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RESUMEN

Se presenta el Catalogo General de la Segunda Exploracién de Byurakan
(SBS). La SBS, que es la continuacién de la exploracién de Markarian, llega a
magnitudes limite débiles y es la primera exploracién que combina la bisqueda de
galaxias y de QSOs. Se ha cubierto un drea total de 991 grados cuadrados en el cielo
del norte mediante tres prismas objetivos en combinacién con filtros. La magnitud
limite en las mejores placas alcanza B ~ 19.5. El Catélogo General consiste de
3563 objetos presentados en 2 partes: el catdlogo de galaxias (1863 objetos) y el de
objetos estelares (1700 objetos).

Observaciones obtenidas durante 26 anos se encuentran disponibles para 3132
objetos. Se midieron los corrimientos al rojo de ~ 2100 objetos extragalacticos y
~ 2970 objetos se clasificaron espectralmente. La mayor parte de los datos se
presenta por primera vez. El catdlogo contiene muestras representativas grandes y
nuevas de QSOs, NAG luminosos y galaxias UVX débiles. La muestra de SBS es
completa en un 70% para galaxias y ~ 85% para NAG/QSOs con B < 17.5.

ABSTRACT

The Second Byurakan Survey (SBS) General Catalogue is presented. The
SBS, a continuation of the Markarian survey reaching fainter limiting magnitudes,
is the first survey which combines the search of galaxies and QSOs. A total area of
991 square degrees of the Northern sky was covered with the use of three objective
prisms in combination with Schott filters. The limited magnitude on the best plates
reached B ~ 19.5.

The General Catalogue consists of 3563 objects presented in two parts: a
Catalogue of galaxies (1863 objects) and one of stellar objects (1700 objects). The
Catalogue of SBS AGN consists of 761 objects (155 SyG, 596 QSOs, and 10 BLLac).
Multi-wavelength data are presented for 1438 SBS objects identified with X-ray,
IRAS and FIRST sources. Spectrophotometric observations obtained over 26 years
are available for 3132 objects. Redshifts were measured for ~ 2100 extragalactic
objects. Spectral classification is presented for ~ 2970 objects. The majority of
the data is presented here for the first time. The Catalogue presents new large
homogeneous deep representative complete samples of bright QSOs, AGNs, and
faint UVX galaxies in the Northern sky. The SBS sample is found to be complete
at 70% for galaxies and ~ 85% for AGN/QSOs with B < 17.5.

Key Words: GALAXIES: ACTIVE — GALAXIES: FUNDAMENAL PA-
RAMETERS — GALAXIES: MARKARIAN — GALAX-
IES: SEYFERT
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1. INTRODUCTION

In astronomical research surveys occupy a spe-
cial place, because they produce the fundamental
samples of astrophysical objects from which all other
directions of investigation are derived.

Since the pioneering studies of Haro (1956) and
Markarian (1967), many projects have been un-
dertaken to discover large numbers of active and
star-forming galaxies at optical wavelength. Much
of what we know about Seyfert galaxies, starburst
galaxies, and even QSOs has been learned by study-
ing objects originally discovered in wide-field sur-
veys. Until recently with the advent of large-scale
digital sky surveys, almost all existing optical sur-
veys for galaxies have been carried out using Schmidt
telescopes and one of three detection methods. The
method of selection based on the continuum radia-
tion at UV wavelengths and/or enhanced blue color
and the method based on the existence of emis-
sion lines. The other technique of object selection,
based on their color, was first introduced by Haro
(1956) and requires multiple exposures of the same
field through two or three different filters. This
method was also used in the KISO survey (Takase
& Miyauchi-Isobe 1984) and the Montreal surveys
(MBG and MCT, Coziol et al. 1993). The well
known PG survey (Green 1976), the first systematic
survey for UV-bright stars and QSOs, also employed
this technique.

The technique of selecting objects according
to their excess UV emission on low-dispersion
objective-prism spectra was first introduced by
Markarian (1967). The tremendous success of the
Markarian survey (Markarian 1967) initiated a num-
ber of other extragalactic thin-prism surveys, and
pointed out a new direction in extragalactic astron-
omy: a systematic search for peculiar objects using
low-dispersion spectroscopy. Further on (10 years
later) this method was intensively used around the
world. The selection of galaxies according to the
presence of emission lines in their low-dispersion,
objective-prism spectra become popular in the mid-
dle of the 1970s: CTIO survey (Cerro-Tololo Inter-
american Observatory, Smith 1975; Smith, Aguirre,
& Zemelman 1976); UM survey (University of
Michigan, MacAlpine, Smith, & Lewis 1977a,b;
MacAlpine, Lewis, & Smith 1977c¢,); HQS survey
(Vogel et al. 1993); ELG survey (Emission-line galax-
ies, Wasilewski 1983); UCM survey (Universidad
Complutense de Madrid survey, Zamorano et al.
1994).

Finally, there are surveys that use a hybrid tech-
nique that combines the selection of galaxies based

on both UV-excess and line emission in order to dis-
cover active and star forming galaxies. These in-
clude the SBS survey (Markarian & Stepanian 1983);
CASE survey (Pesch & Sanduleak 1983, 1986; Sand-
uleak & Pesch 1984; 1987) and the Marseille Schmidt
survey (Surace & Comte 1994).

The most extensive use of the UVX (UV excess)
method came with the advent of large telescopes that
use a grism and grens to search for quasars (Hoag
& Schroeder 1970; Hoag 1976; Hoag & Smith 1977;
Schmidt et al. 1986).

The observations of the First Byurakan Survey
(FBS), also commonly known as the Markarian sur-
vey, were carried out with the famous Byurakan 40—
52 inch (1.0-1.3 m) Schmidt telescope at the Byu-
rakan Observatory with the use of a low-dispersion
(1800 A/mm at H~) thin 1.5 degree objective prism.
The primary selection criterion was the presence of
UV excess in the continuum. The limiting magni-
tude on the best plates reached ~ 17.5 magnitude.

The prohibitive amount of telescope time re-
quired to obtain complete spectroscopic identifica-
tions of large numbers of UVX (UV excess) se-
lected objects rendered the building of a Catalogue
of Markarian galaxies a very time-consuming pro-
cess. Nearly 20 years were needed to complete the
Markarian survey using spectroscopic observations.
The largest instruments in the world were used to
investigate Markarian galaxies and complete the sur-
vey.

Emission-line galaxies of all degrees of activity
discovered in FBS have become known collectively as
Markarian galaxies. Markarian galaxies have played
a central role in the task of distinguishing between
the physically different types of phenomena that oc-
cur in AGNs. The Markarian survey resulted in a
complete sample of AGNs down to a limiting mag-
nitude of B = 15.2. In that survey over 200 Seyfert
galaxies, 13 QSOs, 3 BLLac objects and hundreds
of starburst, blue compact and HII galaxies were
discovered. Markarian galaxies comprise 10% of all
galaxies in the FBS sky area covered, and about 10%
of Markarian galaxies turned out to be Seyfert galax-
ies, thereby about 1% of field galaxies were found to
be Sy galaxies.

A compilation of published data—(the Catalogue
of Markarian galaxies)—was presented by Maz-
zarella & Balzano (1986). The complete Catalogue
of Markarian galaxies was published by Markarian
et al. (1989).

In parallel with the Markarian survey a new deep
survey was conducted in the mid 1970s with the
same Byurakan Schmidt telescope. The investiga-
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tion of faint objects, in particular QSOs, required
the extension of the survey to fainter magnitudes.
The new deeper survey was named the Second Byu-
rakan survey. The objective prism observations with
the 1 m Byurakan Schmidt telescope were started
in 1974 and finished in 1986. In contrast with FBS
and other UVX surveys, in the SBS survey we do not
separate objects into extended and point-like and we
now use four selection criteria. The limiting magni-
tude on the best plates reaches B ~ 19.5. The plate
search and the selection of objects were completed in
1991. That is, 17 years (1974-1991) were needed to
complete the original SBS survey. In total nearly one
thousand square degrees of the Northern sky were
covered and nearly 3600 objects were selected.

