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ABSTRACT

The characteristics of the nuclear spectrum of six Seyfert 2 and LINER nuclei with low activity and strong
lines of ionized nitrogen are investigated. From the equivalent widths of the absorption lines, the age and
metallicity of the stellar population are derived. A comparison of the observed emission-line intensities with
photoionization and shock model calculations leads to the conclusion that these nuclei are photoionized by a
power-law continuum, and that the only way to reproduce the large [N 11]/Ho ratio for at least four of them
is with an overabundance of nitrogen relative to the other heavy elements.

Subject headings: galaxies: abundances — galaxies: stellar content

I. INTRODUCTION

Previous works, such as those of Burbidge and Burbidge
(1962, 1965), have shown that the emission spectrum of the
nucleus of early-type galaxies frequently presents the [N 1]
26584 line stronger than He. This relation is observed in
several Seyfert 2 galaxies and is one of the most conspicuous
characteristics of the spectrum of LINERs (Heckman 1980a, b;
Stauffer 1982a, b; Keel 1983a, b).

Although it has been concluded that the enhancement of
[N 1]/Ha is largely an excitation effect (Pagel 1983), there
are some nuclei, such as that of M51, which present higher
[N u]/Ha ratios than can be accounted for by shock or power-
law photoionization with solar abundance (Rose and Searle
1982).

In order to investigate the reason for a high [N i]/Hux ratio,
we have selected six low-activity nuclei which show [N 11]/Ha
comparable to the M51 value and have analyzed their spectra
in detail.

It is interesting to note that among the selected galaxies are
three of the nearest with Seyfert 2 nuclei, in agreement with the
result that a high [N 1]/Ha ratio is found preferentially in
nearby galaxies because it is a characteristic of the very nucleus
(Rubin and Ford 1986). If one could observe in the more
distant galaxies a region as small as is observed for the nearby
ones, the number of galaxies presenting high [N 1n]/Hu ratios
would probably be much larger than that is known today.

All the selected galaxies present strong absorption lines
which we have used to study the stellar population of the
nuclei. We have then subtracted a representative template for
the absorption spectrum and have analyzed the emission com-
ponent, using several photoionization and shock models.

II. THE SAMPLE

The selected galaxies are NGC 1358, NGC 1386, NGC 4941,
and NGC 6300, all with Seyfert 2 nuclei, NGC 3312, which is a
LINER, and NGC 7743, an intermediate case between a
Seyfert 2 and a LINER (Phillips, Charles, and Baldwin 1983;
Stauffer 1982a, b). The morphological types and the apparent
and corrected absolute magnitudes and distances (Sandage
and Tammann 1981) are listed in Table 1. The last column

! Visiting Observer, Cerro Tololo Inter-American Observatory, National
Optical Astronomy Observatories.

shows the linear dimension subtended at the galaxy by the slit
width used in the observations.

III. OBSERVATIONS

The observations were made with the 1 m telescope of Cerro
Tololo Inter-American Observatory using the Cassegrain spec-
trograph and 2D-Frutti two-dimensional photon counting
detector, originally developed by S. Schectman (Colbeck 1987).
NGC 1358, NGC 1386, NGC 6300, and NGC 7743 were
observed in 1986 September with a slit width of 8”, NGC 3312
and NGC 4941 were observed in 1987 February with a slit
width of 5”. The spectral region covered was 3600-7000 A, with
5 A resolution at 5000 A with both slits (as measured from the
full width at half-maximum of comparison lamp lines). All the
spectra were flux calibrated using standard stars from the list
of Stone and Baldwin (1983).

The spectra have been corrected for galactic absorption
(Sandage and Tammann 1981) and internal absorption due to
the inclination of the disk of each galaxy using the mean rela-
tion for each morphological type between color excess
E(B— V) owing to inclination effects and axial ratio b/a accord-
ing to Figure 8 of Bica and Alloin (1986). We have used the
interstellar reddening curve as parametrized by Seaton (1979).

