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Astronomical Observatory Belgrade, Volgina 7, 11060 Belgrade 38, Serbia
E–mail: jkovacevic@aob.bg.ac.rs

(Received: May 11, 2011; Accepted: May 20, 2011)

SUMMARY: The spectral properties of a sample of 58 Active Galactic Nuclei
(AGN) spectra, in which emission [O III] λλ4959, 5007 Å lines are weak or totally
absent, are analyzed. In order to investigate the physical reason for the [O III]
emission suppression, the spectral properties of the weak [O III] spectra sample
are compared with the same properties of a sample of 269 spectra with the strong
[O III] lines. The spectra are obtained from Sloan Digital Sky Survey (SDSS)
Database. It is found that the objects with the weak or absent [O III] λλ4959,
5007 Å lines generally have the high continuum luminosities (log(λL5100) > 45),
that they are very rare at smaller redshifts (z < 0.3) and that they usually have
strong starburst influence. From the sample with weak or absent [O III] lines, two
boundary subgroups may be distinguished: the subgroup with a strong Hβ narrow
component and subgroup with a very weak or negligible Hβ narrow component. The
physical causes for the [O III] lines suppressing are probably different in these two
subgroups: the [O III] lines are absent in objects with strong narrow Hβ probably
because of strong starburst (SB) activity, which produces high density of the gas,
while in the objects with the negligible narrow Hβ, the reason for [O III] and narrow
Hβ suppression may be a low covering factor.
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1. INTRODUCTION

Investigation of the AGN spectral properties
and correlations between them may help in solving
some of the many open questions about AGN ge-
ometry, as well as about physical and kinematical
properties of the AGN emission regions.

There are many unexplained correlations and
trends which are found between some spectral prop-
erties in AGNs. Some of them are anticorrelations
between the equivalent widths (EWs) of the emis-
sion lines and continuum luminosity: as continuum
luminosity increases, the EWs of the majority of the
emission lines decrease (so-called Baldwin effect, see
Baldwin 1977). The physical cause of the ”Eigenvec-

tor 1” set of correlations from the paper Boroson and
Green (1992), is still an open question, as well. Some
of the correlations which are part of the Eigenvector
1 are: as EW [O III] lines decrease, the FWHM Hβ
decreases as well, but the equivalent widths of the
optical Fe II lines increase.

In addition, the optical iron lines are very in-
teresting for investigation since they correlate with
many other spectral properties, and the physics be-
hind some of these correlations are still not ex-
plained, as well as the geometrical location of the
Fe II emission region. There are indications that
Fe II lines originate in the Intermediate Line Re-
gion (ILR), because of correlations found between
the kinematical properties of Fe II lines and the ILR
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component of the Balmer lines (see Marziani and Su-
lentic 1993, Popović et al. 2004, 2009, Kovačević et
al. 2010).

On the other hand, some of the most fre-
quently analyzed lines in AGN spectra are the [O III]
λλ4959, 5007 Å lines, which are usually very promi-
nent, but in some cases, especially in narrow line
Sy1 galaxies, they may be very weak. They origi-
nate from the Narrow Line Region (NLR), and they
are a forbidden doublet. Since they arise in colli-
sional excitation, their strength depends on the tem-
perature and gas electron density ne. It is observed
that [O III] lines have very large range of equivalent
widths in AGNs, which may differ by a factor of >300
(Baskin and Laor 2005). Baskin and Laor (2005) pro-
posed that the strength of [O III] lines depends on
the covering factor, electron density of the Narrow
Line Region and ionization parameter U . The cov-
ering factor is set by the spatial distribution of the
gas in the NLR, by the angular distribution of the
illuminating ionizing radiation, and it may have the
most important role in modulating the EW [O III]
line strength (Baskin and Laor 2005). Also, EW of
[O III] lines may be an indicator of the AGN orien-
tation, with respect to the torus opening angle, i.e.
the [O III] equivalent width may be influenced by the
absorption (see Caccianiga and Severgnini 2011).

