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ABSTRACT

This thesis compares two samples of emission line galaxies, selected on the basis of
the strength of their [OII]|AA4959, 5007 and/or HB 24861 emission lines. The distant
sample is drawn from the 4-Shooter transit survey undertaken by Schmidt, Schneider
and Gunn (1994 and references therein), and consists of 370 galaxies with emission
line equivalent widths in excess of 50A and fluxes above well-defined wavelength-
dependent limits. This survey consists of 6 narrow strips of the sky covering ~ 62
square degrees. Each of these galaxies is classified by using line ratio diagnostics from
the moderate resolution spectra taken to identify the emission line.

The nearby sample is taken from the first CfA Northern Sky Redshift Survey,
and consists of 81 galaxies from Burg (1987) with [OIITJAA4959,5007 EW>23.75A
and an additional 26 Seyfert galaxies from Edelson (1987). This sample is observed
on the 1.5m Oscar Meyer telescope using the Echelle Spectrograph in a low-resolution,
long slit mode (McCarthy, 1988). Each of the 107 galaxies is observed twice, along
perpendicular axes over a wavelength range from 4350A to 7200A, which covers the
emission lines of interest such as HB A4861, [OIII]A)4959, 5007 and Ha A6563. These
data are used both to classify the 107 galaxies from their line ratio diagnostics as well
as to model the spatial and spectral light distribution on the plane of the sky for a
comparison of how each would appear in the distant survey as a function of redshift.

Maximum redshifts in both the nearby and the distant survey are determined for
each CfA galaxy, and predicted number counts, based on both a no-evolution model
as well as a model incorporating density evolution, are made from the corresponding
ratio of accessible volumes in the two surveys. Corrections are made to the predicted
counts to account for sample incompletenesses and the overdensity of the CfA survey
relative to the average density of galaxies in the “local” universe. These predicted
counts are compared to the observed counts from the distant survey for each object

class. The results from this comparison are consistent with the no-evolution model for
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emission line galaxies out to z~0.5, and do not support the conjecture (Broadhurst
et al. 1988; Colless et al. 1990) that there is an evolving population of dwarf star-

forming emission line galaxies.
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Chapter 1

Introduction

1.1 Scientific Motivation for this Work

Two of the most interesting and exciting topics of study in extragalactic astron-
omy today deal with the sources of unusual activity in galaxies and with the evolution

of galaxies.

Galaxy activity is of interest since many of the most powerful physical processes
known to exist in the universe are tied to this activity. The processes which give
rise to this activity range from the formation of stars to the gravitational accretion
of matter onto massive black holes, leading to the formation of an active galactic
nucleus (AGN).

The interest in galaxy evolution is tied to the more fundamental questions of
the origin, evolution and eventual fate of the universe as a whole. Determining how
galaxies have evolved in the past, and observing how they appear at present can help
to constrain various cosmological models used to describe the universe. In addition,
the chemical evolution of galaxies is tied to their history of star formation.

Much of the current excitement in these areas is due to recent technical advances,
both observationally, with the development of large-area linear detectors (CCDs) as
well as in the theoretical domain, with the development of high-speed supercomputers
which can rapidly model both the emission from active nuclei as well as the star
formation histories within galaxies. They are also used to model the general evolution

of galaxies in the universe.
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1.2 Studies of Emission Line Galaxies

Galaxies display activity at various rates. In most, there is the slow, steady
formation of stars, with one generation providing the seed material for the formation
of the next generation. These galaxies show little difference from the norm, either
spectroscopically or morphologically. A few galaxies produce massive bursts of star
formation which last for only a short (~fewx107 yr, Balzano 1983) period of time.
During these outbursts, the hot, massive stars ionize the medium surrounding them,
producing strong emission in narrow lines, which can be readily observed. Yet other
galaxies show evidence of unusual activity in their nuclei, which has been conjectured
to be caused by the accretion of matter onto massive (> 1 x 10°Mg) black holes
(Begelman, Blandford, and Rees 1984). Such objects tend to show a rich variety of
emission features in their spectra. Sometimes, galaxies collide and merge, and in the
process either set off a new phase of star formation or else feed a previously quiescent
black hole in their center. Colliding galaxies are among the most luminous known to

exist in the universe (Sanders et al. 1988).

Regardless of the source, one of the key results of galaxy activity is the presence
of strong line emission in their optical spectra. This is due to the presence of a strong
ultraviolet continuum, whether from hot stars or an active nucleus, which ionizes the
gaseous medium of that galaxy. These emission lines help make the study of these
objects more accessible, as they are readily observed even out to substantial redshifts.
Indeed, even the study of the redshift distribution of galaxies is substantially simpler
when one looks at emission line galaxies, since they are easier to detect and measure
than galaxies which lack detectable line emission. This property makes these objects
useful probes of the large-scale structure of the universe, assuming that emission line
galaxies are good tracers of the underlying galaxy distribution. Based on the work of
Longo (1991), nearby AGN do trace out some of the large-scale features of the local
universe, such as the “Great Wall” (Geller and Huchra 1989).
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There is a rich history of the study of such objects, going back to the pioneering
work of Carl Seyfert in the early 1940s (Seyfert 1943), who studied six galaxies with
strong nuclear emission and bright, point-like nuclei. More recent work on emission
line galaxies comes from a number of surveys. Among these are the Markarian sur-
veys (Markarian, Lipovetskii, and Stepanian 1981 and references therein), the Case-
Western surveys (Pesch, Sanduleak, and Stephenson 1991 and references therein)
and the University of Michegan-Tololo surveys (Smith, Aguirre, and Zemelman 1976;
MacAlpine and Williams 1981 and references therein). Each of these is based on
photographic data taken using Schmidt telescopes with an objective prism to give
low-resolution spectra. These surveys cover large areas of the sky, and select candi-
date objects on the basis of having both/either a blue continuum and/or a detectable
emission line, which, because of the accessible wavelength range for the photographic

plates, is generally either HSZ A4861, [OII]AA3726,3729 or [OIII]AN4959,5007.

The principle use of these surveys is that they provide large samples of different
types of emission line/active galaxies. The properties of each type of galaxy can be
measured and the underlying physics that gives rise to these properties can be studied
(see, for example, Mazzarella and Balzano 1986 (MB86), for a summary of Markarian

galaxies and Salzer 1989, Salzer et al. 1989a,b for UM-Tololo galaxies).

Due to the subjective nature of the selection criteria for these surveys (primarily
a result of the visual inspection of the plates to detect candidate objects), statistical
properties for the samples are difficult to quantify. This is because the definition of a
complete sample of objects is a cumbersome task, and thus attempts to construct a
luminosity function are hampered by the sample incompletenesses that are inherent
in these surveys. According to MB86, “The non-uniformity of the limiting magnitude
and the selection criterion indicate that the Markarian survey . . . can not be used to
obtain reliable conclusions on the distribution and luminosity functions of the various

types of AGN . . .” Similar statements can be made for the other surveys.
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Studies of the space densities out to the limits of these surveys show no con-
clusive evidence for evolution of emission line galaxies, and are consistent with a
“no evolution” model out to redshifts of z ~ 0.1. A recent study by Boroson,
Salzer and Trotter (1993) of a sample of [OIII]AX4959, 5007-selected emission line
galaxies shows that the space density of emission line galaxies is essentially iden-
tical at z ~ 0.35 and the present. This sample is based on a multi-band narrow
filter search over 0.7 sq. degrees for low-luminosity Ha A6563-selected galaxies, but
is also sensitive to [OIII]AX4959,5007-selected galaxies over a redshift range from
0.28<z<0.38. They find 17 galaxies in that range, with a median megoo=21.0, which
corresponds to Mg = —19.9 (Hy = 75) at z=0.35. For the 10 galaxies in the range
—20.4 < Mp < —19.5, their space density is log ¢=-3.67£0.16. Local determina-
tions of the space density of emission line galaxies find comparable values (see Salzer
1989 and Wasilewski 1983), implying that there is no evolution of [OIIT]AA4959, 5007 -
selected emission line galaxies with this range of absolute magnitude out to redshifts

of z~0.35.

1.8 Evolution of Faint Field Galaxies

In addition to studies of emission line galaxies, there has been substantial work in
the study of the evolution of faint (b; ~ 21) field galaxies by several groups, including
the Durham-AAO pencil beam survey of Broadhurst et al. (1988; BES), the Low
Dispersion Survey Spectrograph (LDSS) survey of Colless et al. (1990) and work
undertaken at Kitt Peak National Observatory (KPNO) by Koo and Kron (1987). A
summary of this field is given in Koo and Kron (1992, KK92).

The study of faint field galaxies is of interest because these objects begin to sample
a range in redshifts beyond z~ 0.1, where evolutionary effects might be expected to be
observable. Amongst the more unexpected results from these studies are an excess in

the number counts of faint galaxies over predictions for non-evolving models, redshift
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distributions in accord with the predictions of a non-evolving model, a shift to bluer

colors at fainter magnitudes and an increase in the frequency of line emission (KK92).

A number of researchers have found evidence for a steepening in the slope of the
N(m) vs. m relation at very faint magnitudes (see, for example, Tyson 1988). In
a strictly Euclidean universe, this relation should increase by a féctor of four per
magnitude, which represents the ratio of volumes for that interval. When this slope
steepens beyond this value, it is generally interpreted to mean that the luminosity
function of galaxies is changing at higher redshifts, such that there are more bright
galaxies at those redshifts than in the “local” universe. This is either the result
of there being a greater number of galaxies at those redshifts (for example, density
evolution from mergers) or else that galaxies were intrinsically brighter in the past
(luminosity evolution). Various evolutionary models, ranging from “non-evolving”
scenarios to models with both/either luminosity and/or density evolution have been
analyzed to explain the observations. These models make predictions for the number
counts of faint galaxies in various filter passbands, which can be compared to the

observations to determine the viability of the model.

A number of redshift surveys of nearby galaxies (Kirshner et al. 1978; Kirshner
et al. 1983; Peterson et al. 1986; Metcalfe et al. 1989) are useful for computing the
field galaxy luminosity function in the “local” universe, which can be compared to
the derived LF of the faint surveys. Surveys of faint galaxy redshifts (BES; LDSS)
result in distributions that are consistent with non-evolving models out to redshifts of
z~0.4. These authors argue that since their number counts are steeper than permiss-
able for such models, that some form of luminosity-dependent luminosity evolution
is the cause. They propose a model whereby an intrinsically faint galaxy undergoing
a burst of star formation would have a greater relative increase in its absolute mag-
nitude and that these bursts are more frequent amongst these galaxies at redshifts

z>0.1. However, KK92 argue that an alternative explanation might be that these
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faint redshift surveys are biased against higher redshift objects. This is due primarily
to the reduction in the surface brightness by a factor proportional to (1+ 2)~* which
makes the high-z objects more difficult to detect. Other factors that KK92 claim
could lead to this result include the fact that at such high redshifts, prominent spec-
tral features like the 4000A break move into the noisy red portion of the sky. Also,
for emission line galaxies, the only common emission line readily observable in these
surveys at z~0.5 is [OI[]AA3726, 3729, as both HB A4861 and [OIII]AA4959, 5007 have

moved into the red spectral region.

Studies of the colors of galaxies show a progressive trend to bluer colors as one
moves to fainter magnitudes. Median colors in the bj;-ry system of Kron (1980)
shift by 0.5 magnitudes blueward for galaxies fainter than B~22. This result is
dramatically illustrated by the ultra-faint surveys of Tyson and Seitzer (1988) and
Tyson (1988), who show as much as a one magnitude change in B;-R of galaxies at
their faint limits. However, others (for example Lilly et al. 1991) show a more gradual
trend to bluer colors. This “blueing” of galaxy colors may be due to an increase in the
proportion of intrinsically blue galaxies rather than a general trend of blue galaxies

becoming bluer (KK92).

