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ABSTRACT

Spectroscopic observations for 351 emission-line galaxy candidates from the KPNO International
Spectroscopic Survey (KISS) have been obtained using the MDMObservatory 2.4 m telescope on Kitt Peak.
KISS is an ongoing wide-field objective-prism survey for extragalactic emission-line objects, which has
cataloged over 2200 emission-line galaxy (ELG) candidates to date. Spectroscopic follow-up observations
are being carried out to study the characteristics of the survey objects. The observational data presented here
include redshifts, reddening estimates, line equivalent widths, H� line fluxes, and emission-line ratios. The
galaxies have been classified based on their emission-line characteristics. The procedure for selecting the
ELG candidates in KISS is found to be very reliable: 95% of the candidates in this sample are verified to have
emission lines. A comparison of objective-prism survey data—redshifts, H� line fluxes, and equivalent
widths—with the long-slit measurements shows good overall agreement.
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1. INTRODUCTION

The KPNO International Spectroscopic Survey (KISS) is
an objective-prism survey designed to provide basic obser-
vational data for a large number of extragalactic emission-
line sources. The survey is being carried out with the 0.61 m
Burrell Schmidt telescope3 at Kitt Peak. The use of a CCD
detector distinguishes this survey from the classical photo-
graphic objective-prism surveys, allowing us to probe much
fainter flux levels. To date, we have identified 2271 emis-
sion-line objects. The specific details of the survey have been
described in the first paper in the KISS series (Salzer et al.
2000, hereafter Paper I). The first three survey lists are pre-
sented in Salzer et al. (2001, hereafter KR1), Salzer et al.
(2002, hereafter KB1), and in Gronwall et al. (2003b, here-
after KR2). In this paper, we concentrate on the spectro-
scopic properties found for a subsample of the survey
sources. The spectroscopic properties of the full sample of
KISS emission-line galaxies (ELGs) will be presented in
future papers (Gronwall et al. 2003a; Chomiuk, Salzer, &
Gronwall 2003).

Members of the KISS group have obtained long-slit spec-
tra of KISS ELG candidates at several telescopes. To date,
we have obtained follow-up spectroscopy for 1052 of the
ELG candidates, or nearly half of the survey sample. These
observations allow us to explore the properties of the KISS
emission-line objects in greater detail. This is the first in a
series of papers that will present slit spectral data for large
numbers of KISS ELGs. This paper presents the largest

sample of follow-up spectra acquired to date: the data
obtained for 351 objects over four seasons at the MDM 2.4
m telescope. The results from observations at other tele-
scopes will be presented in future papers (e.g., Melbourne et
al. 2003; Salzer et al. 2003). In addition to tabulating the
spectral data, we also use the MDM spectroscopic results
for a comparison with the properties derived from the objec-
tive-prism survey data listed in the KISS catalogs. In x 2, we
describe the selection of the sample, the observations, and
the data reduction. The properties measured in the long-slit
spectra are presented in x 3, and in x 4 we compare these
with the corresponding survey database properties. We
present our conclusions in x 5.

2. OBSERVATIONS

We obtained spectra for 351 KISS objects at the MDM
2.4 m telescope over the course of four observing runs in
1998 May, 1999 April, 2000 May, and 2001 March. Details
of the observing runs are listed in Table 1. Column (1) lists
the dates of the observations, and column (2) gives their run
identification numbers, which are used for internal record
keeping. The last digit indicates which night during a given
observing run the observations were obtained, and the pre-
ceding digit(s) denote the number of the observing run in
our program of follow-up spectroscopic observations (e.g.,
run ID = 152 designates night 2 of KISS follow-up spec-
troscopy run number 15). Column (3) indicates the sky con-
ditions during the night, and column (4) lists the number of
follow-up spectra that were obtained.

2.1. Sample Selection

The galaxies selected for follow-up spectroscopy at
MDM were in most cases not chosen at random from the
survey lists. Rather, the galaxies chosen were often observed
in support of a specific project being done by members of
the KISS team at the time of the observing run. Since the
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precise sample selection can shape significantly the charac-
teristics of the galaxies presented in the current paper (e.g.,
fraction of AGNs vs. star-forming galaxies), we detail here
the contents of the observing lists used during each season
ofMDMobservations.

During the first year of spectroscopic follow-up (1998),
our primary goal was to establish the properties of a ran-
dom sample of KISS ELG candidates and to assess the
adequacy of our objective-prism selection methods. There-
fore, our primary observing lists included complete sam-
pling of specific survey fields. We managed to observe
nearly all KISS candidates in two fields (F1305 and F1610;
see x 3.3), as well as roughly half of the objects in two other
fields (F1415 and F1520). We also wished to explore the
properties of the most extremeKISS objects, so we observed
a subsample of objects with the highest H� luminosities (as
estimated from the objective-prism redshifts and fluxes).
Many of these latter objects turned out to be AGNs.

