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ABSTRACT
A spectroscopic analysis of the entire sample of Ha emission-line galaxies (ELGs) contained in lists 1

and 2 of the Universidad Complutense de Madrid (UCM) objective-prism survey is presented. A signiÐ-
cant fraction (59%) of star-forming galaxies with low-ionization or high-extinction properties has been
found. This kind of ELG is only incompletely detected in the blue or in other ELG surveys. We have
found evidence for evolution among some of the di†erent ELG classes. A comparison between the popu-
lations detected by the Case, Kiso, University of Michigan, and UCM surveys is presented. We conclude
that a deep Ha survey is better able to sample all the ages, evolutionary stages, and luminosities of
currently star-forming galaxies than other surveys using blue emission lines or colors. Finally, the lumi-
nosity and spatial distributions of the UCM galaxies are determined. The contribution of the newly
found, currently star-forming ELGs provides new clues to galaxy evolution and has to be taken into
account when trying to consider the density of ELGs and total star formation rate in the universe.
Subject headings : galaxies : evolution È galaxies : stellar content È galaxies : structure È surveys

1. INTRODUCTION

The Universidad Complutense de Madrid (UCM)
objective-prism survey is being carried out with the main
purposes of identifying and studying new star-forming gal-
axies and quantifying the properties of the star formation
rate (SFR) in the local universe. The technique used for
detection is the presence of Ha ] [N II] j6584 emission on
objective-prism Schmidt photographic plates. Because the
speciÐc details have already been summarized in the Ðrst
and second lists (Zamorano et al. from our1994, 1996)
exploration and the photometric aspects of the sample are
presented in Vitores et al. we concentrate(1996a, 1996b),
here on the spectroscopic characteristics of the survey. A
companion study of the far-infrared properties of this
sample of emission-line galaxies (ELGs) is published in

et al. Finally, the Ha luminosity function andRego (1993).
the current SFR from a complete sample of the survey can
be found in et al.Gallego (1995).

We have carried out a program to obtain long-slit CCD
spectroscopy of the whole of lists 1 and 2 of the UCM
survey. The main goals are (1) the selection characteristics,
biases, and completeness limits of the sample, (2) the physi-
cal properties that are responsible for the spectroscopic
behavior, and (3) the spatial and luminosity distributions, to
determine how they compare with those of other ELG

1 Partly based on observations collected at the German-Spanish
Astronomical Center, Calar Alto, Spain, operated by the Max-Planck-
Institute fu� r Astronomie (MPIA), Heidelberg, jointly with the Spanish
National Commission for Astronomy. Partly based on observations made
with the Isaac Newton Telescope, operated on the island of La Palma by
the Royal Greenwich Observatory in the Spanish Observatorio del Roque
de Los Muchachos of the Instituto de Astrof•� sica de Canarias.

2 Del Amo UCM Foundation Fellow.

surveys and normal galaxies. The spectroscopic data and
individual classiÐcations are available in Gallego et al.

hereafter(1996, Paper I).
Given the importance of the comparison between the

results of such a survey in the red and others using di†erent
techniques for detecting ELGs, we have also considered
those surveys with a similar analysis available in the liter-
ature. As a representative sample of blue objective-prism
surveys, we have used lists III and IV of the University of
Michigan (UM) survey Salzer, MacAlpine, &(Salzer 1989 ;
Boroson For the surveys based on the blue1989a, 1989b).
excess, we have used the subsample of Kiso ultraviolet gal-
axies (KUG) from et al. and et al.Augarde (1994) Comte

Finally, as a mix of blue objective prism and blue(1994).
excess, we have used the Case survey for blue or emission-
line galaxies from & Salzer and etRosenberg (1994) Salzer
al. (1995).

The current paper presents a discussion of the overall
properties of the UCM galaxies. In we address the° 2,
physical properties. In we focus on spatial distributions.° 3,
The selection e†ects are considered in Finally, we° 4.
present a discussion about the luminosity function in A° 5.
summary of our results and conclusions is given in ° 6.
Unless otherwise speciÐed, a value of km s~1H0\ 50
Mpc~1 is assumed.

2. PHYSICAL PROPERTIES OF THE UCM EMISSION-LINE

GALAXIES

In order to classify the ELGs found by the UCM survey,
we have adopted the scheme of Salzer et al. (1989a, 1989b).
The reader is referred to for a complete descriptionPaper I
of the various types. We have only considered the obser-
vationally well-deÐned Seyfert 1 and Seyfert 2 galaxies. Also
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considered were starburst nuclei (SBNs). These are spiral
galaxies that host a nucleus with a star-forming process.
Their Ha luminosity is greater than 108 and theyL

_
,

present red colors. Any emission lines present in the blue
are faint, as a result of extinction. The dwarf amorphous
nuclear starburst (DANS) galaxies are similar to the SBNs
but at lower scale. They are spectroscopically indistinguish-
able from SBNs, but their Ha luminosities are lower than
5 ] 107 The H II hot spot (HIIH) class includes allL

_
.

those bright galaxies with a global star-forming process and
an optical spectrum dominated by blue colors and strong
emission lines. Their Ha luminosities are similar to those of
the SBN class. The dwarf H II hot spot (DHIIH) galaxies
have spectroscopic properties similar to those of the HIIH
class except for Ha luminosities lower than 5] 107 L

_
.