IV. STELLAR POPULATION

In order to study the stellar population of the nuclei, we
have measured the equivalent widths (W) of the following
absorption lines: K(Ca 1), CN(44125), G band, Mg 1+ Mg H,
and the Balmer lines H6, Hy, and HB. The corresponding
adopted spectral windows are 3908-3952 A, 4150-4214 A,
4284-4318 A, 5156-5196 A, 4082-4124 A, 4318-4364 A, and
4846-4884 A. Table 2 shows the measured values, together
with the continuum fluxes at 4020 A and 4570 A relative to the
flux at 5870 A. The mean errors range from 10% to 20% for W
larger than 5 A, and from 30% to 40% for smaller W.

Bica (1988) has grouped nuclear spectra of Shapley-Ames
galaxies according to similar stellar population based on
equivalent widths of spectral features. Each group was synthe-
sized in terms of components in the age-metallicity plane using
a base of observed star cluster spectra, defining in this way the
templates. In this paper, we use the templates representative of
the population in the nuclei of spiral galaxies. The importance
of using these templates is to avoid the contamination of emis-
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TABLE 1
Basic DATA
Distance Slit
Galaxy Morphology B, (Mpc) My (kpc)
NGC 1358...... SBa(s)I 13.0 824 —21.6 32
NGC 1386...... Sa 12.0 30.8 —214 1.2
NGC 3312...... Sab(r) 12.7 499 —21.9 1.2
NGC 4941...... Sab(s)II 119 17.5 —20.1 04
NGC 6300...... SB(rs)b* 11.0? 18.0 -21.3 0.7
NGC 7743...... SBa 12.1 40.6 -21.0 1.6
2 Buta 1987.

sion lines, which are normally present in the spectra of spiral
galaxies. Our measured equivalent widths were then compared
with those for the templates, and, for each of the selected
nuclei, it was possible to find one template with W values
within 10% of the measured ones or two templates such that
the measured values were intermediate between those of the
two templates. Due to the fact that the spectral resolution of
the templates is 10 A, we have smoothed our data to the same
resolution before the measurements of the equivalent widths.

Based on Bica’s results from the stellar population synthesis,
we have derived the following characteristics for the stellar
population of the selected nuclei: percentage contribution of
very old stars (~10'° yr), of intermediate-age stars (10° to
5 x 10° yr), and of stars younger than 5 x 10® yr to the total
light at 5870 A. We have also obtained the maximum metal-
licity reached by the last generation of stars. Table 3 lists the
corresponding values, together with the reddening E(B—V)
necessary to make the observed continuum match that of the
selected template.

From Table 3 we can see that, for all nuclei, more than 80%
of the light at 5870 A comes from the very old stars. Also, an
intermediate-age component contributing 10% to 15% is
always present. For NGC 1358, NGC 3312, and NGC 4941,
these are the only components, but for NGC 1386, NGC 6300,
and NGC 7743, there is a small contribution from young stars.
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We can also conclude that the metallicity of the nuclei ranges
from solar to 4 times solar.

Figure 1 shows, for each galaxy, the observed spectrum, the
selected stellar population template, and the difference between
them, where only the emission component is left.

IV. THE EMISSION-LINE SPECTRUM

After subtraction of the stellar component, we have mea-
sured the emission lines, using Gaussian fits to the profiles.
Table 4 shows integrated fluxes relative to [O 1] A5007. Also
given is the absolute flux in this line and the full widths at
half-maximum (FWHM) for [O n1] 45007 and [N 1] 16584.
The FWHM values have been approximately corrected for the
instrumental profile by assuming the relation (observed
FWHM)? = (intrinsic FWHM)? + (instrumental FWHM)?.

a) Line Profiles

All line profiles are broadened relative to the instrumental
profile. NGC 1358, NGC 4941, NGC 6300, and NGC 7743
have gas velocity dispersions in the range 300-400 km s~ 1,
while NGC 1386 and NGC 3312 present larger values. It
would be interesting to observe these galaxies with higher
resolution. For NGC 1386 we have an spectrum with 3 A
resolution of the [O 1] 144959 + 5007 region, shown in Figure
2. Two components are necessary to reproduce the profiles,
one with FWHM of 520 km s~ ! and other with FWHM equal
to the instrumental value (160 km s~ !). The broad component
is displaced 162 km s~ ! to the red relative to the narrow
component, which is at rest relative to the absorption lines,
indicating a radial motion of the broad-line gas relative to the
galaxy.

