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ABSTRACT

Although early observations with the Hubble Space Telescope (HST) pointed to a sharp dichotomy among early-
type galaxies in terms of the logarithmic slope γ ′ of their central surface brightness profiles, several studies in
the past few years have called this finding into question. In particular, recent imaging surveys of 143 early-type
galaxies belonging to the Virgo and Fornax Clusters using the Advanced Camera for Surveys (ACS) on board HST
have not found a dichotomy in γ ′, but instead a systematic progression from central luminosity deficit to excess
relative to the inward extrapolation of the best-fitting global Sérsic model. Given that earlier studies also found that
the dichotomy persisted when analyzing the deprojected density profile slopes, we investigate the distribution of
the three-dimensional luminosity density profiles of the ACS Virgo and Fornax Cluster Survey galaxies. Having
fitted the surface brightness profiles with modified Sérsic models, we then deproject the galaxies using an Abel
integral and measure the inner slopes γ3D of the resulting luminosity density profiles at various fractions of the
effective radius Re. We find no evidence of a dichotomy, but rather, a continuous variation in the central luminosity
profiles as a function of galaxy magnitude. We introduce a parameter, Δ3D, that measures the central deviation
of the deprojected luminosity profiles from the global Sérsic fit, showing that this parameter varies smoothly and
systematically along the luminosity function.

Key words: galaxies: clusters: individual (Virgo, Fornax) – galaxies: elliptical and lenticular, cD – galaxies:
formation – galaxies: nuclei – galaxies: structure
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1. INTRODUCTION

The launch of the Hubble Space Telescope (HST) two decades
ago made it possible to study the innermost regions of galaxies
at spatial resolutions that were previously unattainable at optical
wavelengths. The first HST imaging surveys of bright early-type
galaxies agreed in finding a luminosity-dependent structural di-
chotomy in the central brightness profiles—within the innermost
few hundred parsecs, galaxies brighter than MB ∼ −20.5 mag
showed surface brightness profiles that increased very gently
toward the center (“core” galaxies) while fainter galaxies ex-
hibited steeper surface brightness cusps (“power-law” galax-
ies; e.g., Ferrarese et al. 1994; Lauer et al. 1995; Faber et al.
1997). The paucity of galaxies with intermediate slopes was
striking—in plots of radially scaled luminosity density profiles,
core and power-law galaxies were seen to define two distinct,
and virtually non-overlapping, populations (see, e.g., Figure 3
of Gebhardt et al. 1996, hereafter G96).

However, as subsequent studies targeted larger and better
defined samples, some galaxies having intermediate slopes
were discovered. The distinction between core and power-law

galaxies became either less pronounced (e.g., Rest et al. 2001;
Ravindranath et al. 2001; Lauer et al. 2007, hereafter L07) or
disappeared entirely (Ferrarese et al. 2006a, 2006b; Côté et al.
2007, hereafter C07). Note that these later studies parameterized
the surface brightness profiles using modified Sérsic profiles
rather than the so-called “Nuker” profiles used by earlier authors.
See Section 3.3.1 of Ferrarese et al. 2006b for a more detailed
discussion.

In particular, C07 utilized high-quality HST imaging from
the Advanced Camera for Surveys Virgo and Fornax Cluster
Surveys (ACSVCS, Côté et al. 2004; ACSFCS, Jordán et al.
2007). Taken together, these two surveys represent the largest
and most homogeneous imaging database currently available
for a well-characterized sample of early-type galaxies located
in low-mass galaxies clusters in the local universe (i.e., at
distances d � 20 Mpc). The distribution of surface brightness
profiles for the ∼140 ACSVCS/FCS galaxies was found to
be a smoothly varying function of galaxy magnitude: galaxies
brighter than MB ∼ −20 mag showed central luminosity
“deficits” (typically within ∼40–200 pc) with respect to the
inward extrapolation of the Sérsic model that best fits the outer
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parts of the profiles, gradually transitioning toward the fainter
galaxies that showed central luminosity “excesses” with respect
to the Sérsic law (Côté et al. 2006; Ferrarese et al. 2006b). C07
further showed that a bimodality in the central slopes could be
introduced by using a biased sample: in particular, Monte Carlo
simulations showed that the bimodal luminosity distribution of
galaxies observed by L07 would lead naturally to a bimodal
slope distribution, even when the intrinsic slope distribution
was continuous along the galaxy luminosity function.

Since C07 was published, Kormendy et al. (2009, hereafter
K09) have commented on the core/power-law dichotomy issue
as well, although they did not compute inner profile slopes.
They extracted surface brightness profiles from 40 of the 100
ACSVCS galaxies and combined them with profiles from
other space- and ground-based photometry, in some cases
adding somewhat to the radial extent of the data. They also
included profiles from space- and ground-based imaging of
three additional galaxies, NGC 4261, NGC 4636, and M32.
Their fits to the surface brightness profiles were determined
in a very similar manner to C07, i.e., fitting-modified Sérsic
models (see Section 2.1 of C07 and Appendix A of K09) and,
as such, there were no systematic differences in the fits for
individual galaxies, as shown in Figure 75 of K09. In fact, K09
confirmed the trend from central light deficit to excess along the
luminosity function of this sample that was noted by Ferrarese
et al. (2006b) and Côté et al. (2006, 2007). However, K09
excluded 60% of the ACSVCS sample—in particular, the vast
majority of galaxies in the −21.5 � MB � −18.5 range, and,
unlike C07, included none of the Fornax cluster galaxies. They
consequently found a qualitative gap in the inner slopes of their
surface brightness profiles (see their Figure 40) and interpreted
this gap as confirming the existence of the core/power-law
dichotomy. P. Côté et al. (2011, in preparation) will provide a
much more thorough comparison of the ACSVCS/FCS results
with K09.

Several previous authors (e.g., G96; L07) who claimed a di-
chotomy in central surface brightness slopes extended their work
by examining the slopes of three-dimensional (i.e., deprojected)
luminosity density profiles. These studies again found that a
dichotomy exists, a result that cannot be immediately assumed
given how rapidly shallow projected inner profiles deproject to
relatively steeper inner profiles (see, e.g., Dehnen 1993; Mer-
ritt & Fridman 1996; G96; Figures 5(a)–(c) of this paper). To
address this issue, we show here that the distribution of slopes
noted by Ferrarese et al. (2006a, 2006b) and C07 remains contin-
uous once the profiles are deprojected into three-dimensional lu-
minosity density profiles. The deprojections—which are based
on a numerical inversion of the parameterized surface bright-
ness profiles under the assumption of sphericity—produce in-
dividual inner slopes that are consistent with those obtained
using the non-parametric methodologies of G96 and L07. This
finding provides additional support for the conclusion that the
apparent division of galaxies into core and power-law types is a
consequence of the galaxy selection function used in previous
studies, which was greatly overabundant in luminous core galax-
ies, while galaxies in the magnitude range corresponding to the
transition between core and power-law types were underrepre-
sented. (See Figure 4 of C07.) At the same time, we note that the
characterization of galaxies by the slopes of the central bright-
ness profiles is rather sensitive to a number of factors (including
the choice of measurement radius, resolution, and model pa-
rameterization). We introduce a parameter, Δ3D, that quantifies
the central deviation of the luminosity density profile from the

inward extrapolation of the Sérsic model fitted to the main body
of the galaxy. We show that, when parameterized in this way,
early-type galaxies show a systematic progression from cen-
tral luminosity deficits to excesses (nuclei) along the luminosity
function.

2. OBSERVATIONS

2.1. The ACS Virgo and Fornax Cluster Surveys

The ACS Virgo and Fornax Cluster Surveys imaged 143
early-type galaxies (morphological types: E, S0, dE, dE,N,
dS0, and dS0,N) using the ACS Wide Field Channel (WFC)
in the F475W (g) and F850LP (z) filters. For the purpose of
this work, five galaxies were excluded because of severe dust
obscuration in the inner region. The galaxies used in this analysis
are listed in Tables 1 and 2. Combined, the survey galaxies span a
B-band luminosity range of ∼750. The ACSVCS is magnitude-
limited down to B ≈ 12 mag (MB ≈ −19.2 mag, i.e., ∼1–
1.5 mag fainter than the expected core/power-law transition)
and ∼50% complete down to its limiting magnitude of B ≈
16 mag (MB ≈ −15.2 mag). The ACSFCS sample is complete
down to its limiting magnitude of B ≈ 15.5 mag (MB ≈
−16.1 mag).

The ACS/WFC consists of two 2048 × 4096 pixel CCDs
with a spatial scale of 0′′.05 per pixel, covering a field of view of
roughly 202′′ × 202′′. The 0′′.1 spatial resolution corresponds to
≈8.0 pc in Virgo (d ≈ 16.5 Mpc; Mei et al. 2007) and ≈9.7 pc
in Fornax (d ≈ 20.0 Mpc; Blakeslee et al. 2009). Azimuthally
averaged surface brightness profiles were generated for each
galaxy, in each band, as explained in detail in Ferrarese et al.
(2006b) and Côté et al. (2006). These papers provide full details
on corrections for dust obscuration, masking of background
sources, the identification of offset nuclei via centroid shifts,
and the weighting schemes and minimization routines used in
fitting the one-dimensional profiles.

2.2. Parameterization of the Surface Brightness Profiles

To deproject the brightness profiles for the program galaxies,
point-spread function (PSF) convolved parametric models were
fitted to the observed surface brightness profiles derived from
both the F475W (g band) and F850LP (z band) images. Para-
metric models represent the profiles before PSF convolution; in
what follows, when discussing a comparison between “model”
and “observed” profiles, it will be implicitly assumed that the
model is first PSF convolved.