During the 1999, 2000, and 2001MDMobservations, our
main focus was on observing KISS galaxies that were also
included in one or more other wide-field surveys carried out
at nonoptical wavelengths. For example, in 1999 our main
observing list included objects from the KR1 catalog that
were also detected in the FIRST radio continuum survey
(Becker, White, & Helfand 1995; White et al. 1997). In 2000,
the follow-up observations of KISS ELGs in FIRST was
expanded to include objects in KR2 and also added IRAS
far-infrared–detected ELGs as well (Moshir, Kopman, &
Conrow 1992). We also observed galaxies selected as being
of lower redshift (again, based on the objective-prism esti-
mate), in support of a project to obtain H i 21 cm observa-
tions of nearby dwarf ELGs at Arecibo Observatory. In
2001, many KISS ELGs included in either the NVSS radio
survey (Condon et al. 1998) or the ROSAT All-Sky Survey
(Voges et al. 1999) were observed. In addition, during the
2001 season, we also selected galaxies from a list that
included all galaxies with absolute magnitudes above
MB = �19.5, with the goal of gaining complete observa-
tions of the more luminous portion of the KISS sample.
Finally, we began systematic observations of the [O iii]-
selected KISS galaxies (KB1) in 2001 as well. Papers detail-
ing the results of some of the multiwavelength studies have
already been published (Stevenson et al. 2002 for the
ROSAT-KISS study; Lee et al. 2002 for the H i study) or are
in an advanced stage of preparation (e.g., Van Duyne et al.
2003 for the FIRST-NVSS radio project).

As a result of our method of sample selection, we prefer-
entially observed objects that were among both the most
luminous and least luminous galaxies in the KISS sample.
In addition, the radio- and X-ray–selected samples contain
more AGN than would be expected from a randomly
selected sample. Hence the proportion of AGNs found in
the MDM-observed sample is quite high (see x 3.2). Com-
parison of the characteristics of the current list of MDM-
observed KISS ELGs with other galaxy samples must keep
these sample selection issues in mind.

2.2. Instrument Setup

All observations were taken with the Mark III Spectro-
graph, using a slit width of 1>68. The grating used had 300
grooves mm�1 and was blazed at 5400 Å, giving a reciprocal
dispersion of 5.4 Å pixel�1. The spectral range covered was
4000–8500 Å. On some of the earlier runs, spectra with
coverage up to 9000 Å were obtained; emission lines at the
extreme red end were not well focused, and we did not use
them to determine object redshifts. Different detectors were
used on different runs; all had similar spectral response and
the same pixel size, yielding a pixel scale along the slit of
0>78 pixel�1. Exposure times ranged from 2 to 20 minutes.
Each night of observations included images of a HgNe lamp
to set the wavelength scale, images where the CCD was illu-
minated by a quartz flat-field lamp, and images of several
spectrophotometric standard stars for flux calibration.

2.3. Data Reduction

The data reduction was carried out with the Image
Reduction and Analysis Facility (IRAF).4 Processing of the
two-dimensional spectral images followed standard meth-
ods. The mean bias level was determined from the overscan
region of each image and subtracted from the image. For
each night, 10 zero-second exposures were average-
combined to create a mean bias image, which was sub-
tracted to correct the science images for any possible two-
dimensional structure. To achieve flat fielding, we used
a median-combined quartz lamp image that had been
corrected for wavelength-dependent response.

One-dimensional spectra were extracted using the IRAF
routine APALL in the APEXTRACT package. The extrac-
tion width (i.e., distance along the slit) was selected inde-
pendently for each source by running APALL interactively.
For most sources, the emission region was unresolved
spatially, so that the extraction width was limited to �500–
700. This extraction region typically included greater than
90% of the observed emission-line flux for each object.

Sky subtraction was also performed at this stage, with the
sky spectrum being measured in 3500–4000 wide regions on
either side of the object. The HgNe lamp spectra were used
to assign a wavelength scale, and the spectra of the spectro-
photometric standard stars were used to establish the flux
scale. The standard-star data were also used to correct the
spectra of our target ELGs for telluric absorption. This is
important for our ELGs, since for certain redshifts lines like
the [S ii] doublet, [N ii], or H� could fall in the strong B
band and lead to a severe underestimate of the true line flux.

TABLE 1

MDM Spectroscopic Observing Runs

Date

(1)

Run ID

(2)

Conditions

(3)

Number

Observed

(4)

1998May 2 .... 21 Clear, good spectrophotometry 28

1998May 3 .... 22 Clear, good spectrophotometry 36

1998May 4 .... 23 Variable clouds 31

1999 Apr 21.... 31 Clouds early, then clear 40

1999 Apr 22.... 32 Clear, good spectrophotometry 41

2000May 24... 111 Clear, good spectrophotometry 39

2000May 25... 112 Mostly clear, cloudy at end of night 35

2001Mar 20 ... 151 Clouds early, then clear 16

2001Mar 21 ... 152 Clouds early, then clear 41

2001Mar 22 ... 153 Clear, good spectrophotometry 44

4 IRAF is distributed by the National Optical Astronomy Observatory,
which is operated by the Association of Universities for Research in
Astronomy, Inc., under cooperative agreement with the National Science
Foundation.
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The emission-line fluxes and equivalent widths were
measured using the SPLOT routine in the ONEDSPEC
package.

The resolution of the MDM spectra does not fully sepa-
rate the H� and [N ii]�6583 lines. We measured the total
flux of the blended line complex, the flux ratio of the peaks
of the H� and [N ii] lines, and the line positions. Based on
these data, we then separated the lines with a deblending
routine to determine the H� flux and the [N ii]/H� ratio. In
a few cases, the [N ii] line was too weak to be visible, except
as a broadened ‘‘ wing ’’ on the red side of H�; we did not
attempt to deblend the lines in such objects.