Finally, the blue compact dwarfs (BCDs) are characterized
by Ha luminosities ¹5 ] 107 strong emission lines,L

_
,

and equivalent widths (EWs) of several hundred angstroms.
Giant irregular, Magellanic irregular, and interacting-pair
classes were not considered, because these types rely mainly
on morphological aspects of the candidate.

2.1. Overall Spectroscopic Properties
Some spectroscopic and physical properties for each of

the UCM ELG types are presented in Tables and1 2. Table
lists the mean values and standard deviations of the1

([O III] j5007)/Hb, ([N II] j6584)/Ha, ([O II] j3727)/Hb,
and ([O I] j6300)/Ha emission-line ratios. The last column
gives the number of ELGs. lists the mean values ofTable 2
several fundamental parameters. The composition of the
sample by type is 14 Seyfert galaxies (8%), 111 red ELGs
(SBN and DANS, 59%), and 61 blue H II spectrum ELGs
(i.e., HIIH, DHIIH, and BCD, 33%). It is worth noting that
while the UM survey contains 11% and the Case survey
18% of SBN galaxies, the UCM survey is detecting 44%.
Since SBNs have weak lines in the blue, this entire popu-
lation of star-forming galaxies is being poorly considered by
surveys in that spectral region. called themLewis (1981)
WOR (weak oxygen red) galaxies. et al.Salzer (1989b)

includes only 16 objects in the SBN class for the UM
survey. However, almost all the Ha luminosity observed in
the UCM survey at bright absolute magnitudes is hosted in
the form of SBNs et al.(Gallego 1995 ; Coziol 1996). Salzer
et al. claimed that the UM survey would recover all(1989a)
the SBNs by the [O II] j3727 line, but 38 SBNs of the UCM
survey do not present any [O II] in emission, and the mean
EW is only 12 (27 when considering only the 45 withÓ Ó
[O II] detected). Because the contrast limits for both the
UM and the UCM surveys are 10 the completeness whenÓ,
using this line cannot be assured for the SBN class. The
Canada-France Redshift Survey et al. has also(Tresse 1996)
found a considerable 38% of SBN galaxies in a Ðeld sample
up to z\ 0.3.

The DANS galaxies are also poorly sampled by the UM
survey (a total of 15 objects in lists III and IV, 0.04
arcsec~1) but are well represented in both the Case (37
objects, 0.20 arcsec~1) and the UCM (28 objects, 0.08
arcsec~1) samples. They present almost identical character-
istics no matter which survey is considered, with weak lines
in the blue, average and EW([O III])M

B
\ [18.4, [10 Ó.

For the UCM sample, we obtain an average EW(Ha) \ 54
and average colors of B[V \ 0.38 and V [R\ 0.28Ó

with These properties point to reddened, low-E
B~V

\ 0.55.
ionization objects easily found by their Ha ] [N II] emis-
sion but only detectable by the [O II] 3727 line (38Ó Ó
mean value for the UCM) in the blue excess or blue emis-
sion line surveys. The mean Ha luminosity obtained for the
DANS UCM subsample is only 0.58] 108 but as willL

_
,

be seen in the next section, present ELG surveys could be
missing a large fraction of such objects.

It is also worth noting that the BCDs in the UCM survey
are on average an absolute magnitude brighter than those
found by the UM and Case surveys. BCDs are character-
ized by faint absolute magnitudes and large equivalent
widths, with the largest values for the lowest absolute mag-
nitudes. The apparent magnitude limit of the UCM survey
is close to r \ 18 et al. instead of the appar-(Vitores 1996b),
ent magnitude of 19.5 for the UM survey. Even at very low

TABLE 1

AVERAGE LINE RATIOS FOR THE UCM GALAXIES

Type [O III]/Hb p [N II]/Ha p [O II]/Hb p [O I]/Ha p N

Seyfert 1 . . . . . . 1.1 0.3 0.3 0.2 1.7 1.8 0.01 0.00 5
Seyfert 2 . . . . . . 11.4 5.3 1.5 1.1 11.0 7.9 0.20 0.20 9
SBN . . . . . . . . . . 1.5 1.1 0.5 0.2 4.8 3.5 0.10 0.10 83
DANS . . . . . . . . 1.6 1.1 0.4 0.1 4.4 2.9 0.03 0.01 28
HIIH . . . . . . . . . 3.3 1.3 0.2 0.1 4.5 3.5 0.03 0.02 40
DHIIH . . . . . . . 4.0 1.0 0.2 0.05 5.3 2.8 0.04 0.02 14
BCD . . . . . . . . . . 6.6 1.0 0.05 0.02 1.9 0.9 0.02 0.01 7