Spectroscopic observations of the selected objects
started in 1977 and continued for more than 25 years.
A series of instruments were used for spectroscopic
and photometric observations. The bulk of the spec-
troscopic observations, 1605 objects, were obtained
with the largest telescope in the world at that time,
the 6 m of the Special Astrophysical observatory
(SAO, Russia) with a series of spectrographs and de-
tectors, starting with the image tube photographic
detectors and ending with a modern CCD. Further
on, the 4.5 m MMT (Multi-mirror telescope, USA),
the 2.6-m of the Byurakan observatory (Armenia),
the 2.1 m Cananea (México) and the 2.1 m SPM
(San-Pedro Martir, México) telescopes were used for
spectroscopical observations. As a rule the spectral
resolution was 5-6 or 10-11 A over the spectral
range of 3300-9000 A. A few hundred objects were
re-observed with better spectral resolution and bet-
ter S/N over a wider spectral range, because previ-
ous observations did not always have the necessary
quality, and not all the necessary spectral range was
covered for the purpose of spectrophotometric mea-
surements and reliable spectral classification. Dur-
ing the last years, spectroscopic observations were
done with a medium resolution of 1.6 A /pixel and
high S/N > 30 ratio, in order to determine the pre-
cise spectral classes for the bright SBS AGNs.

The photometry was carried out with the 1.2 m
of Whipple Observatory (USA), the 1 m and 0.6 m of
SAO (Russia) and the 0.9 m Burrell-Schmidt (USA)
telescopes.  Altogether, more than 3000 spectro-
scopic observations were obtained for 2145 SBS ob-
jects, and ~ 500 photometric data measurements for
~ 250 SBS objects.

A detailed description of the SBS as well as some
statistical results of the investigation concerning the
Survey completeness, luminosity function, spatial
distribution, search for different types of AGN, etc.,

have previously been reported by Stepanian (1994).
The main parameters, the redshifts, luminosities, pa-
rameters related to emission lines, spectral classifi-
cation, as well as other data for the SBS objects
were published in a series of papers (Markarian &
Stepanian 1983, 1984a,b; Markarian et al. 1984—
1988; Stepanian et al. 1988-2003; Stepanian 1984-
1994). The General Catalogue presented here sum-
marizes these data, with a few hundreds of new red-
shifts and additional parameters. While compiling
this catalogue, the author incorporated a few neces-
sary corrections to in the data of the already pub-
lished lists.

So far, the nature of 761 new AGNs; 596 QSOs,
155 Sy galaxies of which 38 are BL.S1, 31 NLS1, 25
Syl.5, 8 Syl.8, 9 Syl1.9, 44 Sy2s, and 10 BLLac,
as well as including 90 LINERs, 562 SBN+SB, 195
BCDG, and 150 H IT galaxies and other emission line
galaxies discovered within the main 991 square de-
grees area of the SBS survey are here established.

The General Catalogue is organized as follows: it
consists of three major parts. The first part presents
the review of the SBS survey and the basic data for
all survey objects. The second part presents the mul-
tiwavelength Catalogue of SBS objects: soft X-ray,
optical, IRAS and FIRST fluxes as well as the lu-
minosities. The third part briefly summarizes the
data presented in the Catalogues and presents some
important results so far obtained.

In §2, we briefly review the First (FBS) and
present the Second Byurakan Survey (SBS). The
techniques and the method of observation, the sur-
vey area and its structure, the method and selection
criteria and the objective-prism classification criteria
are all presented in §2.2.1-2.2.3. The data from spec-
troscopic and photometric observations are given in
§3. Spectral classification and type classification cri-
teria are presented in §4.

The description of the SBS Catalogue, that is the
Catalogue of SBS galaxies and the Catalogue of SBS
stellar objects, is given in §5 and §6. The Catalogue
of SBS galaxies is contained in Table 6. The descrip-
tion of the morphology of the objects based on di-
rect images at the slit of the prime focus of the 6 m
telescope is presented at the end of the Catalogue
of SBS galaxies in §5.0.1. Binary systems, galaxy
pairs, triple, and quadruple systems, and other mor-
phological features of SBS galaxies based on DSS1
blue and red plates and BAO Schmidt plates are
described there as well. When they exist, common
names for SBS and Markarian and other galaxies
(CASE, KUG, Zw, NGC, etc.,) are given in this same
§5.0.1.
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The SBS Seyfert galaxy sample is presented in
§5.1. The Catalogue of SBS stellar point sources is
contained in Table 9. The §6.1 presents the Cata-
logue of SBS QSOs and BLLac objects.

Relevant statistics concerning of the data pre-
sented in the SBS Catalogue are given in §7. The
magnitude, redshift, luminosity, morphology, and
spatial distributions of the SBS galaxies are all pre-
sented in §7.1. The redshift and magnitude distribu-
tion of SBS QSO, and the type distribution of stellar
point source objects are given in §7.2. All the objects
outside of the SBS main sky area are excluded from
the statistical analysis.

Multiwavelength data of SBS objects identified
with a source in the soft X-ray ROSAT, IRAS, and
FIRST satellite data are presented in §8. IRAS
fluxes at 12, 25, 60, and 100 u, FIR colors, for 541
SBS galaxies and luminosities for 492 objects are pre-
sented in §8.1.1.

The FIRST fluxes, the peak and integral intensi-
ties at 1416 MHz for 532 objects, 398 SBS galaxies
and 134 SBS stellar objects, 133 QSOs/BLL and one
WD DA are presented in §8.2.1 and §8.2.2. Radio lu-
minosities at 1416 MHz are given for 499 objects, 375
galaxies, 3 BLLac, and 121 QSOs.

Overall 350 objects (219 stellar objects and 131
galaxies) were identified with X-ray sources, of which
336 are extragalactic objects, 13 are galactic stars
and one object is a planetary nebula. The identifica-
tion of stellar objects us presented in the catalogue
of stellar objects, while the identification of Sy galax-
ies is presented in §5.1. ROSAT fluxes, luminosities
and other relevant data concerning the SBS NLS1
and NLQSO samples are given in Tables 31 and
32 (89.2.1 and §9.2.3). For other SBS objects, they
will be presented in a second paper about the SBS
survey.

In §9 we present some previously obtained results
that describe the general properties of SBS objects.
A brief comparison with other surveys and a short
discussion of the completeness of the SBS survey for
different types of objects are given. We also discuss
their luminosity function, and the FIR-radio corre-
lations. Finally, we suggest a few directions of inves-
tigation which might be studied on the basis of the
SBS Catalogues. Section 10 contains the summary.

The list of objects outside the main contiguous
area of the SBS survey contains 392 objects; 180
objects selected in the Southern hemisphere SBS test
area—108 galaxies and 72 stellar objects— and 159
objects in the strip centered on the declination of
+47 degrees (one of the unfinished strips of the SBS
survey) 137 stellar objects and 23 galaxies. We also

present a separate list of 39 objects, red stars and
carbon C2 stars, and a list of variable stars detected
during the SBS survey (13 objects). In total the SBS
survey contains data for 3955 objects.

All of these data as well as the list of 82 close-
binaries systems in common envelope with the angu-
lar separation of components between of 2-8 arcsec,
the list of 96 physical pairs of galaxies with angular
separation between of 9-90 arcsec, the list of 10 triple
systems and the 10 quadruple systems of galaxies
where the system consists of physical pairs of galax-
ies, each component of which is a close-binary, are
given in the Appendix.

The General Catalogue of SBS objects is the
result of long-term work, in which a group of as-
tronomers from the Byurakan Astrophysical ob-
servatory (L. Erastova, V. Chavushyan, S. Bal-
ayan, S. Hakopian, M. Gjulzadian, etc.,) and the
Special Astrophysical observatory (V. Lipovetsky,
V. Afanas’ev, A. Shapovalova) have actively partic-
ipated.

2. BYURAKAN SURVEYS, FBS AND SBS
2.1. The First Byurakan Survey (FBS)

Studying the results of the surface photometry of
galaxies carried out from 1958 to 1962 and compar-
ing them with the spectra of the central parts of the
corresponding galaxies, Markarian (1963) concluded
that the colors of the central parts of a great num-
ber of galaxies do not correspond to their morpho-
logical types, i.e., the central parts were bluer than
those of normal galaxies of the same Hubble type.
A hypothesis was made (Markarian 1963) about the
possible non-thermal character of the radiation from
the nuclei of some of the studied galaxies. In order
to confirm this hypothesis, Markarian began at the
end of 1964 a search of galaxies showing an excess of
UV radiation in their central parts.

