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Abstract. We present near-infrared H-band (1,/68) surface the NIR domain. De Jong & van der Kruit (1994) did obser-
brightness profile decomposition for 1157 galaxies in fiveations of 86 spiral galaxies and similar observations were ob-
nearby clusters of galaxies: Coma, A1367, Virgo, A262 ardined by Block et al. (1994). Since the NIR is the most suitable
Cancer, and in the bridge between Coma and A1367 in thand for studying the properties which depend of the old stel-
“Great Wall”. The optically selected(,, < 16.0) sample is lar population in galaxies, unaffected by recent episodes of star
representative of all Hubble types, from E to Irr+BCD, except diermation, many observational studies were devoted to early-
and of significantly different environments, spanning from isaype galaxies, with the aim of studying their NIR fundamental
lated regions to rich clusters of galaxies. We model the surfgaane (e.g. Pahre 1999). Very little work exists in the literature
brightness profiles with a de Vaucouleufd* law (dV), with at NIR passbands addressing at the same time the properties
an exponential disk law (E), or with a combination of the twof early and late-type galaxies. To fill this gap, since 1993,
(B+D). From the fitted quantities we derive the H band effeeve made extensive use of NIR panoramic detectors to obtain
tive surface brightness() and radiusi#.) of each component, H (and K’) band images of galaxies. We first concentrated on
the asymptotic magnitudér and the light concentration indexdisk galaxies (see Gavazzi et al. 1996a (Paper 1), Gavazzi et al.
C51. We find that: i) Less than 50% of the Elliptical galaxie4996b (Paper II), Boselli et al. 2000 (Paper 1V) and Boselli et
have pure dV profiles. The majority of E to Sb galaxies is beat 1997 (B97)), later we extended the survey to the early-types
represented by a B+D profile. All Scd to BCD galaxies have puf@avazzi et al. 2000 (Paper IIl)). The observing sample was se-
exponential profiles. ii) The type of decomposition is a strorigcted among members of 5 nearby, rich clusters: namely the
function of the total H band luminosity (mass), independent drgo, Coma, A1367, A262 and Cancer clusters. In addition, a
the Hubble classification: the fraction of pure exponential dsignificant population of galaxies in the “Great Wall”, the bridge
compositions decreases with increasing luminosity, that of BHig@tween Coma and A1367, was included. The present survey,
increases with luminosity. Pure dV profiles are absent in the la@ue to its completeness, can be considered representative of
luminosity rangel;; < 10'° L., and become dominant abovethe NIR properties of nearby galaxies, both of early and late-
101 L . types. Moreover the complete coverage of 5 clusters and of all
members of the “Great Wall” (see Gavazzi et al. 1999) makes
Key words: galaxies: fundamental parameters — galaxies: phiobpossible to study the environmental dependence of the NIR

tometry — infrared: galaxies properties of galaxies. We reiterate, however, that the present
survey is not composed of NIR selected galaxies, rather it con-
1. Introduction tains NIR observations of optically selected objects. In this paper

we concentrate on the structural properties of galaxies that can

Since the advent of large format near-infrared (NIR) arrays, &¥e derived from surface-photometry measurements: i.e. on the
tensive surface photometry of galaxies has been carried oufidit profiles of galaxies at NIR pass-bands. The paper is orga-
Send offprint requests 16. Gavazzi nized as follows: the sample selection criteria are qiscusseq in

* Based on observations taken at TIRGO, Gornergrat, SwitzerlangCl: 2 and the procedures adopted to derive the light profiles
(operated by CAISMI-CNR, Arcetri, Firenze, Italy) and at the Calaand the models fitted to the data are given in Sect. 3. The results
Alto Observatory (operated by the Max-Planck-Institutstronomie  Of the present work, their internal and external consistency are
(Heidelberg) jointly with the Spanish National Commission for Astrorgiven in Sect. 4. Some implications of the results of the present
omy). analysis on the structural properties of galaxies are discussed in
** Table 2 and Figs. 2, 3, 4 are available in their entirety only iSect. 5 and summarized in Sect. 6.
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
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Table 1. Sample completeness manner. A less complete coverage existsrgt < 16.0:
276/587 objects (47% complete). However, we have observed
Region E+L Early Late all but one the 88 late-type VCC galaxies selected by the 1ISO
N (%) N (%) N (%) consortium (B97) brighter tham,,=16.0. These are objects ly-
1) 2 B 4 ©6 6 O ing either within 2 degrees of projected radial distance from
ComaSup “Bridge”(Isol) 374 (96) 194 (97) 180 (95) MB87 orinthe corona between 4 and 6 degrees (remark that the
A1367+A1656 251 (97) 179 (97) 72 (99) observations in B97 were carried on in the K’ band). Thus the
A262 68 (67) 10 (24) 58 (95)  NIR survey contains a representative sample of late-type dwarf
Cancer 57 (100) 20 (100) 37 (100) (m, < 16.0) members of the Virgo cluster, restricted however
Virgo m;, <14.0 220 (89) 81 (83) 139 (93) g 3 region smaller than the whole VCC.
Virgo m,<16.0 276 (47) 86 (30) 190 (62)