Over the vast majority of their radial ranges, the global bright-
ness profiles of the galaxies in our sample are well represented by
(PSF-convolved) Sérsic r1/n models (Sérsic 1963; Sérsic 1968),
however, in the innermost regions—typically within 2.0+2.5

−1.0%
of the effective radius Re (C07)—the surface brightness profiles
tend to diverge from a Sérsic model. For galaxies brighter than
MB ∼ −20 mag, the surface brightness profiles within ∼2%Re

fall below the global best-fit Sérsic models. For galaxies with
−20 � MB � −19.5 mag, a single Sérsic model generally
provides an acceptable fit over all radii, including the inner-
most regions. Galaxies fainter than MB ∼ −19.5 mag tend to
have surface brightness profiles that, within ∼2%Re, extend sig-
nificantly above the inward extrapolation of the global Sérsic
models. In what follows, we shall refer to these light excesses
as “stellar nuclei,” or simply “nuclei” (consistent with Ferrarese
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Table 1
γ3D and Δ3D Values Computed for ACS Virgo Cluster Survey Galaxies

ID Name MB γ3D(0.5%Re) γ3D(1%Re) γ3D(5%Re) γ3D(30%Re) γ3D(0.′′1) Δ3D

(1) (2) (3) (4) (5) (6) (7) (8) (9)

1 VCC 1226 −21.90 0.30 . . . 1.00 . . . 2.02 . . . 2.46 . . . 0.70 . . . −1.99
0.32 . . . 1.08 . . . 2.04 . . . 2.47 . . . 0.76 . . . −1.93

2 VCC 1316 −21.63 1.09 . . . 0.93 . . . 1.38 . . . 2.52 . . . 1.23 . . . −1.74
1.15 . . . 1.01 . . . 1.33 . . . 2.49 . . . 1.25 . . . −1.43

3 VCC 1978 −21.38 0.95 . . . 0.69 . . . 1.78 . . . 2.37 . . . 1.15 . . . −1.04
0.95 . . . 0.69 . . . 1.80 . . . 2.40 . . . 1.15 . . . −1.14

4 VCC 881 −21.33 1.69 . . . 1.79 . . . 2.07 . . . 2.48 . . . 0.30 . . . −2.26
1.69 . . . 1.79 . . . 2.07 . . . 2.48 . . . 0.25 . . . −2.36

5 VCC 798 −21.30 0.53 . . . 1.37 . . . 1.93 . . . 2.39 . . . 0.96 . . . −0.90
0.53 . . . 1.52 . . . 1.93 . . . 2.39 . . . 1.01 . . . −0.79

6 VCC 763 −21.25 0.86 . . . 0.76 . . . 2.23 . . . 2.59 . . . 1.25 . . . −1.41
0.89 . . . 0.74 . . . 2.27 . . . 2.61 . . . 1.27 . . . −1.47

7 VCC 731 −21.40 0.71 . . . 0.78 . . . 2.07 . . . 2.50 . . . 1.12 . . . −1.31
0.66 . . . 1.29 . . . 2.22 . . . 2.59 . . . 0.95 . . . −1.98

8 VCC 1535 −20.58 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

9 VCC 1903 −20.24 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1.93 1.90 1.86 2.00 2.24 2.25 2.59 2.59 1.95 1.69 0.39
10 VCC 1632 −20.42 0.43 . . . 1.38 . . . 2.08 . . . 2.49 . . . 0.95 . . . −1.20

0.49 . . . 1.27 . . . 2.08 . . . 2.49 . . . 0.98 . . . −1.16
11 VCC 1231 −19.94 0.81 . . . 0.89 . . . 1.65 . . . 2.21 . . . 0.95 . . . −0.19

0.82 . . . 0.86 . . . 1.65 . . . 2.21 . . . 0.95 . . . −0.21
12 VCC 2095 −20.01 1.45 1.41 1.41 1.51 1.59 1.82 2.29 2.32 1.44 1.43 0.05

1.50 1.23 1.43 1.33 1.62 1.64 2.19 2.19 1.46 1.30 0.74
13 VCC 1154 −19.85 1.42 1.64 1.63 1.74 2.03 2.03 2.46 2.46 1.51 1.56 0.25

1.67 1.33 1.52 1.43 1.74 1.74 2.26 2.26 1.67 1.25 1.14
14 VCC 1062 −19.62 1.62 1.07 1.61 1.17 1.47 1.47 2.06 2.06 1.62 1.09 1.18

1.60 1.14 1.58 1.24 1.55 1.55 2.12 2.12 1.60 1.16 1.09
15 VCC 2092 −19.66 1.80 1.38 1.50 1.48 1.79 1.79 2.29 2.29 1.79 1.35 1.27

1.58 1.60 1.64 1.70 1.94 1.99 2.42 2.43 1.56 1.53 0.34
16 VCC 369 −19.40 2.02 0.81 2.01 0.89 1.63 1.17 1.81 1.80 1.98 0.94 2.80

1.89 0.76 1.86 0.83 1.66 1.11 1.82 1.74 1.83 0.89 2.62
17 VCC 759 −19.49 1.41 1.23 1.26 1.33 1.64 1.64 2.19 2.19 1.44 1.15 0.69

1.50 1.27 1.35 1.37 1.69 1.69 2.22 2.22 1.52 1.19 0.83
18 VCC 1692 −19.44 1.77 1.09 1.76 1.18 1.67 1.49 2.06 2.07 1.76 1.13 1.47

1.80 1.08 1.77 1.17 1.70 1.48 2.06 2.06 1.78 1.13 1.65
19 VCC 1030 −19.39 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

20 VCC 2000 −19.08 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1.90 1.35 1.91 1.45 1.76 1.76 2.27 2.27 1.90 1.44 1.36
21 VCC 685 −19.22 1.41 1.29 1.37 1.39 1.56 1.70 2.24 2.24 1.41 1.30 0.09

1.45 1.27 1.42 1.37 0.57 1.68 2.22 2.22 1.44 1.29 0.17
22 VCC 1664 −19.14 1.86 1.23 1.85 1.33 1.77 1.64 2.19 2.19 1.85 1.26 1.27

1.82 1.37 1.81 1.47 1.78 1.78 2.29 2.29 1.82 1.39 1.10
23 VCC 654 −19.17 1.81 0.88 1.89 0.96 1.31 1.25 1.87 1.87 1.93 1.00 2.20

1.94 0.86 2.12 0.94 1.24 1.23 1.85 1.85 2.23 0.98 2.54
24 VCC 944 −19.05 1.61 1.16 1.59 1.25 1.62 1.56 2.10 2.13 1.60 1.21 1.08

1.63 1.16 1.62 1.25 1.65 1.56 2.10 2.13 1.62 1.22 1.10
25 VCC 1938 −19.19 1.91 1.27 1.91 1.37 1.68 1.68 2.22 2.22 1.91 1.31 1.51

1.92 1.28 1.92 1.37 1.70 1.69 2.22 2.22 1.92 1.34 1.48
26 VCC 1279 −19.11 1.63 0.61 1.62 0.67 1.56 0.92 1.80 1.55 1.62 0.64 2.06

1.64 0.77 1.63 0.85 1.59 1.12 1.84 1.75 1.63 0.82 1.62
27 VCC 1720 −18.87 2.03 0.86 2.04 0.94 1.87 1.23 1.87 1.85 2.04 0.94 2.60

1.97 0.89 1.97 0.98 1.96 1.27 1.89 1.89 1.98 0.98 2.22
28 VCC 355 −18.70 1.71 1.00 1.70 1.09 1.40 1.39 1.99 1.99 1.70 1.15 1.50

1.55 1.05 1.53 1.14 1.48 1.45 2.02 2.04 1.51 1.22 0.97
29 VCC 1619 −18.60 1.81 0.56 1.81 0.62 1.87 0.85 1.48 1.48 1.81 0.61 2.56

1.86 0.60 1.87 0.67 2.03 0.91 1.54 1.54 1.87 0.65 2.67
30 VCC 1883 −18.63 2.28 0.78 2.33 0.85 1.76 1.13 1.76 1.76 2.44 0.95 3.48

2.01 0.80 2.00 0.87 2.83 1.15 1.79 1.79 2.03 0.97 2.66
31 VCC 1242 −18.53 1.91 0.67 1.93 0.73 1.65 0.99 1.62 1.62 1.95 0.76 2.81

1.95 0.66 1.97 0.72 1.71 0.98 1.61 1.61 2.01 0.76 2.94
32 VCC 784 −18.44 2.18 1.21 1.60 1.31 1.62 1.62 2.17 2.17 2.29 1.23 2.17

2.08 1.26 1.51 1.36 1.67 1.67 2.21 2.21 2.12 1.28 1.99
33 VCC 1537 −18.47 1.70 0.95 1.70 1.04 1.65 1.34 1.95 1.95 1.70 1.06 1.40
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Table 1
(Continued)

ID Name MB γ3D(0.5%Re) γ3D(1%Re) γ3D(5%Re) γ3D(30%Re) γ3D(0.′′1) Δ3D

(1) (2) (3) (4) (5) (6) (7) (8) (9)

1.72 1.00 1.72 1.09 1.65 1.39 1.99 1.99 1.72 1.11 1.37
34 VCC 778 −18.68 1.53 1.10 1.51 1.19 1.20 1.50 2.08 2.08 1.48 1.27 0.79

1.53 1.09 1.52 1.19 1.14 1.50 2.08 2.08 1.48 1.29 0.77
35 VCC 1321 −18.22 1.76 1.76 1.86 1.86 2.13 2.13 2.52 2.52 1.38 1.66 0.08

1.54 1.71 1.82 1.82 2.09 2.09 2.50 2.50 1.34 1.65 0.04
36 VCC 828 −18.58 1.76 0.80 1.77 0.87 1.64 1.15 1.78 1.78 1.76 0.85 2.14

1.77 0.82 1.79 0.89 1.62 1.17 1.80 1.80 1.78 0.88 2.15
37 VCC 1250 −18.45 2.17 0.61 2.25 0.67 0.91 0.91 1.54 1.54 2.39 0.70 3.81

2.47 0.60 2.66 0.66 0.91 0.91 1.54 1.54 3.32 0.70 4.56
38 VCC 1630 −18.30 1.82 0.66 1.80 0.72 1.69 0.97 1.85 1.61 1.81 0.68 2.63

1.83 0.53 1.80 0.59 1.71 0.82 1.96 1.44 1.83 0.54 3.30
39 VCC 1146 −18.23 2.16 1.14 2.16 1.23 2.15 1.54 2.12 2.12 2.16 1.12 2.18

2.16 1.24 2.16 1.34 2.15 1.65 2.20 2.20 2.16 1.22 1.96
40 VCC 1025 −18.79 1.76 1.23 1.76 1.33 1.67 1.64 2.19 2.19 1.76 1.31 1.34

1.83 1.23 1.83 1.33 1.71 1.64 2.19 2.19 1.83 1.33 1.48
41 VCC 1303 −18.11 2.02 0.86 1.95 0.94 1.81 1.23 2.05 1.85 1.99 0.89 3.55

2.02 0.81 1.95 0.89 1.84 1.17 2.09 1.79 1.99 0.84 3.80
42 VCC 1913 −18.07 1.98 0.93 2.01 1.02 1.54 1.31 1.93 1.93 1.99 0.96 2.50

1.98 0.98 2.01 1.07 1.58 1.37 1.97 1.97 1.99 1.01 2.40
43 VCC 1327 −18.16 1.41 0.97 1.38 1.06 1.36 1.36 1.96 1.96 1.35 1.09 1.09

1.56 0.94 1.55 1.02 1.32 1.32 1.93 1.93 1.54 1.08 1.30
44 VCC 1125 −17.92 1.95 0.84 2.47 0.92 1.20 1.20 1.83 1.83 2.01 0.86 2.67

1.84 0.70 1.98 0.76 1.02 1.02 1.66 1.66 1.92 0.75 2.75
45 VCC 1475 −17.89 1.88 1.10 1.95 1.20 1.50 1.50 2.09 2.09 1.94 1.19 1.94

2.15 1.16 2.81 1.26 1.57 1.57 2.13 2.13 3.22 1.25 2.36
46 VCC 1178 −17.72 1.89 1.14 1.87 1.24 1.81 1.55 2.14 2.12 1.84 1.31 1.86

1.85 1.09 1.83 1.18 1.81 1.49 2.14 2.08 1.81 1.26 1.92
47 VCC 1283 −17.88 2.29 0.83 2.39 0.91 1.20 1.19 1.82 1.82 2.32 0.84 3.32

