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Low Luminosity Quasi Stellar Objects: intermediate luminous AGNs
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Diagnose the ionizing source within a galaxy 
(Baldwin, Philllips and Terlevich, 1981)

Excitation degree
HII regions

AGN

LINER

BPT, Diagnostic Diagram

 Theoretical ‘maximum starburst (red) line’ from Kewley et al. 
(2001) 
 The star formation/demarcation (blue dashed) line from Kauffmann 

et al. (2003)
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~ 90 optical spectroscopic data from Hamburg/ESO survey (Wisotzki et al 2000)
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The nearby low-luminosity QSO sample

 redshift z < 0.06 

~ 90 optical spectroscopic data from Hamburg/ESO survey (Wisotzki et al 2000)

~ 50 additional optical spectroscopic data from 6 Degree Field Galaxy Survey 
(6DFGS)  (Jones et al 2004)

 seyfert type -1
 flux limit Bj < 17.3
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Analysis of the Balmer components

 broad FWHM > 2000 km/s  

 narrow FWHM ~ 500 km/s

Colina, 1991: Accretion disk candidate.

Perez, 1988; Halpern, 1990: Models of 
relativistic accretion disk around a 
SMBH. 

Double broad component Double narrow component

“Super-winds” 
indicator?

Strateva, 2006
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Classification of the galaxies
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40 3. Optical spectroscopic studies on the Low Luminosity Quasi Stellar Objects sample

[O iii]/Hβ versus [N ii]/Hα [O iii]/Hβ versus [S ii]/Hα [O iii]/Hβ versus [O i]/Hα
6dFGS HES 6dFGS 6dFGS

No of targets 44 59 29 36
No of Seyfert 32 33 16 30

No of Starburst 5 18 12 5
No of LINERs 1 0 1 1

No of Composites 6 8 0 0

Table 3.2: Statistics of the sample using both data sets (6dFGS, HES) in order to justify the differences
in classifications.

All these diagrams show that the LLQSOs sample need to populate the [O iii]/Hβ high
excitation region of the diagram, and do not have a significant contamination to the most
populated regions of the H ii and LINER branches. Table 3.2 details the number of the
studied sources and their classification. In terms of the 6dFGS [O iii]/Hβ versus [N ii]/Hα
diagram 72.7% of the galaxies are classified as AGN, 11.3% as starburst galaxies, 2.3%
as LINERs and 13.7% of the sources are lying in the composite part of the diagram (see
Figure 3.10). According to the HES results the percentages are the following: 56% AGN,
30.5% starburst galaxies and 13.5% composite galaxies. Interesting feature is the fact
that no galaxy was classified as LINER in the HES results (see also Figure 3.9).

The number of the galaxies with H ii classification (about 11.3% and 30% in 6dFGS
and HES, respectively) is remarkably high, especially according that the sources were
selected to be Seyfert type - 1. This implies that 18 sources will have to be re - classified
in the catalog, as most of these sources were not showing broad component, which is
confirmed by their spectral profiles.

It is also interesting to note how poor is the LINER contribution of the sample. Only
one source is classified as such, base on the 6dFGS spectra. This indicates two main facts:
first, that there are no AGN with low ionization parameter U = ionizing photon flux per
unit area / (hydrogen density * c) (Ho et al. 1993; Rupke et al. 2007); and the fast shocks,
which are also believed to be responsible for the LINER activity (Dopita & Sutherland
1995) are not important in the sample.

On the other hand, the LINER - H ii transition may be explained with a Wolf - Rayet
starburst phase with high density gas and metallicity above solar (Barth & Shields 2000).

The classification derived (in %) by the [S ii]/Hα and [O i]/Hα diagrams of the 6dFGS
sample is different with respect to that of the [N ii]/Hα. This can be explained on two
different reasons. First, the total number of galaxies classified on each diagram is different,
as the sources with weak emission lines were neglected. Second, the three BPT diagrams
are not equally sensitive to the physical processes taking place here. For instance, the
[N ii]/Hα and [S ii]/Hα diagrams are more sensitive to star formation then the [O i]/Hα
one, which is proved to be more sensitive to shocks.