The incomplete sample of 131 objects mainly comprises
galaxies projected onto the Coma supercluster region, either on
the background (\% 8000 kms'), or in the foreground (\k
5000 kms!) (121 objects), or in the background of the Virgo
cluster (V> 3000 kms1)(10 objects).

Unfortunately the survey does not presently cover dwarf-

The NIR observations analyzed in this paper are taken fréiptical galaxies. Only 6 such objects were serendipitously
Paper |, I, lll, IV of this series and from B97. They were obobserved so far.

tained from 1993 to 1997 with the 1.5 m TIRGO and with th ;

Calar Alto 2.2 and 3.5 m telescopes equipped with the NIC- Data reduction procedures
MOS3 2562 pixel arrays cameras ARNICA (Lisi et al. 1993)Papersl|, II, 11, IV of this series and B97 give all the details of the
and MAGIC (Herbst et al. 1993), respectively. In total we havabservations and the methods used in preparing the flat-fielded,
analyzed 1285 images. However, by selecting the best quafigmbined, and calibrated frames used in the present analysis,
images among 128 repeated measurements, the total numigch was performed in the IRAF environment and relied on the
of independent observations of individual galaxies reduces3d SDAS packag and on GALPHOT (developed for IRAF-
1157. STSDAS mainly by W. Freudling, J. Salzer, and M.P. Haynes

The observed galaxies were optically selected from eith@nd adapted by us to handle NIR data).
the CGCG catalogue (Zwicky et al. 1961-68)(n¥ 15.7) For each frame the sky background was determined as the
or from the VCC catalogue (Binggeli et al. 1985) (restricteshean number of counts measured in regions of “empty” sky, and
to m, < 16.0). They belong to the Coma supercluster r@-was subtracted from the frame. Sky-subtracted frames were
gion: (18° < § < 32°; 11.5" < a < 13.5"), to the A262: inspected individually and the light of unwanted superposed or
(34.5° < § < 38.5°; 01M43™ < o < 02"01™), Cancer: nearby stars and galaxies was masked.

(20.5° < § < 23.0°; 08"11™ < o < 08"25™) and Virgo The 2-dimensional light distribution of each galaxy was fit-
cluster: 0.0° < § < 20.0°; 12200™ < o < 13"00™). ted with elliptical isophotes, using a modified version of the

Out of the 1157 galaxies observed in these regions, 1086SDAS isophote package. Starting from a set of initial pa-
constitute a basically complete sample (see below). The remammeters given manually, the fit maintains as free parameters the
ing 131 observations belong to an incomplete set of data. ellipse center, ellipticity and position angle. The ellipse semi-
The complete sub-set is composed as follows (see Table 1dwajor axis is incremented by a fixed fraction of its value at each
more details): out of the 646 galaxies, of both early and latgtep of the fitting procedure. The routine halts when the surface
types that are members to the Coma supercluster accordingrightness found in a given corona equals the sky rms. The fit
Gavazzietal. (1999), i.e. 5060V < 8000 kmst, 625 (97%) fails to converge for some galaxies with very irregular light dis-
have been imaged. Among the Coma supercluster objects, 8ltions. In these cases we keep fixed one or more of the initial
(60%) are galaxies belonging to the “bridge” between Conparameters.
and A1367. These can be treated as isolated objects becausé&he resulting radial light profiles are fitted with models of
they inhabit regions of local density 10 times lower than rich the galaxy light distribution: a de Vaucouleur§'* law (de
clusters (see Gavazzi et al. 1999). Their completeness allow&/ascouleurs 1948) or an exponential disk law, or a combination
to use them as areference sample for studying the environmenfahe two.
dependence of the galaxy structural properties, in comparison Among the 1157 profiles, 165 are fitted with a pure de Vau-
with those of the rich cluster sample. couleursr!/* law and 322 with a pure exponential. The re-

A 100% complete imaging coverage exists as well for galaxs;
lesinthe Cancer Clust_er, while the late-type galaxies in the Azg)zthe astronomical community by the National Optical Astronomy
cluster were covered in a quasi-complete manner (95%), as BBservatories, which are operated by AURA, Inc., under contract with
posed to the early-types ones (24% complete). Moreover {g y s, National Science Foundation. STSDAS is distributed by the
survey contains 220 out of 248 (89% complete) VCC galaxigpace Telescope Science Institute, which is operated by the Association
brighter thanm,=14.0. Thus the giant members of the Virgef Universities for Research in Astronomy (AURA), Inc., under NASA
cluster (V< 3000 kms') are sampled in a quasi-completeontract NAS 5-26555.

