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Abstract

| explore the correlation between the X-ray luminosity of the 13 galaxies selected and values
such as the galaxies' inferred stellar mass and its color. The galaxies selected, in the
0.024710 < z < 0.095000 range, are all containing an active galactic nucleus, for which |
determine the luminosity by using the X-ray luminosity as a proxy. | then plot it against the
inferred stellar mass and color of each galaxy. The results show a negative correlation for the
X-ray luminosity vs Inferred Stellar Mass plot, and a slight positive for the X-ray luminosity vs
Color plot, indicating a connection between the luminosity of an active galactic nucleus and its
ability to quench star formation, hence reducing stellar mass and increasing the age of the
average of the stars, increasing the color value.

1. Introduction

Active Galactic Nuclei (AGN) are the most
energetic phenomena in the observable
Universe. They are defined as small regions
in the nucleus of galaxies that emit large
amounts of radiation in the form of x-ray,
radio and gamma rays (Britannica 2019 [6]).
E. E. Salpeter (1964 [12]) was the first to
propose that supermassive gravitationally
collapsed objects (now known as black
holes) could accrete matter as a form of
growth and release of energy as heat and
luminous emissions. Later, one of the earlier
connections  between such luminous
emissions in the nucleus of galaxies and
quasars was formulated by LyndebBell
(1969 [10]), who hypothesized that those
galactic nuclei could have originated from
collapsed quasars. Further theorization on
the existence of black holes in the center of
all galaxies and on their relation to the
formation of powerful x-ray and radio
emission sources such as Quasars, was

formulated by Rees (1984 [11]). In the same
decade, studies on the effect of hot wind
emission from AGN on the Star Formation
Rate (SFR) and the properties of those
winds were proposed by Begelman, McKee
and Shields (1983 [4]), Begelman (1985 [3])
and Shanbhag and Kembhavi (1988 [13]).
These mark the earlier analytical studies
regarding the effects that AGN would have
on host galaxy evolution. Early century
studies relating the mass of AGN and galaxy
evolution proved for there to be a significant
correlation between the mass of the
galaxies’ central supermassive black holes
(Mbh) and quantities such as the stellar
velocity dispersion (Mbh - o relation,
Gebhardt et al. 2000 [8]), showcasing the
direct proportionality of the two. More recent
studies on the correlations between AGN
and host galaxy have shown there to be little
correlation between AGN x-ray luminosity
and star formation rate at z = 0.2 — 2.5 (Stan
et al. 2015 [16]), and there to be significant
differences in the galactic evolution
depending on the mass of the central
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Figure 1: The redshift distribution for all the
AGN used. The highest concentration of
AGN can be seen in the 0.06 < z < 0.07
range.

Supermassive Black Hole (SBH), where the
evolution of dwarf galaxies with less
massive SBH were shown to have more
similar evolutionary paths to those with no
SBH than to those with a medium mass
SBH and a more massive SBH (Sharma et
al. 2020 [14]). Research centered around
these correlations are vital for astronomers
to understand the effects AGN have on their
host galaxies, and are vital for them to
understand how feedback (the process by
which gas is heated and/or dispersed,
disrupting SFR) impacts galaxy evolution.
Despite the extensive amount of research
conducted in the fields of AGN-Galaxy
correlation, there is a lack of studies when it
comes to general analyses of correlations
between the x-ray luminosity of AGN and
the properties of their host galaxies. For this
reason | propose the computational analysis
of the correlation between the Xray
luminosity of the galaxy, which | used as a
proxy for the AGN Luminosity, and host
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Figure 2: The x-ray luminosity as Log(Lx)

distribution.

galaxy properties that include its Inferred
Stellar Mass (M%), and color. | propose a
study using AGN found in the 0.024710 < z
< 0.095000 range using data from the First
Catalog of AGN from the Large Area
Telescope (LAT, 1LAC, Abdo et al. 2010 [1]).

2. Data Sample and Selection

For the galaxies | use the 1LAC [1] data.
They were selected to represent a range of
luminosities and redshifts (0.024710 <z <
0.095000). The redshift distribution can be
seen in Figure 1. The values analyzed were
all plotted against the xray luminosities. The
usage of the X-ray luminosities might have
caused a source of error, as sources like hot
gas might have interfered in the accuracy of
it as a proxy. (Lx, in ergs/s): to calculate the
Lx the equation Lx = 411r2 f, where r is the
distance to the galaxy (in cm) and f is the
flux (apparent brightness, in ergs/s/cm2 ).
The range Lx distribution can be found in
Figure 2. After calculating the Lx in erg/s, |
calculated it again using the r-band
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Figure 3: The galaxies’ M, as Log(M,)

distribution.

magnitude, which | got from the SDSS
model data (Abdurro’uf et al. 2022 [2]),
inputting it and the distance into a
Luminosity Calculator (Szyk 2022). This
calculator gave us the Luminosity of the
galaxy in Le which | then multiplied by the
static stellar mass-to-light ratio of 3.05 (Bell
et al. 2003 [5]). The product is the galaxy’s
inferred stellar mass (Mx) in Mo; its
distribution can be seen in Figure 3. | later
calculated the color of the galaxy by
subtracting the g-band magnitude to the
r-band magnitude or by subtracting the
G-band magnitude by the R-band magnitude
(g —ror G = R). The color distributions can
be seen in Figure 4. The values of the x-ray
fluxes, magnitudes and the distances were
all taken from the 1LAC survey’s data
results ( [1]). The selection of the AGN and
galaxies was based on redshift (so that 0.01
<z <0.1) and on whether their archival data
included apparent brightness and distance:
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Figure 4: The galaxies’ color distribution.
Three galaxies present anomalies in color.
That is because their photometric values
were not taken from the SDSS model as the
other ones, as they did not have one.

if both weren’t included, the AGN was not
selected.