The decimal reddening coefficient cH� (defined in eq. [1])
was calculated based on the measured ratio of H� to H�
flux, assuming an intrinsic ratio of 2.86 and an electron tem-
perature of Te = 10,000 K. If the [O iii]�4363 line flux was
measured, the dereddening program used this to iterate a
new value for both Te and the intrinsic H�/H� ratio. The
measured line ratios were then corrected for reddening using
cH�, following the standard prescription (e.g., Osterbrock
1989):

Ið�Þ
IðH�Þ ¼

Fð�Þ
FðH�Þ exp½cH�f ð�Þ� ; ð1Þ

where f has been measured from studies of absorption in the
Milky Way. For 10 objects, the measured H�/H� ratio
yields a negative value for cH�. In the majority of these cases,
the formal error in cH� is such that the measured value is
consistent with cH� = 0.00. Whenever a negative cH� was
measured, cH� = 0.00 was used for the computation of red-
dening-corrected line ratios. The measured (negative) cH�

values are listed in the tables.

3. KPNO INTERNATIONAL SPECTROSCOPIC SURVEY:
LIST OF MDM FOLLOW-UP SPECTROSCOPY

3.1. Spectroscopic Data

The results of our spectroscopic observations of the
MDM sample are presented in Tables 2, 3, and 4. The tables
are organized by the KISS source catalogs in which the tar-
gets are located. Table 2 lists the spectral data for KISS
ELGS from the first red survey list (30� Red Survey; KR1),
Table 3 presents the results for objects from the second red
survey list (43� Red Survey; KR2), and Table 4 lists the data
for the blue survey list (30� Blue Survey; KB1). All three
tables have precisely the same format; the contents are as
follows: Column (1) gives the survey identification number
(KISSR for the red surveys, KISSB for the blue survey).
Table 5 correlates the KISSR and KISSB identification
numbers for those objects included in both survey lists. Col-
umn (2) lists the survey field designation, and column (3) the
field indentification number. Column (4) identifies the
observing run during which the spectrum was obtained (see
Table 1). Column (5) gives a coarse spectral quality code:
Q = 1 refers to high-quality spectra, with high signal-to-
noise ratio (S/N) emission lines and reliable emission-line
ratios.Q = 2 is assigned to spectra of lesser quality that still
have reliable line ratios. Q = 3 refers to spectra where the
data are of low quality, usually due to the faintness of the
object and/or the weakness of the emission lines. (See Fig. 1
for examples). Column (6) gives the redshift of each object
determined from the average of the redshifts derived from
all strong emission lines. Typical formal uncertainties for z

are 0.00010–0.00025 (30–75 km s�1). Column (7) lists the
decimal reddening coefficient cH�. Columns (8) through (11)
present the observed equivalent widths of [O ii] ��3726,
3729, H�, [O iii]�5007, and H�. The H� flux, in units of
10�16 ergs s�1 cm�2, is listed in column (12). These values
should be treated with caution, since the observing condi-
tions at MDMwere not always photometric; see Table 1 for
details. Columns (13) through (16) give the logarithms of
the reddening-corrected line ratios ([O ii] ��3726, 3729/
H�), [O iii] �5007/H�, [N ii] �6583/H�, and [S ii] ��6717,
6731/H�. If an equivalent width or line ratio measurement
is not listed, either the relevant line was not present in the
spectrum (often due to low S/N), or the line is redshifted
out of the region covered by our spectra. For most of the
objects observed atMDM, the [O ii] doublet was not present
in our observed spectral range. This is due to the lack of
throughput of the spectrograph optics at wavelengths below
4000 Å. Finally, column (17) indicates the activity type for
each object. The classifications of the ELGs are based pri-
marily on the observed emission-line ratios (see Fig. 6),
although factors like line widths are also used in the case of
broad-lined objects (Seyfert 1 galaxies and QSOs). We iden-
tify seven classes: (SBG) starburst galaxy, (Sy1) Seyfert 1,
(Sy2) Seyfert 2, (LIN) low ionization nuclear emission
region (LINER), (QSO) quasi-stellar object, (Gal) non–
emission-line galaxy, and (Star) Galactic star. The latter

0

a) KISSR 1629

F1337-1065

SBG, z = 0.0118

0

b) KISSR 514

F1415-1485

SBG, z = 0.0348

4500 5000 5500 6000 6500 7000

0

c) KISSR 59

F1225-3310

SBG, z = 0.0252

Fig. 1.—SampleMDM spectra of different spectral qualityQ. (a)Q = 1,
the line ratios [O iii]/H�, [N ii]/ H�, and [S ii]/H� can all be accurately
determined, and [He i]�5876 and [O i]�6300 can be identified. (b) Q = 2,
the S/N is lower, but the main line ratios are still reliable. (c)Q = 3, the line
ratios that are measured have a lower degree of accuracy.
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two categories represent objects that were mistakenly identi-
fied by the survey as ELGs; they are not actual extragalactic
emission-line sources. Note that all objects whose spectra
indicate photoionization by hot stars are cataloged as
SBGs, regardless of their nature. We do not attempt to clas-
sify SBGs into other subcategories of star-forming galaxies
(e.g., blue compact dwarfs, H ii galaxies, etc.), since such
classifications are both highly subjective and are dependent
on the type of data used.

Note that Tables 2 and 4 contain data for a number of
objects in common (see Table 5). Since KR1 and KB1 over-
lap in terms of sky coverage, many ELG candidates are
detected in both surveys (which use independent spectral
data). It was decided to include the spectral data for the
objects that are duplicated in the two survey lists in both
data tables. This way, a reader attempting to locate infor-
mation about a specific KISSB object will not be forced to
cross-check the KB1 catalog with KR1.

