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A B S T R A C T 

We study the host properties and environment of active galactic nuclei (AGNs) galaxies, taken from SDSS-DR12, across the 
[O III ]/H β versus [N II ]/H α diagnostic diagram. We select AGN subsamples defined as parallel and perpendicular to the star- 
forming locus on the BPT diagram based on the Kauffmann et al. and Schawinski et al. criteria. For parallel subsamples we find 

that AGN host properties exhibit a morphological evolution as they become more distant to the star-forming sequence. The local 
density environment shows a more evident morphology–density relationship for subsamples mainly formed by Composite and 

Spiral galaxies than those containing LINERs and Seyferts, where the AGN emission is the dominant source. We also analyse 
the properties of the five closest AGN neighbours observing no significant differences in the environment, although the AGN 

host properties of every subsample have noticeable variations. The AGNs belonging to perpendicular subsamples show clear 
differences on their host properties from left top to right bottom on the diagram. Ho we ver, the analysis of the local density 

environment do not reflect strong dependency with the host AGN properties. This result is reinforced by the characteristics of 
the AGN neighbouring galaxies. These findings suggest that mixed AGN/star-forming galaxies present environmental features 
more similar to that of non-active galaxies. However, as AGNs at the centre of the more evolved galaxies become the dominant 
source, the environment tends to provide suitable conditions for the central black hole feeding with an increasing content of gas 
and likelihood of a higher merger rate. 

K ey words: galaxies: acti ve – galaxies: general – galaxies: statistics. 
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 I N T RO D U C T I O N  

alaxy spectra provide rele v ant information about the physical
rocesses taking place within galaxies. Numerous galaxy properties
uch as stellar age population, star formation rate (SFR), chemical
bundance, nuclear activity, etc. can be obtained from the optical
pectrum. Further, the existence of emission lines as an outstanding
pectral feature allows to distinguish between the different mecha-
isms related with the energy sources. 
In particular, the narrow emission lines in galaxies can be origi-

ated by different processes, therefore considerable effort has been
ade to be able to classify these objects using optical wavelengths

nformation. Baldwin, Phillips & Terlevich ( 1981 ) were the first to
ropose the use of diagnostic diagrams considering line intensity
atios, as i.e. [O III ]/H β versus [N II ]/H α, known as BPT diagram,
o distinguish emission-line galaxies according to their main ex-
itation mechanism: photoionization by a power-law continuum
ource, photoionization by O and B stars, shock-wave heating or
lanetary nebulae. Later, Veilleux & Osterbrock ( 1987 ) extended
he classification scheme and defined the well-known standard
ptical diagnostic diagrams, including the BPT diagram, [O III ]/H β

ersus [S II ]/H α and [O III ]/H β versus [O I ]/H α, known as VO87
 E-mail: noeliarocioperez@gmail.com (NP); georginacoldwell@gmail.com 

GC) 

a  

i  

b  

Pub
iagrams. In addition, the authors roughly estimated quantitative
imits between H II region-like objects and narrow-line active galactic
uclei (AGNs). 
Taking into account these earlier works, K e wley et al. ( 2001 ) used

 combination of stellar population synthesis model, photoionization
nd shock models to determine a theoretical maximum starburst
ine, defined for the three standards optical diagnostic diagrams,
stablishing a lower limit to the mixed AGN and starburst emission.
ater, Kauffmann et al. ( 2003b ) (hereafter Ka03 ) introduced an
mpirical line considering the dispersion in the modelling and the
wo distinctive galaxy emission-line sequences on the BPT diagram,
hich enables to clearly distinguish between pure H II regions and
alaxies dominated by an AGN. Then, objects lying in between
a03 and K e wley et al. ( 2001 ) criteria are expected to present a

ombination of star formation and AGN emission in their optical
pectra. 

Regarding the properties of the narrow emission-line host galaxies,
a03 performed a detailed analysis demonstrating that AGNs reside
referentially in massive and more concentrated galaxies. Moreo v er
 e wley et al. ( 2006 ), using an e xhaustiv e AGN classification scheme,

ound that LINERs are older, more massive, and less concentrated
han Seyfert or Composite galaxies. Recently, Zewdie et al. ( 2020 )
nalysed a sample of emission-line galaxies classified spectroscop-
cally using the BPT diagram, and with morphological distinction
ased on Galaxy Zoo (Lintott et al. 2011 ), and found a direct
© 2022 The Author(s) 
lished by Oxford University Press on behalf of Royal Astronomical Society 
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Figure 1. BPT diagnostic diagram. The solid line represents the empiric 
demarcation between H II galaxies and type 2 AGN defined by Ka03 , the 
dashed line indicates the K e wley et al. ( 2001 ) theoretical demarcation, and 
the dotted line shows the empirical Seyfert-LINER separation determined by 
Sc07 . The histograms show the distributions of [N II ]/H α and [O III ]/H β line 
ratios in logarithmic scale, on the x-axis and y-axis, respectively, for both 
samples. 
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elation of the SFRs in galaxies according to the classification criteria 
sing diagnostic diagrams. Thus, LINER galaxies present low values 
f SFR, with morphological features typical of elliptical galaxies. 
nstead of that, Seyfert and Composite galaxies showed similar 
imodal SFR distributions, exhibiting morphologies consistent with 
isc-type objects. 
In addition, galaxy properties are strongly related to the environ- 
ent they are located in. Morphology–density relation indicates that 

arly-type galaxies are located in high-density environments, having 
o w SFR v alues. On the contrary, late-type galaxies lie preferentially
n field or low-density regions presenting high SFR (Dressler 1980 ; 
alogh et al. 1997 ). Ho we ver, se veral studies have shown that AGN
ost galaxies do not seem to follow this relation. Miller et al. ( 2003 )
ound that AGN fractions, residing in environments with different 
ensities, are independent of the host galaxy morphology. Also, 
adilla, Lambas & Gonz ́alez ( 2010 ) found that active galaxies in
lusters are bluer than galaxies without nuclear activity. In particular, 
eyfert 2 galaxies with high and low accretion rate can be found
esiding in bluer and lower density regions than a well-defined 
ontrol sample (Coldwell et al. 2014 ). Also, LINERs were found 
o populate low-density environments in spite of their morphology, 
hich is typical of high-density regions such as rich galaxy clusters

Coldwell et al. 2017 ). 
The neighbouring galaxies of AGNs also present specific charac- 

eristics related with the more suitable conditions for the central 
lack hole feeding. Thus, several works have demonstrated that 
 GN en virons have high content of gas being particularly populated
y blue, disc, and star-forming galaxies, compared to those in 
he vicinity of non-active galaxies with similar host properties 
Coldwell & Lambas 2006 ; Coldwell et al. 2009 , 2018 ). These results
re consistent with a scenario where the higher merger rate and the
ack of a dense intergalactic medium fa v our a higher occurrence of
he different types of AGNs. 

