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ABSTRACT

The Las Campanas Redshift Survey (LCRS) consists of 26,418 redshifts of galaxies selected from a
CCD-based catalog obtained in the R band. The survey covers over 700 deg” in six strips, each 1°5
x 80°, three each in the north and south Galactic caps. The median redshift in the survey is about
30,000 km s~!. Essential features of the galaxy selection and redshift measurement methods are
described and tabulated here. These details are important for subsequent analysis of the LCRS data.
Two-dimensional representations of the redshift distributions reveal many repetitions of voids, on the
scale of about 5000 km s~ !, sharply bounded by large walls of galaxies as seen in nearby surveys. Sta-
tistical investigations of the mean galaxy properties and of clustering on the large scale are reported
elsewhere. These include studies of the luminosity function, power spectrum in two and three dimensions,
correlation function, pairwise velocity distribution, identification of large-scale structures, and a group
catalog. The LCRS redshift catalog will be made available to interested investigators at an internet web

site and in archival form as an AAS CD-ROM.

Subject headings: cosmology: observations — galaxies: clusters: general —
galaxies: distances and redshifts — surveys

1. INTRODUCTION

Redshift surveys reveal surprising structures in the large-
scale distribution of galaxies which provide clues to physi-
cal properties of the universe (see Giovanelli & Haynes 1991
and Strauss & Willick 1995 for reviews). Early investiga-
tions (such as Kirshner et al. 1981 or Huchra et al. 1983)
suggested that the nearby universe might be strongly inho-
mogeneous with nearly empty voids and thin, high contrast
regions of galaxy overdensity. Convincing demonstrations
that this pattern is a general feature of the universe have
come from extensive surveys which cover large angles on
the sky (for summaries of the CfA surveys, see de Lapparent
et al. 1986 and Geller & Huchra 1989; for the Southern Sky
Redshift Survey, see da Costa et al. 1994a). Galaxies appear
to lie on networks of filaments or sheets extending over 100
h~! Mpc that encompass sharply bounded voids (Hubble
constant Hy = 100 h km s~! Mpc™?). Despite the power of
the CfA2 (Huchra et al. 1996) and the Southern Sky Red-
shift Survey (SSRS2) in conveying an impression of the
galaxy distribution on large scales, the largest features they
reveal are very near the upper limit set by the depth of the
survey at about 12,000 km s 1.

Are these the largest features in the universe? There are
hints of possible structure on larger scales from apparent

! Present affiliation: Department of Astronomy, University of Toronto,
60 Saint George Street, Toronto, ON, Canada MS5S 3HS;
lin@astro.utoronto.ca.

172

periodicities in redshifts (Broadhurst et al. 1990), from the
flows suggested by Lauer & Postman (1994), or from pos-
sible variations in the luminosity density (da Costa et al.
1994a). Only a deep extensive survey can provide evidence
on the reality of these suggestions. Similarly, the statistical
measures of galaxy clustering derived from redshift catalogs
(Efstathiou 1993; Park et al. 1994), which can be used to
constrain models for the formation of structure in the uni-
verse, have only modest precision at the large scales which
are most interesting. To explore structure in the local uni-
verse on a scale of 30,000 km s~ ! and to improve our mea-
sures of galaxy statistics, we have been working since 1987
on the Las Campanas Redshift Survey (LCRS). We have
compiled a CCD-based galaxy catalog, selected the gal-
axies, developed the fiber-optic equipment for mass produc-
ing galaxy spectra, and observed from 1988 to 1994. We
have measured more than 26,000 galaxy redshifts averaging
z = 0.1 over an area of 700 deg? arranged in six long thin
strips, three in the north Galactic cap and three in the south.
The LCRS provides a reconaissance of present-day struc-
ture on the largest scales mapped to date.

The LCRS is a direct descendent of earlier surveys aimed
at measuring the average properties of galaxies: the lumi-
nosity function and the space density of galaxies (Kirshner
et al. 1978, 1979, 1983). Annoying variations in the average
properties, such as the luminosity density, signaled the pres-
ence of strong inhomogeneities in the galaxy distribution.
Most startling was a large void of diameter 60 A~ ! Mpc in
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circles connected by the thick solid line denote the ratio for the full LCRS sample; the dashed line, the 50 fiber sample; and the thin solid line, the 112 fiber

sample. Note that in (b) the high value of the ratio for the 50 fiber sample atm, —

errors are shown.

the galaxy distribution beyond the constellation Bodétes
(Kirshner et al. 1981, 1987, 1990). Because similar structures
are now frequently seen in wider angle surveys and because
the structures are nearly as large as the survey dimensions, a
much larger and deeper survey seems needed in order to
encompass a fair sample of the universe, as well as to search
for structure on larger scales. The LCRS began with a goal
of obtaining a galaxy sample of sufficient size, sky coverage,
and depth to permit a reliable characterization of the
average properties of galaxies and of their distribution.
While this work was in progress, some important large
wide-angle redshift surveys have been carried out. Recent
large-scale structure analyses include (see Strauss & Willick
1995 for a more complete list): (1) nearly all sky samples of
objects selected from the IRAS Point Source Catalog, spe-
cifically the IRAS 1.2 Jy survey (5321 galaxies with 60 ym
flux fso>1.2 Jy; Fisher et al. 1995) and the 1-in-6 sparse-
sampled IRAS QDOT Survey (2184 galaxies with fg, > 0.6
Jy; Lawrence et al. 1996); (2) the Stromlo-APM Survey,
selected from the optical APM galaxy catalog, covering

Mg ymie = — 1.25, is due to just two objects: one star and one galaxy. Poisson

4300 deg? of the southern sky to a median survey depth
cz = 15,000 km s~ !, but 1-in-20 sparse-sampled (1787 gal-
axies, b; < 17.15; Loveday et al. 1992, 1995; Loveday 1996);
and (3) the combined CfA2 and SSRS2 surveys, selected
from the Zwicky catalog and from plate scans, respectively,
covering one-third of the sky over the north and south
Galactic caps out to a mean depth of about 7500 km s~!
(14,383 galaxies with mp <15.5; Huchra et al. 1996; da
Costa et al. 1994a, 1994b) The CfA2 + SSRS2 sample rep-
resents the state of the art for a wide-angle survey, with a
large sample size and dense sky coverage. Sparse sampling
provides an efficient way to measure a particular statistic,
while dense sampling reveals structures that require the
coherent arrangement of many galaxies and which are not
easily characterized by low-order statistics. Our survey has
some of the desirable properties of each: the samples are
strips on the sky 1°5 wide and 80° long which are separated
by 3°. Within each strip, the galaxies are sampled randomly
from a magnitude-limited catalog, but the sampling is quite
dense, averaging about 70% of the magnitude-limited list.

TABLE 1
LCRS SAMPLE INFORMATION

Sample N Ny*  Percentage  N,°  Percentage  N,,® Percentage @ N ®  Percentage fe
North 50....... 4288 1179 22 2711 92.2 130 44 99 34 0.66
South 50 ....... 4363 1145 21 2055 91.1 126 5.6 74 33 0.50
All50........... 8651 2324 21 4766 91.7 256 49 173 33 0.58
North 112...... 12220 557 4 8552 94.9 153 1.7 302 34 0.71
South 112...... 15639 1530 9 10379 91.4 451 4.0 525 4.6 0.69
All 112 ......... 27859 2087 7 18931 93.0 604 3.0 827 41 0.70

* N, is the number of objects whicl lie within the photometric limits and geometric borders of the sample. N, is the number of objects
which were excluded because of low central surface brightness (Isb) but were otherwise within the isophotal magnitude limits. The percentage
denotes the proportion of Isb objects among all objects within the isophotal magnitude limits.

Ngats Nyor» and N denote the number of galaxy, stellar, and unidentified spectra, respectively, which were obtained for those objects
that met the photometric and boundary limits of the sample. The percentages refer to the proportions of each of the three types among the

spectra which were obtained.

¢ fis the galaxy sampling fraction for each sample, corrected for stellar contamination. f is estimated by f= (Ny;; + Nyyor)/Ny- We thus
assume that the proportion of galaxies and stars among objects with identified spectra is the same as that among objects which were not

observed or whose spectra failed to yield an identification.
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Fic. 2—Difference between the LCRS hybrid Kron-Cousins R,
Rg, k- ¢ and true Kron-Cousins R, Rg _¢, vs. (V — Rg _¢) color. Note that
the systematic difference between the two R bands is less than 0.1 mag.
(True Kron-Cousins R magnitudes for LCRS objects were obtained from
calibration frames taken at the CTIO 0.9 meter telescope.)

The distinctive properties of our survey are its depth (out to
60,000 km s~ !) and the number of redshifts (26,000).

The LCRS provides improvements in sample size,
volume, and depth in a limited region of the sky. Unlike

Vol. 470

most previously completed surveys, where spectra were
taken of individual galaxies, one at a time, the LCRS
employs a fiber-optic spectrograph system on the Las Cam-
panas 2.5 m du Pont telescope to observe over 100 objects
at once. The greater depths explored by the LCRS mean
that we observe galaxies which have sufficient surface
density on the sky to make efficient use of a multifiber
system. Some details of the galaxy selection and observing
procedure which add to the complexity of the analysis were
shaped by the properties of the fiber system, but the overall
gain for exploring large-scale structure is very large. In this
sense, the LCRS represents part of a fundamental techno-
logical change in the way that large-scale redshift surveys
are carried out.

Other surveys in progress, such as the Century Survey
(Geller et al. 1996) and the ESO-based survey (Vettolani et
al. 1993), have a comparable depth but cover smaller areas.
Each has selection criteria that differ from ours in inter-
esting ways which should make the comparison of our
results with theirs a fruitful enterprise. The next generation
of surveys, such as the 2 Degree Field Project (Ellis 1993)
and the Sloan Digital Sky Survey (Gunn & Weinberg 1995),
will use the multiplex advantage of fiber-fed spectrographs
to obtain redshifts of up to a million galaxies, to about the
same depth (z &~ 0.1) explored by the LCRS. It is our hope
to illuminate some of the most interesting subjects for more
thorough investigation by these ambitious projects.

