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ABSTRACT 

Surface photometry of 342 bright elliptical galaxies in 103 clusters is analyzed for evidence of mergers. 
Structural differences between brightest cluster members (BCMs) and normal ellipticals can be summarized as 
having enlarged characteristic radii and shallow profile slopes (ß> —1.7). Profile morphology criteria for the 
elliptical types gE, D, and cD are outlined. Comparison of observations with numerical simulations of mergers 
strongly suggests a past history of dynamical growth for BCMs. Weak correlations of global cluster properties to 
BCMs supports the hypothesis proposed by Merritt that mergers are important in early subgroups before 
virialization and the formation of a cluster identity. 

Subject headings: galaxies: clustering —galaxies: photometry — galaxies: structure 

I. INTRODUCTION 

The centers of rich clusters are thought to be excellent 
laboratories for studies on the dynamical evolution of gal- 
axies, for although the relative velocities are large (thus the 
time scale for interaction is small), the galaxy densities are 
high and the probability of interaction is greater than in the 
field. This will be particularly true when a large, dominant 
galaxy is located at the positional and kinematic center of the 
system and serves to enhance the effects of dynamical friction 
(Merritt 1985) or early in the life of a cluster when the 
components are grouped in small low-velocity subclusters 
with larger cross sections (Merritt 1984). In either case, the 
galaxies most likely to be affected by dynamical evolution are 
brightest cluster members (BCMs; a BCM is the first-ranked 
elliptical in a cluster, based on luminosity and size). Perhaps 
the strongest evidence for the dynamical evolution by mergers 
in BCMs to date is the study of Hoessel and Schneider (1985), 
which found 50% to have multiple nuclei, companions as- 
sumed to be in the process of accretión. On the other hand, 
the recent velocity studies by Tonry (1985) indicate that many 
of these nuclei are not in the process of merging but instead 
are on radial orbits passing through the center of the cluster 
(see Cowie and Hu 1986 for a dissenting view). 

Galaxy interactions were first suggested by Holmberg 
(1940), and their disturbing effects on galaxy structure were 
supported from catalogs of interacting systems by Zwicky 
(1964) and the Arp Atlas of Pecuhar Galaxies (Àrp 1966), 
with its many examples of systems connected by thin bridges 
and tails. This interpretation lacked theoretical explanation 
until the numerical simulations of Toomre and Toomre (1972), 
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Kitt Peak National Observatory, operated by the Association of Universi- 
ties for Research in Astronomy, Inc., under contract with the National 
Science Foundation. Obsérvations made with the Burrell Schmidt of 
the Warner and Swasey Observatories, Case Western Reserve University. 

which were able to reproduce similar structures using only 
gravity. A more severe interaction, either with a lower relative 
velocity or a smaller impact parameter, can lead to a resulting 
configuration which is bound (i.e., a merger) because of the 
transfer of orbital energy to internal dynamics and tidal 
features. An example of a recent event of this type is NGC 
7252 (Schweizer 1982), where velocity information on the 
individual features strongly suggests an encounter leading to a 
merger. Encounters between ellipticals or between an ellipti- 
cal and a disk system are not expected to form radial linear 
features, owing to the low rotation velocities in ellipticals. 
Instead, shell features, as cataloged by Mahn and Carter 
(1983), are expected from the interactions of disks and ellipti- 
cals as demonstrated in the simulations of Quinn (1984). 
Numbers of interacting systems in galaxy catalogs plus esti- 
mates of the time scales of their features suggest that mergers 
are not rare events. 

In studying the effects of mergers on galaxy structure, 
attention is immediately directed toward those galaxies known 
as the D/cD type (Matthews, Morgan, and Schmidt 1964; 
Morgan and Lesh 1965). Here exists a special class of objects 
distinguished by their diffuse appearance, extreme luminosi- 
ties, and dominant central location in clusters. The philoso- 
phy that has always been extended to D/cD galaxies is that a 
special type of object requires a special process for its forma- 
tion, and environmental effects appear to be the appropriate 
sort of process to explain all the observed features (Gunn and 
Tinsley 1976; Hausman and Ostriker 1978). Yet now a very 
different structural appearance is presented by BCMs when 
compared with interacting systems in the Arp atlas. In this 
case, the structure is smooth and concentric and, to first 
order, very similar to normal ellipticals rather than lumpy or 
distorted with tidal features. Of course, it is assumed that any 
linear or shell-like features that may have formed by interac- 
tions were later disrupted by the many close encounters with 
galaxies passing through the core. The main question to be 
addressed by this paper is whether the smooth luminosity 
profiles of BCMs differ from those of the other ellipticals and 
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whether this difference can be explained by accretion and 
mergers. 

The investigation of the structure of BCMs in this paper is 
a three-step process. The first step is to determine what are 
the exact parameters for the structure of a normal elliptical. 
This involves a question not only of analysis technique (i.e., 
what fitting function to use) but also of whether there exists 
an elliptical which is truly free of environmental effects (see 
§ II). The second step is to identify major features which 
distinguish the morphological classes of gE-, D-, and cD-type 
galaxies (see § Ilia). The last step is to determine a procedure 
for quantifying the excess luminosity or structure of BCMs 
for comparison with simulation predictions of merger prod- 
ucts (see §§ Hid and lile). 

This study is one of a long series of recent structural studies 
of BCMs (Strom and Strom 1978¿z, b, c, 1979; Hoessel, Gunn, 
and Thuan 1980; Thuan and Romanishin 1981; Malumuth 
and Kirshner 1985), and the data from these sources have 
been incorporated where appropriate. This series of papers 
has chosen to study the structure of elliptical galaxies over a 
range of environments in order to quantify the magnitude of 
dynamical growth on bright galaxies, but particular attention 
is given to those brightest cluster members in rich clusters, 
since they have the highest probability of unusual past histo- 
ries. Paper I of this series (Schombert 1986) presented the 
data in the form of surface brightness profiles and outlined 
the analysis procedures and results to be used in this paper. 
The extension of the data sample with new observations and a 
summary of the data are presented in § II. Paper III of this 
series (Schombert 1987) will concern itself with cD envelopes 
and their properties. 