Cross - matching sources
The comparison between the two data sets justified some differences on the taxonomy
of the objects. In particular, some galaxies, whose spectra were taken from HE survey,
lie on the composite branch of the standard optical diagnostic diagram. On the other
hand, the 6dFGS classes them as either as Seyfert galaxies or as star forming regions.
The objects analyzed in both surveys were selected to be over plotted in a common

All sources

3.4. Results and Discussion 41

diagnostic diagram for each of the three line ratios ([N ii]/Hα versus [O iii]/Hβ, [O i]/Hα
versus [O iii]/Hβ, [S ii]/Hα versus [O iii]/Hβ) aiming to diagnose the differences in their
taxonomy. Furthermore, another criterion for this selection was the clear detection of the
lines in both surveys. The results are presented in Table 3.3 and in Figure 3.11. The
[N ii]/Hα versus [O iii]/Hβ diagram is dominated by 65.6% of AGNs accordingly to the
6dFGS observations and 59.4% accordingly to the HES observations. In this diagram the
percentage of the starburst galaxies is 18.8% for the 6dFGS and 25% for the HES while the
composite galaxies are 12.5% for 6dFGS and 15.6% for the HES. One galaxy is classified
as LINER for the 6dFGS while the HES results no LINERs. Some small differences in the
classification between both catalogs could be explained by the uncertainties. However, in
some cases, the same object show large differences in the excitation degree (up to ∼ 0.5
dex in [N ii]/Hα), which could only be explained by an observational effect (see section
4.1). Thus, key result drove our studies in to another project which is described in next
section 4.1.

[O iii]/Hβ versus [N ii]/Hα
6dFGS HES

No of targets 32 32
No of Seyfert 21 19

No of Starburst 6 8
No of LINERs 1 0

No of Composites 4 5

Table 3.3: Statistics of the cross-matching sources. They are classified differently depending on the
survey.

3.4.2 Analysis of the broad component
Broad emission lines are one of the main feature of many AGN spectra. As it is already
mentioned in the chapter 2.2.2 the BLR plays an important role in our understanding of
AGNs due to the fact that it comes from the central source. The widths of AGN broad
lines range from a minimum of FWHM≈ 500 km/s to FWHM≈ 104 km/s, with typical
values FWHM≈ 5000 km/s. The distributions of the Hα and Hβ broad components
for both surveys are shown in Figures 3.12 and 3.13 for HES and 6dFGS, respectively.
Both lines trace the rotating material around the central machine of an AGN, but their
relative strength differs. In the majority of our sample, the objects were detected with an
average FWHM of ∼ 500 km/s in the narrow components (Hα and Hβ) in both surveys,
while the Hβ component appear to be broader than Hα component in both cases. This
is consistent with previous studies i.e (Colina et al. 1991). The Hα broad component of
both surveys and Hβ broad component of HES appears to have a Gaussian distribution
profile. Most of the sources have a FWHM > 2000 km/s which is a solid probe for their
classification since they were selected to be Seyfert type 1. Comparing the Hα broad
components between the two data sets, the peak in the histogram of the HES is at 4000
km/s, in contrast to 6dFGS distribution where most of the sources have a FWHM ∼ 2000
km/s (see also Figure 3.12a and 3.13a). The FWHM of the Hβ broad components ranges
from 2000 km/s up to 10000 km/s, but they do not show a clear peak in the statistics of
both surveys. Interesting seems to be the fact that a significant number of the sources (4

Cross matching sources

6

5
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Motivation for the aperture effect study
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Simulations of the aperture effect

Initial conditions:

 Circular symmetry (face-on galaxy).
 Pixel scale: 0.1 ”/pixel.
 3 concentric emission line regions, nucleus (3% of the galaxy size, ∼ 0.6 kpc), bulge (22% of the 

galaxy size, ∼ 4.7 kpc) and disk (75% of the galaxy size, ∼ 16.1 kpc).
 Disk dominated.
 Emitted line flux = constant. 
 Slit size (HES) = 2” x 2” - ‘seeing disk’, 

fibre size (6DFGS) = 6.7” and fibre size (SDSS) = 3”.
 nearby galaxy (i.e. z = 0.02).

