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ABSTRACT

In a 21 cm neutral hydrogen survey of approximately 55 degjout to a redshift of cz\ 8340 km s-1,
we have identibed 75 extragalactic H sources. These objects comprise a well-debned sample of extra-
galactic sources chosen by means that are independent of optical surface brightness selection etects. In
this paper we describe the Arecibo survey procedures and Hdata, follow-up VLA H | observations
made of several unusual sources, and Kitt PeaB-, R-, and |-band photometry for nearly all of the
galaxies. We have also gathered information for some of the optically detected galaxies within the same
search volume. We examine how samples generated by diterent types of search techniques overlap with
selection by H | Nux. Only the least massive H object, which is among the lowest mass H sources
previously found, does not have a clear optical counterpart, but a nearby bright star may hide low
surface brightness emission. However, the newly detected systems do have unusual optical properties.
Most of the 40 galaxies that were not previously identibed in magnitude-limited catalogs appear to be
gas-dominated systems, and several of these systems havd hhass-to-light ratios among the largest
values ever previously found. These gas-dominated objects also tend to have very blue colors, low
surface brightnesses, and no central bulges, which correlate strongly with their relative star-to-gas

content.

Subject headingsgalaxies: ISM E galaxies: photometry E radio lines: galaxies E surveys

1. INTRODUCTION

A strong argument can be made that the present census
of galaxies is biased toward objects that are intrinsically
bright and easy to identify optically (Disney & Phillipps
1983; McGaugh 1996)Extragalactic astronomyls historical
dependence on searches of optical plates for galaxy identib-
cation almost certainly has led to an undercount of low
surface brightness (LSB) objects. This bias leads to an
underrepresentation of these objects and their properties
when examining the overall extragalactic populationE
information that is essential when investigating the evolu-
tion of galaxies or the large-scale structure and fate of the
universe. Ridding the extragalactic census of its optical bias,
or even assessing its seriousness, is problematic. In this
paper we present a sample of HEselected extragalactic
sources that permits us to examine the gaseous and stellar
properties of galaxies in a fresh light.

Most measurable galaxy properties are in some way a
direct result of stellar emission, stellar remnants, or the pro-
cesses that form stars. For example, far-infrared emission
from galaxies is essentially starlight reradiated by dust
grains, and the dust grainsl existence is a result of stellar
evolution. Far-infrared emission is therefore highly corre-
lated with the optical emission of stars, and it is of limited
utility in identifying objects that cannot easily be detected
optically.

One strategy that has been used to correct the optical
bias is to search for extragalactic sources at faint surface
brightnesses. This was etectively begun ilson (1973) in
the Uppsala General Catalog(UGC), where the criterion
for acceptance was a minimum angular size instead of a
magnitude limit. Since galaxiesl intrinsic diameters vary by
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a much smaller factor than do their luminosities, a
diameter-limited survey detects a larger proportion of LSB
galaxies. TheUGC s, of course, also limited by the surface
brightness sensitivity of the Palomar Observatory Sky
Survey (POSS) plates (about 25 mag arcse&®). This has
been pushed to fainter surface brightnesses by using the
second generation (POSS IlI) plate¢Schombert & Bothun
1988; Schombertet al. 1992; PildisSchombert, & Eder
1997).Special photographic amplibcation techniques that
go even deeper have revealed some remarkable LSB sources
like Malin 1 (Bothun et al. 1987),which has one of the
largest known H | masses. However, seeking sources at ever
fainter surface brightnesses becomes more and more diffi-
cult, and it ultimately remains tied to the presence of star-
light. It would be preferable to take an independent
approach to sampling the extragalactic population.

A galaxyls atomic hydrogen (H) gas content is one of the
few properties that should be relatively uncorrelated with
its optical emission. Of course, like any extensible property
of a galaxy, some degree of correlation is expected owing to
the galaxyls total bulk. However, since hydrogen is primor-
dial, it does not require star formation for its existence, and
since the 21 cm linels excitation temperature is so low, star-
light is not needed to excite it. Its status as the “‘raw
material Il in star formation makes it likely that H | gas
content and stellar emission will be linked in many galaxies,
but since the gas is consumed in the process, the amounts
may be anticorrelated. For example, it is well known that
elliptical galaxies may contain little or no measurable HI,
and we might also expect to Bnd reservoirs of Hwhere star
formation has been inefficient so that the HI emission is
more readily detectable than the optical emission.

Some intriguing sources with no optical counterpart have
been discovered by serendipity at 21 cm, like the ring of H
gas in Leo(Schneider 1989)and the southwest clump of the
Virgo Cluster cloud H | 1225 01 (Giovanelli, Williams, &
Haynes 1991). The northeast clump of HI 1225 01 has a

ratio of M H{LB\ 10 (Salzeret al. 1991)and some other



160

extreme objects, such as DDO 154 and Malin 1, have
M 4L B 5 (Carignan & Beaulieu 1989; Bothunet al.
19§ ).%hese objects represent the gas-rich extreme of a
continuum of extragalactic sources that also ranges to
objects that are composed almost entirely of stars, such as
ellipticals and dwarf spheroidal systems. The enormous
range ofM {L found in extragalactic sources indicates that
H | properties of extragalactic sources cannot be fully
appreciated from optically selected samples.

To generate an HIEselected sample of galaxies, we have
conducted a large, sensitive survey for the extragalactic 21
cm emission using the Arecibo radiotelescope3 Our
“ Arecibo Slicell covers about 1 in declination and a total
area of about 55 de@ out to a redshift of c ﬁ} 8340 km
s~1. We also examine the literature for oﬁl ally selected
sources that reside in our survey volume. Most of these were
“rediscovered il by the 21 cm survey, but we have attempted
to track down other galaxies from magnitude-limited and
other types of catalogs.

In addition, we have collected multiwavelength optical
data to allow color and luminosity comparisons. We have
also observed several of the most unusual galaxies detected
in the survey with the VLA 4 in order to examine their HI
sizes and to determine their positions better. In this paper
we present these data and examine the diterences, overlaps,
and similarities of the gaseous and stellar properties of our
sample galaxies.

Our survey has been more successful than previous
searches at identifying low-mass H sources and has found
a substantial population of objects whose gas content domi-
nates over their stellar content. Among our 75 HEselected
sources is one of the lowest mass PeldIksources found to
date, with an H | mass similar to M81 dwarf A found by Lo
& Sargent (1979)in an H | survey of that nearby group.
Based on optical data collected at Kitt Peak, seven of our
objects haveM IjL [ 3, which was the value found for
M81 dwarf A (S'a geﬁﬁt,Sancisi, & Lo 1983)A dozen of our
objects also have substantially bluer colors than any of the
H IEdetected galaxies studied b$zomoru et al1994) orin
diameter-limited samples of galaxies such as thatdé Jong
& van der Kruit (1994).

In large part, this surveyls success results from the size of
the volume examined. This is a useful starting point for
comparing surveys and is illustrated inFigure 1. We show
the volume within which various ““blind surveysii (not
based on earlier optical imaging) have been potentially sen-
sitive to an H | source of a given mass. This is an approx-
imation based on the area examined, the quoted rms noise,
redshift range covered, and sensitivity across the bandpass
for each survey (se&chneider 1997 for more details about
the surveys). This graph assumes the Hources all have the
same velocity width and that the search techniques are all
equivalent. In fact, though, detection rates are inNuenced by
a wide variety of factors that can be difficult to quantify.

Early surveys with the Green Bank 300 foot (91 m) tele-
scope byShostak (1977) and Fisher & Tully (1981yvere
limited by receiver sensitivity and the total bandpass avail-
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FIG 1.EComparison of mass-volume sensitivity of various “ blind 1l H
surveys. The lines indicate the approximate volume within which a source
of a given H | mass could have been detected based on the surveyis
resolution, bandpass, noise level, and areal coverage. See Schneider (1997)
for details of the diterent surveys.

able.Krumm & Brosch(1984) surveyed a large volume by
searching at higher redshifts, but they were then insensitive
to low-mass sources. With improved receiver systems,
Henning (1990, 1995)was able to search within larger
volumes over a wide range of masses. The Green Bank 300
foot telescope was in many ways an ideal survey instrument
because the main limitation to search efficiency is, in prin-
ciple, the system temperature of the receiver system (see, for
example, Schneider 1996),which was excellent at the 300
foot telescope.

A smaller beam telescope has the advantage of avoiding
confusion, which is important because of galaxies| tendency
to cluster. This is particularly demonstrated by a survey
conducted using the VLA (Weinberg et al. 1991; Szomoru
et al. 1994), which searched a volume comparable to some
of the early surveys. They identibed nine previously uncata-
loged sources, but six of these were in the neighborhood of
bright cataloged galaxies and might well have been
assumed to be part of these galaxies if surveyed with the
D 11@eam of the Green Bank 300 foot telescope. The VLA
also has advantages for interference rejection, but sensitivity
and bandpass limitations at the VLA constrain the amount
of volume it can search. The restriction on bandpass is the
reason that the sensitivity of the VLA survey drops of
sharply below 1M

The Arecibo radie-telescope represents a good compro-
mise. ItsD 3@ beam would have confused only one of the
VLA-identibed sources, and it provides a wide bandpass
with adequate spectral resolution to detect narrow-line H
sources. As shown irFigure 1, we examined a substantially
larger volume at low H | masses than any of the Green
Bank or VLA surveys. A recent ““ Arecibo H Strip Survey i
or AHISS by Sorar (1994 also see Zwaan et al. 1997)used a
drift scan strategy to sample a similar-sized volume. Not
counting sidelobes, that survey actually covered about one-
third as much area on the sky, but the quoted rms noise
levels suggest it should be sensitive over a slightly larger
volume for low-mass HI sources. The methodology of our
survey is diterent from the AHISS, which might account for
our higher detection rate of low-mass HI sources despite
the nominally smaller search volume. This is a crucial point
for determination of the H | mass function, and we discuss it
at greater length in a subsequent papdiSchneider, Spitzak,
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& Rosenberg 1998) in which we apply tests to determine
sample completeness.

In this paper we begin in°® 2 with a description of the
survey techniques and the Arecibo and VLA H data. In° 3
we describe the optical data and cross-identibcations of our
sources with other catalogs. In° 4 we focus on distance-
independent properties of the galaxies, with a particular
interest in understanding the selection etects that determine
which galaxies are included in which types of surveys.
Finally, in ° 5we conclude with a summary of our results,
highlighting some of the most unusual individual objects
that deserve follow-up observations. We will analyze the
intrinsic distance-dependent properties of the galaxies,
including their luminosity function, in subsequent papers.

2. THE H | SURVEY

2.1. 21 cm Observations

The 21 cm survey observations were conducted at the
Arecibo radio telescope using the ““22 cmil feed. The
Arecibo telescope has the largest collecting area and highest
resolution of any single-dish 21 cm telescope. The telescope
response has a strong zenith-angle dependence, and our
search strategy was largely dictated by this limitation. In
addition, because this survey would require a large amount
of observing time with little idea of the detection rate, we
selected a right ascension range in which there was rela-
tively low ““ proposal pressure: il the portion of the southern
Galactic cap accessible from Arecibo. Optically identibed
sources in this region have been extensively studied by
Giovanelli & Haynes (1993,and references therein), leaving
relatively less demand for telescope time from 220 4h

To optimize the survey, we also needed to observe a
region within the 10; zenith angle of the telescopeis
maximum sensitivity, and to provide some transit time at
full sensitivity, this could be at most about 8j. At the same
time, we wanted to avoid theD 3j closest to zenith where
the telescope can have difficulty tracking a source. For the
observatoryls 18j2@latitude, this gave us a choice of
21i21@\d\ 26j21@or 10j21@\d\ 15j21@Although the
southern choice has the advantage of being farther from the
Galactic plane, we chose the northern side because many
more H | data had been published for that area (Giovanelli
& Haynes 1989; Giovanelliet al. 1986).These previous H
observations allow us to test our completeness.

The ““Arecibo Slicell is within the region
22M00mia (1950) 0324mand 22i58@ \d(1950) 23i47@
although in the portion of right ascension earlier than
2264m the survey reached a maximum declination of
23j19@Fig. 2).Overall, close to 55 deg were surveyed in
14,130 pointings of the telescope. The positions observed
were separated byd@ on a hexagonal (““honeycomb il) grid.
A hexagonal grid is preferable to a rectangular grid because
there is less sensitivity variation for sources ot beam center
(Schneider 1989)The 22 cm feed has a beam size 8@
(FWHM), so the gain would be about 4 times smaller than
its value at beam center for a source in the worst possible
position on the grid. However, for extended sources, the
gain variations are smaller, and sources between beams
might be detected at neighboring grid points, so the sensi-
tivity probably varies by less than a factor of 3 anywhere in
the survey region.

