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Abstract. We present a catalogue of aperture photome-
try of galaxies, in UBVRI, assembled from three different
origins: (i) an update of the catalogue of Buta et al. (1995)
(ii) published photometric profiles and (iii) aperture pho-
tometry performed on CCD images.

We explored different sets of growth curves to fit these
data: (i) The Sérsic law, (ii) The net of growth curves used
for the preparation of the RC3 and (iii) A linear interpo-
lation between the de Vaucouleurs (r1/4) and exponential
laws. Finally we adopted the latter solution.

Fitting these growth curves, we derive (1) the total
magnitude, (2) the effective radius, (3) the colour indices
and (4) gradients and (5) the photometric type of 5169
galaxies. The photometric type is defined to statistically
match the revised morphologic type and parametrizes the
shape of the growth curve. It is coded from −9, for very
concentrated galaxies, to +10, for diffuse galaxies.

Key words: galaxies: fundamental parameters —
galaxies: general — galaxies: photometry

1. Introduction

The magnitudes and diameters are two of the fundamen-
tal parameters defining the equilibrium status of galaxies.
This is particularly well illustrated by the formalism of the
Fundamental Plane of early type galaxies (Dressler et al.
1987; Djorgovski & Davis 1987), where the total magni-
tude and effective radius scale the mass and the gravita-
tional energy while the central velocity dispersion scales
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the kinetic energy, both being linked by the virial theo-
rem. In addition, colours and colour gradients characterize
the stellar populations (mean age and metallicity) and the
amount and distribution of absorbing material. Also, the
shape of the photometric profile (or of the growth curve)
enters the scaling relations (Prugniel & Simien 1997).

Since the beginning of the photometry of galaxies
(Whitford 1936) the bulk of photometric data available
has increased exponentially (Prugniel 1987). However,
these data are inhomogeneous both in their quality and
form: They are based on photoelectric, photographic or
CCD observations, and they are presented as centered
aperture photometry through circular or elliptical aper-
tures or as photometric profiles. The largest effort for
deriving the fundamental parameters on a whole-sky ho-
mogeneous form was part of the production of the Third
Reference Catalogue (RC3) (de Vaucouleurs et al. 1991;
Buta et al. 1995; Buta & Williams 1995). The princi-
ple was to use a catalogue of photoelectric photometry
(an update of the catalogues of aperture photometry by
Longo & de Vaucouleurs 1983, 1985, 1988) to fit curves of
growth and to derive magnitudes, diameters and colours.
Each individual original reference from these catalogue
was analysed, corrected for systematic effects and affected
a weight.

In order to take into account the continuously grow-
ing amount of of photometric data on galaxies, we have
written a non-interactive growth curve fitting algorithm
to derive magnitudes, radii, colour and colour gradients
and photometric type (ie. shape of the growth curve).

Our photometric database consists in: (1) an update
of the Longo & de Vaucouleurs catalogues of photoelectric
aperture photometry, (2) the photographic aperture pho-
tometry listed in the computerized version of the ESO-LV
catalogue (Lauberts & Valentjin 1989, hereafter ESO-LV,
(3) aperture photometry derived from published photo-
metric profiles, mostly from CCD observations (in particu-
lar the I-band photometry by Mathewson et al. 1992), and
(4) CCD photometry obtained at the 1.2 m telescope of
the Observatoire de Haute-Provence. Using this database
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we already derived the photometric parameters used in
Prugniel et al. (1993) and Prugniel & Simien (1994–1997).

In this paper we present our database (Sect. 2) and the
fitting method and homogenisation (Sect. 3). The shape
of growth curves is analysed in Sect. 4 and the derived
parameters and comparison with RC3 are presented in
Sect. 5. We discuss the physical meaning of the photo-
metric type in Sect. 6.

