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Abstract. CCD surface photometry of a small sample of dwarf
and intermediate luminosity elliptical galaxies in the NGC 5044
Group is presented. Their surface brightness profiles are fitted
with a Śersic law, and it is shown that a few relatively bright
galaxies with “convex” profiles destroy the known relation be-
tween total magnitude and the “shape” parameter (N ) of the
model, thus ruling out the use of this relation as a distance in-
dicator for individual galaxies. Even eliminating these deviant
galaxies, as well as those with poor quality profiles, the scatter of
the luminosity – shape relation remains relatively high, despite
that depth effects should not be important in this small group of
galaxies. In addition, the fact that there is a lower limit in the
size of galaxies which can be resolved in more distant clusters
causes the observed luminosity – shape relation to change both
its slope and its zero point as distance increases, limiting also
its practical use as a distance indicator for groups of galaxies.

An alternative is explored using the known relation between
integrated magnitude and effective surface brightness as a dis-
tance indicator, and it is found that its zero point also changes
depending on the mean sizes of the galaxies included in each
sample. Mean distances for groups of galaxies obtained with
this method should then be taken with care.

The effects of seeing on the derived photometric parameters
are also investigated in an empirical way.

Three very faint, previously non-catalogued, dwarf-
spheroidal galaxies were also detected, and their photometric
data are given, along with their coordinates.

Key words: galaxies: structure – galaxies: photometry – galax-
ies: fundamental parameters – galaxies: elliptical and lenticular,
cD – galaxies: distances and redshifts – galaxies: clusters: indi-
vidual: NGC 5044 Group

1. Introduction

The use of the luminosity profiles of dwarf elliptical (dE) galax-
ies as a distance indicator has been considered as a potentially
powerful tool because of the large number of dEs in clusters of
galaxies and the relative ease with which the profile parameters

can be determined. Bothun et al. (1989) were the first to de-
velop a method involving the surface brightness profiles of dEs,
and applied it to the determination of the relative distances be-
tween the Virgo, Fornax, and Centaurus clusters. Basically, they
fitted the profiles of their galaxies with exponential functions
(I(r) = I0 e− r

α ) and then selected, within each cluster, those
galaxies with similar scale lengths (α); with these conditions,
total magnitude depends only on central surface brightness (I0),
and the relative distributions ofα can be used to derive the rel-
ative distance moduli to the clusters [Note that in the present
paperα corresponds toα−1 using the notation of Bothun et
al. (1989)]. This technique has the advantage of its simplicity,
but the condition that galaxies with profiles departing from an
exponential must be rejected restricts its use only to relatively
rich clusters of galaxies.

The fact that useful information about the luminosity of
dEs was present in theshapeof their profiles was already
known from several studies which had revealed that, although
most dEs could be reasonably well fit by exponentials, brighter
dEs tended to have a bulge-type component, while the fainter
dwarfs usually had large, flat cores (Karachentseva et al. 1987;
Caldwell & Bothun 1987; Impey et al. 1988). The first ones
have then profiles more resembling anr

1
4 law, while the lat-

ter have profiles showing a curvature in the opposite way, i. e.:
“concave” and “convex”, respectively, in a surface brightness
(in mag arcsec−2) vs.r plot, where an exponential is a straight
line. This luminosity – shape relation can be quantified using a
Sérsic (1968) law, instead of an exponential, to fit the profiles.
The Śersic law

I(r) = I0 e−( r
α )N

, (1)

in intensity units, or

S(r) = S0 + 1.086
( r

α

)N

(2)

in mag arcsec−2 units (whereS0 is the central surface bright-
ness), is a more flexible fitting formula because it includes a third
free parameter (N ) which controls the shape of the profile. Its
popularity is now growing, as can be judged from a number of re-
cent papers where it has been used to fit the profiles of dE galax-
ies [Davies et al. 1988; Young & Currie 1994, 1995; Cellone et
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al. 1994 (hereafter CFG); Durrell et al. 1996; Durrell 1997], as
well as bright E galaxies (Caon et al. 1993; Saglia et al. 1993a;
D’Onofrio et al. 1994, 1997; Graham et al. 1996), and bulges of
S galaxies (Andredakis et al. 1995; de Souza & dos Anjos 1998;
Young et al. 1998). Note that both the de Vaucouleurs and the
exponential laws are particular cases of the Sérsic law, with
N = 0.25 andN = 1, respectively.

Caon et al. (1993) and D’Onofrio et al. (1994) have shown
that the shape parameterN (n−1 with their notation) correlates
with the global parameters of the Fundamental Plane for (bright)
early-type galaxies, either the effective radiusre or the absolute
blue magnitudeMB . On the other hand, Young & Currie (1994)
used the relation betweenMB andN for a sample of dEs to de-
rive a distance modulus(m−M)0 = 30.70±0.30 for the Fornax
Cluster. The same authors used an alternative relation between
the scale length andN to estimate the individual distances to
64 Virgo Cluster dEs (Young & Currie 1995). However, it has
been shown that this luminosity – shape (L − N ) relation has
a scatter too large to be useful for individual galaxies, and the
resulting error in distance modulus can be larger than 2 mag-
nitudes (Durrell et al. 1996; Durrell 1997). Later, Binggeli &
Jerjen (1998) strongly criticized Young & Currie (1994, 1995)
for the same reason, and clearly showed that using theL − N
relation for individual galaxies may lead to wrong results. (But
see also Young & Currie 1998.)