Both BES and LDSS state that there is a greater incidence of [OIIJAA3726, 3729
emission in their samples at redshifts z,,.4 ~ 0.2, ranging from a 40% to 100% increase
in the fraction of galaxies with an equivalent width in this line >20A as compared to
the predictions of a non-evolving population using the sample of Peterson et al. (1986)
for the “local” population. They argue that this supports their picture of enhanced
bursts of star formation at z>0.1 for intrinsically faint galaxies. KK92 argue that
the comparison to the Peterson et al. survey may not be applicable, since they don’t
necessarily contain similar galaxies. Indeed, they point out that a plot of the BES
equivalent widths vs. z shows an anti-correlation with more strong-lined objects

seen at z~ 0.15 than at z~ 0.3. This effect may be due to the correlation between
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luminosity and redshift in the BES sample if fainter galaxies have intrinsically higher
equivalent widths in [OI]AA3726,3729. This last assumption is plausible based on

the tendency of lower-luminosity galaxies to have bluer U — B colors (Huchra 1977).

In KK92 and in Koo et al. (1993), an alternative model of galaxy evolution is
presented in which their principle alteration to prior models is to separate out the
different types of galaxies based on their intrinsic colors (early-type red elliptical
and lenticular galaxies and late-type blue spirals and irregulars). They compute the
“local” LF for each type separately through a non-negative least squares fit to the
observed data and compare the predictions of these LFs for counts, colors and redshift
distributions to the observations from faint surveys assuming no evolution. They get
a remarkably good fit for each of these distributions from B<15 to B~24 for redshifts
and B~26 for counts and colors, and their faint galaxy excess is red, not blue. Their fit
still requires some mild luminosity evolution to account for their remaining deviations

from the observed distributions.

1.4 Thesis Objectives

This thesis will examine the extent to which cosmological evolutionary effects are
discernable between two samples of emission line galaxies, which have been selected on
the basis of the fluxes and equivalent widths of their [OIII]AX4959, 5007 and HB 24861

emission lines. In addition, statistical properties of the distant sample are derived.

The distant sample consists of 370 galaxies detected by Schmidt, Schneider and
Gunn as a by-product of the 4-Shooter transit survey for high-redshift quasars. These
galaxies are selected on the basis of an equivalent width in a detected emission line
in excess of 50A and a line flux above some wavelength-dependent limit, which cor-

responds to a set signal-to-noise limit. More detail on these objects can be found in

Chapter 2.

The nearby sample consists of 107 galaxies selected from the CfA Northern Sky
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Redshift Survey (Huchra et al. 1983). Of these, 81 objects have [OIII]AA4959, 5007
equivalent widths in excess of 23.75A, based on the results of Burg (1987). The re-
maining 26 objects are classified as Seyfert galaxies, according to Edelson (1987), and
have been included in this sample on the possibility that their combined HB 24861
and [OIIT]AA4959, 5007 strengths are sufficient for inclusion in the final sample. Chap-
ter 3 of this work more fully discusses the details that went into the selection and
observation of the CfA sample.

The analysis of the CfA data is described in Chapter 4, focusing on the details of
how the comparison between the two samples is to be made. Chapter 5 compares the
results for the two samples and discusses the relevance of those results to the issue of
evolution in these types of galaxies.

Throughout this thesis, I shall assume the standard cosmological model, with a

Hubble constant, Hy = 50 km s™'Mpc™! and a deceleration parameter of gy = 0.5.
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Chapter 2

Transit Survey Sample

2.1 Survey Summary

The 4-Shooter transit survey of Schmidt, Schneider and Gunn (1986a,b; 1987a,b;
1988; 1989a,b; 1994; henceforth SSG) has resulted in a list of 1612 candidate emission
line objects with 1760 lines detected (a number of objects are detected in two different
lines). The transit survey consists of 6 strips of the sky, 8.5 arcminutes wide in
declination by several hours long in right ascension. In transit mode, the telescope is
stopped, and the CCDs are read out at the sidereal rate. Exposure times in transit
mode are inversely proportional to cosé. FEach strip is observed twice, first in a
direct imaging mode using Gunn g and i filters, to locate all of the objects that are
observable above the noise limit in that strip, and then a second time using grisms
to get low resolution slitless spectra for each of these objects. Additional details of
the observing procedures and the data analysis can be found in the above referenced
articles.

As a summary, every object in each of the strips is examined for the presence of
emission lines in their slitless spectra. An object is flagged as a potential emission line
candidate if at least one suspected line has both a signal-to-noise ratio in excess of
some survey-specified limit as well as an equivalent width in excess of 50A. Since the
data are background limited, the signal-to-noise ratio is calculated from the following

formula:

S fune(MR(Y
N [Bd(d2 + w2)1/2]1/2’
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where fiine()\) is the line flux, R(}) is the response of the CCD as a function of
wavelength, B is the sky brightness, d is the seeing FWHM and w represents the
number of pixels that correspond to the typical line width in a quasar of 118A. For
a given (S/N)jim, this translates into a line flux limit as a function of wavelength,
which is shown in Figure 2-1. (S/N)j;, is set to either 6.5 for both the 1J and the QR
sub-surveys or 7 for the other four sub-surveys. The equivalent width is calculated
by fitting a ond order polynomial to the data on both sides of the suspected emission
line to estimate the continuum flux density under the line and comparing this to the
measured line flux. Starting with an initial number of objects in each strip on the order
of 100,000, a list with a few hundred candidates is created with (S/N) > (S/N);p, and
EW>50A in the emission line. These candidates are then observed using moderate
resolution slit spectroscopy (both Double Spectrograph as well as the 4-Shooter) in

order to determine the nature of the suspected emission line.

Of the 1612 suspected emission line objects in all 6 sub-surveys, 269 of them are
quasars, found from one or more of the following lines in their spectra: Lya A1216;
CIV \1549; CIII)A1909 or MgII A\2798. The survey detected a total of 665 low redshift
galaxies. Of these, there are 295 galaxies detected solely on the basis of Ha A6563
emission, and 284 that are detected in [OII[]AX4959,5007 and/or HB A4861. The
remaining 86 galaxies are detected in both Ha 16563 and [OIII]AX4959,5007 and/or
HpB X4861. Of the remaining objects, 92 have been rejected because they are either
sub-structures in other galaxies (i.e., individual HII regions) or because they have
been selected due to an interference effect from the grism spectrum overlapping with
the spectrum of another object. 165 objects are nearby M stars, located in our own
galaxy, whose complex spectra can mimic an emission line object. The remaining 421

objects show no emission at the expected wavelength.

Since the resolution of the slitless spectra is insufficient to separate out the galaxies

detected primarily by [OII]AA4959, 5007 from those detected primarily by H3 A4861,
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all 370 objects are utilized to make up the distant sample for this thesis. An analysis
of that sample shows that of the 24 objects whose primary emission feature at the
suspected wavelength is H3 A4861, 23 of them are broad lined Seyfert 1 galaxies while
the remaining object is catagorized as a Starburst galaxy (see below for the definitions
of each class). The redshift range in these two emission lines for which the transit

survey is sensitive runs up to z ~ 0.5.

2.2 Observations and Object Statistics

The transit survey consists of six strips in right ascension, covering a total of 62
square degrees on the sky. Table 2-1 gives a summary of the relevant parameters for
each of the sub-surveys. The naming conventions used for each sub-survey are those
adopted by SSG. The limiting line flux at 6100A is given by log ffm(GIOOA). This is
indicative of the typical depth reached by each survey. Both the MN and the QR sub-
surveys are double-binned data, while the other four sub-surveys are triple-binned.

The mean wavelength (1) is defined below.

Of the 1612 candidate emission line objects, 370 are detected by the emission of
[OIII]AX4959, 5007 and/or HB A4861. These objects are listed in Table 2-2, along
with all of the relevant statistical quantities as derived by the transit survey. These
include the measured signal-to-noise ratio as well as the line equivalent widths. The
values for the redshifts are taken from the higher resolution slit spectra and are
determined by fitting gaussian line profiles to both the [OIIT]AX4959, 5007 and the
Hp A4861 emission lines, using the FIGARO line fitting routine FIT (Zucker and
Lawrence, 1988). Since the fitted wavelength residuals to these spectra are less than

1A (SSG, 1987D), the errors in these redshifts are typically less than 0.0002.

For each sub-survey, a mean zero-redshift wavelength is calculated for the blend

of HB M861 and [OIII]AA4959,5007. The following formula is utilized to determine
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the value of the mean zero-redshift wavelength:

iA=Ly _Hbini
N 1+ zpps,g

where N is the total number of galaxies from that sample, Ay;;, is the grism wavelength

of the bin where the emission line was detected and z,3, is the observed redshift from

the slit spectra. Figure 2-2 shows the histogram of values of the above expression

for each sub-survey. This shows that the values tend to cluster around the expected

range of wavelengths for a sample selected from HB 24861 and [OIII]AA4959, 5007.

2.3 Statistical Properties of the Transit Survey Sample as a Whole

We can derive a number of statistical properties for this sample assuming that
the galaxies are point sources (i.e., the optical extent is smaller than the aperture
used by DPS in analyzing the grism data which is an incorrect assumption that is
made here primarily for illustrative purposes and is not made for other parts of this
thesis). For each galaxy, the observed luminosity in HB 24861 + [OIII]AA4959, 5007

can be determined from:

log Lops(20ps) = log [47A2(zobs)fobs(zobs)]

where the luminosity distance is given by (Schmidt and Green, 1986):

2¢c z z
— 1+ .
Ho{ \/1+2QOZ+1}{\/1+2(]02+1}

2.3.1 Determination of Accessible Volume

Az) =

We can derive a maximum redshift to which each galaxy would be observable in
a particular sub-survey, using the observed line luminosity. This is accomplished by
converting the line flux limit curves (Figure 2-1) into line luminosity limit curves.
The above derived mean wavelength is utilized to determine the luminosity limits as
a function of redshift for each sub-survey. Figure 2-3 shows this line luminosity limit

vs. redshift diagram. The limiting luminosities are calculated using the following



formula:
log Llim(zbin) = log 47A2(zbin)flim(zbin)]

where z;, is given by:
. Aps
Zbin = Shm g,
The accessible volume for each galaxy can be determined from these maximum red-

shifts, and therefore, a “luminosity function” can be generated for these emission line

galaxies. This accessible volume is calculated from (Schmidt and Green, 1986):

dv - -

giving (for go = 0.5):

¢ \?® [7maz [z —2(1 + 2)/2 4 2]
Vinaz — Vipin = 4 (——) / d
mazx min w H, . (1+ 2)5/2 2

whose solution is determined analytically (for zp;, = 0):

Vimaz = SW(‘Hc—‘)sf(zmax),

(¢

where w 1s the solid angle of the sub-survey in steradians and where

1 1 1 1
7(e) = (HZ—(1+Z)1/2—3(1+2)3/2+§).

Following the procedure in Avni and Bahcall (1980), the accessible volume over all

six sub-surveys is determined for each of the 370 galaxies in this sample:

£ N2/ ¢ \3 Nsurveys
Va = 8<_> <"—> Z wjf(zmaz',j)a
180/ \ Hp o

where w; is the solid angle in square degrees for the jth sub-survey. The space density
for a given object is given by the inverse of this accessible volume. A plot of these
space densities vs. observed line luminosities, binned to 0.4 dex (1 magnitude) in the
log of the line luminosities, is shown in Figure 2-4. The error bars are determined

by the Poisson statistics in each bin. A Schecter function gives a mediocre fit to this
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data, as there is an apparent excess of objects with 40.6< log L <41.0 as well as too
many objects at high luminosities to fit the exponential tail of the function. It should
be remembered that this is not a true luminosity function, first since this is a plot
of line luminosities, rather than continuum magnitudes and also because there exists
an unknown distance-dependent bias on the measured line luminosities to each SSG

galaxy due to the aperture used by DPS in analyzing the grism data.