Virgo 14.0<m, <16.0 (ISO) 38 (97)
Miscellanea 131

2. Sample selection

IRAF is the Image Analysis and Reduction Facility made available
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maining require a Bulge+Disk (B+D) decomposition. For thegeSpairs, CSgroups indicate members of the Coma Superclus-
we developed an algorithm to separate the disk from the bulge (5000< V < 8000 kms'!); CSforeg means objects in the
component, following Kormendy (1977). We begin by fittindoreground of the Coma Supercluster £/5000 kms') and
the outer part of the profile (where the disk component don@Sbackg means objects in the background of the Coma Super-
nates) with an exponential law; then we extrapolate this fit tduster (V> 8000 kms!). Galaxies in the Virgo region are
the inner region of the galaxy and we subtract it from the databeled following the membership criteria given by Binggeli et
The resulting surface brightness profile is fitted again with ah (1993): VCA, VCB, VCM, VCW, VCSE, VCmem, are mem-
exponential or with a de Vaucouleurs law, according 43 gest. berstothe cluster Aor B, to the M, W or South-East clouds or are
This procedure is iterated until the sum of the two componentst better specified members to the Virgo cluster respectively.
gives the minimumy?. The fits are performed from a radiusmoVCC are galaxies taken from the CGCG in the outskirts of
equal to twice the seeing disk, out to the outermost significavitgo, but outside the area covered by the VCC. Subgroups
isophotes. in the Cancer cluster are identified according to Bothun et al.
Total magnitudegi are then obtained by adding to the fluX1983).
measured within the outermost significant isophote the flux ex- Column 4: adopted distance in Mpc, using, =
trapolated to infinity along either thé/* (dV galaxies), or the 75 kms~!Mpc—!
exponential law that fitted the outer parts of the galaxy (pure Column 5: adopted filter (H or K’).
disks and B+D galaxies). The median uncertainty in the deter- Column 6: type of decomposition: dV = pure de Vau-
mination of the total magnitude is 0.15 mag. couleurs E = pure exponential; B+D = Bulge+DisK = trun-
The effective radius. (the radius containing half of the cated.
total light) and the effective surface brightnass (the mean Column 7: type of decompoasition of the buldge= de Vau-
surface brightness within.) of each galaxy are computed incouleurs E = exponential.

two ways: 1) the “fitted” valuesr{as, reof, fledfs [ebs), Are Column 8: effective radius of the fitted bulge component
derived from the individual fitted profiles, extrapolated to zer@.;¢) in arcsec.
and to infinity. In case of a B+D galaxy, we compute alspand Column 9: effective surface brightness of the fitted bulge

Le s by integrating to infinity the flux along the two sub-profileg€omponent £, s) in mag arcsec?.
independently, adding the two contributions and computing the Column 10: effective radius of the fitted disk component
radius at half the total light and the mean surface brightnggs,y) in arcsec.
within that radius; 2) the “empirical” valuesy, 1..) are obtained Column 11: effective surface brightness of the fitted disk
locating the half light point along the observed light profilecomponent.q) in mag arcsec?.
where the total amount of light is given by the total magnitude Column 12: total effective radius{) in arcsec (corrected
Hr described above. The two determinations are comparedan seeing according to Saglia 1993).
Sect. 4.4. The median uncertainty on the determination aflog  Column 13: total effective surface brightnegs)(corrected
andy.. is 0.05 and 0.16 mag, respectively. for seeing according to Saglia 1993) in mag arcgec
Finally we compute other useful parameters: the concen- Column 14: total H magnitude{;) extrapolated to infinity.
tration index (), defined in de Vaucouleurs (1977) as the Column 15: concentration inde&¢,) (corrected for seeing
model-independent ratio between the radii that enclose 73%cording to Saglia 1993).
and 25% of the total light/r; the bulge flux to total flux ratio Column 16: bulge to total flux ratio (B/T).
(B/T) and the NIR isophotal radiug; (20.5) determined in the Column 17: for CGCG galaxies this is the major optical
elliptical azimuthally—integrated profiles as the radius at whichameter (5 (25)) (in arcmin) derived as explained in Gavazzi &
the surface brightness reaches 20.5 H-mag arésec Boselli (1996). These diameters are consistent with those given
Some (37) galaxies show “truncated” profiles in the outér the RC3. For VCC galaxies this is the diameter measured on
regions, i.e. the slope of their profiles increases outward. Rbe du Pont plates at the faintest detectable isophote, as listed in
these objects we fit only the outer part of the profile with athe VCC.
exponential law, to allow an estimate of their total magnitude, Column 18: galaxy observed majarg(20.5)) radius (in
effective radius, effective surface brightness énhgl. arcsec) at the 20.5 H-mag arcsédgsophote. Galaxies which
require an extrapolation larger than 0.5 mag to reachRakg"
magnitude isophote are labeled 1.
Fig. 1 gives, as an example, the profile decompositions of 12