II. OBSERVATIONS 

a) Sources 

Data for this study are derived from a variety of sources. 
Most of the profiles on cD galaxies are measured from 
photographic plates taken on wide-fiéld telescopes in order to 
cover the full size of extended envelopes. The objects were 
selected to cover the fullest possible range of cluster environ- 
ments and dynamical states as well as morphology type of the 
galaxies themselves. Cluster types were chosen using the 
Bautz-Morgan class (Bautz and Morgan 1970; Leir and van 
den Bergh 1977) and Rood-Sastry type (Strahle and Rood 
1986) as the primary criteria. Galaxy morphology was re- 
stricted so that all the galaxies were at least first-order ellipti- 
cals and among the top ten brightest in the cluster. This 
would include all D and cD galaxies; however, a few SO 
galaxies were measured unknowingly. Peculiar ellipticals (i.e., 
ones with shells or low surface brightness features) were 
excluded from the sample in order to avoid the difficult 
interpretation of these complex structures. The original list of 
clusters as selected by Schombert (1984) is listed in Schom- 
bert (1986, hereafter Paper I), along with the source of the 
data. This data set has been supplemented by RCA CCD data 
taken on the Palomar 1.5 m telescope during the 1985-1986 
observing season and reduced in the same manner outlined in 
Paper I. The old and new clusters are fully listed in Table 1 
along with the source of the data. Many of the profiles used in 

Paper I were taken from the literature, in particular the 
sample of BCMs from the Michigan CCD system by Malu- 
muth (1983), the photographic sample of poor clusters by 
Thuan and Romanishin (1981), and the original survey of cD 
galaxies by Oemler (1976) which is the progenitor of this 
study. Photometry for this study was taken in either the 
Johnson V or the Gunn g band (Thuan and Gunn 1976). 
Profiles range from an inner cutoff of 2 kpc down to surface 
brightnesses of 28-29 mag arcsec-2. All magnitudes used 
below are in the V band, g-magnitudes are converted to V 
assuming g — F = 0.18 (Schneider 1982), typical for giant 
ellipticals, ^-corrections as tabulated by Pence (1976) were 
also applied. Conversion to a linear scale (in kiloparsecs) and 
corrections for cosmological surface brightness dimming were 
made using the redshifts of Strahle and Rood (1986), cor- 
rected for a Virgo infall of 300 km s-1. An H0 of 100 h 
km s-1 Mpc-1 and a q0 of zero have been assumed (note that 
this differs from the value of 770 = 50 used in Paper I). A 
complete tabulation of each profile or a figure of each galaxy 
would require more room than the journals currently allow. 
Hence, the reader is encouraged to write the author for a 
magnetic tape copy of the data sample. 

b) Fitting Functions 

Analysis of structure implies understanding surface pho- 
tometry contours, which in turn means attempting to describe 
the shape of surface brightness profiles through the use of 
fitting functions. These functions are used to reduce the 
profile to two or three simple parameters, usually in terms of 
scale length and luminosity. Various methods of fitting surface 
brightness profiles were attempted in Paper I using the 
de Vaucouleurs r1/4 law (de Vaucouleurs 1948), the exponen- 
tial Hubble law (Oemler 1976), and King models (King 1966). 
However, none were completely successful in describing the 
shape of profiles for the full range of luminosity covered by 
this sample. The r1/4 law was the most useful in describing 
the interior regions, but it often failed in the cores and in the 
regions of greatest interest for cD galaxies, the outer en- 
velopes. 

In particular, the law was found to be a good describer 
of structure only if the following conditions were met. The 
first was that the region of profile fitting be restricted to 
between 19 and 25 mag arcsec-2. At the inner edge of a 
profile there is too much curvature because of the appearance 
of the core for a proper fit, and the outer regions usually had 
cutoffs or extended deviations from a r1/4 fit (see below). The 
second condition is that the galaxy must be brighter than 
Mv = —19. At low luminosities, the r1/4 law was completely 
inappropriate for the profiles in this sample, which are more 
like exponential Hubble or pure exponential profiles (see also 
Binggeli, Sandage, and Tarenghi 1984; Caldwell and Bothun 
1986). On the other hand, it is surprising to find that even the 
more extreme BCMs, such as “nested” cD galaxies, usually 
have smooth r1/4 profiles in their interiors. On the high- 
luminosity end of this sample almost all the galaxies have 
some middle region which is well described by an r1/4 shape. 

Much of the discussion section will also use isophotal 
properties, such as integrated magnitudes, M(r), and surface 
brightnesses at particular radii, /i(r), in order to avoid the 
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TABLE 1 
Data Sample and Sources 

Cluster 
# of 

Galaxies 
Telescope/ 

Source“ Emulsion Filter 

A42 
A85 
A115 
A119 
A150 
A151 
A194 
A260 
A262 
A358 
A399 
A400 
A401 
A426(Perseus) 
A478 
A496 
A505 
A514 
A539 
A569 
A665 
A671 
A779 
A957 
A978 
A993 
A994 
A1126 
A1139 
A1177 
A1185 
A1190 
A1213 
A1228 
A1238 
A1314 
A1367 
A1383 
A1413 
A1656(Coma) 
A1691 
A1767 
A1785 
A1795 
A1809 
A1904 
A1913 
A1983 
A1991 
A2028 
A2029 
A2052 
A2061 
A2063 
A2065(Cor Bol) 
A2089 
A2107 
A2124 
A2142 
A2147 
A2151(Hercules) 
A2152 
A2162 
A2184 
A2197 
A2199 
A2249 

0.1087 
0.0499 
0.1959 
0.0446 
0.0599 
0.0526 
0.0178 
0.0348 
0.0164 
0.0576 
0.0714 
0.0232 
0.0746 
0.0183 
0.0900 
0.0316 
0.0540 
0.0697 
0.0267 
0.0193 
0.1816 
0.0497 
0.0223 
0.0437 
0.0527 
0.0533 
0.0390 
0.0828 
0.0376 
0.0319 
0.0349 
0.0794 
0.0469 
0.0344 
0.0716 
0.0341 
0.0213 
0.0598 
0.1427 
0.0235 
0.0722 
0.0756 
0.0792 
0.0620 
0.0788 
0.0714 
0.0533 
0.043 
0.0589 
0.0772 
0.0767 
0.0348 
0.0768 
0.0337 
0.0721 
0.0743 
0.0425 
0.0669 
0.0903 
0.0357 
0.0371 
0.0383 
0.0318 
0.0546 
0.0303 
0.0305 
0.0808 