At each point a 1 minute integration was made over a
bandwidth corresponding to redshifts of 10Q Czhe} 8340
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FIG 2.ERegion surveyed in the Arecibo HI slice. Positions of galaxies
in the RC3 with redshifts in the range of the survey (18340 km s-1) are
marked by crosses symbols. The region aroundl\ 23;j covered by the HI
survey is shown by an outline. The serpentine ridge north of the slice is the
Pisce&Perseus supercluster at approximately 5000 km-§, and the higher
density of galaxies arounda\ 2his part of the supergalactic plane.

km s~1. This nominally corresponds to distances between
1.3 and 111 Mpc for a Hubble constant of 75 km s1
Mpc~1 (assumed throughout this paper) and a total survey
volume of D 7630 Mpc3. We tuned the 22 cm feed to its
highest tunable frequency, corresponding to a redshift of
czP L 5300km s~1, for these observations. The sensitivity
roltd ot to 81% of its maximum at the high-redshift end of
the bandpass and 56% at the low-redshift end.

During a given observing run, points on the hexagonal
grid spaced by Irl2swere observed in sequences of 15. The
ofset nearly equaled the integration plus slew time between
points so that the telescope remained in a nearly Bxed con-
Dguration. Because sources are uncommon, the other 14
observations in a sequence could be combined to make a
low-noise ““ ot 1T (calibration) scan, and the noise in the Bnal
spectrum comes almost entirely from the ““on i scan alone.
This mapping method is about 4 times more efficient than
the standard position-switching procedure for a single
point, which would require 2 minutes ““on i plus 2 minutes
“0% 1l to reach a similar noise level.

The autocorrelation spectrometer channels were spaced
by 39 kHz (D 8.2 km s-1). After Hanning smoothing the
resolution wasD 16.4 km s-1, which gave us undiminished
sensitivity to sources with line widths as narrow a® 32 km
s~1, which is about as narrow a velocity spread as any
dwarf galaxy is known to have. After carrying out a poly
nomial Bt to channels away from interference or signals, the
noise was typically 1.7 mJy. With corrections for the fre-
quency response of the feed, the average noise across the
band was about 2.0 mJy.

2.2. Signal Identibcation

Both software techniques and visual examination were
used to identify possible signals in each spectrum. The soft-
ware techniques included a range of velocity smoothings
and a variety of interference identibcation and rejection
schemes. The dominant problem was the rejection of weak
sources of interference. Strong interference was relatively
easy to isolate because it would normally persist for more
than 1 minute; thus it would appear in neighboring spectra
in time, but these were separated by four beam spacings
(D 16@on the sky and unlikely to be real sources. We also
identibed interference by comparing the left and right circu-
lar polarizations; most man-made signals will appear pol-
arized, while HI emission does not.

Weak interference was much more difficult to isolate
because polarization might be indistinguishable from noise
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variations, and it might only exceed the search threshold
level in an isolated spectrum. In the end, the by-eye search
proved to be the more etective method for identifying weak
signalsEthe software methods could be adjusted to identify
weak signals but only at the expense of introducing very
large numbers of spurious sources. We suspect this is
because of a variety of subtle visual cues that are difficult to
design into software recognition, like artifacts of baseline
removal, experience of past patterns of interference, or
knowledge of the probable shape of H probles. Of course,
these same cues represent potential biases against non-
standard sources of H emission, and this should be kept in
mind when trying to understand the completeness of the
survey.

Overall, we identibed 230 positions by eye or by software
algorithms with suspected emission, and these were reob-
served with standard ““ on-ot Il integrations, except for cata-
loged sources that had already been detected at our
position and redshift. (Note, though, that information
about previous detections was not consulted before cary
ing out our searches.) For the suspected signals that we did
reobserve, our conBrmation rate was about 30%. Genuine
H | signals were conbrmed at 101 of the 14,130 survey posi-
tions. These correspond to only 75 distinct sources since
some sources were detected at neighboring positions, and at
some positions more than one Hl source was evident. We
also dropped one galaxy (UGC 1551) from the Bnal sample
even though it generated a genuine Hsignal because it was
outside of the survey area and was detected through a side-
lobe in an observation along our northernmost row.

In order to determine their Nuxes and positions more
precisely, all 75 of the HIEselected sources were mapped in
more detail. We designed an observing pattern to examine a
central point and six equally spaced surrounding positions,
2@away from each other, for 1 minute each. A single ““ ot il
position was tracked for 5 minutes at the average conbgu-
ration of the telescope during the seven “onli scans. For
each source, we btted a simple model to the integrated
Nuxes at the seven positions of the hexagonal maps. We
treated each as an elliptical-shaped Gaussian distribution of
gas with an unknown size, position, and orientation on the
sky and model the beam as a Gaussian with a FWHM
of 3@.

The H | source number and best-bt coordinates of the H
are listed in Table 1, columns (1), (2), and3% Optical
images (described ifi 3.2) centered on the Hpositions are
shown in Figure 3, except for a few cases in which the H
position is marked by a white cross. Based on comparisons
to the coordinates of unambiguous optical counterparts, we
found that the H | positions were systematically too far
south by 21A This was consistent along the entire slice, so
we have adjusted the declinations accordingly. The
resulting centroid positions have an rms scatter of 1&in
each coordinate relative to the optical positions, which is
the approximate pointing accuracy of the Arecibo telescope.

At several mapped positions, it was clear that the emis-
sion came from more than one source, based on variations
of the velocity ranges and proble shapes over the area of the
small hexagonal maps. In these cases (sources]2@1,
22] 23,37 38,and 59 60), we assigned the portion of

5 The numbering and identibcation of the sources in this paper super-
sede earlier listings based on a preliminary analysis (Spitzak 1996;
Schneider 1996).
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the Nux in each hexagonal map position according to its
suspected source. For sources 2021 and 59 60, the dis-
tinctions were sufficiently clear that we could Bt to the H of
each source separately, and the individual coordinates are
listed in Table 1.For the other two pairs, the separation was
less clear, but we have made our best estimates of the indi-
vidual H | parameters. We believe that all of these sources
would have been individually detected if they had been iso-
lated, and we therefore list them as separate sources in our
sample. In addition, source 40 was along the northern limit
of our survey, so that we did not have a good initial con-
straint on its position, and there seem to be some weak H
signals from nearby companions that further complicate
interpretation of the small hexagonal maps. As a result we
were unable to make a good estimate of its position.
Because of confusion, some measurements of these sources
are less certain, which we note by approximation symbols
before entries in the table.

For the interacting pair sources 23 23 (UGC
12914 5), we consulted the VLA HI data from Condon et
al. (1993)to estimate the HI properties of each galaxy. We
interpret their data somewhat diterently than they do
based on intercomparisons of our Arecibo and their VLA
maps. In particular, we examined our higher resolution
spectra for edges that might correspond to the upper and
lower limits of rotation in the two galaxies as mapped out in
the VLA velocity-channel maps. To us it appears that UGC
12914 has Hl at redshifts from 4030 to 4620 km-s1 ranging
from the northeast to the southwest. By contrast, the H
near UGC 12915 has redshifts from 4160 to 4700 km~-&
ranging from the southwest to the northeast. This would
indicate a larger velocity diterence between the two gal-
axies than found by Condon et al. The gas is clearly asym-
metrically distributed around each galaxy, with a large
amount probably associated with a tidal tail extending
south of UGC 12914 and a weaker excess extending north-
west of UGC 12915. Our total Nux of 15.75 Jy km-al is in
good agreement with the VLA value of 15.3 Jy km-l, and
based on the VLA maps we estimate that 60% of the total H
I emission is associated with UGC 12914 and 40% with
UGC 12915.

The heliocentric redshift, and line widths at 50% and
20% of peak, are listed in columns (4Y6). The shapes of the
H | probles are shown irFigure 3 along the bottom of each
panel; the panels are 1000 km~4 wide.

In column (7) we indicate the ““number of hornsfi,, in
each proble. Single-horn probles are Gaussian or triarﬁgular
in shape and are usually associated with face-on galaxies or
dwarfs. A two-horned proble is the signature of a rotating
disk system: because the disks have a nearly constant rota-
tion speed and are usually seen at a nearly Bxed inclination,
the gas clumps kinematically at two extremes. These pro-
bles normally have steep edges and weaker emission in the
center. We listN, \ 3 for probles that show an extra central
peak or that ha\r/]e the relatively square shape of a double-
horned proPle, but in which the central part of the proPle is
higher than the horns. These “triple-horned Ii proBPles indi-
cate the presence of a large amount of gas moving at lower
speeds along the line of sight than the gas forming the rota-
tion horns. This may be caused by warped disks, tidal inter-
actions, or confusion with companions.

For normal double-horned probles, the 50% width is the
less biased estimator of galaxy rotatiorfCorbelli & Schnei-
der 1997). However, in nine instances, the 50% and 20%



TABLE 1
H | OBSERVATIONSARECIBGLICE

[ w, w, /'S dv /'S .dv /'S, dv w Otset

Number a(1950) d(1950) (knﬁ"gb «mB1y  km&@y N, Oy K% Oy kflsn oy i) «mdEh)  (arcmin)
1) 2 3 4) )] (6) Q7) 8 9 (10) (11) (12)

... 220879 ] 230413 6206 81 150 3 1.36 1.66 0.80 116 17
2. 222845 ] 230723 1278 62 82 1 2.66 353 1.73 76 08
3. 223882 ] 230707 7154 87 130 1 4.14 478 3.21 142 05
4. 2256812 ] 234415 7189 39 125 3 083 1.19 0.54 161 17
5. 230137 ] 232507 1155 96 111 2 275 2.85 058 106 17
6. 230873 ] 2259 16 6336 31 50 1 1.46 1.62 1.20 45 08
7. 230669 ] 232149 4270 130 149 2 276 3.38 1.90 139 16
8. 231220 ] 233222 5961 578 612 2 2.38 3.31 1.96 514 13
9. 232002 ] 230603 5042 118 174 3 1.38 2.27 0.72 131 16
10 ... 232173 ] 233352 5895 122 154 2 1.93 210 076 140 21
11 ... 232042 ] 234249 5063 264 283 2 2.39 415 1.50 274 18
12 ... 232822 ] 231851 3403 95 166 1 6.78 8.86 1.95 200 22
13 ... 232857 ] 231529 3556 269 294 2 9.43 13.80 430 402 17
14 ... 232@6.3 ] 234542 4009 59 88 1 0.76 0.96 0.65 132 2.0
15 ... 232@12 ] 231701 6989 239 249 2 227 2.92 1.47 267 09
16 ... 232%88 ] 233935 5095 408 423 2 255 3.44 1.66 431 16
17 ... 233573 ] 233848 5603 164 189 2 0.92 1.68 0.87 166 01
18 ... 233252 ] 2341 44 5558 111 135 1 2.41 2.69 0.87 138 21
19 ... 23321.0 ] 232055 3054 188 208 2 4.06 5.46 3.14 209 08
20 ... D2340435 ] 231351 5355 331 344 2 2.46 3.01 237 344 1.2
21 ... 234@6.6 ]| 231408 5271 43 63 1 051 0.66 0.55 63 0.4
22 ... D2359050 ] 231246 D4325 D590 2 D714 D 9.45 12.36 623 16
23 ... D235905.0 ] 231246 D4430 D540 o 2 D476 D 6.30 12.41 623 16
24 ... 00032.8 ]| 234137 6573 133 178 2 234 2.72 1.28 196 21
25 ... 00029.1 ] 233059 4574 197 259 2 3.52 4.26 176 221 13
2 ... 000®0.1 ] 233213 4528 152 192 3 3.83 412 1.78 235 16
27 ... 001236 | 234137 6201 138 154 2 1.29 1.38 114 161 07
28 ... 00 1@4.3 | 231149 4459 221 234 2 5.02 5.59 3.28 243 1.2
29 ... 00127.7 ] 232732 4479 237 253 2 4.03 4.80 331 258 1.0
30 ... 002228 ] 233909 5679 190 198 2 1.10 1.08 0.60 141 18
31 ... 002610 ] 232653 5884 188 259 2 0.93 1.23 0.43 123 16
32 ... 00 2847 ] 230657 4658 213 230 2 3.58 456 3.31 249 13
33 ... 003693 | 230721 5190 268 280 2 2.70 2.64 2.12 271 12
34 ... 003395 ] 234535 5614 222 238 2 1.33 1.60 0.81 101 17
35 ... 003251 ] 2340 40 5252 524 544 2 3.15 3.08 1.03 525 1.9
36 ... 003457 | 234301 4618 549 625 2 6.22 8.30 532 657 11
37 ... D0040 155 ] 231308 7274 342 368 2 2.00 2.10 1.66 174 15
38 ... D0040155 ] 231308 7148 114 166 3 115 115 0.93 98 15
39 ... 004228 ] 233209 6650 61 74 3 0.60 0.59 053 107 0.9
40 ... D00 46 54.4 ] 2347 37 7157 138 177 2 0.81 1.39 0.63 141 1.9
a o 004451 ] 2312 34 2622 66 80 2 071 0.01 0.54 120 1.9
42 00536.6 ] 234655 4962 47 55 1 0.44 0.44 032 53 13
43 005892 ] 233650 4834 171 203 3 3.67 4.1 1.95 213 17
4 011259 ] 2342 06 6777 224 246 2 3.18 4.01 1.52 408 1.9
45 01286.6 ] 234145 3415 63 98 1 4.69 6.66 2.68 90 16
46 ... 013241 ] 234522 3316 115 144 2 503 7.57 2.10 131 21
a7 013513 ] 233356 563 51 66 1 1.16 1.76 0.56 91 16
48 ... 014213 ] 233115 3874 44 58 1 0.54 0.86 0.47 57 14
49 ... 014B47 ] 230917 5614 332 411 2 155 2.09 0.72 165 23
50 ... 015D5.7 ] 233958 2914 118 146 2 1.69 2.03 111 165 13
51 ... 015D7.1 ] 232423 4919 124 158 3 4.93 5.46 2.98 180 06
52 ... 01557.0 ] 233046 5029 121 139 2 1.41 1.79 075 111 1.8
53 ...... 015848 ] 2310 39 5041 171 210 3 2.04 2.49 1.38 180 14
54 ... 020823 ] 233105 2832 122 143 2 1.74 2.27 1.25 118 14
55 ... 02 0B5.8 ]| 234708 4812 252 204 2 1.79 2.42 0.30 65 21
56 ... 020873 ] 233619 5105 64 82 1 1.26 154 0.96 89 1.0
57 ... 02089.8 ] 230058 8162 169 251 3 259 311 137 160 07
58 ... 02 1@7.7 ] 230049 2452 54 72 1 034 0.39 0.19 39 05
59 ... D022220.6 ] 233708 6574 69 104 1 153 2.03 0.86 206 17
60 ... D0222315 ] 233615 6631 180 213 2 1.78 2.06 1.40 203 1.0
61 ... 02 2295 ] 225926 6399 398 436 2 4.19 5.88 3.28 429 0.9
62 ... 022989 | 233409 6287 296 315 2 2.30 201 1.63 156 1.2
63 ... 02 280.7 ] 234458 5484 247 267 2 1.49 1.85 1.24 265 1.0
64 ... 022840 ] 232535 4159 120 142 2 1.40 1.37 1.27 148 08
65 ...... 02302.8 ] 2306 02 5563 250 266 2 5.31 5.83 4.44 277 15
66 ...... 02389.6 ] 2315 42 4414 160 176 2 1.40 1.89 1.08 174 16
67 ... 023627 ] 231143 4360 606 633 2 9.18 12.48 6.44 633 13
68 ...... 023381 ] 234054 5649 246 278 2 7.47 9.29 4.93 265 15
69 ... 023870 ] 230513 8239 319 368 2 2.70 2.85 061 273 1.4
70 .. 023253 ] 230307 7661 174 189 3 001 1.34 075 199 1.9
71 02 4437 ] 232316 6196 345 386 2 2.68 367 1.01 217 2.0
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TABLE 1E Continued
c w, w, /'S dv /'S, dv /'S, dv w Otset