2.46 0.91 2.21 0.99 1.28 1.28 1.90 1.90 2.44 0.90 3.30
48 VCC 1261 −17.86 2.79 0.70 2.83 0.77 1.17 1.03 1.74 1.68 2.78 0.69 5.16

2.86 0.70 2.85 0.77 1.15 1.04 1.73 1.68 2.86 0.70 5.28
49 VCC 698 −17.85 2.08 1.16 1.91 1.26 1.61 1.57 2.14 2.14 2.06 1.19 2.47

2.13 1.18 2.69 1.28 1.59 1.59 2.15 2.15 2.22 1.21 2.36
50 VCC 1422 −17.43 2.63 0.69 3.61 0.76 1.02 1.02 1.65 1.65 2.62 0.69 4.66

2.73 0.76 5.80 0.84 1.11 1.11 1.74 1.74 2.68 0.75 4.61
51 VCC 2048 −17.42 2.27 0.63 3.02 0.70 0.95 0.95 1.58 1.58 2.70 0.69 3.94

2.29 0.63 3.07 0.69 0.94 0.94 1.57 1.57 2.77 0.68 3.98
52 VCC 1871 −17.22 2.43 0.55 2.33 0.61 1.84 0.84 1.66 1.46 2.26 0.64 4.94

2.41 0.68 2.35 0.75 1.78 1.01 1.71 1.64 2.29 0.79 4.20
53 VCC 9 −17.41 0.89 . . . 0.77 . . . 0.29 . . . 1.38 . . . 0.98 . . . −0.13

0.82 . . . 0.67 . . . 0.14 . . . 1.49 . . . 0.96 . . . −0.34
54 VCC 575 −17.68 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

55 VCC 1910 −16.99 2.69 0.54 2.87 0.59 0.95 0.82 1.44 1.44 2.77 0.57 5.28
2.64 0.53 2.84 0.58 0.86 0.80 1.43 1.43 2.74 0.56 5.20

56 VCC 1049 −16.92 1.37 0.89 1.33 0.97 1.26 1.26 1.88 1.88 1.34 0.96 1.11
1.30 0.70 1.28 0.77 1.03 1.03 1.66 1.66 1.27 0.77 1.24

57 VCC 856 −16.99 2.49 0.20 2.51 0.23 2.52 0.38 0.99 0.89 2.50 0.21 5.65
2.50 0.33 2.53 0.37 2.32 0.55 1.17 1.13 2.51 0.34 5.36

58 VCC 140 −16.94 2.29 0.44 3.11 0.49 0.70 0.69 1.30 1.30 3.23 0.49 4.39
2.33 0.46 3.94 0.51 0.71 0.71 1.33 1.33 4.16 0.51 4.37

59 VCC 1355 −16.98 2.85 0.43 3.43 0.48 0.71 0.68 1.29 1.29 2.79 0.42 5.99
3.00 0.56 4.13 0.62 0.85 0.85 1.48 1.48 2.78 0.53 5.65

60 VCC 1087 −16.92 2.96 0.47 3.64 0.52 0.74 0.73 1.34 1.34 3.01 0.47 6.13
2.85 0.49 3.44 0.55 0.76 0.76 1.38 1.38 2.88 0.50 5.87

61 VCC 1297 −16.82 1.31 1.00 1.26 1.09 1.28 1.39 1.99 1.99 0.83 1.30 0.43
1.44 1.00 1.41 1.09 1.32 1.39 1.99 1.99 1.14 1.30 0.76

62 VCC 1861 −16.79 2.21 0.34 2.23 0.38 2.52 0.56 1.14 1.14 2.22 0.37 4.53
2.20 0.34 2.22 0.38 1.01 0.56 1.15 1.15 2.21 0.37 4.52

63 VCC 543 −16.73 2.14 0.43 6.66 0.48 0.68 0.68 1.29 1.29 2.66 0.45 3.83
4.18 0.43 0.48 0.48 0.68 0.68 1.29 1.29 1.45 0.46 4.82

64 VCC 1431 −16.73 1.84 0.45 1.85 0.50 2.01 0.71 1.33 1.32 1.85 0.50 3.05
1.77 0.55 1.78 0.60 2.12 0.83 1.46 1.46 1.78 0.60 2.75

65 VCC 1528 −16.68 2.25 0.59 2.84 0.65 0.89 0.89 1.52 1.52 5.86 0.68 3.96
2.03 0.58 2.46 0.64 0.88 0.88 1.51 1.51 5.12 0.68 3.44
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Table 1
(Continued)

ID Name MB γ3D(0.5%Re) γ3D(1%Re) γ3D(5%Re) γ3D(30%Re) γ3D(0.′′1) Δ3D

(1) (2) (3) (4) (5) (6) (7) (8) (9)

66 VCC 1695 −16.76 2.43 0.47 2.99 0.52 0.74 0.74 1.35 1.35 3.81 0.54 4.75
2.56 0.45 3.20 0.50 0.70 0.70 1.31 1.31 4.33 0.51 5.13

67 VCC 1833 −16.67 1.02 0.75 0.90 0.81 0.67 1.08 1.71 1.72 0.84 0.84 0.26
0.92 0.92 0.77 0.77 0.66 0.66 1.73 1.73 0.72 0.72 −0.01

68 VCC 437 −16.77 2.46 0.69 2.69 0.75 1.01 1.01 1.65 1.65 2.45 0.67 4.46
2.44 0.72 2.76 0.79 1.05 1.05 1.69 1.69 2.42 0.70 4.30

69 VCC 2019 −16.72 2.90 0.43 2.99 0.47 1.14 0.67 1.28 1.28 2.93 0.45 6.18
3.05 0.59 3.20 0.64 0.93 0.88 1.51 1.51 3.06 0.59 5.93

70 VCC 33 −16.38 2.60 0.24 2.96 0.27 0.63 0.42 0.96 0.96 3.05 0.28 5.84
2.64 0.24 3.06 0.28 0.60 0.43 0.97 0.97 3.14 0.28 5.83

71 VCC 200 −16.75 2.35 0.65 2.17 0.71 1.00 0.97 1.60 1.60 2.35 0.69 3.82
2.29 0.70 2.65 0.76 1.02 1.02 1.66 1.66 2.80 0.73 3.39

72 VCC 571 −17.24 0.89 1.04 0.76 1.13 1.44 1.44 2.03 2.03 0.86 1.05 0.36
0.93 1.03 0.34 1.12 1.43 1.43 2.02 2.02 0.91 1.03 0.40

73 VCC 21 −16.76 0.93 0.34 0.81 0.39 0.54 0.56 1.15 1.15 1.00 0.31 1.17
0.88 0.41 0.72 0.46 0.60 0.65 1.25 1.25 0.99 0.37 1.04

74 VCC 1488 −16.38 2.26 0.25 2.92 0.29 0.44 0.44 0.99 0.99 4.62 0.30 4.94
1.65 0.23 1.75 0.27 0.42 0.42 0.95 0.95 1.79 0.27 3.53

75 VCC 1779 −16.13 −0.02 . . . −0.03 . . . 0.40 . . . 1.53 . . . −0.02 . . . −1.37
−0.01 . . . −0.03 . . . 0.33 . . . 1.38 . . . −0.02 . . . −1.14

76 VCC 1895 −16.17 2.34 0.30 3.34 0.34 0.52 0.51 1.08 1.08 3.79 0.35 4.87
2.36 0.29 3.52 0.32 0.49 0.49 1.05 1.05 3.94 0.34 4.89

77 VCC 1499 −16.28 −0.00 . . . −0.01 . . . −0.19 . . . 1.33 . . . −0.01 . . . −1.28
−0.00 . . . −0.01 . . . −0.27 . . . 1.22 . . . −0.01 . . . −1.07

78 VCC 1545 −16.34 1.95 0.92 2.18 1.01 1.31 1.31 1.92 1.92 2.09 0.99 2.50
2.01 0.98 2.63 1.07 1.37 1.37 1.97 1.97 2.37 1.06 2.48

79 VCC 1192 −16.15 2.00 1.05 1.99 1.14 2.01 1.44 2.03 2.03 2.00 1.17 1.90
1.92 1.04 1.92 1.13 1.91 1.44 2.03 2.03 1.92 1.17 1.70

80 VCC 1857 −16.13 1.00 0.15 0.94 0.18 0.61 0.31 0.31 0.79 1.02 0.14 0.66
1.07 0.30 1.03 0.34 0.79 0.50 0.20 1.07 1.08 0.28 0.39

81 VCC 1075 −16.09 2.75 0.34 2.98 0.38 0.69 0.56 1.14 1.14 2.80 0.36 6.07
2.70 0.46 3.23 0.50 0.71 0.71 1.32 1.32 2.72 0.46 5.59

82 VCC 1948 −16.15 1.02 0.34 0.94 0.39 0.52 0.56 1.12 1.15 1.00 0.36 0.86
1.05 0.42 0.99 0.47 0.59 0.67 1.25 1.27 1.04 0.43 0.64

83 VCC 1627 −15.97 2.02 0.52 1.98 0.57 1.85 0.79 1.92 1.41 1.92 0.65 3.51
1.99 0.81 2.00 0.89 1.92 1.17 1.87 1.80 1.98 1.03 2.42

84 VCC 1440 −15.95 2.13 1.11 2.14 1.20 1.55 1.51 2.09 2.09 2.14 1.24 2.35
2.15 1.15 2.17 1.25 1.56 1.56 2.13 2.13 2.18 1.29 2.33

85 VCC 230 −16.18 2.90 0.34 2.94 0.39 2.03 0.57 1.16 1.15 2.94 0.39 6.40
2.92 0.38 2.98 0.42 1.79 0.61 1.21 1.20 2.99 0.43 6.32

86 VCC 2050 −15.90 2.12 0.40 2.31 0.44 0.71 0.64 1.24 1.24 2.25 0.44 4.24
2.10 0.46 2.30 0.50 0.71 0.71 1.32 1.32 2.20 0.49 4.05

87 VCC 1993 −15.91 1.23 0.58 1.22 0.64 0.87 0.87 1.50 1.50 1.21 0.65 1.47
1.21 0.70 1.15 0.77 1.03 1.03 1.67 1.67 1.17 0.75 1.21

88 VCC 751 −15.83 2.20 0.74 2.43 0.81 1.10 1.08 1.72 1.72 2.42 0.81 3.49
2.37 0.89 4.39 0.97 1.26 1.26 1.88 1.88 2.71 0.93 3.48

89 VCC 1828 −15.97 2.48 0.48 2.68 0.53 0.78 0.74 1.36 1.36 2.51 0.50 4.99
2.43 0.58 2.73 0.63 0.87 0.87 1.50 1.50 2.45 0.59 4.61

90 VCC 538 −16.50 2.39 0.65 2.41 0.72 0.97 0.97 1.60 1.60 2.71 0.81 4.29
2.46 0.67 2.49 0.73 0.99 0.99 1.62 1.62 3.00 0.82 4.42