1 
3 
1 
1 
1 
2 
2 
1 
6 
2 
1 
9 
1 

14 
1 
1 
1 
3 
5 
5 
4 
5 
1 
1 
5 
5 
1 
2 
8 
1 
8 
2 
4 
4 
6 
5 
8 
1 
1 

40 
1 
2 
1 
1 
3 
1 
6 
6 
1 
1 
1 
1 
3 
3 
2 
1 
1 
1 
2 
1 

10 
3 
3 
1 
3 
1 
3 

P60 
P60 
P60 
P60 
M 

P60 
P48 
P60 
P48 
P60 
P60 
P48 
P60 
0 

P60 
C 
M 

P60 
P48 

B 
P48 

B 
0 

P60 
B 
B 
M 

P60 
B 
M 
B 

P60 
B 

P48 
P60 
O 

P48 
P60 
O 
O 

P60 
P60 
P60 
P60 
P60 
M 

P60 
B 

P60 
P60 
M 
M 

P60 
P60 

B 
P60 
M 
M 

P60 
M 

P48 
P48 
P48 
P60 
P48 
0 

P60 

IIIa-J 

IIIa-J 

103a-F 

IIIa-J 

IIIa-J 
IIIa-J 
103a-F 
IIIa-J 

IIIa-J 
IIIa-J 

IIIa-J 

IIIa-J 

IIIa-J 
103a-F 

IIIa-J 

IIIa-J 

IIIa-J 

IIIa-J 
IIIa-J 
103a-F 

IIIa-J 

Gunn g 
Gunn g 
Gunn g 
Gunn g 
V 
Gunn g 
WR4 
Gunn g 
WR4 
Gunn g 
Gunn g 
RG1 
Gunn g 
V 
Gunn g 
GG385 
V 
Gunn g 
WR4 
GG385 
RGl 
GG385 
V 
Gunn g 
GG385 
GG385 
V 
Gunn g 
GG385 
V 
GG385 
Gunn g 
GG385 
RGl 
Gunn g 
V 
WR4 
Gunn g 
V 
V 
Gunn g 
Gunn g 
Gunn g 
Gunn g 
Gunn g 
V 
Gunn g 
GG385 
Gunn g 
Gunn g 
V 
V 
Gunn g 
Gunn g 
GG385 
Gunn g 
V 
V 
Gunn g 
V 
WR4 
WR4 
RGl 
Gunn g 
GG385 
V 
Gunn g 
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TABLE 1 — Continued 

Vol. 64 646 

Cluster 
#of 

Galaxies 
Telescope/ 

Source“ Emulsion Filter 

A2255 
A2256 
A2271 
A2366 
A2400 
A2420 
A2440 
A2457 
A2469 
A2572 
A2589 
A2593 
A2634 
A2666 
A2670 
A2700 
Virgo 
CA0340-538 
DC0107-46 
SC1325-31 
SC1328-32 
SC1331-31 
Centaurus 
Fornax 
AWM 1 
AWM 2 
AWM 3 
AWM 4 
AWM 5 
AWM 6 
AWM 7 
MKW Is 
MKW 2 
MKW 4 
MKW 5 
MKW 9 

0.0769 
0.0601 
0.0616 
0.0542 
0.0881 
0.0823 
0.0573 
0.0595 
0.0656 
0.0395 
0.0420 
0.0440 
0.0322 
0.0273 
0.0749 
0.0978 
0.0046 
0.0578 
0.023 
0.0466 
0.0434 
0.0488 
0.0104 
0.0051 
0.0265 
0.0223 
0.0152 
0.0307 
0.0342 
0.0357 
0.0182 
0.0158 
0.0291 
0.0186 
0.0238 
0.0376 

3 
3 
1 
1 
2 
2 
3 
1 
1 
2 
1 
4 
4 
1 
1 
1 
5 
2 
2 
11 
7 
2 
2 
7 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

P60 
P60 
P60 
M 

P60 
P60 
P60 
M 

P60 
P48 
M 

P60 
P48 
0 
O 

P60 
P48 

C 
C 
u 
u 
u 
c 
c 

TR 
M 
M 
TR 
TR 
M 

TR 
TR 
TR 
TR 
TR 
TR 

IIIa-J 

IIIa-J 

IIIa-J 
IIIa-J 
IIIa-J 

IIIa-J 
IIIa-J 

Gunn g 
Gunn g 
Gunn g 
V 
Gunn g 
Gunn g 
Gunn g 
V 
Gunn g 
WR4 
V 
Gunn g 
WR4 
V 
V 
Gunn g 
WR4 
GG385 
GG385 

GG385 
GG385 
Gunn g 
V 
V 
Gunn g 
Gunn g 
V 
Gunn g 
Gunn g 
Gunn g 
Gunn g 
Gunn g 
Gunn g 

Note.—Redshifts are from Struble and Rood 1986 and above sources, corrected for a 
30 km s-1 Virgo infall. 

aP60 = Palomar 60 inch (1.5 m) CCD; P48 = Palomar Schmidt; B = Case Western 
Reserve University Burrell Schmidt; C = CTIO Michigan Schmidt; U = UK/SERC 
Southern Sky Survey; O = Oemler 1976; TR = Thuan and Romanishin 1981; M = 
Malumuth 1983. 

bias from fitting functions. These parameters are derived 
directly from the profiles themselves, rather than from aper- 
ture photometry, and thus have the advantage of avoiding 
complications due to multiple nuclei and ellipticity correc- 
tions. King models were fitted to all the BCMs in this study; 
some galaxies are well fitted by King models, but in most 
cases BCMs are not well described by these types of con- 
figurations. 

c) Templates 

One useful procedure, especially in distinguishing cD from 
D galaxies, was to construct template profiles from the nor- 
mal ellipticals of this sample (i.e., all non-first-ranked gal- 
axies). Empirical evidence of a trend of structure with 
luminosity and justification for building templates comes from 

an inspection of Figure 7 in Paper I. By the technique of 
interpolating radius-radius plots described in Paper I, tem- 
plates were determined for the luminosity range —17 to 
— 22.5 and are presented in Figure 1 in both log radius space 
and r1/4 space for comparison with r1/4 fits, which are, of 
course, straight lines in this coordinate system. The high- 
luminosity end was strongly weighted toward isolated ellipti- 
cals in order to free the templates of environmental effects. 
However, no evidence of difference in structure between clus- 
ter and field ellipticals was seen in plots of luminosity versus 
characteristic radius. The templates describe the expected 
trend of increasing size with increasing luminosity, and also 
display an increase in inner surface brightness and decrease in 
profile slope. These templates are also most useful for de- 
termining the amount of excess light associated with cD 
envelopes (see Paper III of this series). 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 



19
8 

7A
pJ

S.
 . 

.6
4.

 .
64

3S
 

STRUCTURE OF BRIGHTEST CLUSTER MEMBERS. II. 647 No. 4,1987 

r1/4 (h 1 kpc) 

Fig. 1.—Elliptical template profiles for the luminosity range of this sample. The templates are plotted in log r and r1/4 space for comparison with Fig. 
2 and the data from Paper I. Each profile is marked with corresponding 16 kpc aperture magnitude. The construction technique was outhned in Paper I. 