The galaxy The slit The fiber

Aim: further studies on different galaxies’ cases
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Seyfert - 2, tracing ionization cone
64 4. Simulating the Aperture Effect
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Figure 4.8: The classification diagram of a simulated local galaxy (z = 0.02) consisting of three emission
regions, nucleus, bulge and disk. (a) The initial conditions for the nucleus of the galaxy were selected
to classify it in the H ii of the optical diagnostic diagram. The bulge of the present galaxy is located in
the pure star forming branch, while the disk was chosen to be dominated by star formation. (b) The
classification of the integrated galaxy (green point) according to HES (blue point), 6dFGS (yellow point)
and SDSS (red point) observations. The red line is the theoretical maximum starburst limit. Galaxies that
lie below the star formation demarcation green dashed line are classified as H ii regions-like galaxies.
The galaxies that lie between the two classification lines are on the AGN-H ii mixing sequence and are
sorted as composite galaxies. The sources that classed above the red line are classified as AGNs. The
dark cloud represents thousands of galaxies from previous studies by Kewley et al. (2006) observed by
SDSS (3 arcsec fiber). See also Table 4.3.

the initial exotic conditions of the three regions were chosen, but also because of the
dissimilar classification outcome (AGN, composite, Starburst) for all three instruments.
This model could be representative of galaxies with an extra nuclear ionization cone and
a dusty nucleus. The contribution of each emission line is presented in Table 4.3 for both
pixel to pixel and integrated galaxy. In Table 4.3a, we can conclude from the percentages
that the nucleus is dominated in the three emission lines (Hα, [O iii], Hβ), but in [N ii]
line the bulge is dominated. Concerning the integrated galaxy, the disk dominates all
galaxy emission (consistently with the results shown in Figure 4.8).

Another good example of a simulated galaxy is presented in Figure 4.9. In this case the
nucleus of the model galaxy dominated by Seyfert/AGN activity, the disk is dominated
by H ii regions, while the conditions of the bulge are described by composite activity (see
also Figure 4.9a). The classification of such a galaxy is given in Figure 4.9b, where the
integrated galaxy shows starburst activity. However, observations with all three instru-
ments (HES, 6dFGS, SDSS) lead to an AGN galaxy, with the largest aperture (6 arcsec,
6dFGS) to be close to the maximum starburst limit (see red line in Figure 4.9b). Also,
the percentages of each emission lines input are given in Table 4.4. The relative pixel to
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Figure 4.8: The classification diagram of a simulated local galaxy (z = 0.02) consisting of three emission
regions, nucleus, bulge and disk. (a) The initial conditions for the nucleus of the galaxy were selected
to classify it in the H ii of the optical diagnostic diagram. The bulge of the present galaxy is located in
the pure star forming branch, while the disk was chosen to be dominated by star formation. (b) The
classification of the integrated galaxy (green point) according to HES (blue point), 6dFGS (yellow point)
and SDSS (red point) observations. The red line is the theoretical maximum starburst limit. Galaxies that
lie below the star formation demarcation green dashed line are classified as H ii regions-like galaxies.
The galaxies that lie between the two classification lines are on the AGN-H ii mixing sequence and are
sorted as composite galaxies. The sources that classed above the red line are classified as AGNs. The
dark cloud represents thousands of galaxies from previous studies by Kewley et al. (2006) observed by
SDSS (3 arcsec fiber). See also Table 4.3.

the initial exotic conditions of the three regions were chosen, but also because of the
dissimilar classification outcome (AGN, composite, Starburst) for all three instruments.
This model could be representative of galaxies with an extra nuclear ionization cone and
a dusty nucleus. The contribution of each emission line is presented in Table 4.3 for both
pixel to pixel and integrated galaxy. In Table 4.3a, we can conclude from the percentages
that the nucleus is dominated in the three emission lines (Hα, [O iii], Hβ), but in [N ii]
line the bulge is dominated. Concerning the integrated galaxy, the disk dominates all
galaxy emission (consistently with the results shown in Figure 4.8).

