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Abstract. We present first results’ of the Hamburg/SAO
Survey for Emission-Line Galaxies (HSS therein, SAO —
Special Astrophysical Observatory, Russia) which is based
on the digitized objective-prism photoplates database of
the Hamburg Quasar Survey (HQS). The main goal of this
survey is the search for emission-line galaxies (ELG) in
order to create a new deep sample of blue compact galax-
ies (BCG) in a large sky area. Another important goal of
this work is to search for new extremely low-metallicity
galaxies. We present the first results of spectroscopy ob-
tained with the 2.2m telescope at the German-Spanish
Observatory at Calar Alto, and with the 6 m telescope
at the Russian Special Astrophysical Observatory. The
primary ELG candidate selection criteria applied were
a blue continuum (near A 4000 A) and the presence of
emission lines close to A 5000 A recognized on digitized
prism spectra of galaxies with magnitudes in the range
B = 1670 — 19™5. The spectroscopy resulted in the de-
tection or/and quantitative spectral classification of 74
emission-line objects. Of them 55 are newly discovered,
and 19 were already known as galaxies before. 11 of the
latter have redshifts and are known ELGs. For most of
the known galaxies emission line ratios were measured
for the first time and an improved classification is pre-
sented. 47 objects are classified as BCGs, one as Sy2
galaxy, six as possible LINERs, and four as new QSOs.
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The remaining galaxies do not show significant HG and
[O111] AN 4959, 5007 A emission lines, and are likely either
low-ionization starburst or dwarf amorphous nuclear star-
burst galaxies.
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1. Introduction

Since the pioneering work of Markarian (1967) objective
prism surveys were recognized as a powerful tool to search
for galaxies of various types of activity. As the result of
nearly a dozen large objective prism surveys completed
during the two last decades the main statistical properties
were derived for various types of AGNs and for galaxies
with enhanced current star formation.

While the selection of objects from objective prism
spectra by their enhanced UV continuum was the primary
criterion applied by Markarian (1967) and has proven to
be especially efficient in searching for new Seyfert galax-
ies and QSOs, as well as for various types of star forming
(SF) galaxies, the selection on the base of strong emission
lines was shown to be also very efficient both in search for
AGNs and galaxies with strong current star formation.

Several large samples of such galaxies have appeared
as the results of University of Michigan (UM), Tololo &
Calan-Tololo (Smith et al. 1995; Salzer & MacAlpine 1988;
Salzer 1989b; Terlevich et al. 1991; Maza et al. 1991),
Case (Salzer et al. 1995), Second Byurakan (SBS) Izotov
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et al. 1993a; Stepanian 1994; Pustilnik et al. 1995), and
the Heidelberg void survey (Popescu et al. 1996, 1997,
1998).

Of special interest are blue compact galaxies
(BCGs). They are underluminous galaxies with an
intense star formation burst taking place currently.
BCGs are in general blue (B — V < 0.5), have
small sizes (typically less than 10 kpc), low metal-
licity (Z < 1/3 Zg) and are gasrich (Thuan &
Martin 1981). They attracted much attention since their
first description by Sargent & Searle (1970). Even earlier,
these galaxies were recognized as objects which deserve
attention in works by Haro (1956), Zwicky (1964) and
Markarian (1967). As most of the BCGs have strong emis-
sion lines they can be classified as HII-galaxies as well
(Veilleux & Osterbrock 1987). In this and following pa-
pers we will use the term BCG for designation of blue
compact galaxies with HII-type emission-line spectra.

There are several important aspects in studies of
BCGs. Searle & Sargent (1972) have noted that they can
be truly young galaxies, forming their first stars. The out-
standing examples of such objects are I Zw 18 (Sargent
& Searle 1970; Kunth et al. 1995) and SBS 0335—052
(Izotov et al. 1990; Izotov et al. 1997a) with metallicities
of 1/50 Z and 1/41 Zg, respectively. Another intriguing
question is on possible evolutionary links of BCGs with
other types of low-mass galaxies (dEs, dIs, LSBDs (see,
e.g. Davies & Phillips 1989)). The spatial distribution of
low-mass galaxies is still debated in connection with pre-
dictions for various models of galaxy formation (Bardeen
et al. 1986; Dekel & Silk 1986). Despite of 10 years stud-
ies (Salzer 1989b; Thuan et al. 1991; Weinberg et al. 1991;
Rosenberg et al. 1994; Pustilnik et al. 1995; Popescu et al.
1997) there is still no self-consistent picture. The strong
emission lines in the spectra of BCGs allow to detect them
easily far beyond the Local Supercluster. This advantage
is very important for compiling large (covering over ~1000
square degrees) and relatively deep (z ~ 0.03 —0.04) sam-
ples to study statistical properties of low-mass galaxies,
their space distribution and luminosity function, their star
formation rate and to find more extremely low-metallicity
galaxies.