2.3.2 Number-Redshift Relation for Distant Sample

The N(z) vs. z histogram of the SSG sample shows the typical dropoff at larger
redshifts of a flux-limited sample (see Figure 2-5(a)). The dashed curve represents the
expected number of objects at each redshift based on the assumption of no evolution.
This is calculated by first determining the fraction of the total accessible volume for a
given object that is enclosed by a given redshift interval, and then summing this over

all 370 galaxies in the total sample. This can be expressed in the following manner:

N Veil2)
Npred(z) = Z —e‘;‘f—a
=1 a,t
where
Nsurveys
T 2 c\? . AZ Az
J=1

f(zma:c,j) - Mzn[f(z - é;)af(zmaw,j)] }

For a given object in the jth sub-survey, the minimum function leads to one of three

possible solutions, depending on the relation between 2,4, ; and z £ %5. These are:

Az
i A Zmaz,j < 2 5
z A A
=f(zmax,j)"f(z‘“—2“‘) Z——Q_Zszmax,jfz‘}""zﬁ
Az Az Az
St IEmT) T < many

For the first case, the galaxy has no enclosed volume at that redshift since its maxi-

mum redshift falls below the minimum redshift of that shell. The second case is that
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in which the maximum redshift falls within the range of redshifts for that shell, while
the last case is where the maximum redshift is beyond the maximum redshift of the
shell, and thus all of the volume in that shell is enclosed by the object.

Figures 2-5(b)-(f) show the redshift distributions for each of the different classes
of objects found in the distant sample. These classes are defined in Section 2.5. Some
comments on these distributions include the fact that there are no observed Seyfert
1 galaxies for z<0.08. Only 6% of the HII galaxies have 2>>0.1. This is due to the
definition used in this thesis for this class, which includes an absolute magnitude
criterion. This result means that we are limited in the extent to which we can make a
determination as to the extent of evolution in HII galaxies, since our distant sample
is limited in redshift to z<0.1. The most striking feature in the distribution of Seyfert
2 galaxies is the peak at a redshift 0.18<z<0.20. Much of this signal is due to an
apparent supercluster of galaxies located in the northern galactic hemisphere which
form a 2-dimensional sheet on the plane of the sky (see section 2.4 and Figure 2-8).
There is also a noticable deficit in both Starbursts and Seyfert 2s in the redshift range
0.10<z<0.12 which is reflected in the distribution of the total sample. Clearly there
is evidence for large-scale structure in the distribution of emission line galaxies, which

is further elaborated upon below in Section 2.4.

2.3.3 m% Tests for Distant Sample

A % test on this sample gives a value of:

Ve
— =0. .015.
v 0.61 £0.015

A anl/a:c test, in which each object is measured solely within the sub-survey in which
it is discovered, gives a value of 0.59. The difference between the two values is due
to the different flux limits of the six sub-surveys and the different number of objects

from each sub-survey. The deeper sub-surveys, MN and QR, which have 208 of the

370 galaxies in the total sample between them, contain fainter galaxies which would



2-8
not be observable to as great a distance in the other four sub-surveys, and thus their
Vr%%? is smaller than their %— values, thus accounting for this difference.

One reason why these values are different from the expected value of 0.5 for a
complete, uniformly spaced sample (Schmidt, 1968), is that the aperture used by DPS
to measure the light from each galaxy is smaller than the true extent of the galaxy.
If, as is generally the case, portions of a galaxy’s light have been excluded, then this
would tend to bias both the % as well as the Vn% results to higher values, as the
true line luminosities are greater than what was measured, and thus both the limiting

redshifts as well as Vipgz would increase.

2.3.4 Equivalent Width Distributions for Distant Sample

Plots of the equivalent width distribution, as a function of both line luminosity
and redshift, are shown in Figures 2-6(a) and 2-6(b). The distribution with respect to
line luminosity shows a correlation in which the low-luminosity galaxies have greater
equivalent widths. In addition, there is an upper limit to the observed line luminosi-
ties of the distant sample of galaxies. There are no apparent correlations between

equivalent width and redshift.

2.3.5 Determination of Continuum Magnitudes

A continuum magnitude for each SSG galaxy can be derived at the observed

wavelength of the emission line from the following expression:

. [5‘(1 + Zobs)]zfiine
AB;\(1+zobs) = —2.510g{ W } — 48.6.

This, in turn, can be used to derive an absolute continuum magnitude beneath the line

by using the observed luminosity distance, A(zps), and the formula for the distance
modulus. In order to compare this absolute magnitude to the magnitudes used in the
CfA survey, it is necessary to take into account the spectral slope of the continuum
from a wavelength of ) to 4400A. Assuming that the spectra go as f, ~ v~!, the

correction amounts to ~ +0.13 magnitudes. The formula for the absolute magnitude
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at 44004 is:

A1+ Zobcs?lz(;;bs)]z ﬂine} — 73.47.

M4400 = —-2.5 log{

Plots of the N(M) vs. M relation for the total sample, as well as each class of object,
are given in Figure 2-7(a)-(f). As is seen in Figure 2-7(b), there are 18 objects in
the distant sample which are more properly catagorized as low-luminosity quasars,
based on the criterion Mp <-23, however, there are no differences being assumed
between Seyfert 1 galaxies and low-luminosity quasars for the purposes of this thesis,
and therefore, these eighteen objects will be classified as Seyfert 1 galaxies. Besides
this point, the continuum magnitudes derived are consistent with values determined

for local samples of emission line galaxies.

2.4 Spatial Distribution of SSG Galaxies

Figure 2-8 shows the three-dimensional distribution of the 370 emission line galax-
ies in the distant sample. The different symbols each represent a different sub-survey,
and thus a different declination strip. As can be seen, there are several regions of
clustering, as well as some regions of low-density, in the distribution. The Bootes
void is visible at & ~ 14730™, z~0.05. One of the more prominent features would
appear to be the “void” located at 12P40™ < o <14P40™, 0.24< 7 <0.32. Another
feature visible in this figure is the string of galaxies from 12P00™ < o <13h30™,
z~0.18, which are mentioned above in the N(z) vs. z distributions as contributing to
the overdensity in both the Sy2 as well as the total sample. These may represent a
structure similar to the “Great Wall” pointed out by Geller and Huchra (1989).

Figure 2-9(a) and 2-9(b) show the N(z) vs. z distribution in the two galactic
hemispheres. Figures 2-9(c) through 2-9(1) give the same distribution for different
intervals of right ascension. Note that in Figure 2-9(j), there is evidence of the above
mentioned “void” in the redshift distribution, with only one object detected between

0.24<z<0.32. A Poisson test using the existing data and observed redshift distribu-
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tion demonstrate that this may be a robust feature in the large scale distribution of
emission line galaxies, with the probability of such a distribution occuring randomly

being under 1%. I believe that this is an area worthy of further investigation.

2.5 Diagnostics and Object Classification

Using the moderate resolution slit spectra from the distant sample, an attempt
has been made to classify the nature of each of the emission line galaxies using line
ratio diagnostics. The background of this field can be found in the papers of Baldwin,
Phillips and Terlevich (1981, henceforth BPT) and Veilleux and Osterbrock (1987,
henceforth VO), who utilize various combinations of line ratios to determine the source
of the ionization in a given object. BPT relied mainly on the line ratios [%%1%5’5—7;)—77
and %?, since most high quality galaxy spectra at that time were in the blue
spectral region. Due to the advent of red-sensitive CCD’s as the primary detectors
in modern spectrographs in the early 1980’s, VO prefer a different set of line ratios.

They developed a set of five criteria for the choice of acceptable line ratios. These

are:

e Each ratio should be made up of strong lines that are easy to measure in typical
spectra.

e Lines that are badly blended with other lines should be avoided because the
somewhat subjective nature of the deblending procedure increases the uncertainty
in the flux measurements of these lines.

e The wavelength separation between the two lines should be as small as possible
so that the ratio is relatively insensitive to reddening and flux calibration.

e Ratios involving a line of only one element and an HI Balmer line should be
preferred to those involving forbidden lines of different elements, because they

are less abundance-sensitive.

e The lines should be in a region of the spectrum that is easily accessible with
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present-day instruments. Among other considerations, lines in the ultraviolet
should be avoided because of the low sensitivity of many CCDs at short wave-
lengths.

[OIINA5007 [NINA6583 [OI]A6300
HB A4861 ° Ho A65637 Ho A6563

The best line ratios that satisfy these criteria include

and [SHE{’\O:\ 6;;;;2731. The [géni‘:gzg ratio does suffer from deblending problems to a cer-

tain extent, though in most instances, a sufficiently accurate deblending is possible to
get an estimate of these line ratios. The %—’};(5—50603 ratio is included because [OI]A6300,
which is generally emitted in the partially ionized zone surrounding AGN, is a reliable
discriminator of the differences between power-law spectral sources and hot, thermal

sources, even though it tends to be a fairly weak emission line in most objects.

VO showed that by plotting various combinations of these line ratios, it was
possible to discriminate the mechanism responsible for the line emission. A brief

summary of each type of object classified for this thesis is given below:

e Seyfert 1 galaxies (Syl): Syl galaxies are characterized by broad permitted
lines (v pw g p 21000 km/sec), such as Ha A6563 and narrower lines of forbidden
transitions (vpw gy 2500 km/sec), such as [OIII]AN4959,5007. The ionization
source is believed to be an accreting, massive black hole in the galaxy center,
which emits a very hard, power law continuum spectrum. They are strong X-
ray sources, though they tend to have little or no radio emission (Elvis et al.
1978). Because of the large X-ray flux from the central engine, Syl galaxies
have a large, partly ionized zone of hydrogen, where a number of low-ionization
species can exist. Chief among these is {OI]A\6300. In general, due to the broad
Balmer lines, Syl galaxies are fairly easy to classify. Note that for this thesis,
I am not differentiating between Syl galaxies and QSOs, and indeed, several
(~18) of the objects in the distant sample are bright enough to qualify as low-

luminosity QSOs. With regards to the comparison to the CfA sample, this should
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not adversely affect the results, as there is only one QSO which is bright enough
to be observable to the CfA survey (3C 273), and it would lead to a no-evolution
prediction of less than one quasar in the distant sample. As the number statistics
are quite marginal, a statement about the evolution of quasars at low redshifts

(z<0.5) would be inappropriate.

Seyfert 2 galaxies (Sy2): Sy2 galaxies are very similar to the Syl1’s, except for
the lack of the broad emission lines. In Sy2’s, one of the leading conjectures is
that their central engine is obscured by dust in the accretion disk, and that the
broad line region is therefore unobservable. Some of the evidence supporting this
includes the work by Antonucci and Miller (1985), who observed broad emission
in polarized light from the Sy2 nucleus NGC 1068. This has been interpreted
as the reflected light scattered by electrons that have clear lines of sight to both
the nucleus as well as the observer. Other evidence for this view comes from
X-ray observations of a sample of Sy2 galaxies, showing strong absorption of the
lower energy X-rays, but high energy fluxes that are comparable with Syl galaxies
(Lawrence and Elvis 1982; Turner and Pounds 1989). Since the penetration depth
of X-rays through dust is a strong function of the energy of those X-rays, this
result is believed to be due to the absorption of the low energy X-rays by the dust
torus. Therefore, there is evidence that Syl and Sy2 galaxies are both parts of
the same family of objects, which are photoionized by a hard, power law source
in their centers, and whose primary difference, the velocity width of permitted
emission lines, is likely due to a geometric effect of whether or not the dusty
accretion disk lies in our line of sight, thereby blocking the Broad Line Region
(BLR) from our view. Sy2 galaxies are most readily recognized by the strength

of their forbidden line emission, with, for example, %5—8% >3.

