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ABSTRACT 
New spectroscopy and photometry have been obtained for 136 elliptical and SO galaxies in the direction of 

the large-scale streaming flow attributed to the great attractor. Measurements of central velocity dispersion 
(tr), total B magnitudes (BT), the photometric parameter Dn9 and the absorption-line index Mg2 are presented. 
Both internal and external comparisons indicate that measurements of log a are accurate to 0.05 dex, BT to 
0.15 mag, Dn to 0.015 dex, and Mg2 to 0.017 mag. 

These data have been used in a previous paper by Dressier and Faber to estimate distances for these gal- 
axies via the Dn-a relation. It is shown in this paper that the Dn-Mg2 relation also predicts the same trends of 
peculiar velocity with distance, but with less accuracy. The relative accuracy of other distance indicators for 
elliptical galaxies is also discussed. 
Subject headings: galaxies: distances — galaxies: internal motions — galaxies: photometry 

I. INTRODUCTION 
Dressier and Faber (1990, hereafter DF) studied the field of 

peculiar velocities of elliptical and SO galaxies in the direction 
of the great attractor (GA). Using techniques described in 
Dressier et al (1987) and Lynden-Bell et al (1988), distances to 
these galaxies were predicted using measured velocity disper- 
sions and the photometric diameter Dn. DF confirmed earlier 
work showing a large-scale, large-amplitude flow in the direc- 
tion / = 307°, b - 9°. In addition, support was provided for the 
great attractor model by showing that the peculiar velocities 
decline to zero at approximately the predicted distance of the 
center of the GA. Some evidence for infall to the backside was 
also found. 

The principal purpose of this paper is to present the data on 
which the analysis of DF is based (§§ II and III) and to docu- 
ment the accuracy of these data (§ IV). A further examination 
of the use of the D„-Mg2 relation as a distance indicator, along 
with the efficacy of current distance indicators for ellipticals 
and SO’s, is given in § V. 

II. OBSERVATIONS 
The Supergalactic Plane Redshift Survey (Dressier 1988, 

1991) includes 1403 galaxies selected from the ESO catalog 
(Lauberts 1982) in the region — 30o<h<+45°, 
290° < / < 350° and larger than L2 in diameter. The goal of 
DF was to obtain distances for E and SO galaxies with 
observed velocities V < 6500 km s'1. Using the ESO morpho- 
logical classifications as a guide, DF inspected [on glass copies 
of the ESO (B) survey] approximately 200 galaxies and chose 
~91 true ellipticals. Another ~48 galaxies were identified as 
E/S0 transition cases and large-bulge SO galaxies. The exten- 
sion of the Dn-(r relation to SO’s and early-type spirals was 
proposed by Dressier (1987) and tested both by Lucey and 

Carter (1988) and with the present sample. Each of these 
studies has concluded that the Dn-<j relations for ellipticals and 
SO’s have the same zero points and slopes within the errors of 
the samples. In order to mitigate the possibility of disk con- 
tamination, however, DF excluded edge-on and disk- 
dominated systems. 

Spectra were taken of these 139 galaxies on 1988 March 
11-16 and 1989 March 31-April 1, using the Modular Spec- 
trograph built by Paul Schechter for the du Pont 2.5 m tele- 
scope at Las Campanas Observatory. A TI 800 x 800 x 15 /mi 
CCD detector with a readout noise of ~ 12e- was used. An 85 
mm camera produced a spatial resolution of 0.85 arcseconds 
per pixel; with a 1200 line mm-1 grating a wavelength cover- 
age of 4850-6075 Â at 1.52 Â pixel-1 was achieved. Observa- 
tions were made with a 2" slit, yielding a spectral resolution of 
~3 Â FWHM, which provided a velocity resolution of <7 ~75 
km s-1. Exposures of 200-2000 s resulted in typical signal-to- 
noise ratios S/N > 50 Â- ^ Template stars of type K0 III were 
observed in a similar manner except that the image was trailed 
and “wobbled” over the slit in order to illuminate the colli- 
mator in a manner similar to light from an extended source. 
The template observations were made to a S/N > 200 Â - L 