III. DISCUSSION 

a) Profile Morphology 

There is a great deal of confusion in the literature over the 
exact meaning of the classifications gE, D, and cD. Histori- 
cally, the categories were chosen to classify the change in size 
and average surface brightness based on visual inspection of 
photographic plates. With respect to the profiles in this sam- 
ple, it is possible to define the three categories only on the 
basis of the appearance of the surface brightness profiles. 

Normal ellipticals can be defined from the sequence of 
templates constructed in Paper I. Since these templates are 
drawn from a range of environments, it is not possible to 
determine small deviations in structure from cluster to cluster 
in this sample (see Strom and Strom 1979). Each galaxy must 
be taken as an individual, but on average a normal elliptical is 
one with a power-law slope [I(r)<xrß] of ß < - IJ and a 
profile cutoff around 26-27 mag arcsec-2. The high-luminos- 
ity end of normal ellipticals would be the giant ellipticals or 
gE galaxies, typified by their large size (Holmberg radii > 50 
kpc) and r1/4 profile shapes. Many of the gE galaxies have a 
slight distention of the outer envelope reminiscent of the 

Kormendy T3 objects (Kormendy 1977). However, no corre- 
lation between this feature and close companions has been 
found, and the distention appears to be a normal component 
of high-luminosity ellipticals. The bright cluster ellipticals 
have similar luminosity counterparts in the field (e.g., NGC 
4014 and NGC 1339.5+2638). 

The D galaxies are typified by their large, diffuse ap- 
pearance. In terms of structure these correspond to profiles 
which have larger effective radii than normal ellipticals of 
similar luminosity. They also have shallower profile slopes 
than gE galaxies (Malumuth 1983) with slopes from -1.7 to 
—1.2. They are always quite large (Holmberg radii > 50 kpc) 
and are often one of the top three brightest galaxies in a 
cluster residing at the kinematic and density centers of clus- 
ters (Beers and Geller 1983; Quintana and Lawrie 1982). 
They all have r1/4-type profiles. Operationally, a D galaxy 
will be defined using the above slopes and sizes only, not 
cluster position. 

The cD galaxies have all the properties of D galaxies, with 
one addition, a large extended envelope (Oemler 1976). These 
envelopes form at a distinct break in the profile, usually 
between 24 and 25 mag arcsec-2, and often have outer radii 
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TABLE 2 
Summary of Elliptical Classes 

rH 
Type Profile Shape ß (kpc) Location 

gE .... r1/4 -1.9 to -1.7 50-100 Field, cluster cores 
D   r1/4, shallow -1.7 to—1.2 50-130 Cluster peaks only 
cD ... r1/4, shallow, extended envelope -1.7 to-1.2 80-300 Cluster peaks only 

in excess of 500 kpc. Despite the presence of satellite com- 
panions embedded in many cD galaxies, the inner profiles are 
usually r1/4 in shape, although diffuse like D galaxies. From 
the above criteria, the poor-cluster cD galaxies of Thuan and 
Romanishin (1981) fall into the D class. The three types of 
systems are summarized in Table 2, with examples in Figure 
2. A list of each galaxy in this sample and its classification 
based on profile shape can be found in Table 3. Also found in 
Table 3 are M16 kpc, luminosity inside the 16 kpc radius; 
^2 kpo surface brightness at 2 kpc; log re, the effective radius 
in kiloparsecs from r1/4 fits; \ie, the effective surface bright- 
ness; ß, the profile slope; and log rH, the Holmberg radius 
for each galaxy. Poor r1/4 fits are indicated. 

The relation between BCMs and D/cD galaxies is not 
clearly defined when profile type is considered. In this study 
74 galaxies had profile slopes less than —1.7 (a first-order D 
or cD galaxy); of these, 67 (91%) were BCMs. At least one cD 
(NGC 6034 in Hercules) is not a BCM; however, it is the 
dominant member of a local subcluster. In the cases where a 
galaxy was classed D/cD yet was not a BCM, the BCMs in 
those clusters were always of the D or cD type. The cluster 
morphology confuses this point, since each subcluster in an 
irregular system should be considered as a separate cluster 
with a particular history of its own, hence the concept of 
BCM blurs. 

Since galaxy classification is usually done by visual inspec- 
tion of photographic plates, there is confusion between D and 
cD galaxies owing to the fact that the eye does not detect 
faint envelopes but rather is measuring some quantity which 
is related to size and slope of the profile (Malumuth 1983). 
For comparison, in Figure 3 is plotted the profile classifica- 
tion from Table 3 as a function of the visual classifications 
made by Struble and Rood (1986) from the Palomar Sky 
Survey. There is no distinction between D and cD galaxies in 
their scheme; however, there is also no tendency for galaxies 
with extended envelopes to be distinguished from diffuse 
ellipticals, as can be seen by the equal numbers of D and cD 
that were classified as cD. D and cD galaxies were more often 
confused with SO galaxies than were normal galaxies. A good 
example of cD versus D galaxy classification is the central 
galaxy in A2029 (IC 1101), which was classified by both 
Struble and Rood and Dressier (1976) as a cD, yet its profile 
shows no evidence of an extended envelope characteristic of 
cD galaxies A1413 and A2670. The extreme size (Holmberg 
radius =120 kpc) and very shallow profile slope (/? = -1.49) 
seem responsible for this misclassification. There is also an 
occasional SO in the D sample, as demonstrated by A1177, a 
cD galaxy listed by Struble and Rood which nevertheless has 
the distinctive bulge and disk profile shape of an SO. A 

distinction between cD galaxies and SO’s can be drawn by 
considering the scale of cD’s and the fact that cD envelopes 
break from the profile at fainter levels than SO disks. 

b) General Structure 

The r1/4 law is the easiest to interpret, since it contains 
only two parameters, scale length and characteristic surface 
brightness. However, because of its limited nature, deviations 
from r1/4 law can be described only in a qualitative fashion. 
Figure 2 presents several examples of good and bad r1/4 fits 
for the morphological classes discussed above. The failure of 
the r1/4 fits for low-luminosity ellipticals is best seen in 
Figure 2a, containing RB 31, which has an Mv = —17.7 (see 
also Binggeli, Sandage, and Tarenghi 1984). Note the good 
r1/4 fits of cD galaxies until the point where the extended 
envelopes break from the profiles. 