Selection effects were explored by CFG, who showed that
theL−N relation for dwarf ellipticals can be spuriously caused
when galaxies within a narrow range of isophotal surface bright-
ness are selected for detailed surface photometry. In this way,
relatively bright (faint) dwarfs with convex (concave) profiles
could be excluded from the observed samples because of their
higher (lower) than average surface brightnesses.

This paper presents new data for a small sample of dwarf
members of the NGC 5044 Group of galaxies, with the idea of
further investigating theL − N relation in a relatively small
group of galaxies where depth effects are minimized, placing
emphasis on some observational problems which can affect it.
Sect. 2 describes the observations, while the fitting of the sur-
face brightness profiles is described in Sect. 3. In Sect. 4 the
effects of seeing are investigated, and the practical use of the
L − N relation as a distance indicator is discussed in Sect. 5.
The conclusions of this work are summarized in Sect. 6.

2. Sample selection and observations

The galaxies were taken from the catalogue of Ferguson &
Sandage (1990, hereafter FS90), which lists 162 (true, likely,
and possible) members of the NGC 5044 Group, 69% of which
are classified as dwarfs, either elliptical or irregular. The au-
thors give three different determinations of its distance modu-
lus relative to the Virgo Cluster, ranging from∆(m − M)0 =
2.26 to ∆(m − M)0 = 1.5 mag. Using their average value
∆(m − M)0 = 1.85 and a distance modulus for Virgo
(m − M)V = 30.04 (Ferrarese et al. 1996), a distance mod-
ulus (m − M)0 = 31.9 is obtained for the NGC 5044 Group.
The whole surveyed area is about 630 kpc across, and the core

radius of the group as given by FS90 is 12.6 arcmin, which cor-
responds to 88 kpc, or roughly13 the core radius of the Virgo
Cluster (rc = 249 kpc); hence, depth effects are expected to be
lower in the NGC 5044 Group as compared to Virgo. Several re-
gions within the projected area of the group were selected with
the sole condition that at least two galaxies, classified as dwarfs,
could fit within the useful field of the instrument (see below).
This procedure maximized the efficiency in telescope time uti-
lization, and, at the same time, it guaranteed that the objects were
selected as “blindly” as possible, in order to avoid introducing
further selection effects than those already present in the orig-
inal catalogue, except for the unavoidable limit in magnitude.
This limit was estimated atBT ' 18.5 mag (MBT ' −13.4,
with the adopted distance) for the instrumental setup to be used,
but depending also on angular size and surface brightness. This
is not a detection limit, but rather a limit set by the impossibility
of measuring with accuracy the surface brightness profiles of
the faintest dwarfs, which are usually small and very low sur-
face brightness (LSB) objects (see below, and see also Sect. 4).
The catalogue is said to include all galaxies with diameters at
theSB = 27 isophote larger than 16 arcsec; since a fraction of
them have magnitudes up toBT = 19.8 mag, an additional bias
against the faintest galaxies was introduced in my sample.

Five such fields were observed with the 2.15 m telescope
at CASLEO1 (San Juan, Argentina) during two nights in May
1996, using a liquid-nitrogen-cooled direct camera equipped
with a Tek 1024 CCD. The chip’s gain and read-out noise were
set to1.98 electrons/adu and 9.6 electrons, respectively. A focal
reducer provided a scale of 0.82 arcsec/pixel, resulting in a use-
ful field ∼ 9 arcmin in diameter. Both nights were photometric:
May 10, when allV band images were obtained, and May 13,
when the same fields were observed through aB filter. Each ob-
servation was fragmented into three or more shorter exposures,
in order that cosmic-rays could be identified and excised from
the individual images using a semi-interactive procedure before
they were summed up. Table 1 gives the J1950 coordinates of
the centre of each field along with the effective exposure times
in B andV . The last column lists the dwarf galaxies included
within each field, with the same numeration as in the catalogue
(FS90), preceded by “N” (standing for “number”).

Several standard stars fields (Landolt 1992) were also ob-
served at different airmasses for deriving the transformation
equations to the standard system. The IRAF package was used
for de-biasing and flat-fielding purposes, as well as for most
of the image processing and photometry. Dome flats were used
to correct theV images, while twilight flats gave better results
with theB frames. The final images were flat to∼ 1% of the
sky level, with low spatial frequency variations up to∼ 2% in
a few frames.

Three new dwarf galaxies were identified from visual in-
spection on two of the fields. They are named in this paper by

1 The Complejo Astrońomico El Leoncito (CASLEO), is operated
under agreement between the Consejo Nacional de Investigaciones
Cient́ıficas y T́ecnicas de la República Argentina and the Universities
of La Plata, Ćordoba, and San Juan.
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Table 1.Observations.