Spectra were reduced from the two-dimensional frames 
using the software package Boroson’s Astronomical Reduction 
Facility. Data reduction included the normal subtraction of 
bias levels and division by flat fields taken from exposures of 
the inside of the illuminated dome. After optical distortions 
were mapped and removed, sky subtraction was performed 
and spectra were extracted from a 5 pixel (~4") region cen- 
tered on the nucleus of each galaxy. Wavelength calibration 
was done with hollow cathode/neon arcs taken after every 
group of about five galaxy spectra. 

Velocity dispersions were measured in the Mg “b” band 
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using a Fourier analysis program, described in Dressier (1984). 
One elliptical and two SO galaxies were rejected because of 
strong emission in their spectra. Comparison of 105 repeat 
measurements of 39 program and five “standard” galaxies 
showed an internal error of 6% in the determination of the 
velocity dispersion, equivalent to the best data obtained by 
Davies et al (1987). Aperture corrections referenced to the 
distance of the Coma Cluster were applied to the velocity dis- 
persions, as described in Davies et al. These aperture correc- 
tions are small: for a typical galaxy at ~4000 km s-1, the 
correction amounts to a decrease in the velocity dispersion by 
0.012 in log <t, somewhat less than 3%. 

Mg2 values were measured from the spectra, following the 
definition given in Davies et al A few galaxies per night, pri- 
marily intended as velocity dispersion standards, were also 
well-observed Mg2 standards. Following the procedure out- 
lined in Davies et al and Faber et al (1985), these were used to 
place the new data on the same photometric system. Night 
corrections, seven of which were <0.01 mag but one of which 
was 0.058 mag were made in order to place all the data on a 
common system.1 Aperture corrections were applied to the 
Mg2 values, as described in Davies et al These aperture correc- 
tions are also small: for a typical galaxy at ~4000 km s-\ the 
correction amounts to a decrease of Mg2 of slightly more than 
3%; 

Photometric observations were made in Johnson B and I 
passbands with a TI 800 x 800 CCD at the Swope 1.0 m tele- 
scope on Las Campanas on seven nights: 1988 March 15-17, 
1988 June 10, and 1989 March 31-April 2. The camera was 
operated in a 2 x 2 rebinning mode, which produced a field 
size of ~6 arcmin2 at 0'.'87 pixel-1. Most B exposures were 200 
s; for some of the brighter galaxies, the integration time was 
cut to 120 s to avoid saturation of the nucleus. Flat-field expo- 
sures were taken of the twilight sky; medians of these frames 
were made in order to remove star images. These flat-field 
exposures contained ~104 counts per pixel, well above the 
average exposure level of 103 counts per pixel for the galaxy 
(typically spread over ~ 1000 pixels) and ~250 counts for the 
sky value. The resulting frames are usually flat to ±1%, 
although scattered light from bright stars sometimes results in 
irregularities which lead to greater uncertainty, but never more 
than ±3%. These numbers suggest that uncertainties in the 
magnitudes from counting statistics and these sources of sys- 
tematic error are <0.01 mag. 

External comparisons with BT and Dn values, discussed 
below, confirm that the effect of errors in flat fielding and sky 
subtraction on the derivation of the photometric parameters is 
small. In a separate paper, we will employ a new luminosity 
profile-fitting program developed by E. Bertschinger to study 
the form of the brightness profile of elliptical galaxies, which 
can be used to explicitly estimate these errors if the galaxy truly 
follows an r1/4 law luminosity distribution. 

