rT992AT.~ - CI03 Z851H:

THE ASTRONOMICAL JOURNAL

VOLUME 103, NUMBER 3

MARCH 1992

INTERNAL DYNAMICS OF THE DWARF ELLIPTICAL NGC 185

ENRICO V. HELD
Osservatorio Astronomico di Bologna, Via Zamboni 33, 1-40126, Bologna, Italy

TiM DE ZEEUW
Sterrewacht Leiden, Postbus 9513, 2300 RA Leiden, The Netherlands

JEREMY MOULD AND ALAIN PICARD

Palomar Observatory, Caltech 105-24, Pasadena, California 91125
Received 1 August 1991; revised 11 October 1991

ABSTRACT

Kinematic observations along the major and minor axis of the E2 dwarf elliptical galaxy NGC 185 are
presented. The velocity dispersion is constant at 28 + 8 km s ! between 3” and 40", but may increase
to about twice that value in the center. We find an upper limit of 10 km s ="' for the rotation along either
axis, so that the velocity distribution is anisotropic. The derived .#/Ly is ~3 in solar units. Analysis of
the kinematic and photometric data now available shows that giant ellipticals and dwarfs fall on a

continuous sequence in the (L,o) plane.

1. INTRODUCTION

Models of the formation and evolution of diffuse dwarf
elliptical galaxies (dE) require detailed knowledge of their
structural properties and internal dynamics. While modern
CCD detectors allow an accurate derivation of structural
parameters and colors for even such low surface brightness
objects, spectroscopic observation of the internal dynamics
of dwarfs remains a challenging task. Until recently, dwarf
ellipticals were tacitly expected to be supported by rotation,
by extrapolating from the kinematic behavior of normal el-
liptical galaxies (gE) (Davies et al. 1983). Contrary to this
expectation, NGC 205, a dwarf companion of the Androme-
da Nebula, turned out to be a slow rotator, which is support-
ed by an anisotropic velocity distribution (Carter & Sadler
1990; Held et al. 1990, henceforth Paper I). Paltoglou
& Freeman (1987) drew a similar conclusion for the faint
local dwarf Fornax, a result confirmed by Mateo et al.
(1991b). Most recently, Bender et al. (1991; hereafter re-
ferred to as BPN) confirmed previous results on NGC 205,
and presented new rotation and velocity dispersion measure-
ments of two more M31 companions, NGC 185 and NGC
147. All of the three objects appear to be anisotropic systems.
Lack of rotational support might well be evidence that dwarf
ellipticals are triaxial.

Bender & Nieto (1990) studied the internal kinematics of
a sample of low-luminosity normal ellipticals (M, > — 18),
and found that objects of relatively low surface brightness
are supported by an anisotropic velocity distribution, where-
as faint ellipticals with relatively high surface brightness fol-
low the trend of brighter galaxies measured by Davies et al.
(1983). It should be noted, however, that only one object in
Bender & Nieto’s (1990) sample was previously classified as
a genuine dwarf elliptical.

In an effort to understand the internal dynamics of very-
low-mass systems, we undertook a kinematic study of the
next logical candidate, the Local Group dwarf elliptical gal-
axy NGC 185, for which no kinematic data were available at
the time of the observations. Given the difficulties inherent
in measuring rotation and velocity dispersion of such low-
surface-brightness objects, it is important to have indepen-
dent measurements of the kinematics of dE’s. At a distance
of about 75 kpc from M31, NGC 185 is likely not to be

851  Astron. J. 103 (3), March 1992

0004-6256/92/030851-06$00.90

affected by dynamical interactions with its bigger neighbor.
NGC 185 appears bluer in the nucleus due to a young stellar
population, even though there are no clusters of young stars
as large as those observed in NGC 205 (Hodge 1963; Price
1985). The existence of a modest central Population I com-
ponent was also demonstrated by the Very Large Array
(VLA) observations of Johnson & Gottesman (1983),
which indicated the presence of ~1.5X 10°> .# o, of H 1, with
a distribution peaked at about 30” from the center. This is
consistent with other evidence of ongoing or recent star for-
mation activity. Faint CO emission was detected by Wiklind
& Rydbeck (1986), indicating the presence of ~ 10°.# o of
molecular gas.