TABLE 2

AVERAGE PHYSICAL PARAMETERS

EQUIVALENT WIDTH (Ó)
L HaTYPE M

r
(108 L

_
) z Ha Hb [O II] [O III] E

B~V
B[V V [R

Seyfert 1 . . . . . . [21.3 5.22 0.0334 260 51 13 38 0.463 0.10 0.26
Seyfert 2 . . . . . . [22.0 3.78 0.0342 86 9 26 90 0.794 0.47 0.56
SBN . . . . . . . . . . [21.1 2.24 0.0281 77 9 27 11 0.789 0.30 0.30
DANS . . . . . . . . [20.3 0.58 0.0243 54 9 38 13 0.547 0.38 0.28
HIIH . . . . . . . . . [20.4 2.32 0.0240 150 24 63 74 0.514 0.04 0.06
DHIIH . . . . . . . [19.1 0.38 0.0226 107 17 64 78 0.360 0.03 0.01
BCD . . . . . . . . . . [18.1 0.35 0.0226 294 72 89 458 0.096 [0.07 [0.09
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redshifts, galaxies with absolute magnitudes below [16
would appear fainter than the UCM limit value (for
z\ 0.01 and it results in an apparent magni-M

r
\ [15.5,

tude of r \ 18.5). In fact, the UCM survey presents a lack of
sensitivity for low-luminosity objects, detecting only the
brightest members of the BCD class, i.e., those with less
extreme EW (the faintest object is UCM 1612]1309, with

Furthermore, the average EW([O III]) for theM
r
\ [16.7).

UM, UCM, and Case BCD subsamples are 1090, 458, and
247 respectively, conÐrming that the UCM value isÓ,
biased by its lower sensitivity to faint absolute magnitude
and large-EW objects.

2.2. L ine-Ratio and Ionization Diagrams
In the [N II]/Ha versus [O III]/Hb diagnosticFigure 1,

diagram (see & Osterbrock for the UCMVeilleux 1987)
sample is presented. As expected, all the ELG classes are
positioned following a narrow sequence deÐned by the H II

models. It starts at the top left corner of the diagram for the
high-ionization, low-metallicity BCDs, and it ends at the
bottom right corner for the low-ionization and high-
metallicity objects.

The low-ionization corner is well populated by the UCM
galaxies. In comparison with the UM survey, the UCM
survey is recovering a higher fraction of low-ionization gal-
axies. The comparison is not straightforward for the Kiso
and Case samples, because only a relatively small number of
galaxies from both surveys were observed spectroscopically
in the Ha region.

FIG. 1.ÈLine diagnostic diagram plotting ([O III] j5007)/Hb against
([N II] j6584)/Ha, both in logarithmic scale. The di†erent symbols indicate
the ELG class (see ° 2).

The low-ionization population is also present in Figure 2,
which plots the logarithm of the [O III]/Hb ratio (the excita-
tion parameter) against absolute magnitude, As a com-M

B
.

plement to the UCM sample, we have added the 11 objects
found by Boroson, Salzer, & Trotter hereafter(1993, BST)
in a search for extremely low luminosity objects using Ha
and narrowband Ðlters at the KPNO 0.9 m telescope. This

FIG. 2.ÈExcitation vs. absolute magnitude for the UCM galaxies. The di†erent symbols indicate the ELG class. The Ha-selected ELGs found by BST
have also been plotted.
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completes the low-luminosity end of the Ha-selected
sample.

An ELGÏs spectrum is the result of the physical properties
and the importance of the ongoing starburst relative to the
underlying population. Based on timescale arguments,

et al. pointed out that there should be a largeSalzer (1995)
population of low-ionization dwarf galaxies in which the
starburst is already after the peak in luminosity and that is
not well detected by the UM or any other existing survey.
These objects would show a soft spectrum with weak emis-
sion lines and small EWs. According to the models

& Heckman & Leitherer if(Leitherer 1995 ; Stasin� ska 1996),
we let a starburst evolve several megayears, they move
along the H II sequence to the bottom right corner in Figure

but to the bottom left in out of the H II sequence.1 Figure 2,
The properties of the pure burst remain almost constant
until the 10 Myr step, when the O stars begin to disappear,
a drop happens in all physical properties, and the object
presents a weaker emission-line spectrum. becomes 1È2M

Bmag fainter, *(V [R)D 0.4 mag, and EW(Ha) drops by a
factor of 10. Detection techniques based on blue colors or
Ha emission (as in the Case or UCM survey) have an
advantage over those using high-ionization lines (as the
UM survey) when detecting these soft-spectrum galaxies. A
fraction of such a population is actually being recovered in
the form of DANS objects. In these objects haveFigure 2,
been oversized for better recognition. They are low-
ionization ELGs, with low EWs and a lower than theM

Bvalue expected from the H II sequence. All these magnitudes
are consistent with a past-the-peak stage. Furthermore, the
parent population for DANS galaxies would be ELGs with
higher ionization features and larger EWs, when the ion-

izing stars have a higher mean e†ective temperature. This
pre-DANS population can be found among the HIIH and
DHIIH ELGs, whose physical properties are as expected.