There are at present several large BCG samples on
the Northern sky at high latitude. One of them in-
cludes ~240 objects in the region of the SBS survey
(Markarian et al. 1983, 1987) a = 7M40™ — 17"20™, § =
49° — 61.2° within an area of about 1000 square degrees
(Izotov et al. 1993a,b; Pustilnik et al. 1995) and is based
on ELGs selected by the SBS and the First Byurakan
survey (FBS; Markarian catalog; Markarian et al. 1989;
Mazzarella & Balzano 1986) (hereafter this sample is re-
ferred to as the SBS sample). Another sample is based
on the galaxies found in the Case Northern sky objec-
tive prism survey (see Pesch et al. 1995 for the most re-
cent reference). This BCG sample in the sky region of
a =8P — 16", § = +29° — 4-38° was recently presented by
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Ugryumov (1997). The sample was created on results of
follow-up spectroscopy with the 6 m Russian telescope by
Ugryumov et al. (1998) and incorporates the results of
earlier spectroscopy of Case ELG candidates by Augarde
et al. (1987), Weistrop & Downes (1988, 1991) and Salzer
et al. (1995) (hereafter this sample is referred to as the
Case sample). A third sample of BCGs of Popescu et al.
(1997, 1998) contains about 200 BCGs distributed in four
regions of the northern sky and is based on a sample se-
lected on the Hamburg Quasar Survey (HQS; Hagen et al.
1995) digitised IITa-J plates.

Between the above mentioned surveys still exists a
large area in the sky not yet totally covered (see Fig. 6).
A minor part of this region was covered by the sur-
vey of Popescu et al. (1997, 1998). It was tempting to
cover this gap with a new ELG survey using also the
HQS objective prism plates, thus extending the survey
of Popescu et al. (1997, 1998). The new project — the
Hamburg/SAO survey for emission-line galaxies (HSS) —
aims to create a new large and deep BCG sample in the
area TP20™ < o < 17M40™, 35° < § < 50°.

In this paper we describe the general outline of the
project and present first results, which are used to im-
prove the selection efficiency for the following parts of the
survey. In Sect. 2 the selection criteria are discussed, in
Sect. 3 the follow-up spectral observations and data reduc-
tion are described. We present the results and analysis of
spectrophotometric observations in Sect. 4. The efficiency
of the survey in BCG detection, and future perspectives
are discussed in Sect. 5. In Sect. 6 we summarise the first
results of the survey. Throughout this paper a Hubble con-
stant of Hy = 75 kms~! Mpc™! is used.

2. Selection of ELG candidates from objective prism
spectra

The ELG candidates were selected from the digitized ob-
jective prism plates of the Hamburg Quasar Survey. The
original plates were obtained with the 80 cm Schmidt tele-
scope at Calar Alto, Spain. The telescope is equipped
with an 1.7° objective prism allowing to obtain spectra
with a dispersion of ~1390 A/mm at Hy. The size of
plates is 24 x 24 cm covering a field of 5.5° x 5.5° on
the sky. The Kodak IITa-J emulsion is used, giving a spec-
tral range from 3400 to 5400 A. The plates were digitized
with a PDS 1010 G microdensitometer in a low-resolution
mode using 100 x 20 pm slit and 10 ym step size and
the extracted spectra are stored on optical disks. Once
spectra of candidates are taken from this database, high-
resolution PDS scans (with a slit size of 20 x 20 pm)
are made of them for further refinement of the classifica-
tion. Additional information about the HQS can be ob-
tained from Hagen et al. (1995). The low-resolution spec-
tra, which have 10 — 20 spectral points per object, already
allow the detection of strong emission lines, in particular
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Fig.1. Distribution of equivalent widths of the [O11] A5007 A
emission line in A as function of photographic magnitude for
the training sample of known BCGs

for ELGs with prominent [O111] AA4959, 5007 A and HS
lines. The faintest ELG candidates have B magnitudes
up to 20™. In general their redshifts are limited to z <
0.075 because the [O111] A 4959, 5007 A lines are shifted
for more distant galaxies outside the spectral range of the
photoplates. Sometimes prominent H3Z may allow detec-
tion up to z < 0.1, and in rare cases galaxies may be
selected due to their strong [O11] A3727 A emission line
up to a redshift of z = 0.43. The selection is biased for the
[O111] lines compared to the [O11] line because of linear dis-
persion, favoring the detection of narrow lines near the red
end of the objective prism spectra. Only in bright galaxies
(B < 17™5) the [O11] line was well detected (for example,
HS 013240610 and HS 093544726, see Vogel et al. 1993).
Quasars with strong emission lines near A 5000 A can also
be detected, in particular, if Lya A 1216 Aor Mgit A 2798 A
enter to this wavelength region (corresponding to redshifts
of ~3.0 and 0.9, respectively).

The adopted search method consists of various selec-
tion techniques. It is applied first to the low-resolution
and subsequently to the high-resolution density spectra.
The low-resolution density spectra are characterized by
several parameters, and we chose after some experiments
the integral density and the slope at 4000 A as the main
selection parameters. The integral density is the sum of
the densities of all pixels contributing to a spectrum and
the slope is determined by a 2nd order polynomial fit-
ting of the spectrum. The length of the selected spectra
was limited to 5 — 20 pixels to avoid spectra dominated
by noise or affected by overlaps. To determine the range
of slopes shown by ELGs for a given brightness (repre-
sented by the integral density), we used a training sample
of ~50 blue compact galaxies with known spectral proper-
ties taken from the SBS (Izotov et al. 1993a, 1994), which
were separated on HQS plates in the zone of the SBS. This
sample contains galaxies with a wide range of sizes, lumi-
nosities and [O111] A5007 A emission line equivalent widths
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Fig.2. Positions of known BCGs from the training sample in
the unitless coordinates integral density (brightness) (dns) —
slope of spectra (slo) (large symbols) compared to objects of
all types as recorded from the HQS plates. The various sym-
bols denote different ranges of the equivalent width of the
[O111] A 5007 A emission line. The lower part of the figure is
a magnified part of the upper panel within the rectangle. This
rectangle indicates our final selection box (see text for details)

between 10 and more than 1000 A. Figure 1 shows the dis-
tribution of the training sample in a photographic mag-
nitude — equivalent width plane. For magnitudes fainter
than about 18™0, our training sample is running out of
objects with moderate or weak [O111] line strength. This
yielded some uncertainties at the fainter end for our first
definition of the selection rules (see below).