In this paper we report spectroscopic observations of
NGC 185, and discuss some implications of the available
data on kinematic parameters of dwarf elliptical galaxies. In
Sec. 2 we describe the observations and data reduction tech-
niques. Our kinematic results for NGC 185 are presented
and discussed in Sec. 3, and in Sec. 4 we describe parameter
correlations for dwarf ellipticals as a class.

2. OBSERVATIONS AND REDUCTION

NGC 185 was observed on 24-27 August 1990 with the
Double Spectrograph (Oke & Gunn 1982) at the 5 m Hale
telescope. Only the blue spectra were reduced. The blue arm
detector was an 800 800 TI CCD with an extended blue
response. For most of the spectra, four pixels were binned
together along the spatial direction, in order to improve the
signal-to-noise (S/N) ratio. The resulting spatial scale was
1.67 arcsec pixel ~'. The only exception was a major-axis
spectrum, for which double binning was used to achieve a
better spatial resolution in the nucleus. The 1200 line grating
and 1” X 120" slit yielded a sampling 0.56 A pixel "', and a
resolution ~1.5 A FWHM, in the spectral range A4 3800~
4250 A (A4 3960-4410 A for the double-binned spectrum).
Four 1" spectra of the galaxy major axis were taken at a slit
position angle 50°. The nucleus was placed near one end of
the slit, to obtain kinematic data as far as possible from the
galaxy center. The spectrograph was then rotated at the po-
sition angle 230°, and four additional 1" exposures were ob-
tained of the same region of the galaxy, with the nucleus
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again suitably offset. Three 75™ exposures of the minor axis
were also taken at P.A. = 140°. Finally, the exposure for the
double-binned spectrum was 1" at P.A. = 50°. Comparison
spectra of an iron hollow-cathode lamp were taken before
and after each exposure. Template stars of spectral types F—
G, to be compared with the galaxy spectra by a Fourier
method, were also observed.

Data reduction followed the same procedure as in Paper I.
The pedestal level of the CCD frames turned out to be vari-
able during the night, possibly because of a recent preflash
treatment. This caused initial problems with flat fielding.
These were solved by subtracting the bias level as derived
from an unexposed region of each frame. After the standard
trimming and flat-fielding steps, cosmic rays hits were re-
moved by a median filtering of pixels above a fixed thresh-
old. The spectra were then line-by-line wavelength calibra-
ted, and rebinned onto a logarithmic wavelength scale using
the routines of the Caltech/AAO FIGARO package. The cur-
vature correction was good, the residual distortion being of
the order one-tenth of pixel, or + 5 kms~! (as estimated
from the shape of sky emission lines on the corrected
frames). The spectra were also corrected for a slight misa-
lignment of the chip, and shifted so that the nucleus fell at
the same position in all of the frames. Finally, high S/N
spectra were then obtained by coadding all spectra observed
with the same instrumental setup. A sky spectrum was ex-
tracted from a region in each frame far from the galaxy nu-
cleus. The contribution of galaxy light at that location, al-
though not negligible, was less critical than for NGC 205,
because of the lower mean surface brightness of NGC 185
(Kent 1987).

