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RESUMEN. Se presentan modelos de las regiones de lineas de emisidn an-
gostas en los nlcleos activos de galaxias. Los modelos estadn construidos
considerando que las nubes de emisid6n tienen diferentes densidades y que
la intensidadde la 1inea estd calculada de acuerdo a la funcidén de distri-
bucidén de las densidades de la nube. Una comparacidn entre los cocien-
tes de lineas observadas y calculadas nos muestra que la presencia de
electrones relativistas es importante y que puede mejorar los cocientes
tedricos calculados por los modelos de ionizacién.

ABSTRACT. Models for the narrow emission lines regions of active
galactic nuclei are presented. Models are constructed considering
that the emitting clouds have different densities and the line
intensities are calculated assuming a distribution function of the
cloud densities. A comparison between the observed and calculated
line ratios shows that the presence of relativistic electrons is
important and can improve the theoretical ratios calculated by
photoionization models.
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I. INTRODUCTION

Relativistic electrons are present in galactic nuclei showing radio emission.
After losing part of their energy by synchroton emission, these electrons may affect the
physical conditions of the photoionized gas and the emission line intensities. Some systematic
differences between the emission line spectra of radio galaxies and Seyfert galaxies have bYeen
pointed out by Cohen and Osterbrock (1981) and Grandi and Osterbrock (1978). The presence or
not of high energy particles in these nuclei may contribute to the differences.

An estimate of the effect of relativistic electron on the emission lines has been
obtained by Cesar et al. (1985) considering an optically thin photoionized cloud. Recently,
Gruenwald and Viegas-Aldrovandi (1986) presented a grid of models taking into account the
coupled effect of photoionization and relativistic electrons on the physical conditions of an
optically thick cloud.

Since observations indicate that the narrow emission line region is composed by
several emitting filaments with different densities, the observed emission lines result from
the integrated emission of all clouds. So that, in this paper we present integrated models for
the NLR of active nuclei considering a distribution of cloult-densities and taking into account
the effect of photoionization and relativistic electrons, The theoretical line intensity
ratios are compared to the observed ratios.
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II. INTEGRATED MODELS

Some integrated models for Liners have been presented by Binette (1985). In fact,
these\models represent a continuum in the value of the ionization parameter, U. However, the
grid of- single models on which the integrated models are based have been calculated assuming a

-3
constant hydrogen density equal to 400 cm . Since most of the forbidden lines are sensitive

3 -3
to densities higher than 100 cm , the presence of clouds with different densities can highly
affect the results obtained by an integrated model. So that, our calculations have been
performed considering this fact.

For each value of the ionization parameter, U, the emission line fluxes are
obtained considering a weight function which represents the density distribution of the
clouds. The single models have been given by Gruenwald and Viegas-Aldrovandi (1986) for

2 3 4

densities nH = 10,10 ,10 ,105 and 106cm—3. Line fluxes for intermediate densities have been

obtained by interpolation. We assumed a power-law distribution (ch;b) characterized by a

power index 0. < b < 3. Larger values of b do not change the results since for b = 3 most of
the emission comes from the low density clouds. On the other hand, when compared to
observations the results shown that there are a few number of active nuclei characterized by
small value of b, which corresponds to a greater number of high density clouds relative to the
number of low density clouds, so that, b = 0. is a good limit.

III. RESULTS

The fluxes of the more important emission lines have been calculated on basis on
the integrated models described above. We consider single models given by Gruenwald and

3
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Viegas-Aldrovandi (1986) for U = 10 2,10 and 10 ecm/s, 10 < n, < 106cm 3 and excitation

H
5

parameter characterizing the flux of relativistic electrons ¢|nH = 0 and 10 cm/s. The

ionizing radiation spectrum is composed by ultraviolet and x-ray power law with auv = 2.5 and

ax = 1.7, respectively.

From the comparison between the theoretical and observed line ratios the importance
of the relativistic electrons can be verified and the information on the density distribution
of the emitting clouds can be obtained.

Following Stasinska (1984) several diagnostic diagrams have been plotted. The
observational data have been taken from: Cohen (1983), Cohen and Osterbrock (1981), Costero
and Osterbrock (1977), De Robertis and Osterbrock (1986) Grandi and Phillips (1979), Grandi and
Osterbrock (1978), Koski (1978), Osterbrock et al. (1976), Phillips and Osterbrock (1975),
Shuder (1980), Shuder and Osterbrock (1981).

An example of such diagnostic diagrams is ghown in Fig. 1, where the ratios
[OIII] 5007 + 4959/HB and [OIII] 5007 + 4959/[0II] 3727 are plotted. Dotted and solid lines

5
correspond to integrated models considering ¢|nH = 0 and 10 cm/s, respectively. The curves

-2 -3 -4
are .labelled A, B and C corresponding to U = 10 , 10 and 10 , respectively, and are

parametrized by the values of the index of the power law distribution, b. The arrows
indicate the direction of the increasing b and the ticks correspond to b = 0.5 and 1. Dashed

and dotted-dashed curves correspond to models with b = 0. or 3. and 10_4 <U< 10 2cm/s. The
observed objects are grouped following the radio emission. From this Figure, the presence of
relativistic electrons enlarges the area of theoretical ratios allowing a better fit to
observations. Most of the galactic nuclei are concentrated in the region characterized by

-3 -2
10 <U<10 and 1. <b < 3..
As pointed out previously (Gruenwald, Viegas-Aldrovandi, 1986) the main effect of

the relativistic electrons is the gas heating and an enlargement of the transition zone where
low excitation lines are produced. Due to the temperature effect, some of the line ratios are
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Fig. 1. [0II1I]5007 + 4959/HB versus [0 III]5007+ 4959/[011]3727. Obser-
vational data: @O radiogalaxies, A Seyfert galaxies.

better fitted to observations when including relativistic electrons, as illustrated in Fig. 1.
However, since all the models correspond to radiation-bounded clouds, some of the low
excitation line intensities are too intense ([NII] 6584 + 6584,[0I] 6300 + 6363,

[SII] 6716 + 6731) and the presence of realistic electrons may worsen the theoretical ratios.
In these cases a matter-bounded model could be better to fit to observations and even more
realistic, i.e., models stopping for values of neutral hydrogen abundance, nHo/nH, less than

0.95. Models considering matter-bounded filaments are in preparation. However, since the

integrated models are composed by filaments of different densities, the value of nHo/nH at the

low ionization edge may be different and models considering the same nHo/nH can only provide an

estimate on the low excitation line ratios. A more accurate calculation could be obtained and
the real influence of relativistic electrons shown, by comparing theoretical results to
observations of individual objects instead of a large sample of them.
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