The best-fit r^-law parameters are listed in Table 3, 
along with a note indicating the quality of the fit (a “poor 
fit” meaning that the galaxy was simply not r1/4). The (\ie, 
log re)-diagram is shown in Figure 4, along with the relation 
from Kormendy (1980) corrected for a Virgo infall of 
300 km s-1. A least-squares fit to the data did not produce 
significantly different values from previous studies. The large 
scatter around this relation exceeds the error bars of the fits 
and indicates that, even with the above fitting restrictions, 
ellipticals are not r1/4 as a class of objects (see also Djorgov- 
ski 1985). 

c) BCM Structure 

BCMs are known to have special properties with respect to 
other bright ellipticals. By definition, they represent the ex- 
treme end of the luminosity function with an unusually nar- 
row dispersion in luminosity, and average luminosities in 
excess of a simple extrapolation of the cluster luminosity 
function (Sandage 1973; Schneider 1982). They are often at 
the centers of clusters, both in galaxy density maps and X-ray 
contours (Beers and Geller 1983; Forman and Jones 1982). 
First-ranked galaxies are known to have more than their fair 
share of companion galaxies (Hoessel and Schneider 1985) 
but are missing any slow-moving companions (Tonry 1985; 
for a dissenting view see Cowie and Hu 1986). They are often 
highly flattened (Sastry 1968; Schombert 1986) and aligned 
with the cluster (Binggeli 1982). Previous studies on the 
structure of BCMs have noted their extreme size and luminos- 
ity plus the fact that their cores are brighter than those of 
normal ellipticals (Oemler 1976; Hoessel, Gunn, and Thuan 
1980), yet there has been little direct evidence for any struc- 
tural difference between BCMs and other ellipticals. However, 
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TABLE 3 — Continued 

Cluster Galaxy type M16¿tc LL2kpc log re ß log rH 

Isolated E’s NGC 6854 
NGC 7014 
NGC 7168 
IC 4307 
IC 4314 
IC 5328 
0815.6+6708 
0817.2+6641 
0824.8+6330 
0838.6+6438 
0839.5+6509 
0841.7+6418 
1205.5+2531 
1208.0+2542 
1213.1+2717 
1338.4+2629 
1339.5+2638 
1341.4+2539 

E 
E 
E 
E 
E 
E 
E 
E 
SO 
E 
E 
E 
E 
E 
E 
E 
E 

-21.69 
-20.76 
-20.11 
-21.33 
-21.32 
-21.33 
-20.49 
-21.42 
-21.28 
-20.90 
-20.61 
-21.29 
-21.27 
-20.73 
-20.29 
-21.94 
-22.54 
-20.72 

19.62 
20.66 
21.12 
20.01 
20.14 
20.15 
20.85 
19.92 
20.02 
20.56 
20.79 
20.15 
20.15 
20.55 
21.00 
19.99 
19.57 
20.69 

0.81 
0.99 
0.31 
0.50 
0.61 
0.48 
0.46 
0.60 
0.56 
0.72 
0.38 
0.66 
0.81 
0.38 
0.34 
0.50 
1.34 
0.46 

22.23 
23.85 
21.32 
21.22 
21.77 
20.69 
21.82 
21.60 
21.49 
22.72 
21.35 
22.01 
22.66 
21.14 
21.41 
20.47 
23.58 
21.64 

-1.99 
-1.72 
-2.54 
-2.20 
-2.04 
-2.49 
-2.14 
-2.06 
-2.16 
-1.92 
-2.23 
-2.08 
-1.86 
-2.27 
-2.24 
-2.58 
-1.66 
-2.09 

1.53 
1.54 
1.15 
1.36 
1.48 
1.47 
1.25 
1.48 
1.37 
1.39 
1.39 
1.47 
1.52 
1.26 
1.27 
1.36 
1.88 
1.26 

a Possible extended envelope; uncertain owing to limits of CCD field size. 
bPoor r1/4 fit. 
c Dumbbell system in common envelope. 
d Extremely small envelope, possible D system. 
eUncertain cD envelope owing to size of object and limits of plate material. 

Struble—Rood Classification 

Fig. 3.—Visual classification from Sky Survey prints (Struble and Rood 1986) versus profile classification. Each of the four morphological classes is 
discussed in the text. Note that visual classification as cD type is more closely related to profile slope than to the real presence of extended envelopes 
(Malumuth 1983). 
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log re 

Fig. 4.—Effective surface brightness (p.e) versus effective radius (re) from r1-74 fits. The relation for normal ellipticals from Kormendy (1980) is also 
shown. Enlarged radii for BCMs are evident from the fact that 87% of these objects lie to the right of the relation, whereas the normal ellipticals scatter 
evenly. A typical error bar is displayed at the top. 

the observations from Paper I combined with the results from 
Malumuth (1983) begin to define a very clear trend of struc- 
tural parameters which distinguish BCMs from other bright 
ellipticals of similar luminosities. 

The first difference is that BCMs have enlarged characteris- 
tic radii when compared with ellipticals of similar luminosity 
(see Fig. 6, Paper I). This is displayed in Figure 4, where over 
87% of the BCMs He above the relation of Kormendy (1980), 
yet the normal elHpticals are scattered evenly around this line. 
A Kolmogorov-Smimov (K-S) test rejects at the 99.9% level 
the null hypothesis that the two sets are drawn from the same 
population. Since lines of constant luminosity have a slope of 
— 5 in this diagram, this deviation is an effect neither of 
extreme luminosities nor of the large changes in effective 
surface brightness. BCMs are simply more diffuse and en- 
larged with respect to the average structure of non-first-ranked 
elHpticals. 

A second difference is that BCMs have shallower profiles 
than normal elHpticals. This is shown in Figure 5, a histogram 
of profile slope ß (see also Fig. 3.11 of Malumuth 1983) for 
BCMs and normal elHpticals. Notice that the BCM distribu- 
tion peaks to the right of the normal elHpticals, with a mean 
of ß = -1.6 compared with a mean for normal elHpticals of 
/? = -2.1. A K-S test rejects the null hypothesis that the two 
sets are drawn from the same population at the 99.9% level. 
This agrees with the result of Thuan and Romanishin (1981), 
who found that BCMs in poor clusters were more diffuse than 

normal elHpticals. In this study, the term “diffuse” is meant to 
signal the enlarged radn and shaHow profile slope producing a 
large extended galaxy to the eye. There is no distinction 
between D- and cD-type profiles with respect to profile slope. 
There is also no apparent correlation between the presence of 
companions and shallow profiles. 