In the ionization diagram [log ([O III]/Hb) vs.Figure 3,
log ([O II]/[O III])] for the UM, KUG, UCM, and Case
galaxies is shown. The models from & LeithererStasin� ska

are plotted for di†erent metallicities and the whole(1996)
range of ionization parameters. High ionization is at the top
left, and low ionization is at the bottom right. As expected,
only some of the possibilities are populated by ELGs. In the
high-ionization region, all the samples except KUG are well
represented. Only Case and UCM present galaxies that
deviate from the H II sequence, these being mainly in the
low-ionization region.

To explain the better ability of the UCM survey to
recover all kinds of star-forming galaxies, we have to rely on
the nature of the tracer used by each survey. Since it is
directly related to the number of massive stars, the Ha lumi-
nosity is a direct measurement of current SFR. It is better
than other optical Balmer lines like HbÈa†ected by stellar
absorption and reddening and with smaller photon Ñux.
Metallic nebular lines like [O II] and [O III]Èa†ected by
excitation and metallicityÈIRAS Ñuxes (a†ected by the
dust abundance and properties), or broadband luminosity
densitiesÈdependent on stellar libraries for calibration and
very sensitive to the underlying stellar populationÈare
more star formation indicators than quantitative measure-
ments (see, e.g., Bushouse, & HunterGallagher, 1989 ;

These considerations imply that the bestKennicutt 1992).
way to trace and quantify current star formation processes
in the whole range of physical properties is by using an
Ha-based detection technique. As an Ha-selected sample,

FIG. 3.ÈExcitation vs. [O II]/[O III] ratio. Symbols are the same as in Fig. 1.
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the UCM sample populates almost all the regions of the
ionization diagram.

2.3. Emission-L ine Equivalent W idths
We present in and in the distribution inTable 3 Figure 4

[O III] EWs for the UCM sample, the Kiso data from
et al. and the UM data from et al.Comte (1994), Salzer
The same data for Hb EWs can be found in(1989a). Table 4.

A total of 44% of UCM objects do not present [O III] at
all, whereas 19% present EWs greater than 100 (age of aÓ
pure starburst below 5 Myr). The KUG sample also has a
large fraction of no-[O III] galaxies (34%) but only has 5%
of objects above the 100 limit.Ó

FIG. 4.ÈHistogram of the [O III] j5007 EW in logarithmic scale for the
UCM, KUG, and UM galaxies.

TABLE 3

[O III] EQUIVALENT WIDTH DISTRIBUTIONS

Equivalent Width UCM KUG UM

No [O III] . . . . . . . . 64 (44%) 36 (34%) 6 (4%)
\10 Ó . . . . . . . . . . . . 47 (32%) 35 (33%) 21 (15%)
[50 Ó . . . . . . . . . . . . 42 (29%) 23 (22%) 81 (58%)
[100 Ó . . . . . . . . . . . 26 (19%) 5 (5%) 61 (44%)
[400 Ó . . . . . . . . . . . 5 (3%) 0 (0%) 23 (16%)

Total . . . . . . . . . . . 145 105 139

TABLE 4

Hb EQUIVALENT WIDTH DISTRIBUTIONS

Equivalent Width UCM KUG UM

No Hb . . . . . . . . . . . . 35 (16%) . . . 6 (4%)
\10 Ó . . . . . . . . . . . . 120 (55%) 57 (49%) 31 (22%)
[40 Ó . . . . . . . . . . . . 22 (10%) 2 (2%) 41 (29%)
[50 Ó . . . . . . . . . . . . 15 (7%) 1 (1%) 33 (24%)

Total . . . . . . . . . . . 218 117 139

The UM sample is so rich in objects with large EWs that
the mean value is almost 100 The fraction of ELGs withÓ.
no line is very low (4%) because this survey detects the
candidates mainly by the presence of this line. Again, the
UM sample seems to be more biased toward high-
ionization objects, missing a signiÐcant fraction of low-
ionization star-forming galaxies. The reason the Kiso
sample does not detect large numbers of high-EW objects
remains unclear. It may be due to a bright value in the
apparent magnitude limit or to a selection e†ect in the sub-
sample considered by et al.Comte (1994).

Because of its mixed blue excess and blue emission line
selection nature, the Case survey should detect the full
range of EWs. Now, in the [O III] EW histogramsFigure 5,
are plotted in a di†erent way. A rectangle delimits the posi-
tion of the Ðrst and third quartiles, and the mean value is
also marked. Finally, the whole range covered is delimited
by a line. The mean and third quartile for the Case and
UCM samples agree pretty well, while the UM sample is
centered at higher values.