Field αc δc Exp. time (B) Exp. time (V ) Galaxies
sec sec

1 13h 11m 07s −16◦ 05′ 00′′ 2700 3600 N29, N30
2 13h 11m 39s −16◦ 09′ 47′′ 2280 1650 N34, N42, N49,N49A
3 13h 11m 54s −16◦ 16′ 00′′ 2700 2400 N50, N51, N55, N66
4 13h 12m 53s −16◦ 20′ 19′′ 1380 2100 N83,N83A, N95,N95A, N98, N99
5 13h 13m 51s −15◦ 45′ 44′′ 2160 2700 N122, N124

Table 2.Coordinates of new galaxies.

Name α1950 δ1950

N49A 13h 11m 50.6s −16◦ 08′ 38′′

N83A 13h 12m 46.3s −16◦ 18′ 11′′

N95A 13h 12m 58.6s −16◦ 22′ 37′′

appending an “A” to the name of the nearest known dwarf (they
are listed in italics in Table 1). Their coordinates, measured by
offset from known objects in the same fields, are given in Ta-
ble 2, with estimated accuracies of about 10 arcsec. AbsoluteV
magnitudes and(B − V ) colours corrected for Galactic extinc-
tion (EBV = 0.03, Burstein & Heiles 1984), along with mor-
phological types and membership codes (1: definite, 2: likely,
3: possible) from FS90 are given in Table 3 for all observed
galaxies. Two of the new galaxies (N49A, N83A) have lumi-
nosities comparable to those of Local Group dwarf spheroidals,
while the third one (N95A) is nearly two magnitudes brighter
than the faintest catalogued dEs in the group; it was probably
not included in the catalogue because of its very low surface
brightness.

Note that according to their absolute magnitudes the bright-
est galaxies in the present sample are not “true” dwarfs, but
rather intermediate luminosity galaxies [or “low luminosity el-
lipticals”, using the nomenclature given by Prugniel (1994)].

3. Surface brightness profiles

3.1. Elliptical isophotes fitting

As is usual when observing dwarf galaxies, there were plenty of
sky pixels in all the frames; this is an advantage, because most
dwarfs are LSB objects, and hence their profiles are strongly
affected by small errors in the adopted sky level. A first sky
subtraction was made on the individual images, fitting the sky
level with a plane; after summing them up, the sky was checked
again.

The program objects were then identified on the final im-
ages, and each galaxy was analyzed separately. Foreground stars
as well as neighbour and background galaxies were masked out.
The fitting of elliptical isophotes, along with the measurement
of the surface brightness profiles, was made with the ELLIPSE
task within STSDAS–IRAF, allowing the centre, ellipticity (ε),
and position angle (ϕ) of each ellipse to vary freely, except for

Table 3.Global Parameters.

Name Type Memb. MV (B − V )0
mag mag

N29 d:E 1 −17.57 ± 0.01 0.84 ± 0.03
N30 dE,N 1 −17.23 ± 0.02 0.80 ± 0.03
N34 d:E,N 1 −16.43 ± 0.01 0.83 ± 0.03
N42 dE,N 1 −17.40 ± 0.01 0.75 ± 0.02
N49 Im III 1 −16.71 ± 0.01 0.49 ± 0.02
N49A – – −12.07 ± 0.09 0.83 ± 0.22
N50 dEpec,N/BCDring 1 −17.31 ± 0.01 0.76 ± 0.02
N51 dE,N 1 −16.77 ± 0.03 0.91 ± 0.04
N55 dE 2 −12.66 ± 0.05 0.52 ± 0.10
N66 dE,N 1 −15.90 ± 0.02 0.75 ± 0.03
N83 dE 1 −15.86 ± 0.02 0.97 ± 0.04
N83A – – −12.27 ± 0.04 0.85 ± 0.14
N95 dE,N? 1 −14.89 ± 0.02 0.93 ± 0.08
N95A – – −14.15 ± 0.13 0.93 ± 0.31
N98 dE 3 −13.66 ± 0.09 1.11 ± 0.15
N99 ? or dE 3 −12.12 ± 0.05 1.68 ± 0.25
N122 dE 1 −15.49 ± 0.02 0.67 ± 0.04
N124 dE(Displaced N),N? 2 −14.75 ± 0.04 0.94 ± 0.08

the very inner and the outer regions, where they were fixed to
the average values of the nearest 10–12 points. The inner region
was defined as those isophotes with semi-major axisa < 8 pix
(6.5′′), where the small number of pixels of each isophote pre-
vents a good convergence of the ellipse-fitting algorithm and
seeing effects are stronger (see next section), while the outer re-
gion comprised those isophotes with a mean surface brightness
fainter than the sky rms.

A final fine-tuning of the sky level (typically a few adu) was
made by plotting the total flux vs. semi-major axis, and checking
that the total flux attained a constant value for sufficiently large
values ofa (∼ 2 arcmin, or roughly 17 kpc with the adopted dis-
tance). This method does not depend on any assumption about
the shape of the profile, but it only requires that the luminous
contribution from the galaxy vanishes far away from its centre
(see for example Binggeli et al. 1984).

3.2. Model fitting

For each galaxy, the surface brightness profile (in magnitudes
per square arcsecond) was plotted against the reduced radius
(r = a

√
1 − ε), and a Śersic function (Eq. 2) was fitted to the
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Table 4.Parameters of the Sérsic law fits.