By considering the particular conditions needed to support the 
xistence of nuclear activity in galaxies, in this paper we analyse 
he AGN host galaxy properties from two different perspective with 
espect to their position on the BPT diagnostic diagram. Also, we 
tudy the surface local density environments and the characteristics of 
he close neighbouring galaxies. This paper is organized as follows: 
ection 2 gives a brief overview of the data and describes the sample
election of AGN emission-line galaxies according to their position 
n the BPT diagram. In Section 3 , we analyse the host properties and
he environment of AGN subsamples using the local surface density 
nd the features of the close neighbours. Finally, the main results are
ummarized and discussed in Section 4 . Throughout the paper, we 
ave assumed a cosmological model with H 0 = 100 km s −1 Mpc −1 ,
m0 = 0.3, and �� 0 = 0.7. 

 DATA  

he analysis of this paper has been based on galaxy samples 
aken from the spectroscopic Data Release 12 of Sloan Digital Sky 
urv e y 1 (SDSS-DR12 Alam et al. 2015 ). This surv e y co v ers 14 555
quare degrees of sky and includes imaging in five broad-bands 
 ugriz ), reduced and calibrated using the final set of SDSS pipelines.
dditionally, the surv e y contains galaxy and quasar spectra from the
DSS-III Baryon Oscillation Spectroscopic Surv e y (BOSS, Dawson 
t al. 2013 ). 
 https:// www.sdss3.org/ dr12/ 2
.1 Sample selection 

ll catalogue data were obtained through SQL queries in CasJobs. 2 

e select galaxies with spectroscopic information and extinction 
nd k -corrected model magnitudes. The catalogue was built using 
he publicly available emission-line fluxes corrected for optical 
eddening, employing the Balmer decrement and the Calzetti et al. 
 2000 ) dust curv e. F or this work, we assume an R V = A V / E ( B − V ) =
.1 and an intrinsic Balmer decrement ( H α/ H β) 0 = 3.1 (Osterbrock
 Miller 1989 ). Details about the line measurements are described

y Tremonti et al. ( 2004 ) and Brinchmann et al. ( 2004 ). 
The emission-line galaxy sample was constructed with galaxies 

aving S / N > 2 for all the lines involved in the BPT diagram
[N II ]/H α versus [O III ]/H β) in agreement with Juneau et al.
 2014 ). Additionally, we restrict to have S / N > 2 to the emission
ines intervening in the VO87 diagrams ([S II ]/H α and [O I ]/H α),
roviding a more reliable AGN classification (Agostino & Salim 

019 ) with a moderate reduction in sample size. Moreo v er, following
oldwell et al. ( 2017 ), the sample was restricted to have a redshift

ange of 0.04 < z < 0.1 obtaining 139 153 sources. 

.2 Emission-line galaxies 

n order to distinguish the different types of emission-line galaxies 
ccording to their main dominant energy source, such as gas 
hotoionization by AGN (Koski 1978 ; Gro v es, Dopita & Sutherland
004 ) or H II regions (Huchra 1977 ; K e wley et al. 2001 ), we use
he BPT diagram as shown in Fig. 1 , where the two populations can
e clearly distinguished. In this figure the empiric curve defined by
a03 , 

log([O III] / H β) = 0.61 / [log([N II] / H α) - 0.05] + 1.3 , (1) 
MNRAS 513, 5344–5354 (2022) 
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Figure 2. Top: BPT diagnostic diagram showing the subsamples defined 
parallel to the Ka03 curve criterion. Sample ‘a’ is the closest to the Ka03 
line and ‘d’ is the farthest one. Bottom: BPT diagnostic diagram showing 
the subsamples defined perpendicular to the Ka03 criterion. Subsample ‘1’ 
is further to the left top of the diagram and subsample ‘4’ is further to the 
right bottom. The solid black line indicates the empirical Seyfert-LINER 

separation determined by Sc07 . 
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Table 1. Fraction of AGN subclasses and morphological classification in 
each subsample. 

Sub- LINER Seyfert Composite E S U 

sample (per cent) (per cent) (per cent) (per cent) (per cent) (per cent) 

a 0 .00 0 .01 99 .99 1 .52 52 .72 45 .76 
b 0 .00 0 .36 99 .64 2 .24 52 .57 45 .19 
c 38 .63 25 .94 35 .43 6 .64 40 .14 53 .22 
d 58 .93 40 .93 0 .14 11 .09 33 .94 54 .97 

1 8 .05 67 .17 24 .78 3 .55 39 .94 56 .51 
2 41 .70 0 .00 58 .30 6 .78 42 .27 50 .95 
3 31 .44 0 .00 68 .56 6 .07 46 .32 47 .41 
4 16 .26 0 .00 83 .74 4 .78 50 .48 44 .74 
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llows to separate the galaxies containing H II regions from those
ith nuclear activity as the main responsible emission source. Then,
alaxies lying abo v e the Ka03 line are classified as AGN, while
tar-forming galaxies are situated below this line, representing the
4 . 36 per cent and 75 . 64 per cent of the narrow emission-line galaxy
ample, respectiv ely. Moreo v er, in this figure it is possible to observe
he distributions of the emission-line ratios for both AGN and star-
orming galaxies, where the [N II ]/H α ratios differ significantly
etween the two samples although a substantial o v erlap is shown
or [O III ]/H β ratios. 