Finally, one of the most fundamental parameters for
characterizing the population of UCM ELGs is the dis-
tribution according to the Ha ] [N II] equivalent width

The mean value reaches 102 with 35% of(Fig. 6). Ó,
the objects above this value. At the high-EW end, there are

FIG. 5.ÈMean values, Ðrst quartiles, and extrema values for the [O III]
EWs in the Case, UM, Kiso, and UCM samples.

FIG. 6.ÈHistogram of the Ha ] [N II] EW in logarithmic scale for the
UCM galaxies.



No. 2, 1997 SPECTROSCOPY OF UCM SURVEY GALAXIES 507

three objects (UCM 0056]0044, UCM 1331]2901, and
UCM 1612]1309) with values over 400 At the low-EWÓ.
end, only 15 objects (8%) are below 20 While no valuesÓ.
over 1000 are set by the roles of the hottest plausibleÓ
O-star continua and signiÐcant nebular continuum, it is
clear that, below the 10 limit, the sensitivity of the surveyÓ
decreases steeply. The wide range covered in the distribu-
tion points out that the Ha technique is able to detect star-
forming galaxies in a universal way.

2.4. Abundances of the UCM Galaxies
In order to estimate the metallicities of the UCM gal-

axies, we contrasted the emission-line ratios available for
125 UCM galaxies with the & LeithererStasin� ska (1996)
stellar evolutionary synthesis code and single-zone gas
(spherical symmetry and uniform chemical composition
and density distribution) nebular photoionization code

The results are summarized in(Stasin� ska 1990). Table 5.
For each class is given the number of components within
the di†erent metallicities considered, the total number, and
the mean metallicity in logarithmic (the solar abundance
corresponds to 8.82) and natural solar units.

The redder SBN and DANS classes are more metallic
than the bluer HIIHs, DHIIHs, and BCDs (as expected
from self-enrichment by the current starburst episode if they
correspond to a more evolved stage). We should Ðnd
extremely metal-poor galaxies between the subsample of
objects classiÐed as BCDs. However, we also would expect
to observe low metallicities in the low-ionization dwarfs
discussed before. Perhaps the presence of two DANS with
0.1 points to this possibility, but more metallicities forZ

_objects similar to a4.483 ([17.6, [0.4 in are needed.Fig. 2)
We also carried out high signal-to-noise ratio spectro-

photometry for a subsample of 15 UCM galaxies. The pro-

cedure followed is described step-by-step in et al.Pagel
The average error for the electron temperature is(1992).

5%. Considering the problem of the primordial helium,
when the electron temperature was available and the He
line Ñuxes were accurate enough (within a 10% error), the
helium abundance also was estimated. In we giveTable 6,
the electron density as computed from the [S II] lines, the
electron temperature, the oxygen abundance, the oxygen-
to-nitrogen ratio, the ionic O``/Ne`` and S`/H` ratios,
and Ðnally the helium abundance. Using these values, the
metallicities estimated from the models are correct within
25%. None of the galaxies found have lower metallicities
than 0.05 The reasons are mainly two. The Ðrst is that itZ

_
.

could be expected that, if galaxies with very low metallicities
exist, they have very low luminosities, so only an ultradeep
survey would Ðnd them. The second reason is a self-
contamination problem & Sargent There(Kunth 1986).
must be young, massive O and B stars to have the emission-
line spectrum used for computing the abundances. But these
stars have strong winds that inject higher metallicity
material into the interstellar medium. If so, the lowest abun-
dances would be found in the neutral gas out of the already
contaminated H II region surrounding the ionizing stars.
This hypothesis seems to be conÐrmed by et al.Kunth
(1994).

3. SPATIAL DISTRIBUTION OF THE UCM GALAXIES

3.1. Pie Diagrams and Clustering
We utilized the CfA data Geller, & Corwin(Huchra, 1995

and references therein) for the redshifts of all galaxies pre-
viously known in the regions covered by the UCM survey.
A total of 4219 CfA galaxies and 196 UCM ELGs have
been plotted in The declination dimension wasFigure 7.
suppressed.

TABLE 5

DISTRIBUTION OF THE DIFFERENT ELG CLASSES ACCORDING TO METALLICITIES AND THEIR MEAN VALUES

Mean Mean Mean log
Type B (1 Z

_
) C (0.5 Z

_
) D (0.2 Z

_
) E (0.1 Z

_
) F (0.05 Z

_
) Total Z/Z

_
Z

_
/Z ([O/H])] 12

SBN . . . . . . . . . 23 35 3 0 0 61 0.67 1.5 8.65
DANS . . . . . . 6 11 0 2 0 19 0.62 1.6 8.61
HIIH . . . . . . . . 5 8 19 3 0 35 0.37 2.7 8.39
DHIIH . . . . . . 0 0 2 11 1 14 0.11 9.0 7.87
BCD . . . . . . . . 0 0 0 3 3 6 0.075 13.0 7.71