Another good example of a simulated galaxy is presented in Figure 4.9. In this case the
nucleus of the model galaxy dominated by Seyfert/AGN activity, the disk is dominated
by H ii regions, while the conditions of the bulge are described by composite activity (see
also Figure 4.9a). The classification of such a galaxy is given in Figure 4.9b, where the
integrated galaxy shows starburst activity. However, observations with all three instru-
ments (HES, 6dFGS, SDSS) lead to an AGN galaxy, with the largest aperture (6 arcsec,
6dFGS) to be close to the maximum starburst limit (see red line in Figure 4.9b). Also,
the percentages of each emission lines input are given in Table 4.4. The relative pixel to

z = 0.02

AGN
SB

SB
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Typical Seyfert - 1 with composite bulge
66 4. Simulating the Aperture Effect
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Figure 4.9: The classification diagram of a simulated local galaxy (z = 0.02) consisting of three emission
regions, nucleus, bulge and disk. (a) The initial conditions for the nucleus of the galaxy were selected to
classify it in the AGN part of the optical diagnostic diagram. The bulge of the present galaxy is located
in the pure star forming branch, while the disk was chosen to be dominated by star formation. (b) The
classification of the integrated galaxy (green point) according to HES (blue point), 6dFGS (yellow point)
and SDSS (red point) observations. The red line is the theoretical maximum starburst limit. Galaxies that
lie below the star formation demarcation green dashed line are classified as H ii regions-like galaxies.
The galaxies that lie between the two classification lines are on the AGN-H ii mixing sequence and are
sorted as composite galaxies. The sources that classed above the red line are classified as AGNs. The
dark cloud represents thousands of galaxies from previous studies by Kewley et al. (2006) observed by
SDSS (3 arcsec fiber). See also Table 4.4.

4.2.4 Aperture effect at high redshift: Cosmological implications

Despite the fact that our LLQSOs sample consists only of nearby galaxies (z < 0.06), the
observations of high redshift galaxies are of high importance in astronomy. Galaxies at
high redshift like z=8.5 have already been observed these days. The understanding of the
possible impact of the aperture effect while studying galaxies at redshifts higher than 0.1
is the topic of the current section.

The results of high redshift galaxies (0.1 < z ≤ 7) are directly compared to those of
local galaxies (z ≤ 0.1). The symmetry of the galaxies that is applied in this section is
circular (Figure 4.11). According to the studies of Kewley et al. (2006), the majority of
the local galaxies included in the SDSS sample, do not present extreme behaviors in the
diagnostic diagrams, hence this study is focused on ’normal’ excitation conditions.

In this section we deal with a model of a representative galaxy of our nearby LLQSOs
sample almost similar to the case of Figure 4.7, placing it at higher redshifts without
any consideration of evolution. The standard optical diagnostics diagrams for each ob-
servational technique similar to HES (seeing disk aperture size), SDSS, and 6dFGS are
presented in Figures 4.11a, 4.11b, 4.11c, respectively. In the optical diagnostic diagrams
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Figure 4.9: The classification diagram of a simulated local galaxy (z = 0.02) consisting of three emission
regions, nucleus, bulge and disk. (a) The initial conditions for the nucleus of the galaxy were selected to
classify it in the AGN part of the optical diagnostic diagram. The bulge of the present galaxy is located
in the pure star forming branch, while the disk was chosen to be dominated by star formation. (b) The
classification of the integrated galaxy (green point) according to HES (blue point), 6dFGS (yellow point)
and SDSS (red point) observations. The red line is the theoretical maximum starburst limit. Galaxies that
lie below the star formation demarcation green dashed line are classified as H ii regions-like galaxies.
The galaxies that lie between the two classification lines are on the AGN-H ii mixing sequence and are
sorted as composite galaxies. The sources that classed above the red line are classified as AGNs. The
dark cloud represents thousands of galaxies from previous studies by Kewley et al. (2006) observed by
SDSS (3 arcsec fiber). See also Table 4.4.