Figure 2 shows the location of the SBS BCGs in an in-
tegral density — slope diagram (in the relative units of the
digitisation of the HQS plates). According to the distribu-
tion of BCGs in this diagram we chose limits —0.3 <+ 0.15
for the slope and 400 < 6500 for the densities. The slope
range is rather wide due to both the intrinsic properties
of the galaxies and variations of the plates quality. Nearly
30% of the typically 30000 — 50000 spectra per plate pass
this filter. This number of spectra is still too large to pro-
ceed with high-resolution scans. Therefore, all preselected
low-resolution spectra were visually classified on a vector
graphics screen and candidates with density peaks close
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to the green head of the spectrum were selected as possi-
ble [O111] A5007 A hits. This procedure is quite efficient to
keep good ELG candidates and to reduce the total number
of selected candidates to 3000 + 5000. Tests with several
plates of the same field have shown that 5 to 15% of good
candidates are lost, if the selection was not made on the
best plate.

All selected low-resolution spectra were then res-
canned with high resolution (PDS scanning time ~3—
4 hours/plate) in order to select visually first and second
priority candidates according to the following criteria:

a) Objects showing a clear density peak near 5000 A
and blue continuum in the high resolution spectra are
adopted as first priority candidates.

b) Some bright (B < 18"5) BCGs with weaker emis-
sion lines (EW([O111] A5007 A) ~ 50 A) in the training
sample have density spectra with blue continuum but no
clearly detectable emission peak. Therefore, candidates
with a blue continuum but without prominent emission
features or candidates with indications of emission peaks
but with an unusual continuum shape are kept as second
priority candidates in the attempt to avoid losses of true
ELGs.

Examples of the high resolution spectra of the first
and the second priority candidates are shown in Fig. 3
(small boxes include the low resolution spectra). As a re-
sult we have got up to 30 first priority candidates per
plate and a similar number of second priority objects for
follow-up spectroscopy. The resulting surface density of
emission-line candidates for each priority varies from 0.3
to 1 candidate per square degree.

It is reasonable to outline here the ELG types which
we wish to discriminate with the selection procedure used.
First, due to the adopted slope limits of the spectra in
the parameter space, we miss ELGs with redder con-
tinuum distribution. This is usually the case for galax-
ies dominated by the emission of an old stellar popula-
tion. Such objects are found efficiently using wide-field
objective prism surveys sensitive to the Ha spectral range
(Zamorano et al. 1994, 1996) or by surveys based on
narrow-band Hea imaging (Boroson et al. 1993). Second,
due to the combined effect of the upper limit on the red-
shift of [Om1] AX4959, 5007 A and the lower limit on the
object’s apparent magnitude (corresponding to the upper
limit in integral density), we miss all objects with absolute
magnitudes brighter than Mp ~ —21. Therefore, many
Seyfert galaxies are not selected into our candidate lists.

We apply the above selection procedure to the first
set of 38 fields with boundaries o = 8® — 17"30™,§ =
+45° — +50° and o = 8" — 15"30™,§ = 440° — 4+45°,
comprising an area of about 900 square degrees. This sur-
vey strip partly overlaps with the fields of Popescu et al.
(1996, 1997). The resulting list consists of about 1000 first
priority candidates, and a similar number of second pri-
ority ones. To check the contents of these categories we
observed both first and second priority candidates in two
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Fig.3. Examples of candidates selected as first (left panel) and
second (right panel) priorities. The high resolution scans are
shown, the inlets present the low resolution scans used for the
first selection step. For details see text

pilot follow-up spectroscopy runs. The candidate lists con-
tain also many ELGs with known redshifts but with some-
what uncertain classification. Due to the lack of time we
could observe only 11 of them.

After the analysis of the results of these observations
(see Sect. 5), we improved the efficiency of the overall se-
lection procedure by applying additional criteria, which
resulted in a significant increase of ELG detection effi-
ciency during follow-up spectroscopy.

3. Spectral observations and data reduction
3.1. SAO 6 m observations

The first observations of a small subsample of HSS can-
didates were conducted in January 1995 with the SAO
6 m telescope. The telescope was equipped with the 1024-
channel photon counter detector (IPCS) mounted on the
medium resolution spectrograph SP-124 in the Nasmyth-1
focus (Drabek et al. 1986). A 2" diameter circular aper-
ture was centered on the brightest part of the target galaxy
or on the star-like candidate, and a similar aperture was
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placed 20" off along the direction zenith-nadir to accu-
mulate simultaneously the night sky spectrum. The latter
was subtracted during the data reduction from the target
spectrum. This set-up resulted in a spectral coverage of
A 3700 — 5500 A with a scale 1.8 A /channel along the dis-
persion and a spectral resolution (FWHM) of about 10 A.
The exposure time varied between 3 and 5 min depend-
ing on the brightness. The signal-to-noise ratios of these
spectra are ~5 in the continuum at A 5000 A. The seeing
was about 2.