Furthermore, it is possible that the strength of
the [O III] λλ4959, 5007 Å lines varies with evolution
of AGNs. Lipari and Terlevich (2006) have explained
some properties of AGN by an ”evolutive unifica-
tion model”. In this model, the accretion arises from
the interaction between nuclear starbursts and super-
massive black hole. Thus, young AGN have compact
and faint Narrow Line Region (NLR), strong Fe II
lines and lines from the Broad Line Region (BLR)
do not have large widths. In contrast, old AGNs
have extended and bright NLR, weak Fe II lines and
the broad lines have greater velocity widths.

In this paper we analyze a sample in which
emission [O III] λλ4959, 5007 Å lines are weak or
totally absent. The question is which physical cause
is behind the weak emission or non-existence of the
[O III] lines in these spectra? We approach this
problem by analyzing the spectral properties in the
sample with weak [O III] lines (EW [O III]5007 < 5
Å). Then, the results are compared with the same
properties obtained from the sample with significant
[O III] line strength (EW [O III]5007 > 5 Å).

2. THE SAMPLE AND ANALYSIS

The sample with weak [O III] lines
(EW [O III]5007 < 5 Å) contains 58 AGN spec-
tra. From that number, 33 spectra are taken from
the sample used in the paper Kovačević et al. (2010;
hereafter K2010). The sample of the AGNs used
in K2010 is taken from SDSS (Sloan Digital Sky
Survey), Data Release 7 (for details of selection pro-
cedure, see K2010). From the 302 spectra in the
sample, only 33 of them satisfy the criteria that
EW [O III]5007 < 5 Å, while the rest of 269 spectra

have EW [O III]5007 > 5 Å.
The remaining 25 spectra (from the 58 spec-

tra sample) are chosen directly from the SDSS, Data
Release 7 (Abazajian et al. 2009) using selection cri-
teria which enable obtaining the spectra with weak
[O III] lines. The spectra are selected using an SQL
search query, with following requirements:

(i) signal to noise ratio (S/N > 15),
(ii) good pixel quality,
(iii) high redshift confidence (zConf > 0.95) and

with z < 0.7, in order to cover the optical Fe II
lines,

(iv) presence of the [O III] and the broad Hβ emis-
sion lines (EW [O III]5007 >0 and EW Hβ >0),

(v) [O III]5007/Hβ < 0.056 (in order to obtain the
sample with weak or negligible [O III] emis-
sion).
In this way, 48 spectra are obtained. All spec-

tra which have strong noise in Fe II lines, as well as
those which have EW [O III]5007 line slightly stronger
than 5 Å, are rejected. Thus, we obtained 25 spectra
with EW [O III]5007 < 5 Å. The requirements (ii),
(iii) and (iv) are the same as the search requirements
used in K2010, while the requirement (i) for the sig-
nal to noise ratio, was higher for the K2010 sample
(S/N > 20). The sample from K2010 also had addi-
tional requirement of negligible EWs of typical stellar
absorption lines in order to select the spectra with
small host galaxy starlight contribution.

For the 25 spectra obtained from the SDSS,
the same procedure as in K2010 is used for the ex-
tinction correction, continuum removing and fitting
of the lines.

The spectra are corrected for Galactic extinc-
tion using an empirical extinction function computed
for each spectrum on the basis of Galactic extinc-
tion coefficients given by Schlegel (1998). The con-
tinuum emission is subtracted by DIPSO software,
following the continuum windows given in paper
Kuraszkiewicz et al. (2002).

After that, all emission lines in λλ4400-5500
Å range (Fe II, [O III], Hβ and He II λ4686 Å) are
fitted with Gaussian functions (Popović et al. 2004).
Each Gaussian is described with 3 parameters: the
width, intensity and shift from the transition wave-
length. The iron lines are fitted by a constructed
template from the paper K2010. Hβ lines, and in
some cases narrow [O III] lines are fitted with the
sum of Gaussians, which represent the emission from
different emission regions. The different kinematical
properties of those regions are reflected in different
widths and shifts of Gaussians which fit one line. The
Hβ line is decomposed in three components: NLR,
ILR and VBLR (emission from Narrow, Intermediate
and Very Broad Line Region), and fitted with three
Gaussians. Each of the [O III] lines ([O III]λ 4959
Å and [O III]λ 5007 Å) are fitted with one Gaussian
which has the same width and shift as Hβ NLR, and
one additional Gaussian, which fits the asymmetry.
Both components of the doublet [O III]λ 4959 Å and
[O III]λ 5007 Å have the same shape, but their in-
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tensity ratio is approximately 1:2.99 (Dimitrijević et
al. 2007). The example of the fit may be seen in
papers K2010, Kovačević and Popović (2010) and
Popović et al. (2009).