b) Comparison with Photoionization Models

In order to study the physical conditions and chemical com-
position of the nuclear gas we have compared the following
emission-line ratios with values obtained from model calcu-
lations: [N 1m}(146548+ 6584)/He, [S 1](AA6717+6731)/Ha,

TABLE 2
EQUIVALENT WIDTHS OF ABSORPTION LINES AND CONTINUUM FLUXES

Galaxy K CN G band Mg Ho H Hp 24020° 45707

NGC 1358....ccevvnnennnn. 17.0 11.7 10.0 9.0 2.5 2.8e 1.0e 0.44 0.73
NGC 1386.......ccccnnnnnnn. 132 10.2 8.9 7.1 5.1 5.1 2.8¢ 0.63 0.84
NGC3312....ccvvvinnennnn 18.3 10.5 9.5 8.2 39 4.1 2.9e 0.44 0.77
NGC4941.........cceennn. 17.2 12.1 104 7.2 4.0 3.4e 2.9¢ 0.64 0.94
NGC 6300......ccccevennnnnn. 130 10.5 9.1 6.5 3.1e 5.6 43 0.67 0.95
NGCT7743...ccevivinenan. 13.4 10.6 8.0 5.8 74 8.0 5.8 0.61 0.85

NoTE.—e¢, contaminated by emission.

2 Continuum flux relative to the value at 5870 A.

TABLE 3

PERCENT CONTRIBUTION OF POPULATIONS OF DIFFERENT AGES, MAXIMUM METALLICITY AND INTERNAL
REDDENING OF THE NUCLEI

Galaxy 101° yr 10° + 5 x 10° yr <5x10%yr  log(Z/Z,) E(B—V)
NGC1358...cccvviniiinnnnn. 88 12 0.6 0.12
NGC 1386......ccnvvennnn... 84 13 3 03 0.05
NGC3312....ccceviinninnnn. 88 12 . 0.3 0.05
NGC4941...........ooeet 87 13 . 03 0.10
NGC6300..........c.cennne 84 12 4 0.3
NGCT7743....ccvvviniiinnnn 82 12 6 0.0 0.05
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TABLE 4
EMISSION-LINE INTENSITIES

NGC NuUMBER

LINE 1358 1386 3312 4941 6300 7743
[O u] 43727 387 + 4.5 177+ 14 209.8 + 21.1 257 +2.0 279 + 3.0 59.5+ 7.3
[Ne 1] 13869 9.1+ 18 63+ 1.1 63+0.8 112 +48 318 + 64
] 138 + 3.1 6.2+ 0.6 41.6 + 8.6 74+ 1.1
[O mr] 24959 348 + 3.3 36.7 + 2.0 534 + 103 359 +22 343 +72 533 +19.3
[Om] 45007 ............. 100 100 100 100 100 100
[N1]A5198 .............. 19.3 + 10.1 41+22
[O1]46300 .............. 61+24 859 + 248 28+ 138
[N1]26548 ............. 27.6 + 38 179 + 1.2 100.1 + 09.4 19.2 + 3.3 19.1 +45 70.6 + 4.6
Ha oo 443 +3.7 44 +12 2228 +21.9 50.0 + 3.3 280 + 5.0 110.1 + 6.6
[N lq 26584 ............. 79.0 + 3.6 569 + 1.6 303 + 28.4 73.7 + 3.9 949 + 6.3 2328 + 5.7
[Sul oo 347 + 100 238 +26 199.0 + 63.4 32.1+ 64 366 + 107 1484 + 193
F(AS007)° oo 1956 £57 7921+ 143 576+ 68  4200+80 2055+138 574462
F WHM(115007): --------- 360 + 20 570 + 20 500 + 110 270 + 10 340 + 50 480 + 100
FWHM(16584)° ......... 350 + 20 450 + 20 680 + 090 340 + 30 280 + 40 340 + 10

2 Sum of 146717 and 16731.
b Observed flux in units of 10~ !5 ergscm ™25~ 1.
¢ Full width at half-maximum in kms ™.

[N ul/[S u], [O u](A43726+3729)/{O m1], and [N mu]/
([O u]+[O m]). All these ratios have been corrected by
reddening assuming that a value of Ha/Hp larger than the case
B recombination value is due to internal absorption. Neverthe-
less, only the last two ratios are affected by reddening, and the
main results of this work do not depend on its value.