Several fields, each containing a sequence of stars with mea- 
sured fluxes (Graham 1982), were observed many times during 
the night. These verified the photometric quality of each night 

1 The one large correction, for 1989 April 1, was due to the loss of flat-field 
exposures due to a taping error. Use of flat fields from the previous night 
resulted in an improper continuum shape that introduced the large zero-point 
correction. After application of the large zero-point correction, the accuracy of 
these measurements was found to be as high as the other nights. For example, 
there were 25 galaxies observed on this night which had also been observed in 
1988 March. Comparison of these Mg2 values showed a rms dispersion in the 
differences of only 0.012 mag. 

and provided extinction coefficients over a range of air masses 
bracketing the galaxy observations. Five cloudless nights were 
confirmed to be photometric. Of particular concern, however, 
were the nights of 1988 March 15 and March 16, during which 
an unusually thick haze covered Las Campanas. Our 
reductions of 12 standard fields on May 15 and seven fields on 
May 16 confirmed that the B extinctions were much higher 
than average by 0.2 and 0.4 mag, respectively. However, the 
scatter in zero point was no greater than for observations 
during the other five nights; hence, we concluded that these 
nights could be treated as photometric. Analysis of the zero- 
point stability through each of the seven nights indicated slow 
drifts of <0.1 mag. When larger than 0.05 mag, these were 
removed by fitting the time variation with a second-order poly- 
nomial. (Such temporal variations in nightly extinction are not 
limited to Las Campanas, but have been seen at Kitt Peak 
National Observatory as well [D. B., unpublished data]). 
Typical rms errors of the standard stars were 0.02 mag. Color 
corrections of <0.01 mag were implied by the photometric 
transformations, but these have not been applied because at 
this level they were poorly defined and were, in any case, com- 
parable to other sources of systematic and random error. 

After standard reduction of these CCD frames using the 
Boroson programs, the B galaxy frames were converted to a 
form acceptable by the Cassandra data reduction program, 
written by Don Schneider and Peter Young. (The / frames 
were processed, but no data have been extracted from them, as 
of this writing.) With Cassandra, sky levels were measured and 
contaminating stars removed. The integral and differential 
luminosity profiles for each galaxy were obtained by summing 
counts within circular apertures centered on the galaxy out to 
typical radii of l'-2', at which point the observed surface 
brightness was a few percent of sky. The magnitude within the 
23rd mag arcsec ~1 isophote was extracted and converted into 
a total B magnitudes using BT = Bfl<23 — 0.57, a statistical 
correction based on the standard growth curve (see Burstein et 
al 1987). Although our error analysis indicates that the rms 
errors in B23 should be <0.03 mag, larger errors may be found 
in comparison of our BT values to those of other sources, as 
discussed below. As is typical for galaxy photometry, such dis- 
crepancies are as likely due to differences in the method of 
extrapolation to a total magnitude as much as (or more than) 
differences in the measurements themselves. 

III. THE CATALOG 

Table 1 presents the cataloged data. Column (1) is the 
number in the SPS survey (Dressier 1990). Column (2) gives the 
NGC or IC number if the galaxy is so cataloged; otherwise, the 
ESO catalog number is given. Column (3) is the type, E or SO, 
as determined by us from inspection of glass copies of the ESO 
(B) survey. The group number assigned by Burstein, Faber, and 
Dressier (1990), if any, is given in column (4); the correspond- 
ing heliocentric group velocity is given in column (6). Column 
(5) lists the heliocentric velocity as determined in this study. 
Column (7) gives the B-band Galactic extinction, AB, taken 
from Burstein and Heiles (1984) as modified by Burstein, 
Faber, and Dressier. The total blue magnitude, BT, is given in 
column (8). Column (9) gives log Dn, in units of 0!1. Column 
(10) gives log a in km s-1, and column (11) lists values of Mg2. 
The Dn values here have been corrected for K-dimming and 
Galactic extinction as in Faber et al (1989). However, the BT 
values are raw and require these two corrections before com- 
parison can be made to the photometric catalogs of Burstein et 
al (1987) and Faber et al 
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Fig. 1. Comparison of data common to DF and 7S studies for BT (Fig. la), log cr (Fig. \b\ Mg2 (Fig. 1c), and log Dn. In each case the difference is plotted vs. the 
average of the two studies. Zero-points and scatter are given in the text. 