4.2.4 Aperture effect at high redshift: Cosmological implications

Despite the fact that our LLQSOs sample consists only of nearby galaxies (z < 0.06), the
observations of high redshift galaxies are of high importance in astronomy. Galaxies at
high redshift like z=8.5 have already been observed these days. The understanding of the
possible impact of the aperture effect while studying galaxies at redshifts higher than 0.1
is the topic of the current section.

The results of high redshift galaxies (0.1 < z ≤ 7) are directly compared to those of
local galaxies (z ≤ 0.1). The symmetry of the galaxies that is applied in this section is
circular (Figure 4.11). According to the studies of Kewley et al. (2006), the majority of
the local galaxies included in the SDSS sample, do not present extreme behaviors in the
diagnostic diagrams, hence this study is focused on ’normal’ excitation conditions.

In this section we deal with a model of a representative galaxy of our nearby LLQSOs
sample almost similar to the case of Figure 4.7, placing it at higher redshifts without
any consideration of evolution. The standard optical diagnostics diagrams for each ob-
servational technique similar to HES (seeing disk aperture size), SDSS, and 6dFGS are
presented in Figures 4.11a, 4.11b, 4.11c, respectively. In the optical diagnostic diagrams

z = 0.02

Comp
AGN

SB



10th Hellenic Astronomical Conference 
Evangelia Tremou, September 5th 2011

4.2. Studies on the Aperture Effect 67

−2.0 −1.5 −1.0 −0.5 0.0 0.5
log([NII]6584/H!)

−1.0

−0.5

0.0

0.5

1.0

1.5

lo
g(
[O
III
]5
00
7/
H"

)

(a)

−2.0 −1.5 −1.0 −0.5 0.0 0.5
log([NII]6584/H!)

−1.0

−0.5

0.0

0.5

1.0

1.5

lo
g(
[O
III
]5
00
7/
H"

)

(b)

Figure 4.10: The classification diagram of a simulated local galaxy (z = 0.02) consisting of three emis-
sion regions, nucleus, bulge and disk. (a) The initial conditions for the nucleus of the galaxy were
selected to classify it in the AGN part of the optical diagnostic diagram. The bulge of the present galaxy
is located in the pure star forming branch, while the disk was chosen to be dominated by star forma-
tion. (b) The classification of the integrated galaxy (green point) according to HES (blue point), 6dFGS
(yellow point) and SDSS (red point) observations. The red line is the theoretical maximum starburst
limit. Galaxies that lie below the star formation demarcation green dashed line are classified as H ii

regions-like galaxies. The galaxies that lie between the two classification lines are on the AGN-H ii mix-
ing sequence and are sorted as composite galaxies. The sources that classed above the red line are
classified as AGNs. The dark cloud represents thousands of galaxies from previous studies by Kewley
et al. (2006) observed by SDSS (3 arcsec fiber). See also Table 4.5

.