It should be noted that the deviations of BCM structure 
from that of normal elHpticals is not a luminosity effect of the 
type used to explain variations in normal elHptical structure 
as proposed by Djorgovski (1985), since there exists some 
overlap between the brightest isolated and cluster elHpticals 
and the BCMs. This can be most easily seen in Figure 6, a 
plot of log r22 versus log r24, the radius of a galaxy at the 22 
and 24 mag arcsec-2 isophote, respectively. Although the 
brightest BCMs are outside the range of the normal elHpticals, 
the separation of the diagram into two distinct families is 
clear. Shallow profiles can also explain the small dispersion in 
luminosity for BCMs. There is very Httle change in central 
surface brightness for the bright end of the luminosity func- 
tion and a standard profile, combined with the relatively smaU 
change in profile slope, produces an aperture magnitude which 
varies only a small amount from cluster to cluster. 

Historically, BCMs have always been considered to be 
objects with low central surface brightnesses, despite the 
profiles pubHshed by Oemler (1976), which show high inner 
surface brightness for most cD galaxies. This study finds the 
same trend of high inner surface brightnesses for BCMs and 
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-4 -3 -2 -1 0 
ß 

Fig. 5.—Histograms of profile slope (ß) for BCMs and normal 
ellipticals. The distribution of profile slopes for BCMs is noticeably 
shallower than for the normal ellipticals (see also Fig. 3.11 of Malumuth 
1983). 

is displayed in Figure 7 as a plot of magnitude (M16 kpc) 
versus surface brightness at the 2 kpc radius (fi2 kpc)- In fact, 
the trend of increasing inner surface brightness with magni- 
tude appears smooth and unbroken, unlike the magnitude- 
radius relation from Paper I or the radius-radius relation in 
Figure 6. Some individual objects, such as NGC 6166 in 
A2199 and A85-G1, do have unusually low inner surface 
brightnesses, but these objects are rare and should be consid- 
ered pecuhar in nature. In fact, both systems display emission 
features in their spectra (Bertola et al 1986; Schombert and 
Tonry 1987) perhaps the remnant of a very recent merger of a 
gas-rich system, and the lower central surface brightness may 
be a temporary effect before relaxation into a more centrally 
concentrated core. On the other hand, owing to the diffuse 
nature of BCMs, the average surface brightness at the effec- 
tive radius ((/a)), will be much lower than that of normal 
ellipticals (see Fig. 11 of Schombert 1984). This is an effect of 
shallow profiles and large effective radii, which combine to 
produce artificially low values of (\i). The important point to 
note is that the central concentration, as determined from the 
profiles, is as great as , or greater than other normal ellipticals 
of similar luminosity. 

Overall, BCMs have the same general appearance as nor- 
mal ellipticals, but differ as a group in enlarged structure. 
This would not be expected from extrapolation of normal 
elliptical structure to higher luminosities as seen in Figure 6, 
and the other characteristics of BCMs indicate the influence 
of a special process on their formation. 

d) Mergers 

A complication arises when BCMs are compared with other 
bright cluster ellipticals in a search for merger effects in their 

Fig. 6.—Isophotal radius at 24 mag arcsec-2 {r2A) versus isophotal radius at 22 mag arcsec-2 (r22). These radii were chosen to be above the level of 
cD envelopes and reflect only the inner structure of BCMs. The predictions of homology merger calculations and N-body merger models (Duncan, 
Farouki, and Shapiro 1983; Farouki, Shapiro, and Duncan 1983) for 16 L growth from a 1 L* progenitor are also shown. 
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Fig. 7.—Integrated magnitude (M16 kpc) vs. inner surface brightness (/i2 kPc)- Contrary to the popular misconception of low central surface brightness 
for D and cD galaxies as predicted by homology models, the BCMs of this sample have inner surface brightnesses as high as or higher than those of the 
normal ellipticals. As in Fig. 6, the predictions of homology and iV-body models are shown. 

structure. This is the problem of assuming that the second- 
ranked or third-ranked galaxies are free from mergers them- 
selves. This would seem unlikely in light of the models by 
Malumuth and Richstone (1984) and Merritt (1984), where 
mergers are found to be an ongoing process among all bright 
ellipticals in the cores of rich clusters. Comparisons with 
isolated bright ellipticals may not escape this problem because 
of indications of at least one accretion (Quinn 1984) based on 
estimates of high fractions of shell ellipticals in the field 
(Malin and Carter 1983), and the possibility of runaway 
mergers forming apparently isolated galaxies (Camevali, 
Cavaliere, and Santangelo 1981). What will be assumed in the 
following discussion is that if BCMs are merger products, 
then they have at least undergone a more extreme history of 
mergers than their lesser companions. 

In previous papers merger observations have been com- 
pared with the standard cannibalism models (Hausman and 
Ostriker 1978) because of the simple power of their predic- 
tions and ease of calculation. The basic premise in these 
models is the assumption of homology, or the conservation of 
energy and scale before, during, and after a merger. However, 
the conservation-of-energy assumptions could easily be 
violated if the process of merging is violent or if infalling 
galaxies maintain their identities to the core (White 1982). 
Despite the possible difficulties, homologous mergers have 
enjoyed a good deal of confirmation in observations. The 
relationship between mean structure parameters and absolute 
magnitude from Hoessel, Gunn, and Thuan (1980) is in good 
agreement with the predictions of hierarchical mergers and 
rules out the accretion scenario. Thomsen and Frandsen (1983) 
interpret the (fie, log rj-diagram in terms of homologous 
mergers and conclude that dynamical evolution predicts the 
same slope as their data. Malumuth (1983) also uses ho- 
mology results to confirm evidence of dynamical growth. 

As a check on the homology predictions, the data in this 
paper are also compared with the predictions from A-body 

simulations by Duncan, Farouki, and Shapiro (1983, hereafter 
DFS) and Farouki, Shapiro, and Duncan (1983, hereafter 
FSD). This set of papers models both hierarchical and accre- 
tion scenarios of mergers for up to 16 L* of growth. Each of 
these papers derives density profiles (cf. Fig. 5 of DFS, Fig. 3 
of FSD) for each stage of merging, which have been used 
below in comparison with observations. The original progeni- 
tor models in their studies were scaled to match the properties 
of an L% galaxy in Figure 1. The later stage profiles were 
then rescaled and reduced in the same manner as the data. 