91 VCC 1407 −15.78 2.16 0.44 2.18 0.49 2.45 0.70 1.31 1.31 2.18 0.49 4.10
2.12 0.51 2.15 0.57 1.97 0.79 1.41 1.41 2.14 0.55 3.86

92 VCC 1886 −15.64 2.74 0.08 2.98 0.10 0.37 0.19 0.61 0.61 2.77 0.08 6.90
2.69 0.10 2.95 0.12 0.42 0.23 0.67 0.67 2.71 0.10 6.71

93 VCC 1199 −15.69 2.09 1.05 2.09 1.14 2.10 1.45 2.04 2.04 2.10 1.32 2.00
2.10 1.08 2.09 1.17 2.10 1.47 2.06 2.06 2.09 1.34 2.00

94 VCC 1743 −15.82 1.25 0.29 1.25 0.33 0.52 0.49 1.05 1.05 1.25 0.31 2.14
1.34 0.31 1.39 0.35 0.52 0.52 1.09 1.09 1.36 0.33 2.43

95 VCC 1539 −15.60 2.28 0.54 2.30 0.59 1.76 0.82 1.47 1.45 2.27 0.52 4.26
2.26 0.44 2.28 0.49 1.78 0.69 1.35 1.31 2.26 0.44 4.49

96 VCC 1185 −15.56 2.70 0.47 2.82 0.52 1.25 0.73 1.35 1.35 2.71 0.48 5.57
2.75 0.56 3.00 0.62 0.98 0.85 1.48 1.48 2.74 0.56 5.41

97 VCC 1826 −15.43 3.10 0.48 3.15 0.53 1.54 0.74 1.36 1.35 3.15 0.56 6.33
3.10 0.49 3.16 0.54 1.48 0.76 1.38 1.38 3.19 0.57 6.26

98 VCC 1512 −15.80 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Table 1
(Continued)

ID Name MB γ3D(0.5%Re) γ3D(1%Re) γ3D(5%Re) γ3D(30%Re) γ3D(0.′′1) Δ3D

(1) (2) (3) (4) (5) (6) (7) (8) (9)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

99 VCC 1489 −15.56 2.56 0.19 2.72 0.22 1.26 0.36 0.87 0.87 2.68 0.22 6.12
2.41 0.22 2.57 0.25 0.72 0.40 0.92 0.92 2.50 0.24 5.67

100 VCC 1661 −15.12 2.72 0.54 2.80 0.60 1.28 0.83 1.45 1.45 2.71 0.52 5.41
2.72 0.53 2.84 0.59 1.26 0.81 1.44 1.44 2.70 0.50 5.44

Notes. For each galaxy, the first row indicates the g-band values and the second the z-band values. Columns 1 and 2 list, respectively, the ACSVCS
identification number of each galaxy (Côté et al. 2004) and the Virgo Cluster Catalogue number (Binggeli et al. 1985). Column 3 lists the absolute
B-band magnitudes of the galaxies, computed using apparent magnitudes from Binggeli et al. (1985), extinctions from Schlegel et al. (1998; for the
Landolt B filter), and distances from Blakeslee et al. (2009). Columns 4–8 are γ3D = −d log j (r)/d log r (where j (r) is in L�/pc3 and r is in parsecs)
at 0.5%, 1%, 5%, and 30% of each galaxy’s effective radius Re, and at 0.′′1 (for comparison with G96 and L07). The left-hand side of each column gives
γ3D for the total profile, whereas the right side is obtained from the deprojection of the Sérsic component only, for those galaxies that are nucleated.
Column 9 denotes Δ3D, which quantifies the extent to which a light deficit (Δ3D < 0) or excess (Δ3D > 0) exists in the inner region of a given galaxy.
Note that we were not able to fit surface brightness profiles to a handful of ACSVCS galaxies due to the presence of dust and were thus unable to extract
values for γ3D and Δ3D for these.

et al. 2006b).12 As one moves down the galaxy luminosity func-
tion—and the surface brightness of the underlying galaxy drops
in kind—these nuclei become increasingly obvious in both the
HST images and the 1D surface brightness profiles (see, e.g.,
Figures 1 and 2 of C07, as well as our Figures 1(a)–(e)).

We can account for central luminosity variations from a global
Sérsic fit using a single fitting function, the “core-Sérsic” model
(e.g., Graham et al. 2003; Trujillo et al. 2004), in which the
Sérsic model is modified to have a power-law profile inside a
break radius, Rb:

I (R) = I ′
[

1 +

(
Rb

R

)α]γ /α

× exp

[
−bn

(
Rα + Rα

b

Rα
e

)1/(αn)
]

,

(1)

where I ′ is related to Ib = I (Rb) by

I ′ = Ib2−γ /α exp[bn(21/αrb/re)1/n], (2)

and bn ≈ 1.992n − 0.3271 (e.g., Graham & Driver 2005).
The core-Sérsic fits for five representative galaxies from our
sample, arranged top to bottom from brightest to faintest, are
illustrated in Figures 1(a)–(e) by the solid black lines; the Sérsic
component of the fits are highlighted by the dot-dashed blue
lines. The progression from central light deficit to excess shown
is characteristic of our sample, although it should be noted that
there are also a small number (�10% of our sample) of fainter
galaxies (MB � −17.5 mag) which do not deviate significantly
from a single Sérsic model at small radii. These “non-nucleated
dwarf” galaxies are discussed in Section 4 of C07.

12 A note on terminology: whereas these bright regions at the centers of
early-type galaxies have historically been referred to as “stellar nuclei” and the
host galaxies as “nucleated,” groups studying what are likely the same type of
objects at a different point in their evolution in late-type galaxies tend to refer
to them as “nuclear star clusters” or simply “nuclear clusters” (e.g., Rossa
et al. 2006; Böker 2007). In early types, they have also been referred to as
“light excesses” (e.g., Côté et al. 2006, C07) or “extra light” (e.g., Kormendy
1999; Kormendy et al. 2009). For the sake of simplicity (and because some
nuclei—such as in VCC 1146—are in fact disk-like structures, therefore
making the term “cluster” somewhat misleading in these cases), we refer to
them here as “compact stellar nuclei” in “nucleated” galaxies. In any case, the
practical definition of a nucleus is the same as that adopted in all previous
papers in this and the ACSVCS series: i.e., “a central excess in the brightness
profile relative to the fitted Sérsic model” (i.e., Appendix A of Côté et al. 2006).

Figure 1. Observed z-band surface brightness profiles (left panels), intrinsic (i.e.,
not PSF-convolved) surface brightness profiles (middle panels), and luminosity
density profiles (right panels) for five representative galaxies from the ACSVCS:
VCC 1226 (= M49 = NGC 4472, with MB ≈ −21.9 mag and Rb ≈ 1.′′8 ≈
142 pc), VCC 1231 (MB ≈ −19.9 mag and Rb ≈ 0.′′3 ≈ 20 pc), VCC 828
(MB ≈ −18.6 mag and Rb ≈ 0.′′5 ≈ 43 pc), VCC 1422 (MB ≈ −17.4 mag
and Rb ≈ 0.′′2 ≈ 16 pc), and VCC 1075 (MB ≈ −16.1 mag and Rb ≈ 0.′′3 ≈
21 pc). In the left column of panels, the gray squares (appearing as a thick
line) are the observed surface brightness profiles, the black lines are the PSF-
convolved best-fit profiles, and the blue dot-dashed lines indicate the underlying
galaxies, i.e., the Sérsic component by itself. In the middle column of panels,
the intrinsic models (i.e., without PSF convolution) are shown, with the same
color scheme as the panels on the left. The green dashed lines in the middle
panels show the integration of the luminosity density profiles (black lines in
the right column of panels) along the line of sight as a test to ensure they
reproduce the surface brightness profiles (which they do). The deprojections
of the Sérsic components are shown as blue dot-dashed lines in the rightmost
panels.

(A color version of this figure is available in the online journal.)

2.3. Deprojecting the Surface Brightness Profiles

Under the assumption of spherical symmetry, the surface
brightness profile I (R) of a galaxy can be deprojected into the

6
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Table 2
γ3D and Δ3D Values Computed for ACS Fornax Cluster Survey Galaxies

ID Name MB γ3D(0.5%Re) γ3D(1%Re) γ3D(5%Re) γ3D(30%Re) γ3D(0.′′1) Δ3D

(1) (2) (3) (4) (5) (6) (7) (8) (9)

1 FCC 21 -22.30 1.73 . . . 1.83 . . . 2.10 . . . 2.51 . . . 1.30 . . . −0.46
1.75 . . . 1.85 . . . 2.12 . . . 2.52 . . . 1.25 . . . −0.64

2 FCC 213 −21.05 0.57 . . . 0.54 . . . 2.13 . . . 2.58 . . . 1.01 . . . −2.10
0.58 . . . 0.48 . . . 2.11 . . . 2.58 . . . 1.00 . . . −2.14

3 FCC 219 −20.67 0.98 1.01 0.67 1.10 1.41 1.41 2.00 2.00 0.98 1.01 0.29
0.98 1.01 0.70 1.10 1.41 1.41 2.01 2.01 0.98 1.01 0.27

4 NGC 1340 −20.38 1.36 1.24 1.25 1.34 1.65 1.65 2.20 2.20 1.41 1.18 0.78
1.33 1.30 1.36 1.40 1.71 1.71 2.24 2.24 1.40 1.23 0.65

5 FCC 167 −20.41 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

6 FCC 276 −19.71 1.72 1.68 1.63 1.78 2.07 2.07 2.48 2.48 1.74 1.61 0.38
1.71 1.71 1.56 1.81 2.09 2.09 2.49 2.49 1.73 1.63 0.38

7 FCC 147 −19.62 1.61 1.53 1.63 1.63 1.93 1.93 2.39 2.39 1.65 1.48 0.86
1.56 1.56 1.66 1.66 1.96 1.96 2.41 2.41 1.53 1.52 0.78

8 IC 2006 −19.37 2.06 0.99 2.07 1.08 1.63 1.38 1.99 1.98 2.07 1.02 2.68
2.12 1.02 2.13 1.11 1.68 1.41 2.01 2.01 2.12 1.05 2.75

9 FCC 83 −19.18 1.65 1.40 1.57 1.50 1.81 1.81 2.31 2.31 1.65 1.40 0.96
1.68 1.51 1.63 1.62 1.92 1.92 2.38 2.38 1.69 1.50 0.64

10 FCC 184 −19.19 1.24 0.92 1.31 1.01 1.56 1.30 2.16 1.92 1.28 0.97 0.37
1.51 0.90 1.49 0.99 1.52 1.28 1.93 1.90 1.49 1.01 1.41

11 FCC 63 −18.83 1.73 1.45 1.70 1.55 1.86 1.86 2.34 2.34 1.72 1.50 0.89
1.68 1.55 1.62 1.66 1.95 1.95 2.41 2.41 1.66 1.61 0.52

12 FCC 193 −18.87 1.97 0.98 2.00 1.07 1.57 1.37 1.98 1.98 1.99 1.04 2.44
1.95 1.06 1.96 1.15 1.54 1.46 2.05 2.05 1.96 1.11 2.17