Name S0 α N ∆N VT re Se

mag arcsec−2 arcsec mag arcsec mag arcsec−2

N29 18.90 ± 0.02 0.95 ± 0.02 0.54 ± 0.00 −0.00 14.74 ± 0.07 9.4 ± 0.3 21.60 ± 0.03
N30 20.25 ± 0.02 2.77 ± 0.05 0.69 ± 0.00 −0.01 15.02 ± 0.05 10.6 ± 0.3 22.15 ± 0.03
N34 19.80 ± 0.02 1.09 ± 0.02 0.60 ± 0.00 −0.17 15.95 ± 0.06 6.8 ± 0.2 22.11 ± 0.03
N42 23.02 ± 0.02 17.43 ± 0.20 1.43 ± 0.02 −0.04 15.34 ± 0.04 18.4 ± 0.4 23.66 ± 0.03
N49 21.49 ± 0.01 7.10 ± 0.04 1.36 ± 0.01 −0.04 15.70 ± 0.02 7.9 ± 0.1 22.18 ± 0.01
N50 20.91 ± 0.01 6.93 ± 0.04 1.34 ± 0.01 −0.07 15.16 ± 0.02 7.8 ± 0.1 21.63 ± 0.01
N51 22.71 ± 0.10 8.35 ± 0.69 0.88 ± 0.04 −0.02 15.82 ± 0.25 17.9 ± 2.4 24.08 ± 0.14
N55 22.08 ± 0.15 0.78 ± 0.13 0.61 ± 0.03 −0.47 19.03 ± 0.50 4.6 ± 1.3 24.34 ± 0.23
N66 21.70 ± 0.03 3.63 ± 0.11 0.82 ± 0.01 −0.03 16.44 ± 0.09 8.9 ± 0.4 23.19 ± 0.05
N83 22.44 ± 0.02 6.10 ± 0.13 0.93 ± 0.02 0.02 16.37 ± 0.07 11.6 ± 0.5 23.69 ± 0.04
N95 20.40 ± 0.17 0.65 ± 0.12 0.55 ± 0.03 0.08 17.24 ± 0.54 5.6 ± 1.7 22.99 ± 0.25
N95A 16.00 ± 0.05 < 1 × 10−3 0.17 ± 0.00 0.16 17.09 ± 1.05 38.8 ± 28.3 27.03 ± 0.40
N98 13.78 ± 0.13 < 1 × 10−3 0.22 ± 0.01 – 18.07 ± 1.16 2.5 ± 2.1 22.04 ± 0.50
N122 21.18 ± 0.03 1.61 ± 0.05 0.64 ± 0.01 −0.03 16.77 ± 0.09 8.2 ± 0.4 23.32 ± 0.05
N124 15.15 ± 0.75 < 1 × 10−3 0.24 ± 0.02 0.16 17.08 ± 2.19 5.0 ± 15.9 22.56 ± 1.10

data, using the NFIT1D task within STSDAS–IRAF. The same
inner and outer cutoffs in radius previously adopted for isophote
fitting (see Sect. 3.1 above) were set for the profile fitting algo-
rithm. This ensured that those data points more heavily affected
by seeing (see Sect. 4) and by sky noise were not included in the
fit. Prominent nuclei or small bulge components were excluded
from the fits (in N42 and N51) as well as “bumps” in the outer
regions of two profiles, caused by an extended LSB feature in
N122, and probably by a foreground or background object not
properly masked out in N34.

The three parameters of the model (S0, α, andN ), along
with their respective errors, are given in Table 4. The errors were
estimated in the following way: the sky brightness was varied
in plus/minus its mean error (normally a few adu), and then the
profile was re-computed and a new fit was made. This procedure
gave larger (and probably more realistic) error estimates than the
formal errors provided by the NFIT1D task, so the former were
adopted. An additional check of the stability of the fits was made
by re-fitting the profiles after changing the outer radial cutoff to
the isophote withI(r) = 1

2σSKY. The difference (∆N ) between
the value ofN obtained with this last (12σ) cutoff and the original
(1σ) one was calculated and is also shown in Table 4.

Some of the resulting surface brightness profiles, along with
V band images of the corresponding galaxies, are shown in
Fig. 1. (All the images are displayed using the same range of
grey-scale levels.) While fits to bright (and large) galaxies give
very stable results, the results for the fainter (and also smaller)
dwarfs are affected both by a lower signal-to-noise ratio and
by the fact that the range between the inner and outer radial
cutoffs is very small. For three galaxies (N49A, N83A, N99) no
fit was at all possible since their profiles did not extend much
further than the seeing PSF. Four other galaxies (N55, N95A,
N98, and N124) produced very unstable fits, as can be judged
from their large∆N values. I will return to them in Sect. 4,
while discussing seeing effects.

