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Talk Outline

1. Stellar Nuclei in the context: the view from 
the ACS Virgo and Fornax Cluster Survey

2. Virgo and Fornax: nuclei in different 
environments

3. The Next Generation Virgo Cluster Survey

• Overview of the survey

• Demonstration of Capabilities

A mythological representation of the 
constellation Virgo, from Johannis Hevelius’ 
17th century Uranographicarum star atlas 
(credit: U.S. Naval Observatory and STScI.)



Stellar Nuclei and Galaxy Cores

3



•Virgo and Fornax Clusters: the dominant mass 
concentrations in the Local Universe and the 
nearest large collections of early-type galaxies (at 
16.5 and 20 Mpc, respectively).

•ACS/WFC observations of 100 (Virgo) + 43 (Fornax) 
= 143 member galaxies.

•−22.3 < MB < −15.1 (range ≈103 in LB).

•Nearly complete census of early types = E, S0, dE, 
dE,N, dS0

•Each galaxy observed in F475W (g) and F850LP (z), 
1 orbit per target. 

•FOV = 3.4 × 3.4′ (= 16 × 16 kpc at Virgo, 20 × 20 
kpc at Fornax)

•0.05″ pixels (= 4/5 pc at Virgo/Fornax).

The ACS Virgo and Fornax Cluster Surveys: 
Observing Strategy and Sample Selection

In the time since the VCC was compiled, Virgo has been the
subject of numerous spectroscopic surveys. As a result, radial
velocities are now available for many additional galaxies (e.g.,
Binggeli et al. 1993; Drinkwater et al. 1996). According to
NED, 897 of the 1851 galaxies originally classified by
Binggeli et al. (1987) as certain or possible members of Virgo
now have published radial velocities. The upper histogram in
Figure 1 shows the distribution of radial velocities for these
897 galaxies, based on the latest NED data. For comparison,
the filled histogram shows the distribution of radial velocities
for ACS Virgo Cluster Survey galaxies. It is clear that the
velocity distribution for the ACSVCS program galaxies
closely resembles that of the entire Virgo sample.

The irregular structure of the cluster is apparent in Figure 2,
which shows the distribution of 1726VCCmembers or possible
members on the sky (black circles). This is somewhat fewer
than the 1851 members or possible members listed in the
VCC since we show only those galaxies that have !B1950 ! 5",
meaning that they are not associated with the Southern Ex-
tension of Virgo (Sandage et al. 1985). For comparison, the red
symbols show the 100 galaxies from the ACS Virgo Cluster
Survey, which fall in the declination range 7":2 # !B1950 # 18":2.

Sandage et al. (1985) examined the luminosity function of
Virgo Cluster galaxies in detail, including its dependence on
morphology. Numerous subsequent studies have used more

sensitive photographic plates (e.g., Impey et al. 1988; Phillipps
et al. 1998) or wide-field CCD mosaic cameras (Trentham &
Hodgkin 2002; Sabatini et al. 2003) to explore the faint-end
behavior of the Virgo luminosity function and to search for
bright galaxies with compact sizes or extreme surface bright-
nesses that might have gone undetected by Sandage et al.
(1985). While the precise form of the faint-end of the Virgo
luminosity function remains a matter of debate, the various
surveys generally agree on a high level of completeness of the
VCC for BT P 18, the completeness limit estimated by Binggeli
et al. (1987).

The upper panel of Figure 3 shows the luminosity function
of 956 early-type galaxies judged by Binggeli et al. (1987) to
be members of Virgo. The lower panel of this figure shows
the same luminosity function in logarithmic form. The filled
histogram (upper panel ) and filled circles (lower panel ) show
the corresponding luminosity functions for the ACS Virgo
Cluster Survey program galaxies, which have 9:31 # BT #
15:97 (corresponding to a factor of $450 in luminosity). Note
that these galaxies are all considerably brighter than the VCC
completeness limit of BT % 18 (indicated by the arrows in
Fig. 3). The inset in the upper panel of this figure shows the
completeness of the ACS Virgo Cluster Survey as a function
of magnitude—the dotted curve shows the completeness in
0.5 mag bins, while the dashed curve shows the variation in