In addition to providing a map of the galaxy distribution
on the largest scales, the LCRS can help to constrain the
physical history of the universe and the properties of its
constituents. Current theories of structure formation start
with a spectrum of fluctuations produced in the early uni-
verse, follow the growth of structure due to gravitation, and
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FiG. 3.—Final distribution of pairwise galaxy magnitude differences for galaxies which were measured twice on overlapping bricks of the LCRS
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Fic. 4—Examples of the photometric selection criteria in the isophotal magnitude (m) central magnitude (m_) plane applied to the 112 and 50 fiber LCRS

data.

strive to match both the subtle structure observed at recom-
bination and the high-contrast distribution of the galaxies
today mapped by redshift data. Most models presume that
the universe is dominated by nonbaryonic dark matter
(Blumenthal et al. 1984) the properties of which are to be
inferred from the match to the data. The luminous galaxies
trace the underlying mass but may be biased: galaxies may
form preferentially in peaks of the matter distribution
(Bardeen et al. 1986; White et al. 1987). Such models, with
the aid of numerical N-body simulations, predict the clus-
tering properties of galaxies from small nonlinear scales of
less than 10 A~ Mpc, all the way up past the largest scales
sampled by existing redshift surveys. The scales sampled
with the LCRS, up to about 300 h~! Mpc, correspond to
the horizon size at interesting stages in the early universe
and are closer to the scales probed by microwave back-
ground observations than can be measured by smaller
surveys. By observing galaxy fluctuations on these scales
with LCRS, we can learn about primordial density fluctua-
tions and the processes by which they grow. Combining
evidence from large-scale structures and from microwave
background observations holds the potential to answer fun-
damental questions about the dark matter that makes up
most of the universe (Scott, Silk, & White 1995).

This paper gives details about the construction of the
LCRS which are essential to any analysis of the survey data.
Some preliminary results and descriptions of the survey
have already been published (Shectman et al. 1992, 1995;
Oemler et al. 1993; Kirshner 1994; Lin 1995a;
Tucker et al. 1995). Tucker (1994) discusses the construction
of the survey’s photometric catalog and statistical analyses
of the early 50 fiber sample. Tucker describes the galaxy

correlation function, the properties of galaxy groups, and
galaxy clustering as a function of galaxy color. A more
complete analysis, using the entire LCRS data set to investi-
gate these topics, will be carried out by Tucker et al. (1996c,
1996a, 1996b, respectively). Lin (1995b) is the basis for the
present paper and for several forthcoming papers on the
LCRS. Lin et al. (1996a) details the derivation of the lumi-
nosity function and space density of LCRS galaxies. Lin et
al. (1996b) deals with the power spectrum, a basic statistic
which characterizes the clustering properties of galaxies.
Lin et al. (1996c) examines redshift-space distortions in the
clustering of LCRS galaxies, derives the velocity dispersion
of galaxy pairs, and estimates the value of the cosmological
density parameter Q. The analysis of Landy et al. (1996)
uses the tools of two-dimensional Fourier analysis to search
for coherent structures on very large scales in the LCRS
data. Doroshkevich et al. (1996) examine the typical scales
and types of large-scale structure in the LCRS sample.
Our intention is to make results from this survey and the
actual survey data available to interested investigators.
We have established a home page for the LCRS at
<http://manaslu.astro.utoronto.ca/~lin/lcrs.htmly  which
will provide rapid access to the data. An archival table of
the redshift data will accompany this paper as an AAS
CD-ROM.

2. SURVEY CONSTRUCTION

The LCRS has been carried out at the Carnegie Institu-
tion’s Las Campanas Observatory in Chile, with redshifts
harvested in a series of 13 spectroscopic observing runs
from 1988 November through 1994 October. Over 26,000
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galaxy spectra have been gathered, with an average redshift
z = 0.1, over 700 deg? of the sky. This survey has exploited
the Las Campanas 2.5 m du Pont telescope’s 2°1 diameter
field and the multiplexing capability of the associated multi-
object fiber-optic spectrograph system constructed by
Shectman, which permits simultaneous observations of 112
galaxy spectra.

The survey data may be divided into two parts based on
the development of the photometric detectors and the fiber
system during the 6 yr span of the LCRS. The first 20% of
the survey galaxies were selected based on data from an
800 x 800 TI CCD, and the redshifts were measured using a
50 object fiber system. Beginning 1991 October, an
improved 112 object system was used to gather the final
80% of the data, which were also selected with better
imaging systems using first a LORAL, then a large Tektron-
ix CCD. See Table 1 for a summary. Some significant tech-
nical details of the survey construction, and additional
specifics of the instruments and methods may be found in
Shectman et al. (1992, 1995) and Tucker (1994), but essential
features which affect the use of the sample for further
analysis are set out here.

2.1. Photometry, Astrometry, and Object Selection

There was no suitable galaxy catalog available to us in
1986 when preparations for the LCRS began in earnest. We
constructed our own catalog through a modest digital sky
survey at the 1 m Swope Telescope at Las Campanas. Pho-
tometry for the survey comes from CCD drift scans, taken
through a Thuan-Gunn r filter (Thuan & Gunn 1976) with
the telescope’s sidereal drive turned off. The accumulated
charge is shifted across the chip at the sidereal rate and read
out to produce a continuous strip of photometric data.
Three CCD’s have been used in this way since the beginning
of the survey. The first was a thinned 800 x 800 TI device,
which was used with reimaging optics to obtain 1706 pixels.
This was replaced in 1990 with a thick 2K x 2K LORAL
chip, used without reimaging optics and binned 2 x 2 to
provide 07865 pixels. The third CCD, introduced in 1992, is
a thick 2K x 2K Tektronix CCD used unbinned without
reimaging to provide 07692 pixels. Star-galaxy separation is
appreciably better with the latter two chips because of the
increased scale and the absence of distortion from interme-
diate optics.

The effective exposure time depends on the size of the
chip and the cosine of the declination, but was typically
near 1 minute. The limiting magnitude for the scans is
similar to the limiting magnitude of the ESO red plates of
the SSRS2 and extended well below the adopted limits near
m = 17.75 used for galaxy selection. Overlapping scans,
offset in declination by slightly less than a chip width, were
obtained to build up a strip 1°5 wide. The typical length of
each scan was 3° or 4°5 long: short enough to complete
each 1°5 x 3° “brick” in about 2 hr, but long enough to
minimize the time lost in setting the telescope and initiating
the scan. Each brick covers two or three 1°5 x 195 spectro-
scopic fields for the fiber system described below. A set of
bricks was accumulated over several observing seasons to
pave 700 deg?, arranged in six long paths: in the north
Galactic hemisphere at 6 = —3°, —6°, —12°, and in the
south Galactic hemisphere at § = —39°, —42°, and —45°.

These drift scans were analyzed by an automated photo-
metry system similar to that described in Kirshner et al.
(1983). Bias was determined from an overscan region and

subtracted from the data. The data were then sky sub-
tracted and flat-fielded using the mode of the pixel values in
each column and in each scan-line, respectively. Objects
were found by a search routine which identified contiguous
groups of pixels whose brightness was greater than 1.15
times that of the sky. Two magnitudes were derived for each
object: an isophotal magnitude, m, corresponding to the
sum of the background corrected flux in all pixels within the
object, and a central magnitude, m,, which measures the
flux within a 2 pixel radius of the object center. The area
measured by the central magnitude is close to that covered
by a spectroscopic fiber, and it is used to identify galaxies
which have low central surface brightness. Images were
classified using several structural parameters. All objects
not classified as stars were inspected by eye to eliminate
spurious galaxy classifications. Our star-galaxy separation
criteria turned out to be conservative so that there is a small
amount of stellar contamination in the spectroscopic
sample (Table 1 and § 2.2). Figure 1 illustrates the stellar
contamination rate as a function of isophotal magnitude
and surface brightness.

Photometric calibration of the data proceeded in several
steps. Observations were obtained only on nights which
appeared to be photometric, and photometric standard
fields were observed several times per night. These stan-
dards were used to obtain a zero point for each night’s
scans. Though our photometry was obtained with a Gunn r
filter, the calibration was done relative to standards
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TABLE 2