Radial velocity (v) and dispersion (o) profiles were mea-
sured using the Fourier fitting program developed by Franx
(Franx et al. 1989). Data were binned along the spatial di-
rection so as to give ~ 10° photons in each bin. The spectra of
NGC 185 were compared with those of template stars in the
wavelength interval A4 4000-4230 A, thus excluding from
the fit the Ca1t H and K lines, which are known to give
systematically biased velocity dispersions. For the single
double-binned major-axis spectrum, the wavelength range
AA 4000-4400 A was used, which contains H, Hj, the G
band, and many Ca 1and Fe 1lines. Test runs using the entire
observed spectral interval showed the derived radial veloc-
ities to be essentially independent of the adopted wavelength
range. As a second-order refinement, the residual curvature
of sky emission lines in the distortion-corrected frames was
utilized to correct the radial velocity profiles.

Tests were made to ensure the reliability of our results
against possible systematic errors arising from inadequate
sky subtraction. As in Paper I, realistic artificial spectra
were constructed using the NGC 185 luminosity profile
(Kent 1987), a rotation curve rising to 40 km s~ ' at 120"
from the galaxy nucleus, and velocity dispersion in the range
20-80 km s~ '. We then applied the same reduction steps as
followed for the NGC 185 spectra. In particular, a “sky” was
extracted from the outer rows and subtracted from the entire
spectrum. This implies that some galaxy light from the outer
region was subtracted from each row of the spectrum. These
experiments showed that the velocity curve could be recov-
ered out to 40” from the nucleus, with only a slight shift in
systemic velocity, of the order of 10 km s ~!. The velocity
dispersion could be recovered with 10% accuracy for input
values larger than 20km s ~ !, and again » < 40”. Beyond this
limit in radius, however, the residual intensity after “sky”
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subtraction becomes too low for the Fourier program to de-
rive meaningful kinematic information.

3. RESULTS

In Fig. 1 we present the velocity and dispersion profiles of
NGC 185. The rotation curves along the major and minor
axis of the galaxy are shown in Figs. 1(a) and 1(c), respec-
tively. The results from different coadded spectra are in ex-
cellent agreement, and show no evidence of a gradient along
either axis. Fitting a straight line to all major-axis data yields
an upper limit of the order 10 km s ! over a radius range of
40", which is mainly set by the estimated uncertainty on the
distortion correction. Our measurement of the heliocentric
velocity gives a redshift of — 217 + 8 km s~ '. This value is
intermediate between those of Sandage & Tammann (1981)
(—227kms~')and BPN ( —202kms~!).

The velocity dispersion measurements show a similarly
good agreement, and the resulting profiles are displayed in
Figs. 1(b) and 1(d). The median velocity dispersions ob-
tained from the data points in the range 0”-30" derived from
the two coadded spectra along the major and minor axes, are
27.3+ 72 (rms) and 29.1+9.6 kms~', respectively.
Along the major axis, the velocity dispersion of NGC 185
appears essentially constant out to 40” from the center. Cen-
tral velocity dispersions from the double-binned major-axis
spectrum are presented in Fig. 2. Because of the improved
spatial resolution of this spectrum, the derived o profile
shows a fairly convincing increase up to 60-70km s ~ ! in the
central 2-3" (7-10 pc). This increase might also be due to
the influence of broad Balmer lines of young stars on the
measured velocity dispersion. In our spectra, the regions ex-
cluding Balmer lines are too limited to allow meaningful
measurements. Therefore this possibility cannot be entirely
ruled out on the basis of our data.

Formal errors for the kinematic measurements provided
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Fi1G. 1. The rotation curves and velocity dispersion profiles of NGC
185. (a) Heliocentric radial velocity profiles along the major axis.
Filled squares refer to the sum of spectra taken at a position angle
230°; crosses refer to P.A. = 50°. (c) Velocity profile along the mi-
nor axis. (b),(d) Velocity dispersions measured along the major
axis (b) and along the minor axis (d). Symbol coding as in (a).
Error bars represent formal errors from the Fourier fitting tech-
nique. For clarity, they are drawn for one dataset only. The scale is
3.5 pcarcsec ™.
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FIG. 2. The velocity dispersion profile in the central region of NGC
185, as measured on the spectrum with spatial binning 0.836 arcsec
pixel ~'.

by the Fourier program are plotted in Figs. 1 and 2. The
internal errors of the measurements can be judged also from
the close agreement between the two datasets. Taking into
account the results of the simulations, and the fact that the
derived dispersion is (marginally) larger than 20 kms~!,
we consider the kinematic profiles of NGC 185 to be reliable
out to 40”.

