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ABSTRACT 

A search for active galactic nuclei among interacting galaxies is reported. A sample of 167 systems of 
interacting and asymmetric galaxies was observed spectrophotometrically in the spectral range 4700-7100 A. The 
results are compared with a sample of isolated galaxies. It is found that (a) there are no Seyfert nuclei in 
elliptical or dwarf irregular galaxies of the sample; (Z>) there is an excess of Seyfert nuclei among interacting 
spirals, but it is only at the 90% confidence level; (c) this excess becomes statistically significant (98%) when only 
strongly interacting spirals are included (four new Seyfert nuclei are presented); (d) in the subgroup of galaxies 
with extreme tidal distortions, no Seyfert nuclei were found. 

Subject headings: gaüdüúes: clustering — galaxies: nuclei — galaxies: Seyfert 

I. INTRODUCTION 

The influence of gravitational perturbations on spiral gal- 
axies has been of considerable interest in the last two decades. 
These systems are interesting from many points of view: for 
example, interaction dynamics, the question of galactic merg- 
ing and cannibalism, the extent of induced star formation in 
the disk and/or the nucleus, and the question of the influence 
on nonstellar activity in the nucleus (which is the subject of 
this study). 

The morphologies and velocity fields of interacting systems 
have been studied by optical observations (Rubin, Ford, and 
D’Odorico 1970; Chincarini and Heckathom 1973; Barbiéri 
et al. 1979; Bergvall 1981; Arkhipova et al. 1981; Blackman 
1982) , by radio observations (Condon et al. 1982; Sulentic and 
Arp 1983), and by theoretical N-body simulations (Toomre 
and Toomre 1972; Spiegel and Theys 1976; Miller and Smith 
1980; Negroponte and White 1983). Recent studies of the 
nuclei of interacting galaxies have been concerned with the 
frequency and magnitude of star formation (i.e., H n regions) 
as evidence for the gravitationally induced flow of gas into the 
nucleus. Studies in the radio (Hummel 1980, 1981; Gallagher, 
Knapp, and Faber 1981; Toomasyan 1982; Davis and Seaquist 
1983) and in the visual (Larson and Tinsley 1978; Tifft 1982; 
Gehrz, Sramek, and Weedman 1983; Kennicutt and Keel 
1984; Keel et al. 1984) have shown that radio emission and 
optical emission-line activity are enhanced in the nuclei of 
these systems, and some evidence for radial flow of gas has 
also been found. 

The nonstellar nuclear activity in interacting galactic sys- 
tems is of special interest, since it is related to the question of 
matter supply to active galactic nuclei (AGNs). It has been 
shown that many Seyfert galaxies have companions (Adams 
1977), and that this excess is statistically significant when 
compared with field galaxies (Dahari 1984). (Hereafter the 
term statistically significant is used when the level of con- 
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fidence is above 95%.) Many QSOs have companions as well 
(Stockton 1982; Heckman etal. 1984; Hutchings et al. 1984), 
and the Seyfert galaxy population has excesses of bars and of 
morphological pecuharities (Adams 1977; Simkin, Su, and 
Schwarz 1980). Accordingly, we would like to find out whether 
there is an excess of Seyfert nuclei among interacting or 
asymmetric systems as well. Kennicutt and Keel (1984) and 
Keel etal. (1984) reported recently on an excess of AGNs 
among close pairs of galaxies, although their result was not 
statistically significant because of the small sample. In this 
paper we report on a spectral survey of a large sample of 
interacting galaxies, and compare the frequency of Seyfert 
nuclei in that sample with the corresponding frequency in a 
sample of isolated galaxies. 

In the next section we describe the sample selection, and in 
§ III we describe the observations and data reduction. In § IV 
we define a classification scheme for interaction strength and 
for the nuclear activity level, and in § V we examine the 
relation between these parameters according to the survey 
results. In § VI we present more detailed spectra of the newly 
discovered Seyfert galaxies. 

The large number of new spectral data presented in this 
paper will be used elsewhere for further analysis of the emis- 
sion from these nuclei, in addition to Seyfert activity (which is 
the subject of the present paper). 

II. SAMPLE SELECTION 

The term interaction usually refers to two (or more) gal- 
axies close to each other. However, many isolated spiral 
galaxies seem to have various degrees of asymmetry and 
distortion (Arp 1966; Vorontsov-Vel’yaminov 1977). This 
could result from one or more of the following reasons: (i) The 
system is observed in a late epoch, after the companion has 
moved away to a distance at which it is no longer considered a 
companion, (ii) The companion is behind the apparently 
single galaxy. (Statistically we would expect to find only a 
small number of systems in that situation.) (iii) The compan- 
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ions have already merged (sometimes seen as a double-nucleus 
galaxy), (iv) The spiral galaxy is subject to an asymmetric 
gravitational potential of the (hypothetical) nonluminous 
matter. In fact, the ranges of distortions in double and single 
systems seem to be comparable. 

In any case, for our purpose the reason for the distortion is 
not as important as the distortion itself. We are interested in 
tidal effects under the assumption that radial flows of matter 
in the galactic disk are caused by them (Gallagher, Knapp, 
and Faber 1981). The potential well of a distorted galaxy must 
be asymmetric. Hence we expect to find comparable amounts 
of radial motion (toward or away from the nucleus) in spirals 
with similar amounts of distortion, whether or not they have 
close companions. Therefore, we would like to base our selec- 
tion criterion on morphology, rather than solely on the pres- 
ence of a companion. Accordingly, a sample including only 
pairs of galaxies (such as one of the samples of Kennicutt and 
Keel 1984) is not sufficient for our purpose. While many pairs 
show clear signs of interaction, many others do not, and they 
may well be optical pairs or pairs with large spatial sep- 
arations which therefore do not have strong tidal effects. 

We used the catalogs of Vorontsov-Vel’yaminov(1959,1977; 
hereafter WI and YYII, respectively) for our sample selec- 
tion. Although both catalogs are titled Atlas and Catalogue of 
Interacting Galaxies, they include many single systems with 
various degrees of asymmetry. Especially in WII, Vorontsov- 
Vefyaminov was trying to illustrate the concept of “fragmen- 
tation,” and therefore, he included many M51-type systems 
(having a small companion connected to an extended arm), 
“nests,” and multiple-nuclei systems. Hence the range of tidal 
strengths and effects in the two catalogs is large. Many of the 
W systems are also included in Arp’s Atlas of Peculiar 
Galaxies (1966), which provides excellent photographs for 
detailed morphological studies. 

The WI catalog included a brief description of each sys- 
tem. In WTI, some systems were discussed thoroughly, with 
many references to previous studies, while for other systems 
only small photographs were provided. Hence in the notes to 
Table 5 (see § IV) we provide additional descriptions, re- 
ferring especially to the nature of the tidal effects. For further 
references and descriptions of individual systems, see Arp 
(1966) and de Vaucouleurs, de Vaucouleurs, and Corwin (1976, 
hereafter RCBGII). 

The W catalogs include some 850 systems. The catalogs 
are not complete in any statistical sense but rather were 
selected to represent various observed phenomena of tidal 
interaction (see introduction to WII). The selection criteria of 
Vorontsov-Vel’yaminov were not based on the spectra of the 
systems, so we expect no selection effect on the spectral 
distribution, unless the AGN activity does depend on some 
special kind of morphological type or pecuharity. We chose a 
subset of the W objects which could be observed with the 1 m 
Anna Nickel telescope at Lick Observatory. The declination 
limits of the telescope are — 30° < 5 < + 65°. At the moderate 
dispersion of the ITS spectrograph ( ~ 10 A, see next section), 
exposures of about 30 minutes were required to achieve a 
signal-to-noise (S/N) ratio of 10 for m « 14. Hence we further 
limited our sample to m< 14.5. The magnitudes quoted in the 
W catalogs are uncertain in many cases. Therefore, we used 

the values from the UGC (Nilson 1973), which are more 
accurate. For many (southern) Ws there are no entries in the 
UGC, and therefore, a few systems with very faint surface 
brightnesses are still included in our sample. 

Setting a limiting magnitude might introduce a bias towards 
preferentially including galaxies with bright nuclei. However, 
only bright Seyfert 1 galaxies have nuclei which are compara- 
ble in brightness to the underlying galaxies (Hutchings et al 
1982; Yee 1983). The magnitudes in the W and UGC cata- 
logs refer to the total galaxy, so we do not feel that this bias is 
strong. The effect will be checked a posteriori by comparing 
the magnitude and redshift distributions of the interacting W 
Seyferts with the rest of the sample (see § V). 