Regarding to this classification criterion there is a risk of missing
trongly obscured AGNs that may fall in the star-formation galaxy
egion of the diagram. Ho we ver, besides the fact that the mean AGN
raction in the local universe is approximately four times lower than
hat of star-forming galaxies, only a small fraction of these AGNs are
eavily obscured (Ricci et al. 2015 ) at low redshift. On the other hand,
t is possible to miss dust-enshrouded star-forming galaxies that do
ot show emission lines, although this percentage is not significant in
NRAS 513, 5344–5354 (2022) 
he local universe (Hwang & Geller 2013 ) concluding that the curve,
efined by Ka03 , allows a reliable emission-line galaxy classification.
Type 2 AGNs can be separated into subclasses such as Composite,

eyfert, and LINER galaxies. Thereby, K e wley et al. ( 2001 ) define
 theoretical discrimination, given by equation ( 2 ), between galaxies
ith a mixed contribution of H II regions and AGN emission to

he spectral features (Composite galaxies) from ‘pure’ AGNs. Then
omposite galaxies are located below this curve and above of the
a03 line on the BPT diagram. 

og([O III] / H β) = 0.61 / [log([N II] / H α) - 0.47] + 1.19 (2) 

urther, Schawinski et al. ( 2007 ) (hereafter Sc07 ) allow to classify
he ‘pure’ type 2 AGNs in Seyfert and LINER galaxies through
quation ( 3 ). Thus, Seyfert are placed above and LINER below the
c07 line criterion, respectively. 

og([O III] / H β) = 1.05 log([N II] / H α) + 0.45 (3) 

.3 Parallel and perpendicular classification of AGNs 

his work is aimed to investigate the dependence of the host
roperties of narrow emission-line galaxies, mainly dominated by
n AGN, with respect to their position on the BPT diagram and also
he relationship with their environment. Bearing this in mind, we
efine parallel and perpendicular subsamples, based on the Ka03
nd Sc07 criteria, as it is described in the following sections. 

.3.1 Parallel 

 curve line is shifted, parallel to the Ka03 line criterion defined
n equation ( 2 ), along both axes of the BPT diagram, as shown in
ig. 2 (top panel). We determine four bins of variable width, in dex in

og line-ratio space, in order to obtain four subsamples with similar
umber of sources. These subsamples are named as ‘a’, ‘b’, ‘c’, and
d’, where ‘a’ is that closest to the Ka03 curve and ‘d’ is the set
f galaxies farthest from the Ka03 criterion. The variable width of
ins ‘a’, ‘b’, ‘c’, and ‘d’ corresponds to 0.06, 0.12, 0.19, and 0.62
e x, respectiv ely. The proportion of AGN subclasses, described in
he previous section, for every defined parallel bin is quantified in
able 1 . As it is expected, bins ‘a’ and ‘b’ are fully populated by
omposite galaxies, decreasing to 35 per cent and 0 per cent for bins

c’ and ‘d’, respectively. LINERS are the predominant galaxies in
ins ‘c’ and ‘d’, being ∼ 13 per cent and ∼ 18 per cent higher than
e yferts, respectiv ely. 

art/stac1114_f2.eps
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Figure 3. Normalized distributions of galaxy properties for emission-line 
galaxies classified as star-forming galaxies (solid line) and AGNs (dashed 
line). The shadow distributions correspond to the star-forming control sample 
selected to match the AGN host galaxy properties. 
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.3.2 Perpendicular 

e determine perpendicular subsamples, to the star-forming locus, 
aking as a reference the Sc07 line criterion, given by equation ( 3 ),
efined to characterize the position of Seyfert and LINER galaxies on 
he BPT diagram. Hence, we consider the Sc07 line approximately 
erpendicular to the Ka03 criterion. Then, we shift this line from left
op to right bottom in order to obtain four subsamples with similar
umber of sources in each bin of variable width, in dex in log line-
atio space. The subsamples are named ‘1’, ‘2’, ‘3’, and ‘4’, whose
ariable width of the bins corresponds to 0.76, 0.11, 0.08, and 0.30
e x, respectiv ely. The ‘1’ is the subsample lying closest to the top of
he diagram, as shown in Fig. 2 (bottom panel). Table 1 shows that
in ‘1’ is mainly composed of Seyfert AGNs, while the proportion 
f Composite galaxies is dominant in the remaining bins. Further, 
he higher fraction of LINERs is observed for bin ‘2’. 

.4 Morphological classification 

n order to study the morphological features of active galaxies across
he BPT diagram we cross-correlated the AGNs from the defined 
ubsamples with the Galaxy Zoo catalogue (Lintott et al. 2011 ). 
his catalogue comprises a morphological classification of nearly 
00 000 galaxies, from the spectroscopic data of the SDSS, where 
undreds of thousands of volunteers contributed to discriminate the 
alaxies giving the fraction of votes in six categories: elliptical, spiral, 
piral clockwise, spiral anticlockwise, merger, or uncertain. The 
ote fraction threshold, for the table with the galaxy classifications 
vailable for this project, 3 is 0.8. Details about the classification bias 
re described in Bamford et al. ( 2009 ). For the AGN subsamples we
alculate the percentage of galaxies classified as spiral (S), elliptical 
E), or uncertain (U) as it is shown in Table 1 . 

 ANALYSIS  

everal meaningful physical properties of galaxies, such as stellar 
asses, emission-line fluxes, stellar age indicators, gas-phase metal- 

icities, etc. have been measured for SDSS galaxies. The procedures 
dopted to estimate these parameters are described by Brinchmann 
t al. ( 2004 ), Tremonti et al. ( 2004 ), and Kauffmann et al. ( 2003a ).
hese data are available from the MPA-JHU. 4 

In this research, we explore the host galaxy properties of narrow 

mission-line galaxies, classified as AGN, and from their environ- 
ent. In this context, we analyse the morphology, age, SFR, and 

olours of galaxies as indicative parameters. In particular, we use 
he break index D n (4000) as a stellar age indicator (Kauffmann et al.
003a ). This parameter represents an important effect in the spectra 
f old stars, occurring at 4000 Å, and arises by an accumulation
f a large number of spectral lines in a narrow region of the
pectrum, so that the oldest galaxies have higher D n (4000) values 
han youngest ones. We adopted the Balogh et al. ( 1999 ) definition
s the ratio of the average flux densities in the red continuum (4000–
100 Å) with respect to that in the blue continuum (3850–3950 Å).
urther, we use the SFR parameter derived by modelling the emission 

ines for star-forming galaxies, and estimated from the integrated 
hotometry using the correlation with D n (4000) for Composite and 
GN galaxies (Kauffmann et al. 2003a ), following the methods 
escribed in Brinchmann et al. ( 2004 ). The fibre aperture corrections
ere done based on broad-band photometry (Salim et al. 2007 ). 
 https://data.galaxyzoo.org 
 http:// www.sdss.org/dr12/ spectro/ galaxy mpajhu/ 

h  

f  

t
(  
In addition, colours of galaxies can be used to discriminate their
tellar population, evolution, and environment (Vulcani et al. 2015 ). 
ence, in galaxy clusters, the larger fraction of red galaxies indicate

n old stellar population within galaxies having a lower SFR. On the
ther hand, galaxies residing in poor groups and field present bluer
olours and higher SFR. To analyse the colour of galaxies, M g − M r ,
e use model magnitudes which are more appropriated for extended 
bjects, such as galaxies, by providing more robust estimation of this
arameter. These magnitudes are k -corrected using the empirical k -
orrections presented by O’Mill et al. ( 2011 ). 