The shifts and the widths of Gaussians are ob-
tained directly as fit parameters, equivalent widths
and Full Width at Half Maximum (FWHM) are
measured from the spectra, and continuum luminos-
ity is calculated using the formula given in Peebles
(1993), with adopted cosmological parameters: ΩM

= 0.27, ΩΛ = 0.73 and Ωk = 0, and Hubble con-
stant Ho = 71 kms−1Mpc−1. Procedure of emission
line decomposition, fitting of lines and obtaining the
line parameters is the same as described in K2010 in
details.

The FWHM is measured for the total [O III]λ
5007 Å line (sum of two Gaussians), and for the
broad component of the Hβ (sum of the ILR and
VBLR components).

3. RESULTS

In this section we present the main results of
the comparisons between spectral and kinematical

properties of two samples: with weak [O III] lines
(EW [O III]5007 < 5 Å) which contains 58 spectra,
and with stronger [O III] lines (EW [O III]5007 > 5
Å) which contains 269 spectra from K2010.

3.1. Comparison between the spectral
properties of two samples

Some characteristics of the two samples (with
weak and stronger [O III] lines) are compared in Fig.
1. It is interesting that the selection of spectra with
weak [O III] lines gives the spectra with high contin-
uum luminosity at 5100 Å. Namely, only 7% of spec-
tra from weak [O III] sample have log(λL5100) < 45,
while in the sample with EW [O III]5007 > 5 Å, 30%
of spectra have luminosity lower than log(λL5100) <
45 (Fig. 1, middle).

These results are in accordance with the Bald-
win effect of [O III] lines, i.e. it is expected that the
spectra with low EWs of [O III] lines have high con-
tinuum luminosities and vice versa.

Fig. 1. The distribution of AGN with respect to their [O III]5100 equivalent width (top), continuum
luminosity (middle) and redshift (bottom) in the samples with weak [O III] (left) and stronger [O III] lines
(right).
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Also, it is noticed that the selection of spec-
tra with weak [O III] lines corresponds to AGN with
z >0.3, while only 4 objects (from 58) have z <0.3
(see Fig. 1, bottom).

Furthermore, the sample with weak or absent
[O III] lines could be separated in the three sub-
groups according to the strength of the Hβ nar-
row component relative to [O III] lines: the sub-
group with significant strength of Hβ NLR compo-
nent (hereafter designated as S1), containing 17 ob-
jects, the subgroup in which Hβ NLR is absent or
at the level of noise (hereafter designated as S2),
containing 20 objects, and the rest of the objects
from the weak [O III] sample (21 objects) which have
the Hβ NLR approximately equally strong as [O III]
lines.

The subsample with the Hβ NLR component
significantly stronger than [O III] (S1) and subsam-
ple with negligible narrow Hβ component (S2) are
specially interesting since it is noticed that spectra
from these subsamples have some different charac-
teristics (see Fig. 2). The spectra from the sub-
sample with strong Hβ NLR (S1) generally have the
broad component of Hβ (ILR + VBLR) which is nar-
rower than in the spectra from the subsample with
negligible Hβ NLR (S2). Also, the Hβ broad compo-
nent does not have asymmetry in the subsample with
strong Hβ narrow line (S1), while in the subsample
in which the Hβ narrow line is negligible (S2), the
broad Hβ usually have a significant red asymmetry.
The examples of the typical spectra from the sub-
samples S1 and S2, are shown in the Fig. 2. These
two types of objects have probably different physi-
cal properties, and it is possible that the absence of
[O III] lines in their spectra is caused by different
reasons.

In order to investigate the differences between
samples with strong and week [O III] lines, as well
as between subsamples S1 and S2 from weak [O III]
sample, the possible influence of the starburst activ-
ity is analyzed. Namely, it is possible that an AGN
spectrum in an earlier activity phase is composed of
the starburst and of the central engine (pure AGN)
spectrum (Croom et al. 2002, Lipari and Terlevich
2006, Wang and Wei 2006, 2008, Mao et al. 2009,
Popović et al. 2009).