In Table 1 we list 206 W systems which comply with the 
declination and brightness limits. Those Ws for which the 
photographs given in the catalogs could not be matched with 
any galaxy near the given positions are not included in the 
table. These systems are W 87, 118, 128, 151, 254, 527, 635, 
and 645. Apparently the positions quoted for these galaxies 
are erroneous. The positions of the WII galaxies were given 
only by their MCG numbers (Vorontsov-Vel’yaminov and 
Krasnogorskaya 1962; Vorontsov-Vel’yaminov and Arkhipova 
1963, 1964, 1968, 1974), so we list here the equatorial coordi- 
nates (1950) of all the Ws in our sample. In Table 1 the 
sample is sorted by right ascension, and cross-reference num- 
bers are given from the Messier, IC, NGC, UGC, and Arp 
catalogs, as well as the Karachentsev (1972) number from his 
list of binary galaxies. (The objects are sorted by W numbers, 
with main secondary name, in Table 5.) 

III. OBSERVATIONS AND DATA REDUCTION 

The most productive way to discover new Seyfert galaxies 
has been the use of objective prisms with blue-sensitive photo- 
graphic plates. The 15 lists (and supplements) of nonstellar 
objects with ultraviolet excess published by Markarian and 
collaborators (Markarian, Lipovetskii, and Stephayan 1981, 
and references therein) provide the majority of the Seyfert 
galaxies known. However, these surveys are not complete. The 
Seyfert and AGN activity can occur at relatively low intensity 
(see, e.g., Fig. 2), with the ultraviolet nonthermal continuum 
weak compared with the stellar continuum. Wasilewski (1983) 
conducted an emission-line survey in areas previously covered 
by Markarian etal and found a substantial number of ad- 
ditional Seyferts not listed by them. Most of Wasilewski’s 
newly discovered Seyferts were type 2, as expected, since they 
have relatively weak ultraviolet excesses. 

Wasilewski used objective-prism spectroscopy, but with 
higher resolution than Markarian, and plates sensitive to the 
[O in] green lines. However, the presence of strong [O m] 
emission fines is not sufficient to distinguish between highly 
ionized H u regions and Seyfert 2 galaxies, at least if the 
spectral resolution is lower than -10 A. As will be discussed 
in the next section, spectra of some highly ionized H n regions 
(galactic and extragalactic) have the ratio [O in] A5007/H/? > 
3, which is one of the criteria for the definition of type 2 
Seyferts (Shuder and Osterbrock 1981). Additionally, some 
nuclei are heavily reddened. While the red part of the spec- 
trum looks much like a Seyfert 2, the [O in] fines are very 
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weak and Hß is totally absent. (Such galaxies were probably 
overlooked by Wasilewski.) Furthermore, a few Seyferts have 
relatively weak [O in] and only narrow Hß emission lines, but 
weak, broad Ha is evident (Shuder 1980; Stauffer 1982a; 
Osterbrock and Dahari 1983). Hence the inclusion of the 
Ha-[N ii] blend is crucial for correct spectral classification 
(see also Kinman 1985). 

Consequently, we need spectra which cover the Ha-H/? 
spectral region. Inclusion of [O n] A3727 would be beneficial 
but is not crucial. (We could either expand the spectral 
coverage at the expense of lower resolution or take an ad- 
ditional blue scan for every object. The first possibility is not 
available on the 1 m spectrograph, while the second possibility 
would have doubled the telescope time needed.) 

The image-tube scanner (ITS) spectrophotometer (Robin- 
son and Wampler 1972; Miller, Robinson, and Wampler 
1976; Miller, Robinson, and Schmidt 1980) on the 1 m was 
used for most of the observations. An entrance aperture 871 in 
diameter (projected on the sky) was used, as a compromise 
between having either more fight or a better spectral resolu- 
tion. The “ red” ITS systems has a good response in the range 
4000-8500 Á. The grating with 600 fines mm-1 provided a 
spectral range of 2400o A with a resolution of -10 À. It was 
centered at - 5700 À so that both the Ha and the Hß 
spectral regions were covered. 

The main observing aim was to detect emission fines, since 
these are the principal indicators of nuclear activity and are 
straightforward to detect. Since the ITS system allows the 
observer to examine the data as they accumulate, the exposure 
was terminated after 8-16 minutes if no emission fines were 
seen. The upper limit on the equivalent width of the unde- 
tected emission fines is less than 10 Á in most cases (see Table 
2). The S/N in some cases was not good enough to detect 
absorption fines for redshift determination. However, for many 
systems the redshift is available from other sources (see Table 
2). In cases where emission fines were detected, the exposure 
was lengthened until the S/N was sufficiently high to decide 
whether or not the spectrum is Seyfert-fike. If an exposure of 
— 1 hr was not sufficient, the object was later observed with 
the 3 m Shane telescope (if possible). The 3 m ITS system is 
similar to the one on the 1 m, and the same spectral setup 
was used. In cases of “marginal” Seyfert-fike spectra, a 1200 
fines mm-1 grating was used on the 3 m, if time permitted, to 
get better information on the fine widths. 

A few systems were observed with the ITS system on the 1.5 
m reflector of the University of California, San Diego, and the 
University of Minnesota at Mount Lemmon (Arizona). The 
ITS system at the 1.5 m is again similar to the Lick ITSs, 
except that the grating of 600 fines mm'1 at the 1.5 m gives a 
spectral coverage of 3400 A (with resolution of —13 A), and 
the round entrance aperture used was 675 in diameter (pro- 
jected on the sky). 

The standard Lick ITS data reduction package was used to 
reduce the ITS data from the three telescopes. Adjustments 
had to be made for the 1.5 m data, since the Mount Lemmon 
latitude and altitude are different. Also, the software was 
modified to use different dead-time correction for the 1.5 m 
data (usually an insignificant correction for faint objects). 
Lick’s standard PDF-81 software was used to measure fine 

intensities and equivalent widths. The uncertainties in the 
spectral information obtained by the ITS systems are the 
following: 10% in the fine ratios and in the equivalent widths, 
50% in the flux calibration (0.3 in the logarithm), and 0.0002 
in the redshift measurement (on the average, depending on the 
number of spectral fines available). For the deconvolution of 
blends (like the Ha-[N n] blend) a separate Gaussian fitting 
FORTRAN program was used on the Lick VAX computer. 
The program fits up to four independent Gaussians to a blend 
by a least-squares method taken from Bevington (1969). This 
program was written by R. W. Goodrich and the author. 

Toward the end of the observing program, a few W 
systems were observed with the 3 m CCD spectrophotometer 
by Drs. D. E. Osterbrock, M. M. DeRobertis, and the author 
during routine observing runs of Seyfert galaxies and related 
objects. The CCD spectrograph and the reduction systems 
were developed and described by Lauer et al. (1984). Data- 
acquisition programs were also written by R. Kibrick and D. 
Temdrup, and data-reduction programs were supplemented 
by M. M. DeRobertis, R. W. Goodrich, and the author. A 
long slit 2" wide was used, and the data were summed over 
10-12 pixel rows, so that the resulting aperture was 2"X8" 
projected on the sky. The grism used had 420 fines mm'1, 
which provides spectral coverage of - 2500 A, with a resolu- 
tion of ~ 13 A. Sky subtraction was done by summing the sky 
spectra on both sides of the object’s spectrum, up to some 60" 
away. The flux calibration was carried out by observing the 
same standard stars (Stone 1974, 1977) used for the ITS 
calibration (see, for example, the spectrum of W 334 in 
Fig. 2). 

As mentioned in § II, one of the criteria used to define the 
sample was the magnitude limit of m <14.5. However, the 
magnitudes given in WI and WII were not accurate, and a 
few galaxies were found to be very faint. Some galaxies could 
not be seen on the TV monitor, while other galaxies with 
m = 14.4 (as given in UGC) were clearly seen. Hence we 
exclude from the sample those galaxies that were too faint for 
the TV monitors of the 1.5 m and 3 m telescopes: W 29, 252, 
431 (foreground star superposed), 494 (probably irregular), 
785, and 525. These galaxies are not fisted in Table 2 or Table 
5. The galaxies that were too faint on the 1 m TV monitor are 
not fisted in Table 2 but are fisted in Table 5 (with nuclear 
emission type = 7, see § IVZ>). These galaxies might be brighter 
then m = 14.5 and hence should be included, while the ab- 
sence of a nucleus clearly indicates their non-Seyfert nature. 
The galaxies W 620 and W 733 were not observed, because 
of misidentification. That error was not caused by any mor- 
phological or spectral information. Since the W sample is not 
complete statistically, we exclude these two systems from the 
sample as well. 