All the observations were carried out with the
40" Schmidt telescope of the Byurakan observatory.
Markarian used a prism of low dispersion and ob-
tained unwidened spectra in which the galactic nu-
clei were easily detectable against the background
of the surrounding galaxy, especially when a UV-
continuum excess was present. The limiting magni-
tude on the best plates reached ~ 17.5 mag. Objects
brighter than 13 mag were omitted because of the
problem of overexposure.

The purpose of the Markarian survey was to look
for active galactic nuclei (AGN) by selecting galax-
ies having an UV-continuum, i.e., by a preliminary
spectral classification for all of these. The observa-
tional program of the FBS was completed in 1978.
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The study of the plates and the search and selec-
tion of objects continued up to 1980. More than
2500 photographic plates were obtained and about
40 million spectral images were visually examined.
The FBS survey consists of 1133 fields each 4 x 4
degrees in size covering a sky area of 17,000 square
degrees. FBS, the first survey carried out with the
purpose of searching the active galaxies, was for a 10
year period (1965-1975) the only source of new Sy
galaxies and other types of AGN.

The main results of the FBS survey are pub-
lished in a series of 15 papers including 1500 ob-
jects (Markarian 1967-1969; Markarian & Lipovet-
sky 1971-1976; Markarian, Lipovetsky, & Stepanian
1977-1981). They provided the principal data base
from which the major AGN types have been discov-
ered, classified, and studied in great detail by nu-
merous researchers.

2.2. The Second Byurakan Survey (SBS)

The Second Byurakan Survey is a continuation of
the Markarian survey, which aimed to reach fainter
limiting magnitudes. The investigation of fainter ob-
jects, in particular QSOs, required the extension of
the survey to these fainter magnitudes. The SBS
survey is in fact the first simultaneous and combined
survey of galaxies and quasars. The SBS objective-
prism observations started in 1974 and finished in
1986. Plate searching was completed in 1991. Be-
tween 1974 and 1986 a total area of 991 square de-
grees of the Northern sky was observed. This area is
confined to the strip defined by 7740™ < o < 1715™
in right ascension and +49°00' < § < +61°00" in
declination.

The Second Byurakan Survey was conducted
with the same 40 — 52 inch Schmidt telescope and
included the use of various objective prisms in com-
bination with more modern (in 1974) IIIaJ and II-
TaF emulsions hypersensitized with heated nitrogen
(Stepanian 1985), as well as IV-N sensitized using
distilled water. The Byurakan 1 m Schmidt tele-
scope is the fastest among all other large Schmidt
telescopes. Its main parameters are:

—the aperture of the main mirror: 1320 mm;

—the focal length: 2123 mm;

—the aperture of the corrector: 1000 mm;

—the plate scale: 97”6/mm;

—non-vignetted angular field: 4 x 4 (total field
4.2 x 4.2) degrees;

—the maximum linear size of the photographic
plates: 160 x 160 mm;

—three objective prisms: 1.5 , 3 , 4, of 1000 mm
aperture.

Due to a Piazzi-Smith lens, the field of the tele-
scope is flat. The optics is made of uviol glass and
the optical system is corrected in the A4400 A blue
spectral range. The objective prisms can rotate in
position angle, allowing one to obtain spectra with
any orientation on the sky.

Different modified emulsions (Kodak IIIaJ, Ko-
dak ITTAJ, Kodak ITTaF, Kodak ITTAF, Kodak IV-N)
had to be used since the Survey was continued for a
rather long time. The use of I11aJ, ITIaF, IV-N emul-
sions extended the sensitivity wavelength coverage as
well as increased the uniformity of the discovery pro-
cess, allowing the acquisition of AGN spectra down
to about 19.5 mag. The selection of objects was done
by visual inspection over the entire plates using a 7x
lens. The selection criteria were the following: the
presence of a strong UV continuum, the presence of
emission lines and/or an observed peculiar energy
distribution in the spectra.

The first list of SBS objects was originally pub-
lished in 1983 (Markarian & Stepanian 1983). Alto-
gether there are seven published lists (Markarian &
Stepanian 1984; Markarian et al. 1985, 1986; Stepa-
nian et al. 1988, 1990). The published lists of SBS
objects contained the basic data for all types of ob-
jects, [UVX galaxies, ELG, QSOs, and BS (blue
stars)], but each was selected from a single 4 x 4
degree field within the SBS survey; namely, the
fields with centers at R.A.=11"30™, Dec.=+59°00’
(the first field); R.A.=09"50™, Dec.=+55°00" (the
second field); R.A.=08"00™, Dec.=+59°00" (the
third field); R.A.=12"22™  Dec.=+55°00" (the
fourth field); R.A.=15"30™, Dec.=+59°00" (the fifth
field); R.A.=09"47™ Dec.=+51°00" (the sixth field);
R.A.=12"00™, Dec.=+59°00 (the seventh field).

2.2.1. The SBS Survey Area and its Structure

At the beginning of the Survey, we planned to
cover as much area of the sky as possible. Two sky
areas were selected: (1) for the Southern hemisphere,
a sky area between 03"00" and 05700’ in right ascen-
sion and —03° — —05° and +35° in declination, and
(2) for the Northern hemisphere a sky area outlined
by +45°00" and +61°00" in declination and 06"00’
and 18"00’ in right ascension. The first observations
started with the Southern hemisphere area. The well
known Markarian objects as well as other objects
from the Southern hemisphere were used to test the
observational method as well as the selection cri-
teria. All the fields were first covered by a single
set of objective-prism plates, that is the IITaJ+1.5
degree prism. Subsequently the observations using
other prisms with different filters were carried out.
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TABLE 1

THE SBS SURVEY FIELDS. THE COORDINATES OF THE CENTER OF THE FIELDS ARE GIVEN.
SKY COVERAGE IS 991 DEG? OR ~ 1/40TH OF THE WHOLE SKY?

R.A. Declination=+59°00’ R.A. Declination=+55°00’ R.A.

Declination=+55°00’

08"00™ IIF IllaJ IIlaF 3aJ N |08"00™ IIF
08 30 IIF IIlaJ IIIaF 08 19 IIF
09 00 IIF IITaJ IIlaF 3aJ 08 46 IIF
09 30 IIF IIlaJ IIIaF 09 13 IIF
1000 IIF IIlaJ IIIaF 3aJ 09 40 IIF
10 30 IIF IIlaJ IIlaF 3aJ 10 07 IIF

11 00 IIF IIlaJ IllaF 3aJ N| 1034 IIF
11 30 IIF IIlaJ IIIaF 3aJ 1101 IIF

z

1200 IIF IIlaJ IIIaF 3aJ N| 1128 IIF
1230 IIF IIlaJ IIlaF 1155 IIF
1300 IIF IIlaJ IIIaF 12 22 IIF
13 30 IIF IIlaJ IIlaF 1249 IIF
14 00 IIF IIlaJ IIIaF 1316 IIF
14 30 IIF IIlaJ IIlaF 1343 IIF
1500 IIF IIlaJ IIIaF 3aJ 14 10 IIF
1530 IIF IIlaJ IIlaF 3aJ N| 14 37 IIF
16 00 IIF IIlaJ IIIaF 1504 1IIF
16 30 IIF IIlaJ IIlaF 1531 IIF
1700 IIF IIlaJ IIIaF 3aJ N| 1558 IIF

16 25 IIF

16 52 IIF

1719 IIF

IITaJ
IITaJ
ITTaJ
IITaJ
ITTaJ
IITaJ
ITTaJ
ITaJ
ITTaJ
IITaJ
IITaJ
IITaJ
IITaJ
IITaJ
ITTaJ
ITaJ
IITaJ
IITaJ
ITTaJ
IITaJ
IITaJ
IITaJ

IITaF
IIIaF
IITaF
IIIaF
IITaF
IIIaF
IITaF
IIIaF
IITaF
IIIaF
IIIaF
IIIaF
IIIaF
IIIaF
IITaF
IITaF
IIIaF
IITaF
IITaF
IITaF
IITaF
IITaF

08"00™
08 35
08 59
3aJ 09 23
3aJ N| 0947
3aJ N| 1011
10 35
10 59
11 23
3aJ 11 47
3aJ N| 1211
12 35
3al 12 59
13 23
3al) 13 47
14 11
14 35
14 59
15 23
15 47
16 11
3aJ 16 35
16 59