Fig. 1 illustrates the fact that the Sérsic law fits fairly well
most of the profiles, except for their innermost and outermost
regions, turning the choice of the range in radius over which the
fit will be done into a crucial point (Durrell 1997). Nearly ex-
ponential or convex-shaped models (N & 1) usually fall below
the brightness enhancements due to nuclei or central bulge-type
components (e. g.: N42, N50, N51), while concave-shaped mod-
els (N < 1) tend to overestimate the central surface brightnesses
when no prominent nucleus is present (e. g.: N30). Although this
last behaviour is enhanced with bad seeing, it is usually observed
under fairly good seeing conditions (CFG; Durrell 1997). An
extreme example is given by N95A, where the strong coupling
between the three parameters of the Sérsic law produces a spuri-
ously high central surface brightness. Regarding N42, attempts
to fit two different Śersic laws, one for the inner bulge-type
component and another one for the main body of the galaxy,
give varying results depending on the limits in radius selected
for each fit. In any case, most solutions give largeN values
(N > 1.5) for the outer, main component of the galaxy. On
the other hand, the outer portion of the profile of N50 shows
what seems to be the effect of a bright star (V ' 16) some 30
arcsec from the centre of the galaxy. This up-turning portion of
the profile lies beyond the1σ cutoff (and belowSV = 27 mag
arcsec−2), and is thus not considered as a real feature of the
galaxy.

TotalV magnitudes were calculated integrating Sérsic’s law
(Eq. 1) to infinity, giving:

VT = S0 − 2.5 log(2πα2) − 2.5 log
[
Γ
( 2

N

)
N

]
. (3)

The effective radius (or half–light radius,re) has no analytical
expression, so it was obtained numerically for each galaxy. The
mean surface brightness within the effective radius (Se) was
then calculated as

Se = VT + 5 log(re) + 2.5 log(2π), (4)



S.A. Cellone: Dwarf galaxies in the NGC 5044 Group 407

Fig. 1.V band images and surface brightness profiles for several selected galaxies. The images are 1.5 arcmin on a side, with North up and East
to the left. Small ticks below the profiles show the inner (8 pix) and the two outer (1σ and 1

2σ) cutoffs in radius for model fitting. The fitted
models are shown with solid lines. Error bars are not shown when they are smaller than the symbol size.
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Fig. 1. (Continued)
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or

Se = S0 + 5 log
(

re

α

)
− 2.5 log

[
Γ( 2

N )
N

]
. (5)

It can be shown thatre
α depends only onN , and thenSe does

not depend onα. These calculated parameters are also shown in
Table 4. The magnitudes and colours in Table 3, instead, were
obtained from the observed profiles with no model assumption,
to allow for those galaxies whose profiles couldn’t be fitted with
the model.

4. Seeing effects

The effects of seeing on the photometric parameters
of elliptical galaxies have been studied using differ-
ent techniques (e. g.: Franx et al. 1989; Peletier et al. 1990;
Saglia et al. 1993b). These studies have shown that the effects of
seeing on surface brightness and ellipticity profiles may extend
up to several PSF radii.

The observations presented in this paper were obtained un-
der rather mediocre seeing conditions and, in addition, the tele-
scope had small tracking errors. This resulted in a non-circular
PSF, with Gaussian fits to its minor and major axis giving
FWHMY ' 2.0′′ and FWHMX ' 2.8′′, respectively, with
small variations between different frames. However, the actual
shape of the PSF was not Gaussian, having notably larger wings.
The adopted approach, then, was to evaluate the effects of see-
ing on this particular set of observations using an empirical PSF
obtained from the same data using IRAF–DAOPHOT routines.
A set of artificial galaxies following a perfect Sérsic law and
spanning a broad range in the relevant parameters was gener-
ated, and then convolved with the empirical PSF. The surface
brightness profiles of these convolved artificial galaxies were
then obtained and fitted with a Sérsic law, in the same way as
was previously done with the observed galaxies. The effects
of seeing were evaluated by comparing the “observed” and the
“original” parameters for the convolved artificial galaxies.

A total of 55 artificial galaxies were generated with fixed
central surface brightness, and spanning the following ranges
in scale length and shape parameter:0.001′′ ≤ α ≤ 10′′, and
0.25 ≤ N ≤ 1.50, respectively. Most of them were round, but
several non-circular (ε = 0.5) and a few “nucleated” artificial
galaxies (i. e., with a point source 10% the luminosity of the
galaxy added at its centre, before the convolution) were also
generated, in order to check for any differences compared to
circular, non-nucleated galaxies. No noise or constant sky level
were added. Although a complete study of seeing and instru-
mental effects would require the inclusion of these factors, along
with the generation of a larger sample of artificial galaxies con-
volved with different PSFs, the present approach is sufficient to
evaluate the global effects of seeing on the measured photomet-
ric parameters of this particular sample of galaxies.

Fig. 2 shows the differences between each measured param-
eter and the original one [∆S0,∆ log(α), and∆ log(N), respec-
tively] against the measured effective radiusre. It is evident that
for sufficiently large galaxies the original parameters are recov-

a

b

c

Fig. 2a–c.Measured (after convolution with PSF) minus original pa-
rameters against measured effective radius for 55 artificial galaxies:
a central surface brightness,b logarithm of scale length, andc log-
arithm of shape parameter. Squares: round, non-nucleated galaxies;
triangles:ε = 0.5, non-nucleated galaxies; crosses: round, nucleated
galaxies. Dashed lines are least-squares fits forlog(re) ≤ 0.5′′.

ered with small errors, but for galaxies withre . 5′′ the param-
eters are systematically underestimated because of seeing and
sampling effects. (Note that, at least in principle, it seems pos-
sible to recover the original parameters for the smaller galaxies;
however, the scatter is large, specially forN , and trying to apply
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Fig. 3.Luminosity – shape relation for NGC 5044 Group dwarfs (filled
circles) and Fornax Cluster dwarfs form CFG (open circles).

a correction to individual objects may lead to meaningless re-
sults.) The few nucleated and flattened artificial galaxies follow
the same trend as round, non-nucleated ones.