For many (mostly bright) Ws, spectra were previously 
obtained by Keel (1983), Keel et al. (1984), or Stauffer (19826), 
who used the same instruments with the same spectral setups. 
Hence we include their results in our study. Note that Keel 
(1983) and Keel etal. (1984) corrected the intensities of the 
Balmer emission fines for the absorption in the spectrum of 
the underlying galaxy. We could not follow the same proce- 
dure since the W galaxies are fainter (on the average), and 
therefore the continuum in most of our spectra is too noisy for 
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adequate spectral classification. While the correction for the 
equivalent width of Ha is in the order of 2 À, it can be as 
large as 10 A for Hß (Keel 1983). Many systems from 
Karachentsev (1972, see Table 1) were observed by Tifft 
(1982). While Tifft did not publish line ratios or intensities, he 
described the spectra in words. At least one galaxy was 
included in his sample which was later classified as a Seyfert 
(NGC 1144, Huchra, Wyatt, and Davis 1982), but Tifft only 
mentioned the presence of emission lines. Therefore we used 
his data for our purposes only in cases where he reported on 
either the presence of a very weak Ha or when he detected no 
emission fines. As for other published sources of spectral 
information (i.e., Page 1970; Sargent 1970; Sandage 1978), 
most of them did not include Ha and hence could not be 
used. 

Table 2 summarizes the spectral information available from 
our observations and other sources. In this table we do not 
include Ws of morphological type Im and later (see next 
section). Heliocentric redshifts are given in column (2), and 
references to their sources in column (3). If no reference is 
given, the redshift was measured in the present study. In 
column (4), logarithms of the observed fluxes in Ha (above 
Earth’s atmosphere) are given in units of ergs s_1 cm-2, and 
in column (5) the Ha equivalent widths in angstroms are 
listed. When the emission-fine data are taken from other 
sources, the references are given in column (11). In column 
(12) we fist the telescope and aperture used, as given in the 
notes. In Table 2, blanks are left if data are not available, or if 
the emission fine is not detected above the noise in the 
continuum (see upper limits). Note that Tifft (1982) and 
Stauffer (1982 Z?) did not specify the aperture used for the 
observations of individual objects. 

IV. MORPHOLOGICAL AND SPECTRAL CLASSIFICATION 

a) Morphological Classification 

The W catalogs include systems of vastly different shapes 
and sizes. They can be categorized in many ways. One classifi- 
cation scheme was adopted in WII, where the galaxies are 
grouped to demonstrate the various effects or stages of “frag- 
mentation.” For the present study, however, we are concerned 
with interaction or tidal effects on the main body of the 
galaxy. From that point of view, the W catalogs provide an 
almost uniform distribution of the degree of distortion. While 
some objects are almost perfectly symmetric, others are 
strongly distorted, or even totally disordered. Hence we feel 
that the general class of “interacting galaxies” can be further 
divided into subgroups of various interaction strengths. Simi- 
larly to the correlation between the parameter Q (Dahari 
1984) and nuclear activity, we would like to see whether 
Seyfert nuclei appear preferentially in a specific interaction 
group, or whether the level of activity (see below) is correlated 
with the interaction strength. 

The number of subclasses in any classification scheme is 
dictated by the span of the variables considered and by the 
degree of confidence at which each object of the sample can be 
classified. It is clear that single, symmetric spiral galaxies are 
less interacting than distorted members of close pairs, but it 
might be difficult to subclassify the many different kinds of 

asymmetric spirals, for example. After examining the photo- 
graphs of the Ws of Table 1, we decided to divide the systems 
into six groups. We define the dimensionless “interaction 
class” (LAC) as an integer, which grows with the interaction 
effect on the galaxies, as seen projected on the sky. I AC = 1 
(group 1) is assigned to isolated symmetric galaxies, and 
IAC = 6 (group 6) is assigned to severely disordered spirals or 
overlapping systems. 

The IAC is determined by the degree of asymmetry of the 
galaxy, by the distance and size of a companion, and by the 
presence of connecting arms between the pair members. The 
presence of a nearby companion (with a comparable redshift) 
almost certainly imposes a significant tidal force on the galaxy. 
It is not certain whether radial flows are present when a galaxy 
is still symmetric despite the presence of a close companion, 
but we consider that the LAC should be larger for galaxies that 
have companions (in addition to the LAC based on their 
degree of asymmetry). In a few cases where a large redshift 
difference between pair members was found, the system was 
treated as two single galaxies or was not included in the 
sample (see below). The presence of tidal effects in pairs is 
evident not only by distortion of pair members, but also by 
“bridges,” or faint connections, between them. In Tables 3 
and 4 we describe the LAC classification of single- and 
double-galaxy systems, respectively. Representative examples 
illustrated by Arp (1966), with corresponding W numbers in 
parentheses, are given in both tables. For most pairs, only 
Table 4 was used. For those pair members that were symmet- 
ric or very distorted, the LAC was decreased or increased by 
one subclass, respectively. Single galaxies with ring structures 
(i.e., ring galaxies, and not the more common galaxies with 
internal rings) were given larger IAC values. These galaxies 
are believed to be results of face-on collisions between spiral 
galaxies (Spiegel and Theys 1976). 

The LAC classification was made without knowledge of the 
nature of the nuclear emission-fine spectra, so that no bias was 
introduced into the Seyfert distribution among the LAC groups. 
The LAC values are fisted in Table 5, column (3). In all but a 
few cases, the uncertainty in IAC classification was small, not 
larger than one subclass. By comparing the LAC values in 
Table 5 and the photographs in the W catalogs (or the Arp 
catalog), one can examine the validity and uncertainty of the 
classification. 

Since no Seyfert nucleus is known to be in a dwarf irregu- 
lar, we had to distinguish between LMC-fike irregulars and 
strongly disordered spirals (which have very complex struc- 

TABLE 3 
The Interaction Class (IAC) of Single Galaxies 

Example 
IAC Description Arp (W) 

1   symmetric 27 (363) 
2   slightly asymmetric, 26 (344) 

diffuse extensions 
3   asymmetric, extended arm 222 (67) 
4   distorted, out of shape 224 (31) 
5   strongly disordered 220(540) 
6   aftermath 157 (231) 
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INTERACTING GALAXIES 

TABLE 4 
The Interaction Class (IAC) for Pairs 

653 No. 4,1985 

Companion Size 
Same -1/2 Small 

Separation IAC Arp (W) IAC Arp (W) IAC Arp (W) 

Large, no contact  3 305 (424) 2 23 (73) 1 
Large, connected  4 314 (295) 3 304 (334) 2 24 (14) 
Small, no contact  4 271 (21) 4 112(226) 3 290(309) 
Small, connected  5 283 (50) 4 85 (1) 4 82 (9) 
Overlap  6 166 (189) 5 309(217) 4 239(19) 

tures in some cases). The origin and evolution of dwarf 
irregulars is not well understood, and it is not at all clear 
whether their irregular morphology is caused by tidal forces. 
These galaxies show no evidence of spiral arms, have very 
small sizes (based on the redshifts), and no symmetry. Most of 
the dwarf irregulars have low surface brightness, do not have a 
nucleus, and some have many H n regions. The morphologies 
of the following Ws agree with the above definition, and they 
are therefore not included in Tables 2 and 5: W 30, 80, 89, 
95, 97, 98,104,112,119,124,134,138, 313, 338, 531, 544, 545, 
571, 618, 625, 726, 728, 795, 797, and 828. All these galaxies 
were observed by the author or by one of the following: 
Stauffer (19826), Tifft (1982), Keel (1983), or Huchra et al 
(1983). None of these galaxies have a Seyfert or a Seyfert-like 
nucleus. In a few cases the distinction between irregulars and 
disordered spirals was very uncertain and requires further 
study. These cases are marked with the letter I in Table 5, 
column (5). 

Since this study concerns only galaxies undergoing tidal 
interaction, we decided to exclude galaxies with IAC = 1 as 
well: namely, single galaxies with symmetric morphology or 
symmetric members of optical pairs. These were not included 
in Tables 2 and 5, and are fisted below: 

W 179, two ellipticals with cAz = 962 km s-1 

(Huchra etal 1983); 
W 337, single elliptical galaxy; 
W 363, symmetric spiral; 
W 423, very faint, not interacting; 
W 427, symmetric spiral; 
W 441, symmetric spiral; 
W 624, symmetric Sa galaxy. 

Should small companion galaxies be considered candidates 
for Seyfert activity? Although the luminosity function of 
Seyfert galaxies extends to low luminosities (Meurs 1982), we 
exclude dwarf companions from the sample for the following 
reasons: (i) in most cases the morphological classification is 
difficult, and (ii) in nearby galaxies in which classification is 
more precise, most dwarf companions are elliptical or irregu- 
lar. Hence in pairs where the ratio of the semimajor axes is 
less than 0.5, only the larger galaxy of the pair is considered. 
In other cases both galaxies are included separately (see Table 
5). 

In Table 5, column (5), we divide the galaxies into three 
groups: spirals (S), ellipticals (E), and suspected irregulars (I). 