During the night we have observed spectrophotometric
standards from the KPNO list (Massey et al. 1988) which
were used to correct the spectra of the program galaxies
for the system spectral response. An Ar-Ne-He lamp was
used for the wavelength calibration. A flat-field was accu-
mulated every night before and after the observations and
all spectra are corrected for the flat field after azimuth and
modulation correction of the original 1024-channel arrays.

3.2. Calar Alto 2.2 m observations

Further follow-up spectroscopy was made during nights
May 30 — June 4, 1995, using the Boller & Chivens spec-
trograph attached to the Cassegrain focus of the Calar
Alto 2.2 m telescope. A 300" x 2" long slit was used. The
spectra were recorded on a 1024 x 1024 pixel Tektronix
CCD operated in a 2 x 1 binned mode (binning only along
the slit direction), resulting in a spectral resolution of 9 A
and a wavelength coverage A 3700 — 8100 A. The exposure
times varied between 2.5 and 15 min depending on the
galaxy brightness. The observations were complemented
by standard star flux measurements, lamp exposures for
wavelength calibration, dome flats, bias and dark frames.
The seeing was mostly about 1”, rising at times up to 2”.
The observations during the second and the last night were
made under non-photometric conditions. The flux calibra-
tion for the dozen objects observed during the second half
of the last night is especially uncertain.

3.3. Data reduction

Data reduction was done at SAO with the MIDAS 94NOV
software package. The context SPEC is adapted to the
SAO data formats to perform an automatic reduction
of the one-dimensional IPCS spectra (Kniazev 1994).
Corrections for flat field, azimuthal shift and two-channel
modulation are applied to the IPCS spectra. Then, stan-
dard corrections for the atmospheric extinction, sky sub-
traction, and the instrumental response curve are done.
All the TPCS spectra were taken mainly during rather
poor, non-photometric weather conditions and, therefore,
are presented in a relative count scale.

For the Calar Alto two-dimensional CCD data, the re-
duction included bias-dark correction, cosmic-ray removal
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and flat-field correction. 1-D spectra are extracted by
adding 3 — 4 consecutive CCD rows centered at the object
intensity peak. After sky subtraction they are converted
to linear scale and corrections for atmospheric extinction
and flux calibration are applied. For the flux calibration
we use the mean response curve obtained from observa-
tions of two standard stars. Calar Alto CCD spectra are
presented on an absolute flux scale.

The redshifts and line fluxes are measured apply-
ing Gaussian fits to the line profiles. The average
redshift of each galaxy is derived from the observed
wavelengths of all prominent individual emission lines
excluding [O11] A 3727 A, which is outside of the region
where the wavelength calibration curve is well determined.
The typical internal redshift errors are estimated to be less
than 0.0001 for the Calar Alto emission-line spectra and
less than 0.0003 for the 6 m emission-line spectra. For
galaxies with absorption features the redshift errors are
within ~0.0005.

The emission line fluxes are derived as the sum of
the pixel intensities inside the line region using standard
MIDAS program tools. For all but one spectrum, the indi-
vidual emission line fluxes of the Ha, [NI1] A\ 6548, 6583 A
and [S1] A\ 6716, 6731 A line blends are obtained by
summing of pixel intensities over the total blend and then
modelling the individual line fluxes using Gaussian fitting.

4. Results of follow—up spectroscopy

In total 216 candidates were observed during the January
— June, 1995, of which 33 objects were observed with the
6 m telescope, 183 objects with the Calar Alto 2.2m tele-
scope, and 4 with both instruments. Due to the schedule
of the observations almost all candidates are located in the
region o = 12" — 17" and ¢ = +45° — +50°. We find 59
new emission line galaxies, 4 quasars and 7 galaxies with
absorption lines. For 11 of the known ELGs we measure
emission line ratios and make quantitative classification.
The remaining objects are stars or they have featureless
spectra with signal-to-noise ratios insufficient to detect
weak lines. The overall detection efficiency of emission-line
objects (calculated after exclusion of 11 known ELGs) is
rather low for this first sample, (63/205 or 30.7%). This
is especially true when compared with the efficiency from
Popescu et al. (1997) of about 76%, for the same pho-
tographic plates. Nevertheless, we will improve on it by
including additional selection criteria, as will be discussed
in Sect. 5.3.

4.1. Emission-line galaxies

The new emission-line galaxies are listed in Table 1, con-
taining the following information:

Column 1: The object’s IAU-type name with the prefix
HS.
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Columns 2 and 3 Right ascension and declination for
epoch B1950. The coordinates are measured on direct
plates of the HQS and are accurate to ~2” (Hagen et al.
1995).
Column 4: Heliocentric velocity. Typical accuracy is be-
tween 30 and 90 km s~ 1.
Column 5: Apparent B magnitude, as obtained by the cal-
ibration of the digitized photoplates (Engels et al. 1994).
It has an rms accuracy of ~0™5 for objects fainter than
mp = 16™0 (Popescu et al. 1996). Magnitudes marked
by an asterisk are taken from the APM survey (Maddox
et al. 1990). Since the calibration algorithm is optimized
for point sources the brightness of extended galaxies is
underestimated. We expect that uncertainties of the mag-
nitudes can be up to 2 mag (Popescu et al. 1996).
Column 6: Absolute B magnitude calculated from the ap-
parent B magnitude and the heliocentric velocities. No
correction for galactic extinction is made because all ob-
served objects are located at high galactic latitudes and
because the corrections are significantly smaller than the
uncertainties of the magnitudes.
Column 7. Preliminary spectral
(see Sect. 4.1.1)
Column 8: Alternative names taken from the NED?2.