Since there are no complete measurements of
line parameters which are needed for the construc-
tion of the starburst/AGN diagnostic BPT diagram
(Baldwin, Phillips and Terlevich 1981), the criterium
R=log([O III]5007/Hβ NLR)=0.5 is adopted as an
indicator of the predominant starburst emission con-
tribution to the narrow emission lines (see Popović
and Kovačević 2011, Kovačević and Popović 2010).
Namely, we assume that objects with R>0.5 have the
AGN activity dominant, while objects with R<0.5
have dominant the starburst activity.

The distributions of the AGNs versus
R=log([O III]5007/Hβ NLR) ratio are shown in Fig.
3 for samples with strong and week [O III] lines as
well as for subsamples S1 and S2. Majority of objects
(∼3/4) from the stronger EW [O III] sample have
R >0.5, which indicates domination of AGN activity

in these objects, while approximately 1/4 of the spec-
tra from that sample have R <0.5, which indicates
the SB domination (Fig. 3, a). On the contrary, in
the weak [O III] sample, only approximately 1/4 of
the spectra are AGN dominated while majority of
objects (∼3/4) are dominated by the starburst ac-
tivity (Fig. 3, b). Considering the weak [O III] sub-
samples, the objects from the subsample with strong
Hβ NLR (S1) are all SB dominated (R <0.5) which
is shown in Fig. 3 (c), while objects with negligible
Hβ NLR (S2) have similar distribution as the sample
with stronger [O III] lines (Fig. 3, d).
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Fig. 2. The examples of the spectra with weak
[O III] and: (a) strong and (b) negligible Hβ NLR.
The Fe II template is denoted by dashed line.

3.2. Comparison between the kinematical
spectral properties

The kinematical properties (shifts and
Doppler widths) of the Hβ components (NLR, ILR
and VBLR), Fe II lines, as well as FWHM of Hβ
broad and [O III]5007, are compared between the
sample with the weak [O III] lines and the sample
with significant strength of [O III] lines.

Also, the kinematical properties are analyzed
for two subgroups with specific characteristics which
are distinguished from the sample with weak [O III]
lines, and which represent the two boundary cases
(S1 and S2 subgroups).
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(a)

(b)

(c)

(d)

Fig. 3. The distribution of the AGN versus
R=log([O III]5007/Hβ NLR) ratio for the sample
with significant [O III] strength (a), the total weak
[O III] sample (b), and subsamples S1 and S2 (c
and d, respectively). The ratio R=0.5 is denoted by
dashed line.

The average values of widths and shifts are
shown in Tables 1 and 2. Since Hβ NLR and [O III]
are inside the noise level in some objects, it was
not possible to measure their properties in the whole
sample. The properties of Hβ NLR are measured in
53 objects (17 objects from S1 and 15 objects from

S2) and the FWHM [O III] in 54 objects (15 objects
from S1 and 18 objects from S2).

It could be seen that the average FWHM of
the broad Hβ (ILR + VBLR), as well as the av-
erage Doppler widths of the Hβ broad components
separately (ILR and VBLR) in the S1 subsample
are very close to the corresponding average widths
in the EW [O III]5007 > 5 Å sample (FWHM Hβ:
∼3200 km/s, Hβ ILR: ∼1600 km/s and Hβ VBLR:
∼4400 km/s). On the other hand, the subsample
with very weak narrow Hβ (S2), has significantly
larger corresponding widths of the broad Hβ (by
approximately ∼1000 km/s) when compared to S1
and EW [O III]5007 > 5 Å samples. The average
width of the iron lines is larger in the S2, as well.
Furthermore, the S2 subsample has more redshifted
broad Hβ components (ILR and VBLR) when com-
pared to S1 and EW [O III]5007 > 5 Å sample. This
is especially emphasized in the case of Hβ VBLR
where average shift value in S2 is 2410±1390 km/s,
which is approximately ∼1300 km/s larger than in
the EW [O III]5007 > 5 Å sample, and for ∼1800
km/s larger than in the S1 subsample.

