and repre­
sents the dominant source of error in low S/N regions.

4. Image analysis
4.1. Virtual aperture photometry
The galaxies’ centers were determined by fitting the cen­
tral region with a two-dimensional axisymmetric gaussian. 
At this position a growth curve was derived for each ob­
ject by integrating the counts in concentric circular rings

of increasing radii. The background was determined in 
a concentric object-free corona (where the contribution 
from contaminating stars is rejected by average sigma- 
clipping).

4.2. A posteriori photometric calibration
We compared the resulting 17-band growth curves, trans­
formed from counts to magnitudes by means of the stan­
dard star calibration, to multiaperture photometry avail­
able from the literature. This operation was performed 
before the subtraction of foreground stars from the frame, 
since the aperture photometry is not generally corrected 
for star contamination. The comparison with the litera­
ture provides a check on the standard star calibration, 
and, in the following cases, is used to derive (or correct) 
the photometric calibration:
-  in all 1993 observations when no independent calibra­

tion was attempted;
-  for all galaxies observed under partially photometric 

conditions.
The photometry of 226 galaxies has been checked against 
424 aperture photometry measurements available in the 
literature. For the 120 objects with observations on more 
than one night, we obtained an average frame by com­
bining, and scaling for variations in the transparency, the 
two sets of observations. If repeated observations agreed 
with one another to within 0.1 mag, and disagreed with 
the published photometry by more than 0.1 mag, we used 
the calibration obtained from standard star observations 
and disregarded the reference photometry. Otherwise, if 
the repeated observations did not agree, we adopted the 
calibration obtained from the published photometry. The 
comparison of our “virtual aperture” measurements with 
the 424 aperture photometry measurements available from 
the literature, taken through apertures consistent within 
0.5 arcsec from ours, shows that the two sets of measure­
ments are consistent in the average, with 0.054 mag scat­
ter. The most discrepant measurements are those at small 
apertures (5-15 arcsec), due to a combination of seeing 
effects and unaccurate galaxy centering.

We estimate the overall photometric accuracy of our 
data, including systematic errors in the calibration, to be 
~ 0.1 mag.

4.3. Total H-band magnitudes
Total H magnitudes given in Table 1 are obtained ac­
cording to Gavazzi & Boselli (1996). These are magni­
tudes extrapolated along circular apertures to the opti­
cal diameter (a25), corrected for internal extinction using 
Δ mi = - 2.5 D log(b/a) where D=0.17, as determined in 
Boselli & Gavazzi (1994). For 19 objects in common with 
Paper I the total magnitudes are obtained combinig the 
two data-sets.

1IRAF is the Image Analysis and Reduction Facility made 
available to the astronomical community by the National Op­
tical Astronomy Observatories, which are operated by AURA, 
Inc., under contract with the U.S. National Science Founda­
tion. STSDAS is distributed by the Space Telescope Science 
Institute, which is operated by the Association of Universities 
for Research in Astronomy (AURA), Inc., under NASA con­
tract NAS 5-26555.
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4.4. Elliptically extracted profiles
Using the foreground star-subtracted frames, we obtained 
the surface brightness profiles by averaging the light distri­
bution over concentric elliptical annuli keeping the center, 
position angle, and ellipticity fixed. The centers were de­
termined as described above, while position angles and 
ellipticities were determined by eye fitting the 21 H- 
mag arcsec-2 isophotes of the galaxy under study. This 
rather simple and often unaccurate procedure was pre­
ferred to more sophisticated techniques (such as those 
with variable center, position angle and ellipticity) be­
cause, in any case, elliptical profiles give just a crude repre­
sentation of the shape of spiral and irregular galaxies, and 
for consistency with the method adopted in optical CCD 
studies (see Gavazzi et al. 1995a and references therein).

Starting from an inner ellipse of radius comparable 
with the seeing disk, a set of annuli was derived by in­
creasing the radius linearly by fixed amounts. For each 
ring, the total number of counts and the area was calcu­
lated. The statistical uncertainties on the net counts are 
derived from the uncertainty in the sky subtraction as 
given in Gavazzi et al. (1994a).