2. The database of aperture photometry

The aperture photometry catalogues published by Longo
and de Vaucouleurs (1983, 1985, de Vaucouleurs & Longo
1988) gather photoelectric aperture photometry in U , B,
V , R and I and are almost complete until 1985 in U , B
and V , and 1988 in R and I. We completed these cata-
logues with more recently published aperture photometry
(see references in Table 2) and we merged it with the cata-
logue used in Buta et al. (1995). We did not consider here
the infrared bandpasses (J , H, K, ...) because the corre-
sponding measurements are based on a different technol-
ogy and because their availability is still restricted com-
pared to the visible photometry. Beside the photoelectric
aperture photometry, we used the aperture photometry
given in the ESO-LV catalogue (we considered only the
B-band) and we selected 2-dimensional CCD photometry
from the literature. For the star-resolved dwarf spheroidal
companions of the Galaxy, we used published star-count
profiles.

We selected from the litterature the 2-dimensional
CCD photometry after two criteria: (1) The published
data are suited to our purpose (this excludes, in partic-
ular, the profiles for which the central part, saturated or
presumably affected by the seeing, is not presented). (2)
The data are available in electronic form from the authors
or from CDS or in the form of printed tables, which we
re-digitized (we did not use profiles published as graph-
ics). Finally, our database does not pretend to be com-
plete: digitizing all the published table would require a
huge amount of work.

With a few exceptions (e.g. Djorgovski 1985) the au-
thors of surface photometry do not give integrated magni-
tude within centered circular apertures but within ellipses
of varying position angle and ellipticity. Hence, we used
the ellipses parameters to re-construct images on which
we simulated aperture photometry. The set of simulated
aperture diameters was chosen to match the published
sampling along the minor axis. When the information was
given by the authors, we retained only the apertures of
diameter larger than 3 times the FWHM seeing and with
an internal error on the integrated magnitude smaller than
0.05. When the information could not be derived from the
description provided by the authors, we statistically deter-
mined it from the distribution of the residuals from the fit
(i.e. the residuals from the growth curves depart toward
larger magnitude for apertures affected by the seeing, we

retained only the aperture large enough for that effect
beeing smaller than 0.05 mag in average).

Excluding from the sample the galaxies having only
photometry from the ESO-LV, our database contains
aperture photometry on a total of 7744 galaxies from 445
references. Photoelectric photometry is available for 6129
galaxies, and surface photometry for 2774 galaxies.

The galaxy identifiers were adopted by descending the
hierarchy: (a) NGC name, (b) IC, (c) UGC or ESO, (d)
PGC (Principal Galaxies Catalogue, Paturel et al. 1992),
and (f) LEDA internal identifier (also acronymed PGC as
adopted in SIMBAD). We made use of the LEDA database
(operated at Observatoire de Lyon) and SIMBAD (oper-
ated by Observatoire de Strasbourg) for doing the cross-
identification. Finally, 7472 galaxies could be folded into
this hierarchy of identifiers. The remaining 272 objects
(4%) are identified by their coordinates (identifier A) and
could not be identified with any galaxy in LEDA, whether
because the coordinates are not known with a sufficient
precision (possibly leading to an ambiguous identification)
or because the galaxy is absent from LEDA.

Table 1, available only in electronic form, presents the
aperture catalogue.

3. Fitting method and homogenisation of the data

The growth curve fitting method has been initiated and
refined in the successive versions of Reference Catalogues
(de Vaucouleurs & de Vaucouleurs, 1964 = RC1, de
Vaucouleurs et al. 1976 = RC2; de Vaucouleurs et al. 1991
RC3). In this line of work, the growth curves (i.e. frac-
tional flux vs normalized aperture) are chosen dependent
on the morphological type of the galaxy, i.e. a different
growth curve is adopted for each morphological type. The
net of growth curves was adopted by averaging the growth
curves obtained for small sets of template galaxies of each
morphological type.

3.1. Photometric type

In the RC3, when the photometric data were numerous
and good enough the fit was performed with the differ-
ent growth curves and the best fit adopted for the de-
termination of the effective radius and total magnitude.
Hence, this determined a “photometric” type (see Buta
et al. 1995), by definition correlated with the morpholog-
ical type (because the growth curves were constructed by
averaging the observed growth curves of template galaxies
sampling the range of morphological types). However, the
correlation was not good enough for the photometric type
being considered as a measurement of the morphological
type.