Bender et al. (1991) report major-axis observations of
NGC 185 extending to 105”. They find o0 =23 + 5km s~ !,
and an upper limit to v of only 3 kms~!. This is fully in
accord with our observations. Their data do not show an
increase of o in the inner few 2-3", but this may well be due
to the fact that they used 5” bins.

The remarkably flat rotation curve in Fig. 1 suggests that
NGC 185 is a further example of a nonrotating, pressure-
supported dwarf elliptical galaxy. The parameter v/o (Bin-
ney 1978) provides a quantitative estimate of the relative
dynamic importance of rotation and random motions. Its
expected value (v/0), for rotation-supported oblate spher-
oids is approximately ve/(1 — €) (Kormendy 1982). With
a mean ellipticity € = 0.23 (computed within 30" from the
center; Kent 1987), this gives (v/0), = 0.55 for NGC 185.
Assuming a fairly conservative upper limit of 10km s~ on
v, we find (v/0) = 0.65 X (v/0),. We take this result as evi-
dence that rotation alone cannot account for the observed
flattening of NGC 185. As was the case for NGC 205, this
dwarf elliptical appears to be supported by an anisotropic
velocity distribution, and may well be triaxial.

All of the dwarf ellipticals studied so far, and also the
low-luminosity ellipticals close to the dwarf sequence, ap-
pear to be anisotropic pressure-supported ellipsoids (Bender
& Nieto 1990; Carter & Sadler 1990; Paper I; Paltoglou
& Freeman 1987). This agrees with the suggestion by Wyse
& Jones (1984) that low-surface-brightness dwarf ellipticals
would be slowly rotating objects. It may also be significant
that the specific angular momentum of anisotropic low-lu-
minosity ellipticals does not differ from that of rotation-sup-
ported objects of comparable luminosity (Bender
& Nieto 1990). .

Observations of the H 1 component (Johnson & Gottes-
man 1983) add some information on the kinematics of NGC
185. While a 5X 10° .# , cloud of H 1 was found at 30" from
the nucleus, not far from the major axis, no H 1 emission was
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detected from either a gaseous disk or the nucleus itself. The
velocity distribution of this H 1 cloud reveals a clumpy struc-
ture. It is characterized by an asymmetric, double-peaked
profile, with a principal peak corresponding to a radial ve-
locity — 195 kms~!, and a much lower peak at — 226
km s~ !. The former peak differs significantly from the opti-
cal redshift. The uncertainties in the optical central velocity,
however, make it difficult to establish whether the principal
H 1 cloud is in circular motion around the center of NGC
185. The emission profile of the molecular gas observed by
Wiklind & Rydbeck (1986) has two peaks, centered at the
velocities — 292 and — 203 km s ~!. Only this latter peak
does not differ too much from the systemic velocity, and
might be associated with an ordered rotation.

Given the limited spatial extent of our kinematic profiles,
we did not attempt any fitting of detailed dynamical models.
Binney’s (1982) formula for an isotropic spherical galaxy
with a de Vaucouleurs’ profile gives a mass-to-light ratio
# /Ly for the central region of NGC 185 equal to 3.9 in
solar units. Taking into account the effects of oblateness and
anisotropy by means of the method of Bacon ef al. (1985)
lowers this value to 3.3. Since the luminosity profile of NGC
185 is nearly exponential, we computed the properties of an
isotropic spherical model with an exponential projected sur-
face brightness profile. Following Binney’s (1982) method,
this results in an expression for .# /L ; which is identical to
his Eq. (20), except for the numerical factor, which is now
0.172 rather than 0.201. This implies a 15% decrease in the
computed mass-to-light ratio with respect to r'/* spherical
models. We conclude therefore that the central .# /Ly in
NGC 185 is about 3.

