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A B S T R A C T 

Measurement of black hole mass for low- z ( z≤ 0.8) Active Galactic Nuclei (AGNs) is difficult due to the strong contribution 

from host galaxy stellar light necessitating detailed spectral decomposition to estimate the AGN luminosity. Here, we present 
an empirical relation to estimate host galaxy stellar luminosity from the optical spectra of AGNs at z ≤ 0.8. The spectral 
data were selected from the fourteenth data release of the Sloan Digital Sky Survey (SDSS-DR14) quasar catalogue having a 
signal-to-noise ratio at 5100 Å (SNR 5100 ) > 10 containing 11 415 quasars. The median total luminosity (log ( L total /[erg s −1 ])), 
stellar luminosity (log ( L star /[erg s −1 ])), and AGN continuum luminosity ((log L cont /[erg s −1 ])) in our sample are 44.52, 44.06, 
and 44.30, respectively. We fit the AGN power-law continuum, host galaxy, and iron blend contribution, simultaneously o v er 
the entire available spectrum. We found the host galaxy fraction to anticorrelate with continuum luminosity and can be well- 
represented by a polynomial function, which can be used to correct the stellar light contribution from AGN spectra. We also 

found anticorrelation between host galaxy fraction and iron strength, Eddington ratio, and redshift. The empirical relation gives 
comparable results of host-fraction with the image decomposition method. 

Key words: methods: data analysis – galaxies: active – methods: statistical. 
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 I N T RO D U C T I O N  

ctive galactic nuclei (AGNs) are powered by the accretion of 
atter on to a supermassive black hole ( > 10 5 M �) with luminosity

anging from 10 44 –10 48 erg s −1 . Previous studies suggest that nearly
ll massive galaxies host supermassive black holes (SMBHs), and 
he properties of these SMBHs show correlations with the properties 
f the host galaxy, indicating a strong connection between them 

see Kormendy & Ho 2013 for a re vie w). Massi ve black holes may
riginate before the era that marks the peak of galaxy formation 
at z ∼ 2), as evident by the history of star formation in bright
alaxies (Madau & Dickinson 2014 ). As a result, it gives credence
o theoretical arguments that spheroid formation and the growth of 
MBHs are closely linked and the associated e xtensiv e energetic 
utflows from AGN may have a significant correlation with physical 
rocesses in the host galaxy. 
To understand this relation between black holes and their host 

alaxy, it is crucial to emphasize their spectral decomposition 
Greene & Ho 2005 ; Shen et al. 2011 ; Bongiorno et al. 2014 ; Varisco
t al. 2018 ; Rakshit, Stalin & Kotilainen 2020 ). This is especially
mportant at low- z in optical wavelengths where the contamination 
y their host galaxy is significant. The advent of large surv e ys
uch as the Sloan Digital Sky Survey (SDSS) and Dark Energy 
 E-mail: priyajalan14@gmail.com (PJ); suvenduat@gmail.com (SR) 1
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pectroscopic Instrument (DESI), which capture millions of such 
GNs, moti v ates us to find an empirical relation between fraction
f luminosity from the black hole and their host galaxy, that can be
sed for further studies. For example, black hole masses in AGNs are
ostly calculated using the virial relation given by the reverberation 
apping study, which uses the luminosity of the continuum to find

he size of the broad line region (or radius-luminosity relation) (e.g.
hen et al. 2011 ; Rakshit et al. 2020 ). Non-removal of the host galaxy
ay lead to an o v erestimation of the luminosity and hence the black

ole mass. 
Various methods have been developed to decompose the host 

alaxy contribution correctly and to maximize the use of archi v al
ata. Recent studies by Rakshit et al. ( 2020 , hereafter R20 ) used
DSS-DR14 quasar sample and decomposed host galaxy and quasar 
ontribution using principal component analysis (PCA). Similarly, 
alderone et al. ( 2017 , hereafter C17 ) and Varisco et al. ( 2018 ) used
DSS-DR10 sample at z < 0.6 and z < 0.8, respectively to account
or this host galaxy contamination. C17 developed an automated 
oftware package, QSFIT 1 that decomposes the spectrum into the host 
alaxy and AGN continuum, the Balmer continuum emission, optical 
nd ultraviolet iron blended complex, and emission lines. They have 
sed a power-law model for AGN and an elliptical galaxy template for 
he host galaxy . Similarly , Shen et al. ( 2011 ) estimated the host galaxy
 https:// github.com/gcalderone/ qsfit

rch 2023
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ontamination for z ≤ 0.5 quasars using stacked spectra assuming
hat the highest luminosity bin (log ( L cont /[erg s −1 ]) = 45.5) is not
ffected by host galaxy contamination. Berk et al. ( 2006 ) separated
he host galaxy using the PCA method from the broad line AGN
or 4666 spectra from SDSS at z ≤ 0.75 and found dependence
n various parameters such as signal-to-noise ratio (SNR) and host
alaxy class. 