TABLE 6

ACCURATE ABUNDANCES FOR SELECTED UCM GALAXIES

N
e

T
eGalaxy (cm~3) (103 K) log (O/H)] 12 O/N O``/Ne`` S`/H` Y

UCM 0049[0006 . . . . . . 100 15.5 7.76 0.60 0.79 5.36 0.265
UCM 0049]0017 . . . . . . 100 16.1 7.59 0.60 0.79 5.83 0.271
UCM 0050]0005 . . . . . . 30 13.1 8.10 1.25 0.58 5.86 0.254
UCM 0056]0044 . . . . . . 75 14.7 7.79 1.16 0.77 5.70 0.310
UCM 0150]2032 . . . . . . 200 10.0 8.22 1.08 0.63 5.90 0.248
UCM 0156]2410 . . . . . . 100 10.0 7.97 0.66 0.30 5.80 . . .
UCM 1324]2926 . . . . . . 120 14.5 7.86 1.21 0.70 5.70 0.295
UCM 1331]2901 . . . . . . 100 15.2 7.88 1.21 0.78 5.07 0.252
UCM 1429]2645 . . . . . . 30 16.5 7.80 0.83 0.75 5.83 . . .
UCM 1612]1309 . . . . . . 110 14.3 7.99 0.04 0.70 5.60 0.333
UCM 2251]2405 . . . . . . 200 9.9 7.94 0.55 0.77 6.10 . . .
UCM 2304]1640 . . . . . . 100 13.9 8.01 1.66 0.64 5.68 0.244
UCM 2316]2028 . . . . . . 100 10.0 8.01 . . . 0.85 . . . . . .
UCM 2326]2435 . . . . . . 10 13.1 8.03 1.33 0.74 5.65 0.308
UCM 2327]2515 . . . . . . 180 14.7 7.90 1.21 0.49 5.77 . . .
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FIG. 7.ÈSpatial distribution for CfA (dots) and UCM (circles) galaxies

The top panel corresponds to a highly clustered region
centered at a \ 15h (UCM list 2). It includes the Coma
Cluster (R.A. D13h) and the Hercules Cluster (R.A.D 16h).
The bottom panel corresponds to a region of moderate
density of Ðeld galaxies centered at a \ 0h (UCM list 1).
Whereas in the Coma Cluster there is a large number of Ha
emission-line galaxies, it is worth noting that none of the
Hercules galaxies were detected. We leave this question
open here, but perhaps a deeper study in Ha of this cluster
would be interesting.

In a projection on the sky with all the galaxiesFigure 8,
that belong to the Coma Cluster is shown. A total of 18
UCM ELGs inside Coma were not previously known, sug-
gesting that perhaps our actual knowledge of the Coma
population is not so complete. In fact, three out of every
four are DANS or SBN, and consequently reddened, gal-

axies. How many of these galaxies remain undiscovered in
Coma is a question being only slowly resolved (see, e.g.,

et al. The two-point correlation function forCaldwell 1996).
both the all-cluster (dots) and UCM samples (circles) are
also plotted. The UCM galaxies (i.e., the star-forming
galaxies) in the Coma Cluster are less clustered than the
galaxies of the cluster as a whole. This picture suggests the
idea that the star formation inside clusters is indirectly
modulated by the density of the intergalactic medium.

4. COMPLETENESS OF THE UCM SURVEY

In any survey to detect emission-line features in
objective-prism plates, the apparent magnitude is not the
only factor that contributes to the selection of a candidate.

4.1. T otal Flux of the L ine-plus-Continuum Feature
Any candidate needs a total Ñux in the Ha ] [N II]

region over a threshold value in order to be registered by
the plate emulsion. The total Ñux and the equivalent width
are two fundamental parameters for deÐning the selection
criteria.

In both parameters are plotted for the UCMFigure 9,
sample. A trend of larger EWs for fainter ELGs can be
observed. According to the continuum decreases, the line
Ñux has to increase in order to maintain the line plus con-
tinuum over the threshold value. The fundamental param-
eter of detectability is this total Ñux. In the case of a
universal population of galaxies, all the regions in Figure 9
might be occupied. In our Ðgure there are empty regions. It
is very easy for a near-saturation continuum to mask any
possible emission (bottom left corner). As an example, the
object NGC 7677 is a 13.9 mag nearby galaxy with well-
known emission lines. However, this galaxy presents a com-
pletely saturated spectrum with no detectable emission. In
the bottom right corner are the faint galaxies with small
EWs. Also, the surface brightness becomes important when
the spectrum is near the saturation limit. If the total lumi-
nosity of the candidate is spread across a larger area, it will
be easier to note the possible emission present. Conversely,
low surface brightness galaxies will be lost if no bright,
emitting knot is present.

4.2. Contrast of the Emission L ine over the Continuum
Stronger emission lines make detection easier. There is a

threshold value of D10 below which no objects areÓ
detected (see Only two galaxies were selected withFig. 10).
lower EW values. The Ðrst was a misselection of an edge-on
galaxy with a superposed star (UCM 2320]2428, 7 andÓ),
the second is a di†use low surface brightness galaxy (UCM
2249]2149, 4 A cross marks the position this object andÓ).
of a8.196 (not detected because of its faintness, although the
EW is 84 Several galaxies with conÐrmed emission butÓ).
with no emission feature in the objective-prism plates are
labeled by plus signs.