To illustrate the range of objects identified by KISS, some
characteristic spectra of objects observed with the MDM
2.4m telescope are presented in Figures 1–5. Three starburst
galaxy spectra of different Q values show the range of spec-
tral quality in the sample (Fig. 1). Figure 2 shows three star-
burst galaxies with varying degrees of ionization, as
indicated by the [O iii]�5007/H� ratio. Figures 3 and 4
show example spectra of Seyfert 1 and Seyfert 2 galaxies.
One Seyfert 1 and one Seyfert 2 galaxy lie at moderate red-

shift (z � 0.3); they exemplify the objects identified by the
H�-selected red survey where another emission line ([O iii]
�5007 in both cases) is redshifted into the H� region. About
2% of the KISS galaxies with follow-up spectra fall into this
category, most of them AGN. Finally, Figure 5 shows the
range of spectral characteristics found among the objects we
classify as LINERs. A more complete discussion of the
AGN population found in the KISS catalogs is given in
Gronwall, Sarajedini, & Salzer (2002) and Stevenson et al.
(2002).

3.2. Classification

Emission-line objects detected by KISS span a wide range
of object types, from star-forming dwarf galaxies to AGN.
The survey objective-prism spectra cannot be used to clas-
sify the objects according to the nature of the source of the
ionizing radiation; their resolution is too low, and they
cover only the spectral range 6400–7200 Å. (See KR1, Fig. 2
for some examples of objective-prism spectra). It is, how-
ever, often possible to make a tentative classification of an
ELG simply by looking at its long-slit spectrum. Seyfert 1
galaxies, for instance, are easily recognized from the broad-
ening of their permitted lines. The MDM spectra have the
lowest dispersion of all the spectroscopic follow-up

TABLE 5

KISSB-KISSR ID Comparison

KISSB

(1)

KISSR

(2)

Field

(3)

ID

(4)

93..................... 12 F1215 1627

96..................... 67 F1225 1225

99..................... 76 F1230 1857

109 ................... 146 F1250 407

120 ................... 192 F1305 6848

121 ................... 196 F1305 5813

122 ................... 202 F1305 4752

123 ................... 205 F1305 3684

124 ................... 207 F1305 2967

125 ................... 210 F1305 2697

126 ................... 212 F1305 2217

127 ................... 223 F1305 167

131 ................... 281 F1320 262

132 ................... 282 F1320 226

133 ................... 286 F1325 3189

138 ................... 314 F1335 3744

142 ................... 350 F1345 3363

146 ................... 401 F1355 4736

149 ................... 421 F1400 4177

158 ................... 497 F1415 5070

161 ................... 505 F1415 3598

162 ................... 509 F1415 3127

167 ................... 561 F1425 46

176 ................... 584 F1450 3971

180 ................... 621 F1500 3752

183 ................... 651 F1510 4905

185 ................... 665 F1515 5655

189 ................... 707 F1520 2625

204 ................... 955 F1600 3730

205 ................... 964 F1605 7625

209 ................... 985 F1610 7809

218 ................... 1094 F1650 8621
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F1355-4788
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c) KISSR 401

F1355-4736
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F1325-3189
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Fig. 2.—Sample MDM spectra of starburst galaxies. All have spectral
quality Q = 1. The spectra are ordered by increasing degree of excitation,
as shown by their [O iii]�5007/H� ratios. As [O iii]/H� increases, [N ii]/
H� and [S ii]/H� decrease. (a) Low-excitation starburst: [O iii]/H� � 0.8
and [N ii]/H� � 0.2. (b) Medium-excitation starburst: [O iii]/H� � 2 and
[N ii]/H� � 0.1. (c) This high-excitation starburst spectrum has [O iii]/
H� � 4, similar to what is seen for many Seyfert 2 galaxies. However, its
[N ii]/H� ratio is only�0.05.
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observations, causing the [N ii]�6583 line to blend with H�
and the [S ii] ��6717, 6731 doublet to be blended as well.
Still, the dispersion is high enough for ELG classification
(see Figs. 2–5) and for the measurement of crucial emission-
line ratios.

The line ratios allow us to plot diagnostic diagrams that
give a clear separation of different types of ELGs (see, e.g.,
Baldwin, Phillips, & Terlevich 1981; Veilleux & Osterbrock
1987). The location of each object in the diagram is used to
assign the activity type classification listed in Tables 2–4. In
Figure 6, we plot log ([O iii] �5007/H�) against log ([N ii]
�6583/H�) for all MDM sample objects classified as star-
burst galaxies or AGNs with follow-up spectra of quality
code Q = 1 or 2. As expected from models for starburst-
powered ELGs of various metallicities, most objects fall
along a sequence that arcs across the diagram. The solid line
indicates the positions of H ii region models of different
metallicities (Dopita & Evans 1986). Low-metallicity star-
bursts are found in the top left portion of the diagram, high-
metallicity starbursts in the bottom right. Objects powered
by an active galactic nucleus (AGN)—Seyfert 2 galaxies and
(presumably) LINERs—have higher values of [N ii] �6583/
H� and are located in the top right portion of the diagram.
Not included in the diagram are the moderate-redshift
AGN, since their observed spectra lack the [N ii] �6583/H�
ratio (their H� and [N ii] lines were redshifted out of our
spectral range).

Of the 351 objects with follow-up spectra obtained at
MDM, the majority (268, or 76%) are classified as SBGs of
some type. This category includes a diverse range of star-
forming galaxies, such as starburst nuclei galaxies, H ii gal-
axies, irregular galaxies with significant star formation, and
blue compact dwarfs. Since KISS detects a significant num-
ber of objects with H� + [N ii] emission-line equivalent
widths smaller than 30 Å, the SBG class will also include
some intermediate- to late-type spiral galaxies (Kennicutt &
Kent 1983; Kennicutt 1992). Active galaxies make up nearly
20% of the sample: nine objects (2.5%) are Seyfert 1 galaxies,
31 (9%) are Seyfert 2 galaxies, 25 (7%) are LINERs, and one
is a QSO at z = 0.46. As we describe above, this large frac-
tion of active galaxies is due, at least in part, to the specifics
of the sample selection for theMDM spectral observations.