Detailed spectral decomposition is necessary to remo v e the host
ontamination, ho we ver, high SNR spectra along with clear detection
f absorption lines are required for such spectral decomposition.
nfortunately, a majority of the spectra obtained in large surv e ys do
ot have high SNR. In this paper, we carried out a detailed spectral
ecomposition for z≤ 0.8 AGNs in the SDSS-DR14 (P ̂ aris et al.
018 ) catalogue by performing an independent fit of each AGN
pectrum to obtain an empirical relation between host galaxy fraction
nd AGN continuum luminosity that can be used to estimate the host-
raction for low-SNR spectra where detailed spectral decomposition
s difficult to perform. The paper is organized as follows: In Section
 , we discuss the spectral data used and its various components. In
ection 3 , we detailed our results followed by a comparison with
revious studies. We also analysed the variation of host galaxy
raction with redshift, SNR and other AGN parameters. Finally,
e conclude our work in Section 4 . Throughout, we used a flat
ackground cosmology with �m = 0.3, �λ = 0.7, and H o 

 70 km s −1 Mpc −1 . 

 DATA  A N D  SPECTRAL  FITTING  

e used the complete compilation of the SDSS-DR14 quasar
atalogue and more sophisticated parameter measurements from
20 . We limited the analysis to z ≤ 0.8 sources for which SDSS
o v ers λ < 5000 Å (rest frame) providing a better constraint to the
ost galaxy contribution, resulting in 55 427 sources. The host galaxy
raction (hf ≡ L star / L total ) cannot be precisely measured for a very low-
NR spectrum therefore, we limited the sample with SNR at 5100 Å
SNR 5100 ) > 10. This includes 11 415 spectroscopically confirmed
uasars with a median SNR 5100 of ∼15. 
Each observed spectrum was corrected for Galactic extinction

sing the Schlegel, Finkbeiner & Davis ( 1998 ) extinction map and
he Milky Way extinction law with R V = 3.1 from Cardelli, Clayton &

athis ( 1989 ). Then the spectra were converted to their respective
est-frame (based on their redshift). After masking the strong
mission lines, we modelled each spectrum using a combination
f starlight from the host galaxy, AGN power-law and iron blends
ith their contribution varying from source to source, as discussed
elow. 
Star light : The photons from the stars present in the host galaxy

ontribute to the total AGN spectrum, especially at low −z in optical
avelengths. In order to model the stellar contribution, we used

he stellar template from the Indo-US spectral library (Valdes et al.
008 ), which has been previously used by various authors (Rakshit &
oo 2018 ). It contains seven spectra of G- and K-type giant stars

f various temperatures with a resolution of 1.35 Å and co v ering the
avelength range of 3650–9200 Å. The templates were broadened by
 Gaussian kernel with line width as a free parameter along with the
elocity shift as another free parameter. The weights were optimized
or each stellar template. 

AGN continuum: The AGN contribution is simply a power-law
f the form 

 λ = A × ( λ/ 5100) B , (1) 
NRASL 521, L11–L16 (2023) 
here A is the luminosity density at 5100 Å or the normalization
arameter and B is the spectral slope. The line-free region of the
ntire spectral range is used for this continuum fitting. Even for
arge spectral co v erage, we assumed a single po wer-law, ho we ver,
 broken power-law can also be modelled. However, in the sources
hat have star-light contributions similar to or higher than the AGN
ontribution the slope degenerates with the star-light and hence the
roken power-law cannot be well constrained. 
Iron lines: We considered the spectral range of 4000–6000 Å to

erform the spectral fitting and modelled the optical Fe II emission
sing the Fe II templates constructed by Kov a ̌ce vi ́c, Popovi ́c & Dim-
trije vi ́c ( 2010 ). Pre vious studies found that this template provides a
etter fit for the Fe II emission in AGN (Barth et al. 2015 ). The UV
omponent of the Fe II emission ranging from 1250–3090 Å is not
ele v ant in the present decomposition i.e. > 3650 Å. The Kov a ̌ce vi ́c
t al. ( 2010 ) Fe II template consists of five different templates
epresenting different groups of multiplet, therefore, normalization of
ach template was needed. The Fe II template spectra were convolved
sing a Gaussian broadening kernel as done for the stellar template.
he width and the shift of all five templates were kept the same for
 given spectral fit. The total continuum is a combination of the host
alaxy, AGN power-law, and Fe II emission. 