Low Ionization Nuclear Emission Line Regions (LINER’s): LINER’s have

strong emission in low-ionization species, such as [OI]A6300 and [SIT]AA6716,6731,
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but they tend to have weaker [OIII]AX4959, 5007 emission than Sy2 galaxies, with
[—I%IBI—I%ZOTO: <3 (Heckman 1980). Because of this, LINERs are not expected to make
up a significant portion of either sample for this thesis, which is based primarily
on the strength of [OIII]AA4959,5007. LINER’s are suspected to be photoionized
by a power-law source in their nucleus, similar to the source in Sy2 galaxies, but
this is still uncertain.

e HII Region galaxies (HII): HII galaxies have spectra similar to those found
in the star-forming regions in our own galaxy, and are therefore believed to be
caused by the formation of a large number of hot, OB stars. They tend to have
strong [OIII]AA4959, 5007, but are weak in most of the other forbidden emission
lines. These objects were first studied by Sargent and Searle (1970). French (1980)
studied a sample of 14 galaxies, with the spectra of HII regions. 10 of these objects
were of low-luminosity (M>-17, Hy = 75 km sec™! Mpc™!), while the other four
were bright (M<-20). The bright galaxies were included for comparison purposes.

e Starburst Galaxies (SBs): These objects are galaxies undergoing a substantial
burst in star formation, with a preponderance of massive O and B stars which
ionize the surrounding medium. These bursts tend to occur in the nuclei of the
host galaxy. Spectroscopically, SBs appear similar to the HII Region galaxies,
with strong [OIII]AA4959, 5007 and weaker in other forbidden lines. However,

since they occur in larger galaxies, these objects tend to be more luminous.

Salzer et al. (1989b), in describing the properties of the emission line galaxies from
the UM survey, classify star-forming galaxies into a number of different catagories.
Their scheme is based on criteria that includes absolute magnitudes and sizes as well
as the morphological appearances of the UM emission line galaxies and they minimize
the extent to which line ratio diagnostics are used to classify those objects. This is
so that they can examine the correlations of various line ratios with galaxy type. For

this thesis, there is no detailed size or morphological information available for the
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distant sample, and thus classification based on the line ratio analysis from the slit
spectra is the only viable option. While other researchers may differentiate between a
SB Galaxy and an HII galaxy based on a different set of criteria, such as morphology,
for the purpose of this thesis, | am defining a SB Galaxy as having Magoo <-18, as
measured by the grism survey. The calculation of the magnitude is shown in section
2.3.5. Objects which are fainter than this limit, which have the spectral signature of

ionization from hot stars will be classified as HII Region Galaxies.

An analysis of the line ratios of the 370 galaxies in the SSG sample shows that
12% are Syl galaxies, 24% are Sy2 galaxies, 43% are Starbursts and 18% are HII

galaxies while the remaining 3% are LINER’s. Table 2-3 lists the classification and

[OI1)A3727 . [OIIT]A5007 . [NI[JA6583 .
[OII[A5007° HF A4861 ' Ho A6363°

@I}%\%@; and % for each object in the sample, as well as the ratio of

Ha A6563
HF A4861°

enumerates the measured line flux ratios for the logs of

Reddening corrections are not made, in general because of great uncertainty
in measuring the Balmer decrement in objects at higher redshifts, where Ha A6563

is located in a noisy region of the spectrum. In addition, the various line ratios are

plotted in Figures 2-10(a)-(d) (a la the plots in BPT and VO).

A difference to note between these plots and those of VO are that there is a
clean separation between star-forming and active galaxies in the plots of VO, while in
Figures 2-10 there is a greater degree of scatter which results in certain objects with
line ratios that could be due either to star formation or to an active nucleus. The two
principle reasons for this scatter are measurement uncertainties for the SSG spectra
as well as the possibility that there truly are transitional objects which display both
types of activity, but which were either not present or were ignored by VO in their
paper. For the first issue, based on discussions that I have had with Dr. Charles
Lawrence, the author of the line-fitting routine FIT, the range of uncertainty in the
measurement of the line fluxes is és high as 100% for objects with weak emission

lines, such as [OI]A6300. In addition, since the typical 4-Shooter spectrum has a
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resolution of 254, the [NII]AX6548,6583 and Ha A6563 lines were generally blended
together, and the success in deblending these lines is, at times, questionable. Since
Figures 2-10(b)-(d) all depend on the measurement of Ha 6563, this deblending
does cause additional uncertainty in the measurements of those line ratios. That
said, the typical uncertainty in the logarithm of the line ratios is 0.1 to 0.2 for the
SSG galaxies. As to the second possibility described above, VO used a sample that
was intended to maximize the differences between ionization mechanisms, so that the
suitability of their method would be best demonstrated. This would not deny the
possibility that there are galaxies which display both types of photoionization, and as
such, would occupy either the transition region between AGN and starbursts in these
plots or else would appear to have AGN-like properties in certain line ratios (such
as %) while having starburst-like properties with other line ratios. Indeed, in
Figures 2-10(b)-(d), there are several objects which appear to have strong %,
thus classifying them as Seyfert 2 galaxies, while their %N—OI}%%’—E—; or their %%%2—7@
ratiosr are too weak to be considered AGN (note that in all three plots, they would
have identical values for the %(371}5):\4__58%017 ratio). It is the combination of these two effects

which results in the overlap that is observed between AGN and star-forming galaxies

in Figures 2-10(a)-(d).

The effect of this overlap on the results obtained in this thesis pertains to the issue
of how accurate are the object classifications. Since I utilized the %% line ratio as
the primary criterion for active galaxies, if this ratio was overestimated for a particular
object, then that object should be moved from the Seyfert 2 catagory into one of
the star-forming catagories. It is unlikely that this ratio would be underestimated,
which would result in a galaxy classified as a star-forming object being, in fact, an
AGN. For that possibility, the spectra would have to have been too noisy to get a

measurement of the [OI]A6300 line flux, and in those cases, I generally relied on the

other line ratios for object classification. As demonstrated in Chapter 5, the SSG
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survey appears to underestimate the total predicted numbers of all galaxy types,
particularly Seyfert galaxies, so if I misclassified one of the SSG galaxies as a Seyfert

2, then this underestimate would be exaggerated even further.
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Table 2—-1. Observational Parameters of Transit Survey Fields.

Exp Seeing
Survey Right Decl Time FWHM sec z log f)I\im Eff Area )
Name  Ascension (sec) (arc sec) (6100A) (sq. deg.) (A)

GH 20"45™ - 04h45™ 01°20° 34.8  1.80 1.18 -14.180  13.73 4969
1IJ  o7hoo™ - 10%25™ 56°30° 62.6  2.20 1.09 -14.227 3.75 4976
KL 11"35™ - 16h40™ 38°00° 44.0 270  1.00 -14.108 7.83 4945
MN 09h05™ — 16R50™ 46°40° 50.5  1.65  1.11 -14.333  10.06 4987
OP 21h05™m — 04h35™ 02°20° 34.8  2.00 1.28 -14.101  14.58 4971
QR 08h05™ - 17h15™ 47°50° 51.6  1.65 1.05 -14.276  12.01 4985



Table 2—-2. [OIII]AM959, 5007 and HB 24861 Galaxies from SSG Survey

Object Rt Asc Dec Mbin  Zobs EW(A) S/N logfQbs
0001+0214 00 01 02.3 402 14 07 6195.5 0.232 2429.47 7.89 -14.185
000240118 00 02 01.1 401 18 14 5343.0 0.086  279.58 9.95 -13.948
000440215 00 04 14.3 +02 15 15 5730.5 0.148 1323.81  20.11 -13.728
000740217 00 07 05.9 +02 17 37 5110.5 0.038 313.65 13.07 -13.799
0012+0219 00 12 36.1 +02 19 08 6815.5 0.362  432.81 7.92 -14.171
002840215 00 28 42.1 402 15 33 5963.0 0.197 74.94 7.76 -14.166
003340220 00 33 22.6 402 20 41 5730.5 0.154 146.64 7.07 -14.181
003640215 00 36 05.5 402 15 22 6893.0 0.389  226.82 14.04 -13.882
003740119 00 37 12.2 401 19 12 5265.5 0.065 1730.76 7.95 -14.022
004240218 00 42 02.5 +02 18 30 5885.5 0.185 63.59 7.83 -14.147
004740123 00 47 05.0 401 23 42 5420.5 0.097 526.40 16.45 -13.745
005340221 00 53 00.2 +02 21 01 5808.0 0.164 359.93  10.69 -14.006
005540119 00 55 51.3 401 19 32 5885.5 0.185 3217.80 7.50 -14.113
010040122 01 00 40.5 401 22 36 5963.0 0.197 764.55 12.04 -13.926
010740213 01 07 47.9 402 13 54 6660.5 0.347  361.87 8.66 -14.146
0116+40126A 01 16 50.9 +01 26 41 5420.5 0.087 107.55 8.16 -14.049
01164-0126B 01 16 51.0 401 26 32 5343.0 0.088 64.46  22.21 -13.600
011640123 01 16 52.6 401 23 39 5343.0 0.072 774.15 142.31 -12.793
012540222 01 25 25.8 402 22 16 6583.0 0.334 86.24  14.00 -13.941
012840222 01 28 36.0 402 22 00 5963.0 0.204 879.79 18.64 -13.786
013240221 01 32 47.9 402 21 09 5188.0 0.046  407.12 7.43 -14.068
013440119 01 34 14.7 401 19 48 51105 0.031 17299 17.04 -13.652
013540119 01 35 224 401 19 19 6660.5 0.333 117542  12.57 -13.928
014240123 01 42 08.7 +01 23 34 5885.5 0.175 162.14 8.68 -14.050
014240126 01 42 32.1 +01 26 51 5808.0 0.148 190.49 25.54 -13.567
014340121 01 43 38.8 401 21 02 6118.0 0.231  155.32 23.61 -13.652
014640222 01 46 43.3 +02 22 24 5498.0 0.106 1388.33 22.41 -13.671
0148+0126 01 48 49.6 +01 26 59 5033.0 0.017 370.71  18.88 -13.592
015140124 01 51 34.7 +01 24 11 6428.0 0.312 94.39 8.00 -14.127
015740124 01 57 10.1 +01 24 38 5343.0 0.066 1852.51 9.12 -13.986
015940119 01 59 12.9 +01 19 37 5808.0 0.158 685.94  49.57 -13.279
015940219 01 59 31.4 +02 19 08 6660.5 0.336  355.11  33.80 -13.555
020140126 02 01 354 401 26 40 5343.0 0.073 375.86 11.00 -13.905
020840218 02 08 22.1 402 18 04 5033.0 0.023 305.74 10.01 -13.886
020840221 02 08 48.1 402 21 59 5575.5 0.131 79.85  17.76 -13.780
0209+0120 02 09 23.4 401 20 50 5188.0 0.044 185.32 8.94 -13.952
021140124 02 11 17.5 401 24 57 6428.0 0.281 688.43 9.36 -14.059
021740124 02 17 15.9 401 24 25 6428.0 0.290 186.24 8.97 -14.077
021840122 02 18 25.7 401 22 24 6350.5 0.287  368.59 7.73 -14.138
022140217 02 21 01.6 402 17 55 5033.0 0.029 62.34 19.52 -13.596
022240223 02 22 36.5 +02 23 07 6660.5 0.322  488.94 12.50 -13.987
022340125 02 23 57.3 +01 25 04 6428.0 0.284 129.50 10.20 -14.021
023140216 02 31 13.5 +02 16 17 6505.5 0.321 181.19  45.05 -13.436
023540121 02 35 35.2 +01 21 22 6738.0 0.394 7093 19.95 -13.724
023540220 02 35 56.9 +02 20 53 5963.0 0.209 152.96 41.18 -13.441
030040221 03 00 21.1 402 21 45 5420.5 0.088 643.14 11.68 -13.940
030240217 03 02 30.5 +02 17 16 5653.0 0.146 63.72 7.47 -14.159
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Table 2-2. (cont.)