in Figure 4.11, the plotted points correspond to galaxies with a variety of cosmological
distances (0.1 < z ≤ 7) and their distribution in the range of the diagram is correlated
with the spectroscopic technique. The largest distribution takes place in the BPT diagram
for galaxies observed with an instrument similar to HES (2 arcsec slit), so the smallest the
aperture size of the instrument the smallest the area occupied by the data points. Fur-
thermore, the galaxies with the smallest cosmological distant of this subsample of high z
galaxies, correspond to the higher value of the Y axis, [O iii]/Hβ. The difference in this
case is that the galaxy with the highest redshift is not located in the lower value of the
Y axis, but somewhere in between. Due to the gravitational lensing (see also Figure 4.4),
the linear scale of the galaxy increases until z ≈ 1 and then decreases again. Therefore,
in the diagnostic diagrams the galaxy that is located in the lower value of the Y axis is
the one with redshift z ≈ 1. The most local galaxy of this sub - sample is located in
higher value of the X axis ([N ii]/Hα). This galaxy is dominated by Seyfert activity in the
HES observations, but in the SDSS it is located in the composite part of the diagram and
especially it lies exactly on the pure star formation demarcation line (green dashed line),
while in the 6dFGS sample the galaxy shows starburst contamination. In particular, the
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Figure 4.10: The classification diagram of a simulated local galaxy (z = 0.02) consisting of three emis-
sion regions, nucleus, bulge and disk. (a) The initial conditions for the nucleus of the galaxy were
selected to classify it in the AGN part of the optical diagnostic diagram. The bulge of the present galaxy
is located in the pure star forming branch, while the disk was chosen to be dominated by star forma-
tion. (b) The classification of the integrated galaxy (green point) according to HES (blue point), 6dFGS
(yellow point) and SDSS (red point) observations. The red line is the theoretical maximum starburst
limit. Galaxies that lie below the star formation demarcation green dashed line are classified as H ii

regions-like galaxies. The galaxies that lie between the two classification lines are on the AGN-H ii mix-
ing sequence and are sorted as composite galaxies. The sources that classed above the red line are
classified as AGNs. The dark cloud represents thousands of galaxies from previous studies by Kewley
et al. (2006) observed by SDSS (3 arcsec fiber). See also Table 4.5

.

in Figure 4.11, the plotted points correspond to galaxies with a variety of cosmological
distances (0.1 < z ≤ 7) and their distribution in the range of the diagram is correlated
with the spectroscopic technique. The largest distribution takes place in the BPT diagram
for galaxies observed with an instrument similar to HES (2 arcsec slit), so the smallest the
aperture size of the instrument the smallest the area occupied by the data points. Fur-
thermore, the galaxies with the smallest cosmological distant of this subsample of high z
galaxies, correspond to the higher value of the Y axis, [O iii]/Hβ. The difference in this
case is that the galaxy with the highest redshift is not located in the lower value of the
Y axis, but somewhere in between. Due to the gravitational lensing (see also Figure 4.4),
the linear scale of the galaxy increases until z ≈ 1 and then decreases again. Therefore,
in the diagnostic diagrams the galaxy that is located in the lower value of the Y axis is
the one with redshift z ≈ 1. The most local galaxy of this sub - sample is located in
higher value of the X axis ([N ii]/Hα). This galaxy is dominated by Seyfert activity in the
HES observations, but in the SDSS it is located in the composite part of the diagram and
especially it lies exactly on the pure star formation demarcation line (green dashed line),
while in the 6dFGS sample the galaxy shows starburst contamination. In particular, the

z = 0.02

long slit
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Typical Seyfert-1 - SF bulge, with long slit

long



10th Hellenic Astronomical Conference 
Evangelia Tremou, September 5th 2011

Cosmological implications 4.2.Studies
on

the
Aperture

Effect
69

−2.0 −1.5 −1.0 −0.5 0.0 0.5
log([NII]6584/H!)

−1.0

−0.5

0.0

0.5

1.0

1.5

lo
g(
[O
III
]5
00
7/
H"

)

(a)

−2.0 −1.5 −1.0 −0.5 0.0 0.5
log([NII]6584/H!)

−1.0

−0.5

0.0

0.5

1.0

1.5

lo
g(
[O
III
]5
00
7/
H"

)

(b)

−2.0 −1.5 −1.0 −0.5 0.0 0.5
log([NII]6584/H!)