Because the present database includes a large amount
of aperture photometry derived from CCD observations
(characterized by a very high internal consistency and well
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sampled growth curves), it will be possible to generalize
the determination of the photometric type.

3.2. Fitting of growth curves

The growth curves are expressed as functions of the pho-
tometric type Tphot, and of the normalised radius of the
circular aperture x = A/Ae where A is the aperture di-
ameter and, Ae the diameter of the effective aperture, in
tenths of an arcmin. They are defined as:

g(Tphot, x) = m∞ −m(x) (1)

where m(x) is the integrated magnitude within the aper-
ture x, and, m∞ = m(∞) is the asymptotic (or total)
magnitude.

The adopted nets of growth curves are described in
Sect. 4. The photometric type is defined to match the
morphological type coded as in RC2 by setting two condi-
tions: (1) g(−5, x) corresponds to the de Vaucouleurs law
and (2) g(10, x) to the exponential law.

Considering a set of measured magnitudes, mi, the fit,
by varying Ae and Tphot, consists in minimizing the quan-
tity:

δ2 =
∑

(wiδi)
2

(2)

where δi, the residual (in mag) for the measurement i, is:

δi = (mi(r) − g(Tphot, x)− ci −m∞) (3)

m∞, being determined from:∑
(wiδi) = 0. (4)

The correction term ci is:

ci = cc(i) + cr0(i) + crc(i). (5)

The different components of ci are defined as follows:

– cc(i) is the reduction of the magnitude measured in the
colour c into the B-band. It is based on a linear fit of
the colour indices vs. log(A) relations and is detailed
in Sect. 3.2

– cr0(i) is a zero-point correction applied to all the mea-
surements (converted into B) of the considered galaxy
from reference r (see details Sect. 3.4)

– crc(i) is a systematic correction applied to all the mea-
surements of reference r in the colour c. The determi-
nation of these corrections is detailed in Sect. 3.5

and, in Eq. (3), wi, the weight attached to measure-
ment i, is:

wi = wc(i)wr0(i)wrg(i)wrs(i)wd(i)wa(i) (6)

where,

– wc(i) is the weight associated with the uncertainty of
the “colour reduction”, i.e. the computation of cc(i).

– wr0(i) accounts for the precision of the zero-point de-
termination of reference r.

– wrg(i) is a weight globally affected to all the measure-
ments (in all the colours) from reference r.

– wrs(i) accounts for the density of the sampling of ref-
erence r.

– wd(i) is a clipping function aimed at rejecting the dis-
crepant measurements.

– wa(i) reduces the weight of the small apertures.

For each galaxy, the fit was performed using a down-
hill method, starting from guesses of log(Ae) and Tphot.
The guess for log(Ae) was an average of the measured
apertures, and for Tphot it was the morphological type
(hereafter Tmor) taken from LEDA. When Tmor was not
available in LEDA, we assumed Tphot = −5 for galaxies
noted as “Compact” and Tphot = +5 when classified as
“Diffuse”. For 300 remaining galaxies without any struc-
ture indication reported in LEDA, we arbitrarily assumed
initial Tphot = 0, but determined the photometric pa-
rameters only if the aperture data were sufficient to fit
Tphot. The morphological type of a galaxy in LEDA is the
weighted average of the different estimations available in
the database. According to Naim et al. (1995), the disper-
sion around such determination is typically 1.8. Because
the growth curves are monotonic, the choice of the start-
ing values only changes the rapidity of the convergence of
the fit.

We fitted the photometric type (Tphot) if at least 10
apertures were available and if the range in log(A) ex-
ceeded 0.7. Otherwise, we adopted the morphological type
Tmor for the determination of the other parameters, but
these galaxies were not included in the figures or in the
analysis of the residuals. The fitting procedure is auto-
matic. When the routine does not converge to stable val-
ues we only used the upper part of the growth curve to get
the total magnitude. At each step cc(i), cr0(i), wc(i), wd(i)
and wa(i) were recomputed, and wr0(i) was progressively
rised to 1 as cr0 was refined.