Number  a(1950) d(1950) (krﬁ“gb «m¥y  «m@y N, Oy KLy Oy dflsy oy sy kmEh  (aremin)

6 ) ® @ o) ©® T ® © (10) a2
72 . 024909 ] 231156 6054 319 332 2 4.07 4.32 1.82 465 2.2
73 ... 02 4967 | 230345 469 30 53 1 0.97 1.07 0.31 34 0.4
74 ... 02549.9 ] 231041 6071 116 140 2 1.63 1.68 1.16 140 11
75 . 025401 ] 233513 411 31 51 1 0.49 0.64 0.23 61 1.0

NonEH IEselected Sources

76 ... 223%0.3 | 230818 7148 ... Confused 1.9
77 . 230029 | 232922 7775 156 161 2 0.47 D0.14 D 161 2.1
78 ... 231205 | 233253 6122 108 128 3 0.17 D 0.07 D 128 1.9
79 ... 231D1.3 | 232447 6048 ... 1010 1.8
80 ...... 231241 ] 230039 7935 438 458 2 0.69 D0.32 D 458 15
8L ...... 235D6.8 | 232116 8184 ... \ 018 16
82 ... 001243 ] 232944 5829 389 405 2 0.65 0.58 356 1.8
83 ...... 002203 | 233021 7389 206 228 2 1.61 2.34 0.60 242 1.9
84 ...... 002454 ] 231437 6896 90 106 D 0.46 .. 0.36 106 0.9
85 ... 003439 ] 234234 4505 07
86 ...... 003%35 | 232013 7566 134 171 2 Confused D 0.06 D171 17
87 ... 004@40 ] 231400 7571 359 390 2 1.10 1.56 0.80 390 1.4
88 ...... 004%13 ] 233336 6493 D37 D69 ... DO.75 .. 0.44 69 1.4
89 ...... 005@0.1 | 233458 5086 283 300 2 052 0.28 117 0.9
90 ...... 005@2.6 ] 234235 5043 136 173 2 0.38 .. 0.47 106 0.6
91 ... 023332 ] 233640 5734 177 217 2 0.86 153 0.42 269 1.7

NOTES&Cols. (2)E(3): Units of right ascension are hours, minutes, and seconds, and units of declination are degrees, arcminutes, and arcseconds. Col. (4):
Mean velocity of 50%-of-peak points in proble. Cols. (5) and (6): 50%- and 20%-of-peak widths measured as fraction of peak at each edge of proble in
two-horn proBles. Cols. (8](10): Integrated Nux under H proBle for single-beam centered on best-Bt position; integrated over seven-beam hexagonal map
area; and in original search spectrum. Col. (11): 20% width as determined in original search-spectrum detection. Col. (12): Otset of detection position from

best-bBt HI position.

widths vary by more than 50 km s-1, which suggests com-
plications that need to be considered more carefully. For

source 49 the cause appears to be noise. Sources 12 and 36

have shallow-sloped edges to their probles and are clearly
interacting with near neighbors based on their optical
images; some outer gas is probably orbiting at a higher
inclination than the main disk. For sources 25 and 31, small
shoulders on one side of the proble may actually be small
companions. In all of these sources, the 20% line width
would tend to be overestimated, and the 50% line width
remains the better indicator of galaxy rotation.

The four other sources with line width discrepancies (1, 4,
9, and 57) are in our class of ““triple-horned Il proPles. For
these galaxies, low-velocity gas has raised the reference Nux
density against which the 50% comparison is made, so that
it is probably measuring too narrow a line width. We would
therefore recommend using the 20% line width as a better
indicator of the rotation speed in these and the other triple-
horned galaxies.

We list the central Nux in column (8)Ethis is interpolated
to the centroid position of the H | using our model Bt to the
seven positions of the small hexagonal map. We were also
able to determine the total integrated HI Nuxes by summing
the seven spectra, weighted so that the sensitivity is nearly
uniform over a 5@iameter area. The total HI Nux is given
in column (9), and the probles in the Bgure are based on
these summed spectra.

2.3. Other Galaxies in the Search Volume

Using long ““on-ot Il integrations and reexamination of
the survey spectra, we also searched for Hemission from
cataloged galaxies potentially within our search volume.
This added 10 more sources that have 21 cm detections and
four more with optical redshifts within the search volume.
Two additional sources were also identibed during follow-

up H | observations in the region, making a total of 16
nonEH IEselected sources in our search volume.

For six galaxies with optical redshifts (82, 84, and &90)
we found features in the survey spectra that probably corre-
spond to their H | emission but that we did not originally
identify as part of the H | search. These all fall fairly close to
our detection limit, and in the two strongest sources, inter-
ference at a nearby frequency appears to be the reason for
their rejection in both the visual and software searches. The
signal from source 87 is at least partially confused with the
nearby pair 37] 38; we include it as a detection since there
appears to be some weak emission in velocity ranges not
covered by 37 38.

Source 83 was detected during conbrmation observations
in the ““ot i scan of a suspected source. Reexamination of
the search spectrum nearest its position shows weak evi-
dence for this source, but it was again close to our detection
limit. Source 91 was found during the detailed mapping of
source 68, which triggered the detection, but we do not
think source 91 would have been detected on its own, so we
include it in the nonEH IEselected group.

These norEH IEselected sources provide useful checks on
the limits of our surveyls sensitivity, and they provide an
interesting comparison sample. We include the available 21
cm information for these sources inTable 1. Values
extrapolated from observations made at nearby positions
are marked with an approximation symbol.

Two close companions to HIEich galaxies had reported
H | detections that we believe are due to confusion based on
our own mapping. IC 1559 (source 85) is jufd@ southeast
of NGC 169 (source 36). It has a listed H detection in the
compilation of Bottinelli et al.(1990),but we cannot identify
the original source of this value. Our mapping does not
show any evidence of independent H emission from IC
1559, but higher spatial resolution is needed to make a
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debnite determination. Similarly, IC 5242 (source 76) is®
northwest of the H IEich IC 5243 (source 3). Our map
conbrms the doubts ofGiovanelli et al(1986) that IC 5242
was actually detected at 21 cm. Both of these sources do
have optical redshifts, though, so they remain part of our
nonEH |Eselected sample.

Finally, we note that several sources with previous
reports of H | emission generated negative results. We could
not conbrm the marginal detections of UGC 12663, CGCG
482-050, or IC 190 reported byGiovanelli & Hayne$1989)
at redshifts that would have placed them within our search
volume. Our spectra had lower rms values than theirs, and
we had experienced interference at the frequency of the
reported detection of UGC 12663. Since we know of no
optical redshifts for these sources, we treat them as sources
of unknown redshift and drop them from further consider-
ation.

2.4. Hl Detection L imits

To aid in understanding the detection statistics of our
survey, in columns (10) and (11) afable 1  we list the inte-
grated Nux and the line width at 20% of peak as determined
from the original search spectra before making any correc-
tions for frequency response or pointing. The detected Nux
is atected strongly by the position of the telescope beam
relative to the source; the otset of the H centroid from the
nearest point on the search grid is given in column (12).

Understanding the way in which survey sensitivity
depends on observational factors is essential for deriving
population statistics from such a sample (Schneider 1997;
Schneideret al. 1998)In principle, a source of a given inte-
grated Nux should be harder to detect if it has a wider
proble since noise is added to it in proportion to the square
root of the number of channels(Schneider 1996 ; Zwaanet
al. 1997). We plot the detected Nuxes against their line
widths in Figure 4, and we show a “ 51l detection limit
based on this statistical noise argument. This is fairly good
at delineating the diference between detectedb(led
symbol3 and undetectedgpen symbolssources. The bound-
ary is somewhat fuzzy, though, and it appears that wider
probles are somewhat more difficult to detect than the sta-
tistical uncertainties alone would suggest. We explore this
more thoroughly in our analysis of the H | mass function
(Schneidert al. 1998).

10 = *,+ HI-selected =
¢,0 Magnitude—selected . E
x Other ]

fSdv (Jy km s7!)

0.1

1000

100
Ay, (km s71)

FIG 4.EObserved H | Nux vs. line width for sources in the Arecibo
slice. H IEselected sources within our survey are shown by Plled triangles
and circles. Open and Plled circles indicate magnitude-selected objects.
Sources selected by neither criterion are marked by crosses. The line shows
a simple prediction of the 5p detection limit for H | sources. (See text.)
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Figure 4 also introduces a notation we shall use through-
out the remainder of this paper. We mark the objects
detected as part of our HIEselected sample by Plled symbols
and magnitude-selected sources (debned as being in any of
the magnitude-limited catalogs discussed ih 3.1) by circu-
lar symbols. Sources belonging to neither set are marked by
crosses. The HIiEselected sample is split roughly in half
between ““optically brightil HI sources (shown as Plled
circles) and ““optically faintli HI sources (shown as Blled
triangles). This division provides us with the opportunity to
examine selection etects inNuencing the inclusion of gal-
axies in diferent catalogs. We will show irf 4.2 that the
optically bright H | sources are in fact “ star-dominated Ii
while the optically faint H | sources are ““ gas-dominated.]i

2.5. VL A Observations

Based on the Arecibo results, several of our objects have
quite extreme properties. We targeted sources 14, 17, and 75
with the VLA in D-array primarily to determine precise
positions of the H | to aid in their optical identibcation. In
addition source 18 was detected in the Peld of source 17.

The observations were 10 minute long ““ snapshots Ii with
a frequency resolution after on-line Hanning smoothing of
97.7 kHz © 21 km s~1). The Nux calibration was based on
VLA standards, and for each source a nearby phase cali-
brator was observed at the same Doppler-shifted frequency
as the H1 source. The images were reduced using standard
Astronomical Image Processing System (AIPS) procedures.
The synthesized beams were nearly circular witld 50A
HPBW, and the rms noise wad 1.4 mJy per beam.

The VLA results are given inTable 2. Coordinates are
listed in columns (2) and (3) and are marked by white
crosses inFigure 3. The otset from the Arecibo position is
given in column (4). The AIPS Gaussian bts to the source
positions quoted errors of\ 1A but it seems more reason-
able, given the beam size, to suppose an accuracy &1BA
The integrated Nux, as a fraction of the Arecibo total Nux is
given in column (5), and the deconvolved H dimensions in
column (6).

The VLA position for source 14 indicates it is associated
with an extremely low surface brightness object east of the
Arecibo position. The optical data presented in® 3 show
that this object has the lowest surface brightness of any of
our sources. The VLA and Arecibo spectra are compared in
Figure 5.

