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Abstract. The physical properties of AGN such as accretion rate, column density, temperature
of hot corona and other characteristics can be found from X-ray spectral data. We present the
results of spatial and spectral analysis for Sy2 type galaxy NGC 3081 obtained with different
mathematical tools of the Chandra Interactive Analysis of Observations software. We found
evidence of extended emission in 0.5-3.0 keV as well as derived parameters for model A: photon
index I'=1.6510 3, column density Ny =57.575 Fcm ™2, warm component k71 =0.1615 0, and
hot component k7T = 1.0’_"3‘2 keV. We detected the presence of a component of the reflection
spectrum, Fe K, emission line with Fjine = 6.39795keV and EW = 507091 eV.
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1. Introduction

Active galactic nuclei (AGNs) are one of the most powerful sources in the Universe.
The main parts of the AGNs, such as an accretion disc, a torus, and a supermassive
black hole (SMBH), testify themselves by different kinds of radiation (see, the Unification
Scheme by Antonucci & Miller (1985)). The optical and UV emission from AGN arises
due to the accretion process onto the SMBH, while the X-ray emission originates by
Compton upscattering of optical/UV photons from the hot corona (Haardt & Maracchi
1991, 1993). This X-ray radiation is typically described by a power-law model and an
exponential cut-off at high energies. In addition to these components of spectra there are
a reflection spectrum appearing as a “reflection hump” at ~ 20 — 30 keV and a Fe K, line
near 6.4 keV (Mushotzky et al. (1993); Ramos & Ricci (2017); Kompaniiets & Vasylenko
(2020)).

The AGN’s drive is fueled and evolved by both intrinsic processes and environmen-
tal influence. To distinguish these factors, we propose considering isolated galaxies with
AGNs, which had not undergone tidal effects during at least 3 Gyrs. Our sample of 61 iso-
lated AGNs was formed by cross-matching the 2MIG (2MASS Isolated Galaxy) catalogue
with the Veron-Cetty catalogue of quasars and AGNs, where the restriction was used for
K <12.0mag and V, < 15000 km/s (Pulatova et al. (2015); Karachentseva et al. (2010);
Véron-Cetty & Véron (2010). They belong to the Local Universe and are located not in
dense regions, like Virgo and Fornax clusters or galaxy groups of the Local Supercluster
(Karachentseva & Vavilova (1994); Karachentseva & Vavilova (1995); Vavilova et al.
(2005)). For the first time, we revealed that the host isolated galaxies with AGNs of Syl
type (without faint companions) appear to possess the bar morphological features, which
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provide transfer of gas and dust from galaxy’s disc to AGN region (Pulatova et al. 2015)
Therefore, the interaction with neighbouring galaxies is not a necessary condition for
BLR formation in comparison with dual AGNs triggered by tidally induced gas inflows
(Smirnova et al. (2010); Gross et al. (2019); Guainazzi et al. (2021)). Withal, the isolated
AGN and AGNs in pairs (or mergers) show similar distributions in their global stellar
mass, star-formation rate, and central [O III] surface brightness (Jin et al. (2021)).

We performed the X-ray spectral analysis for isolated AGNs with the XMM-Newton,
Chandra, and Swift/XRT data in their computational software (Vavilova et al. (2015);
Vasylenko (2020). Tt allowed revealing that isolated AGNs mostly have smaller lumi-
nosity Lo_1okev ~ 10%2 erg/s in comparison with the typical luminosity for the Seyfert
galaxies (see, for example, Volvach et al. (2011). The spectra of NGC 5347 and MCG-
02-09-040 show the neutral Fe K, emission line. The X-ray spectrum of NGC 5347 is
described by a pure reflection model with E.,; ~ 117 keV and with no signs of transmit-
ted radiation, while MCG-02-09-040 shows the presence of heavy neutral obscuration of
Ny ~ 10** cm—2.

In this work, we present the results of the X-ray spectral analysis of yet another low-
luminosity isolated S0/a galaxy NGC 3081 with Sy2 nucleus based on the Chandra data.
It’s worth noting that NGC 3081 has a complicated structure: a weak large scale bar and
a nuclear bar, and four resonance rings - two outer rings, an inner ring, and a nuclear
ring (Schnorr-Miiller et al. (2016)).