−1.0

−0.5

0.0

0.5

1.0

1.5

lo
g(
[O
III
]5
00
7/
H"

)

(c)

Figure 4.11: The classification diagrams for high redshift objects 0.1 ≤ z ≤ 7, observed with three different instruments, (a) slit 2 arcsec like HES
observations (spectra extracted in the seeing disk aperture size), (b) 3 arcsec fiber like SDSS observations, (c) 6 arcsec fiber like 6dFGS observations.
The symmetry of the galaxies is circular, similar to the case of Figure 4.7, placing it at higher redshifts without any consideration of evolution. The dark
cloud represents thousands of galaxies from previous studies by Kewley et al. (2006) observed by SDSS (3 arcsec fiber). The red line is the theoretical
maximum starburst limit and the green dashed represents the pure star formation demarcation line.

 No evolution consideration.

 0.1 < z < 7.

 The biggest the aperture size, the less data distribution.

 The most local galaxy is dominated by AGN activity.
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Figure 4.11: The classification diagrams for high redshift objects 0.1 ≤ z ≤ 7, observed with three different instruments, (a) slit 2 arcsec like HES
observations (spectra extracted in the seeing disk aperture size), (b) 3 arcsec fiber like SDSS observations, (c) 6 arcsec fiber like 6dFGS observations.
The symmetry of the galaxies is circular, similar to the case of Figure 4.7, placing it at higher redshifts without any consideration of evolution. The dark
cloud represents thousands of galaxies from previous studies by Kewley et al. (2006) observed by SDSS (3 arcsec fiber). The red line is the theoretical
maximum starburst limit and the green dashed represents the pure star formation demarcation line.

 No evolution consideration.

 0.1 < z < 7.

 The biggest the aperture size, the less data distribution.

 The most local galaxy is dominated by AGN activity.
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70 4. Simulating the Aperture Effect

A more detailed attention was given in the slit observations depending on the way
that the spectra is extracted. An attempt to simulate high redshift galaxies observed
with long slit spectroscopy is presented in Figure 4.12. In contrast to the simulations
where the slit extraction minimizes the contamination of nearby sources (see also Figure
4.11a), the point distribution is not so spread in the long slit and the source with the
smallest cosmological distant of this subsample lies exactly in the green dashed line,
which represents the pure star formation demarcation line and is comparable to the SDSS
(see also Figure 4.11b).
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Figure 4.12: The classification diagrams for high redshift objects 0.1 ≤ z ≤ 7, observed with long slit
spectroscopy. The symmetry of the galaxies is circular, similar to the case of Figure 4.7, placing it
at higher redshifts without any consideration of evolution. The dark cloud represents thousands of
galaxies from previous studies by Kewley et al. (2006) observed by SDSS (3 arcsec fiber). The red
line is the theoretical maximum starburst limit and the green dashed represents the pure star formation
demarcation line.

The SDSS diagram (dark cloud in the BPT) represents mostly the nuclei and the bulge
of the observed galaxies. All contribution coming from (but may be excited) regions is
likely not there. Also, each individual point is slightly different affected by the aperture
effect. So an ideal SDSS diagram would slightly shift each observation and would probably
be not so spiral. If compared with a high redshift population, the BPT diagram would
look different, as there are likely to integrate the entire galaxy.

long slit
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Concluding remarks

Star forming activity in a significant number of the LLQSO sample members (host galaxy).

No LINER contribution in the LLQSO sample.

Most of the sources have FWHM > 2000 km/s, Seyfert-1confirmation.

HE 0203-0031 source may be an accretion disk candidate.

Detection of double narrow components, indicates the existence of ‘super-winds’ and mergers.

Variations up to ~0.6 dex in [NII]/Hα axis and up to ~0.4 dex in [OIII]/Hβ can be explained by 
the simulations.

Impact of aperture effect is larger on the local universe.

The individual classification of the galaxy region and its effective area are important.

SDSS is affected by aperture effect.
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Summarizing & Outlook

 Analysis of ~ 90 sources from two data sets (HES & 6DFGS).