Source 17 is over @outh of its Arecibo position. The
problem with the Arecibo position may arise from sidelobe
confusion with source 18, which is @ortheast of the VLA
position for source 17. This could also explain the substan-
tially smaller H | Nux determined at the VLA. However, the
VLA detection of source 17 is concentrated almost entirely
over the velocity range of the high-velocity horn seen in the
Arecibo proble. This suggests that the VLA observations
may not have been deep enough to detect gas that is more
extended associated with the main disk of the optically
edge-on galaxy seen irFigure 3. One possibility is that
there may be extended tidal debris between these galaxies
below our detection threshold at the VLA; this would
accord with the apparent tidal tail extending to the north-
east of source 17 seen in the optical image.

Source 75 is the nearest and the lowest mass object
detected in our survey. Based on its Arecibo position, it had
no clear optical counterpart, and, unfortunately, the VLA
position indicates it is 1446 south and6% west of the bright
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TABLE 2
VLA H | OBSERVATIONS

/ § dv

Otset /'S _.dv Dimensions

Number a(1950) d(1950) (arcmin) (aFanin) (arcmin)
1 @) 3 4 ®) (6)

14 ... 232986 ] 234527 0.58 1.15 15 1.0
17 ... 233673 ] 233754 0.90 0.36 111 0.3
18 ...... 233249 ] 234137 0.14 0.91 1]1 0.5
75 ... 025425 ] 233511 0.55 0.63 0]o 0.0

NOTESCols. (2)E(3): Units of right ascension are hours, minutes, and seconds,
and units of declination are degrees, arcminutes, and arcseconds. Col. (4): Otset of
VLA position from best-bt Arecibo position. Col. (5): Ratio of VLA and Arecibo total
Nuxes. Col. (6): Estimated H dimensions based on Gaussian Bt and deconvolution

from beam.

star in Figure 3. The VLA and Arecibo spectra are com-
pared in Figure 5. The VLA Nux is smaller than the Arecibo
Nux, although both are weak and are subject to fairly large
uncertainties. The Arecibo Nux we give iTable 1 is the
average of three separate small hexagonal maps; these maps
also suggested that the source might be somewhat extended
as is also suggested by the larger total Nux than single-beam
Nux in the table. The VLA observations indicate the Hi
source is pointlike based on an AIPS Gaussian deconvolu-
tion of the source from the beam, so if the larger Arecibo
Nux is correct, there may be some extended IHemission in
the region.

The VLA Nuxes and deconvolved H diameters allow us
to estimate an average face-on surface density ofllih these
systems Source 14 has an estimated surface density of
2] 1020cm~2, which is well below the threshold for star
formation of D 1021 cm~2 found by Taylor et al.(1994).
Our beam does not allow us to resolve clumping of the H,
but the smooth optical appearance suggests that the density
of H I may be low throughout the disk of source 14. This is
in contrast to the relatively bright (although also
uncataloged) source 18, which has a surface density of
9] 1020cm~2 and which appears optically to have knots
of star formation. Finally, since source 75 is unresolved, we
cannot estimate a mean column density; if we assume it is
smaller than 0@, the surface density would b¢ 7] 1020
cm~2, which does not provide us with any Brm indication of
whether we should expect to see current star formation.

3. OPTICAL OBSERVATIONS

3.1. Optical Crossldentibcation

After detecting our sources, we initially searched for
optical counterparts by examining the POSS. Almost all of
the sources have at least one likely counterpart within a
small distance of the HI position. Figure 3 shows our own
R-band CCD images for the HIEselected sources (s€e3.2
for details of this imaging). Each Peld is@ 3@centered on
the position of the Arecibo H | detection, except sources 21
and 40, where the H positions are noted by plus signs.

In Table 3we give the optical coordinates of the source
we judge the most likely association in columns (2) and (3).
Generally this is the brightest object within I@although in
regions in which there is more than one candidate, we have

6 Confusion and the uncertain geometry of source 17 make it impossi-
ble to estimate an appropriate surface density from these data, although a
simple analysis would suggest a value between sources 14 and 18.

compared all of the data from the survey and hexagonal
maps, noting proble asymmetries and relative strengths in
order to identify the most likely association. This is not a
guarantee that the optical and HI sources are the same, but
in all but a few confused regions discussed below, the associ-
ation seems nearly certain.

The positions were determined from the Digital Sky
Survey (DSS) by extracting images centered on the H
coordinate and then determining the otset to the optical
source in pixels from the image center. The accuracy of
these positions is close to thelA7 pixel size of the DSS
images: for 19 sources with high-accuracy measurements
listed in the NASA/IPAC Extragalactic Database (NED),
our rms positional diterences wer@A3 ima and 1A in d.
Compared to the precision measurements of Klemola,
Jones, & Hanson (1987) for nine of our sources, the rms
diterences arelX) ina and 1AL in d. The ofset of these
objects from the Arecibo HI positions are given in column

(4).
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FIG 5.EComparison of Arecibo and VLA spectra for two unusual H |
sources. Source 14 has the lowest surface brightness of any of our sources,
while source 75 has the lowest redshift and lowest mass of any of our
objects. The VLA spectra are shown with a solid line, and the Arecibo
spectra with a dotted line.



TABLE 3
OPTICAICOUNTERPARTS TOHHESELECTEBMPLE

OPTICAICATALO®ROSEDENTIFICATIONS

UV Excess/
Otset Magnitude Diameter Emission IRAS FIR

NUMBER  a(1950) d(1950) (arcmin) Limited Limited Line 60km/100 km Morphology

(1) (2 (3) (4) (5) (6) (1) (8) 9)
1........ 220D9.1 ] 230438 0.5 ol
2. 222846 ] 230707 0.3 LSBC F533-01 Y A Im
3. 22 390.3 ] 230650 0.6 IC 5243 UGC 12153 Ark 562/KUG 0.538/ 2.538 S? pec
4........ 22583.6 ] 234409 0.5 o
5........ 23014.8 ] 232459 0.3 ESDO 535-04 .. o
6........ 23088.7 ] 225924 0.3 o
T 23005.8 ] 232138 0.3 ol
8........ 23124.1 ] 233200 0.6 CGCG 476-013 UGC 12533 o o Sbc
9........ 23208.0 ] 230602 0.5 CGCG 476-023 o o . S
10 ...... 23247.7 ] 233408 0.3 U
11 ...... 232D49 ] 234242 0.2 CGCG 476-031 UGC 12583 ... o Scd
12 ...... 232817 ] 231849 0.1 NGC 7673 UGC 12607 Mrk 325/UCM/KUG 4.913/6.893 (RBAC? pec
13 ...... 23286.6 ]| 231522 0.2 NGC 7677 UGC 12610 Mrk 326/KUG 3.956/5.915 SAB(rc)bc: pec
14 ...... 232989 ] 234538 0.6 ol
15 ...... 23282.1 ] 231655 0.2 CGCG 476-061 . KUG 0.301/1.111 S?
16 ...... 232%9.7 ] 233948 0.3 CGCG 476-064 UGC 12655 . R A SO
17 ...... 233669 ] 233739 1.2 o
18 ...... 23324.3 ] 234142 0.2 o
19 ...... 233210 ] 232032 0.4 NGC 7712 UGC 12694 KUG 0.656/1.860 E?
20 ...... 234@3.0 ] 231402 D 0.2 ... FGC 2530 ... Scd
21 ...... 234@6.0 ] 231319 D 0.8 o
22 ...... 235®4.4 ] 231222 D 0.4 CGCG 477-040 UGC 12914 Kaz 240 6.128/14.010 (R)S(r)cd: pec
23 ...... 23598.0 ] 231307 D 0.8 CGCG 477-041 UGC 12915 6.128/14.010 S? pec
24 ...... 00 0830.7 ] 234130 0.5 o
25 ...... 00 038.4 ] 233038 0.4 KUG o S
26 ...... 00069.7 ] 233221 0.2 NGC 9 UGC 78 KUG/UCM 0.737/1.527 Sh: pec
27 ...... 00 1235 ] 234128 0.2 KUG ol S
28 ...... 00 1@4.4 ] 231202 0.2 CGCG 478-053 UGC 179 ... o Scd:
29 ...... 00 128.6 ] 2327 33 0.2 CGCG 479-016 UGC 210 o ol Sh
30 ...... 00220.0 ] 233849 0.7 LSBC F473-01 B A Im
31 ...... 00 2460.8 ] 23 26 46 0.1 ol
32 ...... 00 2%4.7 ] 2307 10 0.2 CGCG 479-037 UGC 321 o R A SBcd?
33 ...... 003®8.1 ] 230720 0.3 CGCG 479-040 S?
34 ...... 00 339.7 ] 234543 0.1 MCQ 04-02-032 UGC 354 ... o ...
35 ... 00 325.7 ] 234058 0.3 NGC 160 UGC 356 U A (R)SAOpec
36 ...... 003435 ] 234258 0.5 NGC 169 UGC 365 1.118/3.668 SA(s)ab: pec
37 ...... 00 4a6.7 ] 231250 D 0.4 CGCG 479-061 ... UCM 0.783/2.233 SB
38 ...... 00 408.7 ] 231329 D0.8 NGC 228 UGC 458 ... R (R)SB(r)ab
39 ...... 004226 ] 233200 0.2 Y A
40 ...... 004D02.8 ] 234624 D23 o
41 ...... 004946 ] 231235 0.1 o
42 ... 00 535.7 ] 234659 0.2 Y A
43 ...... 00 5488.7 ] 233710 0.3 CGCG 480-025 UGC 591 UCM o S?
44 .. ... 011252 ] 234209 0.2 MCQ 04-04-003 . e ol .
45 ... 01287.0 ] 234148 0.1 UGC 1084 ol Sm:
46 ...... 01324.6 ] 234506 0.3 o
47 ...... 013%0.3 ] 233337 0.4 o
48 ...... 014215 ] 233108 0.1 o
49 ...... 01 4B5.7 ] 230908 0.3 o UCM ol Sa
50 ...... 015D6.6 ] 234002 0.2 B A
51 ...... 015D6.1 ] 232407 0.3 NGC 776 UGC 1471 UCM 1.250/3.099 SAB(rs)b
52 ...... 01566.1 ] 233056 0.3 o
53 ...... 015852 ] 231037 0.1 CGCG 482-046 0.248/0.818 S
54 ...... 02032.4 ] 233116 0.2 UGC 1538 ol Im:
55 ...... 02 0B4.3 ] 234718 0.4 o
56 ...... 020847.8 ] 233623 0.1 Y A
57 ...... 02 0&2.6 ] 23 00 56 0.7 o UCM 0.602/1.369 St
58 ...... 02 1@6.7 ] 230129 0.7 o
59 ...... 02229.1 ] 233736 D 0.6 CGCG 483-034 . . R A S?
60 ...... 02 231.0 ] 233608 D 0.2 CGCG 483-036 ... ... 0.335/2.598
61 ...... 022813 ] 225929 0.4 CGCG 483-063 UGC 1938 . 0.2931.688 Shc
62 ...... 022885 ] 233424 0.3 CGCG 483-065 UGC 1950 . 0.3604.631 S?
63 ...... 02 2@9.7 ] 234454 0.2 o
64 ...... 02 2®4.4 ] 232558 0.4 o
65 ...... 02 3@2.8 ] 2306 27 0.4 CGCG 484-005 UGC 2020 .. o Scd:
66 ...... 02 379 ] 231557 0.5 o
67 ...... 023b15 ] 231141 0.3 NGC 984 UGC 2059 . O SAOpec
68 ...... 023375 ] 234055 0.1 CGCG 484-012 UGC 2079 .. 0.513/1.522 SAB(s)c
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TABLE 3E Continued
OPTICAICATALOG®ROSEENTIFICATIONS
UV Excess/
Otset Magnitude Diameter Emission IRAS FIR
NUMBER a(1950) d(1950) (arcmin) Limited Limited Line 60km/100 km Morphology
@) &) 3) @ ®) (®) @ ®) ©)
69 ...... 023855 ] 230502 0.4 CGCG 484-016 UGC 2104 0.386 Scd:
70 ...... 02 326.7 ] 230318 0.4 ol
71 ... 0244018 ] 232310 0.4 CGCG 484-018 UGC 2248 0.847/1.955 SO:
72 ... 02 4%48.8 ] 231149 0.5 CGCG 484-019 UGC 2267 oo (R)SB(r)b
73 ...... 02 446.3 ] 230358 0.2 ol
74 ...... 02549.0 ] 231028 0.3 LSBC F480-V03 ol SBm
75 ... oo .
NonEH |Eselected Sources

76 ...... 22 3%1.3 ] 230847 IC 5242 UGC 12148 ucm 1.109/3.121 Sa
77 ... 230@29 ] 232922 CGCG 475-028 . 3.641/5.515
78 ... 231205 ] 233253 Mrk 317/KUG 0.66%/ 2.799 S?
79 ... 231D14 ] 232445 NGC 7539 UGC 12443 s SO
80 ...... 231250 ] 230037 UGC 12449 N
81 ...... 235D6.8 ] 232116 ucm oo
82 ...... 00122.7 ] 232942 IC 1540 UGC 186 ol SBb
83 ...... 00220.2 ] 233029 0.1 ol .
84 ...... 002454 ] 231437 HS s
85 ...... 003439 ] 234234 IC 1559 Mrk 341 1.118/3.668 SAB pec:
86 ...... 003%36 ] 232020 CGCG 479-049 Mrk 344 cod E?
87 ...... 00 4@5.7 ] 231408 NGC 229 ol
88 ...... 004413 ] 233336 HS sl
89 ...... 00589.9 ] 233458 CGCG 480-028 UGC 612 0.339/1.475 S?
Q0 ...... 0056825 ] 234235 CGCG 480-029 s Sc
91 ...... 023322 ] 233648 0.3 0.2140.942

NOTES&Cols. (2)E(3): Units of right ascension are hours, minutes, and seconds, and units of declination are degrees, arcminutes, and arcseconds. Col.
(4): Otset of optical position from best-bt Arecibo H position. Col. (5): NGC and IC (Dreyer1888, 1895, 1908)CGCG (Zwickgt al. 19&1968); MCG

(Vorontsov-Velyaminov et al. 196Z1968).Col. (5): UGC (Nilson 1973) ESDO (Edeetal. 1989);SBC (Schombegt al.
(Kazaryan 1979)CM
1996%ol. (8) IRAS 60km and 100km Nuxes for detected sources. Col. (9): Morphological types from NED.