13 FCC 170 −18.76 1.90 0.69 1.91 0.75 1.86 1.01 1.68 1.65 1.92 0.80 2.77
1.85 0.69 1.86 0.76 1.81 1.02 1.68 1.65 1.87 0.81 2.59

14 FCC 153 −18.65 1.75 0.77 1.75 0.84 1.80 1.11 1.75 1.75 1.75 0.84 2.13
1.65 0.77 1.65 0.84 1.61 1.11 1.75 1.75 1.65 0.84 1.70

15 FCC 177 −18.37 2.66 0.44 2.74 0.48 1.46 0.67 1.93 1.24 2.68 0.45 6.40
2.63 0.44 2.73 0.48 1.36 0.67 1.79 1.23 2.67 0.46 6.15

16 FCC 47 −18.06 2.10 1.50 2.10 1.60 2.17 1.90 2.47 2.37 2.11 1.44 2.28
2.14 1.49 2.13 1.59 2.19 1.89 2.48 2.37 2.15 1.43 2.49

17 FCC 43 −18.04 3.96 0.80 0.87 0.87 1.15 1.15 1.78 1.78 4.08 0.78 4.41
3.85 0.79 0.86 0.86 1.14 1.14 1.77 1.77 3.99 0.77 4.25

18 FCC 190 −18.11 1.98 0.69 2.02 0.76 1.03 1.02 1.65 1.65 1.99 0.71 3.21
1.89 0.75 1.94 0.82 1.10 1.10 1.73 1.73 1.90 0.77 2.86

19 FCC 310 −18.04 1.77 0.79 1.73 0.86 1.65 1.14 1.96 1.77 1.78 0.76 2.83
1.83 0.77 1.78 0.84 1.68 1.12 1.96 1.75 1.84 0.74 3.07

20 FCC 249 −18.25 1.79 1.12 1.79 1.21 1.52 1.52 2.10 2.10 1.82 1.25 1.72
1.84 1.16 2.05 1.26 1.57 1.57 2.14 2.14 1.93 1.31 1.81

21 FCC 148 −17.96 2.49 0.87 2.42 0.96 2.05 1.25 2.02 1.87 2.46 0.91 4.31
2.42 0.87 2.37 0.96 1.95 1.25 1.93 1.87 2.40 0.91 3.94

22 FCC 255 −17.83 3.17 0.47 2.69 0.53 0.89 0.75 1.45 1.40 2.98 0.50 6.80
3.14 0.44 2.67 0.50 0.89 0.71 1.45 1.38 2.95 0.48 6.78

23 FCC 277 −17.82 1.98 0.60 2.06 0.66 1.15 0.91 1.54 1.54 2.09 0.67 3.42
1.98 0.65 2.06 0.72 1.11 0.97 1.61 1.61 2.08 0.73 3.29

24 FCC 55 −17.74 2.51 0.39 2.61 0.43 1.38 0.62 1.22 1.22 2.60 0.43 5.42
2.67 0.46 2.77 0.51 1.06 0.72 1.34 1.34 2.75 0.50 5.57

25 FCC 152 −17.30 −0.02 . . . −0.03 . . . 0.42 . . . 1.03 . . . −0.03 . . . −0.60
−0.03 . . . −0.03 . . . 0.57 . . . 1.21 . . . −0.04 . . . −0.82

26 FCC 301 −17.31 2.44 0.39 2.48 0.43 0.69 0.62 1.22 1.22 2.97 0.50 5.07
2.36 0.38 2.40 0.43 0.99 0.62 1.21 1.21 3.00 0.50 4.87

27 FCC 335 −17.30 2.41 0.15 2.43 0.18 4.62 0.31 0.79 0.79 2.44 0.19 5.80
2.56 0.16 2.59 0.19 1.45 0.31 0.80 0.80 2.60 0.19 6.22

28 FCC 143 −17.19 1.75 1.30 1.74 1.40 1.71 1.71 2.24 2.24 1.74 1.42 1.13
1.78 1.29 1.77 1.39 1.70 1.70 2.23 2.23 1.77 1.43 1.18

29 FCC 95 −16.94 2.55 0.69 3.38 0.76 1.02 1.02 1.65 1.65 2.85 0.74 4.61
5.46 0.81 0.89 0.88 1.16 1.16 1.79 1.79 2.05 0.84 5.42

30 FCC 136 −16.66 2.68 0.68 2.82 0.75 1.17 1.01 1.64 1.64 2.71 0.70 4.97
2.78 0.79 2.76 0.86 1.20 1.14 1.77 1.77 2.79 0.79 4.86

31 FCC 182 −16.61 2.31 0.72 2.55 0.79 1.08 1.05 1.69 1.69 2.44 0.81 3.68
2.01 0.69 2.51 0.76 1.02 1.02 1.65 1.65 4.23 0.80 3.19

32 FCC 204 −16.76 2.60 0.11 2.71 0.14 1.36 0.25 1.65 0.69 2.67 0.13 7.35
2.64 0.26 2.77 0.30 1.26 0.45 1.65 0.99 2.73 0.28 6.72

33 FCC 119 −16.60 −0.03 . . . −0.03 . . . 0.46 . . . 1.06 . . . −0.04 . . . −0.64

7
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Table 2
(Continued)

ID Name MB γ3D(0.5%Re) γ3D(1%Re) γ3D(5%Re) γ3D(30%Re) γ3D(0.′′1) Δ3D

(1) (2) (3) (4) (5) (6) (7) (8) (9)

−0.03 . . . −0.02 . . . 0.55 . . . 1.18 . . . −0.04 . . . −0.78
34 FCC 90 −16.50 1.91 0.78 1.95 0.86 1.14 1.14 1.77 1.77 1.98 0.88 2.74

2.06 0.74 2.14 0.81 1.08 1.08 1.71 1.71 2.15 0.82 3.27
35 FCC 26 −16.56 −0.02 . . . −0.04 . . . 0.49 . . . 1.36 . . . −0.05 . . . −1.11

−0.02 . . . −0.04 . . . 0.51 . . . 1.25 . . . −0.04 . . . −0.93
36 FCC 106 −16.44 2.40 0.68 2.52 0.74 1.07 1.00 1.64 1.64 2.64 0.77 4.30

2.44 0.74 2.59 0.81 1.09 1.08 1.72 1.72 2.75 0.84 4.22
37 FCC 19 −16.42 2.75 0.26 2.82 0.30 0.95 0.45 1.00 1.00 2.80 0.29 6.47

2.82 0.36 3.07 0.40 0.60 0.58 1.17 1.17 2.89 0.38 6.40
38 FCC 202 −16.27 2.59 0.45 2.70 0.50 1.07 0.71 1.32 1.32 2.68 0.50 5.44

2.56 0.40 2.65 0.45 1.15 0.65 1.24 1.24 2.70 0.46 5.48
39 FCC 324 −16.25 2.79 0.26 3.34 0.30 0.54 0.46 1.01 1.01 2.96 0.28 6.36

2.73 0.28 7.05 0.32 0.48 0.48 1.04 1.04 2.91 0.29 6.19
40 FCC 288 −16.30 2.31 0.25 2.34 0.29 0.50 0.44 0.98 0.98 2.35 0.29 5.34

2.30 0.21 2.35 0.25 0.77 0.39 0.91 0.91 2.37 0.25 5.48
41 FCC 303 −16.02 2.72 0.35 2.75 0.39 2.68 0.57 1.16 1.15 2.73 0.37 6.03

2.72 0.48 2.78 0.53 1.88 0.74 1.36 1.36 2.72 0.49 5.70
42 FCC 203 −16.13 2.56 0.37 2.76 0.42 0.71 0.60 1.19 1.19 2.66 0.40 5.65

2.62 0.42 3.08 0.47 0.71 0.67 1.27 1.27 2.82 0.45 5.62
43 FCC 100 −16.13 2.65 0.32 2.72 0.36 0.72 0.53 1.11 1.11 2.66 0.33 6.08

2.62 0.28 2.70 0.32 0.76 0.48 1.04 1.04 2.64 0.29 6.15

Notes. For each galaxy, the first row indicates the g-band values and the second the z-band values. Columns 1 and 2 list, respectively, the ACSFCS
identification number of each galaxy (Côté et al. 2004) and the Fornax Cluster Catalogue number (Ferguson 1989). Column 3 lists the absolute B-band
magnitudes of the galaxies, computed using apparent magnitudes from NED, extinctions from Schlegel et al. (1998; for the Landolt B filter), and
distances from Blakeslee et al. (2009). Columns 4–8 are γ3D = −d log j (r)/d log r (where j (r) is in L�/pc3 and r is in parsecs) at 0.5%, 1%, 5%, and
30% of each galaxy’s effective radius Re, and at 0.′′1 (for comparison with G96 and L07). The left hand side of each column gives γ3D for the total
profile, whereas the right side is obtained from the profile deprojected without the fit to the nucleus, for those galaxies that are nucleated. Column 9
denotes Δ3D, which quantifies the extent to which a light deficit (Δ3D < 0) or excess (Δ3D > 0) exists in the inner region of a given galaxy. Note that
we were not able to fit surface brightness profiles to FCC 167 due to the presence of dust and were thus unable to extract values for γ3D and Δ3D for
this galaxy.

luminosity density profile j (r) using an Abel integral,

j (r) = − 1

π

∫ ∞

r

dI

dR

dR√
R2 − r2

, (3)

where r denotes the radius of the galaxy in spherical coordinates
and R denotes the radius of the galaxy projected onto the sky
(e.g., Binney & Tremaine 1987).

For each program galaxy (excepting five for which we were
unable to perform a core-Sérsic fit due to the presence of dust),
the above integration was performed numerically using I (R) as
specified in Section 2.2 and using surface brightness fluctuation
distances from Blakeslee et al. (2009). The deprojections of
five representative galaxies are shown by the solid black lines
in the rightmost panels in Figure 1. The deprojections were
carried out a second time excluding the central power law (i.e.,
using the Sérsic component of the surface brightness profile
fit only). This is plotted as the blue curves in panels ((k)–(o))
of Figure 1. In order to verify our deprojection routine, each
luminosity density profile was “re-projected” numerically to
confirm agreement with the original (parameterized) surface
brightness profile. These re-projections were found to match
the original profiles very closely, as shown by the green dashed
lines in Figures 1(f)–(j).

3. RESULTS

The luminosity density profiles of the ACSVCS and ACSFCS
galaxies are plotted in Figure 2, normalized as a function of

r/Rb in order to compare all 138 galaxies at once. The panel on
the left shows the deprojections of the full core-Sérsic profiles,
while the one on the right shows the deprojections excluding
nuclei. (In other words, for those galaxies with central light
excesses, only the deprojected Sérsic component of the outer
surface brightness profile fits are shown on the right, whereas
galaxies with central light deficits are deprojected from the
core-Sérsic fits including the central power-law component in
both panels.) Galaxies brighter than MB = −18.7 mag have
been highlighted in magenta: these galaxies span a 3.6 mag
range centered at MB = −20.5 mag, which marks the reported
separation between the core and power-law galaxies (e.g., L07).
For the sake of simplicity, we show the profiles obtained from
the z-band observations only, given that the overall results using
the g-band observations are the same.