We initially started from equal weights wrg and wr0,
and no crc corrections for all the references, and we com-
puted these weights and corrections by analysing the resid-
uals from the fit for all the galaxies of our sample. The de-
terminations of the different parameters, correction terms
and their weights converged to stable values after about
10 iterations. As new references were incorporated in the
database, they were given initial low weights afterwards
set to their stable values.

3.3. Determination of the colour indices (cc) and associ-
ated weights (wc)

The growth curve fitting is done in the B-band, and the
measurements done in other bandpasses are converted to
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Fig. 1. Correlation of the internal errors on log(Ae) and BT. In
abscissae: The error on log(Ae) (expressed in tenth of arcmin).
In ordinates: The error on BT (in mag). The straight line is
the regression δ(BT) = 1.9δ(log(Ae))

the B-band by fitting a linear relation between the ob-
served colour indices, coc, and log(r):

coc(i) = αc + βc log(ri) (7)

where αc and βc are the two parameters fitted for the
colour c by minimizing:

∑
(wrg(i)wr0(i)wrs(i)wd(i)wa(i)

(αc + βc log(ri)− coc(i))
2. (8)

The colour index entering Eq. (5) is thus:

cc(i) = αc + βc log(ri). (9)

This fit provides with the colours reduced at the effec-
tive aperture and the colour gradients.

When the direct calibration in the B-band was not
possible, for example, if a galaxy was only observed in the
R-band, the conversion toward the B-band was done using
the mean colour index corresponding to the adopted value
of Tphot. These were determined a posteriori, see Sect. 5.

The reduction to the B-band was recomputed at each
iteration of the growth curve fitting to account for the de-
tection of discrepant measurements (through the clipping
function wd).

3.4. Zero-point correction (cr0) and weight (wr0)

An important characteristic of our database is the mixing
of photoelectric and CCD photometry. While the latter
has a very high internal consistency (≈ 0.01 mag against

≈ 0.04 mag for photoelectric photometry) its external pre-
cision (error on the zero-point) is not better, and often
worse than that of the former.

To account for this characteristic, we computed a cor-
rection, cr0 of the zero-point of each reference during the
fit of the growth curve.

cr0 is evaluated as the difference between the mean
residual for reference r and for all the others. This com-
parison is restricted to the range in log(x) where measure-
ments from more than one reference are available. The
correction is adopted if it is computed from at least 3
measurements and if it is decided statistically significant.

The weight wr0 is determined from the distribution of
the cr0 for all the sample.

The adopted wr0 are listed in Table 3.

3.5. Corrections (crc) and weights (wrg) associated with
each reference

We analysed the δi for all the sample, searching for sys-
tematic effects associated with the reference.

We determined colour-dependent corrections to indi-
vidual references, crc, whenever a significant systematic
residual was found.

The weights, wrg, are computed from the rms disper-
sion of the residuals for reference r.

These corrections and weights were computed after
several iterations over the whole sample, until stability
was reached. The corresponding wrg and crc are listed in
Table 3.

3.6. Sampling density weight (wrs)

A major source of uncertainty in the photometric mea-
surements results from the error in determining the sky
background to be subtracted. In general, each photoelec-
tric measurement of an object is accompanied with a
sky measurement, hence, even in a series of observations
(multi-aperture), all the observed magnitudes are inde-
pendent. At the contrary, the surface photometry proceeds
to a single (and likely more precise) sky determination.
Consequently, the magnitudes measured through the dif-
ferent apertures are not completely independent. Hence,
a finer sampling of the aperture range would unduely in-
crease the effective weight of the corresponding reference.
To tackle this effect, the weight is decreased by the factor
wrs = 15/m̄, where m̄ is the average number of aperture
measured for each galaxy in reference r, if m̄ > 15.