Both homology and N-body results predict luminosity 
growth with each merger. However, homology predicts a 
decrease in central surface brightness, while the iV-body simu- 
lations show an increase in the central concentration. This 
increase is apparently the result of two processes, one the 
effect of relaxation on the remnant and the other a survival of 
the inner cores of accreting companions, not totally disrupted 
during infall, adding their high densities to the core. Figure 7 
displays the different predictions and the data in a plot of 
magnitude M16kpc versus /x2 kpc* Since M16kpc is determined 
by integrating surface brightness profiles, it has the advantage 
of being free of contamination by multiple nuclei. Both 
models, homology and AT-body, are assumed to start with an 
L* progenitor and evolve as shown either by Figure 1 in 
Ostriker and Hausman (1977), Figure 3 of FSD, or Figure 5 
of DFS. Homology predicts increasing magnitude and de- 
creasing surface brightness until the aperture size equals the 
effective radius; then a decrease in magnitude is expected. 
This is in direct contradiction to the observations for BCMs; 
however, the predictions of the N-body simulations give 
roughly the same relation as seen by BCMs. 

The homology and Af-body models both predict radial 
growth in size with each merger, but since homology uses 
scaling arguments, this growth is linear. The Af-body results 
present a scenario where the galaxy is disrùpted during infall 
and more matter is placed in the outer regions. This does not 
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form cD envelopes, as hoped by the authors, because of the 
large scale lengths associated with these envelopes. But their 
models do produce shallow profiles of slopes similar to those 
of D and cD galaxies. Both predictions are displayed in 
Figure 6, and again the V-body models predict the placement 
of the BCM data. 

If mergers are to be imposed as an explanation of BCM 
structure, then the scenarios outlined by FSD and DFS are 
more in line with observations than the predictions of ho- 
mology scenarios. To form D and cD galaxies, the above 
comparisons indicate 16-20 L# growth for 1-5 L* progeni- 
tors. The exact process of merging is not known; however, 
there is every reason to beheve that the bright galaxies in 
clusters would be the most likely candidates, and the observed 
D and cD galaxy luminosities are not outside the range of 
growth. 

Another interesting result from examination of the V-body 
merger remnant profiles is that they are to a large extent rl/4 

in shape. This is not a surprising result, since the simulations 
of Villumsen (1982) and May and van Albada (1984) also 
produce merger remnants which are r1/4 in shape. This 
general trend in the profiles from theoretical studies has led 
many of the above authors to conclude that the r1/4 law is a 
natural density relation that follows from a system which is 
disrupted and then is allowed to relax. The observations of 
this paper support this hypothesis, since the dominance of the 
r1/4 relation at the bright end of the sample is quite promi- 
nent. The above statement may overgeneralize the evidence of 
mergers, since several other detailed CCD surface photometry 
studies (Lauer 1986; Djorgovski 1985) argue against any 

smooth relation to describe the structure of ellipticals. The 
disclaimer should be made that ellipticals are certainly not 
r1/4 over a full range of surface brightness, and the similarity 
between the computer simulation profiles and the data may 
be an effect of forcing a particular fitting function on the 
profiles. However, qualitatively, the rl/4 relation is a reason- 
able describer of the interiors of both BCMs and the merger 
simulations. 

An extreme opinion about all bright ellipticals can be made 
if we assume that the only method of producing rl/A profiles 
is by mergers. In this case, all ellipticals brighter than Mv = 
— 21 are merger products. A diagram suggestive of this in- 
terpretation can be found in Figure 8, where M32 kpc is plotted 
against log re from r1/4 fits. The 32 kpc aperture size was 
selected so as to include as much light as possible for BCMs, 
while lying well inside the extended envelopes of cD galaxies, 
which are assumed to form by a process not directly related to 
mergers. In this diagram there is the suggestion of a break in 
the trend of brighter galaxies, with larger values of re around 
the Mv = — 21 point. This break is also at the same point 
found by Davies et al. (1983), where the kinematics of ellipti- 
cals change from rotators for the faint ellipticals to being 
supported by anisotropic velocity distributions. The break 
was also suggested by the different (L, /*)-relations found by 
Kormendy (1977) and Strom and Strom (1979). Kormendy’s 
sample was concerned with bright ellipticals and hence found 
a shallower relation than the seven-cluster sample of Strom 
and Strom, which measured a large number of faint ellipti- 
cals. An analysis of bright ellipticals by Romanishin (1986) 
also found a relation similar to Kormendy’s; therefore, the 

Fig. 8.—Magnitude (M32 kpc) vs. radius {re) diagram. The two relations from Strom and Strom (1979) (dominated by faint ellipticals) and Kormendy 
(1977) (dominated by bright ellipticals) are also shown. The BCMs are expected to deviate from the relation as a result of their enlarged radii. However, 
the bright isolated ellipticals also follow the Kormendy relation above Mv = -21.5. This break is near the same magnitude where Davies et ai (1983) 
determined that the internal kinematics of ellipticals changes from rotational support to anisotropic velocity support. 
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different relations for faint and bright ellipticals are not an 
effect of two different authors and procedures. It should be 
noted that the isolated ellipticals of this sample are also rl/4, 
and any merger explanation for their shape must assume a 
runaway merger scenario as proposed by Camevali, Cavahere, 
and Santangelo (1981) in order to reduce the original cluster 
to one member. Mergers of bright ellipticals may also be 
primordial, that is, mergers of large protogalactic clouds in 
order to form anisotropic distributions, rather than mergers 
between systems in a recent epoch. At the very least, the 
break in Figure 8 reflects the change in the kinematics of 
bright ellipticals in their structure. 

e) Cluster Properties 

If mergers are responsible for BCMs, then it has been 
shown by several authors (Malumuth and Richstone 1984; see 
references therein) that this growth will be at the expense of 
fainter members. The galaxy with the highest probability of 
being accreted will be near slow-moving ellipticals, which, 
given some mass segregation in clusters, should be among the 
higher ranked galaxies. Hence, as the luminosity of the 
first-ranked member grows, the luminosity of the second- and 
third-ranked members should decrease (actually it is the rank- 
ing that changes, since the second- and third-rank members 
are consumed). This hypothesis can be tested by plotting the 
luminosity of the BCM against the difference in the luminosi- 
ties of the BCM and the second-ranked galaxy, shown in the 
top panel of Figure 9. is the total integrated magnitude of 
the galaxy excluding the luminosity from cD envelopes (as- 
sumed not to be related to merger effects; see subtraction 
method in Paper III). The trend of increasing BCM luminos- 
ity with increasing difference between the BCM and the 
second-ranked member is presented as evidence for dynami- 
cal evolution in this sample. There is a well-known selection 
effect of picking the brightest member of any sample for 
comparisons in ranking (Malumuth and Richstone 1984); 

Fig. 9.—Magnitudes of the first- and second-rank galaxies (M^ A/2) 
in each cluster versus the difference in their magnitudes (M2- 
Dynamical evolution would imply that the luminosity of the BCMs 
increases at the expense of lesser cluster members, as seen with the 
positive correlation in the top panel. This correlation is not a selection 
effect, since there is no corresponding anticorrelation in the M2 vs. 
M2 — Ml diagram of the bottom panel. These plots compare favorably 
with the cluster evolution simulations of Malumuth and Richstone (1984) 
(see their Fig. 7). 