The remaining 17 objects (5%) are non-ELGs: 10 are
Galactic stars, and seven are galaxies with no emission lines
in the wavelength region included in the objective-prism
spectra. To date, our follow-up spectroscopy has shown
that�7% of the objects cataloged in KISS are actually non-
ELGs. A comparison of their survey properties shows that
the objective-prism fluxes of non-ELGs are lower than for
the bulk of the confirmed ELGs, and their B�V colors tend
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F1345-3363

SY1, z = 0.0766
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b) KISSR 924

F1555-6214

SY1, z = 0.0855
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c) KISSR 1226

F1416-2866

SY1, z = 0.3094

Fig. 3.—Sample MDM spectra of Seyfert 1 galaxies. All have spectral
qualityQ = 1. (a) In this spectrum, both a narrow and a broadened hydro-
gen line component can be seen. (b) The narrow forbidden lines are mostly
hidden by the strongly broadened hydrogen lines. (c) In this moderate-z
object, the strongest lines are H� and the [O iii] doublet.
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a) KISSR 584

F1450-3971

SY2, z = 0.0589

0

b) KISSR 838

F1540-5141

SY2, z = 0.3511

4500 5000 5500 6000 6500 7000

0

c) KISSR 1382

F1251-5361

SY2, z = 0.0624

Fig. 4.—Sample MDM spectra of Seyfert 2 galaxies. (a) In this Q = 2
spectrum, H� and [N ii]�6583 are of equal strength; H� is so weak that it is
difficult to measure. Several absorption features are clearly visible. (b) A
moderate-z object withQ = 2, where the strongest lines belong to the [O iii]
doublet. The [O iii]/H� ratio is much higher than for most star-forming
objects; [O iii]/H� � 8. In the blue region of the spectrum, [O ii]��3726,
3729 is visible. (c) This Q = 1 spectrum shows a borderline object with
[O iii]/H� � 3.3 and [N ii]/H� � 0.4. The strength of the [O i]�6300 line
indicates that the object is an active galaxy.
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to be redder; roughly half the sources with B�V > 1.1 are
non-ELGs. The sources that are confirmed to be ELGs
also tend to have brighter magnitudes than the non-ELG
sources. For confirmed ELGs the median magnitude is
B � 17.8, while for non-ELGs it is only B � 19.4. The
ELGs and non-ELGs have similar distributions of objec-
tive-prism equivalent widths and redshifts. A more com-
plete discussion of the properties of the false detections will
be given in Gronwall et al. (2003a).

3.3. Properties of an Unbiased Subsample of KISS ELGs

The follow-up observations obtained at MDM and other
telescopes offer us the opportunity to study in greater detail
the spectroscopic characteristics of the ELG population
detected by KISS. In each survey field observed at MDM,
we obtained follow-up spectra of a varying fraction of the
ELG candidates. As described in x 2.1, the selection of these
targets was not random. We thus need to evaluate what
effects the target selection has on the observed spectral prop-
erties. To facilitate this evaluation, all ELG candidates in
two of the survey fields (F1305 and F1610) were observed—
a total of 56 objects (hereafter, the random sample). While
the objects observed in all other survey fields represent a
biased sample of KISS ELGs, the objects in these two ran-
domly chosen fields should be representative of the KISS
ELGs in general. We have verified that the objects in the
random sample have the same overall characteristics, as
determined from objective-prism data, as the objects in the
total survey database; their median B�V colors, H� line
fluxes, and equivalent widths are all comparable. Objects in
the random sample have median apparent magnitudes that
are �0.5 mag brighter than what is seen for the entire sur-
vey; however, their median absolute magnitudes are fainter
by �0.3 mag. The explanation for this is that the random
sample ELGs tend to lie at lower redshifts. The median red-
shift for the random sample is only z � 0.04, while for the
entire KISS database the median redshift is z � 0.06. This
difference in redshift is caused by the fact that the Coma
Cluster (at z � 0.02) is partially included in survey field
F1305.

In survey fields other than the two completely observed
fields, the targets forMDM spectroscopy were chosen based
on various criteria. These observations produced a sample
of 295 objects that we will refer to as the selected sample.
When comparing the properties (determined from the fol-
low-up spectra) of the ELGs in the random sample to those
of ELGs in the selected sample, the most significant differ-
ence we find is that starburst galaxies make up a much
greater fraction of the random sample—50 out of the 56
ELG candidates (89%) are classified as SBGs. Only four
objects representing different types of active galaxies were
found, thus AGN account for only 7% of the sample. The
remaining two objects are a Galactic star and a galaxy with-
out emission lines. Due to the way targets were chosen for
follow-up observations, AGN are overrepresented in the
selected sample, where they account for 20% of the observed
sources. For comparison, only 10% of the 30� Red Survey
sample (where we have follow-up spectra for 67% of the
1128 sources) are classified as active galaxies. If the random
sample is indeed representative of the KISS ELG popula-
tion, we expect that the fraction of AGN in the survey will
drop below 10% as we obtain and analyze follow-up spectra
for the remaining ELG candidates.
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c) KISSR 1441