Object Rt Asc Dec Mbin  Zobs EW(A) S/N logfghs

0303+0126 03 03 029 <401 26 13 5963.0 0.198  621.73  23.54 -13.635
0309+0223 03 09 044 +02 23 07 5033.0 0.020 823.75 112.87 -12.834
031140123 03 11 58.0 401 23 46 5575.5 0.131  356.23 2294 -13.612
032340219 03 23 55.0 402 19 58 6428.0 0.276  453.59  14.11 -13.937
032440124 03 24 58.3 401 24 05 5808.0 0.164 1396.22 1543 -13.786
034040124 03 40 22.7 401 24 32 6970.5 0.389 633.82  10.60 -13.968
034940126 03 49 29.8 401 26 42 6583.0 0.322  560.64 8.47 -14.102
040440125 04 04 24.4 +01 25 37 5188.0 0.050 70.43 8.46 -13.976
04054-0226 04 05 28.2 402 26 37 5343.0 0.091  316.83 9.15 -14.026
0419-+0126 04 19 03.9 +01 26 01 5885.5 0.181 153.41  11.17 -13.940
043440133 04 34 57.2 401 33 17 6505.5 0.294 1686.99 11.06 -13.986
0720+5620 07 20 07.9 456 20 23 5420.5 0.087  146.28 9.93 -13.978
073545621 07 35 53.5 +56 21 53 5575.5 0.117 334.68 34.16 -13.453
073645621 07 36 06.4 +56 21 41 5808.0 0.177  269.12 6.80 -14.156
0804+5620 08 04 09.8 +56 20 59 7048.0 0.408 113.16 12.98 -13.899
081244744 08 12 40.7 447 44 37 7082.0 0.430 90.79 6.71 -14.227
081745625 08 17 43.3 +56 25 36 5265.5 0.066 344.15 15.67 -13.741
082144749 08 21 38.3 447 49 44 6152.0 0.231 1964.11 9.05 -14.133
08224-5622 08 22 50.2 +56 22 25 5420.5 0.089  120.69 6.74 -14.146
082345621 08 23 27.1 +56 21 09 5110.5 0.032 69.70 7.11 -14.041
0824-+4749 08 24 53.0 -+47 49 28 5480.3 0.097 307.41  10.55 -14.001
0825-+5622 08 25 13.6 456 22 40 6350.5 0.284 71.40 1590 -13.846
082944745 08 29 26.6 +47 45 35 5273.7 0.050 72441 2532 -13.573
085045623 08 50 06.5 +56 23 25 7048.0 0.409  307.17 13.79 -13.872
085145628 08 51 28.2 456 28 27 7048.0 0.442 134.24 19.32 -13.726
085145625 08 51 44.5 +56 25 21 5110.5 0.014 95.97 7.71 -14.006
085445622 08 54 51.6 +56 22 14 5265.5 0.066  750.63 9.96 -13.938
0855+5622 08 55 15.0 +56 22 54 5343.0 0.083 732.25 6.62 -14.135
090245622 09 02 29.1 +56 22 20 5188.0 0.047 98.17  18.40 -13.652
09045621 09 04 42.2 +56 21 45 5808.0 0.174 103.46 7.03 -14.142
090644750 09 06 20.7 +47 50 07 6513.7 0.297 177840  26.21 -13.670
0913+5628 09 13 30.3 +56 28 00 5265.5 0.072  108.41 8.46 -14.009
091344744 09 13 56.0 +47 44 51 6100.3 0.237 106.82 6.59 -14.270
091844634 09 18 33.1 +46 34 36 5170.3 0.041 78.00 8.14 -13.983
09204-5627 09 20 36.0 +56 27 44 7203.0 0.425 2709.72 8.83 -13.994
09224639 09 22 09.0 +46 39 25 5945.3 0.185 67.15 7.34 -14.157
092744640 09 27 41.4 +46 40 19 6772.0 0.350  206.36 740 -14.179
0929-+4634 09 29 40.0 +46 34 45 6978.7 0.387 113.51  10.50 -13.998
0930-+4633 09 30 55.3 +46 33 15 5790.3 0.152 22573  19.32 -13.687
0930-+4636 09 30 57.3 +46 36 32 5790.3 0.166 7792 12.84 -13.864
093144640 09 31 31.9 +46 40 21 5222.0 0.047 200.42 12.11 -13.830
0933-+4750 09 33 42.5 +47 50 17 5325.3 0.065 100.61 9.35 -14.020
0934-+4637 09 34 01.7 +46 37 34 5325.3 0.066 2337.38  22.64 -13.592
0936+5623 09 36 50.1 +56 23 38 5963.0 0.191 1519.59  12.49 -13.920
0943+4638 09 43 46.7 +46 38 17 6152.0 0.225 182.31  23.83 -13.669
0944-+5625 09 44 32.7 +56 25 09 6428.0 0.293  925.87 6.48 -14.232
094645627 09 46 30.8 +56 27 39 6350.5 0.280  541.34 7.49 -14.172
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0946+4636 09 46 34.5 +46 36 11 6513.7 0.307 798.99 852 -14.119
094744745 09 47 53.8 +47 45 46 6565.3 0.307 581.69  6.50 -14.273
0948+4750 09 48 14.5 447 50 58 5118.7 0.023  753.61  14.48 -13.764
0948+4753 09 48 37.5 +47 53 17 6203.7 0.250 290.62  9.30 -14.123
0952+5628 09 52 53.2 +56 28 34 6428.0 0.284  321.58  19.39 -13.756
0955+4753 09 55 21.9 +47 53 16 6978.7 0.419  88.44  12.77 -13.958
0955+4747 09 55 51.7 +47 47 29 5325.3 0.067 134592  6.60 -14.171
095844746 09 58 00.9 +47 46 34 6978.7 0.393  123.63 11.49 -14.004
0959+4634 09 59 10.0 +46 34 49 5893.7 0.181 9213  11.90 -13.928
1000+4753 10 00 37.9 447 53 51 6668.7 0.334 206.61  7.97 -14.185
1004+4641 10 04 06.2 +46 41 02 5428.7 0.086 1127.74 15.09 -13.792
1004+4751 10 04 35.9 +47 51 16 5738.7 0.151 711.24  14.67 -13.863
1010+5624 10 10 44.0 +56 24 22 5343.0 0.070 377.10 15.91 -13.754
1010+4634 10 10 56.6 +46 34 45 6462.0 0.321  71.14 27.57 -13.610
1013+4637 10 13 03.4 +46 37 14 59453 0.187 12644  9.08 -14.065
1015+4641A 10 15 10.8 +46 41 24 5377.0 0.080 229.85  69.76 -13.117
1015+4641B 10 15 11.1 +46 41 27 5377.0 0.079  872.69 172.75 -12.724
1015+4639 10 15 21.0 +46 39 18 5635.3 0.123  97.96  9.57 -14.011
1016+4747 10 16 27.5 +47 47 38 6720.3 0.341  624.83  7.69 -14.200
1016+5630 10 16 56.0 +56 30 37 6893.0 0.387 270.21  10.31 -13.975
1018+5631 10 18 18.5 456 31 32 5343.0 0.046 9439  7.95 -14.055
1019+4750 10 19 52.6 +47 50 06 5687.0 0.144  83.81 16.84 -13.809
1023+4748 10 23 37.4 447 48 12 5738.7 0.151  146.41  10.32 -14.016
1024+4639 10 24 05.1 446 39 53 5222.0 0.059  74.37 1191 -13.837
1025+4749 10 25 50.0 +47 49 05 5170.3 0.051  72.59  7.59 -14.059
1028+4641 10 28 02.9 446 41 41 5325.3 0.093 5865 16.39 -13.733
1034+4636 10 34 03.5 446 36 18 5842.0 0.174  856.79  13.77 -13.843
1038+4637 10 38 19.2 +46 37 46 6720.3 0.340 12593  7.94 -14.151
1039+4754 10 39 28.8 +47 54 22 5428.7 0.090 12543  6.84 -14.180
1040+4634 10 40 20.0 +46 34 43 5635.3 0.128 398.90  7.90 -14.095
104644752 10 46 52.3 447 52 36 5325.3 0.062 700.75  9.83 -13.998
1050+4637A 10 50 17.0 +46 37 13 5170.3 0.038  339.70  11.03 -13.852
1050+4637B 10 50 24.3 -+46 37 24 5377.0 0.086  52.07  7.39 -14.092
1052+4638 10 52 51.2 +46 38 17 5222.0 0.050  60.19  10.20 -13.905
1057+4635 10 57 12.8 +46 35 04 5583.7 0.126  242.58 13.72 -13.851
105844755 10 58 52.0 +47 55 27 5273.7 0.064 512.67  6.57 -14.159
1059+4749 10 59 01.8 +47 49 48 56353 0.121  82.38  6.55 -14.220
105944752 10 59 58.9 +47 52 32 5015.3 0.018 261.85  9.65 -13.915
110244641 11 02 51.0 +46 41 02 5015.3 0.006 251591  7.51 -13.989
110344636 11 03 36.2 +46 36 20 5222.0 0.053 14581  10.61 -13.887
110544641 11 05 08.9 +46 41 01 6152.0 0.237 133.95  7.85 -14.151
110544636 11 05 58.1 +46 36 52 6410.3 0.279 1350.21  8.10 -14.142
110744754 11 07 01.0 +47 54 33 6565.3 0.315  84.90 10.62 -14.060
110844643 11 08 08.1 +46 43 15 5222.0 0.052 41641 1552 -13.722
110844749 11 08 36.0 +47 49 20 5325.3 0.070  180.45 21.44 -13.660
110944755 11 09 16.5 +47 55 13 5377.0 0.083  642.28 41.35 -13.389
111044642 11 10 37.0 +46 42 56 6823.7 0.372  209.26  9.04 -14.083
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111344643 11 13 13.3 +46 43 21 6255.3 0.248 221.84 10.85 -14.018
111444752 11 14 38.0 +47 52 16 7030.3 0.434 77.93 8.47 -14.134
111544637 11 15 45.7 +46 37 22 5222.0 0.043 750.84 13.06 -13.797
111744643 11 17 45.6 446 43 22 6358.7 0.275  142.88 15.70 -13.858
1119+4750 11 19 33.9 447 50 26 5377.0 0.076 17437 16.72 -13.783
112044640 11 20 15.4 446 40 05 7082.0 0.418  400.89 711 -14.170
112044636 11 20 38.2 +46 36 22 6203.7 0.235  777.58 9.12 -14.092
112244753 11 22 16.0 +47 53 59 5532.0 0.108 142.56 13.25 -13.906
112544639 11 25 01.2 446 39 35 6255.3 0.271 98.75 731 -14.189
11284-4753 11 28 26.9 +47 53 31 5222.0 0.042 17227 13.11 -13.840
113244755 11 32 02.4 447 55 07 5532.0 0.103 116.71 7.16 -14.173
114044641 11 40 01.8 +46 41 13 5428.7 0.116 54.22  38.63 -13.384
114144752 11 41 06.6 +47 52 54 6048.7 0.208 954.78  17.07 -13.850
114444749 11 44 35.3 447 49 39 5325.3 0.073 56.24 1493 -13.817
114544638 11 45 09.7 446 38 26 5738.7 0.150  954.78  15.80 -13.783
114944754 11 49 00.2 +47 54 46 5170.3 0.053 71.76 7.47 -14.066
115043756 11 50 14.7 437 56 08 5110.5 0.038 179.73  10.96 -13.757
115044750 11 50 50.5 <447 50 21 5790.3 0.150  112.35 7.07 -14.175
115443754 11 54 09.1 437 54 40 6660.5 0.339  188.62 7.66 -14.074
115544638 11 55 53.2 +46 38 37 6307.0 0.259 1916.78 8.75 -14.111
115744754 11 37 35.7 447 54 00 5273.7 0.062  264.67 23.07 -13.614
115744753 11 57 43.7 447 53 57 5687.0 0.132 106.55 12.46 -13.939
1200+4755 - 12 00 25.0 +47 55 53 5015.3 0.001 64.78 9.54 -13.920
120343801 12 03 02.6 438 01 28 6195.5 0.245 3600.26 8.46 -14.032
120443755 12 04 26.6 +37 55 46 5885.5 0.187 85.89 22,58 -13.562
120644748 12 06 34.6 +47 48 48 5842.0 0.182 76.32  11.75 -13.964
120843754 12 08 25.4 437 54 33 5265.5 0.065 146.95 7.45 -13.973
121143800 12 11 00.9 438 00 39 6040.5 0.217 425.26 11.03 -13.899
1214+4636 12 14 25.1 446 36 15 7133.7 0.402 84.23 7.03 -14.160
121443801 12 14 39.7 438 01 38 4955.5 0.001  427.83 243.64 -12.356
121544755 12 15 48.2 447 55 48 6100.3 0.221  701.10 9.18 -14.126
1216+4637 12 16 05.6 46 37 47 6462.0 0.291  425.56 7.67 -14.165
1216+4753 12 16 58.7 447 53 50 5945.3 0.183  328.72 6.55 -14.245
121744750 12 17 40.1 447 50 25 5325.3 0.067  149.27 9.24 -14.025
1218+4640 12 18 26.9 446 40 56 5687.0 0.123 160.15  12.57 -13.892
1219+4638A 12 19 40.4 +46 38 45 5893.7 0.185  108.56  10.14 -13.998
1219+4638B 12 19 424 446 38 33 5842.0 0.185 103.76 9.39 -14.010
1220+4748 12 20 47.3 447 48 43 5428.7 0.103 691.76  17.25 -13.778
122144752 12 21 21.1 447 52 12 6565.3 0.307 546.08 24.99 -13.688
122144753 12 21 32.5 447 53 44 5067.0 0.031 92.98  16.12 -13.707
1222+4754 12 22 17.7 447 54 32 6720.3 0.368 65.82 7.97 -14.184
122443756 12 24 20.9 437 56 38 5188.0 0.051 1082.45 40.56 -13.213
122743756 12 27 02.0 437 56 20 6273.0 0.255  518.75 7.84 -14.067
122744749 12 27 37.9 447 49 10 5893.7 0.181  356.13 6.67 -14.224
122944639 12 29 39.9 +46 39 09 5842.0 0.165 86.79  16.80 -13.757
1231+4748 12 31 43.5 447 48 31 6462.0 0.292 295.34 8.99 -14.135
123344754 12 33 02.3 447 54 12 5945.3 0.191  626.77 6.53 -14.247