Fig. 2.—Distribution of VCC galaxies on the plane of the sky, adapted from Binggeli et al. (1987). The symbol size is proportional to blue luminosity. This figure
contains a total of 1726 galaxies, with no restriction on morphological type, that are classified as members or possible members of the Virgo Cluster and have
declinations greater than !B1950 ’ 5" (meaning that they are not associated with the Southern Extension of Virgo). The M and W Clouds as defined by Sandage et al.
(1985) are shown by the dotted regions. Red symbols denote the full sample of 100 early-type galaxies from the ACS Virgo Cluster Survey.
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Virgo

Fornax

Côté et al. (2004), Jordán et al. (2007)



Core Properties Along the Red 
Sequence Luminosity Function

Baldry et al. (2004, 2006)

✖ Virgo early type

✖ Fornax early type

Chen et al. (2010)



Systematics in Core Properties Along the 
Luminosity Function: the ACSVCS/FCS View

Ferrarese et al. (2006a); Côté et al. (2006,2007)

• Beyond ~2% Re, the profiles 
are well fitted by Sersic 
functions (e.g. Jerjen & Binggeli 
'97; Caon et al. '93, '94; Graham 
et al. '03ab;  Graham and 
Guzman '03; Gavazzi et al. '05; 
Grant et al. '05; Zibetti et al. '05; 
Misgeld et al. '08, '09; 
Kormendy et al. '09, etc...) 



• Beyond ~2% Re, the profiles 
are well fitted by Sersic 
functions (e.g. Jerjen & Binggeli 
'97; Caon et al. '93, '94; Graham 
et al. '03ab;  Graham and 
Guzman '03; Gavazzi et al. '05; 
Grant et al. '05; Zibetti et al. '05; 
Misgeld et al. '08, '09; 
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• Systematic variations occur 
within ~2% Re. Relative to the 
inner extrapolation of the outer 
Sersic profile: 

- the brightest galaxies show light 
“deficits” (e.g. Graham 2004; 
Ferrarese et al. 2006ab) 

- In fainter galaxies, stellar nuclei 
are identified as “excess” light 
(Graham & Guzman 03; Grant, 
Kuipers & Phillips 05; Côté et al. 
06, 07 -- latter results confirmed 
in Kormendy et al. 09)

 2% Re
Ferrarese et al. (2006a); Côté et al. (2006,2007)

Systematics in Core Properties the ACSVCS/FCS View



Luminosity 
“Excess”

Luminosity 
“Deficit”

Ferrarese et al. (2006a,b); 
Côté et al. (2006,2007) 

Transition from 
Central Luminosity 
Deficit to Excess: 

MB ≈ -20 mag

Ferrarese et al. (2006a); Côté et al. (2006,2007)

Systematics in Core Properties the ACSVCS/FCS View



There is no evidence 
supporting a separation of 
early type galaxies in three 

different categories:

Ferrarese et al. (2006a,b); 
Côté et al. (2006,2007) 

Ferrarese et al. (2006a); Côté et al. (2006,2007)

Systematics in Core Properties the ACSVCS/FCS View

“Core”
(e.g. Lauer et al. ’96, ‘07; 

Kormendy et al. ‘09)

“Power-law” 
(e.g. Lauer et al. ‘96, ‘07) 

or “Coreless”
(Kormendy et al. ‘09)

“Spheroidals” 
(e.g. Kormendy et al. ‘85, ‘09)



Luminosity 
“Excess”

Luminosity 
“Deficit”

Transition from 
Central Luminosity 

Deficit to Excess: MB 
≈ -20 mag

Systematics in Core Properties: Deprojection
Glass et al. (2010)



Glass et al. (2010)
Glass et al. 2010

Lauer et al. 2008

Systematics in Core Properties: Deprojection



• Define a parameter, ∆0.02, that measures the net luminosity deviation from the inward 
extrapolation of the outer Sersic component: 

Δ0.02 ≡ log(Lgalaxy/Lsersic)                  0 < R/Re < 0.02

“Deficit”

Coalescence of Supermassive Black Holes Binaries (e.g. 
Ebisuzaki,Makino, & Okumura 1991;Makino & Ebisuzaki 1996; 
Milosavljevic & Merritt 2001; Komossa et al. 2003)