The spectra of all emission-line galaxies are shown in
the Appendix.

The results of line flux measurements are given in
Table 2. It contains the following information:
Column 1: The object’s IAU-type name with the prefix
HS.
Column 2: Observed flux (in 1071 erg s~ cm~2) of the
HB A 4861 A line.
Columns 3, 4, 5 The observed flux ratios [O11]/Hf,
[Om1]/HB and Ha/HQB. For objects without detected HB
emission line, the absolute fluxes are given.
Columns 6, 7: The observed flux ratios [N11] A 6583 A/Ha,
and ([S1] A6716 A + [Su] X 6731 A)/Ha.
Columns 8, 9, 10: Equivalent widths of the lines [O11]
A 3727 A, HB and [Om1] A 5007 A.

classification type

4.1.1. Classification criteria

The emission-line galaxies are classified using the line ra-
tio diagnostic diagrams proposed by Baldwin et al. (1981,
hereafter BPT81) and Veilleux & Osterbrock (1987, here-
after VO8T7). These diagrams allow to distinguish between
narrow-line AGN ionization by a non-thermal power law
continuum and HII-region-like galaxies with ionization of
gas by a large number of hot OB-stars.

According to VO87 a confident separation of the
two ionization mechanisms and a classification of the

2 The NASA/IPAC Extragalactic Database (NED) is oper-
ated by the Jet Propulsion Laboratory, California Institute of
Technology, under contract with the National Aeronautics and
Space Administration.
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galaxy can be obtained from its location on the
[Omm] A5007 A/HB versus [N1]A6583 A/Ha diagram.
This diagram has the advantage of being reddening-
insensitive and is used to classify the ELGs from the Calar
Alto observations which cover a wide spectral region from
3700 A to 8100 A.

The observations of the 12 ELGs with the 6 m telescope
do not cover the red region. For these objects we use the
[O111] A5007 A/HSB versus [O11] A3727 A/[O11] A 5007 A
diagram, which is also a good constraint on the ioniza-
tion mechanisms, but it is reddening-sensitive, so that
extinction corrections would be desirable. However this
correction is unreliable for the 6 m telescope observa-
tions due to poor S/N ratios near the Hy emission line.
Nevertheless for high-excitation BCGs the average red-
dening is not large (Izotov et al. 1993a, 1994, 1997b), and
therefore, even without extinction correction they occupy
nearly the correct positions in this diagnostic diagram. For
lower-excitation galaxies, however, the reddening is get-
ting larger in average, and thus the possible uncertainty
of their classification can increase, especially if an object
falls into the transition area.

In Fig. 4 emission-line galaxies from the HSS sample
are plotted in comparison with some BCGs from the SBS
(Izotov et al. 1994, 1997b; Thuan et al. 1995) and ELGs
from the Case survey (Weistrop & Downes 1988, 1991;
Augarde et al. 1987; Salzer et al. 1995; Ugryumov et al.
1998). The branch of HII-galaxies is separated from AGN
by a short-dashed line running in both figures from the
left-top corners populated by objects showing strong emis-
sion lines to the right-bottom corners populated by objects
with a low level of gas ionization.

It is clear from the data in Fig. 4 that the major part
of the observed HSS emission-line galaxies belongs to HII-
galaxies and only a few objects can be classified as prob-
able AGN.

From the two objects in the AGN region of Fig. 4a
only one — HS 1609+4902 — can be definitely classified
in both diagrams as a Sy2 galaxy. The second probable
AGN-type object is HS 130444710. In Fig. 4a it is lo-
cated not too far from the border line separating HII-type
objects from AGNs. We tentatively classify it as a possible
LINER (low-ionization nuclear emission-line region galax-
ies; Heckman 1980). In Fig. 4b this object falls however
within the HII-type region. A possible reason for this is
the reddenning due to the dust extinction.

Among the second priority candidates we find a num-
ber of low-excitation massive galaxies with nondetected
(in low S/N spectra) HB and [O11] A5007 A emission
lines. They are tentatively classified as possible LINERs
(marked as LINER? in Table 1) according to the flux ra-
tios of [N11] A 6583 A and Ho (Heckman 1980). Although
these galaxies are not shown in Fig. 4, they, likely, popu-
late the extreme right-bottom corner in Fig. 4a.

We use some additional criteria for the classification
of ELGs in the cases where the S/N ratio is insufficient
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separates regions of HII-type and AGN spectra, according to
VO87 and BPT81. The dotted lines separate the region in
which high Teg star excitation takes place from the region of
low ionization populated by DANS and SBN (after S89a)

to use the diagnostic diagrams. As it was emphasized by
Salzer (1989a, hereafter S89a) there is a tight correlation
between the ELG type and their mean global parame-
ters such as luminosity and size. In particular, the ELGs
with the highest excitation are low-luminosity, compact
objects, while AGN-type objects are almost always high-
luminosity, large galaxies.

Two more objects in Fig. 4b, HS 1038+4616 and
HS 144345018, fall into AGN region. We suspect that it
is due to poor S/N ratio for HB. Therefore, their large
[O111] A 5007 A/H,B ratios are unreliable, and, probably
these galaxies are low excitation BCGs. Indeed, their low
luminosities (Mp = —17"2 and —17"1, respectively) are
more compatible with a HII-type nature.