The left panel of Figure 2 is analogous to Figure 3 of G96 and
Figure 6 of L07, who numerically deprojected non-parametric
representations (which therefore include nuclei) of the surface
brightness profiles of a heterogeneous sample of galaxies drawn
from the HST archive. Whereas they find a clear region in which
the inner profiles do not fall, the inner profiles in Figure 2 fan
out to cover a continuous range of slopes. This is true whether
we look at the entire sample or only at those galaxies with
magnitudes around MB ∼ −20.5 mag. It is also true whether
nuclei are included or not. Note that a small gap in the inner
slopes of the luminosity density profiles in the left panel may
be perceived. We do not, however, believe this is significant, for
several reasons. First, the gap is so small that one single galaxy
with the appropriate central slope would fill it in. Secondly, this
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Figure 2. Luminosity density profiles of the ACSVCS and ACSFCS galaxies
in the z band, scaled to the break radius Rb and the luminosity density at this
radius, both including nuclei (left panel) and excluding nuclei (right panel).
Each profile is plotted as a solid line down to the approximate resolution limit
(0.′′1) and as a dotted line down to the pixel size for the ACS/WFC (0.′′05).
Galaxies ranging from 22.3 mag � MB � 18.7 mag are drawn in magenta. The
remainder of the galaxies are shown in black.

(A color version of this figure is available in the online journal.)

gap is nowhere near the magnitude of the gaps seen by G96 and
L07. Lastly, and most importantly, as we show in what follows,
no quantitative analysis of the inner slopes of these profiles
reveals a discontinuity with galaxy magnitude.

To this end, in order to further characterize the behavior of the
inner luminosity density profiles, we compute the logarithmic
derivative γ3D of j (r) numerically at different fractions (0.5%,
1%, 5%, and 30%) of the effective radius Re, where γ3D(r) =
− d log j (r)

d log r
. The resulting values of γ3D are given for the Virgo

galaxies in Table 1 and for the Fornax galaxies in Table 2.
Figures 3 and 4 plot γ3D as a function of MB for the z band,

including and excluding nuclei, respectively. As expected, the
nuclei do not impact the distributions when the slope is measured
beyond 5% of Re: most stellar nuclei have effective radii of ∼2%
of Re and their contribution at much larger radii is therefore
negligible. There is no evidence of disjoint populations in these
figures, although the distributions have large scatter (especially
when nuclei are included and the slope is measured at small radii,
since under these conditions the gradients in the profiles can
change dramatically), are not linear, and show clearly varying
systematic trends as one moves down the luminosity function.
For instance, in the brightest galaxies the central brightness
profile (projected or not) flattens as galaxies become brighter,
while the opposite is true for fainter systems if the nuclei are
excluded. (Indeed, as noted by Ferrarese et al. 2006b, once
we subtract the nuclei, the shallowest inner profiles belong to
the faintest systems.) Likewise, while the fainter galaxies define
nearly linear relations in all plots, the brighter galaxies deviate
from the extrapolation of such relations. However, non-linearity
should not be mistaken as evidence of separate populations.
As one moves from the brightest to the faintest systems, the
slopes change smoothly and continuously: in none of the panels

Figure 3. Logarithmic slopes γ3D of the z-band luminosity density pro-
files—with nuclei included—as a function of MB at 0.5%, 1%, 5%, and 30% of
the effective radius Re for the Virgo (blue squares) and Fornax (red triangles)
galaxies in our sample. The open points indicate nucleated galaxies. Note the
systematic steepening of the central brightness profiles (i.e., at 0.5% and 1% of
Re) due to the presence of nuclei and smooth transition with decreasing galaxy
luminosity.

(A color version of this figure is available in the online journal.)

Figure 4. Same as Figure 3 except that nuclei, when present, are excluded.

(A color version of this figure is available in the online journal.)

do the points segregate into separate regions of the parameter
space.

A comparison of γ3D and its two-dimensional analog, γ ′ =
γ2D = −d log I/d log R (in the z band), as well as a comparison
of γ3D in the g and z bands, is shown in Figures 5(a)–(d).
(The nuclei have been included in this figure.) As expected
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Figure 5. (a)–(c) Comparison of the logarithmic slopes of the z-band luminosity
density profiles γ3D to those of the surface brightness profiles γ2D. The
comparison is shown for slope measurements made at 0.5%, 5%, and 30%
of the effective radius. ACSVCS galaxies are denoted by blue squares and
ACSFCS galaxies by red triangles. Galaxies with nuclei are indicated by the
open symbols. The solid lines are for γ3D = γ2D and the dashed lines are for
γ3D = γ2D + 1. (d) Comparison of the luminosity density slopes measured at
0.5% of Re for the g- and z-band profiles. The solid line shows a one-to-one
relation.

(A color version of this figure is available in the online journal.)

(e.g., Dehnen 1993; Merritt & Fridman 1996; G96), γ3D � 1
correspond to projected slopes γ2D that are shallower by ∼1 dex,
whereas galaxies spanning the range of slopes 0 � γ3D � 1
all translate, once projected, to surface brightness profiles with
nearly identical shallow cores characterized by γ2D ∼ 0, a point
to which we will return later. Panel (d) of Figure 5, which
compares the results obtained using the different bandpasses at
0.5% of Re, demonstrates that there is good agreement between
the g and z profiles. Taken together with Figures 3 and 4, there
is no evidence of a separation of galaxies into distinct classes
claimed by G96 and L07.

Finally, histograms of the γ3D distributions at various fractions
of Re are shown in Figures 6(a)–(d), both including (black)
and excluding (magenta) compact stellar nuclei, as well as
in Figures 7(a)–(d) for galaxies with −22.3 mag � MB �
−18.7 mag (a range, as mentioned earlier, centered on MB ∼
−20.5 mag, where the dichotomy is supposed to occur). The
ACSVCS and ACSFCS samples are combined in both figures
as the histograms of each sample individually do not differ
in substance. The bin size is the “optimal” bin size given by
Izenman (1991) as 2(IQR)N−1/3, where N is the total number
of objects and IQR is the interquartile range, i.e., the range of
the second and third quartiles of the ordered γ3D distribution.
These figures confirm the impression, drawn from Figures 3
and 4, that the distributions of γ3D are not bimodal. Note also that
the distribution of γ3D is dependent on where γ3D is measured,
as expected given that, in Sérsic models, the curvature itself is
a function of radius.

By comparing the histograms showing the slopes obtained
including and excluding the nuclei in Figure 6, it is evident that
the large values of γ3D observed at the innermost radii reflect

Figure 6. Histograms showing the distribution of γ3D at 0.5%, 1%, 5%, and 30%
of the effective radius for each galaxy. This figure illustrates how, generally, the
distribution changes depending on where γ3D is measured. The black histograms
denote values for γ3D including nuclei (where they are present) while the
magenta ones show the distribution of γ3D without nuclei. Note that the largest
values of γ3D seen for the galaxies in the black histogram in panels (a)–(c)
disappear when nuclei are excluded because these measurements reflect the
logarithmic slopes of the nuclei, not the underlying galaxy.

(A color version of this figure is available in the online journal.)

Figure 7. Same as Figure 6, except only galaxies within ∼±2 mag of −20.5 mag
(i.e., the magnitude which has been claimed to separate “core” and “power-law”
galaxies) are included.

(A color version of this figure is available in the online journal.)

the presence of nuclei: not only do the largest values disappear
in the histogram excluding the nuclei, but also, the histograms
including and excluding the nuclei become very similar when
the slopes are measured at larger radii, past the point at ∼2%Re
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where the underlying galaxy begins to dominate the profile.
All in all, and most importantly, the distributions do not appear
bimodal, regardless of whether or not the nuclei are included
and whether the entire sample, or just a limited magnitude range
around the point where a minimum is supposed to occur, are
plotted.

4. CAVEATS AND COMPARISONS WITH
PREVIOUS WORK

The results presented above hinge on two main assumptions:
(1) that the adopted parameterization—which, once convolved
with the instrumental PSF, describes the observed surface bright-
ness profile quite well—is a good description of the intrinsic
(pre-convolution) projected profile and (2) that the galaxies can
be deprojected under the assumption of sphericity. In their anal-
yses, G96 and L07 performed numerical deprojections of non-
parametric spline fits to the surface brightness profiles derived
by fitting isophotes to deconvolved images; in this paper, we
have opted to perform a numerical deprojection of the paramet-
ric models that, once convolved with the instrumental PSF, best
fit the surface brightness profiles derived by fitting isophotes to
PSF-convolved images.

Both methods have disadvantages. Deconvolution of noisy
data does not generate images with infinitely high spatial res-
olution, and therefore, pre-convolution images are not gener-
ally coincident with deconvolved images. Noise amplification
in deconvolved images can also be a concern. Additionally, us-
ing a parametric approach, the nucleus can be either included
or excluded, whereas this cannot be easily accomplished us-
ing the deprojection method of G96 and L07. (Indeed, nuclei
are included in their analysis.) Conversely, because the nuclear
component is often just barely resolved in the images, a given
parameterization may not be unique. A priori, therefore, there
is no obvious reason to prefer one approach to the other.

We have compared our γ3D values for the 19 galaxies (14
classified as E, 3 as E/S0, and 2 as S0) in common between
our sample and that of G96, spanning a magnitude range
between −22 � MB � −15.7 mag (although most are brighter
than MB ∼ −18.5 mag). This is shown in Figure 8. For
this comparison, our measurements are made at 0.′′1, the fixed
angular radius adopted for the slope measurements presented in
G96. The values we compute for γ3D(0.′′1) are given in Tables 1
and 2 for our entire sample. (We are unable to compare with
L07 because they did not tabulate their values for γ3D.) The
systematic difference between our slopes and those of G96
amounts to an average of only ∼5% of γ3D, with no obvious
trend with galaxy magnitude. We therefore conclude that the
choice of image processing (whether or not to deconvolve the
images) and fitting functions (core-Sérsic versus spline) has
little effect on the derived slopes and is not sufficient to alter
any of our conclusions.

The consequences of our assumption of sphericity are more
difficult to assess. As detailed in Ferrarese et al. (2006b), the
observed one-dimensional surface brightness profiles used to
carry out the model fitting are given as a function of the
“geometric mean radius,” R = a[1 − ε(a)]1/2, where a is the
radius measured along the isophotal semimajor axis and ε is
the ellipticity at a. Using the geometric mean radius instead of
the semimajor axis has the effect of “circularizing” the isophotes
on the plane of the sky. In this sense, the deprojected profiles
represent a characteristic luminosity density along an axis that is
intermediate between the observed (projected) major and minor
axes of the galaxy.