I I-II II II-III III 
Bautz—Morgan type 

Fig. 10.— M1 vs. Bautz-Morgan cluster type. Error bars represent 2 a dispersions from the mean. 
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however, a test of the severity of this effect is to plot the 
luminosity of the second-ranked member against the dif- 
ference in the luminosities of the BCM and the second-ranked 
galaxy in search of an anticorrelation. This plot is found in 
the bottom panel of Figure 9, and there is no evidence of such 
an anticorrelation. A comparison between Figure 9 and Fig- 
ure 7 of Malumuth and Richstone (1984) reveals a good 
correspondence between their cluster simulations and the 
data. 

There is a weak correlation of Bautz-Morgan class taken 
from Leir and van den Bergh (1977) and BCM luminosity 
(Fig. 10). Bautz-Morgan class is assumed to be some visual 

measure of the dynamical state of a cluster, and the increase 
in BCM luminosity with more evolved cluster state would 
argue for growth by mergers. The large scatter for the Bautz- 
Morgan type III clusters probably reflects the multiple sub- 
cluster nature of these systems. There is also a weak correlation 
between the BCM corrected luminosity and cluster richness 
(as given by Abell counts from Struble and Rood 1986 and 
Bahcall 1980) displayed in Figure 11. The hypothesis here is 
that richer clusters provide more candidates for accretion and, 
therefore, brighter BCMs (see also Fig. 3 of Schneider, Gunn, 
and Hoessel 1983). Figure 12 displays BCM corrected 
luminosity and cluster velocity dispersion. Again, a weak 

Abell counts 

Fig. 11.— vs. cluster richness (Abell counts). The increase in BCM luminosity with cluster richness (as determined from Abell counts given by 
Struble and Rood 1986 and Bahcall 1980, binned in 0-19, 20-49, 50-79, 80-120, and > 120 groups) is weakly support by the above plot. The error bars 
are 2 a dispersions on the means. 

Fig. 12.— Mx vs. cluster velocity dispersion. There is a slight tendency for the luminosity of the BCM to increase with cluster velocity dispersion; see 
discussion in text. 
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Mi 

Fig. 13.— vs. total cluster X-ray luminosity. Another weak correlation with a global parameter that measures the dynamic state of the cluster 
argues that the dynamical growth of BCMs must have been an early process as proposed by Merritt (1984); see discussion in text. 

correlation (coefficient = 0.67) is present, with brighter BCMs 
occupying clusters with high velocity dispersions. The un- 
derlying physics is not clear in this situation. It is expected 
from a simple theory of cannibalism that a cluster with a 
lower velocity dispersion would have a higher rate of mergers 
and, hence, a brighter BCM. The average velocity dispersion 
of the bound population to a BCM is expected to be similar 
to the internal velocity dispersion of the galaxy, on the order 
of 200-300 km s_1 (Cowie and Hu 1986). On the other hand, 
it has been argued by Tonry (1985) that the low-velocity 
members are missing in evolved clusters because they have 
already merged with the central members. With this low- 
velocity population disappearing, the average cluster velocity 
dispersion would increase. It is this second scenario that is 
supported by Figure 12. Figure 13 displays BCM luminosity 
versus cluster X-ray luminosity from Valentijn and Bijleveld 
(1983). Although there is a slight tendency for brighter BCMs 
to be associated with X-ray-luminous clusters, this correla- 
tion (coefficient = 0.60) is by no means strong and could be a 
selection effect of cluster richness in the sample. X-ray 
luminosity is considered to be a measure of the dynamical age 
of a cluster (Forman and Jones 1982), and the plot here is as 
suggestive as Figures 10,11, and 12. 

The lack of a strong cluster property correlation with 
luminosity of BCMs argues that most of the evolution of 
these objects was a local phenomenon. Given the occurrence 
of at least one cD not in the cluster core, but in a local 
subcluster (NGC 6034 in Hercules), the most likely scenario is 
the one proposed by Merritt (1984), where strong evolution 
occurs in early subclumps before cluster virialization. Early 
mergers would explain these weak correlations, which are 
reflecting some effect of early universe density enhancement 
and not the overall state of the cluster at the current epoch. 
Yet early evolution would preserve the ranking effect (Ml vs. 
Mi — Mi) after the subclusters collapse to form a single 
cluster identity. This scenario would also explain the absence 

of a bound population of accreting galaxies, but it remains 
unclear whether BCMs are still undergoing mergers with the 
multinucleus companions. 

IV. CONCLUSIONS 

The main purpose of this paper is to support the idea that 
BCMs have particular structural deviations, as seen in surface 
photometry profiles, which are best explained by comparisons 
with merger simulations. These special properties are enlarged 
characteristic radii, shallow profile slopes, and high inner 
surface brightnesses. From the appearance of the profiles, it is 
possible to outline the morphological types gE, D, and cD 
ellipticals: gE galaxies are typified by their large size, D 
galaxies are a gE type with a very shallow slope (/? < —1.7) 
and cD galaxies are a D type with a large, faint extended 
envelope. 

Comparison with the predictions of homology calculations 
(Hausman and Ostriker 1978) and Y-body merger simula- 
tions (DFS; FSD) rules out the homology scenarios, but is in 
strong agreement with the remnant profiles from the Af-body 
work. This is presented as the strongest argument that BCMs 
owe their properties and extreme luminosities to dynamical 
evolution (accretion and cannibalism). The r1/4 shape of all 
bright ellipticals is predicted by many theoretical studies of 
merger remnants, and suggests that all bright ellipticals (Mv 

< — 21) may have at least one merger event in their past. At 
the very least, this change in structure signals the same change 
in the kinematics demonstrated by Davies et al. (1983). 

Cluster properties yield ambiguous correlations with BCM 
luminosity, although the ranking test compares well with the 
evolution simulations of Malumuth and Richstone (1984). 
This problem, combined with the occurrence of cD galaxies 
which are not centrally located (e.g., NGC 6034 in Hercules), 
supports the hypothesis of Merritt (1984) that mergers were 
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important early in the life of a cluster, before virialization and 
the formation of a single cluster identity. 
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Oemler during the early stages of this project as a disserta- 
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