Four galaxies in the present sample haveN values too low
for their luminosity. They were already mentioned in the pre-
ceding section because of the poor quality of their profile fits.
Three of them (N55, N98, and N124) havere ≤ 5′′, and so it
is assumed that their observed parameters are flawed by seeing.
[Alternatively, N98 may be a background object, as judged from
its red colour (see Table 3); the same holds true for N99 (see
Sect. 3.2).] The fourth one (N95A) has a formally large mea-
sured effective radius; however, its associated error, as well as
∆N , are abnormally large (the quality of its fit is very poor), and
so its measured parameters are most probably wrong. Hence,
these four galaxies will not be included in the following analy-
sis. N95 hasre = 5.6′′, i. e., very near to the boundary where
seeing effects begin to be significant; it is retained within the
sample, although with caution since itsN is then probably un-
derestimated.

5. The luminosity – shape relation

The L − N relation for the remaining 11 dwarfs in the NGC
5044 Group sample is plotted in Fig. 3 (filled circles). Also
shown are 15 Fornax Cluster dwarfs from CFG (open cir-
cles). TheV magnitudes for the Fornax dwarfs were calcu-
lated from theirT1 magnitudes using the transformations of
Geisler (1996), and assuming a difference in distance moduli be-
tween NGC 5044 and Fornax∆(M − m)N5044−F = 1.60 mag
(FS90), and a difference in reddenings∆EBVN5044−F = 0.03
(Burstein & Heiles 1984).

It is clear that most of the NGC 5044 dwarfs merge with
and extend towards brighter magnitudes theL − N relation
for Fornax dwarfs, making evident that the former belong to
a population of intrinsically brighter objects than the Fornax
sample. However, three galaxies (N42, N49, and N50) clearly
depart from the relation, with shape parametersN too high (i. e.,
too “convex” profiles) for their luminosities. These are bright,
relatively large dwarfs, with high signal-to-noise profiles, and

so their observed parameters are reliable. It is necessary then to
explore whether any peculiarity is the cause of the abnormally
largeN values for these three galaxies.

5.1. The three “outliers”

It has been argued that galaxies with different stellar populations
from most galaxies in a given sample are likely to have different
structural parameters, departing then from theL − N relation
(Young & Currie 1998). N49 clearly stands out of my sample
with a very blue colourB − V = 0.49; it is classified as Im III,
which is evident from Fig. 1, where several blobs can be seen
on an irregular LSB body. Its profile was fitted with a Sérsic
law with N = 1.36; however, two exponentials with different
slopes could have also worked well.

N50, in turn, is classified aspeculiaror ringed blue compact
dwarf; however, no peculiar morphology is evident from my im-
ages, which show very symmetric isophotes. (It can be argued
that seeing may have smoothed out any subtle feature; however,
note that the irregular morphology of N49 is clearly evident, de-
spite of seeing.) Moreover, its colour is only 1 sigma lower than
the mean for the whole sample (〈B − V 〉 = 0.84 ± 0.16), and
far too red for a BCD (e. g.: Thuan 1983). The new photometry
presented here shows that N50 may indeed be termed “com-
pact”, although surely not “blue”. Its compact appearance is
then not due to current star formation or a significantly younger
population dominating its overall luminosity.

Finally, N42 is classified as a normal nucleated dwarf ellip-
tical; its profile shows a very bright nucleus and a bulge-type
component extending out to≈ 18′′, but the outer, main portion
of the profile is clearly convex, yieldingN = 1.43. Its colour
is similar to that of N50, i. e., not significantly lower than the
mean of the sample. Note that with the usual practice (at least
for bright ellipticals) of plotting surface brightness againstr

1
4 ,

which puts too much emphasis on the inner portions of the pro-
file, N42 seems to be well fit by a de Vaucouleurs law, except
for its outer regions, as if it were tidally truncated. However, the
nearest massive galaxy, the SB0 NGC 5030 (MB = −17.7),
lies at a projected distance of 6.1 arcmin (∼ 43 kpc). Instead,
the projected distance from the SBa NGC 5035 (MB = −18.0)
to N50 is only 3.6 arcmin (∼ 25 kpc), so there is a higher prob-
ability for this dwarf than for N42 to be tidally affected by a
massive neighbour, although no conclusive evidence is avail-
able in either case.

So, only N49 should be excluded from the sample because of
its stellar content being different from normal dEs. N42 and N50
are then genuine dwarf or intermediate – luminosity ellipticals
that do not obey theL − N relation. Note that theirVT are
at least 3 mag brighter than predicted by theirN values. The
alternative of their being foreground objects is ruled out by the
results of low resolution spectroscopy obtained with the same
telescope on April 1997. A preliminary reduction of these data
gavevr = 2 660 ± 180 km s−1 for N42, andvr = 2 390 ±
130 km s−1 for N50, i. e., both in very good agreement with the
radial velocity of NGC 5044 itself as well as the only two other
bright early type galaxies with known redshifts in the group
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(Huchra et al. 1983). Unfortunately, no spectroscopic data are
available for N49. The radial velocities of N42 and N50 thus
confirm their classification as definite members of the group
by FS90 on a morphological basis. It is important to test this
morphological criterion, since it has been successfully verified
in nearby clusters (Binggeli et al. 1993), but it fails for more
distant clusters, like Coma (e. g.: Adami et al. 1998). A detailed
spectroscopic study of a few galaxies from this sample will be
presented in a forthcoming paper (Cellone, in preparation).