The letter C is added when the system is located in a dense 
cluster (within about one core radius). In column (4) we note 
whether or not systems with single entries in the table have 
(small) companions. In column (9), we fist the classification 
from the RCBGII, and in the notes a brief description of each 
system is given (addressing especially the signs of interaction). 

b) Spectral Classification 

The main aim of this study is to find the frequency of 
Seyfert galaxies among interacting systems. However, the 
Seyfert phenomena appears to be at the upper end of a 
continuous range of emission-fine activity (Keel 1982; Stauffer 
1982a; Phillips, Charles, and Baldwin 1983). Although it is 
believed that the energy sources of nuclei along that sequence 
are not all the same (Seyferts vs. H u regions), the nature 
of Liners (low-ionization nuclear emission-fine regions) 
(Heckman 1980) is still controversial (Ferland and Netzer 
1983; Halpem and Steiner 1983). The difference between the 
various classes is based on fine widths and fine ratios (see 
Heckman 1980; Baldwin, Phillips, and Terlevich 1981, 
hereafter BPT; Shuder and Osterbrock 1981). The upper limit 
that can be set to the full width at half-maximum (FWHM) of 
the emission fines in our spectra was too high to distinguish 
between type 2 Seyferts and H n regions. Hence we have to 
base our classification on emission-fine ratios only (except for 
very broad Balmer fines), in the region ÄA4700-7100. 

By definition, Seyfert galaxies show emission fines from ions 
having a wide range of ionization potential. Among others, 
strong emission fines of low-ionization ions like [O i] and 
[N ii] appear along with relatively strong fines of [O m] and 
He ii. While in Liners the high-ionization fines are weak (or 
absent), in H n regions the low-ionization fines are weak or 
absent. Hence the ratios [O m] A5007/Hß, [O i] A6300/Ha, 
and [N n] A6583/Ha can be used to distinguish between the 
three groups, while defining as “intermediate” those spectra 
which have intermediate fine ratios. 

We define a qualitative variable that describes the emission 
activity in the nucleus, the nuclear emission type (NET), in 
Table 6. (The fine ratio criteria are similar to Fig. 5 of BPT.) 
As evident from Table 2, in many cases only upper limits for 
[O ui] A 5007 and/or H/? are available, mostly because of very 
strong interstellar extinction and/or strong stellar Hß absorp- 
tion (see Ha/Hß ratios). In these cases, when [N u] 
\6583/Ha> 0.5, the distinction between Liners and type 2 
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657 INTERACTING GALAXIES 

Notes to Table 5 (by W Number) 

(For additional descriptions and references see WII and Arp 1966.) 
5. Spiral with a small companion. The spiral appears to have a double nucleus, one of which might be a foreground star. See also Arp 1969, Bertola and 

D’Odorico 1973. 
8. Spiral with a faint extended arm. The nucleus is ~ 8" in diameter. 
9. Spiral with a small companion on an extended arm (Arp 1969). 

11. Edge-on asymmetric spiral with a faint extension out of plane. 
14. Spiral (irregular?) with a small companion on an extended arm. Nucleus is ~ 10" in diameter. 
19. Two interacting spirals of comparable size (east is NGC 5278). See Bergvall 1981. 
22. Elliptical with a faint extension to south (dust lane?). 
23. Faint spiral with a small companion. No bright nucleus. 
31. Distorted spiral (aftermath?), in a cluster. 
33. Distorted spiral with an SO companion, well separated but with a connecting arm. North (spiral) is NGC 5218, which has no bright nucleus. 
36. Elliptical with a very small companion. Nucleus is elongated to ~ 6" X15". 
48. Asymmetric spiral with a spiral companion having two open arms, one of which is connected to the asymmetric spiral (Arp 1969). 
50. Two distorted, interacting spirals. West has a blue continuum (de Vaucouleurs 1979). 
51. Two interacting spirals (west is distorted). For a good spectrum, see French 1980. 
52. Two edge-on spirals in a plane (contact). East is very faint. 
56. Spiral with a very faint extended (straight) spiral arm. 
66. Asymmetric sprial (irregular?) with a small, separated companion. 
68. Slightly asymmetric spiral with a fuzzy nucleus. 
73. Asymmetric spiral with a separated, small companion. 
74. Spiral strongly interacting with an SO companion. 
75. Asymmetric spiral with loose arms. But see WII. 
76. Spiral/irregular with a nearby small companion, which differs in radial velocity by 2700 km s-1 (optical pair?). 
77. Asymmetric spiral with extended arm and a small, separated companion (NGC 5615). 
79. Very distorted spiral—aftermath? Nucleus is approximately 10" in diameter. See WII. 
81. Interacting close pair; one is elliptical. 
83. Patchy spiral overlapping with an Sa galaxy. 
84. Elhptical with an extension to the west (edge-on spiral?) and a spiral companion. In a small group. 
86. Irregular(?) galaxy with many H n regions. Interacting? 

120. Distorted spiral with an overlapping elhptical. 
126. Distorted spiral, connected to a small companion. See Meltov 1980. 
135. Elhptical with a small companion. The nucleus might have a jet to the northwest (10" in diameter). 
137. Faint amorphous spiral with a very faint nucleus. SteUar object east of nucleus is probably a foreground star. 
140. Irregular (spiral?) with a faint companion, embedded in a faint envelope. See WII. 
188. Strongly distorted spiral with a small SO companion. 
193. Elhptical overlapping a small companion (brightest in a loose chain). 
201. Two overlapping ellipticals. North (NGC 4782) has a nucleus approximately 5" in diameter. 
206. Symmetric spiral with a giant elhptical companion (in Virgo). 
208. Two flat SO’s in a row (bridge). 
217. SO with a dust lane, with a nearby elhptical. 
219. Two overlapping spirals, not distorted (in Virgo). 
224. Two strongly interacting spirals (both distorted, tails). 
226. Distorted spirals with an SO companion. 
230. Strongly distorted spiral (aftermath?). 
231. Strongly distorted spiral, edge-on (aftermath?). 
238. Two interacting spirals, North has no nucleus. South (smaller) has a small nucleus. 
242. Irregular(?), very faint, no nucleus. 
244. Distorted spiral in contact with an SO. See Jenkins 1984. 
245. See Toomre and Toomre (1972). 
246. Two spirals in contact, many H n regions. North is irregular? See WII. 
249. Distorted spiral with a small, separated companion. 
251. Distorted spiral (irregular?). Anemic, with a few H n regions. 
256. Distorted spiral with a small separated companion. See Bergvall 1981. 
272. Distorted spiral (irregular?) with a smaU elhptical companion. See Freeman and de Vaucouleurs 1974. 
280. Spiral with asymmetric dust lanes. 
285. Very asymmetric spiral, a ring with nucleus on its arm. 
288. Stephan’s Quintet. I did not include NGC 7317 (separated, small elhptical) or NGC 7320 (foreground galaxy). However, see Arp 1973û. 
295. Two separated spirals with faint tails and a connecting arm. 
307. Edge-on spiral with a smaller spiral (not connected). Interacting? 
316. Very distorted spiral “around” an elliptical. 
320. Spiral (irregular?) with a diffuse envelope. 
323. Two distorted spirals. In contact? 
324. Two small Sa galaxies, far apart but showing signs of interaction. 
329. Distorted spiral (another SB galaxy located 4' east). See Grayzeck 1983. 
334. Slightly asymmetric spiral with a small companion. 
352. Two very distorted spirals, in contact(?). North is very faint, with no visible nucleus. 
354. Asymmetric spiral with a very small, separated companion. Nucleus is ~ 3" in diameter. 
357. Distorted spiral with many H n regions (irregular?). Elongated nucleus, ~ 8"X15". 
361. Barred spiral with a very small companion at tip of arm. Has stehar nucleus. 
362. Ring galaxy; nucleus is off-center; asymmetric faint outer arms. 
364. Double-nucleus (about 10" apart) elhptical. 
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658 DAHARI Vol. 57 