This rather low value of .# /L is not unusual compared
with the values found for the inner regions of giant elliptical
galaxies (e.g., Kent 1990), but higher than those of Galactic
globular clusters, which generally lie between 1 and 2 (Pryor
et al. 1988, 1989). We note that our earlier value of
M /Ly =7 for NGC 205 (Paper I) was based on o=60
km s~ !. If we take the value of 42 km s ~ ! reported by BPN,
then .# /L for NGC 205 comes down to 3.5.

Our kinematic profiles for NGC 185 cover a region which
is small compared to the galaxy size: they extend out to
~1/5 of the effective radius 7,. Our dynamical conclusions
therefore strictly apply only to the central region. The data
of BPN reduce our ignorance, but their kinematic curves still
reach only 0.57,. As a result, we do not know the maximum
rotation velocity, or the velocity dispersion, at radii compar-
able with those providing evidence for dark matter in dwarf
irregulars (Carignan et al. 1990; Lake et al. 1990; and refer-
ences therein).

4. L vs o BRIDGING THE GAP

The relations between kinematic and structural properties
of normal elliptical galaxies have proven to be essential tools
for understanding their origin and evolution. Although it
has been demonstrated that elliptical galaxies are better de-
scribed as a two-parameter family (see Kormendy & Djor-
govski 1989 for a comprehensive review), the relation be-
tween velocity dispersion and luminosity (Faber & Jackson
1976) still represents a simple and well-defined constraint
for models of galaxy formation. Analyzing the L — o rela-
tion for dwarfs is certainly only a first step toward a more
complete (multiparametric) investigation. However, it is in-
tended to provide some physical insight through a direct
comparison with the predictions of published models. Until
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recently, no kinematic data were available for dwarf ellipti-
cals in the intermediate luminosity range — 18
<My < — 14. The new data prompted us to attempt a rean-
alysis of the correlations between photometric and kinemat-
ic properties for spheroidal systems. Velocity dispersions
have been collected for globular clusters and dwarf spheroi-
dals in the Local Group, and for luminous ellipticals. They
have been plotted against absolute magnitude .# 5 in Fig. 3.

Kinematic profiles derived from Fourier fitting of absorp-
tion features in integrated spectra are available for three of
the dwarf companion galaxies to M31: NGC 205 (Carter
& Sadler 1990; Paper I), NGC 185 (this work; BPN), and
NGC 147 (BPN). The recent paper of BPN presents new
observations of NGC 147. Its brightness and velocity disper-
sion are nearly identical to those of NGC 185. Velocity dis-
persions are available also for two dwarf ellipticals beyond
the Local Group. In the sample of low-luminosity ellipticals
studied by Bender & Nieto (1990), one galaxy has sufficient-
ly low surface brightness to be positively classified as a dwarf
elliptical (IC 794; Binggeli ez al. 1985). The classification of
another object in the same sample (VCC 351) is controver-
sial because of its relativély high surface brightness, and we
exclude it from our discussion. Lastly Bothun et al. (1985)
measured the central velocity dispersion for the strong-lined
nucleated dwarf elliptical VCC 1389 in the Virgo cluster.
Absolute magnitudes for the companions to M31 were com-
puted from total magnitudes in the RC2 (de Vaucouleurs et
al. 1976) for a distance of 720 kpc. Reddening corrections
are uncertain because of the low galactic latitude and patchy
gas and dust distribution toward M31. The luminosity of IC
794 was adapted from Bender & Nieto (1990), with H, = 75
kms~! Mpc ™', while the VCC 1389 blue magnitude was
taken from Ichikawa et al. (1986), assuming a Virgo dis-
tance modulus of 31.