3. Graph Analysis

The first property that | plotted against
Log(Lx) is the galaxies Log(M=*). The graph
can be seen in Figure 5. | show a linear fit to
facilitate the showcase of the correlation to
the eye, but | make no assumption that this
is the accurate line to represent the actual
dependency of the M* on the AGN
Luminosity. The graph shows a negative
correlation between the two factors: it shows
that as the Lx increases, the M* decreases.
But why is this? Mx is very tightly connected
to a galaxy’s star SFR, as the Mx* is
accumulated through the star formation
process (Kusakabe et al. 2018 [9]). In fact,
the higher a galaxy’s SFR, the higher its Mx.
This indirect proportionality can then be
explained by the activity of luminous AGN
and its impact on star formation rate. More
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Figure 5: The Log(Lx) against the Log(M,).

A negative correlation can be seen, with the
M, decreasing as the L_increases. The

function used to define the line best fit is
f(x) = 37.45698743453351 —
0.11012438723399873x, with

f(x) = Log(M,))andx = Log(L).

active AGN accrete more mass ( [12]),
hence releasing more energy, increasing
their luminosity. A higher accretion of mass
increases the amount of mass being
integrated into the AGN, increasing the
speed at which the mass circulates around
the accretion disk: this increase in energy
heats up the material and makes it very
luminous. Its real impact on the galaxy can
be seen when (and if) the gas is released
back into the galaxy, heating up existing cold
gas, or releasing energetic winds that expel
the cold gas from the galaxy (Somerville et
al. 2008 [15]). The absence of cold gas in
the galaxy causes the SFR to decrease or
completely cease to happen: this event
being called a quenching. The indirect
proportionality of the M* and the Lx can be
then explained by connecting the higher
luminosity with more active AGN, which

L ity (ergis)

Figure 6: The Log(Lx) against the color of

the galaxies. A slight positive trend can be
seen, with both increasing as the other
does. The function used to define the line
best fitis f(x) = — 1.6142727415601743
+ 0.024726696883358153x, with

f(x) = colorandx = Log(Lx). The three

outliers were not taken into consideration for
the calculation of the line best fit, as their
calculation was made using different
photometries than the rest of the values.

likely cause quenching in their host galaxy.
This quenching, over time, decreases the
overall Mx* of the galaxy. This is also
observed by Fabian (2012 [7]), who states
loss of stellar mass to be the least result of
quenching. The second property that |
plotted is color. The graph can be seen in
Figure 6. As before, | used the fit to help
visually only. Differently from the Lx-Msx*
relation, this time the graph shows a slight
positive correlation, indicating a direct
proportionality between the two factors.
Galaxies that tend to be bluer, and so have
a lower value for color, tend to also be
younger galaxies, as younger stars are bluer
in color. This high presence of young stars
also implies a higher SFR, as more young
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stars are forming more frequently. On the galactic evolution, and also allow them to
other hand, galaxies that tend to be redder, make better theoretical conclusions through
and so have a higher value for color, tend to simulations. This result goes to show a

be higher, as older stars are redder in color: support for past research and a confirmation
this indicates a decrease in SFR in the of established theories on galactic evolution
galaxy or a complete quench of it. As stated and the effect of AGN feedback through
earlier, quenched in galaxies are largely guenching, demonstrating the importance of
caused by more active AGN (Somerville et a galaxy’s AGN in the evolution of its host.

al. 2008 [15]) This indicates that, as
expected from the graph, galaxies with more
active nuclei should be redder, as they can
likely be quenched, and so appear redder
due to the older population rate. This
explains the slight positive correlation.

4. Conclusion

To conclude, | compared, plotted and fitted a
line to look for correlations between the
galaxy’s Lx, which | used as a proxy for the
AGN’s luminosity, and values for the
galaxy’s M* and color. | could note a
negative correlation between the Lx and the
galaxy’s M*, as explained by the possibility
of quenching due to higher activity levels
with brighter AGN and its connection with
the lowering of a galaxy’s M*(Fabian 2012
[7]). | could also note a slight positive
correlation between the Lx and the color of
the galaxies, as explained by the fact that
younger galaxies tend to have higher SFR,
which is connected to a less active AGN.
This also is consistent with the fact that the
older, redder galaxies tended to have a
more luminous AGN, which likely quenched
the galaxy (Somerville et al. 2008 [15]).
Research surrounding the relationship
between AGN properties and galactic
properties is extremely important, as it can
help scientists make better predictions as to
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