1993).Col. (7): Mrk (Markaryanet al. 1989) Ark (Arakelian 1975Kaz
Miyauchi-Isobe 1993) HS (Popescet al.

Source 75 is too close to a bright stellar object seen in the
image to identify it with an obviously extended source. The
stellar object is almost certainly a foreground star, although
since this is our lowest redshift and lowest mass source, it is
unresolved in our VLA observations, and it is the only one
so closely aligned with a bright stellar object, its identibca-
tion as a star should be conbrmed. Unfortunately, since this
source has the latest hour angle of any of our sources, the
CCD observations had to be made at about 2 air masses, so
they are not quite as deep as for the other sources. If the
source is no closer to the star than indicated by the VLA
position, we can rule out an extended source with a surface
brightness brighter than about 25 mag arcse®, which
would be detectable at this position based on experiments
with the image. We also made long ld observations of the
region, and the Ha[ R image, which cancels out light from
the bright star, shows no evidence of an B source in the
redshift range of the Hl source.

Source 39 appears to be a clump of several small, faint
objects embedded in an even fainter background; this may
be an interacting system. Source 57 is probably a composite
ure 3, but we could not separate the H signals. The large
line width is probably associated with the edge-on galaxy
east of the HI centroid, and that is the galaxy for which we
list optical data.

We searched NED for corresponding cross-
identibcations, and these are given in columns 9) of
Table 3. Actually, only 37 of our H IEselected sources had
been cataloged in NED when the planning of this survey
began, but a number of sources have been subsequently

199BGC
1994, Reig.
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identibed in a variety of surveys. The kinds of sources
detected by various surveys are an interesting study in dif-
fering selection etects. IMable 3 we divide the identibca-
tions into several categories: magnitude-limited surveys,
diameter-limited surveys, emission-line and ultraviolet
excess surveys, and far-infrared surveys.

Column (5) lists cross-identibcations with the three major
magnitude-limited galaxy catalogs covering the region: the
NGCI/IC, the CGCG, and the MCG (see table notes for
references) in that order of precedence. The NGC/IC
sources are fairly complete down to a photographic magni-
tude limit of 14, and the CGCG and MCG extend this to
about 15.7, although the limits of the MCG seem much less
uniform. These catalogs identify 35 of the 75 HEselected
sources.

Column (6) lists sources in diameter-limited catalogs. The
UGC is diameter-limited to an angular size® 1@t the etec-
tive surface brightness limit of the POSS. It picks up only
two of the H IEselected sources missed by the magnitude-
limited catalogs; on the other hand, it misses only seven of
the magnitude-limited sources. In addition, a 48diameter-
limited search for edge-on, ““Nat il galaxies (FGC) detected
one more of the HIEselected sources.

Most of the H IEslice region (covering sources 1, 24,
27655, and 7E/5) was examined on the POSS Il by
J. Schombert (references LSBC and ESDO in the table) in
search of dwarf and LSB galaxies to a diameter limit of
20A30A He detected four more sources, two of which
exceed the @JGC limit on the POSS Il plates, which are
approximately 1 mag deeper than the original POSS. Over
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the area covered by plates that Schombert searched, there
are 19 H | sources not in other magnitude- or diameter-
limited catalogs (17 found only in the HI survey), most of
which are LSB objects not included in his lists.

In column (7) we list cross-identiBcations from UV-excess
and emission-line surveys. For sources identibed in num-
bered lists (Mrk, Ark, Kaz), we give the source number. In
catalogs that list sources by their truncated coordinates, we
note only the catalog name. These other catalogs are the
Universidad Complutense de Madrid survey of emission-
line galaxies (UCM), the Kiso Ultraviolet Galaxy survey
(KUG), and the Hamburg QSO Survey (HS).

The UCM survey covers approximately 36; along
various sections of the HI slice. Of the 44 H IEselected
sources in their search regions (3, 4E89, 2226, and 3&
58), seven were detected. The KUG survey covers the slice
at right ascensions earlier than 0@L2m where it detected
eight of the 27 HIEselected sources. In areas covered by at
least one of these surveys, they detected four of 18 sources
that were not detected by the magnitude- or diameter-
limited surveys.

In column (8) we note whether the source was detected in
the far-infrared (FIR) by the Infrared Astronomical Satellite
(IRAS). If s0, the published 60 and 10@m Nuxes are listed
(Moshir et al. 1990; Zamorano et al. 1994). The FIR-
detected sources are generally among the brightest of the
galaxies, although there are a few interesting exceptions,
including two of the emission-linddetected sources and the
accidentally detected H1 source 91. We should note,
however, that the accuracy of the FIR source positions is
uncertain enough that some associations may be spurious.

Finally, in column (9) we list morphological classi-
Pcations given in NED. The designation ““pec|l indicates
that the morphology was identibed as unusual or that the
source appears in a catalog of peculiar or interacting
sources (Vorontsov-Velyaminov 1959; Arp 1966; Zwicky
1971).These peculiar objects are often tidally disturbed gal-
axies, and they show a high degree of overlap with the FIR,
UV-excess, and emission-line sources.

3.2. Optical CCD Observations

To study these objects in more detail, we obtained broad-
band optical images of all but one of the H IEselected
sources, along with several of the ndfH IEselected sources.
These data were collected using the 0.9 m NOAO telescope
at Kitt Peak, AZ in two observing sessions using Tektronix
CCDs with 1024] 1024 or 204§ 2048 arrays and a pixel
spacing of 060 and (%68, respectively. Images were
obtained using JohnsonB, R, and | Dlters, generally with
5E10 minute integrations and multiple exposures for the
fainter sources.

The regions around our H 1 positions shown in Figure 3
are logarithmic stretches of theR-band images. All of the
images are shown with the same stretch so that they may be
directly compared. The stretch is designed to keep the
central regions from being ““burned outil while revealing
outer LSB features. This stretch makes some of the stellar
images look larger than the seeing, and it brings out some
artifacts. Linear features rotated a few degrees clockwise
from the cardinal directions are due to ditraction spikes.
(Also note that the center of the subimage that was Nattened
for these images was based on telescope coordinates, which
is why some do not extend to the edge of the frame in the
Bgure.) We did not obtain imaging for source 11, so we have
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substituted estimates for theB-band data of source 11 based
on the DSS image. This was calibrated relative to several
other galaxies covering the same surface brightness range
on the same POSS plate. We have attempted to stretch the
POSS image similarly for the Bbgure. Also, because of some
technical problems across part of theR-band image of
source 10, we display it8-band image in Figure 3.

The optical data were calibrated using Landolt (1992)
standards, air-maskcorrected, and Nattened using standard
Image Reduction and Analysis Facility (IRAF) procedures.
The seeing was typically aboufi/s for théB and R images.
Most of our IEband data was collected under poorer seeing
of up to D 3A Using the STSDAS package of IRAF, ellip-
tical isophotes were Bt to thé3-band images from the center
of each galaxy out to well beyond any detectable signal at 2
pixel increments of the isophotal radius. Where the signal
became too weak, the ellipses were held to the same center,
position angle, and axis ratio as the last good Bt. The
B-band data were generally adequate to make isophotal
measurements taD 27 mag arcsee2, and the R-band was
about 12 mag deeper. Magnitudes aR and | were deter-
mined within the isophotal boundaries determined aB.

The optical measurements are listed iriTfable 4. The
B-band magnitude measured within the 25 mag arcse2
elliptical isophote is given in column (2). This is uncorrected
for Galactic extinction, A_, which we list in column (3) as
determined using theCOBE-based maps ofSchlegel, Fink-
beiner, & Davis (1998).This new extinction map has much
higher resolution and indicates a larger average extinction
in this region than the method ofBurstein & Heiles(1982).

The surface brightness at each radius is atected by the
inclination of the galaxy as well as the extinction, and the
face-on surface brightness would be fainter by 2.5 lot/&)
(where b/a is the axis ratio of the ellipse) if the stars are
distributed in a thin disk. After making the extinction7 and
inclination corrections, we interpolate to the ““true Il 25 mag
arcsee-2 isophotal size and determine a correcteB mag-
nitude, which is given in column (4). We also esftimate the
“‘total Il extrapolated magnitude in column (5), based on Bts
to the light distribution described in ° 3.3below.

The major axis diameter of the elliptical bt at the cor-
rected 25 mag arcse€ isophote is given in column (6). The
Holmberg diameter is given in column (7), and the
“etective il or “ half-light 1l diameter is given in column (8).
This last measurement is the size within which half of the
total light is contained, again based on bts to the light
distribution described in ° 3.3. We list two estimates of the
axis ratio, at the 25 mag arcse€2 and Holmberg isophotes,
in columns (9) and (10), and the position angle at 25 mag
arcsee-2 in column (11). The two axis ratio values give some
indication of the uncertainty in the galaxy inclination and
whether the outer disk may be warped.

In columns (12) and (13) we list interpolated values of the
B[ RandB[ | colors within our BQ_isophote. To account
for the wavelength dependence of the extinction, we assume
A_\ 0.47A_ and A\ 0.32A_ We also list the central
(ij R) coI%r in colhmn (14)-determined at the brightest
pixel ngar the center of the galaxy and extinction corrected
as already described.

7 We do not make internal extinction corrections for each galaxy, since
these are relatively uncertain and not clearly applicable to our LSB
systems. Using theRC3 prescription oA_\ 0.7 log [sed){, most of the
galaxies would have an internal extinct?bn of\ 0.2, although the most
edge-on systems could have extinctions 8f0.5.



TABLE 4
OPTICAIM EASUREMENTS OFHTHEELECTEBMPLE

Number

o e %

P.A. r
B? (arc?ﬁrﬁn) (arc'Fhm) (ar?:@%) Wa) /), (deg) BIR) B[ 1) Bl R, k, f k. (ardec)
5) © o ay 2 @3 ‘an’ af ad an a9

1........ 1690 0.40 16.51 16.42 0.53 0.67 0.30 0.80 0.80 129 0.86 1.16 0.75 2205 ... 2245 7.6
2. 18.07 0.23 18.05 16.94 0.39 0.91 0.58 0.69 0.82 62 0.73 0.86 0.81 2372 ... 2385 9.8
3. 1466 0.26 14.41 1439 0.74 0.89 0.30 0.86 0.89 11 0.690.97 0.70 18.88 0.90 . e
4........ 16.97 0.65 16.54 16.29 0.60 0.85 0.34 021 0.27 142 1.08 1.33 1.15 2161 ... 2236 5.9
5........ 1754 056 17.11 16.65 0.47 0.83 0.38 0.48 0.53 133 0.78 1.17 0.79 2237 ... 2281 6.5
6........ 19.95 0.83 19.17 1751 0.21 0.69 0.50 0.44 0.92 78 0.73 1.08 0.89 22.86 DB 9.1
7o 17.32 0.78 16.48 1598 0.58 0.99 0.46 0.57 0.63 110 1.01 1.46 1.30 22.18 Zp(BEL 8.0
8........ 15.67 0.38 15.67 1524 0.86 1.67 0.61 0.20 0.17 18 1.472.07 1.75 20.51 0.4p 23.05 119
9........ 16.10 0.27 15.84 15.74  0.52 0.75 0.22 0.84 0.84 179 0.78 1.13 1.00 21.00 . 20.86 3.8
10 ...... 18.27 0.20 1850 17.81 0.27 0.58 0.29 057 0.61 124 0.88 1.08 0.92 2281 ... 23.23 5.0
11 ... 16.18 0.20 16.40 16.04 0.74 1.19 0.51 0.18 0.18 53 e . . 21.6k P38 8.6

12 ...... 13.35 0.19 13.17 13.10 1.25 1.93 0.26 0.83 0.84 83 0.68 0.99 0.73 18.38 70 14.8