IIF
ITF
IIF
IIF
IIF
IIF
IIF
IIF
IIF
IIF
IIF
ITF
IIF
ITF
IIF
IIF
ITF
ITF
IIF
IIF
IIF
IIF
IIF

ITTaJ
IITaJ
ITaJ
IITaJ
I1TaJ
IITaJ
ITIaJ
ITaJ
ITIaJ
ITaJ
ITTaJ
IITaJ
ITTaJ
IITaJ
I1TaJ
ITaJ
ITTaJ
IITaJ
ITTaJ
IITaJ
IITaJ
IITaJ
ITTaJ

IITaF
IIIaF
IITaF
IIIaF
IITaF
IIIaF
IITaF
IIIaF
IITaF
IIIaF
IITaF
IIIaF
IITaF
IIIaF
ITIaF
IIIaF

3aJ
3aJ N

3aJ

3aJ

A1IF =Kodak IIF +1.5 degree prism, FBS survey plates;
plates; IIlaF=Kodak [1TaF+RG610+ 4 degree prism, SBS survey; 3aJ=Kodak I11aJ+GG495 + 3 degree
prism, SBS survey; N=Kodak IV-N+RG690 + 4 degree prism, SBS survey. Ten fields; 08"00™, +59°00';
09"40™, 4+-55°00"; 09"47™, +51°00"; 10"07™, +55°00'; 11700™,4+59°00; 11*30™, +59°00"; 12"00™, +59°00;
12h22™ +55°00"; 15"30™, +59°00" and 17"00™, +59°00" were covered with direct B and V plates for pho-

tometric calibration.

TABLE 2
THE SBS SURVEY. OBJECTIVE PRISM OBSERVATIONS

IITaJ=Kodak IIlaJ+1.5 degree prism, SBS survey

Telescope Field of Emulsion, filters Dispersion Waveband Number
view(deg.) objective prism A/mm of fields
40” Schmidt 4.224.2 I1TaJ +1°5 prism 1800 H, 3500-5400 64
TITaJ+GG495+3° prism 800 H, 4950-5400 22
ITTaF+RG630+44° prism 1000 Ho 6300-6950 57
IV-N +RG690+4° prism 1800 Apand 69008500 10

Later observations encountered a series of difficul-
ties concerning the limited amount of available Ko-
dak plates. Thanks to G. Kojoian, R. West, and
D. Weedman, who provided us with the necessary

Kodak plates, we were able to complete the sky area
between +49°00" and +61°00" in declination, and
07"43™ and 17"15™ in right ascension. This region
is the main contiguous area in the SBS survey.
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Fig. 1. The dependence of the SBS survey area on the
limiting magnitude for different objective prism and filter
combinations.

Three sky zones located in the strip by decli-
nation centered on +59°, +55°, and +51° respec-
tively, 64 contiguous fields, of the SBS survey in the
Northern hemisphere, were completely covered with
all the needed sets of plates. Each zone consists of
fields equal to the plate size of the Byurakan Schmidt
telescope,that is 4 x 4 degree (the full plate size is
4°20"). The prism was oriented so that the spectra
were aligned with the declination axis in order to
minimize the influence of the telescope guiding on
the spectral resolution. Each field was covered by
a set of ~ 10 plates with the use of three objective
prisms in combination with different Schott filters.
The mean obtained dispersion was ~ 1000 A in the
waveband 3500-7000 A. The limiting magnitude on
the best plates reached B ~ 19.5. Limiting magni-
tudes vary from field to field, ranging from 18.5 to
19.5. The majority of the objective-prism plates are
of very high quality.

There are 19 fields centered on declination
+59°00’, 22 fields centered on declination +55°00’,
and 23 fields centered on declination +51°00’. The
overlap of the fields is as follows: in right ascension
15-30 minutes for the declinations of +51°00" and
+59°00’, respectively. Overlap in declination is 12
minutes.

The SBS survey main sky area in the Northern
hemisphere, the number of fields in each zone and
the distribution of the plates obtained using differ-
ent prisms and filters are shown in Table 2. The
exact borders of the SBS contiguous and homoge-
nous sky area are the following: For the declination
centered on +59°00": (4+56°54’ < Dec. < +61°06),

07P42™ < R.A. < 17716™. For the declination cen-
tered on +55°00": (452°54" < Dec. < +57°06'),
07P42™ < R.A. < 17716™. For the declination cen-
tered on +51°00'; (4+48°94" < Dec. < +53°06),
07"55™ < R.A. < 17"13™. The exact total area
coverage of the SBS survey is 991 square degrees, or
~ 1/40 of the whole sky.

As seen from Table 1, all 64 fields were covered by
the following sets of plates: Kodak IIF+1.5° prism
(FBS survey plates) and Kodak IIlaJ+1.5° prism.
57 fields were covered with Kodak I1TaJ4+RG630+4°
prism, 22 fields with Kodak IIlaJ4+RG495+3° prism
and 11 fields with Kodak IV-N+RG690+4° prism.
One or more plates were obtained for each combi-
nation (prism plus filters), therefore each field was
covered by sets consisting of ~ 10 plates. For 10
of the fields, direct plates in the B and V wave-
bands were obtained for the photometric calibra-
tion. The exposure time for each Kodak ITlaJ+1.5°
prism plate was 45-60 minutes, while for the Ko-
dak ITTaJ+RG630+4° and Kodak ITIaJ+RG495+3°
plasm plates it was 120-150 minutes. The exposure
time for the Kodak IV-N+RG690+4° prism plates
was 15-20 minutes.

The dependence of the survey area on the limit-
ing magnitude for different objective prism and fil-
ter combinations is shown in Figure 1. General data
about the SBS survey, instrument, detector, etc., are
summarized in Tables 2 and 3.

2.2.2. Observations, Selection of Objects and
Objective-Prism Classification Criteria

The plates were visually examined (full scanning)
using a 7x lens. Nearly 25 millions of spectral im-
ages were visually inspected. Selected objects were
marked by colored ink on the back sides of the plates;
these spectra were then examined against the Palo-
mar Observatory Sky Survey (POSS) charts to com-
pare their spectral and direct images. The objects’
angular sizes were determined from the blue POSS
charts, using a 10x magnification lens. The general
objects’ descriptions were based on both the spectral
and the direct images. By intercomparing a number
of different images (a few spectral and two direct
ones on the blue and red POSS), we succeeded in
extracting the most compact, almost starlike galax-
ies, which would have been impossible to find using
only direct images. The object description in such
cases is given as follows: “the object does not differ
from a star, but the spectral image is slightly inferior
in intensity to that of a star” or equivalently “star-
like galaxy”. In such a way the features of many
distant Sy galaxies, (z > 0.05) nearby QSOs and
blue compact galaxies appear.
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TABLE 3

THE SBS SURVEY. GENERAL CHARACTERISTICS

Continuation of survey

1974-1991

Region of the sky:

Total area:

Limiting magnitude m(pg):
Number of plates and fields:

07"43™ < R.A. < 17"16™ +49°00' < Dec. < +61°00’
991 square degree (~ 1/40 of whole sky)

B < 19.5;

635 plates; 64 fields;

Method of selection:
Criteria of selection:
Type of selected objects:

Visual, scanned by eye ~ 25 million spectral images
UV excess, color, emission lines, spectral energy distribution
QSOs, UVX, ELG, Peculiar objects.

Total number of objects: 3563
Stellar objects: 1700
Galaxies: 1863; UVX galaxies 1075, ELG 788
Spectral observations: 1977 - 2003

Present status, slit spectra:
Stellar objects:

3132 objects (88%)
1428 objects (84%)

Galaxies 1704 objects (91%)
Photometry B, V: ~ 250 objects
Main goal: -To expand the Markarian survey to a detection level as deep as possible,

-To obtain large, well-defined samples of relatively faint AGN

and QSOs that were selected in a reasonably uniform fashion,

-To use SBS objects in future studies for establishing the

characteristics and origin of the wide range of activity
observed in AGN and QSOs.

The coordinates of all selected objects were mea-
sured by the use of DSSI plates (Bicay et al. 2000).
The accuracy of the measures is ~ 1 arcsec in both
coordinates, declination and right ascension.

2.2.3. Selection of Objects and Objective-Prism
Classification Parameters

The selection procedure, suggested by Markar-
ian (1967), is outstanding due to its efficiency and
simplicity. As a main search feature, Markarian sug-
gested to use the UV emission intensity and the de-
gree of light concentration, i.e., the object profile
width. The two-dimensional classification for galax-
ies with UV continuum ensued. The classification
parameters are as follows:

(i) The intensity of UV-emission in the region
shorter than 4000 A.