The results of the present work are summarized in Table 2 (h#f@ll known galaxies. Figs. 2-4 report, in a more compact form, a
0n|y one Samp|e page is presented, the whole table is ava"a‘ﬁﬁg]ple of the decompositions obtained in the present work. First

4. Results

only in digital format) as follows: galaxies with pure de Vaucouleurs profiles are presented, then
Column 1: CGCG (Zwicky etal. 1961-68) or VCC (Binggeligalaxies with pure exponential disk profile, and finally galaxies

et al. 1985) denomination. that require a B+D decomposition of their profile. Within each
Column 2: morphological type. class, the profiles are ordered with increasing designation num-

Column 3: “aggregation” parameter. This parameter deer, and are adjusted one after the other by scaling by one mag
fines the membership to a group/cluster/supercluster: CSidBgir central surface brightness.
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Table 2. Photometric parameters of the target galaxies (one page sample). The first 12 entries coincide with the galaxies plotted
in Fig.1. The whole table containing 1157 entries is only available in electronic format.

Galaxy Type Agg dist Filter dec Bdec Teby Lebf Tedf Hedf Te e Hy Cs1 B/T rp(25) ru(20.5)
Mpc arcsec mag arcsec”? arcsec mag arcsec > arcsec mag arcsec > mag arcmin arcsec