First we have used the photoionization code CLOUDY
(Ferland and Truran 1980; Ferland and Netzer 1983) for con-
stant density nebulae photoionized by a nonthermal contin-
uum having the form:

f;z =" eXp (_ v/vhigh cut) exp (_ Diow cu'/v) .

The models which better represent the observed values have
the following parameters: & = — 1.5, Vpign ¢y = 10'° Ry (~10"*
eV), and v,,,, ., = 0 eV. Since the observed relative intensities
of the [S 1] lines 1(6731)/1(6717) is ~1 (Fig. 1), and the critical
density for the [N 1] lines is 8 x 10* cm ™3, we have adopted
two representative values for the gas density: N, = 10° cm ™3
and N, = 10* cm™3. The ionization parameter was restricted
to 1073°5<U<10"% for N,=10* cm™® and
1073 < U <1072 for N, = 103 cm ™3 in order to reproduce
the observed [O n]/[O mr] ratio. The corresponding total
hydrogen column densities are n, = 2.4 x 102° cm~2 for N, =
10*cm™3and U = 1073%; n, = 7.5 x 102° cm 2 for the same
N, and U =10"3; and n, = 3.8 x 102° cm~2 for N, = 10?
cm *and U = 1073,

Figure 3 shows four diagrams involving intensity ratios of
the strongest emission lines observed in the spectra. The dia-
grams present the observed values, together with the model
values which best reproduce them. As a reference, we have also
plotted the intensity ratios observed in the nucleus of MS51
(Rose and Searle 1982), M81 (Peimbert and Torres-Peimbert
1981), and M87 (Stauffer and Spinrad 1979), which also show
high [N 1]/Ha ratios.

We have verified that, for solar abundance models, a change
in U and N, produces essentially an horizontal displacement in
the diagrams, that is, only a change in the [O 1]/[O m1] ratio.
The ratios [N 1n]/Ha, [N n]/([O u]+[O ml]), [S n]/Ha,
[N 1r]/[S u] are practically insensitive to this change. We have
also investigated the effect of varying the spectral index: for

o = — 1, with cutoff at 100 Ry, the [N 11]/Ha values are slightly
higher than for o« = — 1.5, but not enough to reproduce the
observed ones. The [N 11]/([O 1] +[O mi]) ratio for . = —1is
almost the same as that for « = —1.5. In order to try to repro-
duce the high observed [N 1] intensities, we enhanced the
abundances of all the heavy elements by a factor of 2: the result
is a very small increase in [N 1]/Ho and no change in
[N m]/[O 1]+ [O ui]). This suggests that, in order to repro-
duce the observed ratios, nitrogen should be overabundant
relative to oxygen. We have then computed models with nitro-
gen 3, 5, and 10 times solar and solar abundance for the other
elements which are shown in Figures 3a-3d. From the figures,
it can be seen that the galaxies NGC 1358, NGC 6300, NGC
7743, M81, and M87 have nitrogen abundance 3 times solar;
M51, 5 times solar; NGC 3312 ~2 times solar; NGC 1386 and
NGC 4941 have a nitrogen abundance between solar and 2
times solar. An overabundance of nitrogen has been also pre-
viously found for M51, M81, and M87 (Rose and Searle 1982;
Peimbert and Torres-Peimbert 1981; Stauffer and Spinrad
1979).