(ii) The degree of emission concentration toward
the galaxy center.

(iii) Other auxiliary features.

The first classification parameter is the intensity
of the UV-emission. According to their UV inten-
sity objects are divided into classes: 1, 2, 3. On
the Kodak “F” plates used in FBS, which cover the
spectral range 3500-7000 A, the spectra consist of

two parts: the red, 5700-7000 A and the blue 3500~
5300 A, with a green-yellow 5300-5700 A drop in
emulsion sensitivity. For AO-A2 stars with a Kodak
ITAF emulsion, the blue and red parts have equal
spatial length. Markarian used the following clas-
sification for classes 1-3: Class 1, the blue part of
the spectrum is one and a half times longer than the
red one, which means that the object is blue or very
blue. Class 3, the length of the red and blue parts is
equal. Class 2, intermediate cases. The second pa-
rameter is determined by the object profile widths
on low-dispersion plates and is designated by one of
the following characters: “s” (stellar), “d” (diffuse)
and the intermediate cases “sd” or “ds”. The objects
with star-like nuclei or almost star-like are refereed
to as “s” type.

Besides these two main classification parame-
ters (the object profile width and the intensity
of UV excess continuum), a number of auxil-
iary features are used as well: (i) The existence
of line emission: “e”; “e:” meaning certain or
suspected line emission. The following emission
lines or line groups may be easily distinguished

on objective prism plates: Ha+[NIIJA6548/84,
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HB+[O TI1]AN4959, 5007, Hry, [OT]A3727 for low
redshifted objects and LaA1216+ionNV, CIVA1549,
CII]A1909, and MgIIA2798 for high-redshifted ob-
jects. (ii) The difference in spectral energy distri-
bution with respect to a thermal distribution. (iii)
Additional features, which are usually present in the
objects’ description, for instance, morphological fea-
tures, membership to multiple systems, interaction
features, etc.

As was mentioned above, in the FBS survey only
the UV excess galaxies were extracted. Additionally
in FBS, quasar candidates among stellar objects and
blue stars of high galactic latitudes were extracted by
the authors of the survey. These objects later were
further investigated by Abrahamian, Lipovetsky, &
Stepanian (1990).

For the FBS survey, the UV excess galaxy
objective-prism classification types were s1 (2 or 3),
sd1 (2 or 3), dsl (2 or 3), and d1 (2 or 3). In the SBS
survey, a new type of emission line galaxies without
UV-continuum was introduced; se, sde, dse, and de,
which means stellar (s), diffuse (d) and intermediate
7sd”, 7ds” type of galaxies with the presence of emis-
sion lines (e). All kinds of UVX objects, stellar or
extended, among which we may expect QSO/AGN
candidates, were isolated as well.

The classification scheme used in the search for
peculiar objects in the SBS survey allows us to select
a great number of various types of objects:

1. Galaxies with UV-continuum (UVX galaxies).

2. Emission line galaxies of all kinds devoid of a
UVX excess (ELG).

3. QSO candidates (QSO).

4. Blue stars with B—V >0and U — B < —0.5
(BS).

5. Some variable stars, especially of U Gem type
(Var. stars).

6. Anomalous red stars (late M,R,S), carbon
stars (Red stars).

7. Planetary nebulae (PN).

All the plates of the SBS survey were systemat-
ically examined by J. A. Stepanian then by L. K.
Erastova and by V. H. Chavushyan. During the sur-
vey, S. Balayan actively participated in the observa-
tions and in the object selection.

3. SLIT SPECTROSCOPY AND PHOTOMETRY

As was mentioned above, starting from 1977
and simultaneously with the objective prism survey,
spectroscopic observations of selected objects were
undertaken in order to test their origin. These
observations began with the investigation of the
most outstanding objects discovered in the Southern

test area of the SBS survey between 1977 and 1980.
More than 50 objects were observed with the 6 m
telescope (see Appendix). The initial observations
of the selected objects, Sy galaxy candidates,
QSOs, unusual objects like the most metal deficient
object SBS 0335-052, etc., show the high detection
efficiency of the SBS survey for UV excess and
emission-line objects. This sequential procedure has
helped us over time to improve our selection criteria.

During 1977-1984, the spectroscopic obser-
vations using the 6 m telescope of the Special
Astrophysical Observatory (SAO, Russia) were
initially carried out using photographic films on
the UAGS spectrograph followed by the SP-124
spectrograph equipped with a 1024-channel image
photon counting system (IPCS, scanner) (Drabek
et al. 1985), installed at the Nasmyth I focus. Later,
a long-slit spectrograph (LSS) equipped with a
530 x 580 pixel CCD (Afanasiev et al. 1995) was
used at the prime focus. The adopted slit width
was 2 arcsec with an effective instrumental spectral
resolution of about 6 A in the case of the IPCS, and
about 11 A in the case of the LSS and 56 A in
the case of the photographic film observations. The
wavelength range covered was typically 3300-7500
A. The data reduction procedures—cosmic ray
removal, bias and flat field corrections, wavelength
linearization and flux calibration— were carried out
with the SAO standard data reduction techniques
(Afanasiev et al. 1995).

Spectroscopic observations with the 4.5 m
telescope at the MMT (Multi-Mirror Telescope,
USA) telescope were carried out with the Blue
Channel spectrograph (Schmidt, Weymann, & Foltz
1989). This instrument was equipped with a Loral
2048 x 1024 pixel CCD. A 2 arcsec slit was used,
yielding an effective instrumental spectral resolution
of about 6 A in the wavelength range of 4000 A to
7000 A. The reduction package IRAF! were used
for data reduction and analysis.

Spectroscopic observations with the 2.6 m tele-
scope of Byurakan Observatory were initially per-
formed with photographic films on the UAGS
spectrograph, followed by the UAGS spectrograph
equipped with a 580 x 530 pixel CCD (Afanasiev

1 IRAF is the Image Reduction and Analysis Facility dis-
tributed by the National Optical Astronomy Observatories,
which is operated by the Association of Universities for Re-
search in Astronomy (AURA) under agreement with the Na-
tional Science Foundation (NSF).
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TABLE 4

SBS GALAXIES AND STELLAR OBJECTS OBSERVED SPECTROSCOPICALLY
WITH DIFFERENT INSTRUMENTS DURING THE PERIOD OF 1978-2003*

Year BTA(6-m) MMT(4.5-m) ZTA(2.6-m) GHO(2.1-m) Total
Gal.  Stel. Total Gal. Stel. Stel. Gal.  Stel.
1978 14 20 34 34
1979 17 14 31 31
1980 69 25 94 94
1981 135 18 153 153
1982 73 17 90 90
1983 59 14 73 73
1984 58 19 s 77
1985 23 34 57 57
1986 22 54 76 76
1987 5 75 80 7 e e 87
1988 26 40 66 18 e e 84
1989 15 44 59 28 e e 87
1990 44 28 72 72
1991 126 137 263 25 ‘e e 288
1992 17 109 126 126
1993 7 28 35 8 135 178
1994 9 29 38 38
1995 3 12 15 3 e 18
1996 26 20 46 56 13 115
1997 25 31 56 44 25 125
1998 34 1 35 29 ‘e 64
1999 13 1 14 83 2 99
2000 14 1 15 13 51 94
Total 834 771 1605 8 135 78 228 91 2145

2Slit spectra of 10 objects were obtained at the San-Pedro Martir (SPM) 2.1 m telescope during the years
2002-2003. More than hundred bright SBS AGN were spectroscopically re-observed during the years 2002—
2003 at SPM with a S/N > 30 and a spectral resolution 1.6 A/pxl. The data for 519 SBS galaxies and 261
point sources are taken from the SDSS dr2 release (http://cas.sdss.org/dr2/, 398 objects, March 2004) and
the SDSS dr3 release (http://cas.sdss.org/dr3/, 382 objects, September 2004), which included practically all
of SBS objects observed in the 2001-2002 and most of the objects observed in 2000 period at GHO, but not
yet published elsewhere. The spectroscopic observations of a few dozen of objects observed at GHO in 2000
and included in the catalogue will be soon published. The slit spectra of more than fifty objects obtained
at the 6-m telescope during 1977—-1980 for objects in the Southern test area and outside of the main SBS
sky area are not included in Table 4 (see Appendix at the end).

et al. 1995), installed at the Cassegrain focus, result-
ing in an effective instrumental spectral resolution of
~ 6 A in the wavelength interval 3500-7000 A.