F1303-290
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Fig. 5.—SampleMDM spectra of LINERs. (a) Only H�, [N ii], and [S ii]
can be measured in this Q = 3 spectrum. The [N ii]�6583 line is twice as
strong as H�. Absorption features associated with H�, Mg(�5175), and
Na(�5892) are evident. (b) In this Q = 1 spectrum, H� and the [O iii]
doublet can be seen as well as H�, [N ii], and [S ii]. (c) In this Q = 2 spec-
trum, H� and [N ii] are of comparable strength. Na(�5892) absorption can
be seen.
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Fig. 6.—Line diagnostic diagram showing the relationship between the
[N ii]�6583/H� line ratio and the [O iii]�5007/H� line ratio. Only objects
with spectral quality of Q = 1 or 2 were included in the diagram. Objects
classified as SBG are shown as filled circles, LINERs as open triangles, and
Seyfert 2 galaxies as filled triangles. The dashed line (from Veilleux &
Osterbrock 1987) roughly separates the star-forming galaxies from the
active galaxies. The solid line represents an H ii model sequence at various
metallicities, from 0.1 Z� at the top left to 2 Z� at the bottom right (Dopita
& Evans 1986).
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Furthermore, we find that the selected sample has a lower
median H� equivalent width than the random sample. This
is most likely an effect of the larger fraction of AGN (which
generally have lower equivalent widths than SBGs) in the
selected sample. Yet another effect of the different makeup
of the two samples is seen when we compare their reddening
coefficients (cH�). As expected, the reddening of the AGN-
rich selected sample is significantly higher (median
cH� = 0.89) than that of the SBG-dominated random
sample (median cH� = 0.66).

The random and selected samples also show differences
between their H� line fluxes. The random sample has a
lower median line flux, 4 � 10�15ergs s�1 cm�2, than the
selected sample, which has a median line flux of 6.8 � 10�15

ergs s�1 cm�2. This is mainly caused by the preference given
to objects with high H� luminosities when selecting targets
for follow-up spectroscopy. The selection of sources with
bright absolute magnitudes also contributed to a bias
toward targets with higher line fluxes.

To summarize, the differences found between the random
and selected samples highlight the effects of the target selec-
tion procedure. The full sample of objects observed at
MDM is dominated by selected objects, and thus their spec-
tral properties should not be seen as representative of the
ELG population detected by KISS. The sample of random
objects, while small, gives an indication of what general
characteristics we can expect to find for the overall
collection of KISS objects.

4. COMPARISON OF SURVEY AND FOLLOW-UP
SPECTROSCOPIC PROPERTIES

The KISS database contains a wealth of information for
a large sample of ELG candidates and can potentially be
used for a wide range of galaxian studies. The objective-
prism spectral data, however, are inherently uncertain: their
resolution is low, and they cover only a limited spectral
range. How reliable are the redshifts, line fluxes, and equiva-
lent widths that we derive from the survey data? For objects
with follow-up spectroscopy, we can attempt to answer this
question by comparing the objective-prism measurements
to their long-slit counterparts.

Based on the KISS objective-prism data, redshifts have
been estimated for all survey sources. The follow-up spec-
troscopy made it possible to check how well the prism red-
shifts correspond to redshifts obtained from higher
resolution slit spectra. Figure 7 shows a comparison of the
two redshifts. The overall agreement is good; out of the 351
objects observed, only 17 were found to have redshifts sub-
stantially different from the prism estimates (Dv > �4000
km s�1). Eight of these were cases where a strong
[O iii]�5007 or H� line of an AGN at z = 0.3–0.5 was red-
shifted to the bandpass covered by the red KISS objective-
prism data and was misinterpreted as H� from a nearby
dwarf galaxy (see Fig. 7b). Unfortunately, the only way to
distinguish these cases is through follow-up spectroscopy,
since the resolution of the objective-prism spectra is too low
to allow us to discriminate between the two options. A fur-
ther six objects that were initially identified as extragalactic
objects at z = 0.02–0.08 were found to be Galactic stars.
The remaining three objects are galaxies without emission
lines that were included as ELG candidates due to spurious
features or noise. For all other objects, where the object-
prism redshift is actually based on an H� detection, the

prism redshifts are comparable to those determined from
the follow-up spectra.

Objects with redshifts z > 0.07, close to the filter-imposed
redshift limit, tend to have objective-prism redshifts that are
systematically lower than the redshifts determined from
their long-slit spectra. As can be seen in Figure 7c, the differ-
ence increases with redshift. This effect arises when the
broad line in the objective-prism spectrum falls near the
wavelength cutoff of the survey filter: only the shorter wave-
length part of the line will then be detected, giving the
impression of a weaker line at lower redshift. As described
in Paper I, a correction for this effect was applied to the
high-redshift portion of the first red survey list (KR1).

Using the corrected objective-prism redshifts, and includ-
ing only those objects whose KISS redshifts were based on
the detection of the H� line, we find that the velocity differ-
ence Dv has a scatter of � = �965 km s�1. This number is
consistent with expectations based on the accuracy of the
objective-prism redshifts, for which the dispersion is 24 Å
pixel�1 at H�. The prism-estimated redshifts tend to be
slightly lower than their counterparts measured with a slit,
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Fig. 7.—Comparison of objective-prism redshifts to long-slit redshifts.
Objects determined to be Galactic stars or non-ELGs have been excluded
from the plots. (a) Overall there is good agreement between objective-prism
redshifts (zKISS) and the redshifts determined from the follow-up long-slit
spectroscopy (zMDM). (b) The dashed lines in the right portion of the dia-
gram show the expected positions of objects for which either [O iii]�5007
(left line) or H� (right line) of a moderate-redshift source were misidentified
as H� emission in the objective-prism spectra. Six objects were detected by
the survey due to their strong [O iii]�5007 line, and two were detected from
their H� line. (c) Above zMDM = 0.07, the effect of the survey filter cutoff
becomes apparent: the objective-prism redshifts are systematically lower
than the long-slit redshifts, and this difference increases with redshift.
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corresponding to a velocity difference of �30 km s�1. This
offset is very small compared with the scatter—only 0.03 �.