HII-galaxies can be splitted further into several
classes depending on physical parameters such as sizes,
absolute magnitudes, colors, metal abundance, equiv-
alent widths (EW) of the [O11] A5007 A line and
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morphology. S89a have proposed the following sequence
of HII-galaxy types (starting with the least luminous and
most compact objects and ending with the most lumi-
nous, quite large spirals): “Sargent—Searle (SS) objects”
(or “Blue Compact Dwarfs (BCD)”), “dwarf HII hotspot
(DHIIH) galaxies”, “HII hotspot (HIIH) galaxies”, “Dwarf
Amorphous Nucleus Starburst (DANS) galaxies” and
“Starburst Nucleus (SBN) galaxies”. There is also a signif-
icant correlation of the luminosity with other parameters,
such as metallicity, EW of the [O11] A5007 A line and
color.

The insufficient quality of our spectroscopy does not
allow to perform such detailed classification. Therefore,
in our case SS, DHIIH and HITH galaxies are taken to-
gether as one class of blue compact/HII galaxies (BCGs),
which are objects with strong and moderate emission lines,
caused by the large number of young OB-stars in current
burst of star formation.

Following S89a, we separate the BCGs and low-
excitation ELGs regions in the diagnostic diagrams with
dotted lines (Fig. 4). This border is derived from the
analysis and generalization of good-quality ELG obser-
vational data from the UM survey®. To classify objects
near the border we use additional parameters, such as
EW([O1m1] A5007 A) and Mg, according to their charac-
teristic values for corresponding ELGs from S89a.

4.1.2. Selection effects

The main ELG candidate selection criteria applied here
are a blue continuum (near A 4000 A) and the presence of
strong or moderate [O111] AX 4959, 5007 A emission lines
recognized in digitized prism spectra with magnitudes in
the range B = 1670 — 19"5. Figure 5 shows the equiv-
alent widths of the [O11] A5007 A line versus the ap-
parent and absolute blue magnitudes. It is evident from
Fig. 5a that the detection limit of the HSS for BCGs based
on this strongest emission line is EW([O111] A5007 A) <
15 A. There is a clear trend of increase of equivalent widths
(EW) with apparent magnitude, and even more noticeable
anticorrelation between EWs and absolute magnitudes,
if not only BCGs but all ELGs are taken into account.
Similar trends were noticed for the UM ELGs by Salzer
et al. (1989a,b).

In analogy to the UM ELGs, the anticorrelation evi-
dent in Fig. 5b is caused by two effects. First, because of

3 There is one more method to disentangle well hot star and
shock wave excitation in ELGs with the help of diagnostic di-
agrams, where the [O1] A 6300 A line is incorporated. As men-
tioned already by Heckman (1980) as well as by BPT81 and
VO8T this is probably the best method to distinguish between
the three mechanisms of activity in ELGs. The disadvantage of
this method is that for low-quality spectra this weak emission
line cannot be measured.
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the brightness limit imposed by the plates we miss low-
luminosity ELGs with weak emission lines. The galax-
ies would populate the lower left corner of the Fig. 5b.
Second, the region of avoidance in the upper right cor-
ner is most likely caused by metallicity effects. In gen-
eral HII-regions in bright galaxies have larger heavy ele-
ment abundance, and, therefore, they are cooler with lower
EW([O111] A 5007 A).

4.2. Quasars

QSOs with strong emission lines might be selected in our
sample if either the Lya A 1216 A line redshifted to z ~ 3
or the Mgir A2798 A line redshifted to z ~ 0.9 appear
in the wavelength region between 5000 A and the sen-
sitivity break of the Kodak IIla-J photoemulsion near
5400 A. This produces an easily visible emission peak
on the digitized prism spectra even for very faint objects
(B ~ 19™0 — 20™0) which is usually hard to distinguish
from low-redshifted [Or11] features.
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Both kinds of QSOs are present in our sample
(Table 3): HS 131344651 with z ~ 3, and HS 144644611
and HS 130044835 with z ~ 0.8. The fourth QSO
(HS 1040+4904) might have been a distant ELG because
the feature visible in the objective prism spectrum was
thought to be [O1] A3727 A emission line shifted to a
wavelength near 4000 A. However, the slit spectrum sug-
gests that an identification with Mgi1 A 2798 A emission
line at z ~ 0.5 is more likely.

4.3. Objects without emission lines
4.3.1. Absorption-line galaxies

The signal-to-noise ratio of spectra for seven bright non-
ELG galaxies is sufficient to detect absorption lines, al-
lowing the determination of redshifts. These galaxies are
listed in Table 4.

Taking into account a probable underestimation of
their apparent brightnesses by 1 magnitude, they are (with
one exception) quite luminous, with Mp in the range
—19™0 to —20™5. Most of them have noticeable HG and
H~ absorption and so they are probably post-starburst
galaxies.

4.3.2. Stellar objects

To separate stellar spectra from other non emission-line
spectra we use a template with the most common stellar
features which is cross-correlated with the observed spec-
tra. We found 111 objects with definite stellar spectra. Six
of them are obvious M-stars. The remaining stellar spec-
tra are roughly classified as A — G stars, most of them
having intermediate types between A and F, or F and
G. The coordinates, apparent magnitudes, spectral types
and lists of absorption features identified in the spectra of
these objects are given in Table 5.

4.3.3. Non-classified objects

The spectra of 24 objects show neither emission nor ab-
sorption features and, therefore, cannot be classified. We
divide them into three categories according to the slope of
their continuum in the range between 4000 and 5000 A.
Six objects (25%) have “blue” spectra (a(4000 — 5500) <
—0.2), 10 objects (42%) have “flat” spectra (—0.2 <
(4000 —5000) < +0.2) and 8 objects (33%) are “red” ob-
jects ((4000—5000) > +0.2). Thus, if these non-classified
objects are stars, most of them are rather hot.