LCRS SpecTtroscopiC FIELDS

Field a® oy® 6.° 6,° m,® m,® Mg New® N, gald fe
1003-03W...... 10 03 30.60 10 09 46.42 —034228.1 —02 16 03.4 15.06 17.76 19.41 112 111 0.87
1003-03E ...... 10 09 46.42 10 16 05.81 —034228.1 —02 16 034 15.06 17.76 19.41 112 109 0.75
1015-03W ...... 10 16 05.81 10 21 46.37 —034411.8 —021511.2 14.86 17.56 18.71 112 93 0.56
1015-03E ...... 10 21 46.37 10 28 00.72 —034411.8 —021511.2 14.86 17.56 18.71 112 109 0.57
1027-03W...... 10 28 00.72 10 33 26.78 —03 44 10.7 —02 15220 16.01 17.31 18.31 50 42 0.58
1027-03E ...... 10 33 26.78 10 39 33.77 —03 44 10.7 —02 15220 1491 17.61 18.76 112 106 0.65
1039-03W....... 10 39 33.77 10 45 3041 —0344 16.8 —02 15144 14.94 17.64 18.79 112 97 0.67
1039-03E ...... 10 45 30.41 10 52 00.53 —03 44 16.8 —02 15 144 14.94 17.64 18.79 112 101 0.79
1051-03W...... 10 52 00.53 10 57 34.87 —034411.8 —02 1509.4 16.09 17.39 18.29 50 32 . 089
1051-03E ...... 10 57 34.87 11 03 00.26 —034411.8 —02 1509.4 16.09 17.39 18.29 50 33 0.94
1103-03W ...... 11 03 00.26 11 09 30.94 —03 43 53.0 —02 14 524 14.94 17.64 18.79 112 105 0.55
1103-03E ...... 11 09 30.94 11 16 00.74 —03 43 53.0 —02 14 524 14.94 17.64 18.79 112 109 0.54
1115-03W...... 11 16 00.74 11 21 29.57 —03 44 03.5 —02 15 02.2 14.73 17.53 18.63 112 95 0.83
1115-03E ...... 11 21 29.57 11 27 00.17 —03 44 03.5 —02 15022 14.73 17.53 18.63 112 67 0.85
1127-03W...... 11 27 00.17 11 33 28.37 —03 44 10.7 —02 14 55.7 14.88 17.58 18.73 112 109 0.71
1127-03E ...... 11 33 28.37 11 39 58.06 —03 44 10.7 —02 14 55.7 14.88 17.58 18.73 112 105 0.52
1139-03W ...... 11 39 58.06 11 45 26.45 —03 44 10.3 —02 15 05.8 14.81 17.61 18.71 112 97 0.57
1139-03E ...... 11 45 2645 11 51 31.18 —0344 103 —02 15 05.8 14.81 17.61 18.71 112 110 043
1151-03W...... 11 51 31.18 11 57 30.24 —03 44 33.7 —02 15 08.6 15.01 17.711 18.86 112 88 0.86
1151-03E ...... 11 57 30.24 12 03 42.31 —03 44 33.7 —02 15 08.6 15.01 1771 18.86 112 95 0.90
1203-03W...... 12 03 42.31 12 09 31.32 —03 44413 —021516.2 15.05 17.65 18.85 112 96 0.89
1203-03E ...... 12 09 31.32 12 15 31.30 —0344 413 —021516.2 15.05 17.65 18.85 112 108 0.59
1215-03W...... 12 15 31.30 12 21 28.97 —0344 125 —02 15 09.7 14.79 17.59 18.69 112 104 0.86
1215-03E ...... 12 21 28.97 12 27 29.74 —0344 125 —02 15 09.7 14.79 17.59 18.69 112 104 0.89
1227-03W...... 12 27 29.74 12 33 27.70 —03 46 05.2 —02 15209 15.92 17.22 18.07 50 33 0.82
1227-03E ...... 12 33 27.70 12 39 18.65 —03 46 05.2 —02 15209 1592 17.22 18.07 50 48 091
1239-03W...... 12 39 28.66 12 45 27.94 —03 43 289 —02 15259 15.85 17.15 18.00 50 25 0.45
1239-03E ...... 12 45 27.94 12 51 19.46 —03 43 289 —02 15 259 15.85 17.15 18.00 50 43 0.76
1251-03W ...... 12 51 23.11 12 57 21.41 —03 46 22.4 —02 15 349 15.83 17.13 18.08 50 47 0.63
1251-03E ...... 12 57 21.41 13 03 13.54 —0346 224 —02 15 349 15.83 17.13 18.08 50 47 0.37
1303-03W...... 13 03 30.26 13 09 25.20 —03 46 21.0 —0215194 16.00 17.30 18.15 50 45 0.68
1303-03E ...... 13 09 25.20 13 15 19.58 —03 46 21.0 —021519.4 16.00 17.30 18.15 50 39 0.89
1315-03W...... 13 15 26.62 13 21 20.71 —03 45 55.1 —02 1504.3 15.88 17.18 18.13 50 49 0.67
1315-03E ...... 13 21 20.71 13 27 13.63 —034555.1 —02 15 04.3 15.88 17.18 18.13 50 50 0.53
1327-03W...... 13 27 28.51 13 33 24.96 —0344 442 —02 1539.2 16.03 17.33 18.33 50 50 0.59
1327-03E ...... 13 33 24.96 13 39 29.93 —03 44 44.2 —021539.2 14.93 17.63 18.78 112 107 0.81
1339-03W...... 13 39 30.62 13 45 30.00 —03 44 204 —02 15 33.8 14.81 17.61 18.71 112 78 0.72
1339-03E ...... 13 45 30.00 13 50 59.86 —03 44 204 —02 15 33.8 14.81 17.61 18.71 112 80 0.89
1351-03W...... 13 50 59.86 13 57 31.73 —03 44 24.7 —02 15299 14.77 17.47 18.62 112 104 093
1351-03E ...... 13 57 31.73 14 04 00.00 —03 44 24.7 —02 15299 14.77 17.47 18.62 112 96 0.86
1403-03W ...... 14 04 00.00 14 09 30.10 —0344 114 —021521.2 14.78 17.58 18.68 112 94 0.85
1403-03E ...... 14 09 30.10 14 14 59.52 —0344 114 —021521.2 14.78 17.58 18.68 112 89 0.92
1415-03W...... 1414 59.52 14 21 24.12 —03 44 21.1 —02 15 18.7 15.01 17.71 18.86 112 103 091
1415-03E ...... 14 21 24.12 14 27 57.67 —03 44 21.1 —02 15 18.7 15.01 17.711 18.86 112 108 091
1427-03W ...... 14 27 57.67 14 33 31.15 —0344 478 —02 1549.3 16.14 17.44 18.44 50 26 0.83
1427-03E ...... 14 33 31.15 14 39 00.34 —0344 478 —021549.3 16.14 17.44 18.44 50 41 0.88
1439-03W...... 14 39 00.34 14 45 25.46 —0344 175 —02 15 140 15.11 17.81 18.96 112 107 0.72
1439-03E ...... 14 45 25.46 14 51 57.19 —0344175 —02 15 140 15.11 17.81 18.96 112 108 0.91
1451-03W....... 14 51 57.19 14 57 11.54 —03 46 22.8 —02 15371 15.96 17.26 18.11 50 37 0.70
1451-03E ...... 14 57 11.54 15 03 02.04 —03 46 22.8 —02 15371 15.96 17.26 18.11 50 25 0.97
1503-03W ...... 15 03 02.04 15 09 30.22 —0344 121 —02 15 14.0 14.76 17.56 18.66 112 63 0.92
1503-03E ...... 15 09 30.22 15 15 30.17 —0344 12.1 —02 15 14.0 14.76 17.56 18.66 112 100 0.72
1515-03W...... 15 15 30.17 15 21 30.82 —03 44 38.0 —02 15 43.6 14.89 17.69 18.79 112 66 091
1515-03E ...... 15 21 30.82 15 27 30.02 —03 44 38.0 —02 15 43.6 14.89 17.69 18.74 112 62 091
1003-06W....... 10 03 30.96 10 09 52.32 —06 42 12.6 —051549.0 15.00 17.70 19.35 112 100 0.55
1003-06E ...... 10 09 52.32 10 16 08.62 —06 42 12.6 —051549.0 15.00 17.70 19.35 112 92 0.88
1015-06W ...... 10 16 08.62 10 21 17.71 —06 43 56.3 —05 15 33.8 1598 17.28 18.13 50 38 0.39
1015-06E ...... 1021 17.711 10 27 06.96 —06 43 56.3 —05 15 33.8 15.98 17.28 18.13 50 44 0.81
1027-06W ...... 10 27 30.82 10 33 33.17 —06 44 26.9 —0515133 1592 17.22 18.22 50 45 0.66
1027-06E ...... 10 33 33.17 10 39 37.18 —06 44 26.9 —0515133 1592 17.22 18.22 50 38 0.76
1039-06W ...... 10 39 37.18 10 45 0245 —06 43 53.4 —0515252 16.26 17.56 18.41 50 44 0.90
1039-06E ...... 10 45 02.45 10 51 06.14 —06 43 53.4 —051525.2 16.26 17.56 18.41 50 46 0.48
1051-06W ...... 10 51 31.66 10 57 11.11 —06 44 15.0 —051523.0 16.08 17.38 18.28 50 48 0.60
1051-06E ...... 10 57 11.11 11 03 27.31 —06 44 15.0 —05 15 23.0 16.08 17.38 18.28 50 48 0.66
1103-06W....... 11 03 28.44 11 09 18.22 —06 44 19.0 —0515274 16.03 17.33 18.28 50 40 0.93
1103-06E ...... 11 09 18.22 11 15 05.64 —06 44 19.0 —0515274 16.03 17.33 18.28 50 39 0.51
1115-06W...... 11 15 3091 11 21 28.03 —06 44 31.6 —051526.3 16.08 17.38 18.38 50 48 0.83
1115-06E ...... 11 21 28.03 11 27 38.09 —06 44 31.6 —05 15 26.3 16.08 17.38 18.38 50 50 0.85
1127-06W ...... 11 27 38.09 11 33 11.81 —06 31 41.2 —05 15 320 16.01 17.31 18.16 50 48 0.69
1127-06E ...... 11 33 11.81 11 39 05.69 —06 31412 —05 15 320 16.01 17.31 18.16 50 36 0.93
1139-06W ...... 11 39 28.82 11 45 3091 —06 44 22.9 —051501.1 14.98 17.68 18.83 112 109 0.74
1139-06E ...... 11 45 3091 11 51 34.61 —06 44 229 —051501.1 16.08 17.38 18.38 50 47 0.52
1151-06W...... 11 51 34.61 11 57 09.77 —06 44 21.1 —051527.0 16.04 17.34 18.19 50 45 0.65
1151-06E ...... 11 57 09.77 12 03 07.08 —06 44 21.1 —051527.0 16.04 17.34 18.19 50 46 0.58
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TABLE 2—Continued