Figure 1 shows in the left-hand panel grey- 
scale/contour representations of the galaxies presented 
in this paper. The faintest contour level shown is 
20.0 mag arcsec-2 with steps of 0.5 mag arcsec-2. The 
right-hand panel of Fig. 1 presents the 77-band surface 
brightness profile in mag arcsec-2 as described above. The 
horizontal scale gives the radius in arcsec as measured 
from the galaxy center along the semi-major axis of the 
ellipse.

4.5. Isophotal radii, magnitudes, and concentration 
indices

H-band isophotal major radii (a21.5) are determined in 
the azimuthally-integrated profiles as the radii at which 
the surface brightness reaches 21.5 77-mag arcsec-2. The 
isophotal radii reported here are not corrected for galaxy 
inclination. 77-band magnitudes, H21.5, are derived by in­
tegrating the elliptical surface brightness profiles up to 
a.21.5. Again, these magnitudes are measured quantities 
and are not corrected to the face-on value.

As in earlier papers (Gavazzi et al. 1990; Gavazzi et al. 
1994a), we have also derived a model-independent concen­
tration index, similar to that defined in de Vaucouleurs 
(1977). This is the ratio between the radii that enclose 
25% and 75% of the isophotal magnitude, H21.5. Table 2 
presents these measured photometric parameters for the 
galaxies presented in this paper.
Column 1: CGCG denomination;
Column 2: observing dates (day-month-year);
Column 3: Total integration time (in seconds) written as 
the product of the number of coadds NC, the on-chip in­
tegration time tint, and the number of frames Nf com­

bined to form the final image. Some galaxies (Nf=l) were 
serendipitously observed in the sky frames of other tar­
gets.
Column 4: Photometric quality: galaxies marked * were 
observed in non-photometric periods and their zero point 
is derived from the reference aperture photometry; 
Column 5: Position Angle of the galaxy major axis (mea­
sured counterclockwise from N);
Column 6: ellipticity (1 — b/a) of the elliptical rings used 
to derive the surface brightness profiles;
Column 7: galaxy observed major (a.21.5) radius (in arc­
sec) determined at the 21.5th magnitude isophote; 
Column 8: observed magnitudes (H21.5) integrated within 
the 21.5 mag arcsec-2elliptical isophote;
Column 9: concentration index C31 as defined in Gavazzi 
et al. (1990).
Data in the last three columns followed by an asterisk in­
dicate those objects which have either a brighter or noiser 
than average background. These quantities have been 
computed at 21.0 mag arcsec-2. They are nonetheless 
comparable with the standard 21.5 mag arcsec-2 values 
(radii are few arcsec smaller, magnitudes are 0.02 mag 
fainter, C31 are consistent, on average).

5. Results
As mentioned in the Introduction, the galaxies presented 
in this paper do not form by themselves a complete sam­
ple. Therefore we postpone the comprehensive analysis of 
the NIR properties of spiral galaxies to a forthcoming pa­
per (Gavazzi et al. 1996b), including the Virgo cluster. 
Combining the results of this work with those obtained 
homogeneously in Paper I we derive the following prelim­
inary conclusions.

5.1. Radii and Ellipticities (a21.5, ϵ)
The comparison between the isophotal B band (a/2)25 
radii (Gavazzi & Boselli 1996) and the infrared a21.5 radii 
determined in this work is shown in Fig. 2. On average 
the relation a21.5(T7)=0.8 (a/2)25(77) holds between these 
two arbitrary isophotal levels. This indicates that at the 
adopted isophotal level, the H observations cover a sub­
stantial fraction of the light from the disks, and are not 
restricted to the bulge. Indeed, the majority of the radial 
profiles shown in Fig. 1 exhibit the linear shape charac­
teristic of exponential disks.