Emission lines: After the subtraction of the total continuum from
he spectrum the emission lines (broad and narrow) were fitted. The
mission line complex is fitted over the spectral range of 4600–
050 Å. We fitted the broad component using a 6th order Gaussian
ermite function and each narrow component using a single Gaus-

ian. The O III doublets were fitted using double Gaussian. Using
he best-fit model, we extracted the parameters such as emission
ine flux and full width at half-maximum (FWHM) which is used to
alculate the black hole mass and Eddington ratio (using Rakshit &
oo 2018 ). 
The best-fit model was found by performing a non-linear

evenberg–Marquardt least-squares minimization using MPFIT3
Markwardt 2009 ) code in IDL . This allowed us to properly decom-
ose different model components estimating host galaxy fraction and
he host-subtracted continuum luminosity at 5100 Å. Fig. 1 presents
n o v erview of the results of our continuum fitting procedures. The
op and bottom panel shows a spectrum with high SNR ( ∼34) at
 = 0.07 and SNR ( ∼11) at z = 0.48, with ∼ 76 per cent and ∼
4 per cent host contribution, respecti vely. Indi vidual decomposed
omponents are also shown. 

 RESULTS  

.1 Comparison with previous studies 

e compare our results of host galaxy fraction estimate with that ob-
ained by C17 and R20 , enlisting the similarities and dissimilarities.
20 first decomposed the spectrum using 5 PCA components for

he galaxy and 20 PCA components for quasars. After subtracting
he galaxy contribution, they fitted the residual with a power-law
ontinuum and iron template masking the emission lines. On the
ther hand, C17 fitted different components of the continuum and
mission lines simultaneously where the host galaxy is represented
y a single elliptical galaxy template of Mannucci et al. ( 2001 ) with
he only free parameter being the normalization factor. 

For the AGN contribution, R20 uses a similar power-law as
entioned in equation ( 1 ). Ho we ver, unlike our v arying spectral

lope, C17 assumes a fixed value of B = −1.7 for low-redshift ( z ≤
.6) AGNs due to the difficulty of separating stellar and non-stellar



Estimating host galaxy fraction from AGN luminosity L13 

Figure 1. The plot shows two spectra with their individual components. 
The AGN continuum, iron continuum, and host galaxy fraction are shown in 
orange, green, and blue colour, with contributions mentioned as PL, Fe II , and 
star, respectively. The fainter colour shows the spectral decomposition for the 
constant spectral slope of −1.7 (see text in Section 3.1 ). The top panel shows 
an example of high galaxy contribution with higher SNR ∼34 at z ∼ 0.07 and 
the bottom panel shows an example of ∼ 54 per cent galaxy contribution at 
lower SNR ∼11 at z ∼ 0.48. The plot also shows broad (cyan) and narrow 

(fuchsia) components of the emission lines. 

Figure 2. Comparing host galaxy fraction (left) and continuum luminosity 
(right) calculated in this work with C17 and R20 at 5100 Å. Histograms of 
their differences are shown. 
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omponents in AGNs closer than z ∼ 0.7. Similar to C17 , we also
ested our spectral decomposition for the spectra with a constant 
pectral slope. We show this spectral decomposition in fainter colour 
n Fig. 1 . 

We compare the host galaxy fraction percentage calculated in this 
ork with that obtained by C17 and R20 for the common sources

n Fig. 2 . The mean difference of the host galaxy fraction between
his work and R20 is 1.51 ± 21.34 per cent while this work and C17
s 11.92 ± 16.64 per cent. This suggests our host galaxy fraction is

ore consistent with R20 than C17 measurements although with a 
arger scatter with R20 compared to C17 . A large fraction of sources
ith host galaxy fraction ∼30 per cent as estimated in this work have

lmost nil host contamination in C17 . The difference in the host
ontribution measurement by different authors could be mainly due 
o the use of different host galaxy decomposition methods. Since 
17 assumed the host galaxy to be an elliptical galaxy and low-