Table 1 is available in machine readable form from D. B. at 
e-mail address burstein@asucps.bitnet. 

IV. DATA COMPARISONS 
Many of the galaxies in the present survey were also 

observed in the seven Samurai (7S) survey (Davies et al 1987; 
Burstein et al 1987; Faber et al 1989). Figures la-ld show the 
comparisons between the present data and those of the 7S 
survey for BT, log <r, Mg2, and Dn. In each case, the difference 
(7S — DF) is plotted versus the average value (7S -b DF)/2. 

The comparison of BT values shows a scatter of 0.21 mag 
and a negligible zero-point offset of 0.009 ± 0.035 mag for 35 of 
the 36 galaxies in common (restricting the 7S sample to data of 
quality “2” or better). This is compatible with the estimated 
error of 0.15 mag in the Burstein et al magnitudes alone. For 
one galaxy, NGC 4696, the DF measurement of 11.60 is 1.1 
mag fainter than the 7S value but is consistent with the value of 
11.75 listed in the Second Reference Catalog (de Vaucouleurs, 
de Vaucouleurs, and Corwin 1976). Upon examination of the 
luminosity profile given for this galaxy in Figure 3 of Burstein 
et al, it appears likely that the BT value given there is in error, 
probably the result of a large extrapolation of photoelectric 
photometry through small apertures. The galaxy is the cD in 
the cluster Cen 30 and has a very extended, diffuse profile. 

An additional comparison can be made with the BT values of 
Lauberts and Valentijn (1989), who determined magnitudes 
and diameters for most of the ESO galaxies from scans of 
photographic plates. As shown in Figure 2, the zero-point dif- 
ference between ESO and DF is only 0.06 ± 0.02 mag, in the 
sense that the DF values are brighter. The scatter of 0.18 mag 
in Figure 2 implies a 0.13 mag rms error for each data set if the 
errors are equally shared. 

The comparison of log a between 7S and the present data 

(Fig. lb) shows a scatter of less than 0.05 dex for 32 of 33 
galaxies, with a zero-point shift of only 0.008 dex 
(1.86%) ± 0.009 dex, in the sense that the 7S velocity disper- 
sions are marginally smaller. Adopting the accuracy of 0.04 dex 
quoted for the 7S data which were multiply observed, the com- 
parison implies an accuracy of 0.03 dex for the present determi- 
nations of log a, comparable to the accuracy of 0.025 dex for 
these data, as estimated from internal comparisons (see § II). 
The zero-point shift corresponds to distance error of only 2.2% 
using the Dn-a relation, or 134 km s"1 at 6000 km s~\ the limit 
of the DF sample. A zero-point difference of similar size and of 

12 13 14 
Bt ((DF + LV)/2) 

Fig. 2.—Comparison of the BT magnitudes in this study with photogra- 
phically determined values from Lauberts and Valentijn (1989). 
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the same sense was also found by Lucey and Carter (1988). 
There is also a suggestion that this systematic difference is a 
function of velocity dispersion, although the effect is marginal. 
The consequences of this trend, if real, on the measurement of 
peculiar velocities should be below the 100 km s-1 level over 
the region of interest, since the full range of the effect is washed 
out by the spread in velocity dispersions at any given distance. 

The one galaxy for which the value of log a is highly discrep- 
ant, NGC 5357, was observed only once in the 7S survey, and 
the 0.15 dex difference between 7S and DF is only a 2 (7 varia- 
tion in this particular case (combined error of 0.07 dex). As 
both the zero-point difference and possible systematic trend 
are small compared to the observed scatter, no correction has 
been made for the data presented here or used in DF. 