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123344752 12 33 40.1 +47 52 08 6100.3 0.231 114.96  16.79 -13.864
123444752 12 34 40.0 +47 52 07 5377.0 0.080 213.18 - 8.80 -14.062
123744642 12 37 04.2 +46 42 13 5738.7 0.166 52.71 7.14 -14.128
12384-3757 12 38 03.8 +37 57 57 6505.5 0.320 149.99 12.22 -13.875
123843755 12 38 10.3 +37 55 43 5808.0 0.188 77.17 7.16 -14.051
124044641 12 40 40.3 +46 41 50 6565.3 0.315 3087.86 8.25 -14.133
12444-3800 12 44 04.3 +38 00 23 6815.5 0.365  699.15 8.06 -14.041
124544754 12 45 03.4 +47 54 13 5480.3 0.096  281.81 6.80 -14.191
124644636 12 46 44.2 446 36 350 5480.3 0.089  572.67 7.27 -14.114
1246+4635 12 46 45.0 +46 35 52 5945.3 0.182 1002.71 11.25 -13.972
124744752 12 47 26.0 +47 52 53 5997.0 0.206 63.92 6.98 -14.232
124744641 12 47 30.3 +46 41 17 6203.7 0.237 540.36  10.28 -14.040
124744640 12 47 34.0 446 40 59 6255.3 0.237 851.56  15.25 -13.870
124844752 12 48 30.7 +47 52 18 5067.0 0.030 133.86 16.25 -13.704
125144636 12 51 39.1 446 36 28 5222.0 0.042 589.86 30.80 -13.424
125344635 12 53 14.3 +46 35 51 5222.0 0.049 24194 13.32 -13.788
125344754 12 53 50.5 +47 54 53 6823.7 0.359  302.42 11.52 -14.018
125744643 12 57 47.1 +46 43 19 5170.3 0.038  473.07 6.97 -14.051
130043757 13 00 19.6 +37 57 42 5885.5 0.180 167.38 14.16 -13.765
130143801 13 01 00.5 +38 01 02 5343.0 0.086 368.81 11.73 -13.795
130144641 13 01 42.1 +46 41 15 6048.7 0.206 540.55 36.72 -13.474
130543756 13 05 09.4 +37 56 27 6583.0 0.332 98.94 7.93 -14.059
130944636 13 09 09.9 +46 36 16 7133.7 0.415  464.67 745 -14.135
130944640 13 09 53.7 +46 40 23 6617.0 0.329  195.21 8.81 -14.106
131043801 13 10 32.5 +38 01 07 5033.0 0.022 169.86 12.28 -13.683
1314+4638 13 14 08.2 446 38 38 5480.3 0.100  450.33 21.93 -13.634
131643754 13 16 04.3 +37 54 23 5575.5 0.126  142.05 11.14 -13.853
132044750 13 20 32.1 +47 50 28 5428.7 0.092  132.59 6.56 -14.198
132143759 13 21 39.6 +37 59 14 6893.0 0.392  250.38 7.96 -14.013
132444635 13 24 299 +46 35 23 6823.7 0.362 623.12  23.04 -13.677
132444749 13 24 31.3 +47 49 01 59453 0.197 218.81 19.20 -13.779
132444637 13 24 55.7 +46 37 17 5893.7 0.179 77.34 7.22 -14.146
1325+4635 13 25 34.7 +46 35 11 5377.0 0.085 842.86 15.55 -13.769
1325+4639 13 25 56.0 +46 39 45 6048.7 0.222  145.15 6.96 -14.196
1326-+4637 13 26 21.8 +46 37 47 5893.7 0.183 96.37 9.43 -14.030
133244748 13 32 25.5 +47 48 21 5273.7 0.061 133.26 7.22 -14.118
133544749 13 35 00.9 +47 49 39 6720.3 0.344 1846.57 7.08 -14.236
134044635 13 40 25.8 +46 35 49 5325.3 0.075 15542 18.83 -13.672
134344753 13 43 04.4 +47 53 50 6978.7 0.399  166.94 10.57 -14.040
134844634 13 48 55.4 +46 34 23 5325.3 0.064 241.15 11.26 -13.896
134944749 13 49 38.2 +47 49 01 6823.7 0.355 182.51 10.19 -14.071
135344746 13 53 19.1 447 46 37 6823.7 0.367 339.59  10.84 -14.044
135444749 13 54 32.2 +47 49 47 6100.3 0.216  548.72 8.52 -14.1359
135744747 13 57 47.4 447 47 28 6513.7 0.304 63.80 7.16 -14.234
140044638 14 00 10.5 +46 38 38 6100.3 0.237 70.37  13.52 -13.914
140143753 14 01 42.1 437 33 12 6815.5 0.368  704.39 15.63 -13.753
140344634 14 03 07.7 +46 34 07 5893.7 0.183  569.61 70.26 -13.157
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1403+4635 14 03 42.6 +46 35 14 7082.0 0.457 144.56  7.44 -14.151
1406+4750 14 06 06.2 +47 50 22 6772.0 0.373  78.69  7.05 -14.238
1407+4748 14 07 26.1 +47 48 03 6048.7 0.217  328.73  10.62 -14.056
1410+4639 14 10 34.5 +46 39 50 6978.7 0.394 300.27 12.26 -13.931
141144753 14 11 51.2 447 53 49 5015.3 0.008 296.62 61.14 -13.114
141244640 14 12 01.3 +46 40 49 5842.0 0.168 201.76  8.85 -14.035
141743752 14 17 524 +37 52 59 7203.0 0.479  56.84 15.81 -13.670
141944747 14 19 05.1 +47 47 43 5377.0 0.070  352.03  12.67 -13.903
1419+4638 14 19 55.4 +46 38 57 6978.7 0.419 12094 1519 -13.838
1420+4748 14 20 07.2 +47 48 02 6772.0 0.348 1246.90  6.52 -14.273
142044752 14 20 38.4 +47 52 55 56353 0.131  89.18  10.05 -14.034
142144749 14 21 36.6 +47 49 09 5325.3 0.072 7530 20.45 -13.680
142344751 14 23 51.0 +47 51 09 5273.7 0.072  64.77 10.39 -13.960
143543753 14 35 33.1 +37 53 31 6505.5 0.335  61.69  10.43 -13.944
143543757 14 35 52.1 437 57 50 6738.0 0.333 465.37  7.68 -14.070
143544635 14 35 52.2 +46 35 50 5325.3 0.073 110.90  8.91 -13.997
1436+4748 14 36 10.7 +47 48 40 7030.3 0.436  70.11  8.58 -14.128
143844634 14 38 02.7 +46 34 08 5325.3 0.074  66.11  15.02 -13.770
143944753 14 39 344 +47 53 17 5635.3 0.134 253.14  9.71 -14.049
144144635 14 41 38.7 +46 35 35 5067.0 0.010  64.54 23.74 -13.500
144244633A 14 42 11.0 +46 33 43 5738.7 0.150 979.41  8.37 -14.058
144244633B 14 42 55.4 +46 33 44 6462.0 0.289 2870.86  7.92 -14.151
144544746 14 45 59.1 +47 46 45 5480.3 0.081  243.48  6.68 -14.199
144643751 14 46 56.4 +37 51 02 5265.5 0.070 626.49  8.69 -13.906
144744634 14 47 21.2 +46 34 12 6048.7 0.200 470.88  10.46 -14.020
144844749 14 48 27.5 +47 49 59 5790.3 0.160 121.95  9.44 -14.050
145044747 14 50 37.7 +47 47 24 6823.7 0.359  99.04  8.62 -14.143
145144635 14 51 34.0 +46 35 12 5428.7 0.087 404.48  8.84 -14.025
1451+4748 14 51 45.6 +47 48 10 6513.7 0.300  68.89  6.92 -14.249
145243756 14 52 49.7 +37 56 14 5265.5 0.059 6123.27 15.31 -13.660
145244747 14 52 51.4 +47 47 49 5325.3 0.070 120.79  9.97 -13.992
145444748 14 54 19.8 +47 48 23 5583.7 0.125 171.12 871 -14.092
145444634 14 54 57.8 446 34 33 6978.7 0.386  290.65  9.14 -14.058
145644635 14 56 22.1 +46 35 39 5170.3 0.037  69.75 824 -13.978
1459+4632 14 59 25.2 +46 32 40 51187 0.031  100.17 18.35 -13.621
1502+4639 15 02 12.8 +46 39 08 5377.0 0.078  55.82 13.76 -13.823
1504+4637 15 04 46.1 +46 37 18 6203.7 0.235 351.72  8.89 -14.103
1506+4633 15 06 18.7 +46 33 25 5480.3 0.095 109.71  31.50 -13.477
1506+4637 15 06 23.8 +46 37 27 6255.3 0.247 767.62  8.03 -14.148
1508+3750 15 08 46.0 +37 50 51 6583.0 0.334 780.06  8.69 -14.019
151043755 15 10 44.6 +37 55 27 5653.0 0.134 172.63 1345 -13.775
151144632 15 11 30.1 +46 32 51 5170.3 0.039 301.32 13.50 -13.764
1516+4635 15 16 154 446 35 58 5118.7 0.019  769.08  90.03 -12.931
152144751 15 21 18.0 +47 51 41 5377.0 0.078 260.85 10.67 -13.978
152243749 15 22 07.0 +37 49 30 5885.5 0.196 136.43  9.07 -13.958
153343756 15 33 56.5 +37 56 53 4878.0 0.020 440.73  18.06 -13.448
1534+4631 15 34 17.9 +46 31 03 5273.7 0.068  70.49  9.99 -13.929
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153444637 15 34 40.3 446 37 23 6823.7 0.369 172.03 14.33 -13.883
153644636 15 36 05.3 +46 36 23 5170.3 0.038  140.59 7.66 -14.010
153844748 15 38 59.9 447 48 33 6358.7 0.273  250.83 9.31 -14.124
154044633 15 40 29.1 +46 33 35 5687.0 0.129 116.02 7.77 -14.101
1543+4637 15 43 38.6 +46 37 21 6152.0 0.230 212.18 7.95 -14.146
1543+4632 15 43 55.3 +46 32 45 6565.3 0.232 1088.90 10.61 -14.024
154744635 15 47 26.1 +46 35 31 6100.3 0.220  237.17 9.82 -14.053
154944743 15 49 08.6 +47 43 58 6410.3 0.286 93.08 6.61 -14.273
1549+4630 15 49 354 446 30 34 5428.7 0.097 96.77  23.32 -13.603
1551+4638 15 51 10.5 +46 38 01 5325.3 0.070  184.26 1240 -13.854
155144747 15 51 33.8 447 47 48 5635.3 0.128 1089.47 9.46 -14.060
1553+4632A 15 53 39.9 446 32 43 5532.0 0.136 76.30 12.86 -13.870
1553+4632B 15 53 40.0 +46 32 41 5687.0 0.135 89.50  19.32 -13.705
155544635 15 55 54.6 +46 35 27 7030.3 0.406 221.32 9.00 -14.072
160544741 16 05 49.3 447 41 37 5532.0 0.105 361.02  20.59 -13.714
1606+4746 16 06 21.6 +47 46 15 6307.0 0.260 116.92 8.20 -14.178
160744636 16 07 26.1 446 36 15 5428.7 0.087  214.03 7.40 -14.102
160943752 16 09 00.3 +37 52 34 5498.0 0.096  233.68 8.03 -13.988
161344743 16 13 27.4 +47 43 54 5428.7 0.091 216.40 7.48 -14.141
161444635 16 14 20.3 +46 35 05 5480.3 0.097 700.65  13.23 -13.853
1614+4630 16 14 23.9 +46 30 17 5067.0 0.018 14447  15.59 -13.682
161543752 16 15 28.2 +37 52 58 5110.5 0.037 73.06 17.26 -13.560
161644633 16 16 10.5 +46 33 34 O5118.7 0.031  149.74 8.00 -13.982
161944635 16 19 20.1 +46 35 28 5997.0 0.194 1349.01 19.08 -13.753
1620+4743 16 20 21.7 +47 43 49 51187 0.019 401.53 31.98 -13.420
162244745 16 22 06.1 +47 45 57 5118.7 0.021 74545  32.59 -13.412
162444634 16 24 35.8 446 34 28 5687.0 0.132 173.63 10.54 -13.968
162544744 16 25 07.9 +47 44 26 6307.0 0.270  135.53 7.23 -14.233
162644742 16 26 24.3 +47 42 59 6255.3 0.262 93.57  41.07 -13.478
162944630 16 29 38.7 +46 30 07 5945.3 0.190  213.96 9.34 -14.053
163044633 16 30 52.2 +46 33 09 6203.7 0.250 123.32 8.13 -14.142
163844629 16 38 35.5 +46 29 11 5067.0 0.016 38.93 10.16 -13.868
164044630 16 40 01.0 +46 30 52 5790.3 0.150 92.24 8.95 -14.021
164644747 16 46 59.8 +47 47 40 6307.0 0.241 791.10 6.66 -14.268
164744743 16 47 33.6 +47 43 50 6048.7 0.205 383.53 21.15 -13.757
170444742 17 04 52.3 447 42 11 53253 0.060 108.66 11.70 -13.923
170944741 17 09 52.1 +47 41 07 7030.3 0.322  545.10 8.88 -14.113
171044742 17 10 51.9 447 42 34 5635.3 0.137  281.53 11.12 -13.990
204840128 20 48 00.6 -+01 28 19 5265.5 0.060 469.45 8.38 -13.999
205540126 20 55 45.8 +01 26 21 5110.5 0.026  203.51 9.70 -13.896
205840122 20 58 27.7 +01 22 13 5265.5 0.068 532.91 32.59 -13.409
21060223 21 06 50.0 +02 23 25 5963.0 0.205 145.10 9.20 -14.092
211040223 21 10 16.8 +02 23 43 5653.0 0.148 57.61  10.73 -14.001
211440121 21 14 09.6 +01 21 53 5808.0 0.168  170.23 837 -14.052
211940219 21 19 26.0 +02 19 17 5730.5 0.160 61.69 8.15 -14.120
212240217 21 22 25.8 402 17 55 6505.5 0.298  255.90 9.61 -14.108
212240128 21 22 28.1 +01 28 13 5110.5 0.048 1590.01 7.10 -14.032
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Table 2-2. (cont.)