13 ... 14.18 0.18 14.08 13.96 1.48 2.03 0.50 0.54 0.60 37 1.12 1.62 1.43 19.98 Ze4gp 141

14 ...... 23.10 0.25 25.96 18.47 0.00 0.51 0.48 0.85 0.85 82 0.9w1.28 0.91 25.02 ... 25.06 9.6

15 ... 1571 0.28 15.44 1523 0.53 0.95 0.22 0.81 0.68 88 1.10 1.62 1.29 20.08 433 6.6

16 ...... 1423 0.24 14.04 13.94 1.13 1.64 0.34 059 058 125 1.53 2.04 1.71 18.98 230 9.5

17 ... 17.11 0.32 16.88 16.77 0.38 0.53 0.20 0.43 0.61 49 0.74 1.01 0.78 2122 ... 2150 3.6
18 ...... 18.00 0.32 17.80 17.44 0.33 0.56 0.25 0.62 0.72 133 0.60 0.65 0.68 2239 ... 22.60 4.0
19 ...... 1426 0.23 14.03 13.99 0.97 1.25 0.42 0.81 094 104 1.14 1.61 161 20.06 0.60 e

20 ...... 16.96 0.26 17.45 16.92 0.51 0.91 0.46 0.15 0.22 124 1.28 1.87 1.60 2221 ... 23.29 8.9
21 ... 18.45 0.26 18.29 1799 0.25 0.41 0.18 0.52 0.60 73 0.59 0.79 0.10 2217 ... 2246 2.8
22 ... 13.73 0.48 13.29 1311 2.09 2.95 0.98 059 0.75 159 1.37 1.99 1.82 18.84 21  20.0

23 ... 1471 0.48 14.30 14.17 1.36 1.89 0.58 0.27 0.27 134 1.29 1.88 1.02 20.16 W@ 10.6

24 ... 17.47 056 16.90 16.51 0.53 0.85 0.39 0.87 099 138 0.95 1.35 1.29 2240 ... 2286 6.7
25 ... 16.43 0.64 15.86 1564 0.68 1.03 0.39 0.41 0.33 38 0.89 111 0.85 21.26 Tp0B4 6.7

26 ...... 15.01 0.40 14.67 1454 0.86 1.33 0.34 0.49 0.44 156 0.87 1.18 0.85 20.08 e 9.9

27 ... 15.89 0.21 15.80 15.67 0.73 1.03 0.34 0.41 043 130 0.90 1.26 0.92 2124 ... 2152 6.0
28 ...... 1545 0.28 15.25 15.05 0.85 1.29 0.42 054 046 176 0.87 1.24 1.29 20.56 202 7.8

29 ... 1535 0.18 15.24 1513 0.92 1.19 0.46 0.42 042 18 1.03 1.28 1.23 20.7@ 7B 13.2

30 ...... 1799 0.14 18.06 1743 0.35 0.71 0.39 0.77 0.80 148 0.98 1.28 1.05 2320 ... 2340 6.5
31 ...... 16.77 0.14 16.70 16.56 0.48 0.67 0.22 072 0.72 133 0.89 1.26 0.95 2153 ... 2156 4.0
32 ... 15.87 0.12 15.89 1553 0.77 1.25 0.50 0.30 0.24 148 0.93 1.40 1.25 2148 oW 8.9

33 ... 15.68 0.12 15.65 1553 0.73 0.97 0.42 0.47 045 128 1.09 1.57 1.35 21.38 za® 10.6

34 ... 16.38 0.14 16.54 16.26  0.60 0.94 0.39 0.30 0.30 116 1.07 1.38 1.25 21.68 Zp@E5 6.5

35 ... 13.59 0.13 13,55 13.42 1.89 2.57 0.84 0.51 0.55 45 1.45 1.99 1.55 18.88 0.82 .

36 ...... 1431 0.12 14.44 14.06 1.26 2.44 0.79 0.36 041 85 1.79 2.42 2.25 19.88 ZB3IB 20.5

37 ... 1586 0.16 15.86 1556  0.65 1.05 0.42 0.40 045 51 154 2.18 1.94 21.06 Zr0B/ 7.1

38 ...... 1499 0.16 14.86 1461 0.83 1.51 0.42 0.76 093 112 1.46 211 1.74 19.1§ 23y 10.1

39 ...... 18.32 0.15 1857 18.15 0.24 0.44 0.20 0.74 087 135 0.66 0.78 0.64 2261 ... 2268 3.3
40 ...... 16.56 0.17 16.50 16.33 0.39 0.67 0.16 0.79 0.80 69 1.58 2.07 1.43 20.48 78636 6.0

41 ... 16.26 0.14 16.18 16.11 0.42 0.63 0.14 0.55 0.69 93 0.67 1.01 0.65 20.1&2 D14/0 3.8

42 ... 17.86 0.23 18.32 1756  0.32 0.65 0.39 0.49 0.88 153 1.00 1.24 0.91 23.07 ... 2347 6.1
43 ... 1542 0.20 15.27 1519 0.75 1.05 0.34 0.61 0.68 155 0.77 111 0.72 2071 ... 21.09 5.7
44 ... 16.82 0.30 16.69 16.34 0.47 0.83 0.34 0.85 0.85 99 0.90 131 1.09 22.13 22.09 5.4
45 ... 1761 0.41 1832 16.73 0.34 1.26 0.70 0.46 081 175 0.921.30 0.95 23.16 0.®7 24 79 20.7

46 ...... 17.12 0.48 16.61 16.48 041 0.60 0.20 0.93 0.94 66 1.05 1.34 1.12 2154 ... 2131 3.4
a7 ... 18.68 0.49 19.04 18.10 0.25 0.65 0.39 0.41 047 63 0.55 0.86 0.61 23.38 ... 23.83 6.8
48 ...... 18.73 0.49 18.20 1764 0.31 0.58 0.29 0.96 0.95 64 0.74 1.03 0.81 2330 ... 2340 53
49 ...... 16.92 0.44 16.53 16.36 0.40 0.65 0.14 0.46 047 177 1.02 1.43 0.93 19.88 2245 4.8

50 ...... 17.24 050 16.91 16.58 0.53 0.87 0.39 049 047 159 0.85 121 1.01 2236 ... 2251 6.4
51 ...... 13.90 0.41 13.47 13.39 18 2.03@ 0.50@ 0.93 0.86 50i 1.26 1.82 1.64 18.88 Q]l$21 09 10.9

52 ...... 1773 0.39 1752 17.09 0.43 0.74 0.34 0.59 0.58 98 0.61 1.01 0.75 22.85 22.85 5.9
53 ...... 15.72 0.41 1531 1524 0.53 0.75 0.22 0.69 0.69 4 0.93 1.37 1.04 2036 ... 20.19 35
54 ...... 16.61 0.40 16.36 16.16 0.68 0.94 0.48 0.61 0.67 59 0.89 1.32 0.95 2248 IB0m 118

55 ...... 16.83 0.36 16.55 16.34 0.54 0.80 0.39 0.68 0.68 70 1.02 1.38 1.26 2226 ... 2286 9.3
56 ...... 17.87 0.32 18.00 17.48 0.33 0.62 0.29 0.47 051 16 0.78 1.16 0.68 2272 ... 2288 5.0
57 ...... 16.25 0.39 1594 1586  0.59 0.79 0.26 0.25 0.32 136 0.71 1.05 0.85 20.16 2DEB 4.1

58 ...... 18.47 0.36 1845 17.72 0.32 0.65 0.34 0.43 044 30 0.90 1.43 0.66 23.18 ... 23.60 6.4
59 ...... 16.16 0.55 15.63 1542 0.67 1.08 0.39 0.67 0.67 66 0.83 1.21 1.09 21.63 ... 2179 6.6
60 ...... 15.71 0.56 15.14 1500 0.64 1.14 0.25 0.86 0.86 157 0.92 1.40 0.99 20.26 /B 144

61 ...... 15.82 0.61 15.25 1510 0.90 1.25 0.42 0.28 0.33 154 141 1.96 1.67 19.96 2B 7.4

62 ...... 1558 0.52 15.15 1491 0.89 1.48 0.39 050 045 144 1.18 1.74 1.40 20.58 IBAD 12.6

63 ...... 16.38 0.54 15.77 1555 0.77 1.10 0.39 0.27 0.28 110 0.93 1.35 1.20 21.16 21D 8.0

64 ...... 17.77 0.61 17.34 16.96 0.43 0.73 0.30 0.52 0.59 94 0.75 1.20 0.57 21.86 T3 5.7

65 ...... 16.22 0.72 15.46 1519 0.85 1.37 0.50 0.28 0.26 108 0.81 1.19 1.03 20.98 @1 9.5

66 ...... 1755 0.69 17.13 16.63 0.47 0.90 0.39 037 0.26 112 1.19 1.60 1.14 2205 ... 2264 6.7
67 ...... 1420 0.66 13.51 13.38 1.66 2.49 0.58 0.65 0.72 117 1.52 2.17 1.85 18.4 238 15.2

68 ...... 1474 0.58 14.29 14.11 1.58 2.21 0.84 0.46 048 153 0.92 1.36 1.18 21.26 @D 143

69 ...... 1570 0.72 1497 1482 0.95 1.35 0.46 0.59 0.57 52 1.08 1.60 1.73 20.8e M0RL 8.0

70 ...... 18.46 0.78 17.77 1744 034 0.59 0.26 0.46 0.44 10 0.53 0.78 0.80 2246 ... 2254 4.2

71 ...... 1583 1.01 14.77 14.65 0.86 1.27 0.34 0.58 0.58 149 1.32 1.91 1.62 19.2§ A7 6.9
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TABLE 4E Continued
Number B.. A B% B[’ll (arc%%n) (arc'Fhm) (arE@%) m/a) (b/a) (deg) BLR) B ) BIR, kg f (ardec)

W & & B’ b e @ ho) @) 12 @) Caa’ @f 17)  (18)
72 ... 1542 1.02 1432 1412 114 2.25 050 075 076 149 134 195 171 199§ 100 ...
73 19.19 1.01 1809 17.76 0.32 051 023 065 074 121 048 044 042 2271 2261 3.8
74 ... 1924 092 1851 17.52 0.27 0.71 038 038 080 165 095 118 085 22.48 2362 7.0
75 ... 0.75

NonEH IEselected Sources
76 ...... 1486 026 14.67 1458 085 1.19 030 083 082 157 10055 120 1942 0252113 65
77 . 17.91 057 17.41 17.05 0.40 0.67 029 066 066 @246 346 ... 2200 .. 2271 50
78 ... 1687 058 16.30 16.06  0.44 0.78 016 060 074 110 192 262 178 197§ 100 ...
79 ... 1407 045 13.62 1349 1.25 2.05 034 084 089 139 142 201 163 1819 78 6.8
80 ...... 16.37 0.47 1609 1596 0.66 0.91 030 020 022 140 18265 192 2051 0.7 21.59 54
8L ...... 042 ... ..
82 ... 1500 020 14.94 1485 001 121 034 043 042 27 148 197 262 2018 ZAL 6.7
83 ...... 0.17
84 ... . 019 ... ..
85 ... 1482 012 1476 1439 0.79 178 039 072 069 163 128 183 125 193§ 1.00
86 ...... 16.67 0.1 16.64 1632 0.40 0.80 020 080 085 64 147 218 156 205§ 100
87 ...... 1478 016 1473 1458 076 133 018 036 077 99 134 180 094 181§ 100
88 ... 0.15
89 ... 0.19
9 ...... 018 ... ...
o1 ... 16.80 058 16.38 16.19 0.62 0.92 034 028 028 100 092 124 078 209§ 078

NOTESEntries in cols. (4)E(18) are corrected for extinction and inclination: isophotes are adjusted as described in the text. Col. (5): Total magnitude
based on extrapolated model components. Cols. (B): Major axes. Col. (11): Position angle in degrees east from north. Col. (16): Fraction of total light
from bulge component. Cols. (15(18): Surface brightness and scale length of exponential disk component. See text for further details.

We checked our BEband data against 18 aperture-
photometry measurements for six galaxies in the catalog of
Longo & de Vaucouleurs (1983). We determined our Nux
within the same circular apertures as listed in the catalog
and Bnd a mean diterence of 0.00 0.04 mag from our
values after throwing out one discrepant point (which also
disagreed with other measurements in their catalog). We
believe our errors contribute only a small part of the rms
scatter of 0.17 mag based on the small dispersion in our
B[ | versusB[ R colors (Fig. 6).

The dispersion about a best-bt linear relationship of
B[ D\ 1.36] (B[ R)] 0.03 is only 0.097 mag. If we
assume theB, R, and | magnitudes each have the same
intrinsic dispersion, we would recover this relationship if
the true relationship was B[ 1)\ 1.41] (B[ R)[ 0.03
and a 1 p uncertainty in each magnitude of 0.056. This
assumes no intrinsic scatter in the relationship, so the actual
uncertainty is presumably smaller. .