Notes to Table 5—Continued 
366. Looks like a dwarf elliptical with a very faint extension to the southeast. Nucleus is ~ 8" in diameter. 
367. Small elliptical with a small extension to the north. Nucleus is ~ 6" in diameter. 
384. Elliptical(?) with extension toward stellar companion. Nucleus is ~ 10" in diameter. 
396. Very faint galaxy ( ~ 15" in diameter) with two faint stellar companions(?). 
406. Asymmetric spiral with many H H regions. 
407. Asymmetric spiral, with one arm extending to a very small companion (H n region?). 
408. Slightly asymmetric spiral. Nucleus is ~ 10" in diameter. 
412. Asymmetric spiral. Nucleus is ~ 4" in diameter. 
424. Asymmetric barred spiral ( = Arp 305 south). 
426. Asymmetric spiral (no nucleus) with a faint edge-on spiral in contact. 
448. Asymmetric spiral. See van der Kruit, Oort, and Mathewson 1972. 
457. Faint, asymmetric spiral (almost edge-on), may have a very small companion out of plane. 
459. Slightly asymmetric spiral, no nucleus. 
460. Asymmetric spiral with an extended arm pointing at a small companion. 
470. Spiral in an “arc” shape, having a second bulge on one side. See Korovyakovskaya 1983. 
475. Asymmetric spiral with no nucleus. 
477. Distorted spiral with an elongated nucleus (12" X 4"). 
480. Slightly asymmetric spiral, no nucleus. 
481. Slightly asymmetric spiral with a stellar object on one arm (no nucleus). 
482. Spiral with one extension. Nucleus is ~ 10" in diameter (elongated). 
486. Asymmetric spiral. Nucleus is ~ 5" in diameter. 
488. Edge-on spiral with a small companion out of plane. 
523. Elongated spiral (banana shape). See WII and Korovyakovskaya 1983. 
528. Asymmetric spiral with a straight arm to the northeast. 
529. Asymmetric spiral. Nucleus is ~12" in diameter. 
530. Asymmetric spiral. Southeast is W 446, but no evidence for contact. 
540. Very irregular spiral. 
541. Asymmetric spiral with a stellar nucleus. 
545. Irregular? West nucleus is a foreground star. 
547. Very faint spiral(?) with a stellar nucleus and a bright extended arm to the northwest. 
548. Distorted spiral (very faint, no nucleus). 
563. Spiral (irregular?) with an extension but no nucleus. 
565. Two interacting spirals, or one spiral with a distorted arm which looks like another galaxy. 
592. Spiral (irregular?) with an extension. 
609. Strongly distorted spiral (aftermath?). 
610. Asymmetric spiral with extension (faint, no nucleus). 
612. Very asymmetric spiral with a faint connected companion(?). 
619. Bright, double-nucleus spiral (south nucleus might be a foreground star). 
621. Distorted spiral. Small elliptical located 4' east (not connected). 
626. Double-nucleus spiral with tail. See Bergvall 1981. 
661. Blue distorted spiral, very faint, no nucleus. 
669. Looks like an elliptical with faint extensions to the northeast and northwest. 
690. Slightly asymmetric spiral(?) with small extension. 
708. Two small distorted spirals(?) in contact. 
713. Asymmetric spiral, nucleus - 6" in diameter. 
727. Asymmetric spiral, nucleus ~ 10" in diameter. 
764. Two ellipticals? In cluster. 
779. Two edge-on spirals (interacting?), one pointing at nucleus of the other. 
781. Two slightly distorted, interacting spirals (north is faint). 
783. Peculiar spiral, with two nuclei on sides (east-west). Chincarini and Heckathom 1973 claim that the west nucleus is a foreground star, but our 

measured redshift is similar to that of the east one. 
800. Asymmetric spiral (“comet”) with no nucleus. Southwest tip might be a foreground star (no emission lines). 
806. Ring galaxy; nucleus is off-center. 
832. Slightly asymmetric spiral with faint extension (faint, no nucleus). 
850. Asymmetric spiral with a faint “jet” to the northeast. 
For additional information on W 249, 523, 565, 609, 612, 621, and 713, see Barbiéri et ai 1979. 

Seyferts was not certain, and when [N n] A6583/Ha< 0.5, 
the NET was 4, 4.5, or 5 according to the equivalent width of 
Ha. The class NET = 3.5 includes cases of intermediate line 
ratios, or cases where [N n] Â.6583 « Ha, but both emission 
lines have small equivalent widths and are the only lines 
detected. For most of the Seyfert galaxies in the sample, 
detailed studies of the spectra have already been published 
(see references in Table 5). For those Seyferts or suspected 
Seyferts for which spectral data are not available from other 
sources, we obtained further observations of high S/N and 

higher resolution with the 3 m telescope (see § VI). Thus their 
classification as Seyferts is based on additional information, 
such as weak high-ionization emission fines, fine widths, and 
the existence of weak, broad components to the Balmer fines. 

In Table 5 we fist the NET according to the data of Table 2. 
We also fist the logarithm of the luminosity in Ha (in 
ergs s-1), as calculated from the observed flux and redshift. 
To get the distance, we used H0 = !5 km s-1 Mpc-1 and 
corrected the redshift for the solar motion relative to the 
background 3 K blackbody radiation (360 km s-1 toward 
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INTERACTING GALAXIES 659 No. 4,1985 

TABLE 6 
The Definition of the Nuclear Emission Type (NET) 

NET Name A5007/Hß X6583/H« À6300/Ha 

1   Seyfert 1 (very broad Balmer lines) 
1.5 ... Seyfert 1.5-1.9a 

2   Seyfert 2 >3 >0.5 >0.1 
2.5 ... marginal Seyfert ~ 3 -0.5 > 0.1 
3   Liner <3 >0.5 > 0.1 
4   H ii region >3 <0.4 < 0.1 
5   weak Ha 
6   no emission [EW(Ha) < 10] 
7   no emission: noisy or not observed when no nucleus is seen 

aSee Osterbrock and Dahari 1983. 

R.A. =11^2 and 8 = +19°, Gorenstein and Smoot 1981). We 
also corrected the observed Ha flux for reddening in the 
Galaxy. In cases where only upper limits to the flux in Ha are 
available, the letters UL appear in column (7). 

V. RESULTS 

We compare the distributions of redshifts and apparent 
magnitudes of the W Seyferts with those of the non-Seyfert 
Ws. Table 7 lists the averages and standard deviations of 
redshifts and magnitudes for the two samples. In Table 7, the 
magnitudes are taken from the UGC and the W catalog, and 
the redshifts from Table 2 (redshifts were not available for all 
systems). Note that for multiple galaxy systems, only one 
entry was included in the statistical calculations of Table 7, 
and that the “Seyferts” include the marginal cases (NET = 
2.5). In cases where the Seyfert is in a multiple-galaxy system 
(Table 5), the redshift and magnitude are included in both 
samples. 

The median statistical test (Siegel 1956) is used to find 
whether the mean redshift or mean magnitude of the Seyferts 
is statistically different from the non-Seyfert Ws. Since the 
sum of the number of galaxies in the samples is larger than 40, 
the x2 (corrected for continuity) is used. The results are 
X2 = 0.28 and x2 = 0.89 for the redshift and magnitude distri- 
butions, respectively. Hence the means of the redshifts and 
magnitudes of the two samples are not statistically different. 
The Seyferts are intrinsically brighter, on the average, by 
— 0.5 mag, but their mean is brighter than the sample limit of 
m < 14.5. Therefore, we conclude that no bias that favors 
galaxies with Seyfert nuclei was introduced by the magnitude 
limit of the W sample. 

TABLE 7 
Averages of Redshifts and Apparent Magnitudes for 

Seyfert and non-Seyfert W Galaxies 

Parameter non-Seyferts Seyferts 

(z)  0.0143 0.0174 
a   0.0093 0.0112 
Number  158 19 

(m)   13.3 13.0 
a   1.05 1.34 
Number  171 19 

TABLE 8 
Summary of the Morphologies in Table 5 

Total number of interacting galaxies ... 218 
Seyferts (NET = 1-2.5)   19 
Ellipticals  29 
Suspected irregulars  22 
Spirals in clusters   5 
Suspected irregulars in clusters   1 
Pairs (of comparable size)   51 
Pairs of spirals (of comparable size)   29 

Spirals (outside clusters)  162 
Number of spirals with IAC >3  91 
Seyfert spirals with IAC >3   14 
Pairs of spirals with IAC >3  26 

In Table 8 we summarize the morphologies of Table 5, and 
in Table 9 we list the frequencies of NET versus IAC. We find 
that Seyfert nuclei occur in 9% of the total sample. However, 
none of the Seyfert nuclei (i.e., types 1-2.5) are located in an 
elliptical or suspected irregular galaxy, or in a dense cluster. 
This result agrees well with the Hubble-type distribution of 
Seyfert galaxies (Weedman 1977; Adams 1977; Simkin, Su, 
and Schwartz 1980). A few ellipticals are known to have active 
nuclei, but they are usually giant radio galaxies, which con- 
stitute a separate AGN subgroup. That group differs from 
Seyferts in characteristics other than morphology (see review 
by Osterbrock 1984). Since the Hubble-type distribution of 
Seyfert galaxies is concentrated within types SO-Sc, we should 
examine the frequency of Seyfert nuclei among W spirals. If 
we exclude the ellipticals, suspected irregulars, and cluster 
galaxies from Table 5, we are left with 162 spirals, of which 19 
(12%) are Seyferts (see Table 10, which is similar to Table 9 
but includes only spirals). This result explains why a pair of 
spirals in which both components are Seyferts was not found: 
The probability of finding such a pair, on the assumption that 
the probabilities are independent, is only 0.014. Hence we 
would need about 70 pairs (outside clusters) in our sample, 
with both components spirals of comparable size, in order to 
find on the average one double-Seyfert pair. However, only 30 
such pairs are available in our sample. 