All the galaxies in our sample show [S 1]/Ha higher than
calculated in the solar abundance models (line in Fig. 3c) and
[N 1]/[S 1] about equal to the solar abundance case (Fig. 3d).
In order to understand this apparent contradiction, we have
calculated two models with sulfur overabundance of 2 and 5
times solar plotted in Fig. 3¢ as open circles. It can be seen that
these models can reproduce the observed values. indicating
that sulfur could be also overabundant.

We have obtained similar results, concerning the nitrogen
abundance, using the photoionization code of Gruenwald and
Pequignot (1987) for the same range of input parameters as
used for CLOUDY. We also tested an integrated model
(Viegas-Aldrovandi and Gruenwald 1988) considering the con-
tribution of clouds of different densities following a distribu-
tion law f(n) oc n~? for 102 < n < 10° cm ™2 with a blackbody
of 10° K as the ionizing source. The models which best repro-
duce the observations have b = 3, which means that the low-
density clouds dominate the contribution to the line fluxes.
This last model, with nitrogen abundance solar and 2 times
solar, is also plotted in the diagrams as filled squares. One
interesting aspect of this model is that it can reproduce the
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FIG. 3.—(a)-(d) Emission-line ratios: (open losengles) observed values; (filled circles) reference galaxies, (crosses) Ferland photoionization models with « = 1.5,
N, =10*cm ™3, U = 1073 (left), U = 10~ 3% (right). Solar abundances for all elements except nitrogen: solar (bottom), 3 times solar, 5 and 10 times solar (top); (open
circles) Ferland models with U = 1072 and N, = 10% cm; (filled squares) integrated photoionization models with solar (bottom) and 2 times solar abundance of
nitrogen (top); (dashed line) shock wave integrated models from low-velocity dominating clouds (leff) to high-velocity dominating clouds (right). (c) Points for sulfur
abundance: solar, 2 times solar, and 5 times solar (open circles). Average error bars are shown in upper right corners.

observed values of [S 11]/Ha with solar abundance of S/H and
the observed [N 1]/[S 1] with N/H 2-3 times solar. This sug-
gests that in these nuclei the observed [S 1]/Ha could be due to
the presence of a distribution of clouds of different densities
rather than an overabundance of sulfur. In fact, a wide range of
electron densities has been previously found in other active
galactic nuclei (Filippenko and Sargent 1988; Filippenko and
Halpern 1984). Also, for NGC 1386, we found that the [O 1]
emission-line region is composed of two different zones (§ Vc).

Integrated shock models assuming the contribution of
clouds of different velocities following the distribution
f(w)ocv™? for 100 < v < 600 km s~ ! were also investigated
(Viegas-Aldrovandi 1988). Figures 3a-3d also show these
models for —10 < b < 10 (dashed lines) where it can be seen
that they give [N 1]/Ha ratios near the observed ones when
low-velocity clouds dominate (b = 10) but fail to reproduce all
the other observed ratios. We also checked the results of com-
posite models, taking into account both shocks and photoion-
ization (Viegas-Aldrovandi and Contini 1988) and have found
that the models with [O 11]/[O 1] ratio similar to the observed
ones have [N 1]/Ha < 1.

VI. CONCLUSIONS

We have studied the spectra of six low-activity nuclei with
[N u]/Ha ratios larger than one. From the equivalent widths
of the absorption lines we have selected one template spectrum
representative of the stellar population of each nucleus. From

previous results of spectral synthesis for these templates, we
have concluded that the stellar population is mostly very old
(10 yr), and five of the observed galaxies have metal abun-
dance higher than solar. We subtracted the stellar background
from the spectra and measured the intensity of the emission
lines by fitting Gaussians to the profiles. All the lines are
broader than the instrumental profile. We have compared the
relative ratios of the emission lines with values obtained from
photoionization and shock models and found that our gal-
axies, as well as M51, M81, and M87, span a large range in
nitrogen abundance from solar to 5 times solar. According to
this, we suggest that the scatter in the diagrams involving the
[N ]/Ha ratio of Seyfert 2 and LINER galaxies (for example,
Terlevich and Melnick 1985) is due to this range in nitrogen
abundance. It remains to be investigated if the overabundance
of nitrogen in our galaxies is confined to the nucleus or is a
general property of the whole galaxy.
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