uminous AGNs are found to be hosted in spiral galaxies, such an
ssumption could underestimate the host galaxy flux measurement, 
specially in low-luminosity AGNs (Crenshaw, Kraemer & Gabel 
003 ; Olgu ́ın-Iglesias, Kotilainen & Chavushyan 2019 ; Gkini et al.
021 , and references therein). The right-hand panel of Fig. 2 shows
he consistency of the continuum luminosity with R20 and a slight
ifference with respect to estimates by C17 . Furthermore, we checked 
f using a fixed spectral slope by C17 could be the reason, and we
ound the mean difference of the host galaxy fraction of this work
nd C17 reduces to 6.37 ± 23.77 per cent, if the spectral slope
xed to B = −1.7. On the other hand, R20 uses the PCA method
hich assumes that each spectrum can be defined by combining 

wo independent sets of eigen-spectra from the pure galaxy and the
ure quasar samples. Moreo v er, only if the host galaxy fraction in
he wavelength range of 4160–4210 Å is larger than 10 per cent the
ecomposition is considered ef fecti ve whereas we apply no such
onstraint. 

.2 Host galaxy fraction versus continuum luminosity 

he correlation between the host galaxy fraction and the luminosity 
t 5100 Å is shown in Fig. 3 . The median 5100 Å total luminosity (log
 L total /[erg s −1 ])), stellar luminosity (log ( L star /[erg s −1 ])), and AGN
ontinuum luminosity (log ( L cont /[erg s −1 ])) in our sample are 44.524,
4.062, and 44.301, respectively. All the luminosity (i.e, L star , L cont ,
nd L total ) estimates are found to be increasing with the redshift, with
arying slopes. This is contributed by two factors: (i) There is a bias
n selecting more luminous quasars at higher −z due to flux-limited
bservations and (ii) more host galaxy light will be available in the
 arcsec SDSS aperture for higher −z targets because of the smaller
ngular size of the host galaxy. Ho we ver, the continuum luminosity
s found to have a steeper slope with redshift as compared to the
tellar luminosity. 

It is evident from Fig. 3 that the host galaxy luminosity fraction
ecreases as the continuum luminosity increases. This is clear from 

he (median) binned data plot which shows a decreasing trend. The
ost galaxy luminosity fraction is dominant with > 50 per cent for
he continuum luminosity < 10 43.7 erg s −1 . As expected, at a given
 cont , there is a large dispersion in the host galaxy fraction. This is
ecause, for a given L cont there would be sources with a distribution
f Eddington ratios, which means sources with a range of black hole
ass (or a range of L star due to the correlation between black hole
ass and stellar mass) leading to a large distribution of host-fraction.
In order to find a mathematical relation between the host galaxy

raction with the total AGN luminosity, we fitted the binned data in
he top panel of Fig. 3 using a third-order polynomial and found 

 = (42 . 01 ± 1 . 15) + ( −20 . 53 ± 1 . 47) x + (9 . 34 ± 2 . 45) x 2 

+ ( −3 . 88 ± 1 . 33) x 3 , (2) 

here x = log L total −44. 
We estimate the host-fraction of individual objects based on 

he abo v e empirical relation and compare them with the direct
easurement from model fitting. The mean difference of host- 

raction estimated between the two methods is ∼0 per cent with a
ispersion of ∼15 per cent. As mentioned abo v e, we also calculated
MNRASL 521, L11–L16 (2023) 
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M

Figure 3. Top panel: The density contours represent the host luminosity 
fraction to that of total luminosity at 5100 Å versus continuum luminosity at 
5100 Å in this work. The 40 percentile, 1 σ , 2 σ , and 3 σ contours are shown. 
The points represent the median of the sample in each luminosity bin with 
error-bars showing the standard deviation in the bin. The best-fit polynomial 
fit of the binned data is shown by the dashed line. Bottom panel: Same as the 
top panel but for spectral slope fixed to −1.7. 
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Figure 4. Fraction of host luminosity as compared to the total luminosity at 
λ ∼ 5100 Å as a function of redshift (left-hand panel) and SNR at 5100 Å
(right-hand panel). Multiple objects are shown with stars in different colours. 
The red squares represent the median in each bin. 