Field ay® ay® 6, 8,° m® m,® me,® New® N gald fe
1203-06W ...... 12 03 30.98 12 09 36.02 —06 44 449 —05 15 18.7 16.02 17.32 18.22 50 46 0.63
1203-06E ...... 12 09 36.02 12 15 36.74 —06 44 449 —05 15 18.7 16.02 17.32 18.22 50 46 0.42
1215-06W ...... 12 15 36.74 12 21 16.92 —06 44 15.7 —05 15 389 16.07 17.37 18.22 50 41 0.92
1215-06E ...... 12 21 16.92 12 27 07.68 —06 44 15.7 —05 15389 16.07 17.37 18.22 50 37 0.93
1227-06W ...... 12 27 30.17 12 33 27.58 —06 44 229 —0515238 16.16 1746 18.36 50 38 0.76
1227-06E ...... 12 33 27.58 12 39 36.74 —06 44 229 —05 15238 16.16 17.46 18.36 50 48 0.68
1239-06W ...... 12 39 36.74 12 45 11.78 —06 44 154 —0515284 16.13 17.43 18.28 50 43 0.47
1239-06E ...... 1245 11.78 12 51 06.84 —06 44 154 —05 15284 16.13 1743 18.28 50 43 0.47
1251-06W. ...... 12 51 29.11 12 57 28.78 —06 44 39.1 —0515122 16.10 17.40 18.40 50 46 0.76
1251-06E ...... 12 57 28.78 13 03 33.10 —06 44 39.1 —0515122 16.10 17.40 18.40 50 47 0.53
1303-06W ...... 13 03 33.10 13 09 22.85 —06 44 19.0 —05 15 36.7 16.28 17.58 18.43 50 44 0.51
1303-06E ...... 13 09 22.85 13 15 05.14 —06 44 19.0 —05 15 36.7 16.28 17.58 18.43 50 39 0.51
1315-06W ...... 13 15 28.56 13 21 38.35 —06 44 37.7 —051529.5 15.00 17.70 18.85 112 68 0.71
1315-06E ...... 13 21 38.35 13 27 29.02 —06 44 37.7 —051529.5 16.10 17.40 18.30 50 28 0.84
1327-06W ...... 13 27 29.02 13 33 17.66 —06 44 254 —05 15504 1598 17.28 18.13 50 50 0.93
1327-06E ...... 13 33 17.66 13 39 07.70 —0644 254 —05 15 50.4 15.98 17.28 18.13 50 48 0.59
1339-06W ...... 13 39 31.06 13 45 34.39 —06 31 58.4 —05 15 06.1 16.03 17.33 18.23 50 47 0.70
1339-06E ...... 13 45 34.39 13 51 3593 —06 31 58.4 —05 15 06.1 16.03 17.33 18.23 50 40 0.89
1351-06W...... 13 51 3593 13 57 15.53 —06 44 16.8 —0515374 15.83 17.13 17.98 50 31 0.92
1351-06E ...... 13 57 15.53 14 03 04.18 —06 44 16.8 —0515374 15.83 17.13 17.98 50 49 0.72
1403-06W ...... 14 03 31.75 14 09 34.92 —06 44 524 —05 15 46.8 16.07 17.37 18.37 50 43 0.64
1403-06E ...... 14 09 34.92 14 15 36.55 —06 44 524 —05 15 46.8 16.07 17.37 18.37 50 48 0.83
1415-06W ...... 14 15 36.55 14 21 07.15 —06 19 08.8 —05 15 51.5 16.06 17.36 18.21 50 36 0.82
1415-06E ...... 14 21 07.15 14 27 06.41 —06 19 08.8 —05 15515 16.06 17.36 18.21 50 17 0.86
1427-06W ...... 14 27 28.70 14 33 45.29 —06 44 51.4 —05 40 55.2 16.10 17.40 18.30 50 26 0.86
1427-06E ...... 14 33 45.29 14 39 35.18 —0644 514 —05 40 55.2 16.10 17.40 18.30 50 26 0.76
1439-06W ...... 14 39 35.18 14 45 18.74 —06 44 25.8 —05 15511 16.18 17.48 18.33 50 45 0.66
1439-06E ...... 14 45 18.74 14 51 06.48 —06 44 25.8 —05 15511 16.18 17.48 18.33 50 42 0.62
1451-06W ....... 14 51 29.76 14 57 34.42 —06 44 50.6 —05 15 35.6 16.13 1743 18.43 50 30 0.66
1451-06E ...... 14 57 34.42 15 03 28.32 —06 44 50.6 —05 15 35.6 16.13 1743 18.43 50 33 0.75
1503-06W...... 15 03 28.32 15 09 19.63 —06 44 28.7 —0515454 16.04 17.34 18.29 50 44 0.61
1503-06E ...... 1509 19.63 15 15 00.38 —06 44 28.7 —05 15454 16.04 17.34 18.29 50 47 0.77
1003-12W...... 10 03 26.02 10 09 50.81 —1242 16.6 —11 1549.7 1491 17.61 19.26 112 79 0.87
1003-12E ...... 10 09 50.81 10 15 00.58 —12 42 16.6 —11 15 49.7 1491 17.61 19.26 112 64 0.85
1015-12W....... 10 15 00.58 10 21 30.48 —12 42598 —11 16 29.6 15.02 17.72 19.27 112 97 0.80
1015-12E ...... 10 21 3048 10 27 00.53 —124259.8 —11 16 29.6 15.02 17.72 19.27 112 102 0.85
1027-12W ...... 10 27 00.53 10 33 38.28 —12 43 58.8 —1115014 15.01 17.71 18.86 112 107 0.77
1027-12E ...... 10 33 38.28 10 39 00.22 —12 43 58.8 —11 15014 15.01 1771 18.86 112 87 0.67
1039-12W...... 10 39 00.22 10 45 28.01 —1242 410 —1116 11.6 15.03 17.73 19.28 112 103 0.68
1039-12E ...... 10 45 28.01 10 51 59.69 —124241.0 —1116 11.6 15.03 17.73 19.28 112 111 0.73
1051-12W ...... 10 51 59.69 10 57 37.80 —12 42 06.8 —11 15 36.7 15.08 17.78 19.43 112 93 0.49
1051-12E ...... 10 57 37.80 11 04 16.75 —12 42 06.8 —11 15 36.7 15.08 17.78 19.43 112 105 0.79
1103-12W...... 11 04 16.75 11 09 30.36 —12 43 00.8 —11 16 36.5 15.03 17.73 19.28 112 69 0.89
1103-12E ...... 11 09 30.36 11 15 58.27 —12 43 00.8 —11 16 36.5 15.03 17.73 19.28 112 109 0.59
1115-12W ... 11 15 58.27 11 21 35.30 —1242 115 —11 16 03.0 15.01 17.71 19.36 112 90 0.82
1115-12E ...... 11 21 3530 11 28 18.50 —1242 115 —11 16 03.0 15.01 17.711 19.36 112 109 0.81
1127-12W ...... 11 28 18.50 11 33 37.63 —1243 142 —11 16 28.6 15.01 17.71 19.26 112 99 0.51
1127-12E ...... 11 33 37.63 11 39 01.63 —1243 142 —11 16 28.6 15.01 17.71 19.26 112 102 045
1139-12W...... 11 39 01.63 11 45 41.33 —124301.6 —11 16 20.3 15.00 17.70 19.35 112 110 0.54
1139-12E ...... 11 45 41.33 11 52 20.90 —124301.6 —11 16 20.3 15.00 17.70 19.35 112 109 0.68
1151-12W ... 11 52 20.90 11 57 29.23 —12 42 58.7 —111617.8 15.03 17.73 19.28 112 90 0.79
1151-12E ...... 11 57 29.23 12 03 00.91 —12 42 58.7 —1116 17.8 15.03 17.73 19.28 112 54 0.77
1203-12W ...... 12 03 00.91 12 09 39.19 —12 42558 —11 16 20.6 15.03 17.73 19.38 112 75 0.89
1203-12E ...... 12 09 39.19 12 15 0048 —1242 558 —11 16 20.6 15.03 17.73 19.38 112 84 0.86
1215-12W...... 12 15 00.48 12 21 27.07 —1243 142 —1116 343 15.04 17.74 19.29 112 82 0.79
1215-12E ...... 12 21 27.07 12 26 58.68 —1243 142 —11 16 34.3 15.04 17.74 19.29 112 72 0.87
1227-12W ...... 12 26 58.68 12 33 3720 —1242 403 —113709.1 15.10 17.80 19.45 112 105 0.87
1227-12E ...... 12 33 37.20 12 40 19.08 —12 42 403 —113709.1 15.10 17.80 19.45 112 99 0.89
1239-12W...... 12 40 19.08 12 45 32.21 —124321.7 —11 16 50.5 14.92 17.62 19.17 112 83 0.57
1239-12E ...... 12 45 32.21 12 51 58.68 —124321.7 —11 16 50.5 14.92 17.62 19.17 112 110 0.63
1251-12W........ 12 51 58.68 12 57 3847 —124249.7 —11 16 21.7 15.03 17.73 19.38 112 93 047
1251-12E ...... 12 57 38.47 13 04 18.02 —124249.7 —1116 21.7 15.03 17.73 19.38 112 106 091
1303-12W...... 13 04 18.02 13 09 31.51 —1243 203 —11 16 59.2 14.97 17.67 19.22 112 68 0.87
1303-12E ...... 13 09 31.51 13 15 59.11 —1243 203 —11 16 59.2 14.97 17.67 19.22 112 92 0.86
1315-12W...... 13 15 59.11 13 21 39.19 —124231.7 —11 16 13.8 1492 17.62 19.27 112 57 0.76
1315-12E ...... 13 21 39.19 13 28 17.59 —12 42 31.7 —11 16 13.8 14.92 17.62 19.27 112 108 0.83
1327-12W...... 13 28 17.59 13 33 30.17 —1243 059 —1116 422 15.05 17.75 19.30 112 96 0.50
1327-12E ...... 13 33 30.17 13 39 58.15 —12 43 059 —1116 422 15.05 17.75 19.30 112 108 0.59
1339-12W...... 13 39 58.15 13 45 44.42 —12 42 58.0 —11 16 44.0 14.87 17.57 19.22 112 89 0.81
1339-12E ...... 13 45 44.42 13 52 17.78 —1242 580 —11 16 44.0 14.87 17.57 19.22 112 105 0.51
1351-12W ...... 13 52 17.78 13 57 16.34 —1243235 —11 17 00.2 14.95 17.65 19.20 112 93 0.57
1351-12E ...... 13 57 16.34 14 04 01.10 —1243 235 —11 17 00.2 14.95 17.65 19.20 112 109 0.76
1403-12W ...... 14 04 01.10 14 09 38.64 —124301.2 —1116 444 14.98 17.68 19.33 112 94 0.66
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TABLE 2—Continued