Object Rt Asc Dec Apin  Zobs EW(A) S/N log ffbs
212540219 21 25 403 402 19 25 6273.0 0.257 157.42  32.74 -13.569
212740217 21 27 55.9 402 17 38 6815.5 0.368  807.10 9.28 -14.102
212840223 21 28 51.8 402 23 45 5343.0 0.089 59.21 8.19 -14.074
213040220 21 30 41.6 +02 20 27 6118.0 0.228  194.63  11.29 -14.026
213840220 21 38 54.1 +02 20 04 61955 0.234 1275.29 8.16 -14.170
214140223 21 41 474 +02 23 28 5653.0 0.139 91.21 1141 -13.975
214440222 21 44 32.9 402 22 48 5730.5 0.156  749.07 7.64 -14.148
214540122 21 45 10.6 401 22 15 6040.5 0.190 495.61 8.87 -14.075
214740218 21 47 00.5 +02 18 07 6118.0 0.223  196.43 7.51 -14.204
220440121 22 04 39.6 401 21 01 5420.5 0.090 178.36 8.40 -14.037
220440217 22 04 40.0 402 17 07 6660.5 0.333  125.85 9.68 -14.098
220740122 22 07 57.0 401 22 20 5110.5 0.012 354.75 35.60 -13.332
221140119 22 11 36.7 +01 19 34 5885.5 0.183 91.51 8.45 -14.061
2213+0121 22 13 426 +01 21 18 5265.5 0.060 125.58 7.75 -14.033
221440216 22 14 51.8 402 16 59 6505.5 0.314 61.13 7.39 -14.221
222040122 22 20 02.5 401 22 49 5653.0 0.157 58.03  10.36 -13.961
222140125 22 21 37.1 401 25 50 5343.0 0.069  329.22 7.76  -14.056
222940126 22 29 53.7 +01 26 31 5808.0 0.164 309.01 22.65 -13.619
223140217 22 31 13.6 402 17 10 5808.0 0.150 85.20 744 -14.163
223240221 22 32 49.7 +02 21 15 6428.0 0.271 3124.80 6.96 -14.243
2233+0216 22 33 326 +02 16 46 6273.0 0.261 1772.21 7.00 -14.239
224540214 22 45 22.0 +02 14 43 5808.0 0.162  158.61 11.08 -13.991
224840125 22 48 37.5 +01 25 17 5498.0 0.090 805.94 9.91 -13.973
225140122 22 51 59.9 +01 22 38 5110.5 0.044 244.93 8.23 -13.968
225740221 22 57 00.4 402 21 31 5188.0 0.047 91.99  34.49 -13.401
2316+0218 23 16 02.7 402 18 35 5110.5 0.043  129.08 8.26 -13.998
232340125 23 23 28.1 +01 25 56 3575.5 0.124  254.94 7.46 -14.100
232840122 23 28 244 401 22 47 5653.0 0.137 1283.77 8.41 -14.051
2330+0123 23 30 06.5 +01 23 48 5265.5 0.058 9491 1044 -13.903
233140121 23 31 05.0 +01 21 20 5885.5 0.190 113.01  10.99 -13.947
2335+0123 23 35 47.4 +01 23 28 5730.5 0.171 35.18 9.42 -14.001
233640219 23 36 46.5 +02 19 29 6273.0 0.251 65.72 8.10 -14.175
234240217 23 42 55.4 +02 17 53 5963.0 0.198  324.87 8.24 -14.140
2343+0219 23 43 54.5 +02 19 21 5963.0 0.190 163.05 9.90 -14.061
234540122 23 45 58.8 +01 22 22 5265.5 0.063 33251  23.28 -13.555
234740125 23 47 05.6 +01 25 45 5343.0 0.072 61.22  10.98 -13.905
234740123 23 47 09.6 401 23 20 5885.5 0.184 122.89  20.77 -13.671
234740124 23 47 22.3 401 24 30 6738.0 0.358  174.09 7.17 -14.168
2348+0215 23 48 07.5 +02 15 28 5343.0 20236  13.57 -13.835
234940214 23 49 145 +02 14 16 5265.5 0.052 65.25  11.52 -13.902
2351+0215 23 51 01.8 402 15 09 6195.5 0.233  315.68 7.07 -14.233
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Table 2—3. Emission Line Ratios for Galaxies from SSG Survey

Object  Type log gg% log %ﬂ log N 1og B jog [0 He
0001-+0214 SB 1.006 -1.060  -2.067 5.461
0002+0118 SB -0.659 0.705  -0.923  -0.718  -1.694 2.951
0004+0215 SB 0.790  -1.576  -1.057 -1.714 5.685
0007+0217  HII 1.203  -1.938  -1.337  -3.480 16.437
001240219 SB -0.141 0513  -0.577  -0.766  -1.531 1.710
002840215 LINER 0.255  -0.796  -0.589  -1.243 5.177
003340220  SY?2 0.719  -0.433  -0453  -1.628 1.883
003640215  SY2 1.301 0.000
0037+0119  HII 0.727 -1.103 2.814
004240218  SY?2 -0.595  -0.729  -1.275
004740123 SB -0.313 0.714  -1.152  -0.784  -1.390 4.228
005340221 SB 0.791  -2.050  -1.456  -2.041 3.882
005540119  HII 0.783  -2.057  -1.782  -2.027 4.125
010040122 SB -0.546 0.675  -1.306  -0.863 3.091
0107+0213  SY?2 1.632 0.064  -0.572  -0.320 23.465
0116+0126A LINER 0219  -0.476  -0472  -1.029 3.134
0116+0126B  SB 0.145 0.261  -0.625  -0.508 3.836
011640123  SY?2 -0.663 1.034  -0.654  -0.386  -0.767 3.518
012540222  SY1 -0.337 0.337  -0.242 0.101
012840222  SY?2 0.684  -1.179  -0.861 -1.122 3.510
013240221  HII 0.819 -1.021  -1.826 5.287
013440119  HII 0.638  -1.036  -0.737 2.163
013540119 SB -1.087 0.790  -1.055  -0.988  -1.618 3.497
014240123  SY?2 -0.601 1.043  -0.313  -0.298  -0.855 4.115
0142+0126  SY2 -0.259 0.725  -0.176  -0.225  -0.975 4.075
0143+0121  SY1 -1.011 1.106 0.467  -0.173  -0.551 3.619
014640222  SB 0.900  -2.311  -1.440 3.870
014840126  HII 0.781  -1.596  -1.056 4.914
015140124  SY1 -0.519 0.678  -0.445  -0.579  -0.975 5.942
015740124  HII 0.784  -1.759  -1.351 2.666
015940119  SY?2 -1.050 1.056  -0.440  -0.728  -0.972 4.510
0159+0219  SY?2 -0.569 1.030  -0.213  -0.132  -0.902 3.182
020140126  HII 0.626  -1.790  -0.966  -1.680 3.271
020840218  HII 0.727 -0.901  -2.134 4.617
0208+0221  SY?2 1.146  -0.197  -0.345  -1.070 7.770
0209+0120  HII 0.681  -2.630  -0.807 -2.055 6.809
021140124  SB -2.165 0.679 -1.094  -1.119  2.410
021740124 LINER 0.134 0.209  -0.422  -0.501 -1.231 3.825
0218+0122  SB -0.456 0.728  -0.944  -0.641  -1.611 2.998
022140217  SB 0.571  -1.220  -0.720  -1.896 4.766
022240223  SB -1.007 0.945  -0.731  -0.777 3.082
022340125  SY2 -1.179 1.335 0.220  -0.429  -0.777 9.018
023140216  SY1 -0.424 0.739 -2.076  -1.481 5.758
0235+0121  SY1 -0.173  -0.367 2.336
023540220  SY1 1.456 0.056  -0.097  -0.155 5.174
030040221 SB 0.671  -1.905  -0.869  -1.453 3.522
0302+0217 LINER 0.125 0.344  -0.720 1.551
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Table 2-3. (cont.)