Figure 5. The plot shows host luminosity as compared to the total luminosity 
at λ ∼ 5100 Å versus iron strength (left-hand panel) and Eddington ratio 
(right-hand panel), respectively. The colour bar represents the redshift. The 
black line represents the robust linear regression fitting using BCES. 
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he host galaxy fraction by fixing the spectral slope to be −1.7, and
he modified host galaxy fraction versus total luminosity is shown in
he bottom panel of Fig. 3 . The modified equation for fixed spectral
lope is 

 = (39 . 87 ± 1 . 96) + ( −42 . 52 ± 3 . 08) x + (13 . 39 ± 3 . 93) x 2 

+ (1 . 73 ± 3 . 52) x 3 . (3) 

.3 Host galaxy fraction with redshift and SNR 

n Fig. 4 (left-hand panel), we show the host galaxy fraction as a
unction of redshift. We found that the host galaxy fraction percentage
educes as we go to higher redshifts, which is expected. With the
ncreasing redshift, the continuum luminosity is found to increase
as shown by the colour bar), and thus the host fraction decreases.
pectral decomposition is sensitive to the SNR, and higher reliability
f decomposition is expected for higher SNR spectra. In order to
tudy the dependence of SNR on the host galaxy fraction, we used a
ubsample of high SNR data which have a host galaxy fraction (hf ori )
 20 per cent. We calculated the host galaxy fraction (hf) for spectra

fter degrading their SNR. For this, we first multiplied a factor of 2
o 10 by the original flux error for each high SNR spectra. We then
NRASL 521, L11–L16 (2023) 
dded to the original flux spectra a Gaussian random deviation of zero
ean and standard deviation given by the new flux errors. We then

erformed the spectral decomposition from these mock spectra as
one for the original spectra and calculated the host galaxy fraction.
e e v aluated the ratio of hf/hf ori as plotted in the right-hand panel of

ig. 4 , here the red squares show the median values. As evident from
he plot, the scatter at lower SNR < 10 is larger although the median
alue is consistent with unity. Therefore, the host galaxy fraction
stimates are reliable only for SNR > 10. This justifies the use of
pectra having SNR > 10 for this work. 

.4 Host galaxy fraction and AGN parameters 

o study the dependency of host luminosity fraction with AGN
arameters, we estimated black hole mass and Eddington ratio. The
lack hole mass was calculated using the virial relation from the
ingle-epoch spectrum based on the FWHM of the H β emission line
nd AGN luminosity at 5100 A using the relation given by Woo
t al. ( 2015 ). The Eddington ratio was estimated by the ratio of
olometric to Eddington luminosity, where the latter was calculated

rom the black hole mass (Rakshit & Woo 2018 ). Previous studies
ound an anticorrelation between iron strength and [O III ] while
 strong positive correlation between iron strength and Eddington
atio (e.g. Boroson & Green 1992 ; Rakshit et al. 2017 ). To study the
orrelation between host-fraction and iron strength, we estimated
ron strength using the ratio of optical Fe II flux of the Fe II multiplets
nte grated o v er the wav elength range of 4434–4684 Å to H β broad
omponent. In the left-hand panel of Fig. 5 , we show the host galaxy
raction versus the iron strength. We found host galaxy fraction is
nticorrelated with the iron strength. Since high accreting sources
re strong Fe II emitters, therefore, the host galaxy fraction should
e anticorrelated with the Eddington ratio also. As expected, the host
alaxy fraction reduces with the increment in the Eddington ratio as
hown in the right-hand panel of Fig. 5 . 

art/slad014_f3.eps
art/slad014_f4.eps
art/slad014_f5.eps
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Figure 6. The plot shows the host fraction values calculated by Bentz et al. 
( 2013 ) (blue squares) using the surface brightness decomposition and using 
the empirical relation derived in this work in equation ( 2 ) (red circle) as a 
function of total luminosity. 
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.5 Impact of limited stellar templates 

n this study, we have not included OB stellar templates in our stellar
emplate list (e.g. see Section 2 ) due to their strong blue (along with
he lack of absorption features in the wavelength range of 4000–
000 Å) spectra that is indistinguishable from the AGN power-law 

ontinuum. This leads to a high de generac y in the model decomposi-
ion. Therefore, we can expect a systemic underestimation of the host
raction, especially, for AGNs with a high fraction of a young stellar
opulation. To test the impact of including OB star templates, we 
enerated ∼200 spectra by adding OB star templates. We added 50 
er cent host fraction (at 5100 Å) of the total continuum using the OB
tar template to the spectrum of high luminous AGNs that originally 
ad almost negligible host galaxy and iron contributions. We fitted the 
imulated spectrum with stellar templates, including and excluding 
B star templates from the stellar template list, and found the mean
ifference to be 16.94 ± 6.62 per cent in this case. This implies that
or the young population, our empirical relation may underestimate 
ost galaxy fraction by up to ∼ 17 per cent .We also performed the 
imulations for two extreme cases by adding 1) a host fraction of
0 per cent that resulted in the host fraction being underestimated 
y 10.00 ± 9.84 per cent and 2) a host fraction of 80 per cent which
ives much higher uncertainty with the host fraction underestimated 
y 37.75 ± 3.48 per cent, if OB star templates are excluded. 