Field a® oy? 0.° 8,° m,® mzb mcenb New® N, gald fe
1403-12E ...... 14 09 38.64 14 16 16.68 —124301.2 —11 16 444 1498 17.68 19.33 112 78 0.86
1415-12W ...... 14 16 16.68 14 20 47.78 —1243 199 —11 17071 14.97 17.77 19.27 112 42 093
1415-12E ...... 14 20 47.78 14 27 00.82 —1243199 —111707.1 14.97 17.77 19.27 112 35 0.90
1427-12W....... 14 27 00.82 14 33 38.88 —12 44 36.2 —1115472 14.89 17.69 18.79 112 66 0.81
1427-12E ...... 14 33 38.88 14 40 15.60 —12 44 36.2 —1115472 14.89 17.69 18.79 112 92 0.86
1439-12W...... 14 40 15.60 14 45 30.67 —1243178 —11 17 125 15.02 17.92 19.37 112 70 0.63
1439-12E ...... 14 45 30.67 14 51 57.58 —1243178 —1117 125 15.02 17.92 19.37 112 103 0.67
1451-12W ....... 14 51 57.58 14 57 35.62 —12 44 36.2 —1115414 14.80 17.60 18.70 112 62 0.86
1451-12E ...... 14 57 35.62 1504 16.87 —12 44 36.2 —1115414 14.80 17.60 18.70 112 78 0.83
1503-12W...... 1504 16.87 1509 3242 —1243235 —11 17 19.0 15.04 17.94 19.39 112 90 0.69
1503-12E ...... 1509 3242 15 15 57.79 —12 43 235 —1117 19.0 15.04 17.94 19.39 112 92 0.78
1515-12W...... 1515 57.79 15 21 24.53 —1221 130 —11 16 40.8 14.92 17.92 19.42 112 44 0.72
1515-12E ...... 15 21 24.53 15 27 50.71 —12 21 130 —11 16 40.8 14.92 17.92 19.42 112 47 0.82
2100-39W ...... 21 00 40.22 21 07 58.73 —3946 18.8 —38 16 13.8 16.03 17.33 18.18 50 41 0.30
2100-39E ...... 2107 58.73 21 15 11.04 —3946 188 —38 16 13.8 15.03 17.54 18.48 112 79 0.54
2114-39W ...... 2115 11.04 2123 55.27 —39 44 43.1 —38 16 16.7 1493 17.63 18.78 112 80 0.80
2114-39M....... 21 23 55.27 21 32 36.58 —3944 431 —38 16 16.7 1493 17.63 18.78 112 89 0.68
2114-39E ...... 21 32 36.58 21411135 —3944 431 —38 16 16.7 1493 17.63 18.78 112 97 0.65
2140-39W....... 21 41 11.35 2148 15.12 —3944 251 —38 15410 15.95 17.25 18.10 50 32 0.75
2140-39E ...... 21 48 15.12 21 55 09.46 —3944 251 —38 15410 1595 17.25 18.10 50 28 0.83
2154-39W........ 21 55 09.46 22 03 54.89 —39 44 269 —38 15 58.7 1495 17.65 18.80 112 67 0.74
2154-39M....... 22 03 54.89 22 12 40.30 —39 44 269 —38 15 58.7 1495 17.65 18.80 112 88 0.65
2154-39E ...... 22 12 40.30 2221 11.04 —3944 269 —38 15 58.7 14.95 17.65 18.80 112 108 0.59
2220-39W...... 2221 11.04 22 28 12.58 —3944 251 —3815259 16.15 17.45 18.30 50 45 0.62
2220-39E ...... 22 28 12.58 22 35 09.96 —3944 251 —3815259 16.15 1745 18.30 50 44 0.35
2234-39W....... 22 35 09.96 2243 52.30 —39 44 55.7 —3816 17.0 14.83 17.53 18.68 112 105 0.52
2234-39M...... 22 43 5230 22 52 46.75 —39 44 55.7 —3816 17.0 14.83 17.53 18.68 112 103 0.83
2234-39E ...... 22 52 46.75 2301 11.83 —39 44 55.7 —38 16 17.0 14.83 17.53 18.68 112 100 0.73
2300-39W....... 2301 11.83 23 08 16.87 —39 44 280 —38 15256 16.03 17.33 18.18 50 37 0.64
2300-39E ...... 23 08 16.87 2315 11.21 —39 44 28.0 —38 15256 16.03 17.33 18.18 50 41 0.58
2314-39W ...... 23151121 23 24 06.12 —39 44 06.4 —3815194 14.98 17.68 18.83 112 91 0.83
2314-39M...... 23 24 06.12 23 32 38.35 —39 44 06.4 —3815194 14.98 17.68 18.83 112 106 0.65
2314-39E ...... 23 32 38.35 23 41 13.18 —39 44 06.4 —3815194 14.98 17.68 18.83 112 99 0.58
2340-39W....... 23 41 13.18 23 48 15.58 —39 44 23.6 —38 15076 16.21 17.51 18.36 50 40 041
2340-39E ...... 23 48 15.58 23 55 09.77 —39 44 236 —381507.6 16.21 17.51 18.36 50 45 0.41
2354-39W....... 23 55 09.77 00 04 01.22 —3944 265 —38 15259 15.03 17.73 18.98 112 106 0.56
2354-39M....... 00 04 01.22 00 12 35.35 —39 44 26.5 —3815259 15.03 17.73 18.98 112 105 0.69
2354-39E ...... 00 12 35.35 00 21 12.12 —39 44 26.5 —38 15259 15.03 17.73 18.98 112 105 0.59
0020-39W....... 00 21 12.12 00 28 14.21 —39 44 326 —38 28 18.5 16.12 1742 18.27 50 36 0.46
0020-39E ...... 00 28 14.21 00 35 10.54 —39 44 326 —38 28 18.5 16.12 1742 18.27 50 39 0.35
0034-39W....... 00 35 10.54 00 43 51.72 —39 44 485 —38 15 53.3 15.03 17.73 18.88 112 107 0.74
0034-39M........ 00 43 51.72 00 52 42.79 —3944 485 —38 15533 15.03 17.73 18.88 112 97 0.86
0034-39E ...... 00 52 42.79 01 01 13.30 —3944 485 —38 15 53.3 15.03 17.73 18.88 112 93 0.83
0100-39W........ 0101 13.30 01 08 21.22 —394419.3 —3815198 16.08 17.38 18.23 50 42 0.64
0100-39E ...... 01 08 21.22 01 15 09.70 —3944 193 —381519.8 16.08 17.38 18.23 50 39 0.45
0114-39W...... 01 15 09.70 01 23 51.65 —3943 484 —38 15162 14.99 17.69 18.94 112 103 0.50
0114-39M...... 01 23 51.65 01 32 27.38 —3943 484 —381516.2 14.99 17.69 18.94 112 97 0.64
0114-39E ...... 01 32 27.38 01 41 11.40 —39 43 484 —38 15162 14.99 17.69 18.94 112 89 0.85
0140-39W....... 01 41 1140 01 48 47.62 —39 44 049 —38 15 14.0 16.14 17.44 18.29 50 24 1.00
0140-39E ...... 01 48 47.62 01 55 09.72 —39 44 049 —38 15 140 16.14 17.44 18.29 50 26 0.63
0154-39W....... 01 55 09.72 02 03 53.90 —3943 484 —38 15 14.8 14.92 17.62 18.77 112 88 0.62
0154-39M....... 02 03 53.90 02 12 43.75 —3943484 —38 15148 14.92 17.62 18.77 112 75 0.92
0154-39E ...... 02 12 43.75 02 21 02.59 —3943484 —38 15 14.8 14.92 17.62 18.77 112 86 0.89
0220-39W...... 02 21 02.59 02 28 13.27 —39 44 09.6 —381505.8 16.15 1745 18.30 50 43 0.88
0220-39E ...... 02 28 13.27 02 35 11.62 —39 44 09.6 —3815058 16.15 17.45 18.30 50 47 0.83
0234-39W ...... 02 35 11.62 02 43 52.44 —39 43 38.6 —38 15133 14.86 17.56 18.71 112 99 0.88
0234-39M....... 02 43 52.44 02 52 49.39 —39 43 38.6 —38 15133 14.86 17.56 18.71 112 78 0.81
0234-39E ...... 02 52 49.39 03 01 10.68 —3943 386 —38 15133 14.86 17.56 18.71 112 101 0.82
0300-39W...... 03 01 10.68 03 08 16.39 —39 44 00.6 —381528.1 16.02 17.32 18.27 50 36 0.31
0300-39E ...... 03 08 16.39 03 15 09.34 —39 44 00.6 —38 15281 16.02 17.32 18.27 50 40 0.39
0314-39W....... 03 15 09.34 03 23 57.19 —3943 318 —38 15 06.1 15.02 17.72 18.87 112 105 0.61
0314-39M....... 03 23 57.19 03 32 42.67 —3943 318 —38 15 06.1 15.02 17.72 18.87 112 108 0.57
0314-39E ...... 03 32 42.67 03 41 10.85 —39 43 31.8 —38 15 06.1 15.02 17.72 18.87 112 107 0.44
0340-39W ...... 03 41 10.85 03 48 17.93 —39 44 10.7 —38 15 169 16.18 17.48 18.33 50 46 0.62
0340-39E ...... 03 48 1793 03 55 11.62 —3944 10.7 —38 15 169 16.18 17.48 18.33 50 40 0.46
0354-39W ...... 03 55 11.62 04 03 53.64 —3943 181 —38 15205 14.92 17.62 18.77 112 102 0.68
0354-39M....... 04 03 53.64 04 12 47.11 —3943 18.1 —38 15205 14.92 17.62 18.77 112 82 0.82
0354-39E ...... 04 12 47.11 04 21 11.88 —394318.1 —38 15 20.5 14.92 17.62 18.77 112 95 0.82
0420-39W ....... 04 21 11.88 04 28 22.97 —39 44 04.6 —38 15 46.1 16.07 17.37 18.22 50 31 0.49
0420-39E ...... 04 28 22.97 04 35 49.25 —3944 046 —38 15 46.1 16.07 17.37 18.22 50 26 0.69
2100-42W ...... 21 03 46.03 21 12 04.30 —42 44 319 —41 40 38.3 14.79 17.59 18.69 112 103 0.80
2100-42E ...... 21 12 04.30 21 20 22.70 —42 44 319 —41 40 38.3 14.79 17.59 18.69 112 80 0.85
2120-42W ...... 21204392 21 28 49.03 —4244 553 —41 16 05.5 14.89 17.69 18.79 112 84 0.63
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TABLE 2—Continued