Spectroscopic observations with the 2.1 m tele-
scope of the GH Observatory (Cananea, Sonora,
México) were performed using the Boller & Chivens
spectrograph equipped with a 580 x 580 pixel CCD,
installed at the Cassegrain focus, resulting in a spec-
tral resolution of ~ 6 A in the wavelength interval
40007500 A. We also used the LFOSC spectropho-

tometer installed in the Cassegrain focus (Zickcraf
et al. 1997), equipped with a 578 x 385 pixel CCD,
which gave us an effective instrumental spectral res-
olution of ~ 11 A in the wavelength interval of 4000~
9000 A.

A few hundred SBS objects were re-observed on
the MMT, BTA, and GHO, because their follow-up
spectra showed only one emission line. We have
confirmed the redshift of most of them by the
detection of other emission lines. For most SBS
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TABLE 5
THE RESULTS OF SPECTROSCOPIC OBSERVATIONS OF SBS OBJECTS

SBS galaxies

SBS stellar objects

Mpg UV excess ELG UV excess+ELG Stellar objects

Obs. Not* Total H Obs. Not* Total | Obs. Not* Total % H Obs. Not* Total %o
<135 11 .- 11 11 11 100% | 31  --- 31 100%
<140 22 ... 22 3 - 3] 25 25 100%| 44  --- 44 100%
<145 36 - 36| 15 .- 15| 51 51 100% | 55  --- 55 100%
<150 66 - 66| 43 .- 431 109 109 100%| 70  --- 70 100%
<155 130 --- 130| 146 --- 146 276 --- 276 100%| 101 --- 101 100%
<16.0 253 --- 253| 233 12 245| 486 12 498 98%| 188 --- 188 100%
<16.5 468 11 479] 328 29 357 796 40 836 95%| 311 --- 311 100%
<170 679 42 721| 468 62 5301147 104 1251 92%| 493 --- 493 100%
<175 837 53 890| 552 76 6281389 129 1518 92% | 802 3 805 99%
<18.0 943 66 1009| 624 83 707 |1567 149 1716 92%|1111 121 1232 90%
<185 990 71 1061| 674 88 7621664 159 1823 92%|1293 205 1498 86%
< 19.0 1002 1073 693  --- 7811695 1854  92% [ 1385 257 1642 84%
< 19.5 1004 1075 700  --- 7881704 1863 91% | 1428 272 1700* 84%

#Three objects have B > 19.5. “Not” means the number of objects for which the slit spectra were not yet

obtained.

objects the redshift was determined with the use of
two, three, or more, emission lines.

For nearly all bright SBS AGN, a new set of
spectroscopic observations were undertaken in the
last few years and carried out on the 2.1 m of
the Guillermo Haro Observatory, on the 2.1 m of
the Observatorio Astronomico National at San Pe-
dro Martir (México) with a high signal-to-noise ra-
tio (S/N ~ 30 — 50) and a spectral resolution of
1.6 A /pixel, respectively, in the waveband 39008200
A. In Table 4 a log of the spectroscopic observations
according to their date of observation is presented.
The statistics of the SBS galaxies and of the stellar
objects are given in Table 5 in order of increasing
magnitude.

Photometric observations were performed with
the 1.0 m and 0.6 m telescopes of the Special Obser-
vatory (Russia), the 0.6 m Burrell-Schmidt telescope
and the 1.2 m of the Whipple Observatory (both
USA). Photometric observations with the 60 cm
Burrell-Schmidt telescope were carried out with a
Tektronix 2048 x 2048 pixel CCD, which covered a
field of view about two square degrees, whose central
part only ~ 1 square degree, was used during these
observations. The photometric observations with the
1.2-m telescope of the Whipple Observatory were ob-

tained with a Loral 2048 x 1024 pixel CCD. In both
cases the broadband B and V filters in combina-
tion with the CCD array reproduced a photometric
system close to the standard Johnson system. Flat
field images were obtained by illuminating the detec-
tor with a uniform light source. Averaging a set of
bright twilight sky images observed with each filter
provided such flat field images.

The reduction of the photometric data was per-
formed using the IRAF software. Photometric er-
rors are typically 0.05 mag for objects brighter than
B < 17.5. The photometric error for a single mea-
surement is ~ 0.03 — 0.04 magnitude for objects
brighter than B < 17.5 and ~ 0.05 — 0.08 magni-
tude for objects fainter than B > 17.5. The photo-
metric B and V magnitudes were measured mainly
for starlike AGN and QSOs already published by
Chavushyan et al. (1995; 2000) and Stepanian et al.
(2001).

Complete spectral information is available for
2910 SBS objects: 2169 come from our spec-
troscopic observations and 731 from the litera-
ture, mainly from SDSS dr2 and dr3 releases
(http://cas.sdss.org/dr3, September 2004, 780 ob-
jects). The exposure times for individual objects
during our spectroscopic observations vary from 10
minutes to 120 minutes, depending on the instru-
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ment used and the required signal-to-noise. For the
objects observed with high spectral resolution and
high S/N;, at least two overlapping optical wavebands
were observed, and in those cases each waveband was
exposed twice.

Spectroscopic data are available for ~ 100% of
the stellar objects and 92% of galaxies brighter than
B < 17.5. Photometric data are available for 85%,
and 70% of Sy galaxies and QSOs brighter than B <
17.0 and B < 17.5, respectively.

4. SPECTROSCOPIC CLASSIFICATION
CRITERIA AND CLASSIFICATION OF THE
SBS OBJECTS

The following is a short description of the spec-
tral classification criteria used for extragalactic and
galactic SBS objects and based on the spectropho-
tometry with spectral resolution of 5-6 A (in some
cases ~ 10 A) in the optical (3500-9000 A) region
of the spectrum:

QSO - Quasi stellar object. Direct images of
these objects do not differ from the stars on DSS1 or
DSS2. Spectrum shows very broad 5000-30000 km
571 emission lines.

BALQSO — Broad absorption-line QSO. Besides
broad emission lines these objects show very broad
10,000-30,000 km s~! blue shifted absorption lines
with P Cyg-type line profiles.

DLAQSO - Damped Lya QSO. Show unre-
solved absorption lines even on spectra with very
high resolution (< 1 A), with typical widths of 10—
12 A, resulting in a column density greater than 1023,
indicating the presence of high density galactic size
masses along the line of sight.

BLLac — BL Lacertae type variable object. No
emission or absorption lines deeper than ~ 2% are
seen in any part of the optical spectrum, or only
extremely weak absorption and/or emission lines are
observed, as a rule at minimum of their very highly
variable phase.

Continual — Continuous spectrum, no lines
deeper than ~ 2% are seen in our observed optical
waveband of 3500-7500 A. May consist of a mixture
of BL Lac and DC stars.

BLS1 - Broad-line Seyfert 1. Classical defini-
tion is that BLS1 have broad permitted Balmer H1
lines and narrow forbidden lines. The full-width at
half maximum (FWHM) of the Balmer HT lines is
usually in the range of 1000-6000 (10,000) km s—!.
Forbidden lines have FWHM in the range of 300—
1000 km st (Osterbrock & Koski 1976; Osterbrock
1977; Osterbrock 1984; Pogge & Osterbrock 1985;
Osterbrock & Pogge 1987).

NLS1 — Narrow-line Seyfert 1. These objects
became popular after the discovery among soft X-
ray ROSAT sources of a relatively big group of ob-
jects described by Pogge & Osterbrock (1985) as
NLS1s; these AGN have narrow permitted lines only
slightly broader than the forbidden ones; the ratio
[O IIJA5007/HB < 3, but exceptions are allowed
if there are also strong [Fe VII] and [Fe X] emission
lines present, unlike what is seen in Seyfert 2 galax-
ies (Osterbrock & Dahari 1983, Pogge & Osterbrock
1985). Maximum line - width criterion FWHM (Hz3)
< 2000 km s~ following Pogge & Osterbrock (1985).

Sy1.5 — AGN which share parameters that are
intermediate between those of classical Syl and Sy2
galaxies and have an easily discernible narrow HI
profile superposed on broad wings (Osterbrock &
Koski 1976; Osterbrock 1977).

Sy1.8 — AGN with relatively weak broad Ha and
HQB components, superimposed on a strong narrow
line component.