To complement the analysis using the age and colour parameters 
e use the concentration index as an indicator of the morphology,

ollowing the works of Shimasaku et al. ( 2001 ) and Nakamura et al.
 2003 ). The concentration index, C , is defined as the ratio of the radii
ontaining 90 and 50 per cent of the Petrosian r flux, respectively.
ence, elliptical galaxies are expected to have higher concentration 

ndices than the spiral ones (Strate v a et al. 2001 ). Then, galaxies
ith a de-Vaucouleurs profile have values of C ∼ 3.3 and disc type
alaxies have a concentration index C ∼ 2.4. 

The host properties are able to reflect the evolutionary stage of
alaxies belonging to the AGN and star-forming samples. Different 
orks have shown that a bimodal colour distribution is observed in
ifferent galaxy environments (P ande y & Sarkar 2020 ). Furthermore, 
he relationship observed in the colour–mass and colour–SFR dia- 
rams are able to show two distinctly separate morphological popu- 
ations with dif ferent e volutionary scenarios (Schawinski et al. 2014 )
llowing to distinguish between red and old galaxies, corresponding 
ith the more evolved sources, from the blue and young ones. 
The host galaxy property distributions of the emission-line galaxy 

ample shown in Fig. 3 reflect an evident distinction from their
olours, age, and morphological features between objects classified 
s AGNs from the star-forming galaxies. Particularly, from the galaxy 
olours two Gaussian distributions can be distinguished where AGN 

ost galaxies correspond to the red galaxy population and the star-
orming galaxies to the blue ones. Thus, AGN hosts have a bulge-
ype morphology, being redder and older than star-forming galaxies 
K e wley et al. 2006 ; Zewdie et al. 2020 ). In addition, the AGNs have
MNRAS 513, 5344–5354 (2022) 
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Figure 4. Normalized distributions of SFR, in logarithmic scale, and colours 
( M g − M r ) for AGNs from parallel (top) and perpendicular subsamples 
(bottom). 
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Figure 5. Normalized distributions of D n (4000) index and concentration 
index, C, for AGN from parallel (top) and perpendicular subsamples(bottom). 
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o wer v alues of the SFR parameter than the star-forming galaxies as
xpected. 

The properties of the whole AGN sample are well kno wn; ho we ver,
ow they change with respect to their position on the BPT diagram
s very interesting to study. In the following sections, we analyse the
ost properties for AGNs from the defined parallel and perpendicular
ubsamples. 

.1 Colour and SFR distributions 

he normalized distributions of M g − M r colour and SFR are
hown, in Fig. 4 , for host galaxies belonging to parallel (top panels)
nd perpendicular subsamples (bottom panels), respectively. In this
gure, we observe that galaxies belonging to ‘a’ subsample are
luer than galaxies from ‘d’ bin. Galaxies from subsamples ‘b’ and
c’ present intermediate characteristics between those from ‘a’ and
d’ bins. Further, the SFR parameter show a clear tendency. The
istributions for galaxies from bins ‘a’ and ‘b’ are pretty similar,
ith higher values of SFR, since both samples are mainly formed
y Composite galaxies. The galaxies in bin ‘c’ show a bimodal
istribution, while those belonging to bin ‘d’ have the lowest values
f SFR, suggesting a decreasing star formation activity as they drift
way from the Ka03 criterion. 

On the other hand, Fig. 4 (bottom panels) shows the normalized
roperty distributions for galaxies from perpendicular subsamples.
GNs from subsample ‘4’ show the highest values of SFR, even
igher than those from subsample ‘1’ (which are the bluest ones).
ctive galaxies belonging to bins ‘2’ and ‘3’ are similar, presenting

o wer v alues of SFR. This fact is reflected in the colours of galaxies
rom each bin. This result can be interpreted in terms of the content
f AGN subclasses and their respective morphology for each bin.
hus, from Table 1 it is observed that subsample ‘4’ has the
ighest proportion of Composite and Spiral galaxies regarding to
he remaining subsamples. 

.2 Stellar age and morphological evolution 

or parallel subsamples, the distributions from Fig. 5 (top panels)
how that the concentration index, C , points out that galaxies closer
NRAS 513, 5344–5354 (2022) 
o the Ka03 line are less compact than the farthest ones. Also, it is
mportant to remark that the D n (4000) parameter, used as a good
stimator of the stellar age, presents the more evident distinction
etween the subsamples ‘a’ and ‘d’. In all cases, galaxies from
ubsamples ‘b’ and ‘c’ present intermediate characteristics. From
able 1 it is possible to observe the proportion of AGN subclasses
nd morphology reinforcing this finding. From subsample ‘a’ to ‘d’
he percentage of composite galaxies decrease sharply, increasing the
mount of ‘pure’ AGNs. Also, the fraction of spiral galaxies decrease,
hile the proportion of elliptical increase. These results indicate the

xistence of a morphological evolution of the AGN host galaxies
onsidering perpendicular distances from the tight sequence of star-
orming galaxies, defined in parallel bins to the K03 line criterion. 

The property distributions for active galaxies belonging to per-
endicular bins, shown in Fig. 5 (bottom panels), allow to observe
hat AGNs from subsample ‘1’ have the lo west v alues of D n (4000).
ubsamples ‘2’ and ‘3’ have distributions corresponding to galaxies
lder than those of subsample ‘1’. A noticeable bimodality is shown
n subsample ‘2’, indicating the presence of two distinctive galaxy
opulations in comparison with the remaining subsamples. Galaxies
elonging to subsample ‘4’ have a transitional behaviour with
espect to the age of the other subsamples. The concentration index
istributions for all the subsamples are comparable with the exception
f those active galaxies from subsample ‘4’ which are slightly the
ess compact, in agreement with the proportion of Composite and
piral galaxies in this bin. 
In order to statistically quantify the observed discrepancies be-

ween the property distributions of the subsamples, we applied a
oodness-of-fit Kolmogoro v–Smirno v test (KS) to the data. In all
ases, we obtained p < 0.05 rejecting the null hypothesis that the
amples were drawn from the same distributions. 