Internal velocity dispersions of dwarf spheroidals in the
Local Group were taken from Aaronson’s (1986) review
(Dra, UMi, and Scl), Zaritsky et al. 1989 (Leo I and Leo
1), and Godwin & Lynden-Bell (1987) (Car). Leo I has no
detected internal dispersion (after correction for measure-
ments errors). A mean value of 6 km s~ ' was adopted for
Fornax based on the recent observations by Rodgers
& Harding (1989).! Note that the velocity dispersions of
dwarf spheroidals are subject to significant observational
uncertainties. Difficulties related to radial velocity measure-
ments of individual C and K giants, such as the effects of
atmospheric motions, tidal disruption, binarity, and self-
gravitation, are discussed by several authors (e.g., Aaronson
& Olszewski 1987). Moreover, velocity dispersions general-
ly are computed with different procedures. Some of them are
uncorrected measurements, while in other cases values cor-
rected for the contribution of observational errors are given.
In addition, even corrected dispersions may be overestimat-
ed. By comparing velocities obtained by different authors for
the same stars in Carina, Godwin & Lynden-Bell (1987)
have demonstrated that they are not correlated. Thus for all
spheroidals, the contribution of measurement errors to ve-
locity dispersions might be substantial.

Absolute magnitudes of the dwarf spheroidals reported in
the literature are also uncertain indirect estimates. We de-
rived My from V magnitudes given by Aaronson (1986),
assuming a constant (B — V) =0.7.

'The higher value of 9.9 km s~ ! recently measured by Mateo et al. (1991b)
does not affect the conclusions of this paper.
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Fi1G. 3. Velocity dispersion o against absolute magnitude My, for dwarf
elliptical and spheroidal galaxies (filled dots), normal ellipticals (plus
signs), and globular clusters (crosses). The dashed line represents a fit to
Car, Leo II, Scl, For, NGC 185, NGC 205, NGC 147, and IC 794, and
corresponds to the approximate relation L o o >3,

For comparison purposes, data for Galactic globular clus-
ters are also shown in Fig. 3. Sources of velocity dispersions
are the following: Da Costa et al. (1977); Gunn & Griffin
(1979); Lupton et al. (1987); Meylan & Mayor (1986);
Peterson & Latham (1986); Pryor et al. (1986, 1988). In all
of these studies, accurate central velocity dispersions were
derived by fitting a dynamical model to velocities of individ-
ual giant stars. Illingworth (1976) measured internal veloc-
ity dispersions of globular clusters from their integrated
spectra. Since his results tend to yield systematically higher
dispersions than provided by measurement of individual gi-
ants, they have not been included in Fig. 3. Absolute magni-
tudes M, of Galactic globulars, adopted from Webbink’s
(1985) compilation, were converted into B magnitudes us-
ing colors of Reed (1985) and Webbink’s reddening values.

Finally, velocity dispersions and luminosities of normal
elliptical galaxies have been taken from Faber et al. (1989),
again  assuming a  Hubble constant H,=75
kms~! Mpc~'. As we are only interested in the average
location of normal ellipticals in the luminosity-dispersion
plane, the model dependence of the Faber et al. distances is
of no concern here.

Figure 3 shows that most data points for dwarf elliptical
galaxies define a linear sequence in the (log o,My ) diagram,
extending continuously the F-J relation for normal ellipti-
cals. The two faintest dwarfs, Draco and Ursa Minor, repre-
sent an obvious exception to this trend. They are also the
only dwarf spheroidals for which very high .# /L ratios and
central densities of dark matter have been inferred (Aaron-
son & Olszewski 1987; Lake 1990; but see Kuhn & Miller
1989 for a different view). In this paper, we restrict our dis-
cussion to the sequence of dE’s brighter than M, = — 8.
Dwarf ellipticals depart from a least-squares linear fit to gE
galaxies, in the sense that dwarfs define a steeper slope. To
quantify this trend we have fitted a straight line to the data
for eight dwarfs in the luminosity range — 17 <M, < — 8.
We have minimized the squared distances from the fitting
line rather than the residuals in either log o or M; all points
are given equal weight. We have excluded VCC 1389 from
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the fit, because of the large uncertainty in its velocity disper-
sion.