We compared the redshifts of 129 objects that have data
from both MDM long-slit spectroscopy and Century Red-
shift Survey observations (CRS; Wegner et al. 2001). The
two data sets show good agreement, with no apparent sys-
tematics. The MDM redshifts are slightly higher than the
CRS redshifts, but the median offset is only 7.8 km s�1. The
standard deviation is �90 km s�1. It should be noted that
the CRS redshifts were not determined from the emission
lines alone: the software used to extract the redshifts also
employed a cross-correlation algorithm for the absorption-
line features (Thorstensen et al. 1989). The CRS redshifts
can thus in some cases be independent of the emission-line
features.

The telluric O2 B band may also be causing a systematic
offset in the prism redshift for objects where the H� line falls
in the region of this absorption feature. The position of the
B band (6860–6890 Å) corresponds to an H� redshift of
0.045–0.050. We would expect the measured prism redshift
to be shifted blueward for objects with redshifts in the
range 0.040 < z < 0.0475 and redward for objects at
0.0475 < z < 0.055. A hint of this behavior appears to be
present in Figure 7c; however, comparison to the CRS red-
shift data do not show the deviations to be statistically sig-
nificant. We also might expect fewer objects to be detected
at the center of the B band, since absorption would cause
objects with weak emission lines to fall below the detection
threshold of the survey. We do see fewer objects in this red-
shift range; however, a deficit of objects is expected, since a
large void is located at 0.038 < z < 0.054. For comparison,
we selected the 1028 CRS objects that lie in the range of
right ascension that overlaps with the KISS database
(R.A. = 12h15m–16h28m, excluding objects between 14h30m

and 14h45m). In the redshift range of theB band, the number
of CRS objects drops by 30% with respect to the number of
objects in the region on the near side of the void
(0.23 < z < 0.38). For the 1034 KISS objects in the same
right ascension range, the drop is more precipitous: 64%
fewer objects are detected between z = 0.040 and 0.055.
This could be due to B-band absorption, but the coincident
position of the void makes it difficult to verify.

We also wished to see how well the H� equivalent widths
(EWs) and line fluxes derived from the objective-prism spec-
tra agree with those we measure in the follow-up spectra.
For this comparison, we only included the line fluxes of
objects for which the follow-up observations were carried
out under spectrophotometric conditions. In the low-
resolution prism spectra, the [N ii] lines are completely
blended with the H� line, but in the MDM spectra these
lines are partly resolved. As described in x 2.3, measure-
ments of the individual line fluxes are possible using a
deblending routine. For the purposes of this comparison,
we used the [N ii]�6583/H� flux ratio determined from the
MDM spectra to correct the prism spectra equivalent
widths and fluxes, effectively subtracting the [N ii]
contribution.

Plotting the [N ii]-corrected objective-prism fluxes versus
their long-slit counterparts shows them to be in overall
agreement (see Fig. 8a). However, the line fluxes that we
estimated from objective-prism spectra are generally �50%
higher than those we measure in theMDM long-slit spectra.
Since the objective-prism spectra sample a larger spatial
region than the long-slit spectra, it is natural that they will

include a greater amount of flux for all extended sources.
The objects with the highest objective-prism fluxes show less
of an offset from the long-slit fluxes than the bulk of the
sample; this could indicate that they correspond to sources
with smaller apparent sizes. Plotting the ratio of the two
fluxes versus the objective-prism fluxes (Fig. 8b) shows that
the objects with the lowest objective-prism fluxes tend to
have had their fluxes underestimated.

Comparing the [N ii]-corrected objective-prism equiva-
lent widths to the corresponding long-slit equivalent widths,
we see that these too agree reasonably well (see Fig. 9). A
weak trend can be seen where sources with low equivalent
widths have objective-prism EWs that are higher than their
long-slit EWs, while the opposite is seen for sources with
high equivalent widths.

A relatively large scatter is evident in the plots of objec-
tive-prism equivalent widths and fluxes versus their long-slit
counterparts. In the plot comparing objective-prism EWs to
the long-slit EWs, we see that the scatter is of the same order
as the measured equivalent widths. To some degree, this
scatter is to be expected: the spatial extent of the regions
from which the spectra are derived is not the same for the
two sets of observations. The objective-prism spectra are
extracted from a rectangle 4 pixels wide, corresponding to
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Fig. 8.—Comparison of corrected objective-prism H� line fluxes, fKISS,
to long-slit fluxes, fMDM. (a) The dashed line indicates the relation
fKISS = fMDM. Overall there is a clear correlation between the two, but the
objective-prism fluxes tend to be higher than the long-slit fluxes. This is
expected since objective-prism spectra include flux from a larger spatial
region than the long-slit spectra. (b) This plot shows the line-flux ratio
fKISS/fMDM vs. fKISS. The dashed line indicates fKISS/fMDM = 1. In spite of
a large scatter, 80% of the sample falls within 0.33 < fKISS/fMDM < 3.
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800, while the MDM slit is only 1>68 wide. When an object
that is a point source in both line and continuum emission is
observed, the resulting flux and EW should be the same for
both spectra, but for extended objects different amounts of
line and continuum emission will be detected.