Because of the wavelength cuto† of the photographic
emulsion, there is an upper limit in redshift at 0.045 ^ 0.005.
Since this cuto† is not completely sharp, objects with strong
emission are detected at slightly higher redshifts (threshold
D30 at z\ 0.04). The variable dispersion of the prism,Ó
very important in the blue, is negligible in the Ha region.

5. LUMINOSITY FUNCTION OF THE UCM GALAXIES

For comparison purposes we have computed the lumi-
nosity function in a way similar to that used by Salzer
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FIG. 8.ÈAngular correlation function for Coma galaxies and UCM galaxies in the cluster

for the UM survey. This author applied the original(1989)
method & SargentV /Vmax (Schmidt 1968 ; Huchra 1973),

but considering a synthetic magnitude for the total Ñux of
line plus continuum in ergs s~1 cm~2) at the(FL`C,Schmidt plate instead of the normal apparent magnitude.

FIG. 9.ÈLogarithm of the Ha ] [N II] equivalent width vs. r apparent
magnitude. The lack of faint galaxies with low EWs is clear (see ° 4.1).

FIG. 10.ÈLogarithm of the Ha ] [N II] equivalent width vs. redshift. A
cross corresponds to the object a8.196. Other objects with small emission
but that were not detected are plotted as plus signs.

This arbitrary magnitude is a function given by

mL`C \ [17.0[ 2.5 log FL`C ,

where the total line-plus-continuum apparent ÑuxFL`Ccomes from

FL`C \ F
L
(1 ] 2PR/EW) ,

where is the line Ñux and EW is the equivalent widthF
L(both measured in the spectra), P is the reciprocal disper-

sion of the objective prism, and R is the spectral resolution
(1950 mm~1 and D10 km, respectively). The quantityÓ

results :V /Vmax
V /Vmax \ (r/r*)3\ 100.6(m~mR) .

The subsample of 176 UCM galaxies with brightermL`Cthan 17.3 that makes and EW(Ha ]SV /VmaxT \ 12[N II])[ 10 was considered as complete and representa-Ó
tive for the UCM galaxies. The limit corre-mL`C

¹ 17.3
sponds to a line-plus-continuum Ñux of 1.9 ] 10~14 ergs
s~1 cm~2. Below this value, the sample presents larger
incompleteness.

Now the classical approach & Sargent was(Huchra 1973)
followed for this sample. First, the value of is obtainedVmaxfrom

Vmax\ 43n100.6(mR~M~25.0) ,

where m* \ 17.3 and M is the absolute magnitude corre-
sponding to the synthetic magnitude and computed with
the known redshifts and km s~1 Mpc~1. TheH0\ 75
Schmidt estimator is then given by

/(M)\ 4n
)

;
i

A 1
V maxi

B
,

where the summation is over all galaxies with blue absolute
magnitude in the interval and ) is the solid angleM

B
^ 0.5

in steradians covered by the survey. We choose kmH0\ 75
s~1 Mpc~1 and the blue absolute magnitude in order to
compare our results with the other surveys previously
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TABLE 7

LUMINOSITY FUNCTIONS FOR ALL FOUR ELG SURVEYS

UCM BST UM KUG CASE

M
B

log /(M
B
) N log /(M

B
) N log /(M

B
) N log /(M

B
) N log /(M

B
) N

[23.0 . . . . . . 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0
[22.0 . . . . . . [4.46 8 0.00 0 [6.03 1 [5.66 5 [5.59 1
[21.0 . . . . . . [3.13 32 0.00 0 [4.60 8 [4.58 15 [4.30 5
[20.0 . . . . . . [2.78 51 0.00 0 [3.85 17 [3.69 29 [3.28 21
[19.0 . . . . . . [2.80 40 0.00 0 [2.77 23 [3.08 30 [2.57 27
[18.0 . . . . . . [2.74 14 [2.79 1 [2.94 24 [3.12 7 [2.37 10
[17.0 . . . . . . [2.43 7 0.00 0 [2.88 15 [2.74 4 [1.92 9
[16.0 . . . . . . [3.43 1 0.00 0 [1.76 21 [2.06 5 [1.79 4
[15.0 . . . . . . [3.29 1 [1.57 5 [2.15 7 [1.65 3 [1.15 2
[14.0 . . . . . . 0.00 0 [1.72 2 [2.67 4 0.00 0 [1.06 1
[13.0 . . . . . . 0.00 0 [1.82 1 [2.43 2 0.00 0 0.00 0

analyzed. The Ðnal luminosity function for the UCM and
the published values for BST, UM, Kiso, and Case (UV
excessÈselected only) galaxies are listed in Table 7.