Mg2 measurements are compared for 32 galaxies in common 
between 7S and DF in Figure 1c. For 30 of the galaxies, the 
rms dispersion in the differences is 0.015 mag, with a negligible 
zero-point shift of 0.005 ± 0.003 mag. The two most discrepant 
galaxies are NGC 4975 and ESO 0575-G043 with residuals of 
0.05-0.06 mag. A small systematic trend may be present, in the 
sense that 7S Mg2 values are ~ 0.015 mag smaller than DF 
values for relatively weak-lined galaxies. 

Finally, Dn values are compared in Figure \d. It is satisfying 
to note that, as Dn was designed to be a photometric parameter 
for which reliable measurement is relatively easy, there are no 
systematic trends in the comparison, a negligible zero-point 
shift ( — 0.003 ± 0.003 dex), and a combined scatter of 0.020 dex 
for 40 of 41 galaxies in common. (No obvious reason could be 
found for the anomalous discrepancy for NGC 4976.) The 
error in measuring distances implied by this zero-point shift is 
only 42 km s_1 at 6000 km s-1. Assuming equal errors for 
both 7S and DF, this comparison implies an error of 0.014 dex 
per source. This random error would limit the measurement of 
distance to an accuracy of 3.3%, but in fact the intrinsic scatter 
of the Dn-o relation is roughly 6 times as large. 

In summary, we conclude that the photometric parameters 
Bt and Dn are equivalent to the quality “ 1 ” data of 7S and on 
the same photometric system. Mg2 and log a measurements 
are also on the system of 7S to a level of <2% and <1% 
respectively, with scatter equivalent to the best data obtained 
by 7S. The offsets and trends found in comparing the data sets 
imply small systematic distance errors of ^ 100 km s"1. 

V. THE ACCURACY OF Dn-Mg2 AND OTHER 
DISTANCE INDICATORS 

It is of interest to investigate whether any of the other intrin- 
sic properties of ellipticals can be used as distance indicators of 
accuracy comparable to the Dn-a relation. The word 
“comparable” is key here, because the dominant systematic 
errors in distance determinations, the Malmquist-like bias, 
increases as the square of the random error for a uniformly 
distributed sample. 

Terlevich et al. (1981) showed that Mg2 and log a are strong- 
ly correlated for elliptical galaxies of similar luminosity. Thus, 
Dressier (1984) and Dressier et al (1987) investigated the use of 
Mg2 in place of log a in distance-dependent relations. In view 
of the current discussion of the use of distance indicators for 
ellipticals (de Carvalho and Djorgovski 1989; Lynden-Bell et 
al 1989), we feel it is worthwhile to address this issue once 
more, using the present data. In addition, as the errors in the 
D„-Mg2 relation are partly independent of those in the Dn-a 
relation, such an investigation provides another view of the 
large-scale motions in the direction of the great attractor. 

10000 

8000 

T0 6000 
QJ W 

§ 4000 > 

2000 

0 0 20 40 60 80 100 
Predicted Distance by <r (h-1 Mpc) 

Fig. 3.—Hubble diagram toward the great attractor for galaxies in DF, 
based on the Dn-(r relation. The data include a correction for a Malmquist-like 
bias in the case of uniform density, adopting an rms error of 21% in distance 
for each galaxy. 

Figures 3 and 4 compare the Hubble diagrams made with 
the Dn-<7 and Z)n-Mg2 relations, respectively. The Dn-a relation 
is of the form log Dn~ 1.2 log a (DF), while the D„-Mg2 rela- 
tion is of the form log Dn ~ 6.33 log Mg2 (Dressier et al 1987). 
Zero-points for both relations are given by the respective rela- 
tions observed for galaxies in the Coma cluster, in keeping with 
the methodology used in DF and 7S. Corrections for 
Malmquist-like bias are applied to these data, following 
Lynden-Bell et al (1988), with rms distance errors of 21% and 
30% used for Dn-a and D„-Mg2, respectively. The estimate of 