Figure 8. Comparison of our values for γ3D at 0.′′1 (averaged between the g- and
z-band profiles derived from the ACS images) with those in common with G96
(who used WFPC1 data). The blue squares are ACSVCS galaxies and the red
triangle is FCC 213, the only ACSFCS galaxy included in G96’s analysis. The
error bars are as stated in G96 for the vertical axis and represent the spread in
the g- and z-band measurements of γ3D for the horizontal axis. The solid black
line denotes where the two values are equal and the dashed lines represent a 2σ

deviation from this line.

(A color version of this figure is available in the online journal.)

The assumption that the galaxy is circularly symmetric
perpendicular to the plane of the sky is born out of necessity,
as the inclination angle of the galaxy is generally unknown.
The expectation, however, is that when looking at a sample
of randomly oriented galaxies, our “edge-on” approximation
would lead us to overestimate the luminosity density and
inner slopes (by amounts which depend on the inclination
and on the shape of the observed profiles). Qualitatively,
this is unlikely to reconcile our results with the existence
of a core/power-law dichotomy because luminous (“core”)
galaxies are traditionally believed to be close to spherically
symmetric, pressure-supported systems, while fainter (“power-
law”) galaxies are believed to be flattened (e.g., Lauer et al.
2007; but see also Emsellem et al. 2007). Relaxing our edge-
on assumption would therefore have little affect on the core
galaxies, but would decrease the luminosity density slope of
power-law galaxies, therefore narrowing, rather than widening,
any gap between the two. In any case, both our analysis and that
of G96 and L07 assume sphericity. This assumption, therefore,
could not account for the different conclusions reached by their
studies and ours.

The disagreement between our results and those of L07,
specifically, is made clear by the histograms in Figures 9 and 10,
which plot the distribution of γ3D(0.′′1) both including and ex-
cluding nuclei. Figure 9, which plots γ3D(0.′′1) including nuclei,
is directly analogous to the second panel of L07’s Figure 7 as
they include nuclei in their analysis. For completeness, we also
show our γ3D(0.′′1) distributions excluding nuclei in Figure 10.
In the past, there has been some debate as to which morpho-
logical types should be included in this type of analysis. In a
companion paper (P. Côté et al. 2011, in preparation), we will
present a detailed comparison of morphological classifications
for ACSVCS and ACSFCS galaxies from a variety of sources,
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Figure 9. Histograms of the values computed for γ3D at 0.′′1, including nuclei, for
comparison with G96 and L07 (as it is at this radius—the approximate resolution
of HST—at which they both measure γ3D). The black histogram includes all
galaxies, while the colored histograms separate the galaxies by morphological
type (from P. Côté et al. 2011, in preparation): pink denotes ellipticals; purple,
lenticulars; and green, dwarfs. The blue distribution is the fit to L07’s γ3D(0.′′1)
distribution, as shown in their Figure 7, second panel down. The bimodality
they observe is not present in our sample.

(A color version of this figure is available in the online journal.)

including Binggeli et al. (1985), the RC3 (de Vaucouleurs et al.
1991), Ferguson (1989), and new classifications by S. van den
Bergh made directly from the ACS imaging used in this paper.
Although there is, at best, only fair agreement among the differ-
ent studies, we have used these classifications to assign “con-
sensus morphologies” (E, S0, or dwarf) to the complete sample
of galaxies. While these morphologies are often quite uncer-
tain for individual galaxies, classifying them into three broad
bins for ellipticals, lenticulars, and dwarfs (which we take to
include both dEs and dS0s) allows an examination of how our
results might change with different morphological samples. At
the same time, we emphasize that the distinction between, e.g.,
Es and S0s is often highly ambiguous as these galaxies follow
the same global scaling relations (e.g., Ferrarese et al. 2006b;
P. Côté et al. 2011, in preparation) and can often not be differ-
entiated even with the addition of kinematic information (e.g.,
Emsellem et al. 2007; Chilingarian et al. 2009b).13 Neverthe-
less, Figures 9 and 10 show the results of dividing the sample
in this way into ellipticals (in pink), lenticulars (in purple), and
dwarfs (in green). Whereas L07 find peaks in the distribution
at γ3D ≈ 0.9 and γ3D ≈ 1.8, and a trough at γ3D ≈ 1.4—as
shown by the fit to L07’s γ3D(0.′′1) distribution, plotted over
our distributions in Figures 9 and 10—none of our distributions

13 In fact, it is for these reasons, as well as because disk fitting functions are
degenerate—meaning that, although exponential profiles are generally
assumed, there is no a priori reason to prefer this functional form to
another—that we feel it is justified not to perform a bulge–disk decomposition
in our analysis. In any case, neither G96 nor L07 perform a decomposition for
the lenticular galaxies in their samples, so this does not explain our differing
results.

Figure 10. Same as Figure 9 except that nuclei, when present, are excluded.
Note that nuclei are included in the distribution of L07, shown by the blue curve.

(A color version of this figure is available in the online journal.)

Figure 11. Logarithmic slopes γ3D(0.′′1) as a function of MB from the z-band
luminosity density profiles for the Virgo (blue squares) and Fornax (red triangles)
galaxies in our sample. The open points indicate nucleated galaxies. There
is a smooth transition in γ3D with galaxy luminosity regardless of whether
one considers (panel (a)) the slopes including nuclei or (panel (b)) the slopes
excluding nuclei.

(A color version of this figure is available in the online journal.)

support this type of dichotomy. For completeness, we have also
plotted γ3D(0.′′1) versus MB in Figure 11, both including and
excluding nuclei. It clearly shows a gradual trend in γ3D(0.′′1)
with magnitude, not a discontinuous steepening.
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Figure 12. Luminosity functions of the ACSVCS/FCS (i.e., the sample used in
this paper; black), the G96 sample (red), the L07 sample (green), and the K09
sample (blue with hatching). Note that the ACSVCS/FCS is complete down to
MB ∼ −19.2, more than a magnitude fainter than MB ∼ −20.5 mag, where
the divide between core and power-law galaxies is supposed to occur (indicated
by the dashed line).

(A color version of this figure is available in the online journal.)

The origin of the discrepancy with the results of both G96
and L07 lies in the samples analyzed in the different studies.
As C07 explain in more detail, our sample consists of early-
type galaxies in Virgo and Fornax that have a well-understood
selection function, one that closely resembles the Schechter-
type luminosity function exhibited by galaxies in general and
in these clusters specifically. By contrast, the samples analyzed
by G96 and L07 are strongly overabundant in bright (“core”)
galaxies compared to standard luminosity functions and quickly
become incomplete at fainter magnitudes—a luminosity regime
where the ACSVCS and ACSFCS samples show clearly that the
class of early-type so-called power-law galaxies nearly always
have a two-component structure: i.e., the galaxy itself and a
nuclear component. Figure 12 plots the luminosity functions for
the combined ACSVCS/FCS, G96, and L07—as well as for
K09 for comparison.

5. AN ALTERNATIVE, INTEGRAL CHARACTERIZATION
OF EARLY-TYPE GALAXIES

It is apparent that measuring the logarithmic slopes of the
inner regions of early-type galaxies can be a rather ambiguous
process. In particular, the radius at which either γ2D or γ3D should
be measured is not clear and is often not consistent from one
study to the next. This is troubling given that, as we have shown
in Sections 3 and 4, γ3D can vary substantially over relatively
small radii.

In their paper addressing γ2D, C07 propose a new, physically
motivated parameter designed to quantify the behavior of the
inner surface brightness profile and the tendency of early-type
galaxies to transition systematically from central light deficit
below the global Sérsic fit for the brightest galaxies to a central

light excess above the global Sérsic fit as galaxies become
fainter. This quantity, dubbed Δ0.02 = Δ2D, is essentially the
logarithm of the ratio of the observed luminosity in the central
region to the luminosity from the inward extrapolation of the
Sérsic fit, both integrated within 2% of the effective radius. For
the deprojected profiles here, we define a similar quantity Δ3D
as

Δ3D = log(Lgal/LSer), (4)

where Lgal and LSer are the luminosities inside the break radius
Rb, integrated from the deprojected core-Sérsic profile for the
former and from the deprojection of the Sérsic-only profile for
the latter. This parameter allows us to quantitatively characterize
a galaxy as having a light deficit (Δ3D < 0) or a light excess
(i.e., a nucleus; Δ3D > 0).

We have computed Δ3D for each galaxy in our sample, the
results of which are listed in Tables 1 and 2. In Figure 13, these
values are plotted against a variety of galaxy parameters (e.g.,
Peng et al. 2008; Ferrarese et al. 2006b; L. Ferrarese et al. 2011,
in preparation; P. Côté et al. 2011, in preparation). Panels (a)–(f)
show Δ3D as a function of absolute blue magnitude MB, galaxy
(stellar) mass M∗, (g–z) color, Sérsic index n = nS , mean
ellipticity 〈ε〉, and local galaxy density σ10

14. Symbols have
been color-coded according to the galaxy (g–z) colors, which
are shown in panel (c). To highlight any trends with Δ3D, the
smooth curve shown in each panel shows the (non-parametric)
locally weighted scatterplot smoothing (LOWESS) fit to the
data (see Cleveland & McGill 1984). It is advisable to view the
extremes of the LOWESS curves with some caution given their
reliance on a small number of data points. In the small panel
in the upper left, we show the completeness fraction fc of our
sample of early-type galaxies in the Virgo and Fornax Clusters
as a function of absolute magnitude.

There are obvious correlations in a number of these panels:
i.e., there is a systematic increase in Δ3D as one moves to lower
luminosities or masses, bluer colors, and lower Sérsic indices.
Note that although most intermediate- and low-luminosity
galaxies in our sample are strongly nucleated, there is a
population of faint (MB � −18.5), blue galaxies which either
have smaller-than-expected nuclei or which are not nucleated at
all, resulting in a skewed Δ3D distribution around this magnitude.
These could be galaxies that have not yet completed or indeed
begun forming their nuclei. (See Section 4 of C07 for further
discussion.) The most luminous, most massive, and reddest
galaxies are always characterized by central light deficits,
Δ3D < 0, although there is also a small number of faint and
anomalously red galaxies that have Δ3D > 0. These are compact
elliptical galaxies, which may be the tidal-stripped remains of
more massive systems (e.g., Faber 1973; Bekki et al. 2001;
Chilingarian et al. 2009a; P. Côté et al. 2011, in preparation).
By contrast, there is little or no correlation between Δ3D and
mean ellipticity or galaxy density—aside from the well-known
tendency for deficit/core galaxies to have low ellipticities in
their central regions, and to occupy high-density environments
at the centers of clusters or subclusters.