2. X-ray spectral analysis of NGC 3081

The software for Chandra X-ray observatory called CIAO is available through
(https://cxc.cfa.harvard.edu/ciao/). Observations of NGC 3081 were done in 2018
(OBSID 20622) with a total exposure 22.3 ks. We reprocessed these data by standard
script called chandra_repro. Spectrum was extracted by specextract tool with radius
1.6783". The background spectrum was created for annulus with the radii Ry = 4.873"
and Ro=9.743" and centered for the source region. To take into account telescope
response we created the Auxiliary Response Files and the Redistribution Matrix Files.
To apply x? statistics the spectrum was grouped with group_counts with a 20 counts
per been (Fig. 1). Finally, the spectrum was constructed by CIAO modeling and fitting
application called Sherpa (Freeman et al. 2001; Doe et al. 2007).

A simple phenomenological model (model A) in Sherpa terminology is as follows:

Model A = xstbabs X (xsapec + xsapec + xsztbabs X xszpowerlw + xszgauss)

It includes power-law continuum (xszpowerlaw), neutral absorption (xsztbabs), emis-
sion line with a Gaussian profile (xszgauss), and two thermal components (xsapec).
Galactic absorption was fixed with value Ny = 0.04 - 10%2cm 2.

We obtained photon index T'=1.6570 5, and column density is Ny = 57.575% cm=2.
Two different thermal components were also detected: a warm one with temperature
kTy =0.167039 and a hot one with temperature kT, = 1.013) keV. The Fe K, emission
line is Ejjpe = 6.391'8:8§kev and equivalent width is EW = 501‘8:81 eV. It‘s suggested that
the Fe K, emission line is originated in moderate density environment.

3. Image spatial analysis of NGC 3081

The Chandra telescope has the best angular resolution among all the X-ray space
observatories (0.492 arcsec). This makes possible to use its observational data for spatial
analysis too. The point spread function (PSF) describes the shape and size of the image
produced by a delta function (a point) source. The shape and size of the High-Resolution
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Figure 1. The source and background spectrum for NGC 3081 with Chandra software.

L]

Simulated PSF Observation

Observation with Deconvolution

l energy filter:0.5-3.0 keV image

Figure 2. Image spatial analysis of NGC 3081. Top left panel: the MARX simulated PSF, top
right panel: observable image, left down panel: observable image with energy filter 0.5-3.0 keV,
right down panel: deconvolved image with bin size 4923".

Mirror Assembly (HRMA) PSF vary significantly with source location in the telescope
field of view and spectral energy distribution. The PSF should be simulated with MARX,
where the input spectrum is created with a baseline model (for example, power-law
and absorption). Parameters for this model were estimated from a simple fit for the
source spectrum. The next step after the PSF simulation is to restore image resolution.
For this procedure, the Lucy-Richardson deconvolution algorithm is applied, which is
implemented in the arestore tool. In the case of NGC 3081, we used results from Model
A. The obtained PSF, observational and deconvolutional images are given in Fig. 2.
These results were put on the sub-pixel image with 1/2 and 1/8 bin size of the Chandra
ACIS instrument (Fig. 3).

4. Conclusion

We presented the results of X-ray spectral and spatial analysis for NGC 3081 based
on the Chandra observational data and Chandra Interactive Analysis of Observations

https://doi.org/10.1017/51743921322001624 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921322001624

X-ray spectral and image spatial models of NGC 3081 with Chandra data 103

Deconvolution image Deconvolution image
% of the 0".492 ACIS Y% of the 07.492 ACIS

instrumental pixel. instrumental pixel.

Figure 3. Image spatial analysis of NGC 3081. Left panel: sub-pixel deconvolved image with
bin size 2463”. Right panel: sub-pixel deconvolved image with bin size 61.53", where green
regions characterise the HRMA artifact indicating that this part is not related to the source.

software. We found an evidence of extended emission in 0.5-3.0 keV and obtained param-

eters for model A: photon index I' = 1.6570:5. column density Ny = 57.575Tcm =2, warm

component with k77 = 0.1()"1'((;‘_(1)2 and hot component with kT, = 1.0'_"3:(1) keV. We detected
the presence of one of the components of the reflection spectrum such as Fe K, emission
line with Ejipne = 6.391005keV and EW = 501007 eV.
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