We now compare the above results with the frequency of 
Seyferts among isolated field spiral galaxies. We do not know 
of a previous spectral survey of such a sample. However, we 
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TABLE 9 
LAC versus NET (Total Sample) 

NET 
IAC 

Total Average 

1.0 . 
1.5 . 
2.0 . 
2.5 . 
3.0 . 
3.5 . 
4.0 . 
4.5 . 
5.0 . 
5.5 . 
6.0 . 
6.5 . 
7.0 . 

0 
0 
3 
0 
6 
7 
7 

10 
14 
0 

11 
0 
6 

2 
1 
3 
1 
6 
6 
8 
3 

11 
0 

12 
0 
5 

0 
1 
5 
1 
2 
6 
7 
4 
4 
0 

13 
0 
5 

2 
2 

12 
3 

16 
31 
25 
23 
37 

1 
49 

0 
17 

4.0 
4.5 
4.0 
3.7 
4.0 
4.1 
3.9 
3.6 
3.5 
2.0 
4.2 
0.0 
4.1 

Total  
Average. 

24 
4.5 

64 
4.7 

58 
4.5 

48 
4.6 

24 
4.8 

218 

TABLE 10 
IAC versus NET (Only Spirals) 

NET 
IAC 

Total Average 

1.0. 
1.5 . 
2.0. 
2.5 . 
3.0. 
3.5 . 
4.0. 
4.5 . 
5.0. 
5.5. 
6.0. 
6.5 . 
7.0. 

0 
0 
3 
0 
5 
6 
4 
8 

13 
0 
6 
0 
6 

2 
2 

12 
3 

13 
26 
19 
19 
30 
0 

23 
0 

13 

4.0 
4.5 
4.0 
3.7 
4.1 
4.0 
4.0 
3.6 
3.5 
0.0 
3.9 
0.0 
3.8 

Total  
Average . 

20 
4.4 

51 
4.6 

39 
4.1 

38 
4.3 

14 
4.3 

162 

can use the surveys of Keel (1983) and of Stauffer (1982/?), 
who used the same instruments and hence had similar detec- 
tion efficiencies regarding Seyfert emission. Keel observed a 
complete sample of bright spiral galaxies, while Stauffer ob- 
served a sample of field spirals. By classifying their galaxies 
according to the IAC (see § IVtf), we can eliminate the 
interacting galaxies in their sample and obtain a sample of 
noninteracting, well-studied galaxies. Out of 205 galaxies in 
the combined sample, five galaxies are irregular, one is an 
elliptical (NGC 5363), one is in a dense cluster (NGC 4388), 
and seven are edge-on spirals (in which the nuclei are prob- 
ably obscured). Of the remaining galaxies, only 65 have IAC 
= 1. Hence most isolated galaxies are not perfectly symmetric 
but rather have a small degree of asymmetry. Consequently, in 
order to have a sample large enough, we exclude only the 19 
galaxies that have LAC > 3. Therefore, the Keel-Stauffer sam- 
ple of noninteracting field spirals includes 172 galaxies. 

The comparison of the two samples is sensitive to the 
Seyfert definition since different authors use different criteria. 
Therefore, we need to apply the same spectral classification to 
the Keel-Stauffer sample as we applied to the W spirals 
(§ TV/?). Stauffer (1982a) published detailed spectral informa- 
tion for galaxies for his survey which have “non-stellar emis- 
sion nuclei” according to him. Using Table 6 of this paper and 
the line widths given by Stauffer, we classify these nuclei as 
follows: 

Seyfert 1.8-2: NGC 3079, 4258, 4438, 4941, 
5005, 5033, 5273. 

NET = 2.5: NGC 4388, 4450, 4579, 7314, 7743. 
Liners: NGC 3312, 3921, 4303, 4419, 

4569, 5194, 5899, 7217. 
Others 
(emission-line galaxies): NGC 404, 3185, 4501, 4826. 
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TABLE 11 
The Frequency of Seyfert Nuclei among Isolated 

and Interacting Galaxies 

Sample Total Seyfert % NET = 2.5 

Keel-Stauffer (isolated)  172 8 4.6 4 
W spirals (total)  162 16 10.0 3 
W spirals with no companion  58 5 8.6 1 
W spirals with IAC >3  91 12 13.2 2 

Few of the galaxies above are included in Keel’s sample, in 
which no additional nuclei with NET = 2.5 were found (Keel’s 
survey included four previously known Seyferts and NGC 
4941). 

A comparison between the W and Keel-Stauffer samples is 
given in Table 11. In order to test the results, we use the x2 

statistical test (Siegel 1956), classifying the Seyfert/Liner cases 
(NET = 2.5) as “undecided.” The x2 test of the total number 
of W spirals against the Keel-Stauffer sample gives only 90% 
confidence for their difference. However, if we use only W 
spirals with IAC > 3, we get 98% confidence that the samples 
are statistically different. The use of the latter sample is more 
appropriate, since the W and Keel-Stauffer samples overlap 
at LAC = 2-3. Note that the IAC classification is uncertain, 
and the number of W Seyferts is small. Out of six W spiral 
Seyferts with IAC = 4, we estimate that up to two could have 
been classified as IAC = 3. In that case the confidence level in 
the x2 test would have been decreased from 98% to 93%. We 
find from Table 11 that W spirals without companions have 
an excess of Seyfert nuclei as well. Three Seyferts of the five in 
that category are ring galaxies (see Table 12). Therefore, single 
distorted galaxies are as important in this study as interacting 
pairs. 

In Table 12 we summarize the morphologies of the W 
Seyferts and of the nuclei with NET = 2.5. It is evident that 
the frequency of Seyfert nuclei is not statistically enhanced 
among the spiral pairs of our sample (4 out of 60 galaxies, or 
about 7%). That results was also obtained by Keel etal 
(1984). Consequently the excess of Seyfert activity is more 
prominent when other kinds of tidally affected galaxies and/or 
only close pairs are included. 

The distribution of the Seyferts along the IAC sequence is 
interesting, despite the uncertainty in the classification. About 
18% of the spirals with IAC = 4-5 are Seyferts; these spirals 
make up 74% of the Seyferts in the sample. None of the 
Seyferts have IAC = 6. Statistically, we would expect to find 
two Seyferts out of 14 spirals in the last category (using the 
assumption of uniform distribution among the groups IAC = 

TABLE 12 
The Nature of the Interaction of W Seyferts 

Interaction NET = 1-2 NET = 2.5 

Spiral companion ... 
Elliptical companion. 
Small companion ... 
Ring galaxy  
Slightly distorted  

4-6). Thus, evidently, if the interaction is very strong and the 
gravitational field is totally distorted, the nucleus is not active. 
This result was also reported by Keel et al. (1984), who found 
no Seyferts in the extreme cases of Arp (1966) interacting 
galaxies. However, note that Seyfert nuclei are found in 
double-nucleus galaxies (Petrosyan, Saakyan, and Kachikyan 
1979; Kollatschny and Fricke 1984), in which the nuclei 
probably suffer very strong mutual tidal forces. Morphologi- 
cally, these galaxies should be classified as interacting with 
LAC = 6 (unless the other “nucleus” is actually a foreground 
star). 

In summary, the 91 strongly interacting W spirals have 
about three times more Seyfert nuclei than the sample of 
isolated field spirals. Interestingly, in the group of.VYs with 
LAC = 2-3 (Table 10), out of 71 spirals, four are Seyferts 
(6%), which is comparable to the percentage of Seyferts in the 
isolated galaxies sample (Table 11). 

Further analysis of Table 10 shows that there is no clear 
correlation between IAC and NET in the interacting spirals. 
The correlation coefficient of Table 10 is y = -0.078 (for the 
data in Table 9 we have y = 0.022). The lack of correlation is 
also apparent from the averages of the individual NETs and 
lACs given in the bottom rows and last columns of the tables, 
respectively. The absence of correlation could indicate one (or 
more) of the following: (a) The IAC classification as pre- 
sented is not a physical sequence of increasing tidal effects. 
{b) The NET does not adequately represent the nuclear 
activity, and other indicators such as luminosity in Ha or in 
lO/im need to be examined, (c) The influence of the interac- 
tion on the nuclear activity is only a trigger mechanism. We 
tend to favor the last possibility, but it is hoped that future 
work will enable distinctions to be made between them, or 
perhaps future work will provide a larger data base for further 
analysis. 