There are many advantages to using Δ3D over γ3D to char-
acterize the inner regions of early-type galaxies. Because Δ3D
is an integral quantity, it is not measured at an instantaneous
radius and is therefore much easier to measure consistently than
γ3D (although, of course Δ3D is not model independent). The

14 Defined as the surface density corresponding to the distance of the 10
nearest confirmed or probable cluster members according to Binggeli et al.
(1985) and Ferguson (1989), i.e., σ10 = πR2

10.
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Figure 13. Behavior of the parameter Δ3D = log (Lgal/LSer ) from z-band photometry for ACSVCS and ACSFCS galaxies. This parameter represents quantitatively
whether a galaxy has a central luminosity deficit (Δ3D < 0) with respect to the Sérsic fit to a galaxy, a central excess (Δ3D > 0), or neither (Δ3D = 0). Panels (a)–(f)
show the relationship between Δ3D and absolute blue magnitude, galaxy (stellar) mass (from Peng et al. 2008), galaxy color, Sérsic index, mean ellipticity, and the
surrounding density of Virgo or Fornax cluster members. In all panels, galaxies have been color-coded according to their (g −z) color, as shown in panel c. The smooth
curve in each panel shows the locally weighted scatterplot smoothing (LOWESS) fit to the data (see Cleveland & McGill 1984) highlighting the general trends, if any;
representative error bars are shown in each panel. For reference, the completeness fraction, fc, of our sample of early-type galaxies in the Virgo and Fornax Clusters as
a function of absolute magnitude is shown in the upper left panel. This figure illustrates the clear trend from light deficit to light excess as one moves down the galaxy
luminosity/mass function, although there is a spread in Δ3D for the faintest and lowest-mass galaxies. In particular, note the presence of the faint (MB � −18.5 mag),
weakly/non-nucleated galaxies which represent ∼10% of our sample.

(A color version of this figure is available in the online journal.)

inner region is simply defined as the radius inside which the
total galaxy profile departs from the global Sérsic profile. Note
that this does not necessarily require fitting a core-Sérsic profile
in particular to a given galaxy. One need only combine a good
global fit (likely a Sérsic profile) with a fit to the central region.
This is advantageous, for example, in the case of a distant galaxy
with an unresolved nucleus: the nucleus could be simply mod-
eled as a point source and a value for Δ3D obtained, whereas it
would not be possible to measure γ3D including the nucleus for
such a galaxy. Additionally, Δ3D indicates whether a galaxy is
nucleated or non-nucleated in a clear, intuitive way; conversely,
it is not possible to state whether a galaxy contains a nucleus or
not simply by knowing γ3D.

6. DISCUSSION

The main result of this paper is that the deprojected profiles
of the ACS Virgo and Fornax Cluster Survey galaxies do not
support the existence of a core/power-law dichotomy around
MB ∼ −20.5 mag. Rather, we find that the inner luminosity
density profiles fan out over a continuum of slopes, as C07
found when analyzing the projected profiles of the same sample.
This result holds whether the compact nuclear components (i.e.,

nuclei, present in the vast majority of galaxies fainter than
MB ∼ −19 mag) are included or excluded in the deprojection.

This finding is in contrast to the results of L07 who also an-
alyzed the projected and deprojected inner slopes of a sample
of galaxies for which “Nuker”-law fits to the surface bright-
ness profiles were available in the literature. As discussed in
Section 4, the actual details of the deprojection technique are
unlikely to be responsible for the difference in our findings. C07
point out that the L07 results are, in fact, biased by their sample
selection, which is described by a luminosity function (shown
in Figure 12) that is itself bimodal, as L07 themselves also note.
Given the observed trend between galaxy magnitudes and inner
profile slopes, C07 show that inner slopes drawn from a continu-
ous distribution (such as the one observed for the ACSVCS/FCS
galaxies) for galaxies following a bimodal luminosity function
(such as the one characterizing the sample of L07) will pro-
duce a bimodal slope distribution that closely resembles the
one observed by L07. The analysis presented in this paper adds
further weight to this explanation by showing that, when us-
ing a representative galaxy sample such as the ACSVCS/FCS
(see Figure 12), both the two-dimensional surface brightness
profiles and the three-dimensional deprojected profiles define a
nearly continuous sequence as a function of galaxy magnitude.
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Indeed, as shown in Figure 1, the apparent contrast in central
brightness profiles between the brightest (shallow slopes) and
the fainter galaxies (steeper slopes) is less striking in the de-
projected profiles, as noted by previous investigators (e.g., G96,
L07).

The absence of a dichotomy between “core” and “power-
law” galaxies should perhaps not be surprising. It is generally
believed that the core galaxies that populate the upper end of the
luminosity function are nearly spherically symmetric, pressure
supported, slowly rotating, boxy systems, while the opposite is
true for power-law galaxies. In fact, although isophotal shape,
kinematics and stellar populations do show systematic trends as
a function of galaxy magnitude (Bender et al. 1989; Kormendy
& Djorgovski 1989; Caon et al. 1993; Ferrarese et al. 2006b),
there is not a one-to-one correspondence between the core/
power-law classification and the above mentioned properties.
Most notably, the SAURON team found no clear correspon-
dence between “core/power-law” galaxies and their “slow/fast
rotators” (Emsellem et al. 2007). Similarly, P. Côté et al. (2011,
in preparation) find that stellar content and global structural
parameters of ACSVCS and ACSFCS galaxies vary systemat-
ically along the luminosity function, but do not show any sign
of a discontinuity across the alleged “core/power-law” divide.

From a theoretical standpoint, a dichotomy is also difficult to
reconcile with a hierarchical merging scenario for the formation
of early-type galaxies. Based on hydrodynamic simulations,
Hopkins et al. (2008, 2009a) find that the “core” and “power-
law” galaxies actually form a continuous family, very much
in agreement with the results presented in this paper, as
well as in Ferrarese et al. (2006b) and C07. A continuity
is, in fact, expected given that the key processes involved in
the formation of spheroids (e.g., the degree of dissipation)
depend on factors such as the gas fractions and masses of
the progenitors, which are themselves not believed to be
discontinuous. This is not at all to argue that the faintest galaxies
in our sample are simply scaled-down versions of the giant
ellipticals. There are a number of processes that likely affect
these galaxies, including mergers (with various gas fractions),
stripping, harassment, cold-gas accretion, etc. However, these
processes should have differing—but not discontinuous—levels
of importance as we travel down the luminosity function. In our
view, parsing complete, or nearly complete, galaxy samples
into small subgroups where certain physical mechanisms are
expected to dominate and then concluding that these populations
are fundamentally distinct will lead to an overly simplified,
not to mention logically cyclical, view of the galaxy formation
process.

As an aside, note that, moving down the luminosity function,
our results also show no evidence of a discontinuity across the
so called giant/dwarf transition, traditionally thought to occur at
MB ≈ −17.5 mag (e.g., Kormendy 1985). One of the arguments
often cited in support of the notion that dwarf galaxies are
physically distinct from regular ellipticals is that the former
have exponential surface brightness profiles (i.e., Sérsic index
n ∼ 1). Indeed, as Figures 1(h)–(j) demonstrates, as one travels
down to fainter galaxies (from VCC 828 to VCC 1075 in this
case) the underlying galaxy at inner radii tends to become very
flat in projection. This trend may make it tempting to conclude
that galaxies with flat underling inner surface brightness profiles
are dwarf ellipticals while those with steeper inner slopes are
giants. However, as Figure 5 illustrates, whereas γ3D ≈ γ2D + 1
for γ2D � 1, since γ2D � 1 tends to deproject to a range of
values between γ2D and γ2D +1, many of those “dwarf” galaxies

that appear flat in projection fan out to create a continuous trend
with magnitude when deprojected, bridging the gap to the so-
called giants. Referring back to Figure 4, it is apparent that γ3D
of the underlying galaxy is continuous with magnitude and does
not suddenly flatten around MB ≈ −17.5.

At this stage, it is worth emphasizing that although Sérsic pro-
files were used to parameterize the observed surface brightness
profiles globally simply because they provided the best empiri-
cal match, the very fact that this family of models so accurately
fits the surface brightness profiles (for R � 2%Re) of both
“core” and “power-law” galaxies, and of high- (“giant”) and
low-luminosity (“dwarf”) galaxies must be a fundamental clue
to the physics underlying the hierarchical assembly of baryons
within merging dark matter halos. So, is there any evidence
for a physically motivated origin for Sérsic model? Hjorth &
Madsen (1995) were the first to show that the deviations of the
brightness profiles of real galaxies from a de Vaucouleurs R1/4

law—the same deviations that can be accounted for explicitly
by a Sérsic law—can be reproduced using a simple distribution
function constructed on the basis of the statistical mechanics of
violent relaxation. In a series of papers by Gerbal et al. (1997),
Lima Neto et al. (1999), Márquez et al. (2000), and Márquez
et al. (2001), it has been shown that elliptical galaxies lie on
the intersection between two manifolds—one a scaling relation
between potential energy and mass and the other representing
quasi-constant specific entropy. These investigators were able
to express this intersection in terms of the three Sérsic param-
eters and verify that actual elliptical galaxies fall within the
Sérsic parameter space predicted theoretically. Finally, in a re-
view article, Londrillo (2006) discusses how N-body numerical
simulations of collisionless gravitating systems can reproduce
Sérsic profiles given appropriate initial conditions.

Finally, in terms of the origin of galaxies with central light
deficits versus those with light excess, it is widely accepted
that the light deficits in “core” galaxies are the result of
central scouring by coalescing black hole binaries following
predominantly dissipationless galaxy mergers (Ebisuzaki et al.
1991; Faber et al. 1997; Gualandris & Merritt 2008), whereas
nuclei are thought to be mainly the result of gas inflows into
the core (Mihos & Hernquist 1994; Côté et al. 2006; C07;
Emsellem & van de Ven 2008; Kormendy et al. 2009), with
possible contributions from other processes, such as the infall
of star clusters via dynamical friction (Tremaine et al. 1975;
Tremaine 1976). It has been suggested that gas inflows played
a role in the centers of light-deficit galaxies as well (see, e.g.,
Hopkins et al. 2009b), although Emsellem & van de Ven (2008)
find that the tidal forces in a galaxy are compressive for Sérsic
indices n � 3.5 such that available gas could collapse and
form a cluster of stars in the center while, for n � 3.5, the
tidal forces become disruptive. It may be that, although gas
compression becomes increasingly important as one moves
down the luminosity function, inflows still occur at higher
masses, albeit at reduced levels.
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Böker, T. 2010, in Astrophys. and Space Sci. Proc., The Impact of HST on

European Astronomy, XXIV, ed. F. D. Macchetto (New York: Springer), 99
Caon, N., Capaccioli, M., & D’Onofrio, M. 1993, MNRAS, 265,

1013
Chilingarian, I. V., Cayatte, V., Revaz, Y., Dodonov, S., Durand, D., Durret, F.,

Micol, A., & Slezak, E. 2009a, Science, 326, 1379
Chilingarian, I. V., Novikova, A. P., Cayatte, V., Combes, F., Di Matteo, P., &

Zasov, A. V. 2009b, A&A, 504, 389
Cleveland, W. S., & McGill, R. 1984, J. Am. Stat. Assoc., 79, 807
Côté, P., et al. 2004, ApJS, 153, 223
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Rossa, J., van der Marel, R. P., Böker, T., Gerssen, J., Ho, L. C., Rix, H.-W.,

Shields, J. C., & Walcher, C.-J. 2006, AJ, 132, 1074
Schlegel, D. J., Finkbeiner, D. P., & Davis, M. 1998, ApJ, 500, 525
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