Field oy oy’ 6. 8, m.® m,® Meen® New® N, gald fe
2120-42E ...... 21 28 49.03 21 35 44.57 —42 44 55.3 —41 16 05.5 14.89 17.69 18.79 112 80 0.52
2135-42W ...... 21 35 44.57 2143 45.19 —42 44 19.3 —41 15 30.2 14.82 17.52 18.82 112 102 0.84
2135-42M....... 2143 45.19 21 52 50.28 —42 44 19.3 —41 15 30.2 14.82 17.52 18.82 112 84 0.85
2135-42E ...... 21 52 50.28 2201 22.10 —42 44 19.3 —41 15 30.2 14.82 17.52 18.82 112 77 0.81
2200-42W....... 22 01 22.10 22 08 40.54 —424511.2 —41 16 20.6 14.76 17.56 18.66 112 73 091
2200-42E ...... 22 08 40.54 22 15 4392 —424511.2 —41 16 20.6 14.76 17.56 18.66 112 53 0.78
2215-42W ...... 22 15 4392 22 23 51.84 —42 44 024 —41 14 47.0 14.83 17.53 18.83 112 102 0.83
2215-42M....... 2223 51.84 22 32 57.19 —42 44 02.4 —41 14 47.0 14.83 17.53 18.83 112 106 0.67
2215-42E ...... 22 32 57.19 22 41 22.82 —42 44 024 —41 14 47.0 14.83 17.53 18.83 112 106 0.65
2240-42W. ...... 22 41 22.82 22 48 47.59 —42 45 13.0 —41 16 05.2 14.92 17.72 19.02 112 89 0.68
2240-42E ...... 22 48 47.59 22 56 43.73 —42 45130 —41 16 05.2 14.92 17.72 19.02 112 101 0.92
2255-42W ....... 22 56 43.73 23 03 40.49 —42 44 434 —41 15184 14.84 17.54 18.59 112 78 0.77
2255-42M....... 23 03 40.49 2312 5748 —42 44 434 —41 15 184 14.84 17.54 18.59 112 101 0.82
2255-42E ...... 23 12 57.48 23211994 —42 44 434 —41 15184 14.84 17.54 18.59 112 106 0.34
2320-42W ...... 2321 19.94 23 28 33.14 —42 44 38.4 —41 15 31.7 16.26 17.56 1841 50 37 0.58
2320-42E ...... 23 28 33.14 23 35 44.54 —42 44 384 —41 15 31.7 16.26 17.56 18.41 50 39 0.95
2335-42W....... 23 35 4454 23 43 4399 —42 44 20.8 —41 14 53.2 15.04 17.74 18.99 112 101 0.76
2335-42M...... 23 43 4399 23 52 56.16 —42 44 208 —41 14 53.2 15.04 17.74 18.99 112 99 0.90
2335-42E ...... 23 52 56.16 00 01 25.73 —42 44 20.8 —41 14 53.2 15.04 17.74 18.99 112 103 0.65
0000-42W ....... 00 01 25.73 00 08 28.66 —42 44 04.6 —41 15 28.8 16.19 17.49 18.34 50 40 0.35
0000-42E ...... 00 08 28.66 00 15 43.22 —42 44 04.6 —41 15 28.8 16.19 17.49 18.34 50 37 0.31
0015-42W ...... 00 15 43.22 00 23 41.14 —42 44 139 —41 14 42.7 14.93 17.63 18.78 112 105 0.56
0015-42M....... 0023 41.14 00 33 03.82 —42 44 139 —41 14 42.7 14.93 17.63 18.78 112 107 0.85
0015-42E ...... 00 33 03.82 00 41 21.14 —42 44 139 —41 14 42.7 1493 17.63 18.78 112 81 0.88
0040-42W ...... 00 41 21.14 00 48 29.50 —42 44 00.2 —41 15 06.8 16.22 17.52 18.37 50 47 0.64
0040-42E ...... 00 48 29.50 00 55 46.30 —42 44 00.2 —41 15 06.8 16.22 17.52 18.37 50 49 0.72
0054-42W ....... 00 55 46.30 01 04 26.52 —42 44 03.1 —4127 16.2 15.01 17.81 1891 112 99 093
0054-42M........ 01 04 26.52 01 12 58.32 —42 44 03.1 —41 27 16.2 15.01 17.81 1891 112 103 0.87
0054-42E ...... 01 12 58.32 0121 29.71 —42 44 03.1 —41 27 16.2 15.01 17.81 1891 112 91 0.90
0120-42W ....... 012129.71 01 28 38.81 —42 44 04.6 —4115173 16.16 17.46 18.31 50 47 0.63
0120-42E ...... 01 28 38.81 01 35 46.56 —42 44 04.6 —4115173 16.16 17.46 18.31 50 47 0.55
0134-42W ....... 01 35 46.56 01 44 20.52 —42 43 50.5 —41 14 52.1 14.99 17.79 18.89 112 107 0.62
0134-42M....... 01 44 20.52 01 52 54.14 —42 43 50.5 —41 14 52.1 14.99 17.79 18.89 112 87 091
0134-42E ...... 01 52 54.14 02 01 22.44 —42 31 04.8 —41 14 52.1 14.99 17.79 18.89 112 69 093
0200-42W ....... 02 01 40.13 02 08 48.19 —42 43 53.0 —41 15 40.7 16.33 17.63 18.58 50 40 0.39
0200-42E ...... 02 08 48.19 02 16 29.81 —42 43 53.0 —41 15 40.7 16.33 17.63 18.58 50 41 0.55
0214-42W ...... 02 18 20.95 02 24 2042 —42 42 55.1 —41 14 125 15.00 17.80 18.90 112 58 0.71
0214-42M....... 02 24 2042 02 32 58.78 —42 42 55.1 —41 14 125 15.00 17.80 18.90 112 90 0.84
0214-42E ...... 02 32 58.78 02 41 20.26 —42 42 55.1 —41 14 125 15.00 17.80 18.90 112 73 0.56
0240-42W ....... 02 41 20.26 02 48 35.23 —42 44 024 —41 15 03.2 16.23 17.53 18.48 50 39 0.28
0240-42E ...... 02 48 35.23 02 55 46.03 —42 44 024 —411503.2 16.23 17.53 18.48 50 42 0.48
0254-42W ...... 02 55 46.03 03 04 05.11 —42 43 239 —41 14 48.8 15.09 17.89 18.99 112 110 0.79
0254-42M........ 03 04 05.11 03 13 08.71 —42 43 239 —41 14 48.8 15.09 17.89 18.99 112 102 0.73
0254-42E ...... 03 13 08.71 03 21 22.25 —42 43 239 —41 14 48.8 15.09 17.89 18.99 112 106 0.37
0320-42W ...... 03 21 22.25 03 28 41.09 —42 44 143 —41 15 04.3 16.26 17.56 18.41 50 34 0.51
0320-42E ...... 03 28 41.09 03 35 44.62 —42 44 14.3 —41 15 04.3 16.26 17.56 18.41 50 43 0.51
0335-42W ...... 03 35 44.62 03 43 40.32 —42 43 149 —41 27209 14.95 17.65 18.80 112 76 0.88
0335-42M....... 03 43 40.32 03 52 59.26 —42 43 149 —41 27 209 14.95 17.65 18.80 112 93 091
0335-42E ...... 03 52 59.26 04 01 28.42 —42 43 149 —41 27 209 14.95 17.65 18.80 112 96 0.88
0400-42W ...... 04 01 28.42 04 08 47.14 —42 44 03.1 —41 15 13.0 15.00 17.70 18.85 112 73 0.77
0400-42E ...... 04 08 47.14 04 15 47.04 —42 44 03.1 —41 15 13.0 15.00 17.80 18.90 112 74 0.78
0415-42W ...... 04 15 47.04 04 24 48.46 —42 43 04.1 —41 14 37.0 14.87 17.57 18.72 112 102 0.83
0415-42E ...... 04 24 48.46 04 33 4447 —42 43 04.1 —41 14 370 14.87 17.57 18.72 112 61 0.79
2100-45W ...... 21 00 45.60 21 09 09.60 —45 45 00.0 —44 16 12.0 14.93 17.63 18.88 112 96 0.64
2100-45E ...... 21 09 09.60 21 17 33.60 —45 45 00.0 —44 16 12.0 14.93 17.63 18.88 112 99 041
2115-45W ...... 21 17 33.60 21 25 02.40 —45 43 48.0 —44 15 36.0 15.00 17.70 19.00 112 75 0.78
2115-45E ...... 21 33 38.40 21 42 40.80 —45 43 48.0 —44 15 36.0 15.00 17.70 19.00 112 101 0.66
2140-45W ....... 21 42 40.80 21 47 55.20 —45 46 48.0 —44 16 120 16.16 17.46 18.31 50 27 0.37
2140-45E ...... 21 47 55.20 21 55 43.20 —45 46 48.0 —44 16 12.0 16.16 17.46 18.31 50 38 0.53
2155-45W ...... 21 55 43.20 22 05 02.40 —45 43 48.0 —44 15 36.0 14.94 17.64 18.94 112 76 0.60
2155-45M....... 22 05 02.40 22 13 48.00 —45 43 48.0 —44 15 36.0 14.94 17.64 18.94 112 83 0.62
2155-45E ...... 22 13 48.00 22 20 50.40 —45 43 48.0 —44 15 36.0 14.94 17.64 18.94 112 79 0.83
2220-45W ...... 22 20 50.40 22 29 12.00 —45 44 240 —44 15 36.0 14.98 17.78 19.08 112 90 0.83
2220-45E ...... 22 29 12.00 22 37 36.00 —45 44 240 —44 15 36.0 14.98 17.78 19.08 112 90 0.61
2235-45W ...... 22 37 36.00 22 45 09.60 —45 44 240 —44 15 00.0 15.06 17.76 19.06 112 85 0.44
2235-45M...... 22 45 09.60 22 53 52.80 —4544 240 —44 15 00.0 15.06 17.76 19.06 112 108 0.52
2235-45E ...... 22 53 52.80 23 02 38.40 —45 44 240 —44 15 00.0 15.06 17.76 19.06 112 105 0.47
2300-45W ...... 23 02 38.40 23 09 00.00 —45 44 240 —44 15 00.0 16.18 17.48 18.33 50 25 0.29
2300-45E ...... 23 09 00.00 23 15 45.60 —45 44 24.0 —44 40 12.0 16.18 17.48 18.33 50 30 0.52
2315-45W ...... 23 15 45.60 23250240 —45 44 24.0 —44 15 36.0 15.02 17.72 19.02 112 89 0.71
2315-45M...... 23 250240 23 33 36.00 —45 44 240 —44 15 36.0 15.02 17.72 19.02 112 74 0.68
2315-45E ...... 23 33 36.00 23 40 43.20 —45 44 24.0 —44 15 36.0 15.02 17.72 19.02 112 87 0.87
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TABLE 2—Continued

Field ot a® 2 8, m.® m,® Mee,® New® N, gald fe
2340-45W ...... 23 40 43.20 23 48 57.60 —45 44 240 —44 15 36.0 16.18 17.48 18.43 50 40 0.68
2340-45E ...... 23 48 57.60 23 55 45.60 —45 44 240 —44 15 36.0 15.18 17.69 18.63 112 68 0.81
2355-45W...... 23 55 45.60 00 05 09.60 —45 44 240 —44 15 00.0 1491 17.61 1891 112 103 0.74
2355-45M....... 00 05 09.60 00 13 36.00 —45 44 240 —44 15 00.0 1491 17.61 1891 112 95 091
2355-45E ...... 00 13 36.00 00 22 36.00 —4544 240 —44 15 00.0 1491 17.61 1891 112 72 0.80
0020-45W ...... 00 22 36.00 00 29 09.60 —4544 240 —44 15 36.0 16.21 17.51 18.36 50 36 092
0020-45E ...... 00 29 09.60 00 37 12.00 —45 44 240 —44 15 36.0 16.21 17.51 18.36 50 38 0.83
0035-45W ...... 00 37 12.00 00 45 04.80 —45 44 24.0 —44 15 00.0 14.84 17.54 18.84 112 81 0.66
0035-45M........ 00 45 04.80 00 53 26.40 —45 44 24.0 —44 15 00.0 14.84 17.54 18.84 112 74 0.71
0035-45E ...... 00 53 26.40 01 00 52.80 —45 44 24.0 —44 15 00.0 14.84 17.54 18.84 112 68 0.85
0100-45W ...... 01 00 52.80 01 09 16.80 —45 45 00.0 —44 16 120 15.09 17.79 19.14 112 87 0.89
0100-45E ...... 01 09 16.80 01 17 45.60 —45 45 00.0 —44 16 120 15.09 17.79 19.14 112 109 0.65
0115-45W...... 01 17 45.60 01 24 09.60 —4543 480 —44 15 00.0 14.94 17.64 18.94 112 82 0.54
0115-45M...... 01 24 09.60 01 33 38.40 —4543 480 —44 15 00.0 14.94 17.64 18.94 112 103 0.59
0115-45E ...... 01 33 38.40 01 42 04.80 —4543 48.0 —44 15 00.0 14.94 17.64 18.94 112 99 0.79
0140-45W ...... 01 42 04.80 01 49 02.40 —45 44 240 —44 15 36.0 16.17 17.47 18.32 50 35 0.57
0140-45E ...... 01 49 02.40 01 55 48.00 —45 44 240 —44 15 36.0 16.17 1747 18.32 50 35 0.66
0155-45W ...... 01 55 48.00 02 04 07.20 —45 43 48.0 —44 15 00.0 14.94 17.64 18.94 112 103 0.75
0155-45M....... 02 04 07.20 02 13 55.20 —4543 480 —44 15 00.0 14.94 17.64 18.94 112 104 0.68
0155-45E ...... 02 13 55.20 02 22 40.80 —45 43 48.0 —44 15 00.0 14.94 17.64 18.94 112 105 0.78
0220-45W ....... 02 22 40.80 02 29 07.20 —4543 48.0 —44 15 00.0 16.06 17.36 18.21 50 35 0.61
0220-45E ...... 02 29 07.20 02 35 48.00 —45 43 48.0 —44 15 00.0 16.06 17.36 18.21 50 32 0.81
0235-45W ...... 02 35 48.00 02 44 04.80 —4543 120 —44 14 240 14.89 17.59 18.89 112 107 0.82
0235-45M...... 02 44 04.80 02 53 45.60 —4543 120 —44 14 24.0 14.89 17.59 18.89 112 107 0.78
0235-45E ...... 02 53 45.60 03 02 40.80 —4543 120 —44 14 240 14.89 17.59 18.89 112 83 0.84
0300-45W ...... 03 02 40.80 03 09 19.20 —45 43 48.0 —44 15 36.0 16.08 17.38 18.23 50 41 0.66
0300-45E ...... 03 09 19.20 03 17 19.20 —45 43 48.0 —44 15 36.0 16.08 17.38 18.23 50 48 0.21
0315-45E ...... 03 33 40.80 03 42 3840 —4543 120 —44 15 00.0 14.89 17.59 18.89 112 101 0.77
0340-45W ...... 03 42 38.40 03 49 02.40 —45 43 48.0 —44 15 36.0 16.05 17.35 18.30 50 36 0.49
0340-45E ...... 03 49 02.40 03 55 45.60 —45 43 48.0 —44 15 36.0 16.05 17.35 18.30 50 34 043
0355-45W ...... 03 55 45.60 04 05 04.80 —4543 120 —44 15 36.0 14.82 17.52 18.82 112 105 0.67
0355-45M....... 04 05 04.80 04 13 24.00 —4543 120 —44 15 36.0 14.82 17.52 18.82 112 60 0.83
0355-45E ...... 04 13 24.00 04 22 38.40 —4543 120 —44 15 36.0 14.82 17.52 18.82 112 103 0.78
0420-45W ....... 04 22 38.40 04 29 02.40 —45 43 48.0 —44 15 36.0 16.14 17.44 18.29 50 32 0.85
0420-45E ...... 04 29 02.40 04 37 19.20 —45 43 48.0 —44 15 36.0 16.14 17.44 18.29 50 43 0.66

® o, and «, denote the right ascension limits of each field, and 8, and J, denote the declination limits. All coordinates are epoch 1950.0.