.3 AGN host properties versus environment 

aking into account the meaningful contrast in the host galaxy
roperties, it is expected to be reflected in the environment. The
ell-known morphology–density relation establishes that evolved

lliptical galaxies are found inhabiting high-density environments,
hile blue disc galaxies commonly reside in low-density regions

Dressler 1980 ; Dom ́ınguez, Muriel & Lambas 2001 ; Cooper et al.
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Figure 6. Fraction of AGNs (solid line) and star-forming galaxies from the 
control sample (dashed line) as a function of the surface density in logarithmic 
scale, � 5 . 
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scale, � 5 , for the AGN subsamples and control sample (shadow). Bottom: 
Fraction of AGNs as a function of � 5 . The solid line corresponds to ‘a’ 
subsample, dashed line to ‘b’, dash–dotted to ‘c,’and the dotted line to ‘d’ 
subsample, respectively. 

p  

r
a  

s  

t  

s
 

d  

d
a
c  

o  

t  

t  

e

3

T
t  

t
t  

i
e  

F

s
b  

�  

s
p  

t  

T  

l
r
d

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/513/4/5344/6581329 by guest on 07 June 2024
010 ). Ho we ver, se veral works (Popesso & Biviano 2006 ; Coldwell
t al. 2009 ; Padilla et al. 2010 ) have found that AGNs do not
ollow the expected morphology–density relation of galaxies without 
uclear activity. This effect is very noticeable even when AGN 

ubsamples are studied separately as the case of Seyfert 2 (Coldwell 
t al. 2014 ) and LINER galaxies (Coldwell et al. 2017 , 2018 ). 

A simple method to study the performance of the morphology–
ensity relationship in our AGN sample is throughout the comparison 
ith a well-determined control sample, selected according to the 
ork of Perez, Tissera & Blaizot ( 2009 ). Then, in a similar way

o Coldwell et al. ( 2017 , 2018 ), we build a control sample using a
onte Carlo algorithm that selects sources from the star-forming 

alaxy sample with similar distributions of redshift, colour, age, and 
orphology than that from the AGN sample.The KS test yields that 

he null hypothesis is true at a 90 per cent confidence level for all
hese parameters. Hence, the AGN and the control samples can be 
eliably considered drawn from the same distribution. The control 
ample is shown in the shadow histograms from Fig. 3 matching the
g − Mr , D n (4000) and C index AGN properties. In Fig. 3 , we also

how the SFR parameter, although it is important to notice that for
he Control sample it was not forced to match that corresponding to
GN sample. 
To perform the study of the density environment, we use the local

alaxy density estimator given by � 5 = 

5 
πd 2 5 

, where d 5 corresponds

o the projected distance of the fifth neighbour brighter than M r 

 −20.5 and with a radial velocity difference 	 V = 1000 km s −1 

o include galaxies within systems with large velocity dispersion 
Balogh et al. 2004 ). This method considers a variable scale estimator
sing a systematically larger scale in lower density regions, which 
mpro v es sensitivity and precision at low densities. In addition, this
wo-dimensional density estimator uses the redshift information to 
educe the projection effects. 

Bearing in mind that the control sample was built from the star-
orming galaxy sample in order to reproduce the galaxy property 
istributions of AGNs, and so, they could be expected to reside 
n similar density environments. Fig. 6 shows the fraction of AGN 

nd control samples with respect to the total number of objects for
 given bin of the local density, � 5 , in logarithmic scale. From
his figure it is possible to observe that although both samples have
atched property distributions corresponding to red, old, and bulge- 

ype galaxies, at the highest density environment the fraction of 
GNs drops sharply approximately to the half of the control sample 

raction. This trend is reversed for lower density environment where 
he fraction of AGNs is, at least, 20 per cent higher than the fraction
f galaxies from the control sample. This result, in agreement with 
revious works (Padilla et al. 2010 ; Coldwell et al. 2017 , 2018 ),
einforces the idea that the low-density environments, where there is 
 high probability of merger rate and a sufficient gas reservoir, provide
uitable conditions for a higher AGN occurrence. The error bars in
his figure and in all figures of this paper were calculated using boot-
trap error resampling technique (Barrow, Bhavsar & Sonoda 1984 ). 

The results of the previous subsection suggest the existence of a
ependence of the AGN host properties and its position on the BPT
iagram according to the schema defined to select the subsamples 
nalysed in this paper. The environmental analysis of these galaxies 
ould give light to the potential physical processes that may fa v our the
ccurrence of AGNs in every subsample. For the sake of consistency,
he study of the environment is performed throughout the use of
he local density estimator � 5 parameter in order to obtain reliable
stimations of the results for all the subsamples. 

.3.1 Parallel subsamples 

o explore the density environment of galaxies in every subsample, 
heir � 5 distributions are shown in Fig. 7 (top panel). For comparison,
he local density distribution of the control sample, built matching 
he host galaxy properties from the entire AGN sample, is also
ncluded. Then, although all the AGN subsamples have lower density 
nvironment than the control sample, as it could be expected from
ig. 6 , slight differences can be perceived. 
In order to quantify these small variations between the AGN 

ubsamples the fraction of galaxies belonging to every parallel 
in, with respect to the total number of objects for a given bin of
 5 , is drawn in Fig. 7 (bottom panel). Galaxies in subsample ‘a’

how a clear morphology–density relation consistent with their host 
roperties, given that these galaxies are the youngest and bluest from
he whole AGN sample, as it is described in Sections 3.1 and 3.2 .
hen, for subsample ‘a’, the ∼30 per cent of galaxies belong to the

owest density environment, representing an excess of ∼6 per cent 
espect to galaxies in the remaining parallel subsamples. This fraction 
ecreases up to ∼ 20 per cent for the highest local density. 
MNRAS 513, 5344–5354 (2022) 
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Figure 8. Fraction of red ( M g − M r > 0.76) and old ( D n (4000) > 1.53) 
galaxies, as a function of the local density, for every parallel subsample. The 
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line to ‘d’ subsamples, respectively. 