1) (2) @B @ 6 6 O © 9) (10) (11) (12) (13) (14) (15) (16) (A7)  (18)
VC0345 E VCW  32.0 H av - 2998 16.49 - - 33.99 16.77 7.31 8.00 1.00 4.90 86.91
160039 E Coma 92.0 H av - 2293 17.87 - - 28.54 18.11 9.35 8.32 1.00 3.56 40.13
VC1903 E VCSE 17.0 H av - 36.99 16.30 - - 45.20 16.54 6.79 7.57 1.00 7.67 103.00
119065 E CanA 62.6 H av - 1751 17.93 - - 22.90 18.39 9.94 7.76 1.00 2.60 29.66
VC1624 Sc VCSE 17.0 H E - - - 17.85 17.31 18.16 17.31 10.35 2.77 0.00 3.09 40.79
VC0971 Sd VCB 23.0 K E - - - 30.00 18.94 29.10 18.86 11.19 3.47 0.00 3.80 47.74
VC1678 Sd VCE 17.0 K E — — — 27.48 20.86 28.39 20.91 12.22 2.80 0.00 2.69 12.17
97087 I —pec Al367 86.6 H E - - - 14.08 16.77 13.67 16.57 10.56 3.57 0.00 2.00 38.49
522039 E A262  65.3 H B+D 4V 19.50 17.83 93.48 20.39 56.77 19.00 8.66 7.92 0.32 3.02 64.18
VC1316 E VCA 17.0 H B+D E 1222 15.04 50.12 16.93 34.75 15.85 6.21 4.18 0.25 11.00 129.40
97095 E Al1367 86.6 H B+D E 3.68 15.76 20.68 18.03 16.62 17.21 9.40 4.55 0.20 1.95 40.86
160241 E Coma 92.0 H B+D E 4.36 15.49 18.70 17.33 13.49 16.35 9.13 4.34 0.23 3.30 44.20
160130 E Coma 92.0 H B+D E 3.56 16.28 13.75 18.12 9.37 16.98 10.38 4.25 0.27 1.70 27.06
160132 S0a Coma 92.0 H B+D E 1.20 14.66 9.57 17.89 5.11 16.70 11.50 5.35 0.24 1.08 19.78
160136 E CSmul 1067 H B+D FE 2.84 16.51 10.03 18.97 5.24 17.03 11.47 3.91 0.44 0.77 14.71
160135 S0 Coma 92.0 H dv - 4.32 16.23 — - 4.89 16.56 11.32 7.98 1.00 0.82 16.31
130008 Sc CSiso 96.9 H E - - - 7.41 17.76 8.31 17.77 11.87 2.94 0.00 0.57 14.68
160137 Sa Coma 92.0 H B+D E 2.54 15.79 14.29 17.89 9.76 16.94 10.57 5.25 0.18 1.33 26.27
160138 S.. Coma 92.0 H B+D E 3.05 18.00 7.93 18.99 5.87 18.06 12.29 3.16 0.27 0.68 11.72
160139 I —pec Coma 92.0 H E - - — 12.55 20.20 14.70 20.51 13.30 2.68 0.00 1.22 9.06
130009 Sbe CSmul 84.5 H B+D FE 2.44 16.52 22.40 19.31 19.22 18.54 11.04 6.58 0.13 1.44 28.36
101004 S0a CSiso 86.7 H dv - 9.91 16.47 — - 15.67 17.12 991 7.26 1.00 1.60 33.15
VC0576 Sbc VCB 23.0 H E - - - 22.25 16.54 26.17 16.80 9.60 2.81 0.00 3.09 60.87
VC0596 Sc VCA 17.0 H B+D E 5.66 15.06 100.82 18.38 111.78 18.38 6.69 2.48 0.06 11.22  159.70
VC0613 Sa VCSE 17.0 H B+D E 3.32 14.96 28.00 17.37 17.72 16.49 8.67 4.41 0.11 4.37 66.52
VC0630 Sd VCA 17.0 H B+D E 1088 18.57 69.07 18.91 58.48 18.37 9.77 3.95 0.03 7.24 101.90
VC0654 S0 VCA 17.0 H B+D E 4.34 14.85 39.32 18.20 29.57 17.33 837 531 0.21 4.47 71.21
VCo655 S—-BCD VCA 17.0 K E - - — 14.19 18.00 14.63 18.10 10.39 2.53 0.00 1.75 26.94
VC0656 Sb VCB 23.0 H B+D E 2.09 14.04 19.66 17.06 14.83 16.28 9.34 5.88 0.15 3.09 47.75
VC0664 Sc VCA 17.0 K E — — — 20.62 20.10 24.42 20.27 11.98 2.57 0.00 3.24 16.35
VC0685 S0 VCA 17.0 H B+D E 3.44 14.02 23.78 16.16 14.83 15.04 8.08 6.61 0.13 3.98 71.50
VC0692 Sc VCA 17.0 H B+D E 4.97 18.64 27.71 19.22 29.04 19.16 10.44 2.94 0.05 3.63 35.50
VC0698 S0 VCA 17.0 H B+D E 4.97 16.43 29.04 18.49 19.85 17.48 9.88 5.65 0.16 3.09 46.07
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Fig. 1. Examples of profile decompositions of 12 well known galaxies. Four galaxies with a pure de Vaucouleurs decomposition are shown in
the left column: These are (from top to bottom): VCC345=N4261 (E in Virgo), 160039=N4839 (E in Coma), VCC1903=N4621 (E in Virgo)
and 119065=N2563 (the brighest E in Cancer). Four galaxies with a pure exponential decomposition are shown in the middle column: These
are: VCC1624=N4544 (Scin Virgo), VCC971=N4423 (Sd in Virgo), VCC1678=1C3576 (Sd in Virgo) and 97087=U6697 (the brightest Irr/Pec

in A1367). Four galaxies with a mixed Bulge+Disk decomposition are shown in the right column: These are: 522039=N708 (the brightest E
in A262), VCC1316=N4486=M87, 97095=N3842 (the brightest E in A1367) and 160241=N4889 (the brightest E in Coma). A vertical broken
line is drawn at the radius of the seeing.

4.1. Consistency of multiple measurements radii ratios) are plotted in Fig.5 as a function of the asymp-

. . totic magnitude. The average ratio of radii (8.1 /r.2) =
Repeated measurements are available for 128 galaxies. Fbo i O 17; the average difference in surface brightness is

these we can check the consistency of our procedure. The q @ — _0.08 £ 0.30, while that in the total magnitude

tities: A(Hr) (difference in asymptotic magnitudef (u.) _ : :
(difference in effective surface brightness); /r.. (effective (<)A1(5Hr§;>g_ 0.01+0.22, in agreement with the quoted rms
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Fig. 2. A sample of the fitted surface brightness profiles. This figure illustrates pure de Vaucouleurs profiles.
4.2. Comparison with independent measurements the computational method employed to derive effective radii

We can compare our decompositions with those obtained in d effective surface prightness (see, for exam.ple, Scodeggio et
band by Pahre (1999), using 72 early-type galaxies in commy 1998). In fa(_:t, we find a rgther Iarge scatter in the galaxyfto-
O?thic)é 54 belong t(; the %oma cl)lljsi/:r agnd 18 1o the Virq%maxycomparlson,and significant differences in the determina-
cluster (see Fig. 6). To do so we transform the K’ magnitude'gn of effective radii. The empirical effective radii determined
given by Pahre.(19.99) into H magnitudes, using either mem_the presentwork are on average 21% Iarger_than Pahre.(1999)
sured H-K’ colours, if available, of f — K’>;O.25 mag. It is (?re/rep) = 1.21 + 0.53), while the determination of effective

well known however that external comparisons like this one asrgrface brightness and total magnitude are in much better agree-
P ent (A(pe)) = +0.04 £ 0.84; (A(Hr)) = 0.04 £ 0.25).