The relationship between optical and 77-band isopho­
tal radii is consistent with that expected from our limiting 
77-magnitude of 21.5 mag arcsec-2 and the B — 77 color 
of the outer portion of normal galactic disks. The large 
scatter of Fig. 2 is only partly due to measurement er­
rors: most of it is intrinsic and related to the colors of 
galaxies. Figure 3 shows that the ratio of the optical to 
the NIR isophotal radii increases with decreasing 77 — 77
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Fig. 2. The relation between the apparent major radius as 
determined in the infrared (this work) and in the optical

(total) color, derived from the total B magnitudes 
(Gavazzi & Boselli 1996) and the total H magnitudes 
described in the following section. Although a21.5 is an 
isophotal quantity, it is not obvious that a metric prop­
erty (the ratio of blue to H radius) correlates with a pho­
tometric one (the color index), indicating that the surface 
brightness in the two bands behaves similarly.

Fig. 3. The dependence of the ratio of visible-to-near-IR 
isophotal radii on the color index ( B  — H )t

The eye-estimated ellipticities (ϵ = 1—b/a) determined 
in the infrared in this work are compared with similar opti­
cal parameters in Fig. 4. In spite of the large scatter, there 
is no indication that NIR values are systematically smaller 
than the corresponding optical ones, indicating that galax­
ies in the NIR are not “rounder” than in the visible, as 
it would be expected if the NIR data were dominated by 
the light from the bulge.

Fig. 4. The relation between the ellipticity as determined in 
the infrared (this work) and in the optical

5.2. Magnitudes (Ht, H21.5)
Total Ht magnitudes listed in Table 1 are obtained by 
extrapolating the circular aperture measurements to the 
optical a/225 radius using standard growth curves (as in 
Gavazzi & Boselli 1996). H21.5 mag instead are obtained 
by truncating the magnitude integrated along elliptical 
rings at 21.5 mag arcsec-2. As expected, Ht are brighter 
than H21.5 by 0.20 mag on average.

5.3. Concentration index (C 3 1 )

The concentration index C31 (defined in Sect. 4.5) is a 
measure of the shape of light profiles in galaxies, indepen­
dent of a (model-dependent) bulge-disk decomposition. 
Large (C31 > 3.0) values indicate the presence of sub­
stantial bulges. Figure 5 shows that among spiral galaxies 
there is little if any correlation between C31 and the mor­
phological type (a weak trend of smaller C31 with increas­
ing Hubble type is observed, with a large superposition 
even between non-adjacent morphological bins).

We notice, however, the presence in our sample (dom­
inated by galaxies belonging to the Coma supercluster, 
thus at similar distances) of a correlation between C31 and 
the H band (total or H21.5) luminosity. In fact, if we re­
strict our analysis to spiral galaxies members of the Coma 
supercluster (Al367+Coma members, isolated and pair 
galaxies) for which a distance of 70 Mpc is assumed, we 
find that C31 increases monotonically toward higher abso­
lute magnitudes (Fig. 6). This shows that the red light of 
luminous systems is more concentrated toward the center 
than in low luminosity objects.

The present result is in qualitative agreement with that 
of Schechter & Dressier (1987) who found that in the V 
band B/D increases with luminosity as L0 28. The situ­
ation for the B band is more controversial, as discussed 
in Giuricin et al. (1995). A comprehensive discussion on
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Fig. 5. The dependence of the near-infrared concentration 
index C31 on morphological type

Fig. 6. The dependence of the near-infrared concentration 
index C31 on absolute magnitude

this important issue is carried out in Gavazzi et al. 1996b, 
including a nearby sample of intrinsically faint galaxies in 
the Virgo cluster (see Fig. 10 in Boselli et al. 1996).

5.4. Growth curves

Deriving standard NIR growth curves (SGC), i.e. profiles 
of the cumulative magnitude with increasing radii, is cru­
cial for extrapolating aperture photometry measurements 
to isophotal radii which differ from those of the adopted 
apertures (e.g., Aaronson et al. 1979; Gavazzi & Trinchieri 
1989; Gavazzi & Boselli 1996). In the previous section, 
it has been shown that the shape of the infrared growth 
curves is not a function of galaxy morphology, but of lu­
minosity. This is a discouraging point since it implies that 
prior to determining H-band luminosities (H magnitudes, 
distances) the shape of growth curves cannot be predicted

with any accuracy, and thus the extrapolated magnitudes 
cannot be determined (leading to a circular argument).