Figure 9. Fraction of the five closest neighbouring galaxies from AGNs as 
a function of the M g − M r colour and the D n (4000) stellar age indicator. The 
solid line corresponds to ‘a’, dashed line to ‘b’, dash–dotted to ‘c’, and dotted 
line to ‘d’ subsamples, respectively. 
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The tendencies shown by subsamples ‘b’, ‘c’, and ‘d’ do not follow
trictly the morphology–density relation as it could be expected
rom their host properties. Instead of that, the three subsamples
ave similar fraction of galaxies ( ∼ 24 per cent) at lo wer v alues of
 5 , within the errorbars. Moreo v er, on the opposite extreme where

og 10 � 5 > 1.0, the three subsamples present a moderate difference,
ithin 2 σ errors, where the subsample farthest from the Ka03

riterion presents the highest fraction of galaxies. Thus, although
alaxies belonging to ‘b’, ‘c’, and ‘d’ bins have very distinctive host
roperties, their local density environment are pretty similar except
or the highest � 5 values. Due to the position on BPT diagram, the
ubsample ‘a’ is fully formed by Composite galaxies, with more
han the 50 per cent classified as Spiral, as can be appreciated in
able 1 . Thus, this fact could explain the observed trend in the
orphology–density relation. Ho we v er, although subsample ‘b’ hav e

omparable proportion of Composite and Spiral galaxies than ‘a’, the
ost properties differ somewhat between both subsamples which is
eflected in the trend shown in Fig. 7 (bottom panel). For subsamples
c’ and ‘d’, the fraction of spiral galaxies is reduced, while the
roportion of ‘pure’ AGNs with lower SFR values grow and the
elation with the environment become less sensitive to the density.
his result is in agreement with Miller et al. ( 2003 ), who found that
FR fractions decrease for denser environments and AGN fractions
emain constant in environments with different densities, such as
lusters and voids. 

Further, galaxy colours provide an indirect constrain on the
volutionary history of galaxies. So, in high-density regions, such as
roups or galaxy clusters, a large fraction of red galaxies indicating an
lder population with low star formation are expected to be found.
n the contrary, galaxies in poor groups or in the field are bluer,
resenting stronger SFR typical of young sources (Dom ́ınguez et al.
001 ). In addition, the colours have been found to be the most
redictive parameter indicative of environment, both for galaxies
n the field (Blanton et al. 2005 ) and in groups (Mart ́ınez & Muriel
006 ). In this section, we also quantify the dependence of the more
volved galaxies with respect to the density environment based on
revious works (Coldwell et al. 2009 , 2014 , 2018 ) in order to study
heir behaviour for our defined subsamples. Hence, we use galaxy
olours and stellar age indicator to estimate the fraction of host
alaxies redder and older than the mean values of these parameters
or the main galaxy sample in the redshift range considered in this
aper. We calculate the fraction of galaxies, in every subsample,
edder than M g − M r > 0.76 and older than D n (4000) > 1.53, as a
unction of the local density. 

Fig. 8 shows that the fraction of bulge-type galaxies, redder and
lder than the mean galaxy population, increases significantly from
in ‘a’ to ‘d’ as the y mo v e a way from the Ka03 line criterion, in
greement with the host galaxy distributions observed in Figs 4
nd 5 . With respect to the galaxy colours, the ‘a’ subsample
ontains approximately the 65 per cent of these red galaxies, and
he subsample ‘d’ more than the 85 per cent . Further, while the ‘a’
ubsample is formed, on average, by the 33 per cent of galaxies
lder than the mean galaxy population, more than the 70 per cent
f galaxies from bin ‘d’ are older than the mean. The subsamples
b’ and ‘c’ present intermediate percentages for both parameters. It
s important to notice that the fraction of redder galaxies increases
lightly from low to high local density environments, being more
vident for subsample ‘a’. Moreo v er, the fractions of older galaxies
resent similar tendencies being still less sensitive to the density
nvironment. 

The characteristics of galaxies are strongly related with the envi-
onment. Thus, it is expected that the neighbouring galaxies of the
NRAS 513, 5344–5354 (2022) 
ubsamples have similar features to their corresponding central host
alaxies. In this line, the properties of the five closest neighbouring
alaxies brighter than M r = −20.5, used to estimate � 5 , are analysed
n order to understand their connection with the AGNs from every
ubsample. It is observed, in Fig. 9 , that the surrounding five closest
alaxies of all the parallel subsamples present similar characteristics
ith small variations from the average fraction ( ∼ 25 per cent ) for
oth colours and stellar ages. The most noticeable signal is shown
y the neighbouring galaxies from the AGNs belonging to bin ‘a’,
here the fraction of blue colours is almost 3 σ higher than the

olours of galaxies in the vicinity of bins ‘c’ and ‘d’, although this
ifference becomes less significant for the fraction of red neighbours
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Figure 10. Top: Normalized distributions of the surface density in logarith- 
mic scale, � 5 , for the AGN subsamples and control sample (shadow). Bottom: 
Fraction of AGNs as a function of the surface density, � 5 , in logarithmic 
scale. Subsamples ‘1’, ‘2’, ‘3’, and ‘4’ are represented by solid, dashed, 
dash–dotted, and dotted lines, respectively. 
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onsidering the errorbars. This result is comparable to that observed 
or the fractions of galaxies respect to the D n (4000) parameter. 

.3.2 Perpendicular subsamples 

or the sake of consistency, we perform the analysis of the previous
ection to the perpendicular subsamples with the aim to find an 
nalogy in their behaviour regarding to the environment. Then, in 
ig. 10 (top panel) we show the � 5 distributions of AGNs from
v ery subsample. F or comparison, the local density distribution of the 
ontrol sample, built matching the galaxy properties of all the AGNs, 
s also included. In this figure we cannot observe evident differences 
n the AGN subsample distributions. Therefore, to quantify possible 
ariations between the four subsamples we estimate the fraction of 
GN galaxies belonging to every perpendicular bin, with respect to 

he total number of objects for a given bin of � 5 . 
In spite of the appreciable variations of the perpendicular AGN 

ubsample host properties observed in the bottom panels of Figs 4 
nd 5 , we can observe in Fig. 10 (bottom panel) that the fractions
f galaxies belonging to every perpendicular bin, with respect to the 
otal number of objects for a given bin of � 5 , are comparable within
he errorbars. Subsample ‘1’ presents a slightly higher fraction of 
alaxies at low values of � 5 , within 1 σ error. This tendency decreases
rom 27 per cent to 24 per cent, approximately, for the highest density.
 similar trend, within the errorbars, is observed for galaxies from
in ‘4’. Subsamples ‘2’ and ‘3’ have a lower fraction of galaxies
t low local densities, showing a weak increasing of 1.4 per cent
nd 2.2 per cent, respectively, at the highest local density. These 
mall detected variations present a good agreement with the results 
f Carter et al. ( 2001 ) and Amiri, Tavasoli & De Zotti ( 2019 ) who
ound that the fraction of galaxies with nuclear activity do not depend
n the density of the environment. 
In addition, Fig. 11 shows the fraction of galaxies, in every 