Harmonic motions caused by periodic bipolar AGN outbursts 
(Peirani, Kay & Silk 2008) Core depletion by Supermassive Black Hole 
Binaries (Ebisuzaki et al. 1991, Faber et al. 1997, Milosavljevic & Merritt 
2001)

“Excess”

Gas Inflows (e.g. Barnes & Hernquist 1991; Mihos & 
Hernquist 1994, 1996) 

Coalescence of Globular Clusters (e.g. Tremaine, Ostriker & 
Spitzer 1975; Capuzzo-Dolcetta 1993; Capuzzo-Dolcetta & 
Tesseri 1999; Capuzzo-Dolcetta & Miocchi 08; Bekki et al.04)

Observational Data: Walcher et al. (2005); Rossa et al. 
(2007); Seth et al. (2008, 2010)... 

Systematics in Core Properties



Systematics in Core Properties: Deprojection
Glass et al. (2010)



Systematics in Core Properties: Deprojection
Glass et al. (2010)

There is no discontinuity between galaxies with “deficits” and galaxies with 
“excess”, rather a continuous progression from one to the other along the 
luminosity function (Cote et al. 2007). This implies that the same evolutionary 
processes are at play across the sequence (albeit with differing weights, e.g. Hopkins 
et al. 2008) 





Looking Ahead:

The Next Generation Virgo 

Cluster Survey



• NGVS: CFHT/MegaCam Large Programme to survey the Virgo Cluster out to its virial radii (5.4 
deg and 3.4 deg for the A and B sub-clusters, respectively) ➔ 104 square degrees.

• u*g′r′i′z′, to g′ ≈ 25.7 mag (10σ) and μg′ ≈ 29 mag arcsec-2 (2σ). 

• Image quality ≤ 1” (u*g′r′z′) ; ≤ 0.6” ( i′)
• Awarded 771 hours (~150 nights) over four years (2009A - 2012A).

• Follow-up Programs: CFHT/WIRCam; Galex; MMT/Hectospec 



• Compared to VCC: 100× improvement in depth, 100× in surface brightness, >3× in 
spatial resolution, 5× in SED coverage. Plus, many synergistic opportunities with 
surveys at non-optical wavelengths.

ACS VCS (F475W/g) SDSS (g)CFHT/MegaCam (i)



•Virgo Science 
•the faint end of the luminosity 

function
•galaxy structural parameters
•core properties and stellar 

nuclei
•environmental effects
•Intracluster light, tidal debris
•globular clusters

•Background Science:
•cosmic shear
•intrinsic alignment
•high-z clusters

•Foreground Science
•the structure of the MW halo
•Kuiper Belt Objects

NGVS: Science Objectives



ACSVCS vs NGVS Profiles and Nuclear Fractions

VCC1283
MB=−17.8

VCC1422
MB=−17.4

VCC1185
MB=−15.7

VCC1545
MB=−16.2

VCC1910
MB=−16.7

VCC1355
MB=−16.7

VCC1261
MB=−17.5

VCC1528
MB=−16.5

VCC1661
MB=−15.2

Blue: HST/ACS Profiles (from Ferrarese et al. 2006)   Red: NGVS Profiles (g’)
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Extension to Fainter (VCC) Galaxies

MB=−13.4

MB=−12.8

MB=−12.7

MB=−14.6

MB=−14.0

MB=−12.3

MB=−14.3

MB=−12.1

MB=−11.2

Red: NGVS Profiles (g’)
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Extension to Fainter Galaxies

VCC563
MB=−13.4

VCC862
MB=−12.8

VCC683
MB=−12.7

VCC1919
MB=−14.6

VCC674
MB=−14.0

VCC704
MB=−12.3

VCC1951
MB=−14.3

VCC639
MB=−12.1

VCC624
MB=−11.2

~600 new (likely) member 
galaxies visually identified 

in the 4 sq.degrees 
centered on M87. Close 
to 10,000 new members 
expected over the entire 

cluster. 



Ultra Compact Dwarfs in the NGVS

1316-2

1316-5

1316-6

From Hasegan et al. (2005)



Ultra Compact Dwarfs in the NGVS

re = 0.24”

re = 0.26”

re = 0.29”

HST/ACS PSF
HST/ACS UCD Profile

NGVS PSF

NGVS UCD Profile
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