.6 Applications of the empirical relation 

e have investigated the applicability of the empirical relation 
erived in this work (equation ( 2 )), to a completely independent
ample having host galaxy measurement from an independent 
ethod. We used the sample from Bentz et al. ( 2013 , hereafter,
13 ). Unlike here, B13 used surface brightness decomposition on 

he Hubble Space Telescope ( HST ) galaxy images and remo v e the
GN contribution to find the host galaxy from which the starlight
ontribution could be measured. They used GALFIT (Peng et al. 
002 ), a non-linear least-squares 2D image fitting algorithm. The 
ost galaxy fraction calculated in B13 is shown with blue-squares 
n Fig. 6 . We use the total luminosity values provided in table 12
nd 13 of B13 and calculate the host galaxy fraction using our
mpirical relation (equation ( 2 )) as shown in red-circles in Fig. 6 .
e compare these host galaxy fractions and find the mean difference 

o be 10.5 ± 17.3 per cent. This implies that the empirical relation
erived in equation ( 2 ), provides acceptable results even for a sample
ot observed with SDSS. 
 SUMMARY  

ith the advent of large ongoing/upcoming surv e ys, such as DESI
nd SDSS, it is important to quantify host galaxy contribution to
he AGN spectra in order to reliably estimate black hole mass. In
his work, we provide an empirical relation of the host galaxy’s
tellar luminosity fraction to that of the total luminosity as a function
f the total luminosity. For this, we decomposed the host galaxy
ontribution from AGNs at z ≤ 0.8 using the optical spectra from
DSS-DR14 with SNR 5100 > 10 leading to 11 415 SDSS spectra and
stimated host galaxy fraction by fitting stellar light, AGN power-law 

ontinuum and iron blends, simultaneously. The empirical relation 
btained from our spectral decomposition method is found to be well-
eproducing host-fraction for an independent sample of AGNs where 
ost-fraction was estimated using the image decomposition method. 
y simulating the spectra at various SNRs, we found the estimated
ost galaxy fraction to be more reliable for SNR > 10. We find that
he host galaxy fraction is anticorrelated with the total luminosity 
nd can be well-represented with a 3rd-order polynomial function 
hat can be used to correct the spectrum for host galaxy stellar light
ontribution to estimate pure AGN continuum luminosity. We found 
he host galaxy fraction is ≥ 50 per cent for total luminosity of (log
 total /[erg s −1 ]) ≤ 43.7. A negligible reduction of host galaxy fraction

s observed with increasing redshift. The host galaxy fraction is found
o be anticorrelated with iron strength and Eddington ratio. 

C K N OW L E D G E M E N T S  

e thank the anonymous referee for his/her valuable comments 
nd constructive suggestions which have greatly improved the 
anuscript. PJ was supported by the Polish National Science Center 

hrough grant no. 2020/38/E/ST9/00395. SR acknowledges the 
artial support of SRG-SERB, DST, New Delhi through SRG grant 
umber SRG/2021/001334. 

ATA  AVAI LABI LI TY  

he data underlying this article were accessed from SDSS data 
chieve ( https:// www.sdss.org/ ), managed by the Astrophysical Re- 
earch Consortium for the Participating Institutions of the SDSS-III 
ollaborations. The derived data generated in this research will be 

hared upon reasonable request to the corresponding author. 

EFERENCES  

arth A. J. et al., 2015, ApJS , 217, 26 
entz M. C. et al., 2013, ApJ , 767, 149 (B13) 
erk D. E. V. et al., 2006, ApJ , 131, 84 
ongiorno A. et al., 2014, MNRAS , 443, 2077 
oroson T. A., Green R. F., 1992, ApJS , 80, 109 
alderone G., Nicastro L., Ghisellini G., Dotti M., Sbarrato T., Shankar F.,

Colpi M., 2017, MNRAS , 472, 4051 (C17) 
ardelli J. A., Clayton G. C., Mathis J. S., 1989, ApJ , 345, 245 
renshaw D. M., Kraemer S. B., Gabel J. R., 2003, ApJ , 126, 1690 
kini A., Plionis M., Chira M., Koulouridis E., 2021, A&A , 650, A75 
reene J. E., Ho L. C., 2005, ApJ , 627, 721 
ormendy J., Ho L. C., 2013, ARA&A , 51, 511 
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