ubsample, older and redder than the average values ( M g − M r >

.76 and D n (4000) > 1.53) as a function of the local density. Here,
e can observe an increasing fraction of red galaxies with the density
nvironment, being more noticeable for galaxies belonging to bins 
1’, ‘2’, and ‘4’, with an increment of ∼ 20 per cent . The tendency
or galaxies from bin ‘3’ is less sensitive to the environments. The
rends observed for the fraction of old galaxies suggest a major
ependency with the environment than that from the galaxy colours 
or these subsamples, being consistent with the property distributions 
bserved in Fig. 5 . In addition, the trend for subsample ‘1’ is similar
o that for subsample ‘4’, and the tendency from bins ‘2’ and ‘3’ are
omparable, except for high-density environments, where errorbars 
re significantly higher. 

Regarding to the local galaxy neighbourhood, we analyse the 
olours and stellar age of the five closest galaxies, as defined in
he previous section. In Fig. 12 , we show the fraction of galaxy
eighbours of the subsamples with respect to the total number of
bjects for a given bin of M g − M r and D n (4000). The trends
or the colours of the surrounding galaxies of AGNs from all the
ubsamples are almost indistinguishable, except for redder colours 
here subsample ‘2’ shows an excess of 1.1 per cent of neighbouring

ed galaxies and subsample ‘4’ have a lack of 1.3 per cent, both
espect to the mean values. The trends for the stellar age indicator of
he five closest neighbouring galaxies in subsamples ‘2’ and ‘3’ 
re considerably similar. The D n (4000) indicator of surrounding 
alaxies of bin ‘1’ has an approximately constant distribution. On 
he other hand, the vicinity of AGNs from subsample ‘4’ presents a
eficit of 0.86 per cent of old galaxies with respect to the remaining
ubsamples. From Table 1 , we observe that this last subsample,
aving the younger vicinity, corresponds to AGNs mainly classified 
s Composite galaxies with the highest fraction of spiral morphology. 

 SUMMARY  A N D  DI SCUSSI ON  

e have performed a statistical analysis of the narrow emission-line 
GNs derived from SDSS-DR12 data, in the redshift range 0.04 
 z < 0.1, studying the dependence of their host properties and

nvironments with their position on the BPT diagram. 
MNRAS 513, 5344–5354 (2022) 

art/stac1114_f10.eps
art/stac1114_f11.eps


5352 N. R. Perez and G. Coldwell 

M

Figure 12. Fraction of the five closest neighbouring galaxies from AGNs 
as a function of the M g − M r colour and the D n (4000) stellar age indicator. 
Subsamples ‘1’, ‘2’, ‘3’, and ‘4’ are represented by the solid, dashed, dash–
dotted, and dotted lines, respectively. 
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In the work of K e wley et al. ( 2006 ) the authors studied the host
roperties as a function of the distance from two empiric points, in the
O III ]/H β versus [O I ]/H α diagnostic diagram, defined to determine
 linear distance from the star-forming sequence for Seyfert and
INER galaxies, finding that the stellar population of both AGN
amples become older at large distance from these points. 

From our perspective, in this work we define AGN subsamples
ccording to their position on the BPT diagram taking as references
he Ka03 and Sc07 criteria, allowing a detailed analysis of the
ost properties and environment. Thus, the whole AGN sample was
ivided in parallel and perpendicular subsamples as we describe
elow: Parallel subsamples were obtained by shifting a curve line
arallel to the line criterion defined by Ka03 , to separate AGN from
tar-forming galaxies. The subsamples are named as ‘a’,‘b’,‘c’, and
d’, where ‘a’ is closest to the Ka03 criterion and ‘d’ is the set of
alaxies farthest from the Ka03 criterion. Perpendicular subsamples
ere determined by moving the line proposed by Sc07 to separate
INER from Seyfert, from left top to right bottom on the BPT
iagram. The subsamples are named ‘1’,‘2’,‘3’, and ‘4’, where ‘1’
s the subsample lying closest to the top of the diagram. The bins of
ll AGN subsamples have variable width in order to contain similar
umber of sources. 
The main results can be summarized as follow: 

(i) Parallel subsamples 

(a) The host galaxy property distributions show that colour,
stellar age estimator, concentration index, and SFR have signifi-
cant variations depending on their position on the BPT diagnos-
tic diagram. Galaxies belonging to ‘a’ subsample have higher
values of SFR and are bluer and younger than galaxies from
bin ‘d’, while galaxies in between them present intermediate
behaviour. Also, the concentration index parameter indicates
that galaxies closer to the Ka03 line are less compact than the
farthest ones, in agreement with the morphological tendency,
estimated from Galaxy Zoo, shown in Table 1 . This finding
is strongly related with percentage of AGN subclasses in each
bin. The ‘a’ and ‘b’ subsamples are almost entirely formed by
NRAS 513, 5344–5354 (2022) 
Composite galaxies meaning that these sources have a mixing of
H II regions and AGN emission. The ‘c’ subsample has similar
proportion of LINER and Composite galaxies and ‘d’ subsample
is composite mainly for LINER and Seyfert AGN. Thus, when
considering perpendicular distances from the tight sequence of
star-forming galaxies it is possible to observe a clear progression
on the properties, indicating the existence of a morphological
evolution of the AGN host galaxies as they become more distant
to the Ka03 criterion, in agreement with K e wley et al. ( 2006 )
and Zewdie et al. ( 2020 ). 

(b) Furthermore, we have studied the local environment of
AGN host galaxies using the local density estimator parameter.
We calculate the fraction of galaxies with respect to the total
number of objects for each bin of � 5 . Since the whole AGN
galaxy sample do not follow the expected morphology–density
relation as it is observed for the control sample of star-forming
galaxies selected to match the AGN distributions of redshift,
colour, concentration index, and stellar age, we perform the
analysis for the selected subsamples. Galaxies belonging to
subsample ‘a’ show an evident morphology–density relation,
while AGNs in subsamples ‘b’,‘c’, and ‘d’ do not follow this
relation strictly. The result observed for galaxies from bin ‘a’
can be predicted because this subsample is entirely formed by
Composite galaxies where the relative contribution of the AGN
is mixed with that from H II regions. Ho we ver, when galaxies
mo v e a way from the locus of the star-forming sequence, the
nuclear activity becomes the more dominant source emission
and the host galaxies tend to a v oid to follow the morphology–
density relation (Miller et al. 2003 ; Padilla et al. 2010 ). 