This Bgure also shows the color data for HEselected
galaxies studied bySzomoru et al(1994) and the data from
de Jong & van der Kruit (1994jor a complete, diameter-
limited sample of galaxies ranging from type Sa to Irr. Their
quoted errors appear to account for the scatter relative to
our empirical relationship, although there is a slight indica-
tion that the (B[ |) values might be slightly redder than
ours toward the blue end of the curve. None of their sources
reach the extreme blue colors of our 10 bluest objects, which
have mean colors of B[ R)\ 0.63andR[ 1)\ 0.26.

3.3. Surface Brightness Structure

In the last four columns of Table 4 we describe the surface
brightness structure of our objects. Column (15) gives the
central surface brightness as measured in the central bright-
est pixel of theB-band image, corrected for extinction. The
remaining columns of the table describe our best Bts to the

10
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FIG 6.EColor-color plot of galaxies observed inB, R, and | in this
study. The magnitudes are determined within the extinction-corrected

k_\ 25mag arcsee2 isophote. Filled circles and triangles are HEselected
sources; open and Plled circles are magnitude-selected. At the right of the
Bgure are shown the etect of the estimatedplerrors in each magnitude

and of an internal extinction of A_\
sources ofSzomoru et al(1994) are%

0.2 mag. Data for H IEselected

hown by plus signs and data from the
diameter-limited sample ofde Jong & van der Kruit (1994)by asterisks.
Black and gray curves show a stellar population synthesis model of the
color evolution of populations with solar and 1/50th solar metallicity
respectively, with log (age in years) marked at half-decade intervals.
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B-band surface brightness distribution with combinations
of disk and bulge components.

The Dts are based on elliptical isophotal Bts to the surface
brightness data (corrected for extinction and inclination).
As already noted, the inclination correction is only appro-
priate if the stars are in a thin disk, which may be inapprop-
riate for dwarf, irregular, and elliptical systems as well as the
central bulges of disk systems. We could have attempted to
handle some galaxies and some regions within galaxies dif-
ferently, but this would have introduced a degree of arbi-
trariness we preferred to avoid. In any case, we made bts
with and without inclination corrections, and while individ-
ual galaxiesi parameters were altered slightly, the types of
bts and overall sample behavior were unatected.

We initially attempted to Bt the radial proPles by a tradi-
tional combination of an exponential disk with an r1@l&aw
bulge, exemplibed by source 67 iRigure 7. As has been
noted by Andredakis & Sanders (1994), for many late-type
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FIG 7.ERadial B-band proPles of four of the HIEselected galaxies,
illustrating various kinds of Bts. Source 67 has a traditional combination of
an exponential disk lotted ling and r1@w bulge, while source 62 has an
exponential bulge (bulges shown by dashed line). Source 43 shows only an
exponential disk, and source 1 has an exponential disk that steepens in the
outer portion (long-dashed ling
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galaxies this does not yield as good a Bt as using an expo-
nential Bt to the bulge. Anrl@w bt is forced to have a
shallow peak to match the central light distribution in these
galaxies, which in turn forces the outer portions of the bt to
be too high. Source 62 irFigure 7 is an example of a source
which is better btted by an exponential bulge. In column
(16) of Table 4 we list what fraction of the total light from
the galaxy is contributed by the bulge componengf_). This
fraction was fairly consistent whichever type of bulge was bt
to a particular galaxy. The value is marked by & to indi-
cate a “quarter-lawllr@@4Dt or by an e to indicate an
exponential Bt. The scale length and surface brightness
parameters of the bulge Bts depended sensitively on our
handling of the axis-ratio corrections; we do not list them
here.

The disk region was btted by an exponential law:

KO\ K 25  log e,
"d

wherek | is the projected central surface brightness of the
disk cor%ponent, andr , is its scale length. This was per-
formed iteratively with the rl@gat exponential bulge to yield

a least-squares best Bt. The exponential disk parameters are
listed in columns (17) and (18) of Table 4.

Ten galaxies were best Dtted by aml@law proble
without an exponential disk, and almost all of these had
“bumps il in their radial proPles. These bumps also tended
to occur in regions iin whcih there were signibcant changes
in the estimated axis ratio, and tended to be weaker in the
inclination-corrected Bts, which suggests they may be part
of a disk component that our simple distributions could not
model.

For almost half (34 of 75) of the HIEselected galaxies)o
bulge component is evident. This is illustrated by source 43
in Figure 7.As can be seen from the values éf ihable 4,
we btted bulges that contributed as little as 1% of the total
galaxy light, and these are fairly obvious. We therefore
assume any bulge component in the ““bulgelessii galaxies
contributes[ 1%. Note that even though there is no bulge
component, k , does not necessarily match the observed
central surfacg brightness. This is becaukeg, is btted to the
inclination-corrected surface brightnesses,”which can make
it fainter than the observed value, and it is corrected for
seeing, which can make it brighter.

Finally, we noticed that the surface brightness probles
appear to turn over to a steeper slope in several galaxies.
This behavior, illustrated by source 1 in the Bgure, cannot
be modeled by a sum of components and instead represents
a cutot to the Bts found interior to it. The portion of the
total light coming from these steep outer exponential disks
ranged from 10% to 40% of the whole galaxy. This behav-
ior occurs occasionally in all the various combinations of
bulge and disk Bts to the probles and has been noted in
other studies of LSB galaxiegDavies, Phillipps, & Disney
1990; RZ nnback Bergvall 1994; Venrékal. 199Bpr
the purpose of estimating the bulge fraction in column (13),
we count this exponential cutot region as part of the disk
contribution. One possibility is that this change in scale
length might be caused by imperfect modeling of changes in
the galaxy inclination or position angle. For those inter-
ested in following up on these systems, we list their cutot
parameters inTable 5. The fraction of the total light in the
cutot regionfx is listed in column (2), the surface brightness
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TABLE 5
DISKCUT-OFFPARAMETERS

r
Number f k (ar@éec)
) ®) &) @
1........ 0.12 24.63 2.3
3. 0.10 23.27 2.7
17 ...... 0.20 24.08 2.5
19 ...... 0.40 22.08 4.9
20 ...... 0.16 26.02 4.6
29 ...... 0.14 24.75 5.0
33 ...... 0.23 24.01 4.3
35 ...... 0.18 24.52 12.6
54 ...... 0.21 24.85 4.3
55 ...... 0.35 24.43 4.5
91 ...... 0.22 24.73 54

k_ where the turnover begins in column (3), and the scale
Iehgth e of the exponential cutot in column (4).

4. RELATIONSHIPS BETWEEN GALAXY PROPER'IQ%/t

The sample of objects found in this HI survey has a
number of properties that distinguish it from an optically
selected sample. We highlight the properties of our sample
here and discuss general implications for the overall galaxy
population.

4.1. Spatial Distribution

We note Brst that most of the objects we detected at very
low redshifts were not previously detected, which suggests
that the census of objects at very low redshifts is far from
complete. Out to ¢ } 3000 km s-1, nine sources were
found in the H | surz\lﬂ,?y, none of which is in the magnitude
limited surveys, and only three of which were found by
diameter-limited surveys. Even within 1000 km-sl, the H |
survey reveals three objects not found in any other surveys.
These are dwarf galaxies, but their numbers over such a
small area and with such a limited depth of sensitivity imply
a very large number density. The implications of these
sources for the galaxy mass function are discussed by
Schneideret al. (1998).

The positions of the Arecibo Slice galaxies relative to the
large scale structure in the vicinity is shown in Figure 8.
Positions of RC3 (de Vaucouleurs et al. 1991) galaxies
within 10;j of the slice (but excluding the slice itself) are
plotted in gray. All of the galaxies, whether they are from
our optically faint subset or they are LSB objects, basically
follow the same large-scale structure traced out by the
optical surveys, as has been noted previously (for example,
Mo, McGaugh, & Bothun 1994 ; ThuanGott, & Schneider
1987).

One cautionary note should be made before drawing
inferences about populations in voids: this_is a redshift-
space diagram, and patterns of large-scale Now around the
Pisces-Perseus supercluster and the Local Supercluster may
create the appearance of voids where none exist (see Praton
& Schneider 1994). For example, if the ““bubbleil in the
center of our slice diagram is delineated by velocity caustics
of galaxies Nowing toward infall centers in the supercluster,
then this region should appear empty in redshift-space for
any population of objects because it represents only a small
volume of real space.
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4.2. Optical versudH | Selection

In order to understand the selection etects of diterent
survey approaches, we plot irFigure 9 various measured
quantities as a function of the galaxy redshift. We again use
the notation from Figure 4, in which circles represent
magnitude-selected sources and solid symbols Hselected
sources. Figure 9a shows that the galaxies from the
magnitude-limited catalogs are brighter than 16 mag
(marked by a dotted line) with only a few exceptions. This is
as expected, although since these catalogs implicitly depend
on surface brightness and morphological identibcation,
there is at least the potential for some LSB galaxies with
brighter total magnitude to be missed. We Bnd none such in
our H IEselected sample.

In Figure 9b, we plot the galaxiesi Holmberg diameters.
Again, the sample separates fairly neatly into optically
bright and optically faint halves at around 1@This accords
with the strong overlap between the magnitude- and
diameter-limited samples noted in°® 3.1. The degree of
correlation between the optical Nux and surface area is also
n by the relatively small scatter in the ratio of these
ities: the standard deviation of log (optical Nux/area)
is 0.28 among the HEselected objects.

In Figure 9¢c, we show the H | Nuxes of the sources. It is
clear that we cannot draw a simple boundary dividing opti-
cally bright and optically faint sources in this plot. The
standard deviation of log (optical Nux/H | Nux) is 0.43.
This lack of correlation of the H | and optical properties is
somewhat surprising in light of previous work showing
that the H | content is well correlated with the optical
disk size, independent of morphological typgHaynes &
Giovanelli 1984) A large part of the diterence comes from
the nonEH IEselected sources, which have a much lower
mean H | surface density (measured by the total HNux and
the Holmberg radius), but there is much more intermingling
of optically bright and optically faint sources than is seen in
Figure 9b. If we restrict ourselves to the magnitude-limited
subset of our H IEselected sample, the average Hsurface
density properties are similar to the Haynes & Giovanelli
sample, as might be expected since they were observing
optically selected objects.

Finally, Figure 9d shows the ratio of total |-band lumi-
nosity to total H | mass. Since both depend od2, we can
Bnd the distance-independent “ star-to-gas|i ratio of the
two:

L
o\ 424 104] 1O~O.4Br0~4.02!\| Sdv,
HI

where the result is in solar units of mass and luminosity for
an absolute magnitude of the Sun ak of 4.02.

We select thel -band luminosity because it is much less
dependent on stellar evolution thanB-band. McGaugh &
de Blok (1997)suggest that the mass-to-light conversion
from I-band luminosities to total stellar masses is nearly
uniform at a factor of 1.2 for a wide range of stellar popu-
lation ages. We Bnd similar values based on a variety of
models of the star formation history using the population
synthesis models oBruzual & Charlot(1993), although for
the very youngest blue populations the stellar mass-to-light
ratio may be much less than 1, and for extremely old popu-
lations (which have had no star formation after an initial
burst), the ratio may be as large asB4. To determine the
total gas mass, the H mass must be corrected by a similar
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FIG 8.ELocation of slice objects relative to the local large-scale struc-
ture. Redshifts of sources are plotted as a function of R.A. Locations of
RC3 galaxies north and south of the search region in the range
13j\d\ 34 are shown in gray. Objects detected in the slice survey are
shown in black: Plled circles and triangles are HEselected sources; open
and blled circles are magnitude-selected; crosses are neither.

factor of 1.3 to account for primordial helium. In addition
there is potentially a large contribution from molecular gas,
although this is probably larger in the same redder, earlier
type galaxies in which the stellar mass correction is larger
(Young & Knezek 1989)All things considered, theLI/M
value is probably a reasonable estimator of the true starl:l(b-
gas mass ratio.

The optically bright sources divide fairly cleanly from the
rest of the sources near a star-to-gas mass ratio of 1, which
indicates that there is a physical basis for the distinction
between the optically bright and optically faint subsets of
our H | sample than just their apparent magnitudes. Only
two of the optically bright H | sources have a star-to-gas
ratio \ 0.8, and only three of the optically faint HI sources
have a star-to-gas ratio[ 1.2. Thus, the magnitude-limited
sources are ““star-dominated,/i with an average Bf2.7
times more mass in stars than gas, reaching 10 times
among the norEH IEselected objects. The optically faint H
objects are *“
D 2.5 times the stellar mass, and reaching a factpr 10 in
the most extreme case.

Some of the gas-dominated sources were found by other
types of surveys, but these are not our most extreme objects.
Seven of them were identibed in diameter-limited and LSB
surveys, but the most extreme of these (curiously a UGC
object, 45) has only the sixth smallest star-to-gas ratio

overall. These seven diameter-selected sources have fairly

typical blue colors of the gas-dominated subset. The bluest
of these, object 2 (LSB F533-01), is only the 12th bluest
object overall. These surveys do identify several of our
lowest surface brightness objects, including those with the
third, Bfth, and sixth faintestk alues.