On the contrary, the average widths of the
narrow lines (Hβ NLR Doppler width and FWHM
[O III]5007) are broader in the S1 subsample (∼500
km/s for Hβ NLR and ∼1200 km/s for [O III]5007),
than in the subsample with very weak Hβ NLR (S2)
and the sample with EW [O III]5007 > 5 Å, in which
the average widths of the narrow lines are approxi-
mately the same (∼250 km/s for Hβ NLR and ∼750
km/s for [O III]5007). The narrow Hβ lines are gen-
erally more redshifted in the S1 subsample, than in
the S2 and EW [O III]5007 > 5 Å samples.

The Fe II lines are slightly more redshifted in
both the S1 and S2 subsamples (∼280 km/s), when
compared to the EW [O III]5007 > 5 Å sample (∼180
km/s).

4. DISCUSSION AND CONCLUSIONS

In this paper, the AGN spectra with weak
[O III] lines (EW [O III]5007 < 5 Å) are investi-
gated, and the spectral properties from weak-[O III]
sample are compared with the same properties from
the sample with significant strength of the [O III]
lines (EW [O III]5007 > 5 Å).

It is interesting that almost all spectra consid-
ered as having the weak [O III] lines have high lumi-
nosity (log(λL5100) > 45) and redshift higher than
0.3. Continuum luminosity is strongly correlated
with cosmological redshift in our sample because of
the selection effect since for the higher redshifts, the
objects with higher luminosity are observed. Since
it is difficult to separate luminosity from the evolu-
tionary effect in our sample, a further investigation
is necessary to check whether the weak [O III] lines
are connected with the AGN evolution.
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Table 1. The kinematical properties of the Hβ in analyzed samples.
The widths and shifts are given in km/s.

FWHM width shift
Hβ Hβ NLR Hβ ILR Hβ VBLR Hβ NLR Hβ ILR Hβ VBLR

EW [O III]5007 < 5 Å (all) 3640±1340 380±220 1815±730 4640±1440 210±190 150±190 1450±1420
S1 subsample 3270±880 500±200 1660±500 4480±1340 280±120 130±200 600±800
S2 subsample 4650±1390 220±150 2370±730 5410±1520 170±230 220±210 2410±1390
EW [O III]5007 > 5 Å 3150±1440 290±140 1550±710 4320±1440 160±130 110±240 1100±1430

Table 2. The kinematical properties of the [O III] and Fe II in analyzed samples.
The widths and shifts are given in km/s.

FWHM width shift
[O III] Fe II Fe II

EW [O III]5007 < 5 Å (all) 940±460 1560±590 250±240
S1 subsample 1210±500 1120±300 280±100
S2 subsample 790±380 2060±600 270±380
EW [O III]5007 > 5 Å 740±470 1430±440 180±300

It is found that in the sample with weak [O III]
lines, two boundary groups can been distinguished:
the spectra with weak [O III] lines but with strong
Hβ narrow lines, and the spectra with weak [O III]
lines and almost absent Hβ NLR (S1 and S2, respec-
tively).

Since these two groups have many different
spectral characteristics (they differ in widths and
shifts of the broad and narrow lines), it is possible
that objects belonging to these two groups have sig-
nificantly different kinematical and physical proper-
ties, i.e. that the reasons for weakening of the [O III]
lines in these objects have different origin.

It is possible that the main reason for the
weak [O III] lines in the S1 subsample, which has
strong narrow Hβ NLR, is a high density (ne) of
the NLR gas. Namely, if the gas density is close
to the critical density for forbidden [O III] lines, it
will result in very weak [O III] lines, because of the
collisional suppression, but it will have no influence
on Hβ NLR, since it is a pure recombination line
(Baskin and Laor 2005). On the other hand, the
high density could be a consequence of the starburst
activity, i.e. the violent star-forming events in the
nucleus (Netzer et al. 2004). The distribution of the
R=log([O III]5007/Hβ NLR) ratio for the S1 subsam-
ple supports this possibility, since all objects have
R <0.5, which is an indicator of predominant star-
burst contribution. Also, the narrow lines (especially
[O III]) which are broader in the S1 than in the S2
subsample and the sample with strong [O III] lines,
indicate higher stellar velocities, since [O III] line
width is correlated with the stellar velocity distribu-
tion in the bulge (Nelson 2000, Shields et al. 2003).