3.7. Clipping of the discrepant measurements (wd)

After each downhill step of the growth curve fit, the resid-
uals are searched for the detection of discrepant measure-
ments. Data farther than 3σ are clipped, i.e. wd(i) = 0,
and to avoid instability, wd is reduced for data in the range
2− 3σ. For other measurements, wd = 1.



Ph. Prugniel and Ph. Héraudeau: Magnitudes and colour of galaxies 303

3.8. Aperture dependent weight (wa)

On the one hand, the small apertures are affected by seeing
effect and, for the photoelectric photometry, by centering
errors. On the other hand, the large apertures are affected
by sky subtraction errors. To take into account these two
effects, the analysis of the residuals for the whole sample
lead us to compute a weight wa(logA) from the variation
of the rms residuals with logA.

3.9. The RC3 weighting function, and special corrections

A different system of weighting was adopted for the prepa-
ration of the RC3 (Buta et al. 1995). It is function of
the reference but also of the telescope aperture and mea-
sured magnitude. We did not perform a detailed compar-
ison with our weighting function, but qualitatively, the
zero-point corrections agree and both approaches show the
highest quality of the most recent observations.

The residuals for each references have been analysed
separately. In a couple of cases, this lead to corrections
which are not included in Eq. (5).

For example, the reference MIC − 82 (see Table 2) is
better corrected by subtracting 0.03 to log(A) than chang-
ing the magnitude zero-point. It may be due to an error on
the telescope scale, or to the use of an octogonal diaphram.
Apertures were also modified in references HOD− 63 and
WEG − 79. For the reference DJO − 85 (CCD in R), we
individually recalibrated the zero-point when it was pos-
sible.

3.10. Error estimates

The determination of the errors is derived from the distri-
bution of the residuals for a considered galaxy:

e1 =

√
δ2∑
wi

1

N − f
(10)

where N is the number of observations and f the number
degrees of freedom: f = 3 + h, (if Tphot was fitted) where
h is the number of references corrected for zero-point.

Hence, the errors on the three parameters were deter-
mined by estimating the variations in m∞, log(Ae) and
Tphot associated with e1, respectively e1, e2 and e3.

Because of the non-linearity of the fit, the errors on
each parameter are not independent, i.e. the error box is
not an ellipsoid with axes parallels to the axes of the pa-
rameter space. In particular, the correlation of the errors
on m∞ and log(Ae) is well documented, see e.g. Hamabe
& Kormendy (1987). Thus, we computed the errors, e4

and e5, on m∞ resulting from e2 and e3.
The total error on m∞ is:

δ(m∞) =
√

(e2
1 + e2

4 + e2
5). (11)

The correlation between the internal errors on m∞ and
on log(Ae) is shown in Fig. 1.

Fig. 2. Mean residuals from growth curves. Full line: INTERP,
Dashed line: Sérsic, Dotted: RC3. Each curve represents
the mean residuals (ordinate in mag; δ(m)= Observed −
Computed) vs. the normalized aperture (abscissa) for the
galaxies with T0 − 0.5 < Tphot < T0 + 0.5 where the photo-
metric type T0, labelled on the right side, runs from −9 to
10. The number of galaxies used to built each curve for the
INTERP fit is labelled on the left side (for the other fits, the
numbers are comparable). Each curve is shifted by a zero point
δ(m0) = 0.05Tphot

4. The shape of growth curves

In the Reference Catalogue of Brigth Galaxies (RC1, de
Vaucouleurs & de Vaucouleurs 1964) the asymptotic mag-
nitudes were derived from two parabolic growth curves,
one for the early type galaxies and one for late types. Then
in the RC2, the shape of the growth curves was determined
for each revised morphological type using photographic
surface photometry (de Vaucouleurs 1977). For each type,
4 to 12 galaxies were available. The set of growth curves
used in the RC3 results from the evolution of the curves
used in the RC2: the mean residuals from growth curves
for each morphological type were used to compute differ-
ential corrections.