 BPT gives information about host galaxy and that helps in merger scenario 
(further studies: stellar population analysis, involving times scales for SB).

 Re - classification of the galaxies according to diagnostic diagrams.

 Impact of the aperture effect on more realistic models.



Thank you all!

The end...



Appendix
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Appendix

FWHM Hβ NOT a clear peak!
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40 3. Optical spectroscopic studies on the Low Luminosity Quasi Stellar Objects sample

[O iii]/Hβ versus [N ii]/Hα [O iii]/Hβ versus [S ii]/Hα [O iii]/Hβ versus [O i]/Hα
6dFGS HES 6dFGS 6dFGS

No of targets 44 59 29 36
No of Seyfert 32 33 16 30

No of Starburst 5 18 12 5
No of LINERs 1 0 1 1

No of Composites 6 8 0 0

Table 3.2: Statistics of the sample using both data sets (6dFGS, HES) in order to justify the differences
in classifications.

All these diagrams show that the LLQSOs sample need to populate the [O iii]/Hβ high
excitation region of the diagram, and do not have a significant contamination to the most
populated regions of the H ii and LINER branches. Table 3.2 details the number of the
studied sources and their classification. In terms of the 6dFGS [O iii]/Hβ versus [N ii]/Hα
diagram 72.7% of the galaxies are classified as AGN, 11.3% as starburst galaxies, 2.3%
as LINERs and 13.7% of the sources are lying in the composite part of the diagram (see
Figure 3.10). According to the HES results the percentages are the following: 56% AGN,
30.5% starburst galaxies and 13.5% composite galaxies. Interesting feature is the fact
that no galaxy was classified as LINER in the HES results (see also Figure 3.9).

The number of the galaxies with H ii classification (about 11.3% and 30% in 6dFGS
and HES, respectively) is remarkably high, especially according that the sources were
selected to be Seyfert type - 1. This implies that 18 sources will have to be re - classified
in the catalog, as most of these sources were not showing broad component, which is
confirmed by their spectral profiles.

It is also interesting to note how poor is the LINER contribution of the sample. Only
one source is classified as such, base on the 6dFGS spectra. This indicates two main facts:
first, that there are no AGN with low ionization parameter U = ionizing photon flux per
unit area / (hydrogen density * c) (Ho et al. 1993; Rupke et al. 2007); and the fast shocks,
which are also believed to be responsible for the LINER activity (Dopita & Sutherland
1995) are not important in the sample.

On the other hand, the LINER - H ii transition may be explained with a Wolf - Rayet
starburst phase with high density gas and metallicity above solar (Barth & Shields 2000).

The classification derived (in %) by the [S ii]/Hα and [O i]/Hα diagrams of the 6dFGS
sample is different with respect to that of the [N ii]/Hα. This can be explained on two
different reasons. First, the total number of galaxies classified on each diagram is different,
as the sources with weak emission lines were neglected. Second, the three BPT diagrams
are not equally sensitive to the physical processes taking place here. For instance, the
[N ii]/Hα and [S ii]/Hα diagrams are more sensitive to star formation then the [O i]/Hα
one, which is proved to be more sensitive to shocks.

Cross - matching sources
The comparison between the two data sets justified some differences on the taxonomy
of the objects. In particular, some galaxies, whose spectra were taken from HE survey,
lie on the composite branch of the standard optical diagnostic diagram. On the other
hand, the 6dFGS classes them as either as Seyfert galaxies or as star forming regions.
The objects analyzed in both surveys were selected to be over plotted in a common
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QSOs

QSOs are among the most distant and most luminous objects in the universe

Credit: M.Garcia Marin

 Redshift (z ≳ 0.1)

 Detectable at radio, infrared, optical, 
ultraviolet, X-ray and even gamma rays
 
 Harbor a Super Massive Black Hole 

(106 - 109 M⦿)

QSOs are formed via strong tidal interactions or mergers (i.e. Sanders, 1988a)