Four of the optically faint IJI@ ources were identibed in
UV-excess and emission-line surveys. These objects have
colors and surface brightnesses that are typical of the star-
dominated subset, andL /M ratios that are borderline
between the subsets. Thé onw lsigniE)cant exception is source
57, which has the 11th bluesB[ R color. This object is also
the only gas-dominated source detected byRAS. It
appears to be interacting with a small neighbor as we dis-
cussed in° 3.1, and its nucleus appears to be ot center. Two
other of these sources also have ot-center nuclei, which
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FIG 9.EObserved properties of sample galaxies as a function of red-
shift. Filled circles and triangles are HiEselected sources; open and Plled
circles are magnitude-selected; crosses are neither. Panglsafid ©) show
the observed (uncorrected) Holmberg blue magnitude and major diameter.
Panel ) shows the HI Nux, and panel d) gives the ratio, in solar units, of
the blue luminosity to the H | mass. Lines indicate the approximate break
between the optically bright and optically faint halves of the HiEselected
sample.

suggests that interactions may be responsible for these
sources being detected by alternative methods.

4.3. Biases in Optical versud | Selection

The H | selection criteria diverge in a fundamental way
from the optical selection criteria. Consider that the HI
selection identibes about twice as many sources as are
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found down to a magnitude limit of 16 in the same volume.
To double the size of a magnitude-limited sample within
this volume would require increasing the magnitude limit
by only about 0.8 mag. However, to catch all but the faint-
est H | source based on their starlight would require a
survey 4 mag deeper, with about 30 times more sources in
this volume. Further, since optical surveys do not dis-
tinguish sources by redshift, a magnitude-limited survey 4
mag deeper would have about 250 times more sources that
would have to be identibed and measured in order to detect
these HlEselected sources.

The converse would of course be true if we were usingH
to track down optically bright galaxies. For example, most
E and SO galaxies would be much easier to identify by
optical search techniques than to Bnd by the signal from the
small amount of H | present. The implications of this
obvious diterence are a little more subtle, however.

If we were to debne the H properties of SO galaxies from
our H IEselected sample, we might erroneously conclude
that their H | content is fairly large. The four SO galaxies in
our H IEselected sample have an Hemission about 25% of
their B-band emission (in solar units). The one identibed SO
galaxy among the noriEH IEsgaIected objects has an upper
limit of \ 1%. Obviously, H IEich SO galaxies are overrep-
resented when we select sources by their Hcontent. The
reverse will also occur: the HI content of galaxies will be
underestimated in optically selected samples.

This is akin to a Malmquist biasENux-limited samples
favor sources with intrinsically larger luminosities. When
comparing two properties such as H and optical emission,
this has the etect of exaggerating the level of the property
being used for the Nux limit. The weaker the correlation
between the quantities, the bigger the etect, so it is impor-
tant to determine H | properties of galaxies from HIE
selected samples.

4.4. Surface Brightness Behavior

The distribution of light varies quite strongly between the
star-dominated and gas-dominated galaxies. We quantify
this here by a closer examination of the radial surface
brightness distributions. We shall also show that these
etects do not simply result from diterences due to galaxy
mass or luminosity but rather appear to indicate a genuine
diterence in character of HIEselected galaxies.

The radial Bts to the galaxiesl light distributions show a
wide range of properties that vary from no bulge com-
ponent to no disk component and exponential orr1@l&w
bulges (se€ 3.3). These properties correlate strongly with
the H I characteristics of the galaxies. Dividing the galaxies
into the optically faint and optically bright halves of our
H IEselected sample and the other magnitude-selected
objects, we list the number of galaxies having no bulge, or
an exponential orrl@éw bulge in Table 6. The optically
faint subsample is much more likely to have no bulge at all,
and none haverl@aw bulges. The situation is nearly

TABLE 6
GALAXYBULGESUMMARY
Exponential rl@daw
Sample Pure Disk Bulge Bulge
Optically faint ......... 29 11 0
Optically bright ........ 5 19 11
NonEH IEselected...... 1 2 4

SPITZAK & SCHNEIDER
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reversed with the noitH |Eselected galaxies, and the other
magnitude-selected sources have a similarly strong ten-
dency to have bulges, but it is more likely for these to be
exponential bulges. Thus 73% of optically faint sources
have pure disks, while 86% of magnitude-limited sources
have a bulge component.

Another way of quantifying this comparison is to look at
the fraction of light contained in the bulge component for
the diterent subsets. For the 40 optically faint HI sources,
the bulge contributes on average 5% of the light, but for the
35 optically bright H | sources, the contribution rises to
29%, and for the seven magnitude-selected, but nBd IE
selected, sources, the contribution climbs to 61%.

Since the fraction of light from the bulge is correlated
with galaxiesl mass and luminosity, it should be asked
whether the trends seen here simply reNect that the H
sources tend to have lower luminosities and masses. We
have avoided bringing in distance-dependent quantities in
this paper, but to clarify this point we consider objects
within a narrower range of mass and luminosity in which
the diterent sample subsets are well represented. For the
sources with dynamical masses estimated betweenlD@nd
1011M , the bulge fractions are 6%, 29%, and 50% for the
optically faint, optically bright, and nonEH IEselected
subsets, respectively. Very similar numbers are found when
selecting sources with HI masses between B0and 1010
M : the corresponding bulge fractions are 9%, 20%,
and 67%.

What remains clear even when comparing mass and
luminosity ranges in which the subsamples fully overlap is
that the H IEselected sources have distinctly diterent disk/
bulge properties than the optically selected sources. Still,
this diterence might be attributed to morphological-type
variations, but these are often subjective and vague. What
would be preferable is some type of quantitative, distance-
independent measure of galaxy properties that relates rela-
tive stellar and gas content of galaxies such as tHu%/M HI
ratio, which we examine next.

4.5. Surface Brightness Correlations

McGaugh & de Blok (1997)have noted a strong corre-
lation between the star-to-gas mass ratio and the disk
central surface brightness. Our HEselected sample shows a
weaker correlation between these quantities, as shown in
Figure 10a. We Bnd the correlation coefficiento\ 0.65
between L /M andk , and onlyo\ 0.49 using the
B-band daﬁa, Wl—MCh is Iegs than the value a§\ 0.73 found
by McGaugh & de Blok. We suspect the stronger corre-
lation they found may be because they collected data from
diterent sources over the diterent surface-brightness
ranges. As they note, they used data for optically bright
galaxies and combined it with LSB objects selected to com-
plement that data set. This enhances the number of uncata-
loged LSB objects, which generally have higher relative gas
content, but it may also miss the occasional magnitude-
limited source with a faint disk or H |IEselected source with a
relatively bright disk, as are seen in our scatter plot.

We Bnd a much stronger correlation betweer. /M
and the overall galaxy surface brightness than with {he mék
component alone.McGaugh (1996) has pointed out the
problems with debning a surface brightness using total
magnitudes and angular areas, the basic problem being that
the isophotal radius measures the light over an essentially
arbitrary portion of a galaxyls disk. However, a robust
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FIG 10.ERatio of I-band and H | emission plotted against several diterent quantitiesa) the disk central surface brightnessb) the mean. Filled circles

and triangles are HIEselected sources; open and Dlled circles are magnitude-selected; crosses are néitsard surface brightness gf theB[ R color.

measure of the average surface brightness can be made
within the half-light or etective radius:

kl@\2 Itoﬂ 2.5 log (Zhr%@z

This relationship, shown inFigure 10b, haso\ 0.82, which
is stronger than any of the correlations found by McGaugh
& de Blok (1997).

Because our -band data did not have very good seeing,
we have used theB-band etective radii, but this should
make little diterence. The correlation is only slightly dimin-
ished if we useB-band values instead@\ 0.76) or if we use
mixes of B- and |-band data for the surface brightness or
star-to-gas ratio @\ 0.81 and 0.70). The correlation is
noticeably weaker for the magnitude-selected set of galaxies
alone, although still signibcant:o\ 0.62 using! values;
o\ 0.54 usingB. This reduced correlation is like the etect
McGaugh & de Blok found when they excluded LSB gal-
axies from their sample, but the values we Bnd for our
magnitude-limited sample is still comparable to the strong-
est correlations they found for their full sample. We there-
fore believe this measure of surface brightness is a more
powerful predictor of the relative gas and stellar content of
galaxies.

4.6. Color Correlations

Another correlation that has been noted previously
(Schneider 1996 ; McGaugl& de Blok 1997 between the
galaxy color and the star-to-gas ratio. Again, this is in the
sense one might expect, that galaxies with apparently more
conversion of gas into stars appear redder. The correlation
we Pnd is stronger than that noted by McGaugh & de Blok,
although not quite as strong as the correlation with surface
brightness. The data are shown irFigure 10c, and corre-
lation coefficient between theB[ R color and log (L ,/M ?c
is o\ 0.72 6\ 0.71 for the magnitude-selecteoJ ob'j_!a ts
alone).

The correlation substantially weakens when using the
blue luminosity in the star-to-gas ratio. It dropstoo\ 0.51.
We suspect that this diterence primarily reNects thatband
is the better measure of the galaxiesi stellar content. These
correlations all appear to be consistent with a paradigm in
which the galaxies evolve as gas is consumed to make stars.
This is clearly an oversimplibcation since the objects we are
examining span a wide range of masses and sizes, with the
smallest objects showing the least gas consumption.

However, this paradigm may be appropriate for a scenario
in which larger galaxies form from the accretion of smaller
galaxies.

Turning back to Figure 6,note the color evolution curves
marked on the plot. These are based on the population
synthesis code of Bruzual & Charlot(1993) and G. Bruzual
A. & S. Charlot (1998, private communication) for a popu-
lation of stars that has a single burst of staformation.8 The
log of the age of the population in years after the burst is
marked along each curve, which show results for two diter-
ent metallicities: solar black line and 1/50th solar §ray
line).

Both curves closely follow the empirical relationship
betweenB[ R and B[ | found earlier. Since the evolution-
ary tracks are nearly linear in the color-color diagram, any
pattern of star-forming histories should also lie along this
line. The bluest objects have colors comparable to a star-
burst\ 109yr ago. Combinations of such a starburst with a
preexisting population would yield redder colors, which
suggests an even younger starburst, but it should be kept in
mind that a starburst only 108 yr old can generate many
times more light per unit mass than a population[ 109 yr
old. Thus we do not suggest using the colors as a simple age
indicator so much as a relative indication of the amount of
star formation that has taken place recently.

5. SUMMARY

We have presented data from a large, sensitive search for
extragalactic sources in the 21 cm line of neutral hydrogen,
which has detected some of the lowest mass Hsources
found in a blind survey to date. The survey was made with
the Arecibo radio telescope and covers about 55 d2gut to
over 100 Mpc. The survey region is in the general vicinity of
the Pisces-Perseus supercluster, crossing through the super-
galactic plane, and it is all at high enough Galactic latitudes
(dbd 25j) that the extinction is moderate(A_ [ 1). We
have obtainedBRI photometry for nearly the erfire sample
and have examined other objects found within the same
volume. In total, 75 objects were found by the HI survey,
39% of these being previously unidentibed objects.

Cross-references to other catalogs allow us to examine

8 We used the Salpeter IMF over the full mass range, but the form of the
initial mass function used appeared to make little diterence here. We found
that all of their models lie slightly above the observed locus of points at the
blue end of the distribution.
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selection criteria of the diterent survey techniques and how
they relate to physical characteristics of the galaxies. In
general, we Bnd that the optical survey techniques tend to
collect strongly nucleated, high surface brightness galaxies.
The newly detected HI sources appear to represent a popu-
lation of faint blue dwarfs, often with substantially larger
gas than stellar masses.

There are several interesting aspects of the Hiselected
sample:

1. At low redshifts, where the HI survey is sensitive to
low-mass objects, we detect three new objects et\ 1000
km s~1, one of which (source 75) has no clear optical
counterpart (although it is too near a bright star to rule out
a very low surface brightness counterpart). Out to
cz\ 3000 km s-1, six of nine sources are new detections.

2. The new detections in this survey are, not surprisingly,
H IBbright relative to the objects found in previous optical
surveys. They are also gas-dominated objects based on esti-
mations of their total stellar mass from theirl -band photo-
metry. Thirteen objects, spanning a wide range of masses,
have a star-to-gas mass ratio less tha not including
source 75 whose optical counterpart has not been identibed.
Only three of these objects were found previously in
diameter-limited searches for LSB sources.

3. The distribution of light in the new detections is sys-
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tematically diterent from the optically selected galaxies.
They are much less likely to have any bulge component,
and this tendency is not just a result of selecting lower mass
objects ( 4.2).

4. The galaxies show a wide range of colors but follow
color-color tracks of population synthesis models of stellar
evolution closely. The new HIEdetected sources tend to be
bluer on average, and our bluest 10 objects lie at younger
ages along the evolution track than any of the objects
drawn from either the complete diameter-limited sample of
galaxies ofde Jong & van der Kruit (1994)or the H IE
selected sample ddzomoru et al1994).

5. We Bnd strong correlations between the galaxy star-
to-gas mass ratio and the mean surface brightness and color
of these galaxies. The strongest correlation is found between
the star-to-gas mass ratio and the mean surface brightness
within the half-light radius. VLA observations of our lowest
surface brightness source (source 14) indicate that its surface
density of H I is well below the threshold for star formation.
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