VI. NEW SEYFERT NUCLEI 

Four new Seyfert galaxies were discovered in the present 
survey (Dahari 1983). These Seyferts were subsequently ob- 
served with the 3 m Shane telescope in order to get better S/N 
ratios and higher spectral resolution. The galaxy W 731 
(NGC 7592) is not included in the W sample (Table 1) since 
it has m =14.5. That limit was inclusive at an early phase of 
the observing program but later became exclusive when the 
WI galaxies were included. W 731 NW was observed by 
Arkhipova etal (1981). They found a broad component of 
Ha (width > 1000 km s-1), which is not seen in our spectrum 
(Fig. 1). 
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Wavelength 

Fig. 2 

Fig. 1.—Three Shane 3 m ITS spectra of new Seyfert galaxies plotted in units of relative flux per unit wavelength interval (normalized to the peak of 
Ha) vs. wavelength in the rest system of the galaxies. In the spectrum of W 700, the atmospheric band at \6877 (de-redshifted here to X6725) is not 
properly subtracted out by the reduction program, and hence the [S n] emission-line strengths are not available. In the spectrum of W 731 NW, two sky 
lines were not fully subtracted and are marked. Note the weak, broad components of Ha and H/? in the spectrum of W 806. 

Fig. 2. — Shane 3 m CCD spectrum of W 334 (NGC 1241), with scales as in Fig. 1. This is a Seyfert 2 galaxy with Hß very weak or lost in the 
integrated stellar absorption line. The resolution in this scan is ~ 13 Á. 

Fig. 3.—A high-resolution ( - 5 Â) scan of W 806 (Mrk 334), taken 
with the Shane 3 m ITS. Scales as in Fig. 1. The upper spectrum is a 
vertical expansion (X4), in which the broad component of Ha is clearly 
seen. 

The red spectra of the four new Seyferts are illustrated in 
Figures 1-3. The plots are good examples of Seyferts of type 1 
(W 700), type 1.8 (W 806), type 2 (W 334), and NET = 2.5 
(W 731 NW). The galaxy W 334 has relatively weak [O i] 
A.6300 emission (Fig. 2 and Table 13). Therefore, its classifica- 
tion as Seyfert 2 is somewhat doubtful. Spectra with better 
S/N ratio, higher resolution, and in the blue spectral region 
are needed for better classification. 

The line intensities, widths, and equivalent widths are listed 
in Table 13. In this table we also list the data for four other 
W Seyferts for which no similar data have been published 

previously. The galaxy W 850 (NGC 34, Mrk 938) was 
classified by Osterbrock and Dahari (1983) as an emission-hne 
galaxy. However, by reexamining the spectral information 
(Table 13), I reclassify it here as a Seyfert 2. In Table 13, the 
line intensities are given as 100 times their ratio to Ha 
(narrow + broad), and the redshift is heliocentric. 

The line widths of [O III] \5007 and of broad Ha were 
measured by least squares fits of Gaussian profiles (see also § 
IIIc). The fits were not perfect for the broad Ha components, 
but their FWHMs were very close to the actual profiles. 
Gaussians were similarly fitted to the instrumental profiles, 
which had approximately the same wavelengths (taken from 
the comparison-lamp scans). The widths of the intrinsic emis- 
sion fines were then computed as the square roots of the 
differences between the squares of the widths of the emission 
and comparison fines. 

VII. SUMMARY 

In this paper we reported on the emission-fine survey of a 
sample of interacting galaxies. By classifying the galaxies by 
their morphologies and by their spectra, we examined the 
frequency and distribution of Seyfert nuclei in the total sam- 
ple and within the morphological subclasses. 

Comparing the sample of interacting spirals with a sample 
of isolated field spiral galaxies, it was found that there is an 
excess of Seyferts among the interacting sample. When only 
strongly interacting spirals were considered, this excess was 
statistically significant. Considering the results of Dahari 
(1984), who found that Seyfert galaxies have physical compan- 
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TABLE 13 
New Seyfert (W) Galaxies 

Parameter 
W 228 

(NGC 7319) 
W 331 

(NGC 1144) 
W 334 W 609 

(NGC 1241) (NGC 4922) 
W 700 W 806 W 850 W 731 NW 

(NGC 7214) (Mrk 334) (NGC 34) (NGC 7592) Uncertainty 

Seyfert type  
Date of observation 

(mo/day/yr)  
Instrument  
High resolution  

\4861   
A. 5007   
\5200   
X5875   
\6300   
\6562 narrow 
\6562 broad ., 
A6584   
A6717 + 6730 

5/27/84 
3 m ITS 

18 
175 

5 

19 
100 

122 
94 

2/4/84 
3 m ITS 

yes 

9 
146 

6 
100 

128 
45 

11/28/83 2/4/84 
3 m CCD 1.5 m ITS 

<1 
33 

4 
100 

117 
42 

10 
37 

6 
100 

67 
44 

1 

8/14/83 
3 m ITS 

no 

20 
12 

100 
2.5 

1.! 

9/12/83 8/22/81 9/11/83 
3 m ITS 3 m ITS 3 m ITS 

yes no no 

9.4 
14 

1.5 
46 
54 
36 
16 

3a 

12 
5 

10 
100 

125 
40 

23 
89 

2 

12 
100 

66 
32 

20% 
10% 

20% 

20% 
10% 

\4861 E.W. (A)  
A6562 (nar. + br) 

E.W. (Â)   
FWHM À6562 br. 

(kms-1)   
FWHM A6562 nar. 

(kms-1)   
FWHM A 5007 

(kms-1)   
Log flux A6562 (nar. + br.) 

(ergs s-1 cm-2)  
z (heliocentric)   

19 

65 

380 

410 

-13.35 
0.0223 

1.5 

10 

450 

<,400 

-13.53 
0.0288 

<1 

13 

<400 

<400 

15 

94 

<400 

480 

-13.52 
0.0134 

-13.07 
0.0238 

42 

150 

3200 

250 

18 

190 

2060 

220 

< 250 

-12.28 
0.0226 

-12.46 
0.0220 

1 

27 

400 

330 

-13.12 
0.0191 

10% 

100 km s 

-13.32 0.17 
0.0224 0.0003 

aThe intensity of Hß of W 850 is only an estimate, made by assuming a symmetric Balmer-absorption profile. 

ions about 4 times more frequently than the general popula- 
tion of field galaxies, we find that the Seyfert activity and the 
existence of external tidal forces are interrelated. 

Seyfert nuclei were not found, however, in the group of 
extremely disordered spirals (like NGC 4038/9). That result 
agrees with Keel et al. (1984), who examined samples of pairs 
and of Arp galaxies. Evidently, the connection between the 
Seyfert activity and the external tidal forces is not a one-to-one 
relation (Dahari 1984). In addition to the absence of Seyfert 
nuclei among strongly interacting spirals, many Seyfert nuclei 
seem to be in isolated and morphologically symmetric gal- 
axies. 

Seyfert nuclei were not found in interacting ellipticals, nor 
in LMC-like irregulars. This result agrees with previous 
knowledge of their Hubble-type distribution. 

Adams, T. F. 1977, Ap. J. Suppl., 33, 19. 
Afanasiev, V. L., Karachentsev, V. P., Arkhipova, V. A., Dostal, V. A. and 

Metlov, V. G. 1980, Astr. Ap., 91, 302. 
Arkhipova, V. P., Afanas’ev, V. L., Dostal, V. A., Zasov, A. V., 

Karachentsev, I. D., Noskova, R. L, and Savel’eva, M. V. 1981, Soviet 
Astr., 25, 277. 

Arp, H. 1966, Atlas of Peculiar Galaxies (Pasadena: California Institute 
of Technology). 
 . 1969, Astr. Ap., 3, 418. 
 . 1973a, Ap. J., 183, 411. 
 . 1913b, Ap. J,, 185, 797. 
Baldwin, J., Phillips, M. M., and Terlevich, R. 1981, Pub. A.S.P., 93, 

(BPT). 
Barbiéri, C., Casini, C, Heidmann, J., Di Serego, S., and Zambón, M. 

1979, Astr. Ap. Suppl., 37, 559. 

The spectral data presented in Table 2 provides information 
for further studies, which will be presented elsewhere. 

I would like to thank Drs. M. M. DeRobertis, W. C. Keel, 
and H. Netzer for useful discussions, L. Kay for helping with 
the observations on Mount Lemmon, and the technical staff of 
Lick Observatory for their assistance. I would like especially 
to thank Dr. W. C. Keel for providing his Mount Lemmon 
data ahead of publication. I am deeply grateful to Dr. D. E. 
Osterbrock for his advice and support, and for generously 
making available observing time at the 3 m telescope. This 
work was supported in part by NSF grant AST 83-11585. The 
1.5 m telescope at Mount Lemmon is supported by an NSF 
grant, as was the VAX computer at Lick Observatory during 
the early part of this study. 

Bergvall, N. 1981, Astr. Ap., 97, 302. 
Bertola, F., and D’Odorico, S. 1973, Ap. Letters, 13, 161. 
Bevington, P. R. 1969, Data Reduction and Error Analysis for the Physical 

Sciences (New York: McGraw-Hill). 
Blackman, C. P. 1982, M.N.R.A.S., 200, 407. 
Chincarini, G., and Heckathom, H. M. 1973, Pub. A.S.P., 85, 568. 
Condon, J. J., Condon, M. A., Gisler, G., and Puschell, J. J. 1982, Ap. J., 

252, 102. 
Dahari, O. 1983, Bull. AAS, 15, 987. 
 . 1984, A.J., 89, 966. 
Davis, L. E., and Seaquist, E. R. 1983, Ap. J. Suppl., 53, 269. 
de Vaucouleurs, A., and de Vaucouleurs, G. 1967, A.J., 72, 730. 
de Vaucouleurs, G. 1979, A.J., 84, 1811. 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 



19
85

A
pJ

S
...