Formally, the derived slope corresponds to a relation
L « 0**°, which is indicated by the dashed line in Fig. 3. For
comparison, a straight line fitted to dispersions and luminos-
ities of globular clusters and ellipticals yields an exponent
k=33.

The power-law index 2.5 is in close agreement with the
slope predicted by models of formation of dwarf elliptical
galaxies with early supernova-driven galactic winds and
adiabatic expansion (Saito 1979; Dekel & Silk 1986; Vader
1986, 1987; Yoshii & Arimoto 1987, hereafter referred to as
YA; Angeletti & Giannone 1990). The YA population syn-
thesis models include galactic mass loss and predict the
structural and chemical properties of spheroidal systems
based on simple assumptions concerning the star formation
rate and the initial mass function. They contain no dark mat-
ter apart from stellar remnants. The fractional amount of gas
lost by the system is highest for models in the range of initial
masses appropriate for dwarfs (10"° .# ). Models with
slow gas removal and adiabatic expansion are consistent
with the observed distribution of dwarf ellipticals in the di-
ameter versus surface-brightness diagram. For these models,
the expected relation between velocity dispersion and lumi-
nosity (YA, Fig. 10) deviates slightly from the L « ¢* line, in
the sense of lower dispersions for fainter galaxies. With a
smooth transition from giant to dwarf ellipticals, the disper-
sion versus luminosity relation steepens at the faint end
(Mg ~ — 18) of the normal elliptical sequence, consistent
with observations (Tonry 1981; Davies et al. 1983), and
dwarf ellipticals in the range — 14 < My < — 18 approxi-
mately follow the relation L o 0®° . This prediction is entire-
ly consistent with the observational trend found in this
paper.

A similar relation L «0*’ for dwarf ellipticals was pre-
dicted also just on the basis of the observed correlation L o 4
between effective radius and luminosity, under the simple
assumptions that dE’s have (as a class) a nearly constant
M /L and are in virial equilibrium (Binggeli et al. 1984; self-
gravitating models in Dekel & Silk 1986).

As pointed out by Vader (1986) and Dekel & Silk (1986),
simple self-gravitating gas-loss models seem to be unable to
reproduce the observed correlation between mean metalli-
city z and luminosity, L < z>*> (Vigroux et al. 1981; Aaron-
son & Mould 1985; Buonanno et al. 1985; but see Mateo et
al. 1991a for the case of Sextans). In particular, they appar-
ently cannot account for the low metallicities of dwarf spher-
oidals (but see Vader 1986, 1987; YA). A dark matter sce-
nario in which dwarf proto-galaxies are embedded in a
dominant dark halo (Dekel & Silk 1986) yields a metalli-
city-luminosity relation as required by the observations. In
this case, however, a relation L «<¢> is obtained which is
inconsistent with the data for dwarf ellipticals brighter than
My = — 8. Thus, dark matter is probably not the key ingre-
dient of the solution. That is not to say that the luminous
matter we are able to study is not enclosed in such a halo, as
is well demonstrated in the case of gE galaxies (Fabricant
& Gorenstein 1983; Mould et al. 1990).

Figure 3 does not show any evidence for a discontinuity in
the global kinematic properties of dwarf and normal ellipti-
cals. Whether the families of gE’s and dE’s form a contin-
uous sequence of physical properties is a much debated issue
(e.g., Kormendy & Djorgovski 1989, and references there-
in). Kormendy (1985), using core radius and central surface
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brightness, showed that known correlations between struc-
tural parameters for dwarf and normal ellipticals define two
distinct, apparently unrelated sequences. This discontinuity
was taken to be evidence for very different formation pro-
cesses. On the other hand, when similar correlations are in-
vestigated using global parameters (effective radius and sur-
face brightness), giant and dwarf ellipticals fall on a
continuous sequence, with the location along the sequence
being determined by mass-dependent effects of gas loss
(Binggeli et al. 1984, Figs. 7 and 8; Ferguson & Sandage
1988, Figs. 5 and 6; YA; Nieto 1990).