5.2. The role of surface brightness

The data presented in this paper support the claim that theL−N
relation is inappropriate as a distance indicator for individual
galaxies. However, it could still be useful for a group of galax-
ies from which very deviant objects could be eliminated. To ex-
plore this I compared the NGC 5044 dwarfs with the large (pho-
tographic) Virgo Cluster sample of Binggeli & Jerjen (1998).
Total blue magnitudes (BT) for the NGC 5044 dwarfs were cal-
culated fromVT and(B − V )0, and theN values from theV
band fits were used, instead of fitting the (generally noisier)B
profiles. This assumes that there are no meaningful colour gradi-
ents, which is normally true for dEs (Caldwell & Bothun 1987;
CFG; Durrell et al. 1996; Durrell 1997).

Fig. 4 showslog(N) againstBT for Virgo (all triangles) and
NGC 5044 Group dwarfs (filled circles). The large scatter for
the Virgo sample data, on which Binggeli & Jerjen (1998) based
most of their strong critique to the use of theL−N relation for
distance determination purposes, is evident. With the inclusion
of the “three outliers” and the probably undersampled N95 the
scatter of the NGC 5044 Group data is even worse; although
it is substantially reduced when these four galaxies are elimi-
nated. The dashed line is a least-squares fit to the whole Virgo
sample (rms = 0.9), while the solid line is a fit using the same
slope to the seven remaining dwarfs in the NGC 5044 Group
(rms = 0.7). (Note that the scatter is still relatively large, despite
all troublesome galaxies were eliminated and just a handful of
dwarfs with well determined profiles remained.) However, these
two fits cannot be used as they are to derive a relative distance,
because both samples are not directly comparable. It was shown
in Sect. 4 that the profile parameters of galaxies with smaller
angular sizes cannot be accurately measured; hence, the more
distant sample will have a distribution of intrinsic sizes biased
against small galaxies.

It is known that structural parameters of dEs are all con-
nected to each other leading to a variety of different relations
between them. In particular, any measure of the size (scale pa-
rameterα, effective or isophotal radii, etc.) correlates with lu-
minosity (e. g.: Impey et al. 1988), and hence, smaller galaxies
are in general fainter. This leads to a change in both zero point
and slope for theL − N relation when the intrinsically smaller
galaxies are eliminated, as can be seen in Fig. 4, where the dotted
line is a fit to a subsample of the Virgo data (half-filled trian-
gles) formed after eliminating those galaxies that would have
re < 6.8′′ at the distance of NGC 5044. A relative distance
modulus∆(m−M) = 1.85 was assumed (see Sect. 2), and the

Fig. 4.Logarithm of shape parameter (N ) vs. apparent blue magnitudes
for NGC 5044 Group dwarfs (filled circles), and Virgo dwarfs from
Binggeli & Jerjen (1998) (all triangles). The Virgo subsample formed
by those galaxies which would havere < 6.8′′ if their distance is
increased by∆(m−M) = 1.85 are shown as half-filled triangles. The
solid line is a linear fit to the NGC 5044 Group data, while the dashed
and dotted lines are fits to the whole Virgo sample and subsample,
respectively.

cutoff atre < 6.8′′ was adopted because this is the lower limit
for the NGC 5044 sample once N95 is also eliminated.

This Virgo subsample and the NGC 5044 data were then
compared to obtain a new relative distance modulus, which in
turn was used to define a new subsample, and this iterative pro-
cedure was repeated until it converged. A relative distance mod-
ulus∆(m−M)0 = 0.9±0.2 was obtained, significantly lower
than all previous determinations. This result should be taken
with extreme caution, given the various explicit and implicit
assumptions that were made. In particular, the goal of the pro-
cedure just described is that both samples span the same range
in intrinsic effective radii; however, even if this goal is achieved,
there is no guarantee that both samples have the same distribu-
tion of intrinsic effective radii. On the other hand, note that my
sample lacks any faint galaxies withN > 1; this fact is prob-
ably introducing an additional bias in theL − N relation for
the NGC 5044 Group. A larger sample observed under better
seeing conditions is clearly needed.

Regarding the large scatter of theL − N relation, it was
suggested that it could be reduced by adding a third pa-
rameter, probably surface brightness (Young & Currie 1994;
Ferguson & Binggeli 1994). The role of surface brightness was
also noted by CFG, who showed that their sample of Fornax dEs
was bounded by curves of constant isophotal surface brightness
in a central surface brightness vs. shape parameter plot. They
suggested the existence of bright, relatively high surface bright-
ness dwarfs withN > 1 (as well as faint, very LSB dwarfs
with N < 1) that were not included when selecting a partic-
ular sample because their isophotal surface brightnesses were
higher (lower) than the average. A similar plot is show in Fig. 5,
where curves of constant effective surface brightness are drawn.
Again, N42, N49, and N50 detach from the rest; in particular,
N50 is located where CFG predicted bright galaxies with convex
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Fig. 5. Shape parameter vs. central surface brightness for NGC 5044
Group dwarfs. The dashed lines correspond to objects with constant
effective surface brightnesses:Se = 22, Se = 23, andSe = 24 mag
arcsec−2, as labeled. The three “outliers” are indicated.

profiles could be found. However, N42 has a normal effective
surface brightness (for LSB dwarfs), still its shape is abnormal
for its luminosity.