57
..6

43
D

 

DAHARI 664 

de Vaucouleurs, G., de Vaucouleurs, A., and Corwin, H. G. 1976, Second 
Reference Catalogue of Bright Galaxies (Austin: University of Texas) 
(RCBGII). 

Ferland, G. J., and Netzer, H. 1983, Ap. J., 264, 105. 
Fisher, J.R., and Tully, R. B. 1981, Ap. J. Suppl., 47, 139. 
Freeman, K. C, and de Vaucouleurs, G. 1974, Ap. J., 194, 569. 
French, H. B. 1980, Ap. J., 240, 41. 
Gallagher, J. S., Knapp, G R., and Faber, S. M. 1981, A.J., 86, 1781. 
Gehrz, R. D., Sramek, R. A., and Weedman, D. W. 1983, Ap. J., 267, 

551. 
Goodrich, R. W., and Osterbrock, D. E. 1983, Ap. J., 269, 416. 
Gorenstein, M. W., and Smoot, G. F. 1981, Ap. J., 244, 361. 
Grayzeck, E. J. 1983, in IAU Symposium 100, Internal Kinematics and 

Dynamics of Galaxies, ed. E. Athanassoula (Dordrecht: Reidel), p. 97. 
Halpem, J. P., and Steiner, J. E. 1983, Ap. J. {Letters), 269, L37. 
Heckman, T. M. 1980, Astr. Ap., 87, 152. 
Heckman, T. M., Balick, B., and Crane, P. C. 1980, Astr. Ap. Suppl., 40, 

295. 
Heckman, T. M., Bothun, G. D., Balick, B., and Smith, E. P. 1984, A.J., 

89, 958. 
Huchra, J. P., Davis, M., Latham, D., and Tonry, J. 1983, Ap. J. Suppl., 

52, 89. 
Huchra, J. P., Wyatt, W. F. and Davis, M. 1982, A.J., 87, 1628. 
Hummel, E. 1980, Astr. Ap., 89, LI. 
 . 1981, Astr. Ap., 96, 111. 
Hutchings, J. B., Crampton, D., Campbell, B., Dundan, D., and Glenden- 

ning, B. 1984, Ap. J. Suppl., 55, 319. 
Hutchings, J. B., Crampton, D., Campbell, B., Gower, A. C., and Morris, 

S. C. 1982, Ap. J., 266, 48. 
Jenkins, C. R. 1984, Ap. J., 277, 501. 
Karachentsev, I. 1972, Soob. Ap. Obs. Zelentchuk, No. 7. 
 . 1980, Ap. J. Suppl., 44, 137. 
Keel, W. C. 1982, Ph.D. thesis, University of California at Santa Cruz. 
 . 1983, Ap. J. Suppl., 52, 229. 
Keel, W. C., Kennicutt, R. C, Jr., Hummel, E., and van der Hulst, J. M. 

1984, preprint. 
Kennicutt, R. C, Jr., and Keel, W. C. 1984, Ap. J. {Letters), 279, L5. 
Kinman, T. D. 1985, in I A U Colloquium 78, Astronomy with Schmidt-type 

Telescopes, ed. M. Capaccioli (Dordrecht: Reidel), in press. 
Kollatschny, W., and Fricke, K. J. 1984, Astr. Ap., 135, 171. 
Korovyakovskaya, A. A. 1983, Astrophysics, 19, 419. 
Larson, R. B., and Tinsley, B. M. 1978, Ap. J., 219, 46. 
Lauer, T. R., Miller, J. S., Osborne, C. S., Robinson, L. B., and Stover, 

R. J. 1984, in Instrumentation in Astronomy V {Proc. Photo-Opt. 
Instrum. Eng., Vol. 445). 

Markarian, B. E., Lipovetskii, V. A., and Stephayan, D. A. 1981, Astro- 
physics, 17, 321. 

Meltov, V. G. 1980, Soviet Astr. Letters, 6, 10. 
Meurs, E. J. A. 1982, Ph.D. thesis, Leiden Observatory. 
Miller, J. S., Robinson, L. B., and Schmidt, G. 1980, Publ. A.S.P., 92, 

702. 
Miller, J. S., Robinson, L. B., and Wampler, E. J. 1976, Advances in 

Electronics and Electron Physics, Vol. 40B (New York: Academic Press), 
p. 1018. 

Miller, R. H., and Smith, B. F. 1980, Ap. J., 235, 421. 
Negroponte, J., and White, S. D. M. 1983, M.N.R.A.S., 205, 1009. 
Nilson, P. 1973, Uppsala General Catalogue of Galaxies (Uppsala: Uppsala 

Offset Center). 
Osterbrock, D. E. 1984, Quart. J.R.A.S., 25, 1. 
Osterbrock, D. E., and Dahari, O. 1983, Ap. J., 273, 478. 
Page, T. 1970, Ap. J., 159, 791. 
Petrosyan, A. R., Saakyan, K. A., and Kachikyan, E. E. 1979, Astro- 

physics, 15, 250. 
Phillips, M. M., Charles, P. A., and Baldwin, J. A. 1983, Ap. J., 266, 485. 
Robinson, L. B., and Wampler, E. J. 1972, Pub. A.S.P., 84, 161. 
Rood, H. J. 1982, Ap. J. Suppl., 49, 111. 
Rubin, V. C, and Ford, W. K. Jr. 1968, Ap. J., 154, 431. 
Rubin, V. C, and Ford, W. K. Jr., and D’Odorico, S. 1970, Ap. J., 160, 

801. 
Sandage, A. 1978, A.J., 83, 904. 
Sandage, A., and Tammann, G. A. 1981, A Revised Shapley-Ames Catalog 

of Bright Galaxies (Washington: Carnegie Institution of Washington). 
Sargent, W. L. W. 1970, Ap. J., 160, 405. 
Shuder, J. M. 1980, Ap. J., 240, 32. 
Shuder, J. M., and Osterbrock, D. E. 1981, Ap. J., 250, 55. 
Siegel, S. 1956, Nonparametric Statistics (New York: McGraw-Hill). 
Simkin, S. M., Su, H. J., and Schwarz, M. P. 1980, Ap. J., 237, 404. 
Spiegel, J. C, and Theys, E. A. 1976, Ap. J., 208, 650. 
Stauffer, J. R. 1982û, Ap. J., 262, 66. 
 . 1982h, Ap. J. Suppl., 50, 517. 
Stockton, A. 1982, Ap. J., 257, 33. 
Stone, R. 1974, Ap. J., 193, 135. 
 . 1977, Ap. J., 218, 767. 
Sulentic, J. W., and Arp, H. 1983, A.J., 88, 489. 
Tifft, W. G. 1982, Ap. J. Suppl., 50, 319. 
Toomasyan, G. M. 1982, Astrophysics, 18, 139. 
Toomre, A., and Toomre, J. 1972, Ap. J., 178, 623. 
van der Kruit, P. C, Oort, J. H., and Mathewson, D. S. 1972, Astr. Ap., 

21, 169. 
Vorontsov-Vel’yaminov, B. 1959, Atlas and Catalogue of Interacting 

Galaxies, Part 1 (Moscow: Moscow State University) (WI). 
 . 1977, Astr. Ap. Suppl., 28, 1 (WII). 
Vorontsov-Vel’yaminov, B., and Arkhipova, V. 1964, Morphological Cata- 

logue of Galaxies, Part 2 (Moscow). 
 . 1963, Morphological Catalogue of Galaxies, Part 3 {Trudy G os. 

Astr. Inst. Shternberga, Vol. 33). 
 . 1968, Morphological Catalogue of Galaxies, Part 4 {Trudy Gos. 

Astr. Inst. Shternberga, Vol. 38). 
 . 1974, Morphological Catalogue of Galaxies, Part 5 (Moscow: 

Moscow State University). 
Vorontsov-Vel’yaminov, B., and Krasnogorskaya, A. A. 1962, Morpho- 

logical Catalogue of Galaxies, Part 1 {Trudy Gos. Astr. Inst. Shternberga, 
Vol. 32). 

Wasilewski, A. J. 1983, Ap. J., 272, 68. 
Weedman, D. W. 1977, Ann. Rev. Astr. Ap., 15, 69. 
Yee, H. K. C. 1983, Ap. J., 272, 473. 

Oved Dahari: Nuclear Physics Department, Weizmann Institute of Science, Rehovot 76100, Israel 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 


	Record in ADS