Sy1.9 — AGN with relatively weak broad Ha
components, superimposed on a strong narrow line
component. A broad component of HS is not seen.

Sy2 — The classical definition is that Sy2 are
AGN showing broad emission in both the permit-
ted Balmer and the forbidden lines, with approxi-
mately the same full-width at half maximum which
must be > 300 km s~!, that is, in the range of
300-1000 km s~! (Osterbrock & Koski 1976; Shuder
& Osterbrock 1981; Osterbrock & Dahari 1983).
For Sy2 a secondary classification criterion is used,
namely Sy2 must also have [O III]A5007/HS > 3.

LINER - Low Ionized Nuclear Emission-line
Region.  According to the definition of Heck-
man (1980), LINERs are low activity AGN,
which have  I([011]A3727)/I(]O III]JA5007)/> 1,
I([O1]A6300)/I([O III]A5007)> 1/3.  N[II]\ 6584/
Ha > 0.6 according to Kauffman et al. (2003). Re-
cently Ho, Filippenko, & Sargent (1997a,b,c) divided
LINERs into two new classes, LINERs of type I, ob-
jects which show broad Balmer emission, in analogy
with Syls, and LINERs of type 2, without broad He,
in analogy with Sy2s.

SBN and SB - The major observable fea-
ture that distinguishes starburst nuclei from Sy nu-
clei is their strong narrow emission lines FWHM<
300 km s~ !. In many cases the definition of SBNs
is not clearly spelled out. The observational de-
scription of typical SBN following Balzano (1983)
is: a spiral galaxy with a bright, blue nucleus that
emits a strong narrow emission line spectrum sim-
ilar to low-ionization HII region spectra. Three
main criteria were used by Balzano to separate star-
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burst galactic nuclei (SBN) from other star-burst ob-
jects: (i) strong, narrow (FWHM< 250 km s '),
low-ionization ([OIII]/HG < 3) emission lines; (ii)
absolute luminosities —17.5 > M > —22.5; (iii) con-
spicuous stellar or semistellar nuclei. The Ha lu-
minosities greater than 10%° erg/sec, which must be
related to a nuclear emission line region less than a
few hundred parsec in diameter, was used as addi-
tional parameter to isolate SBN from HII regions.
In fact this definition is a spectro-morphological def-
inition. We have used similar criteria for the SBS
SBN classification. Note that for faint objects with
diameters of less than 15” on DSS plates, only the
SBN definition was used.

A galaxy was classified as Star-Burst (SB) galaxy
using the above mentioned spectroscopic criteria
when we suspected that the emission might be not
associated with the nuclear region.

H 11 — Extragalactic H II region; a spectrum sim-
ilar to that of SB, that is a strong narrow (FWHM<
300 km s~ ') emission line spectrum, but with a ratio
[OIMI)/HF > 3 and N[IIJA6584/Ha < 0.5, coupled
with a blue continuum.

BCDG - Blue Compact Dwarf Galaxy (Kunth
1988); as a rule these objects are in fact objects of
HII spectral types. We have used the BCDG defi-
nition to indicate that they are blue, compact dwarf
galaxies. Most of them have a high rate of star
formation. Like for SBN, the BCDG classification
involves spectro-morphological parameters; they are
objects with M(B) > —17.5 and linear sizes of less
than D < 3 — 4 kpc.

The cut in luminosity at M(B) > —17.5 is
artificial, what is seen is a continuation of simi-
lar spectro-morphological characteristics towards the
high-luminosity region M(B) < —17.5. In the SBS
Catalogue, one can find objects with spectral char-
acteristics similar to BCDG but with luminosities
greater than M (B) < —17.5. We classify them as
H I galaxies. The latter may formally be called Blue
Compact Galaxies (BCG).

ELG - Emission line galaxy. One or more emis-
sion lines are seen in the spectrum. If they exist,
absorption lines are very weak.

E+A — Both absorption and emission lines are
present in the spectrum. Emission lines as a rule are
strong: Ha\6563, N[II]A6584/6548 and [O II|A3727.

Abs or Abs: — Absorption line galaxy when in
our observed waveband only the absorption lines are
seen in the spectrum.

White dwarf spectral classification system:

In classifying the detected white dwarfs and sub-
dwarfs we have adopted the classification scheme de-

veloped by Sion et al. (1983), Green, Schmidt, &
Liebert (1986), and Berg et al. (1992). In order to
achieve a uniform classification scheme for the ob-
jects reported here, we have obtained high quality
slit spectra for a number of well known objects from
the Catalogues of PG (Palomar-Green), LB (Luyten-
Blue), PHL (Palomar-Haro-Luyten), GR (Green-
stein), and also of some other bright objects with
previously well determined spectral types. In addi-
tion, we used high-quality spectra of different types
of objects kindly provided to us by R. Green. The
spectral classification criteria used for the SBS ob-
ject classification are described below:

DA - Only wide 50-100 A hydrogen Balmer
absorption lines of HI; no Hel or metal lines are
present.

DAn — The subtype numbers (n) denote the ef-
fective temperature adopted by Sion et al. (1983).
They were derived from the HS equivalent widths.

DAF — Defined by the presence of Balmer ab-
sorption lines with Ca K absorption, often with evi-
dence of weak G band.

DAO - Hydrogen Balmer absorption lines with
presence of He I \4686.

DAB - Hydrogen Balmer absorption lines with
presence of Hel.

DB - HeT absorption lines; no HI or metal lines
present.

DBA — Mix of HeIl, HeI, and hydrogen Balmer
absorption lines.

DO - Strong HeII; Hel, or HI present.

DC - Continuous spectrum, no lines deeper than
2% in any part of the spectrum.

DZ — Metal lines only; no HI, or He. Show
metallic features, principally CalIl H, and K.

DQ — Carbon features, either atomic or molec-
ular, in any part of the optical spectrum (5050 A,
4765 A, and 4371 A).

Subdwarf spectral classification system:

sd — Two or three Balmer absorption lines of
moderate gravity are visible.

sdB — Subdwarf B stars showing a higher gravity
Balmer absorption series with the possible presence
of Hel, over a wide range of colors.

sdB-O — These stars are sdB stars with a hint
of He1A4471 in absorption.

sdOA — These stars are not conventional sdO
stars, but show a spectrum with dominant hydrogen
Balmer absorption along with pronounced He 1A4471
and often He I\4026.

sdOB — This classification denotes a spectrum
dominated by Hel and Hell lines and generally
showing hydrogen Balmer absorption. He IT absorp-
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tion features, including A4686, are discernible, and
are approximately equal in strength to the Hel fea-
tures present. Balmer absorption exhibits a wide
range of strengths.

sdOC — These are the hottest sdO stars domi-
nated by He IT absorption. Only a trace of He I\4471
may be present, and some hydrogen Balmer absorp-
tion may be blended with the He IT Brackett lines.

sdOD - This class consists of cooler subdwarfs
with “pure” Hel absorption spectra, characterized
by the weakness or absence of hydrogen Balmer
lines and He I11A4686, while showing the singlet A4388
equal in strength to the triplet \4471.

sdO - Without a subclass, this designation
stands for a spectrum in which He IIA4686 and often
He 1A\4471 were identified. Defined by the presence
of He I1A4686 and/or Pickering series features, and
usually showing high surface gravity Balmer absorp-
tion.

F — Subdwarf or dwarf F. Defined by the pres-
ence of narrow Balmer absorption lines with Ca K
absorption, often with evidence of a weak G band
and a weak Balmer discontinuity.

G — Subdwarf or dwarf G. Defined in our spectra
by the presence of a strong broad CH band, usually
with strong MgH features, and with weak or absent
hydrogen lines.

HBB - Horizontal branch B stars, showing only
unresolved Balmer lines in our spectra. These spec-
tra show only narrow Balmer lines, with series mem-
bers visible beyond H9, as a sharp, substantial
Balmer Jump.

NHB - Normal or Horizontal Branch. Either a
horizontal-branch star, an evolved B-type subdwarf,
or conceivably a dwarf. Our spectra show relatively
strong Balmer absorption with the possible presence
of helium or metals, and a Balmer jump.

CV - Cataclysmic variable. These objects show
strong emission lines in the Balmer series, and some-
times neutral or ionized helium.