We can combine the comparisons of line fluxes and of
equivalent widths to gain some insight into the spatial extent
and distribution of the emitting regions within the galaxies.
Equivalent width describes the relative strengths of line and
continuum emission, while line flux is an absolute measure;
a comparison of the results of objective-prism and long-slit
spectroscopy will show different signatures depending on
the relative size and localization of the regions that emit line
and continuum emission. For a spatially resolved object,
three simplified scenarios can be invoked when we attempt
to explain different results for the comparison of line fluxes
and EWs for the two types of spectra. (1) If the line emission
comes from a more centrally concentrated region than the
continuum emission, we expect the long-slit spectra to show
a greater equivalent width than the objective-prism spectra,

since a larger fraction of the continuum emission is excluded
by the long-slit spectroscopy. The line flux should be
roughly equal for both spectra. (2) In the case where line
and continuum emission come from the same region, we
expect long-slit and objective-prism equivalent widths to be
the same, while line flux should be lower for the long-slit
spectra. (3) If continuum emission is more centrally concen-
trated than line emission (as in the case where there is a ring
of star formation in the disk of a galaxy), both the equiva-
lent width and the line flux should be lower in the long-slit
spectra. Plotting the difference in equivalent widths (DEW)
versus the ratio of the line fluxes in Figure 10, we see that the
large scatter makes it difficult to check our predictions.
However, the objects tend to fall along a line from the
bottom left to the top right, which agrees with what we
expect. The diagram contains both resolved and unresolved
objects; the points that fall close to the center of the diagram
likely represent the unresolved objects. The majority of
objects further away from the center fall close to the line of
DEW = 0, fKISS/fMDM > 1, corresponding to equal distri-
bution of line and continuum emission. A large fraction of
objects are located in the bottom right quadrant, corre-
sponding to cases where the line flux is somewhat more con-
centrated than the continuum flux. Almost no objects fall in
the top left quadrant, which corresponds to relatively higher
long-slit flux and lower equivalent width; it is difficult to see
how this situation would arise except through mistakes in
the spectral reduction.

It is important to note that in spite of the large scatter we
see when we compare line fluxes and equivalent widths from
the survey database to those from the MDM follow-up
observations, the overall distribution of these properties is
very similar. For example, selecting the objects with (uncor-
rected) objective-prism line fluxes above the median value
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Fig. 9.—Comparison of corrected objective-prism H� equivalent widths
(EWKISS) to long-slit equivalent widths (EWMDM). (a) An overall correla-
tion is seen between the two equivalent widths, with no offset toward higher
or lower values for either. The dashed line indicates EWKISS = EWMDM.
Again, since the objective-prism spectra sample a larger spatial region than
the long-slit spectra, we do not expect an exact correspondence between
equivalent widths measured in each spectra. The difference in distribution
of continuum and line emission also greatly affects the equivalent widths.
(b)Here we plot the difference in equivalent widths,DEW, versus the objec-
tive-prism equivalent width EWKISS. The dashed line indicates DEW = 0.
The EW difference increases for objects with greater EWKISS; however, the
fractional difference DEW/EWKISS remains roughly constant throughout
the range of EWKISS.
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Fig. 10.—Difference in equivalent widths, DEW, plotted vs. the ratio of
the line fluxes, fKISS/fMDM. The dashed lines represent DEW = 0 and fKISS/
fMDM = 1. Unresolved objects should fall near the intersection of these
lines. Since the long-slit spectra sample only the central regions of a
resolved object while the objective-prism spectra contain flux from a larger
region, differences in the spatial distribution of continuum and line emis-
sion of galaxies should be visible in this diagram. We expect galaxies to
trace a path from the bottom left (objects with line emission that is more
concentrated than their continuum emission) to the top right (objects where
the line emission is more extended than the continuum emission). We can
see a hint of this trend for the galaxies plotted here, albeit with a large
scatter.
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of 1.6 � 10�14ergs s�1 cm�2 produces a sample that includes
�80% of the high-flux objects as selected from the follow-up
observations. The same test for the equivalent widths shows
we would include �75% of the objects found from long-slit
spectroscopy to have high EWs if we selected the sample
based on the survey EWs.

5. CONCLUSIONS

We present the data from follow-up spectroscopy for a
sample of 351 emission-line galaxy (ELG) candidates from
the KPNO International Spectroscopic Survey (KISS). This
is the first in a series of papers that will present slit spectral
data for large numbers of KISS ELGs. We verify that all
but 5% of this sample are extragalactic emission-line
objects. The long-slit spectra provide redshift information,
line fluxes, equivalent widths, and optical reddening esti-
mates. Based on the spectral properties, we have classified
the objects as starburst galaxies or various types of active
galaxies. Due to the way the follow-up sample was selected,
AGN account for nearly 20% of the confirmed ELGs. In
two survey fields where all detected sources were observed,
only�7% are classified as AGN.

We have also compared the redshifts, H� line fluxes, and
equivalent widths measured in the MDM follow-up spectra

to corresponding data derived from the KISS objective-
prism spectra. The objective-prism redshifts of the extraga-
lactic emission-line sources agree well with the redshifts
determined from long-slit spectra, except for a small frac-
tion of objects where a blue line had been misidentified as
the H� line. The H� fluxes and equivalent widths also show
an overall agreement between survey and follow-up data;
the scatter that is present is partly due to the fact that the
follow-up observations sample different spatial regions of a
galaxy.
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