Binggeli & Jerjen (1998) used a linear combination of cen-
tral surface brightness (S0) and log(N) to improve the corre-
lation against total magnitude. However, they pointed out that
nearly the same results were obtained using the relation between
effective surface brightness (Se) and total magnitude. In fact,Se
is a function ofS0 andN only (see Eq. 5), and has the advan-
tage of being a “natural” combination of these parameters, then
not depending on sample definition. Moreover, this relation is
independent of Galactic extinction.

Fig. 6 is a plot ofSe(B) againstBT for Virgo and NGC 5044
dwarfs, with the same codings as Fig. 4. The dashed line is a
linear fit to the whole Virgo sample, and the dotted line is a fit
to the subsample (half-filled triangles) formed with those Virgo
galaxies that would havere ≥ 6.8′′ at the distance of NGC 5044.
Both fits have fixed slope= 1.0, because this is by definition
the slope of theSe vs. VT relation whenre = constant (see
Eq. 4). Here, the effect of distance on the distribution of observed
effective radii is even more dramatic than in Fig. 4.

The solid line is a fit to the NGC 5044 Group data (filled
circles), excluding N42 and N51 (see below). It is evident that
after the smaller dwarfs (affected by seeing) were eliminated,
most of the remaining galaxies have similar effective radii (see
Table 4) then producing a good correlation betweenSe andBT,
except for N42 and N51 which are larger and then lie up and to
the left of the mean relation. Again, a distance modulus between
Virgo and the NGC 5044 Group can be derived, and then used to
redefine the subsample, etc. This iterative procedure converged
to ∆(m − M) = 2.20 ± 0.08, in good agreement with the
value∆(m − M) = 2.26 obtained by FS90 using the brightest
cluster member method. With this relative distance, N42 and
N51 would be larger than the largest dwarf in the Virgo sample,
then their exclusion is justified. This use of the effective surface

Fig. 6. Effective surface brightness (Se) vs. apparent blue magnitudes
for NGC 5044 Group and Virgo dwarfs. Coding is the same as for Fig. 4

brightness vs. luminosity relation as a distance indicator is then
equivalent to matching the mean effective radii of both samples.

It is illustrative to note that, when comparing the NGC 5044
Group data with the CCD photometry of a sample of Virgo
dwarfs from Durrell (1997) or the Fornax data from CFG, the
iterative procedure just described fails because the nearby sam-
ples almost vanish after the first iteration. For this method to
work, then, the more distant cluster must be observed with the
sufficient spatial resolution in order that objects with the same
intrinsic sizes are included in both samples.

6. Conclusions

It is clear that the shape – luminosity relation cannot be used
to derive distances to individual objects, at least until the situ-
ation of bright dwarfs with convex profiles, like N42 and N50,
is understood. On the other hand, its use to derive mean rela-
tive distances for groups of galaxies is severely hampered by
the fact that its slope changes when objects of different intrinsic
effective radii are compared. This requires that samples with
the same distribution of intrinsic sizes must be observed, a goal
that is usually not easy to achieve. The data presented in this
paper for several NGC 5044 Group dwarf and intermediate lu-
minosity ellipticals were compared to a specially selected sam-
ple of Virgo dwarfs, trying to fulfill that condition. However,
the relative distance obtained in this manner was significantly
lower than all published values, suggesting that a systematic
difference (maybe observational and/or environmental) is still
present between both groups of dwarfs. It is also worth men-
tioning that, despite all galaxies with poor quality fits to their
profiles, along with evident outliers, were eliminated, remain-
ing then only dwarfs with good quality CCD profiles, the scatter
of theL − N relation remains relatively high, and this cannot
be assigned to a depth effect, given the small size of the NGC
5044 Group as compared to the Virgo Cluster.

A relative distance between the two groups in good agree-
ment with published values is obtained with the known luminos-
ity vs. effective surface brightness relation. However, given the
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small size of the NGC 5044 Group sample, and the unknown re-
liability of the procedure used for equalizing both samples, this
result should be taken with care. Perhaps theL − N relation,
including its exceptions, is then more useful for studying the
structure of elliptical galaxies than as a precise distance indica-
tor. With this idea, it would be interesting to explore any possible
connection between the shape parameter and other properties of
the galaxies, such as velocity dispersion or metallicity. Environ-
mental effects should also be investigated; it is interesting that
two bright dwarfs with convex profiles were found in a blindly
selected, although small sample of the NGC 5044 Group, while
no counterparts are known in Virgo and Fornax. CCD surface
brightness profiles for larger samples of dwarfs and intermedi-
ate luminosity ellipticals, including other nearby small groups,
are needed to establish the statistical significance of this kind of
galaxies.
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