In the present work, surface photometry is available
for 2774 galaxies. Hence we decided to reconsider the de-
termination of the shape of the growth curves.
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Fig. 3. Rms residuals from the growth curves fit vs. Tphot.
Dashed line: Sérsic, Dotted: RC3, Continuous: INTERP

A major difference with RC3 is that we are determin-
ing the shape of the growth curves independently of the
morphological type, hence, we call the parameter coding
this shape the photometric type. We have chosen to write
the photometric type in a scale comparable to the revised
morphological type by setting the conditions:

– Tphot = 10 for the dwarf galaxies with exponential
profile.

– Tphot = −5 for the elliptical galaxies with de
Vaucouleurs profile.

This scale extends toward Tphot < −5, reflecting the
existence of more concentrated objects, as discussed in
Caon et al. (1990).

4.1. Determination of the growth curve

We performed the fits with the three following sets of
growth curves. Each of them spanning the full range of
growth curves shapes, between exponential laws and struc-
tures even more concentrated than de Vaucouleurs law:

– Sérsic growth curves: The Sérsic growth curves were
used in Prugniel & Simien (1997) and proved to ef-
ficiently characterize the early-type galaxies. Indeed,
the derived Sérsic exponent, n, was found to correlate
with other galaxy parameters, and in particular with
the residuals from the Fundamental Plane.
In the present case, we converted the Sérsic exponent
into the photometric type with:

Tphot = 15− 5n. (12)

This relation returns the de Vaucouleurs law for
Tphot = −5 and the exponential law for Tphot = 10.
The comparison between the fitted Tphot and the mor-
phological type (see Sect. 5) did not justify any sophis-
tication of this relation.

Fig. 4. Histogram of total B-magnitude, BT, for the whole
sample and for galaxies with a quality Q ≤ 2 (hatched)

– RC3 growth curves:
The RC3 growth curves (RC3, Vol. 1, p. 28) were de-
rived by averaging, for each morphological type, the
growth curves of template individual galaxies with
available surface photometry.
For consistency with our other sets of growth curves,
we extrapolated the RC3 set toward values of Tphot <
−5 by Sérsic growth curves.

– de Vaucouleurs - exponential interpolation (hereafter
INTERP):
We finally used a linear combination between the de
Vaucouleurs g0 and exponential g1 laws:

g(Tphot, x) = (2/3− Tphot/15)g0(Tphot, x) +

(1/3 + Tphot/15)g1(Tphot, x). (13)

As in the Sérsic case, no further refinement was needed.

4.2. Adopted growth curves

The residuals from the growth curve fitting are displayed
in Fig. 2 for the three cases above. For computing these
mean residuals we only selected the galaxies for which the
fit was of the best quality (Q ≤ 2, see next section).

We note that the RC3 growth curves for late types
were not modified since RC2, and are probably out of
date, in particular considering the significant contribution
to the determination of the growth curves constituted by
the inclusion of the photometry of 1355 late type galaxies
from Mathewson et al. (1992). (Unfortunately, this latter
photometry is restricted to the I band. Thus, color gradi-
ents had to be assumed or fitted on other data). This may
partly explain the systematical wawy pattern apparent in
Fig. 2.



Ph. Prugniel and Ph. Héraudeau: Magnitudes and colour of galaxies 305

Fig. 5. Relation between the effective colour indices and the
photometric type. The continuous lines are the least square
fitted solution adopted for reducing the data to the B-band
when no direct calibration were available (See Sect. 5.2)

Figure 3 shows the rms dispersion about the growth
curves as a function of the photometric type for the three
sets. Both Sérsic and INTERP growth curves are compa-
rable, while RC3 is significantly worse.

Finally, we adopted INTERP rather than Sérsic
growth curves, because, in the course on this work,
analysing a restricted sample of late type galaxies, we
noted a systematic pattern in the residuals of the latter,
absent from the former.

5. Derived parameters and comparison with RC3

We ran the growth curve fitting program only for the
galaxies cross-identified in LEDA. Out of them the photo-
metric type (see Sect. 4) was determined for 3262 galaxies.
Figure 4 shows the histogram of BT for the whole sample
and for galaxies of quality Q ≤ 2.