In any case, we have derived SGCs as a function of 
luminosity for the Coma supercluster galaxies. For the 
subsample of galaxies which are spirals and members of 
the Coma supercluster (for which we adopt a distance=70 
Mpc), and which have ten or more circular aperture mea­
surements, we fit the light profiles using a III order poly­
nomial (see Gavazzi & Boselli 1996 for details) of the form: 
H = k0 + k\x + fc2x2 + k3x3, where x=log(A/a25). Figure 
7a shows AH = k1x + k2x2 + k3x3 in 5 classes of ab­
solute magnitude Mh obtained averaging the coefficients 
ki,k2,k3 within one absolute magnitude bin.

It appears that the shape of GCs is luminosity de­
pendent: galaxies with high light concentration are found 
only among high luminosity objects. Figure 7b shows 
that growth curves consistent with the observed ones can 
be determined as a function of a single parameter: the 
galaxy absolute magnitude. These curves are obtained us­
ing: AH — (< k1 > x+ < k2 > x2+ < k3 > X3) f (MH) 
where < k1 > = —0.35, < k2 >= 1.68, < k3 > = 0.07 
are obtained averaging the coefficients over all luminosi­
ties, and f(MH) = 4.34 -f 0.15 MH. We conclude that 
the simple one-parameter (luminosity) representation of 
growth curves describes well the observed NIR light dis­
tribution of galaxies.

We therefore propose the following iterative procedure 
for deriving total magnitudes from NIR aperture photom­
etry measurements:
1) use the approximation HT1 — ko — 0.35x + 1.68x2 + 
0.07x3 to find HT1 to the first order.
2) compute the corresponding absolute magnitude Mhti-
3) recompute HT = HT1 (4.34 + 0.15 Mht1).

6. Summary
We have obtained images in the near-infrared H band for 
a magnitude selected (mp < 15.7) sample of 297 nearby 
(z < 0.02) galaxies. Combining these measurements with 
those of 158 galaxies obtained homogeneously in Paper I, 
but restricting to the subsample of spiral galaxies mem­
bers of the Coma supercluster (thus at similar distances), 
we derive the following conclusions:
1) reliable H band light profiles to the 21.5 mag arcsec-2 
isophote can be obtained at a 1.5—2.0 m class telescope 
with typically 10-15 min of integration time.
2) The H-band light profiles of spiral galaxies have gener­
ally the shape typical of exponential disks. Relevant bulges 
are only found among luminous (massive) objects with 
Mh < —23.
3) The H band isophotal radii at the 21.5 mag arcsec-2 
are 20% smaller than the corresponding B band radii de­
termined at the 25 mag arcsec-2 isophote.
4) The concentration index, i.e. the ratio between the radii 
that enclose 25% and 75% of the isophotal magnitude, 
# 21.5, is primarily related to the H luminosity, rather than
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Fig. 7. III order polynomial fit to the observed H  growth-curves in four classes of absolute magnitude a). III order polynomial 
representations of the H  growth-curves parametrized as a function of absolute H  magnitude (4.34 + 0.15 M H ), using average 
coefficients b)

to the morphological type of galaxies. Luminous objects 
are more centrally concentrated than faint ones.
5) The shape of the H-band growth curves depends 
on luminosity. A useful, one-parameter approximation to 
the near-infrared growth curves is given with III order 
polynomials: HT = (-0.35x + 1.68x2 + 0.07x3) (4.34 + 
0.15 Mht), where x=log(A/a25).
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Fig. 1. Grey-level/contour representations of the H  band frames of galaxies under study (left panels). N is up, E to the left. The 
faintest contour level shown is 20.0 mag arcsec-2; the grey scale is arbitrary. The angular scale of the images can be derived 
from the labels around the frames (1 pixel = 1 arcsec). H  band radial surface brightness profiles of the galaxies under study 
obtained along elliptical annuli (right panels). (To be seen in landscape)
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Fig. 1. continued. (To be seen in landscape)
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Fig. 1. continued. (To be seen in landscape)
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Fig. 1. continued. (To be seen in landscape)
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Fig. 1. continued. (To be seen in landscape)



538 G. Gavazzi et al.: 1.65 µm (H-band) surface photometry of galaxies. II
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