The table gives log /(M) (galaxies per unit magnitude
interval per Mpc3) and the number of galaxies included in
each magnitude bin. The same luminosity functions are dis-
played in The errors bars plotted represent theFigure 11.
square root of the number of galaxies at each absolute mag-
nitude. Symbols with no associated error bars correspond
to intervals that contain only one galaxy. In the top left
panel have been plotted BST (diamonds) and UCM (circles)
luminosity functions together, for a global Ha-selected
sample.

We adopted a classical Schechter function (Schechter
as given by where the free parameters1976) Felten (1977),

are /*, M*, and a. The a corresponds to the slope of the
low-luminosity end whereas /* and M* give the position of
the turning point. The best Ðt to the data is given in Table 8.

TABLE 8

SCHECHTER FUNCTIONS FOR ALL FOUR

ELG SURVEYS

Survey M* a /*

UCM . . . . . . [20.4 [0.90 0.0033
BST . . . . . . . . . . [1.3a \0.007
UM. . . . . . . . [19.45 [1.20 0.0012
KUG . . . . . . . . . . . . . . .
Case . . . . . . . [20.05 [1.21 0.0022

a Approximate value.

The luminosity functions reÑect what we have already
pointed out in previous sections. The low-luminosity end is
poorly sampled by the UCM survey because of the bright
apparent magnitude limit. In any case, the study of BST
becomes the perfect complement to the UCM survey data,
coinciding at the common bin of [18. Joining the two

FIG. 11.ÈLuminosity functions for the di†erent ELG surveys
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samples, the resulting luminosity function for Ha emission-
line galaxies is a more accurate measurement of the lumi-
nosity distribution of current star-forming galaxies. This
situation for Ha versus other lines is analogous to that in
galactic nuclei, where both AGNs and star formation are
more often detectable at Ha than in the blue (see, e.g.,

It is worth noting that /* forHeckman 1980 ; Keel 1983).
the total Ha ELG sample is larger than the Case value and
twice the UM value. The total density of ELGs rises from
; log /(M) \ [1.51 for the UM ELGs to ; log
/(M)\ [1.15. When comparing this value with that
obtained from Ðeld luminosity functions, the Ha ELGs
would amount to 0.07 galaxies per cubic Mpc, i.e., D15% of
all galaxies over the luminosity range considered.

6. SUMMARY AND CONCLUSIONS

We have presented the spectroscopic properties, spatial
distribution, and luminosity function for the sample of Ha
ELGs from lists 1 and 2 of the UCM survey. We have found
a large fraction (59%) of low-ionization or high-extinction
star-forming galaxies. These objects are poorly sampled by
other surveys in the blue since they do not present blue
colors or strong emission lines. However, as these galaxies
are current star-formers, they have to be taken into account
when considering the SFR in any volume of the universe
surveyed.

We have found evidence for evolution between the di†er-
ent ELG classes considered. The DANS objects seem to be
past the peak stage for the HIIH and DHIIH classes.
Several arguments, including total luminosity, equivalent
widths, and colors, favor this hypothesis. The extension of
these objects toward low luminosities predicts a population
of low-ionization and low-luminosity ELGs very difficult to
trace. The population of extremely faint Ha emission-line
galaxies found by et al. can be considered asBoroson (1993)
a probe of such population. If even the UCM, UM, or Case
surveys are tracing these galaxies improperly it is because
there are strong selection e†ects. In fact, the Case survey
detects several low-ionization candidates by using the blue

color excess, the UM detects those with higher ionization,
and the UCM a mixture of both types. We have estimated
average abundances for every ELG class. Accurate spectro-
photometric abundances for several objects conÐrm (within
25% errors) these results. No galaxy with metallicity below
0.05 has been found.Z

_Because the UCM galaxies are selected by their Ha emis-
sion and this feature is the best tracer for current SFR, we
tried to compare the distribution of the UCM and CfA
samples in order to obtain new clues about the e†ect of the
intergalactic environment in the triggering of the starburst
processes. The sample covers regions with both low and
high densities of galaxies. In the Coma Ðeld, Ha ELGs are
considerably less clustered than the normal population.
This result points to a dependence of the SFR with the
galaxy density. A total of 18 not previously known constitu-
ents were discovered in this well-studied cluster by means of
their Ha emission. Also quite interesting is that no one Ha
ELG has been detected in the Hercules Cluster.

The parameters that determine the selection of an object
by the UCM survey are the total line-plus-continuum Ñux
and the equivalent width of Ha ] [N II]. The UCM sample
seems to be poorly sampling low-luminosity galaxies. The
poor information for the low end of the luminosity function
was completed after considering the analysis optimized for
these objects by et al. As a global result, theBoroson (1993).
Ha selection method is better able to detect galaxies at any
level of star formation activity than previous surveys. The
total density of ELGs rises to 0.07 galaxies per cubic Mpc,
i.e., roughly 15% of all galaxies over the luminosity range
considered and almost twice the value obtained by Salzer

for the UM survey.(1989)
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