affected significantly by systematic uncertainties introduced bwever if we compare ouFj;(25) magnitudes (i.e. the H
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Fig. 3. A sample of the fitted surface brightness profiles. This figure illustrates pure exponential profiles.

band magnitudes extrapolated to the optical radius, as giverifs. Effects of the seeing

the data papers of this series) we find a somewhat reduced scat- . . . N .
ter of 0.21 mag (in agreement with an rms = 0.15 mag on eZ’tﬁe seeing produces significant light smearing in astronomical

arty). This is not surprising since the extrapolation alon fjoages, which systematically makes their appearance less cen-
party). prising b 9 trally peaked. This increasingly biases the statistical distribution

model profile caries its own contribution to the total phOtO_ftheli ht profiles against pure de Vaucouleurs decompositions

metric error. From Fig. 6 it is evident that the largest discre : alagiesrz)fdecregsin sipze Since the seeing in the E)esentob-

ancies occur for the faintest, and therefore smallest, galaxi gaia . ) g ' i 9 P
%{vatlons, in particular the ones carried out at TIRGO, was far

Th's. might indicate the presence of some residual seeing eff{Ssrom optimal (see e.g. paper lll) we have considered this effect
in either one of the two datasets. . . "
carefully. To this aim we take the following steps: 1) the fitting
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Fig. 4. A sample of the fitted surface brightness profiles. This figure illustrates composite profiles.

algorithms are run outside twice the seeing disk. 2) empiricdl4. Consistency of empirical vs. fitted quantities
re, e andC3y of galaxies with relevant central cusps (pure d'?he u
Vaucouleurs and witli3 /T > 0.5) are corrected for seeing fol-

lowing the prescriptions of Saglia (1993). We have checked 5k
the corrected quantities do not contain any residual depende %g
on the seeing. an

empirical” parameterg, andr, are compared in Fig. 7
qd 8 with the corresponding fitted values for the three classes of
ompositions (i.e.q andu.qs for pure exponential fitgs.s ¢
res ¢ fOr pure de Vaucouleurg,. y andr, ¢ for B+D galaxies.
These quantities are indicated ag andr; for simplicity in
Figs. 7 and 8).

For pure exponential profiles there is excellent agreement
between the measured quantities (see Table 2). A satisfactory
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? g ‘ ‘ ‘oo to ‘ 3 Table 3.comparison of empirical vs. fitted quantities
E‘ oE < Dog % %o OOQ?’@&O@SB %@’%Oéfgg) & E Decomp te — fbf re/Ts Hp(25) — Hr
e ° ERNCY 2) (3) (4)
-2E—— 5 o e L AU(1102) 0.08+0.34 1.03+0.16 0.09+0.20
H, (mag) dV (161) 0.45+0.33 1.23+0.18 0.30 +0.19
Ezp(322)  0.00+£0.18 1.00 +£0.09 0.04 +0.19
- ——————— . B+ D(619) 0.01£0.34 0.99+0.15 0.06 +0.17
i ° o © E
T{) 0 d 8,0 © ° ° goBO @@; 8ooo ¢ E ) _ _
¢ % ¢° o © Oogoggoo £85, 0‘98 1 the measured surface brightness in the central parts, meanwhile
R ‘ oL 1. O . 7 thefittedr; turns out smaller than,.
6 8 10 12 14 For galaxies with exponential or mixed profiles the differ-
H, (mag) ence between the total magnitude extrapolated along the fit and
that truncated at the opticak (25) radius is only 0.1 mag on
3E T T g T 3 average, as expected. For de Vaucouleurs profiles this average
o 2§ . ° o o §2% * discrepancy becomes 0.30 mag, because de Vaucouleurs pro-
S E o &% © oo 0088 @OSOZ@ %15%@%80 = files contain a significant flux contribution from the outer parts
= 0E = (see Fig.9). Whether Elliptical galaxies follow de Vaucouleurs
1Bt g s = —— profiles up to large radii or milder exponential “truncations”
H, (mag) exist in the outer parts is a debated issue. Certainly a signif-

Fig. 6. Consistency with Pahre (1999)

agreement exists also for B+D profiles. The pure de Vaucouleypr

icant fraction of Elliptical galaxies in the present work show
exponential (H band) outer profiles (see Sect. 5.2).