It is of interest to compare the log 7, — M and log r,
— M, correlations (or their analogs for surface brightness)
obtained by Kormendy (1985) and Binggeli ef al. (1984),
respectively. While the sequence of dwarf ellipticals is shift-
ed to larger radii with respect to gE’s in the (core radius,
luminosity) diagram, the trend is the same whether core or
global parameters are used. Cross examination of the surface
brightness-luminosity relations leads to a similar remark.
There is a simple explanation for the sharp discontinuity
found when using core properties. Dwarf ellipticals general-
ly have exponential luminosity profiles, in contrast to the
r”* de Vaucouleurs’ profiles of gE’s. If two model galaxies
with an exponential and an 7'/* profile are constrained to
have the same luminosity L, then

P arly gy =210X P

e, e,exp I O,exp?

with 7,7, 4» the half-luminosity radii, and /, ., 4» the
central surface brightnesses of the two profiles, respectively.
Binggeli ez al. (1984) show that dE’s and gE’s have compar-
able values of the model-independent effective radius, and
therefore of the mean surface brightness inside 7,, in the
overlap region Mz ~ — 20. For the model central surface
brightness, this implies .., — o 4v =5.8. While the exact
value of this difference depends on the real core profiles of £
galaxies (luminous ellipticals have larger core radii than
would be predicted by a seeing-convolved 7'/* profile; Kor-
mendy 1985) and on model-dependent seeing corrections,
its order of magnitude is entirely consistent with the shift of
the dE sequence in the (My,u,, ) plane (Fig. 3 of Kormendy
1985). We thus conclude that the location of dwarf ellipti-
cals in this plane only reflects their well-known prevailing
exponential profiles. This can also explain the (My,r. ) rela-
tion: it is easy to show that r, ., >, for exponential and
r!'/* galaxies with the same luminosity and effective scale
length.

As mentioned in Sec. 3, at least for isotropic spherical
models the derived .# /L value depends little on the details
of the luminosity profile. To the extent that .#/L is only
moderately affected by anisotropy, the fact that dE’s and
gE’s show similar values of 7, and o around Mz ~ — 20 may
have an important consequence. At least in the luminosity
range where the two families overlap, dE’s and gE’s may
have comparable .# /L values.

In summary, dwarf and normal ellipticals show no discon-
tinuity in their global dynamical and photometric proper-
ties. The discontinuity in the relations for core photometric
parameters merely exhibits quantitatively that dE’s are
much more diffuse than gE’s. On the other hand, our results
for NGC 185 seem to confirm that dwarf ellipticals are an-
isotropic objects. This fact, the different luminosity profiles,
and the different trends of the photometric relations all indi-
cate that dE’s and gE’s form two different families. Does this
imply that they are also completely different in origin? If the
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galactic wind picture is correct, there may be a continuous
transition, the key being the fractional amount of gas avail-
able (and lost) at the epoch of the onset of galactic winds
(YA). Galactic wind models offer an attractive qualitative
picture to account for the shallow luminosity distribution of
dwarf ellipticals. Detailed quantitative models will be re-
quired, however, to explain how dE protogalaxies, following
the gas loss and expansion process, may also become nonro-
tating anisotropic objects with nearly exponential luminosi-
ty profiles. Further kinematic data for dwarf ellipticals and
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spheroidals will provide more stringent constraints on mod-
els of galaxy formation and evolution. This is an appropriate
task for the new generation of very large telescopes.
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