Object Type log %(%Ilﬁ log [%%1 log %a_ﬂ log I}%] log % %%
030340126 SY1 -0.818 1.004 0.156 -0.666  -0.941 5.039
030940223 HII 0.815 -1.611 -1.206  -2.075 3.581
031140123 SB -0.542 0.709 -1.332 -0.683 -1.540 4.212
032340219 SY1 -0.804 1.177 -0.177 -0.413 -0.739  5.431
032440124 SB 0.801 -1.022 4.047
0340+0124 SB -1.005 0.862 -1.211 -1.072  -1.535 3.837
034940126 SY2 -1.169 1.100 -0.384  -0.654  -0.742 4.522
040440125 SB 0.296 -0.479 -1.115 -1.837  4.455
040540226 SB 0.845 -1.041  -1.366 6.003
041940126 SY2 -0.459 0.804 -0.433 -0.383  -1.018 4.818
043440133 SB -1.016 0.840 -1.081 -0.903  -1.188 3.822
072045620 SB 0.926 -1.224  -0.389 7.783
073545621 SB 0.806 -1.272 -0.983  -1.527  6.264
073645621 SB 0.527 -0.792 -0.642  -1.417 5.705
080445620 SY1 -0.903 1.251 0.000
081244744 SY1 0.103 -0.960 0.715
081745625 SB 0.642 -2.170 -0.884  -1.742 3.731
082144749 SB 1.079 -0.213 3.339
082245622 SB 0.547 -1.183 -0.724  -1.478 6.029
0823+5621 HII 0.374 -0.631 3.652
0824+4749 SB 0.635 -0.751  -1.593  2.920
082545622 SY1 -0.554 0.256 0.745 0.070  -0.136  0.239
0829-+4745 HII 0.865 -1.273 -1.059  -1.842 4.671
0850+5623 SY2 -0.585 0.848 0.000
0851+5628 SY1 0.559 -0.575 -0.117  3.474
085145625 HII 0.345 -0.909  -1.369 2.456
085445622 HII 0.966 -1.080 8.591
0855+5622 HII 0.818 -1.156 -0.680  -1.509 4.276
090245622 SY2 1.043 -0.649 -0.702  -0.745 4.579
0904+5621 SB 0.560 -0.909 3.416
0906+4750 SY2 -0.700 0.911 -1.046 -1.048  -1.118 4.297
091345628 SB 0.795 -1.634 -0.675 4.834
0913+4744 LINER -0.361 0.465 -0.694 -0.545 -1.079  7.582
091844634 SY2 0.766 -0.887 -0.550 -1.394 5.432
0920+5627 SY2 -0.338 0.673 0.000
0922+4639 SY2 1.140 -0.096 -0.250  -0.626 10.881
0927+4640 SY2 1.018 -0.415 -0.079  -0.509  4.023
092944634 SY2 -1.098 0.778 8.938
0930+4633 SB 0.550 -1.289 -0.689  -1.792  3.506
0930+4636 SY1 -0.102 -0.856  -1.359 1.768
093144640 HII 0.705 -1.055 -0.948  -1.547  3.890
0933+4750 SB 0.674 -1.779 -1.358  -1.455 3.156
0934+4637 HII 0.843 -1.650 -1.106  -2.075  3.883
0936+5623 SB 0.493 0.610
0943+4638 SB 0.376 -0.837  -1.761 5.314
094445625 SB -0.608 0.698 -0.945 2.242
09464-5627 SB -0.778 0.786 -1.311 -0.949 2.419
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Table 2-3. (cont.)

Object Type log [[T%IT% log %ﬂ log [2—2] log % log % %%
094644636 SB -0.922 0.865 4.091
094744745 SB -0.264 0.636 -0.887 3.188
0948+-4750 HII 0.678 -1.186 -0.813  -1.888 3.000
094844753 SY2 -0.271 0.584 -1.265 -0.819 -1.167  3.538
095245628 SY2 -1.213 1.000 -0.322 -0.461  -0.931 2.484
0955+4753 SY1 -0.644 -1.175 -3.116  1.601
0955+4747 HII 0.845 -1.376 3.544
0958+-4746 SY2 -1.045 1.840 -0.187 -0.838 -0.604 26.945
0959+4634 SY2 -0.198  -0.079  -0.771
100044753 SB -0.184 0.569 -0.999 -0.694  -1.723  3.270
10044641 HII 1.002 -1.024  -1.600 5.331
1004+4751 SB 0.770 -1.495 -1.098  -2.028 4.711
1010+5624 SB 0.638 -2.093  -0.986 4.635
101044634 SY1 -0.620 -1.698 1.801
1013+4637 SY2 0.760 0.398 1.766
1015+4641A SB 0.548 -1.354  -0.893  -1.555 3.724
1015+4641B  SB 0.737 -1.350 -1.026  -2.206 3.444
1015+4639 SB 0.368 -0.819 -0.646  -1.287  5.081
1016+4747 SB -0.513 0.722 -1.661 -0.930 3.485
101645630 SY2 -1.164 1.216 -0.534 9.873
101845631 SB 0.771 -0.429 9.936
101944750 SY2 0.690 0.321 0.323 1.672
102344748 SB 0.389 -0.582 -0.670 -1.417  3.874
102444639 SB 0.488 -1.172 -0.647 -1.566  3.418
102544749 SB 0.193 -0.552 -1.354  2.376
102844641 SY1 -0.229 -0.933 -2.079  3.214
1034+4636 SB 0.624 -0.569  -1.464 3.897
103844637 SY1 -0.517 0.569 -1.126 -0.885 13.151
103944754 SY2 0.758 -1.010 -0.682  -1.209 5.101
104044634 SB 0.575 -0.964  -1.719  4.003
10464-4752 HII 0.782 -1.350 -1.135 -1.732 3.123
1050+4637A  HII 0.700 -1.215 -0.774  -1.888  4.522
1050+4637B  SB 0.239 -0.521 -0.579 4.839
105244638 SB 0.451 -0.772 -0.552 -1.281  3.714
105744635 SB 0.630 -1.238 -0.760  -1.510 3.486
105844755 HII 0.926 -1.155 -2.102  8.443
10594-4749 SB 0.717 -1.914 -0.954 -1.352  4.586
1059+4752 HII 0.537 -1.731 -0.950 -1.859  4.561
11024-4641 HII
110344636 HII 0.698 -1.033 -0.614  -1.612 5.208
110544641 SY2 1.229 -0.110  -0.468  -0.683 19.853
110544636 SB -0.880 0.913 -0.744 3.477
110744754 SY1 -0.708 0.616 -0.353 -0.133 -0.154  1.596
110844643 HII 0.449 -0.952 -0.846 1.955
110844749 SB 0.717 -1.211 -0.934 -1.431  4.958
110944755 SB 0.692 -2.551 -0.904 4.684
111044642 LINER -0.095 0.369 -0.882 -1.165  4.543
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Table 2-3. (cont.)

Object Type log [[(())TIIIII}' log [%%—I] log Lg—gl log Lf—lgl log [I?—ij Ié%
111344643 SB 0.776 3.944
111444752 SY1 0.424 -0.975 4.674
111544637 HII 0.599 2.888
111744643 SY2 0.844 -0.178 -0.224 3.368
111944750 SB 0.588 -1.134 -0.645  -1.685 6.396
112044640 SB -0.457 0.510 -0.317 1.779
112044636 SB -0.466 0.755 -0.863 2.715
112244753 SB 0.711 -2.247 -0.745 -1.644  4.775
112544639 SY2 0.018 -1.027
112844753 HII 0.671 -1.257 -0.872 2.944
113244755 SY2 0.539 -0.689 -0.530  -1.126  6.130
114044641 SY1 -0.450 -1.977 3.611
114144752 SB 0.856 -1.821 -1.068 -1.440 5.813
114444749 SY2 0.057 -0.364 -1.320
1145+4638 SB -0.022 -1.488 -1.025  -1.708 3.895
114944754 SB 0.638 -1.311 -0.589 4411
1150+3756 HII 0.869 -1.166 -0.688  -1.173  6.914
115044750 SB 0.485 -0.742 -0.582  -1.472  5.702
115443754 SB -0.544 0.467 -1.374 -0.700 5.181
115544638 SB -0.692 0.728 -0.669 -0.963 3.041
115744754 SB 0.810 -0.793  -1.662 8.613
115744753 SY2 1.514 0.394 -0.154 -0.720 11.113
1200+4755 HII 0.434 -1.821 -0.763  -1.904 2.567
120343801 SB -0.592 0.813 -0.517 3.078
120443755 SY1 -0.306 -1.362 -1.402  -1.723  2.400
120644748 SY1 0.239 -0.675 -0.378  -2.084 2.068
12084-3754 SB 0.820 -1.134 -0.716 6.744
121143800 SB -0.417 0.582 -1.352 -0.977 3.575
121444636 SY2 0.949 0.000
121443801 HII 0.939 -1.449  -2.116  5.643
121544755 SB 0.847 -0.987 5.228
121644637 SB -0.324 0.561 -0.699 2.997
121644753 SB 0.452 -0.670 -0.646 2.441
121744750 SB 0.575 -1.719 -0.630  -1.456  3.905
121844640 SY2 0.866 -1.267 -0.903  -1.209 10.276
1219+4638A  SY2 0.584 -0.704 -0.453  -1.246 5.115
1219+4638B  SY2 0.515 -0.648 -0.456  -1.466 6.569
122044748 SB 0.808 -1.666 -1.080  -1.889 4.606
122144752 SB -1.024 0.732 -0.795  -1.317  2.865
122144753 SB 0.419 -1.346 -0.655  -1.802 3.642
122244754 SY1 -0.490 -0.048 0.994
1224+3756 HII 0.488 -1.241 -1.484  2.981
122743756 SB -0.534 0.724 -0.742 3.623
122744749 SB 0.884 -1.503 -0.834  -1.549 5.985
122944639 SY2 1.303 -0.031 -0.447  -0.968 10.673
123144748 SB -0.253 0.633 -0.689  -2.072 4.103
123344754 SB 0.853 -1.143 -1.320 4.253
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