5. Analysis

B Isophotal, empirical, and optical radii

profiles present a systematic difference: the empirical surfacé

brightness are half a magnitude fainter and the correspondiffge NIR isophotal radiusry(20.5) derived at the 20.5
radii 23% larger than the fitted quantities. This is not an unemag arcsec? H-band isophote, the NIR empirical and the op-
pected result, instead it derives from our fitting strategy: in fadical isophotal radiusz(25.0) are compared in Figs. 10, 11 and

in order to avoid the effects of the seeing, we choose to mask ft#(upper panels). The ratios between these quantities are plot-
datain the inner regions (up to a radius equal to twice the seetad against the morphological type in the lower panels. The mor-
disk) during the fitting procedure. Consequently the fit exceeplsological type is coded according to Binggeli et al. (1985). For
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Fig. 9. The differencel 5 (25) — Hr as a function of 7.

The optical isophotal radii are on the aver@ge+ 0.03 of

the NIR ones (see Fig. 10). However there are significant de-
plotting purposes we transform the morphological codes int@tions from this simple proportionality, that reflect changes
numeric values and, in order to avoid superposition of poinig,the mean color of galaxies with morphological type. As ex-
we add to it a random number between -0.4 and 0.4. The ogtécted, the most extreme case is that of Scd-Irr-BCD galaxies,
cal isophotal radii are derived at the 25.0 mag arcd®:band that have NIR isophotal radii which are a small fraction (10%)
isophote except for VCC galaxies, where they are deriveddttheir isophotal optical radii. In our sample these galaxies
“the faintest visible isophote”. We transform these values toe represented by objects belonging to the ISO sub sample of
r5(25.0) using:logrp(25.0) = (logrraintest — 0.25)/0.8 as  Virgo late-type galaxies, that we observed with the 3.5m Calar
given by Binggeli et al. (1995). Alto telescope (see B97). In spite of the larger aperture of the
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Fig. 12.The relation between the optical isophotal radig$25.0) and

and the effective radiug.. The line represents the linear regressiothe effective radiug.. The line represents the linear regression given

given in the text.

in the text.

telescope and of the doubled integration time, we could hardlfearlier type! On the contrary, the same galaxies have a total
detect these systems. Their central NIR surface brightnesswerage optical surface brightness (B magnitude divided by the
often fainter than 20.0 mag arcséc(see Fig. 3c in B97), sig- optical area) of 22.7 and 23.0 mag arcsecespectively, thus
nificantly fainter than in galaxies of earlier morphological typeshowing a modest 0.3 mag arcsédlifference.

as these systems have hardly any old stellar population at their At the opposite end of the morphological types sequence are

interior. The same does not hold in the optical: they have notsmall early-type galaxies, which have NIR isophotal radii often
faint central surface brightness compared with galaxies of earceeding the optical ones. The latter evidence is only partly
lier types. Among the 200 E-Sc and the 60 Scd-BCD galaxiesdn artifact of the seeing (the deviation from linearity reduces

the Virgo cluster the average NIR effective surface brightnestightly when the E galaxies observed under the worse seeing
computed separately in these two morphological bins, is 1&dnditions are removed). Fig. 10 shows that the rafi¢25)

and 19.8 mag arcseé respectively, i.e. at NIR wavelengths r(20.5) increases significantly along the Hubble sequence,
the Irr galaxies are 2.4 mag arcsédainter than giant galaxies reflecting a genuine color dependence on the Hubble type.
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A similar dependence on morphological type is present Fig.12 shows that the large deviations among late-type
when comparing among themselves NIR quantities, like Nigalaxies vanish if the NIR-. is compared with the optical
isophotal radius and NIR effective radius. It appears thag(25). We deriverp(25) = 5.3(+0.08) x r. on average, and
ri(20.5) is on averagd.9 + 0.02 of r., as shown in Fig. 11, the ratiorz(25) / r. is constant along the Hubble sequence.
with the ratio decreasing along the Hubble sequence. Again, the
most significant deviations are present for Irr galaxies, implyi . L
that 20.5 mag arcseé is a too high limiting isophote for thesergz' The frequency of profile decompositions
galaxies. Due to the complete character of the present survey (excluding