One of the non-classified objects observed with the 6 m
telescope (HS 1517+4021) has a quite strange spectrum in
the range 3700 — 5500 A, indicating a possible composite
system. On the DSS (Digital Sky Survey) we find an in-
dication of a close faint companion star, which could have
entered into IPCS circular aperture.
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5. Discussion
5.1. Survey efficiency and fraction of BCGs

The principles, methods, selection procedures and first
follow-up spectroscopy results of the Hamburg/SAO sur-
vey described in the previous sections are intended to cre-
ate a new large and deep sample of BCGs. Summarizing
the data and their preliminary analysis presented in
Sects. 3 and 4 we conclude that the selection technique
used in this paper is efficient in search for objects with
strong and moderate [O111] AX 4959, 5007 A emission lines.
However, the overall detection efficiency of emission-line
objects is rather low for this first sample (about 31%). In
Sect. 5.3 we discuss additional selection criteria which can
improve the ELGs detection efficiency.

The fraction of BCGs (as our main goal) among all
emission-line objects is ~63% (47 BCGs among 74 in to-
tal). This is significantly larger than the fraction of all
HII-type objects among ELGs in the UCM (33%) (Gallego
et al. 1997) and larger than ~50% in the UM sample
(DHIIH, HIIH and SS-objects in S89a).

The preliminary estimate of the mean surface num-
ber density of BCGs found in the HSS is about

0.21 BCG/square degree, accounting all HII-type objects
selected as first and second priority candidates in the
band centered at § = +447.5° with the range of «
12" — 172, The estimate incorporates 38 BCGs in the in-
dicated region from this paper and 21 objects obtained
independently from the HSS, which either are known as
HII-galaxies from earlier publications (Vogel et al. 1993;
Popescu et al. 1996; Schneider et al. 1994), or have been
observed later by us and will be presented in forthcoming
papers, or are among several of our unpublished BCGs in
and near the SBS zone. This estimate is still a lower limit
since not all first priority HSS candidates in this region
are observed. This value is similar to that for the BCG
sample in the zone of the SBS survey (0.24 BCG/square
degree; Thuan et al. 1994) and for the sample of BCGs
from the region 3 of Popescu et al. (1996).

Due to our selection criteria cut-off of luminous galax-
ies, we reduce significantly the fraction of Sy galaxies in
comparison with the above mentioned surveys (< 2% here
versus 10% in the UM sample and 8% in the UCM sample)
and pick up only the low-luminosity tail of AGN (possible
LINERs) mainly as interlopers and second priority can-
didates. The detection of a significant fraction of possible
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LINERs (6 galaxies or 8%) is surprising, and has no clear
explanation. The remaining discovered ELGs are probable
SBN and DANS (22%).

It is interesting to note that due to the limit in redshift,
the faintest ELG candidates are mainly also the least lu-
minous, and thus they are expected to be typical BCGs.
This is reflected by the statistics of all detected ELGs. For
the ranges of mp = 16™ — 17™, 17™ — 19™ and 19™ — 20™
the fraction of BCGs is about 57%, 67% and 80%, respec-
tively. This was also noticed by Ugryumov et al. (1998)
in the study of Case ELG candidates. It gives us an addi-
tional impetus to search for emission—line candidates down
to the very limits of the plates.

5.2. Aspects of spectral classification, chemistry and
metallicity

We already discussed in Sect. 4.1.1, that the ELGs are
classified according to their positions in the line ratio di-
agnostic diagrams.

A comparison of the positions of the new HSS ELGs
in these diagrams shows that our classification appears to
be self-consistent for all BCGs, and, therefore, is rather
reliable.

It is interesting to compare the positions in diagnostic
diagram of the new HSS BCGs with those of the well stud-
ied BCGs from the SBS sample (Izotov et al. 1994, 1997b;
Thuan et al. 1995). Most of the SBS BCGs populate the
region with log([N11] A6583 A/Ha) < —1.2 (Fig. 4). About
20% of the HSS BCGs are located in the same region.
The real fraction of such BCGs with high excitation HII-
regions will be quantified after better quality spectroscopic
observations. At least 2 HSS BCGs with high excitation
HII-regions are present in the SBS list (6 = 49° — 50°)
and they are independently rediscovered in the present
study. In particular, our line flux ratios for HS 1249+4919
(log(O/H)+12 = 7.72) are very close to those from Thuan
et al. (1995).

The region with log([N11] A 6583 A /Ha) < —2 contains
the BCGs with the lowest metallicities. We discover two
new HSS BCGs located in this region. Hence low metal-
licity objects can be selected by our search method.

5.8. Improvement of selection criteria

Having quite low efficiency at this pilot stage it is natural
to try to improve the selection criteria. The analysis of
all accumulated data discussed here, shows that in order
to improve the selection of BCGs the following additional
criteria and selection procedures should be applied to the
preselected lists of candidates:

1. Second priority candidates have very low detection
rates for BCGs (< 20%) and pick up mainly ELGs of
other types which are not in the focus of our project.
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So, these objects should not be observed further except
as backup sample. This will result in an underestimate
of the BCG surface density of < 20%.