® m, and m, denote the isophotal magnitude limits of each field, and m,.,, is the faint central magnitude limit atm,. The isophotal magnitude
m and the central magnitude m, of each galaxy must meet the photometric selection criteria m, <m<m, and m,<m, — 0.5(m, — m).

¢ Ng; denotes whether data for that field was obtained with the 50 fiber or the 112 fiber spectrograph system.

¢ N, denotes the number of galaxy redshifts observed in each field.
¢ fdenotes the galaxy sampling fraction for each field.

(Graham 1981, 1982) with magnitudes in the Kron-Cousins
R band, resulting in a hybrid red band which we call
Rg,x - c- The zero-point difference between Rg. k- ¢ and true
Kron-Cousins R is small (less than 0.1 mag), which can be
seen in Figure 2 (see also Tucker 1994).

This photometry was used to calibrate the catalog from
which objects were selected for spectroscopic observations.
Even after the observations were obtained, we continued to
refine the photometric calibration, so the resulting photo-
metric limits for each brick vary slightly from the nominal
values. Near the end of this survey, after scans were
obtained of all bricks in each declination strip, additional
calibration procedures were applied to eliminate residual
photometric offsets. These offsets can be due to two effects.
First, fluctuations in the derived zero points from night to
night, and within some nights, reveal that not all of the
nights on which data were obtained were perfectly photo-
metric. Second, isophotal magnitudes of galaxies are quite
sensitive to the limiting isophote. Because our outer
isophote was defined as a multiple of the sky brightness,
variations in sky brightness could cause variations in
My, — Myoa1> @s could variations in the seeing.

Because most of the bricks in a strip overlap their neigh-
bors to the east and west, we could compare the photo-
metric zero points of all the bricks within one, or at most a

few, groups of contiguous bricks within each strip. This
comparison, using the stars in the overlapping regions,
revealed residual photometric offsets with a standard devi-
ation of 0.065 mag. After removing these offsets, the zero
point of each group of bricks was redetermined using CCD
observations of 26 regions we obtained with Yale Service
Observing Time on the CTIO? 0.9 meter telescope, supple-
mented with objects from the HST photometric catalog.
This comparison revealed no offsets in the mean of any
group greater than ~0.015 mag.

To remove variations in m, — m,y,, magnitudes were
calculated for all objects through a 12” diameter synthetic
aperture. This magnitude, m, ,, is insensitive to seeing or sky
brightness variations. Therefore, m,, — m,,;, while a func-
tion of magnitude, should be constant from field to field.
Intercomparison of m;,, — m, with m;, from field to field
allows us to remove variations in my,, — m,, for galaxies.
The field-to-field variation in this quantity had a standard
deviation of 0.07 mag.

2 Cerro Tololo Inter-American Observatory, National Optical
Astronomy Observatories, which are supported by the Association of Uni-
versities for Research in Astronomy, Inc., under cooperative agreement
with the National Science Foundation.
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F1G. 6.—(a) Cumulative distribution of velocity differences for LCRS
galaxies that were observed twice. The velocity differences have been nor-
malized by their errors, and the distribution is consistent with a Gaussian
of unit variance. (b) Distribution of velocity errors for all LCRS galaxies
and for LCRS galaxies which were observed twice.

The final distribution of pairwise galaxy magnitude dif-
ferences for galaxies which were measured twice on overlap-
ping bricks is presented in Figure 3. This distribution has
broader wings than expected from pure photon noise, but is
otherwise as expected. From this distribution we calculate
the standard deviation of galaxy magnitudes, 4,, = 0.10 for
160 <r<170andg, =0.17for 17.0 < r < 18.0.

The astrometric calibration of drift-scan data is straight-
forward. To first order, the x and y coordinates within the
data array map linearly into declination and right ascen-
sion, with two scale factors: telescope scale and CCD clock
rate. Three additional correction factors may need to be
applied: one for rotation of the CCD relative to the cardinal
directions of celestial coordinates, a second for differential
stellar aberration as the Earth rotates during a scan, and, in
the case of the early data taken with a focal reducer, a third
for distortions in the optical system. Stellar aberration was
calculated from first principles. Experience revealed that the
other factors were all stable during a single observing run,
and one global calibration of each was sufficient per run.

This calibration was done using the coordinate system
defined by the HST Guide Star Catalog (Jenkner et al.
1990; Lasker et al. 1990; Russell et al. 1990). The Guide Star
Catalog has the virtue of containing a very dense sample,
although individual positions are not very accurate (of
order 1”), and it suffers from systematic errors of up to
several arcseconds near the edge of the individual Schmidt
telescope fields from which the positions were derived.

Vol. 470

When averaged over all of the bricks observed in a single
run, these errors are unimportant for determining the cali-
bration parameters for the run. They are not, however, neg-
ligible for determining the coordinate zero points of each
brick. When adjustment is made for systematic offsets
between overlapping bricks, we find that the pairwise posi-
tion differences between the bricks implies a standard devi-
ation in the one-dimensional position of an object 6,5 =
0725, for both stars and galaxies at all magnitudes in our
catalog. However, because of the systematic zero-point
uncertainties, the absolute coordinates should not be
trusted to better than 1”.

Two criteria are applied to select objects classified as
galaxies from the photometric catalog for follow-up spec-
troscopy. First, both faint and bright isophotal magnitude
limits are applied, with the following nominal values:

me <m<m,:dm =160, m, =173, 50 fiber data;
' 2 \m, = 150, m, =177, 112 fiber data .
®

Second, the following nominal central surface brightness
“cut line” is imposed:

o 0.50m, — m: M., = 18.15, 50 fiber data;
¢ cen . 2 . Mooy = 18.85, 112 fiber data .
@

Figure 4 illustrates these selection criteria. Although they
are more complex than a simple magnitude limit, they have
their origin in the technique of our fiber-optic measure-
ments. Other surveys also have limits in surface brightness,
but they are rarely made explicit: they result from failed
observations. The faint isophotal limit m, is chosen so that
there would generally be slightly more galaxies than fibers
in each spectroscopic field. The bright isophotal limit m, is
used so that the total count rate through the fibers, used to
guide telescope pointing during the spectroscopic expo-
sures, is not dominated by a few bright galaxies. The cut line
limit on m, is used to eliminate low surface brightness (LSB)
galaxies, for which it is difficult to obtain redshifts during
the fixed exposure time of 2 hr. The slope of the line is
chosen so that the fraction of LSB galaxies eliminated is
approximately constant with isophotal magnitude, about
20% for the 50 fiber data, but less than 10% for the 112 fiber
data (see Table 1).

When there are more objects that meet the photometric
criteria than fibers available in a given 1°5 x 1°5 field, the
targets for spectra were chosen at random from within the
photometric boundaries. Careful use of this “galaxy sam-
pling fraction” is required in subsequent analysis, but for
the 112 fiber data that make up 80% of the sample, the
galaxy selection fraction is large (70%), and the details of
this procedure do not affect the derived results for quan-
tities like the luminosity density once the sampling is taken
into account. As described below, a small number of galaxy
positions were physically impossible to observe because of
fiber “collisions,” and their effects on the statistical mea-
sures also need to be assessed. In the unusual case where
there were fewer galaxies than fibers for an individual field,
the photometric limits were enlarged a small amount to
admit additional targets until all the fibers were in use.
However, for simplicity in the later data analyses, these
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FiGc. 7—Survey pattern for the north (top) and the south Galactic cap regions (bottom) sampled by the LCRS. Lightly shaded regions denote fields
observed with the 50 fiber spectrograph and darkly shaded regions fields observed with the 112 fiber spectrograph. Declination and right ascension

coordinates are epoch 1950.0.

additional galaxies, which constitute less than 10% of the
total data set, are not considered part of the survey proper.

Table 2 details the right ascension and declination
borders, photometric limits m,, m,, and m,,,, number of
galaxy redshifts measured, and galaxy sampling fractions
for each of the 327 spectroscopic fields of the LCRS proper.
There are small variations in m,, m,, and m,, from the
nominal values given above which result from recalibra-
tions of the photometric zero points for the fields after the
galaxies were selected and observed. Additional variations
in m,, are caused by differences in pixel size of the three
CCD’s used during the course of the survey, and by
attempts to account for shifts in m_. caused by variable
seeing on the drift-scan images. Most photometry for gal-
axies observed with the 50 fiber system was obtained using
our original 800 x 800 TI CCD, with 1706 pixels. The
quality of the images was much improved for the larger
chips used to obtain the 112 fiber data photometry, and the
analysis of the luminosity function (Lin et al. 1996a) explic-
itly separates the 50 fiber data from the 112 fiber data to
compute separate selection functions and luminosity func-
tions for the two sets of data.

2.2. Spectroscopy and Redshift Measurements

A detailed description of the Las Campanas fiber system
is given by Shectman (1993). The silica fibers have a 35

diameter in the focal plane, are safely encased in concentric
layers of hypodermic needle tubing and bicycle brake cable
housing, and are manually plugged into holes on a 90 cm
aluminum plate mounted at the curved focal plane of the
Las Campanas 2.5 m du Pont telescope. The fibers guide
the light from the objects into a spectrograph on the observ-
ing floor where the spectra are detected by the 2D-Frutti
two-dimensional photon counter (Shectman 1984). This
combination constitutes the “fruit and fiber ” system. Each
plate is predrilled by a computer-controlled milling
machine in Pasadena with holes at the expected positions of
the selected objects. Holes for objects on four separate fields
were drilled on a single plate, so that over 400 redshifts
could be obtained during a single night using the 112 fiber
system, without changing plates.