5.1. Derived parameters

The derived parameters are summarized in Table 4 for
the 5169 galaxies for which a growth curve could be fit-
ted (2229 were rejected because only one aperture or two
apertures from different references were available).

Fig. 6. Relation between the colour gradients (in ordinates)
and the photometric type. The points are the average gra-
dients (in mag/ log(0.1 arcmin) computed in bins of width
δ(tphot) = 1. The error bars are the uncertainty on this mean
gradient, i.e., rms/(N − 1)1/2, where rms is the dispersion
within a given box and N the number of galaxies in this box.
Typically, rms ≈ 0.1 and N ≈ 100. The continuous lines are
the least square fitted solution adopted for reducing the data
to the B-band when no direct determination of the colour gra-
dients were possible

5.2. Comparisons with RC3

Figure 7 compares the total B magnitudes from RC3
and this study, respectively BT(RC3) and BT(PH), and
Table 7 summarizes the results of the comparison of differ-
ent derived parameters. The comparisons were restricted
to the galaxies with Q ≤ 2 and with an error on BT(RC3)
smaller than 0.4.

The systematic differences are significant. In average,
our determinations are ≈ 0.05 mag more luminous, and
≈ 0.15 mag/arcsec

2
less bright than those in RC3. The

differences in colours are consequences of those on BT and
µe, taking the colour gradients into consideration. These
differences are due to the choice of the set of growth curve,
as when using the RC3 set of growth curves our determi-
nations are consistent with RC3 to within 0.01 mag on
BT.
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Fig. 7. Comparison between total magnitudes from RC3,
BT(RC3) (in ordinate), and from this study, BT(PH) (abscissa).
The comparison is done for 1403 galaxies having the quality
flag: Q ≤ 2. The straight line corresponds to BT(RC3) = BT(PH)

Table 5. Coefficients of the linear regression between colour
indices (uc, vc) and colour gradients (ug, vg) with TPhot.
Coefficients u are the ordinates for Tphot=0 and v the slopes.
(See Figs. 5 and 6)

Colour uc vc ug vg

U −B 0.300 −0.027 −0.084 −0.002
B − V 0.870 −0.019 −0.071 −0.004
V −R 0.570 −0.006 −0.030 −0.002
V − I 1.179 −0.011 −0.059 −0.006

The few outliers apparent in Fig. 7 are galaxies for
which the RC3 fit was based on very few apertures. They
are: IC 5273 and NGC 4603 4679 5085 5398 7649

Figure 8 shows the error correlation between BT and
log(Ae), the line is the correlation observed for internal
errors (see Fig. 1). As already noticed by, e.g., Hamabe
& Kormendy (1987), this correlation is important. It may
significantly biases physical relations, in particular those
used as distance indicator. As illustrated by the compar-
isons with RC3, the external errors on BT and µe are much
larger than those derived from the formal errors on our
fitting parameters. If we a priori suppose that the errors
on both determinations are comparable, the external er-
rors are 0.15 mag on BT and 0.30 mag/arcsec2 on µe. The
comparisons between the results obtained with the three
sets of growth curves (INTERP, Sérsic, and RC3) give
comparable rms differences. This shows that the intrinsic
deviations from any set of growth curves for individual
galaxies is the dominant source of error.