The case of the objects which belong to the
S2 subgroup is especially interesting. These objects,
which have a weak [O III] lines and almost absent
Hβ NLR lines, have very broad and significantly red-
shifted broad Hβ components, as well as the large
width of the Fe II lines. This is not in accordance

with Boroson and Green’s (Boroson and Green 1992)
Eigenvector 1 set of correlations, in which it is found
that as [O III] lines decrease, the width of the broad
Hβ decrease as well. It is possible that in the case
of the S2 subsample, the main reason for the weak
[O III] lines is the low covering factor of the NLR
gas, i.e. some kind of the disappearing NLR which
may be one phase in the AGN evolution. Namely,
the Hβ NLR lines are very sensitive to the covering
factor (Baskin and Laor 2005), which means that a
low covering factor may result in low [O III] and Hβ
NLR lines. In this sample, the majority of the ob-
jects have the AGN activity dominant, while only a
small fraction have dominant the SB activity, as well
as in the sample with strong [O III] lines.

From this investigation, the following conclu-
sions may be outlined:

(1.) The objects with the weak or absent [O III]
λλ4959, 5007 Å lines generally have high con-
tinuum luminosities (log λL5100 > 45) and
these objects are very rare at smaller redshifts
(z <0.3),

(2.) The objects with the weak or absent [O III]
lines generally have strong starburst influence,
and majority of objects in the sample are SB
dominant (∼3/4). On the contrary, in the
sample with significant strength of the [O III]
lines (EW [O III] > 5 Å), the majority of ob-
jects are AGN dominant (∼3/4), while only
∼1/4 of objects have strong SB influence,

(3.) From the objects which have weak or absent
[O III] lines, the two boundary cases may
be distinguished: the objects with strong Hβ
NLR (S1), and the objects with negligible Hβ
NLR line (S2). The objects with strong Hβ
NLR have no asymmetry in the Hβ broad
component, they have relatively broad lines
from the Narrow Line Region and they are all
starburst dominated. The objects with negli-
gible Hβ NLR line, have very broad and red-
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shifted Hβ lines (ILR and VBLR component)
and they are generally AGN dominated,

(4.) The objects with weak or absent [O III] lines
from the S1 and S2 subgroups probably have
different reasons for suppressing the [O III]
emission: the [O III] lines are absent in objects
with strong Hβ NLR probably because of the
strong SB activity which produces a high den-
sity of gas, while in the objects with negligible
Hβ NLR, the reason for [O III] and Hβ NLR
suppression may be in a low covering factor.
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Analizirane su spektralne osobine
uzorka od 58 aktivnih galaktiqkih jezgara
(AGJ) u kojem su [O III]λλ4959, 5007 Å linije
slabe ili potpuno odsutne. U ciǉu istra�i-
vaǌa fiziqkog razloga slabe emisije [O III],
spektralne osobine uzorka sa slabim [O III]
linijama su upore�ene sa istim osobinama
AGJ uzorka od 269 spektara sa znaqajnom jaqi-
nom [O III] linija. Spektri su preuzeti iz
Sloan Digital Sky Survey (SDSS) baze. Prime�eno
je da objekti sa slabim ili odsutnim [O III]
λλ4959, 5007 Å linijama uglavnom imaju vi-
soke luminoznosti kontinuuma (log(λL5100) >
45), retko se nalaze na malim crvenim po-
macima (z < 0.3) i uglavnom imaju jak uti-

caj regiona u kojima se intenzivno formi-
raju zvezde. U uzorku sa slabim [O III] li-
nijama, mogu se izdvojiti dve graniqne pod-
grupe: podgrupa sa jakom uskom Hβ kompo-
nentom i podgrupa sa vrlo slabom ili zane-
marǉivom uskom Hβ komponentom. Fiziqki
razlog slabe emisije [O III] linija u ova dva
poduzorka je verovatno razliqit: [O III] li-
nije su slabe u objektima sa jakom uskom Hβ
verovatno zbog pojaqane aktivnosti u regioni-
ma u kojima se intenzivno formiraju zvezde,
xto pove�ava gustinu gasa, dok u objektima sa
zanemarǉivom uskom Hβ linijom, razlog slabe
emisije [O III] i uske Hβ, mogao bi biti slab
faktor pokrivaǌa, tj. malo gasa u uskolinij-
skom regionu.
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