(c) Also, we analyse the dependence of the most evolved host
galaxies with respect to the environment calculating the fraction
of galaxies redder and older than average values ( M g − M r >

0.76 and D n (4000) > 1.53) as a function of the local density. It
is possible to observe that the fraction of bulge-type galaxies,
redder and older than the mean galaxy population, increases
significantly from bin ‘a’ to ‘d’ as they move away from the
Ka03 line. It is noticeable that the fraction of redder galaxies
increases slightly from low to high local density environments,
being more evident for the subsample ‘a’. The fractions of older
galaxies are less sensitive to the density environment. 

(d) The complementary study of the properties of the five
AGN closest neighbouring galaxies brighter than M r = −20.5,
used to estimate � 5 , shows that these galaxies present similar
fraction of both colours and stellar ages, with small variations
between the subsamples with respect to the mean proportion.
The higher difference is shown by the colours of the neighbour
galaxies of AGNs belonging the bin ‘a’ reaching a maximum of
3 σ , for the bluest colours, regarding to the neighbours of AGNs
from subsamples ‘c’ and ‘d’. Also, the fractions of red and old
galaxies around AGNs from bin ‘a’ are the lowest ( ∼2.5 per cent
respect to neighbour galaxies of AGNs from subsample ‘d’). 

(i) Perpendicular subsamples 

(a) The normalized property distributions of the concentra-
tion index show a slightly excess of disc-type galaxies lying
to subsample ‘4’, consistent with the highest fraction of spiral
galaxies from Table 1 . Furthermore, AGNs from subsample
‘4’ show higher values of SFR than those from subsample
‘1’, although galaxies in subsample ‘1’ are the bluest and
youngest and mainly classified as Seyfert. AGNs from bins
‘2’ and ‘3’ present intermediate galaxy colour and concentra-
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tion index distributions. The D n (4000) and SFR distributions 
for subsample ‘2’ and ‘3’ present a remarkable bimodality 
indicating the presence of two distinctive galaxy populations 
since these samples are formed by LINER and Composite 
galaxies. The fraction of LINER and elliptical galaxies reach 
the maximum fraction for subsample ‘2’. The host properties 
observed for galaxies in each subsample are directly related to 
the morphology and the percentage of AGN subclasses (K e wley 
et al. 2006 ). 

(b) Regarding the density environment, the subsamples ‘1’ 
and ‘4’ present a slightly higher fraction of galaxies at low 

values of � 5 , decreasing for the highest density. Subsamples ‘2’
and ‘3’ have a lower fraction of galaxies at low local densities,
showing a weak enhancement at the highest local density. These 
small variations are of the order of the errors, although the host
galaxies from each subsample have distinctive host properties, 
in agreement with the previous results of Carter et al. ( 2001 )
and Amiri et al. ( 2019 ). 

(c) Related with the fraction of red and old galaxies with 
the density environment it is possible to observe a tendency 
to find higher fraction of these galaxies at higher densities. 
The D n (4000) parameter shows a major dependency with the 
environment than that from the galaxy colours for all the 
subsamples, with an increment of 20 per cent for high-density 
environments. 

(d) From the study of the local galaxy neighbourhood of 
AGNs from perpendicular bins, the colour distributions of the 
five closest galaxies show that the fractions of these surrounding 
galaxies for a given bin of M g − M r are indistinguishable 
for all the subsamples, except for redder colours where the 
errorbars are large. The distribution of the stellar age of the five
closest galaxies in subsample ‘1’ is approximately constant. 
Surrounding galaxies of AGNs from bins ‘2’ and ‘3’ are pretty 
similar within the errors. Only the environments of subsample 
‘4’ present a lack of old galaxies with respect to the remaining
subsamples, although this is lesser than 1 per cent. 

Summarizing, we have found a clear relationship between the 
osition of the AGNs across the BPT diagram and their host galaxy
roperties considering both parallel and perpendicular subsamples. A 

trong evolution is observed for host AGNs from parallel subsamples 
hich are redder , older , and with more prominent b ulge-type mor -
hology as they drift away from the tight star-forming sequence. Host
alaxies from perpendicular subsamples present features according 
o the proportion of AGN subclasses and visual morphological 
lassification. Ho we ver, e ven when the AGN characteristics of every
ubsample are very distinctive, the environment does not seem to 
eveal this fact. The density environment, and the properties of the 
GN galaxy neighbourhood of each subsample appear be associated 
ith the AGN subclasses where the subsamples containing higher 

raction of Composite and Spiral galaxies are able to show a more
vident morphology–density relation than those mainly formed by 
pure’ AGNs, Seyferts, and LINERs, in agreement with previous 
orks (Miller et al. 2003 ; Padilla et al. 2010 ; Coldwell et al. 2014 ,
017 ). 
Observ ational e vidence suggests that most massive galaxies har- 

our a central BH (Tremaine et al. 2002 ; Marconi & Hunt 2003 ), and
ven some dwarf galaxies may contain less massive intermediate- 
ass black holes (Mezcua et al. 2018 ); ho we ver, not all these

alaxies are acti ve. Se veral physical processes involved in the galaxy
volution, such as interactions (Alonso et al. 2007 ), disc instabilities
roducing bars (Alonso et al. 2018 ), major and minor mergers 
Secrest et al. 2020 ), etc. have been proposed as those responsible
f triggering the AGN activity. Thus, these mechanisms can occur in
ifferent stage of the galaxy life being able to reactivate a dormant
upermassive black hole (Coldwell et al. 2009 ). In this scenario
ounger host galaxies with high gas content, such as AGNs with
pectral mixing contribution from H II regions, could have enough 
uel to feed the black hole in their early stage regardless of the
nvironmental condition. Ho we ver the more e volved host galaxies,
here AGNs become the dominant emission source, could depend 
f a trigger mechanism occurring when the intergalactic medium has 
igh content of gas and a major likelihood of a higher merger rate
roviding more suitable conditions for the central black hole feeding. 
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