o 0) V) 
s ^4 
Ö > 

10000 

8000 

6000 

4000 

2000 

0 0 20 40 60 80 100 
Predicted Distance by Mg2 (h 

1 Mpc) 
Fig. 4.—Same as Fig. 3, except that distances have been predicted using the 

D„-Mg2 relation. The data again include a correction for a Malmquist-like bias 
for which an rms error of 30% has been adopted. The resemblance of Fig. 4 to 
Fig. 3 supports the interpretation that distances can be predicted with the 
D„-Mg2 relation but with typical errors ~ 50% larger than those determined 
with the Dn-a relation. 
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; 30% for the scatter in Dn-Mg2 is less than the 38% found by 

^ Dressier et al (1987) for galaxies in four clusters. 
^ That Figures 3 and 4 show the same trend—the large 
S outflow for D < 35/i-1 Mpc and the crossing of the line corre- 
^ spending to an unperturbed Hubble flow at D ~ 45h ~1 

Mpc—is encouraging, confirming previous analyses that 
showed the D„-Mg2 relation yields distances consistent with 
the Dn-a relation. Furthermore, the resemblance of Figures 3 
and 4 confirms with a different method the conclusions of DF 
concerning deviations from a uniform Hubble flow. Unfor- 
tunately, the larger scatter in the D„-Mg2 relation means that it 
can only be used to provide a consistency check of the large- 
scale velocity field as obtained from the more accurate Dn-(r 
relation. 

Lynden-Bell et al (1989) sought the “best” distance indica- 
tor by combining in various combinations seven parameters 
observed by 7S for ellipticals in the Coma and Virgo Clusters. 
These parameters were log a, effective surface brightness //e, 
ratio of Dn to isophotal diameter, Mg2, B—V, surface bright- 
ness at and axial ratio. No combination of these param- 
eters gave significantly better distances than the use of the Dn-o 
relation alone. For 50 galaxies in these two clusters, Lynden- 
Bell et al find a distance error of only 17%, about 25% smaller 
than the average of 21 % for the 7S data set as a whole. 

De Carvalho and Djorgovski (1989, hereafter DD) have also 
examined the accuracy of several parameters of ellipticals as 
distance indicators. Their analysis differs from that of Lynden- 
Bell et al in regard to choice of parameters and in the fact that 
DD examined only three-parameter relations. The parameters 
used included effective radius re, absolute magnitude, //e, 
B—V,U — R,V — K, and Mg2. The galaxies used by DD come 
primarily from the Virgo and Coma Clusters and, as such, 
should be directly comparable to those of Lynden-Bell et al 

It is also worth noting that Burstein et al (1989) show that 
B—V color and Mg2 are related on a one-to-one basis for 
ellipticals, and that previous investigators have shown that all 
optical and IR colors are strongly correlated (e.g., Aaronson 
1977). 

Of the 15 different combinations of parameters investigated 
by DD, only one set (Mg2, fie) has a distance error (15%) 
comparable to the Dn-a relation. Their relation yields a dis- 
tance error of 15% for 16 Virgo galaxies and 20% for 22 Coma 
galaxies. This should be compared to the 17% that Lynden- 
Bell et al find for these clusters from the Dn-o relation. All of 
the other relations investigated by DD have errors ranging 
from 21% to 38%. The Dn-Mg2 relation used here to derive the 
distances in Figure 4 is a typical representative of this family. 
Thus, none of the relations proposed for elliptical galaxies 
predict distances significantly better than that of the Dn-a rela- 
tion, and most of them are considerably worse. 

We conclude that, in the context of these parameters, the 
Dn-o relation is still the relationship of choice for determining 
distance to elliptical galaxies, given both the accuracy to which 
the Dn parameter can be easily measured and the fact that the 
systematic errors introduced by Malmquist-like bias increase 
as the square of the random error. 
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