Table 6. Distribution of the galaxies with the quality (Q)

Q Nb of gal

0 2191
1 751
2 2253
3 751
4 823
5 152
6 371

Table 7. Comparisons with RC3. N is the number of galaxies
used for the comparison (Q ≤ 2 and error on BT(RC3) ≤ 0.4).
The units mag/arcsec2 for µe and mag for the other quantities

Quantity N Mean difference rms
PH - RC3

BT 1648 −0.057 0.242
µe 1509 0.159 0.485

(U −B)e 1172 −0.006 0.083
(B − V )e 1501 0.003 0.045
(V −R)e 376 0.009 0.050
(V − I)e 374 0.007 0.090

Fig. 8. Correlation of the errors on BT and log(Ae). Abscissa:
Difference between the total magnitude (BT) from INTERP
growth curves and BT from RC3 (in mag). Ordinate: Difference
between the mean surface brightness within Ae from INTERP
growth curves and RC3 in mag/arcsec2. The comparison is
done for 1389 galaxies having the quality flag: Q ≤ 2
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Fig. 9. Comparison between Tmor and Tphot. Tphot is computed
with INTERP growth curves. Tmor is from RC3. Each point is
the mean Tphot associated with a given Tmor. The error bar
is the 1 − σ dispersion around this value. The galaxies with
Tmor = −5 and Tphot > 2 have been isolated. The comparison
is done for 1389 galaxies having the quality flag: Q ≤ 2

Fig. 10. Histogram of Tmor − Tphot

Using a one-parameter family of growth curves can
probably not represent the diversity of the galaxies, and
even for well observed galaxies we do not expect to reach
a precision on BT better than 0.1 mag.

6. Comment on the morphological and photomet-
ric classifications

The morphological types served as initial guesses in our
growth curves fits, but we produced photometric types
which we may consider independent from morphological
types.

The correlations between Tmor and Tphot is neverthe-
less very good, as seen in Fig. 9. The mean relation does
not significantly depart from Tmor = Tphot in the range
0 ≤ Tmor ≤ 9. For early type galaxies, Tphot < Tmor,
reflecting the weak dependence of the structure of these
galaxies on their morphological classification. The irreg-
ular galaxies Tmor = 10 have a large dispersion of Tphot.
The dispersion of Tmor at a given Tphot is around 4 (see
Fig. 10), significantly larger than the estimated error on
Tmor (around 1 in the LEDA database), and also larger
than the internal errors on Tphot (typically 0.3).

In Fig. 9, we have isolated the galaxies with Tmor = −5
and Tphot > 2 which are likely diffuse ellipticals, charac-
terized by an (almost) exponential profile and neverthe-
less classified as Tmor = −5. Indeed, the revised morpho-
logical type (de Vaucouleurs 1974, modified in RC2) in-
cludes in the same class the diffuse (dE; dwarf ellipticals)
and normal ellipticals (E). From a physical viewpoint,
however, E and dE are distinct families resulting prob-
ably from different evolutionnary and formation processes
(Fergusson & Binggeli 1994). Even, if a transition exists
between both families, such intermediate objects are rare
(Prugniel 1994).

Hence, at least for early-type galaxies, the correlation
between Tphot and Tmor is mostly an effect of the selection
of the sample. Using a volume-limited complete sample,
instead of the present sample of bright galaxies, we would
have found < Tphot >≈ 10 for the elliptical galaxies, be-
cause the diffuse ellipticals would dominate the sample
(as they do the the virgo cluster catalogue, Binggeli et al.
1984).

Finally, the photometric type characterizes the struc-
ture of galaxies, and should be considered as a new pa-
rameter, beside the morphological type.

7. Conclusion

In this paper, we have presented a catalogue of both pho-
toelectric and surface photometry concerning 7744 galax-
ies. We explored different sets of growth curves to fit these
data, and finally adopted interpolations between the de
Vaucouleurs (r1/4) and exponential laws. We then derived
the photometric parameters for 5169 galaxies, twice the
RC3 sample.
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While the use of growth curve fitting ignores the details
of the structure of galaxies: dust, arms, active nuclei... it
is still the most effective method to derive homogeneously
photometric parameters. The total magnitude, effective
aperture and photometric type hence determined, provide
a realistic basic description of the galaxies. Going further
requires accurate 2-D photometric analysis (Prugniel &
D’Onofrio 1997; Héraudeau & Simien, in preparation).

The data presented in this paper may also be conve-
niently consulted via Hypercat to: (http://www-obs.univ-
lyon1.fr/∼prugniel/cgi-bin/hypercat/).
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