Mechanical constraints prevent the fibers from being
plugged closer together than 55”. We have maintained a list
of objects (about 1100) which were not observed because
they were too close to another hole in the plate. In all other
respects, these objects fulfill the selection criteria, including
the random selection, and the list can be used to correct the
small-scale correlation function and other statistics of the
galaxy distribution. The galaxies which were not observed
because of “ collisions ” are flagged in Table 3 of the detailed
listing of redshifts available on CD-ROM. Each field is one
half of a photometric brick, with dimensions 1°5 x 1°5, and
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FiG. 9.—Redshift histogram for the (4) north and (b) south 50 fiber
samples. Smooth lines show the expected distribution if galaxies were uni-
formly distributed with the LCRS luminosity function.

the exposure times are typically 2 hr per field. Fewer than 30
minutes are needed to change the observing setup from one
exposure to the next, so a typical clear night produces four
fields. For the 50 fiber system, there were an additional 10
fibers dedicated to observing sky spectra, and for the 112
fiber system, 16 sky fibers. Because the galaxies in the LCRS
are equal to or brighter than the sky as observed through a
fiber, precise sky subtraction was not required, and this
sample of sky spectra proved adequate for our purposes.
The spectra are extracted, sky subtracted, and wave-
length calibrated using a combination of custom programs
and standard IRAF routines. For sky subtraction, all the
sky spectra of a given exposure are averaged, then that
average sky spectrum is normalized to the bright [O 1] 5577
sky line of each raw object + sky spectrum, to account for
individual fiber transmissions, before being subtracted. For

- wavelength calibration we use He-Ne arc lamp spectra

taken with the fiber system midway through each object
exposure. Some 35 lines in the range 30007000 A are used
to derive the wavelength solution. The typical rms wave-
length residual for the comparison lines is 0.7 A. The spectra
are finally linearized and rebinned, at 2.5 A per pixel
(approximating the original pixel size), to the wavelength
range 3350-6400 A for the 50 fiber data or 3350-6750 A for
the 112 fiber data.

Redshifts are determined by cross-correlating the object
spectra against a set of template spectra. The standard
cross-correlation technique (Tonry & Davis 1979) is imple-
mented using the IRAF add-on package RVSAO (Kurtz et

Vol. 470

al. 1991; Mink & Wyatt 1995). We use three templates, each
consisting of an average of many high signal-to-noise stellar
spectra. Two of the templates have strong absorption fea-
tures typical of non-emission-line galaxies (see Sandage
1975): CN (3833 A), Ca H (3969 A) and K (3934 A), G band
(4304 A), and Mg 1 (5175 A). A third template contains
strong Balmer absorption features: Hf (4861 A), Hy (4340
A), and H6 (4102 A). The third template is useful for obtain-
ing cross-correlation velocities for the absorption-line fea-
tures in galaxies with emission lines, for which such
early-type Balmer absorption features are often seen. The
third template avoids a systematic bias that creeps into
cross-correlation velocities for the emission-line galaxies.
This problem occurs for the first two templates because of
systematic differences in the absorption-line spectra
between the two templates and the typical galaxy with emis-
sion lines, particularly the increasing blend of He 3970 A
with Ca H. Gaussian profiles are fitted to emission lines to
determine redshifts from the line centers and also to
measure line equivalent widths. The five most prominent
emission lines present in our spectra are: [O 1] 3727, [O m]
5007, [O m] 4959, HB, and Hy. The emission velocities from
these lines are consistent to about 5 km s~ !, providing a
check on our wavelength solutions, and the emission and
third-template cross-correlation velocity zero points agree
to 15 km s™!. Two sample spectra, one with prominent
absorption features and one with strong emission lines, are
shown in Figure 5. One of the distinguishing features of the
LCRS is that it has produced a very large and homoge-
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FiG. 10—Redshift histogram for the (a) north and (b) south 112 fiber
samples. Smooth lines show the expected distribution if galaxies were uni-
formly distributed with the LCRS luminosity function.
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neous set of galaxy spectra which are useful for character-
izing the stellar populations and gas content of galaxies, not
just their velocities (e.g., Zabludoff et al. 1996).

Every spectrum is visually inspected at least once to
check the plausibility of the automated cross-correlation
and emission velocity determinations. Poor signal-to-noise
spectra (approximately the bottom third) are examined
more carefully, and the final velocity determination, or
rejection of the spectrum as a failure, is made interactively.
We find that 93% of our spectra are galaxies, another 3%
are stars contaminating our sample, and the final 4% fail to
yield either a galaxy redshift or an identification as a star.
Our rate for identifying spectra as galaxies or stars does not
vary strongly with isophotal magnitude or central surface
brightness; the identification rate only drops by about 5%
at the faint isophotal magnitude limit or at the central
surface brightness cut line (Lin et al. 1996a). Our failure rate
increases toward the edges of the du Pont telescope field
(Shectman et al. 1995). This is a subtle effect whose impact
on clustering statistics should be small, but which we are
evaluating. Of the galaxy redshifts, 68% are cross-
correlation velocities based on absorption lines alone, 25%
are a combination of absorption and emission velocities,
and the remaining 7% are solely emission velocities. A total
of 26,418 galaxy redshifts have been obtained in the course
of the survey; 23,697 of these galaxies lie within the photo-
metric limits and geometric boundaries of the survey
proper. The mean galaxy sampling fraction, corrected for
stellar contamination, is 70% for the 112 fiber data and
58% for the 50 fiber data. Table 1 summarizes some of the
above numbers for the main survey data samples. Because
the spectroscopic fields are not observed more than once,
the sampling fractions must be tracked on a field-by-field
basis (as in Table 2) in subsequent statistical analyses of the
survey data. Other surveys such as the Century Survey or
the ESO Survey return to fields to observe every galaxy that
meets their selection criterion, so it will be informative to
compare results from these surveys with the LCRS to assess
the effects of this choice. We expect they will be small (Lin et
al. 1996b; Tucker et al. 1996¢), but they are in the sense of
the LCRS undersampling fields which have an unusually
high density of galaxies, such as galaxy clusters.

The cross-correlation and emission-line fitting IRAF pro-
grams generate formal errors. We checked these estimates
using a sample of 575 galaxies which were successfully
observed twice, in the small overlapping areas between
some of our spectroscopic fields. For our data, the formal
errors underestimate the true random errors by 30%, so we
multiply the formal errors by 1.3. Otherwise, application of
a Kolmogorov-Smirnov (K-S) test (e.g., Press et al. 1992, §
14.3) shows that for these repeated galaxies, the shape of the
cumulative distribution of velocity differences, normalized
by the (corrected) velocity errors, is consistent with a Gauss-
ian distribution; see Figure 6a—6b show the distribution of
corrected velocity errors for all galaxies and for the repeated
galaxies; note that the two distributions are similar, sug-
gesting that the result derived for the overlap sample applies
equally well to the whole survey. The average random
velocity error is 67 km s~ 1, corresponding to less than 1 A~ *
Mpc blurring in the spatial domain, so that none of the
effects described by Schuecker, Ott, & Seitter (1994) for
low-velocity precision redshifts is a problem for the LCRS.
A measure of the zero point offset in the velocities is provid-
ed by the velocities of the stellar spectra, which should be
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near zero in the mean; we find 10+ 1 km s~ ! for the
average of 1102 stars, not exactly zero but comfortably
smaller than our random velocity errors.

3. THE SURVEY DATA

The geometry of the survey is that of six “slices,” each
about 1°5 in declination by 80° in right ascension. Three
slices are located in the north Galactic cap, centered at

declinations 6 = —3°, —6°, and — 12°, and ranging in right
ascension from a = 10" to 15"5. The other three slices are in
the south Galactic cap, centered at declinations 6 = —39°,

—42°, and —45° and ranging in right ascension from
a = 21" to 4%5. The fields are at Galactic latitudes b>30° in
the north and b < —40° in the south. Figure 7 shows the
pattern of survey fields in declination and right ascension
on the sky, with different shadings for 50 and 112 fiber
fields. (Note that three fields in the —45° slice were not
finished, thus producing gaps in the that slice. There are
also other small gaps between fields that cannot be seen
from the figures, so that one should always consult Table 2
for the exact boundaries.) The distributions of LCRS gal-
axies in redshift space, as a function of heliocentric velocity
and right ascension, as well as their distributions on the sky,
are next shown in Figures 8a-8f for each of the six slices,
and in Figures 8g and 8h) for the combined northern and
southern samples. For the 6 = —3° slice and the three
southern slices, the data combines 50 fiber and 112 fiber
observations. The factor of 2 difference in sampling can be
seen in the lower density of points for the 50 fiber fields in
the figures. The 6 = — 6° slice is nearly all 50 fiber data, and
the 6 = — 12° slice consists only of 112 fiber fields.

The figures demonstrate the rich texture of clusters, fila-
ments, voids, and walls in the LCRS galaxy distribution,
reminiscent of structures seen in the denser, wider, and shal-
lower CfA survey (which has a mean distance of about 7500
km s™'), but replicated many times across the bigger LCRS
volume. The largest walls and voids have sizes of order
50-100 h~* Mpc, much smaller than the largest survey
dimensions, suggesting that the LCRS samples the largest
high-contrast structures of the nearby universe. The 3°
separation between slices amounts to about 15 = Mpc at
a typical survey redshift of 30,000 km s~!. The strong
resemblance of one strip to its neighbor and the structures
that are visible in the combined north or south fields
provide another indication that coherent structures on
scales of tens of Mpc are very common. The redshift data
are found in Table 3, which is available in the AAS
CD-ROM series.

Finally, redshift histograms for the 50 and 112 fiber north
and south data sets are shown in Figures 9 and 10 along
with the expected redshift distributions computed for gal-
axies uniformly distributed in space and sampled using the
survey’s selection function as derived by Lin et al. (1996a).
The average distance of the observed distribution is about
cz = 30,000 km s~ ! as intended. Also, although large-scale
structure makes the histogram noisy, the uniform distribu-
tion line is a reasonable approximation to the actual red-
shift distribution, which supports the view that the LCRS is
large enough to approximate a fair sample of the nearby
universe.

We welcome other investigators to apply their analysis
techniques to this large sample of galaxy redshifts. For this
reason, the redshift catalog will be available at the LCRS
home page  <http://manaslu.astro.utoronto.ca/~lin/
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Icrs.html) and in the AAS CD-ROM series. To obtain reli-
able scientific results from this redshift data, users need to
be aware of the details of our selection methods described
and tabulated in this paper. These include the limits on
isophotal magnitude and on central surface brightness, the
differences between data taken with the 50 fiber system and
with the 112 fiber system, and the limit on closest approach
of the fibers. For many purposes, these effects can be taken
into account quite easily, but the best use of the survey
requires attention to these details.
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