Continual - Continuum only spectra, no lines
deeper than ~ 2% are seen in any part of the optical
spectrum. We suspect that this subsample is com-
posed of a mixture of both BL Lac objects and DC
stars.

Composite — Spectroscopic or spectrophoto-
metric binaries without strong emission lines indica-
tive of interaction, but with sufficient blending of
the contributions of the two components in the blue-
green region of the spectrum to signal the composite
nature of the objects. They are designated by their
components, for example DA+dMe, and are usually
commented upon individually.

Unclassified - Inconclusive spectra.

Once spectroscopic observations and classifica-
tion of more than 88% of all objects were completed,
we decided to compile two catalogues: the catalogue
of objects which were confirmed as galaxies (1863
objects, even if they show stellar images), and the
catalogue of objects which turned out to be stars
and QSOs (1700 objects, even if they show extended
images); this in order to simplify future work that
would be based on subsamples of objects. We hy-
pothesize that the majority of the objects not yet
observed spectroscopically but included in catalogue
of galaxies are indeed galaxies, while the objects in
the catalogue of stellar objects are mostly QSOs or
stars. Of course it is not excluded that some of the
objects not yet observed spectroscopically but in-
cluded in catalogue of galaxies may turn out to the
QSOs, or even stars, and vice versa, some objects in
the catalogue of stellar objects may turn out to be
galaxies.

5. THE CATALOGUE OF SBS GALAXIES

The Catalogue of SBS galaxies is presented in
Table 6. The columns are as follows: Column 1,
SBS designation. Columns 2 to 5: The coordinates
B1950 and J2000 with an accuracy of about +1 arc-
sec (Bicay et al. 2000). The format of the coordi-
nates is hours, minutes, and seconds for right as-
cension, and degrees, arcminutes, and arcseconds for
declination. Column 6: Angular size in arcseconds
measured on blue POSS prints. Column 7: The
emission line redshift, derived as a mean value of
redshifts from each strong emission line, corrected
for solar motion (cz)corr = (cz) helio + 300 sin L1!
cosb’l = 0.001 sin LT cosb’’. We keep the value
corrected for solar motion, to be consistent with pre-
viously published data. The accuracy of the red-
shift determination is ~ 30 — 60 km s~!, depend-
ing on the instrument and spectral resolution used.
The redshifts taken from the literature mainly from
the SDSS are listed with their original values. Col-
umn 8: Magnitudes; there are three types of magni-
tudes in the catalogue. (a) the photometric CCD
B magnitudes measured mainly for starlike AGN
objects (Chavushyan et al. 1995, 2000; Stepanian
et al. 2001) with an accuracy of about 0.05 mag;
the magnitudes for known objects like Markarian
galaxies were taken from the literature (all of them
listed with two digits after the decimal point). (b)
The Zwicky et al. (1961-1968), Zwicky (1971) mag-
nitudes for objects brighter that m,, < 15.7 (one
digit after the decimal point). (c) Original eye-
estimated photographic magnitudes m,, mainly for
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objects fainter than 15.5, with an accuracy of about
+0.5 mag. Column 9: The absolute magnitude
M,y or Mp (for objects with the magnitudes with
two digits after the decimal point) when the red-
shift was available; this was calculated by the equa-
tion: M, = mpy — 5log(z) — 43.01 — 0.24 cosec b!!
for Hy = 75 km s™! Mpc™'. Column 10: Origi-
nal objective prism survey type. Columns 11 and
12: Date of spectroscopic observations and spectral
range. The date of the first spectroscopic observa-
tion is mentioned. Column 13: Instruments; BTA
(Big Azimuthal Telescope, 6 m telescope of Spe-
cial Astrophysical observatory, Russia), MMT (4.5 m
Multi-Mirror telescope, USA), ZTA (2.6 m telescope
of Byurakan observatory), GHO (2.1 m Guillermo
Haro telescope of Cananea, México); SPM (2.1 m
telescope of the Observatorio National at San Pe-
dro Mértir, México). Column 14: Spectral (clas-
sification) type, the abbreviations used are: BLSI,
Syl.5, Syl.8, Sy1.9, Sy2 —different types of Seyfert
galaxies, NLS1 (narrow line Syl galaxy), LINER
(Low Ionized Nuclear Emission-line Region), SBN
(star-burst nuclei galaxy), SB (star-burst galaxy),
HII (extragalactic HII region), BCDG (blue com-
pact dwarf galaxy), abs, abs: (when only absorp-
tion lines are seen in the observed wave band), ELG
(emission-line galaxy), E+A (both emission and ab-
sorption lines are seen in the spectrum. The three
last notations have been used when there did not
exist the necessary information about their spectra
in order to classify them. Column 15: The names of
the objects identified as IRAS bright or point sources
(Saunders et al. 2000). Column 16: Morphology,
if available. Morphological description, taken from
the literature (Hubble or de Vaucouleurs classifica-
tion is presented). Column 17: Contains the objects
identified with first radio sources (Becker, White,
& Helfand 1995); they are labeled ‘R’. Column 18:
Other names of objects; the abbreviations mean:
CG, CSO (Case galaxy, Case stellar object). The
CASE low-dispersion northern sky survey (Pesch &
Sanduleak 1983, 1986; Sanduleak & Pesch, 1984,
1987); HS — Hamburg survey (Vogel et al. 1993);
Haro — Haro blue galaxies (Haro 1956); Holm.—
Holmberg galaxies (Holmberg 1937); KUG — Kiso
Survey for UV-excess galaxies (Takase & Miyauchi-
Isobe 1984, 1985a,b, 1986a,b, 1987a,b); LB — Luyten
blue objects (Luyten 1955-1969); Mkn — Markar-
ian galaxies (Markarian et al. 1981); NGC — New
General Catalogue; PG — Palomar-Green UV-excess
stellar objects (Green et al. 1986); Ton. — Tonantz-
intla blue stellar objects (Iriarte & Chavira 1957;
Chavira 1958, 1959); UM — Curtis-Schmidt Michi-

gan University Survey (MacAlpine et al. 1977a,b,c;
MacAlpine & Lewis 1978; MacAlpine & Williams
1981); VV — Atlas of interacting galaxies (Vorontsov-
Velyaminov 1959); Zw — Zwicky objects (Zwicky
1971), Zwicky compact objects from CGCG (Zwicky
1968-71). Column 19: References.

The comments at the end of the Catalogue
of Galaxies contain the description of individual
objects. The morphological description of close-
binary systems in common shell or envelope with
an angular separation between components of 2—8
arcsec (2 is the limit of the resolution of the ITlaJ
plates on the prime focus of Byurakan 1 m Schmidt
telescope) and of pairs of galaxies is given and is
based on the objective prism and direct plates ob-
tained with BAO Schmidt camera and DSS1 plates.
In many cases the description of the components
of the SBS galaxies is given even if the second
component is not an SBS galaxy. In some cases
the morphology of the objects is described from
their direct images on the slit on the prime focus
of the 6 m telescope. For a number of cases there
are sufficient data available on both components to
merit individual entries in the catalogue. Western,
eastern, northern and south components of pairs are
labeled “W”, “E”, “N” and “S”, respectively. The
objects with the same IAU abbreviation are labeled
“A” and “B”, respectively. The label“:” means
uncertainty in the determination.

In all cases, when the references are not shown,
but the redshifts and other data are given, they are
taken from the NASA extragalactic database (ned-
www.ipac.caltech.edu). The redshifts are given in
the Galactocentric system. The redshifts for 240
SBS galaxies are taken from the SDSS ds2 release.
They are not corrected for solar motion (original red-
shifts. We have revised and reduced the previously
published data, redshifts, magnitudes, SBS names,
spectral classification types, etc. Examples of cor-
rected data are given below.

For some objects there are two published values
for the redshift: SBS0751+4583 z(NED) = 0.1303,
z[23] = 0.0575; SBS1158+4-578, z(NED) = 0.08, z(AJ
133,527,1997) = 0.0184; SBS 1131+577, z(SBS) =
0.0527, z(NED) = 0.0150; SBS 11354575, z(SBS)
= 0.0684, z(NED) = 0.0025; SBS 11374588, z(SBS)
= 0.0078, z(NED) = 0.154; SBS 15154588, z[23] =
0.1731, z(NED) = 0.0320; etc. In cases when the
spectra of other authors were presented, which al-
lowed us to check the published redshifts, we used
the more reliable data. In the cases when the spectra
were not presented, we prefer to include our value.
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