dEs) the fraction of the various profile decompositions along



G. Gavazzi et al.: 1.6am (H-band) surface photometry of galaxies. V 875
T 17 T T 7 ‘ T 17 ‘ T T 7 T T 7 ‘ T T T ‘ T T 7 ‘ T 17
100 B+D 4 L B+D Sc ]
[ o €Xp ] [ o €xp ]
[ o av 1 C . dv ]
80 1r B
D i 1 L ]
~ 60 — e —] — —
o L K 1 r ]
()
o i 1 L ]
Toa0r 1 r 7
20 1rF .
i 1 L . ]
O L L ‘ L1 J/ ‘ L L | | ‘ | & | o ‘ o | & /\ ‘ L L
[ L L ‘ T T T ‘ L L ‘ T T T ] L T T T ‘ T T T ‘ T T T ‘ L L ]
100 B+D Early | L B+D Late _]
[ o €xp ] [ o exp ]
i 1 av ]
80 — - -
o i 1 L ]
o L 1 F ]
o
0 L 1 L ]
= 40— - -
L 4t § Fig. 15. The fraction of pure de Vaucouleurs,
0l 4 B ] pure exponential and mixed profiles as a func-
r 1T ] tion of the NIR luminosity in two broad Hubble
O L P J- 1 l Lo 1L /‘ L L | ] L o | ¢ | l L 4 | A/‘/’ + e \/T\\ ~— L | ] type Classes E+SO+SOa (bOttom |eft panel)’ Spl-
8 9 10 11 12 8 9 10 11 12 rals (bottom right) and among the Ellipticals (top
log H lum log H lum left) and Sc galaxies (top right).

the Hubble sequence can be considered representative of gdteotudes intrinsically fainter galaxies which happen to have a
ies in the local Universe. This is shown in Fig. 13 for isolateldwer fraction of pure de Vaucouleurs profiles.
and cluster galaxies. Virgo galaxies are kept separate from otherThe dependence of the profile decomposition on luminos-
clusters to check if their more reliable morphological classifity is shown in Figs. 14 and 15, where the relative fraction of
cation produces significant differences. It is apparent that pym®file decompositions is plotted as a function of the H band
de Vaucouleurs profiles are present only in 40% of Es andliminosity (log Ly /Lz=11.36-0.4r+2logD (D in Mpc)).
30% of SOs. Their contribution drops to zero for later types. Tiég. 14 (left panel) shows that all low luminosity (Dwarf) galax-
exponential profiles are absent among early types giant systéesshave exponential profiles, while the fraction of B+D de-
up to Sab, but their frequency dominates (60%) in dwarf E+S@smpositions increases with luminosity. At intermediate lumi-
and increases from 40% (Sc) to almost 100% for later typemsities .z = 10'° solar) the two have an equal frequency
Intermediate (B+D) decompositions dominate from E (50%gabout 50%). The pure de Vaucouleurs profiles are absent below
increasing up to 90% (Sb), then they drop to zero for later typdsy = 10'° solar and become dominant only at the highest lu-
This distribution does not show significant environmental difninosities. This result is independent of the environment, since
ferences among the various clusters and the isolated samible.same pattern exists for isolated objects (right panel).
Notice however that the above comparison is restricted to types The dependence of the profile decomposition on luminos-
earlier than Sd, because the isolated sample does not comptisis basically morphology-independent (see Fig. 15). In fact a
Irregular galaxies. This is due to the fact that this sample is spfttern similar to that of Fig. 14 is found subdividing the whole
ficiently far away not to contain low surface brightness Sm as@ample in two broad type classes: the E+S0+S0a (Early) versus
Im objects, because it belongs to the Coma supercluster.  the Spirals (Late), and even in two narrow Hubble type classes:
We notice a more pronounced dependence on the HubBl&ptical versus Sc galaxies.
type of Virgo galaxies compared with all other environments. To summarize, we find a dependence of the profile decom-
This is certainly a consequence of the more reliable morphmesition on the Hubble type, which is an obvious consequence
logical classification available for the Virgo cluster (Binggeli edf the fact that the presence or absence of significant bulges
al. 1985) than for other more distant objects. One barely signéfiaters directly in the Hubble classification. Independently from
icant difference is the smaller fraction of pure de Vaucouleutise Hubble classification we find a strong correlation between
profiles among giant E galaxies in Virgo. However this diffeithe profile decomposition and the luminosity. The two relations
ence is due to the combination of two effects: the Virgo sampleuld not be independent if Hubble type and luminosity were
found correlated one another. This has been shown not to be
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2) Less than 50% of the Elliptical galaxies have pure dV
profiles. This is in agreement with the | band surface brightness
study by Scodeggio et al. (1998).

The majority of E to Sb galaxies is best represented by a
B+D profile. Scd-BCD galaxies have pure exponential profiles.

3) The type of decomposition is a strong function of the total
H band luminosity (08 < Ly < 105 L ), independent
of the Hubble classification: the fraction of pure exponential
decompositions decreases with increasing luminosity, that of
B+D increases with luminosity. Pure dV profiles are absent
in the low luminosity rangeL; < 10! L. and become
dominant above0!! L .

BCD | e 4
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