2. It appears that the majority of bright (mp < 18™0)
stellar-like objects are either blue or M-dwarf stars.
Thus, additional examination of candidates on direct
images in order to discriminate between stellar and
fuzzy images will allow to remove most of the obvious
brighter star-type interlopers.

3. The results of follow-up spectroscopy have shown that
even part of the prominent first priority candidates
turned out non-emission objects. Subsequent check of
the plate material have shown that some defects or
strong noise peaks looked like strong emission features
on objective prism spectra. Thus, we concluded that it
is necessary to make a careful check of all first priority
candidates on the original spectral plates (scanning of
2 plates of the same region with cross-check — in the
majority of cases) or additional visual inspection of
the candidate spectra — in case of only one plate —
to remove possible dust grains and noise hits.

These improvements allow to increase the discovery rate
of BCGs by a factor of ~2, as it is shown in a forthcoming
paper by Pustilnik et al. (1998).



A.V. Ugryumov et al.: The Hamburg/SAO Survey for Emission-Line Galaxies. I.

30

20

Number

10

R : .
A I T T T S N SO N B B

0.02 0.04 0.06 0.08 0.10

I

i

|

|

I

i

|

|

I

i

|

|

i

[
0.00

Zobs

Fig.8. Histograms of redshift distributions for the same BCG
samples, as for the previous figure

5.4. The statistical properties of HSS BCGs

The sky distribution of the BCGs from the HSS sample
is shown in Fig. 6 together with BCGs from the SBS and
Case surveys (Izotov et al. 1993b; Pustilnik et al. 1995;
Ugryumov 1997; Ugryumov et al. 1998). Our aim is to
create a large sample (the Northern BCG sample) in this
whole area of about 3000 square degrees. For this it is
important to understand how the properties of the objects
in these three samples compare to each other. First, we
compare the apparent magnitude distributions of the three
samples. For the HSS BCG sample we use the data of the
47 BCGs found in this first part of the survey. We consider
it as representative (excluding the brighter part of the
sample, which will be discussed later). An abrupt decrease
of the number of objects in the magnitude range between
mp = 1870 and 19™0 is present in the distributions of
all three samples (Fig. 7) although the fraction of galaxies
in this magnitude range is different in each sample. As
it was shown by Pustilnik et al. (1995) the BCG sample
in the SBS zone can be considered as rather complete up
to mpg = 1870. The similar behaviour of the faint end
of the apparent magnitude distributions infers that the
Northern BCG sample may have a similar completeness
down to this limiting magnitude. It is evident from Fig. 7
that there is a significant deficit in the HSS of galaxies with
mp < 16™0 caused by the adopted limits in the parameter
space of the selection criteria. Additionally, several known
bright emission-line galaxies are found in the HSS, but not
observed in this work. These selection constraints lead to a
difference between the mean apparent magnitudes of HSS
BCGs and the BCGs of the two other samples. The real
brightness distribution of HSS BCGs will be discussed in
more detail in later papers.

Despite of the differences in the apparent magnitude
distributions, the absolute photographic magnitude dis-
tributions for the same BCG samples shown in the his-
tograms of Fig. 7 look much more similar and have similar
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mean luminosities. This may indicate that the contents of
all three BCG samples are the same.

The radial velocity distributions shown for the same
BCG samples in Fig. 8 have similar break values of the
redshift (about 0.035), at which a significant fall-off takes
place. This again reflects the similar limiting apparent
magnitudes of all three samples. The absence of nearby
HSS objects in this histogram is artificial, because the
bright BCGs with known velocities were not observed
here. For the sake of clarity it should be noted that galax-
ies were selected in SBS both through UV-excess and
emission lines. The BCG sample however was exclusively
selected from emission-line candidates. Therefore the red-
shift distribution of the SBS is similar to the other two
samples. The similarities of BCG properties in the HSS,
SBS and Case surveys imply that the galaxies from these
surveys can be combined into a larger sample to study the
spatial distribution of BCGs in this area. A first compari-
son of the luminosity function which can be derived from
these different samples can be found in Hopp (1998).

6. Conclusions

We conducted follow-up spectroscopy for a pilot sample of
the Hamburg/SAO Survey for emission-line galaxies. The
spectroscopy resulted in the detection or/and quantitative
spectral classification of 74 emission-line objects. Of them
55 are newly discovered, and 19 are already known in the
literature. For 8 of the latter the redshifts are determined
at first time, and for most of the rest emission line ratios
are presented at first time. Summarizing the presented
description of the selection procedure, the follow-up spec-
troscopy results and their discussion we conclude:

— The methods used for the selection of ELG candidates
on objective prism plates give a sufficiently high frac-
tion of BCGs in the resulting lists of detected ELGs
(47 galaxies or 63%), in accordance with the original
aim of the Hamburg/SAO survey project.

— Besides of BCGs we found also 4 new quasars and 23
ELGs of other types.

— The overall detection efficiency of emission-line objects
for the pilot sample is rather low (about 31%) and
should be improved. The performed analysis of the
data allowed to formulate additional selection criteria.

— The estimated lower limit of the mean surface number
density of BCGs is about 0.21/square degree, similar
to that for the BCG samples from the SBS and from
the ELG sample in the direction of voids.

— A preliminary comparison of the brightnesses and red-
shifts of the newly discovered BCGs with those from
the samples in the SBS and Case survey zones shows
that they are quite similar and thus their combination
will create a new homogeneously selected large BCG
sample, suitable for the study of the spatial distribu-
tion of BCGs.
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Appendix A: Spectra of emission-line galaxies
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