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ABSTRACT. Population studies of the extragalac-
tic objects are a major part of the universe large-scale
structure study. Apart from radio, infrared, and
visible wavelength bands, observations and further
identification of extragalactic objects such as galaxies,
quasars, blazers, liners, and active star burst regions
are also conducted in the X-ray and gamma bands. In
this paper we make identification and cross-correlate
of the infrared and X-ray observational data, build
a distribution of a selected sample sources by types
and attempted to analyze types of the extragalactic
objects at distances up to z = 0.1 using observational
data of relevant space observatories.

Data from a leading X-ray space observatory
XMM-Newton were used to compile the largest
catalog of X-ray sources. Current version of XMM
SSC (Serendipitous Source Catalog) contains more
than half a million sources. In our previous works
we selected and analyzed a sample of 5021 X-ray
galaxies observed by XMM-Newton. Identification
and classification of these sources is essential next
step of the study. In this study we used infrared
apparent magnitudes from WISE catalog of AGN
candidates. In 2010 space telescope WISE performed
full sky survey in four infrared bands and detected
747 million sources. WISE catalog of AGN candidates
amounts 4 million of possible extragalactic sources.
We built infrared color-color diagram for our sample
of X-ray galaxies and assessed their types using
WISE telescope data. In this study we also analyzed
large scale structure of the universe (distances up to
z=0.1). This analysis revealed Coma galaxy cluster
and SDSS Sloan Great Wall. In the further studies
we are planning to investigate the distribution of
different types of X-ray galaxies within the large-scale
structures of the Universe.

Keywords: AGN, XMM-Newton, WISE, X-ray,

infrared survey.

AHOTAIIIA. Hocuijzkennsi ckjaagy 1 OTpupoiu
[I03arajaKTUIHX O0’€KTIB € BaKJIMBOIO YACTUHOIO
JIOCJTiI?KEHb BEJTMKOMACIITAOHOI CTPYKTYPHU BCECBITY.

OkpiMm  pajio-, iHdpadepBoHOrO  JHiama30Hy
BUJIUMOI'O BI/IIIpOl\/IiHeHHH7 CIIOCTEpPE2KEeHH A Ta
[OJIAJIbINE OTOTOYXKHEHHSI I03araJJAKTUYHUX O0’€KTIB,
TaKuX sSK CKYyIYeHHs TaJIaKTHK, KBasapu, OJasapw,
JlaifiHepu Ta 00/1aCcTI 3 AKTUBHUM 30DEyTBOPEHHSIM
BEIyThCA B PEHTIEHIBCBKOMY Ta rama-iama3oHax. B
it pobOTI MU TPOBEN OTOTOXKHEHHS Ta IIEPEXPECHY
KOPEJISIIO CIIOCTEPEXKHUX JIAHUX 1H(MPAIEPBOHOIO Ta
PEHTTEHIBChKUX [IAlla30HIB Ta MOOYLyBaaul PO3IOIII
B BuOIpIi nmx JpKepes 3a TUmoM. lIpoaHasizoBaHo
BMICT TO3arajJakTUIHUX O0’€KTIB pI3HUX  THIIB
Ha Bijgcraax o z=0.1 BuUKOpUCTOByIOYHM JlaHI
BI/IITOBITHUX KOCMIYHUX 0OCEpBaTOPIii.

st CKJIaIaHHSI HaRO1IbIIMX KaTaJioriB
PEHTTEHIBCHKUX JIKEpeJl BUKOPHUCTOBYIOTbCS — JIaHi
MPOBiAHOT PEHTTEHIBCHKOI KOCMiuHOI obcepBaTopil
XMM-Newton.  Ilorouna Bepcis xkartasory XMM
SSC (Serendipitous Source Catalog) micTuTb HOHAZ
MBMIJIbOHA JIKepeJi. Y HaIluX MOIIepeIHiX poborax
Mu BifibpaJsu Ta npoanasizyBam maHi 5021 ragakTuku
B PEHTreHIBCbKOMY JIialla30Hi, K1 CIIOCTepirajanch
XMM-Newton. InenTudikamis Ta Kaacudixaris
IUX J2KEPeJ € BaKJIUBUM HACTYIHHM KDPOKOM
JIOCTIIPKeHHs. ¥ IIbOMY JIOCJI?KEHHI MU BUKOPUCTAJIN
indpadepBoHi 300pakeHHsT iHGPAYEPBOHOT KOCMIYHOT
obcepsaropii WISE 3 karamory kammummariB y
akTuBHI sipa rajgaktuk. ¥ 2010 pomi kocmiunwmii
Teneckornr WISE saificnus  oryisi; BCHOrO  IMTOBHOIO
HeOa y YOTHUPHOX IH(MPAYEPBOHMX Jalla30HAX Ta
BUABUB 747 MIiJIBHOHIB JIzKepe. Karamor WISE
KaHJMJIaTIB y aKTHBHI spa TaJaKTUK CTAHOBUTL 4
MiJIBHOHM MOXKJIMBUX IMO3arajlaKTHIHUX JKepes. Mu
ooy ayBaan iHdpadepBOHy KOJBOPOBY [iarpamy JJis
HaIol BUOIPKM PEHTTEHIBCHLKUX TaJIAKTUK Ta OIIHUJIN
IX THUIN, BUKOPUCTOBYKOUHM jaHi Teseckona WISE. B
it poboTi MM TAKOXK JIOC/IIMIN BEJIUKOMACIITAOHY
crpykrypy Beeciry (ma Bigcramax mo z=0.1). Ileit
aHaJli3 BUSIBUB CKyIIYeHHs rajakTuk kiacrep Coma
ta Bemuky criny Crnoana (Sloan Great Wall). V
MOJIAJIBIIUX JIOC/IJIZKEHHSIX MU ILIAHYEMO JIOCJIJIUTH
PO3MOJIi PI3HUX THIIB PEHTTEHIBCHKUX TaJaKTUK Y
BEJIMKOMACINTAOHUX CTPpYKTypax Bceecsity.
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Kurouosi caoBa: Axrusni sypa rajmakTuk, XMM-
Newton, WISE, penrtreniscbke BUIPOMIHIOBAHHS,
indpadepBoHi OrISIIN.

1. Introduction

Multiwavelength observations have a great impor-
tance for extragalactic astronomy. Many manifesta-
tions of the galactic activity could be detected in X-
ray and infrared bands. In this respect the most
vast database of X-ray sources is contained in XMM-
Newton Serendipitous Source Catalogue (XMM-SSC).
Current version of XMM-SSc, 3XMM-DRS8 comprises
more than 500 thousand sources (Rosen et al., 2016).
We compiled a sample of extragalactic sources by pre-
vious version of XMM-SSC - 2XMM (Watson et al.,
2009). Our sample, herein Xgal, contains 5021 entries
(Tugay, 2014). HyperLeda database ! (Makarov et al.,
2014) was used for identification extragalactic X-ray
sources and further Xgal compilation. Classification of
Xgal sources is the next objective of our study. Most of
X-ray emitting galaxies are more likely to have AGNs
(Tugay & Vasylenko, 2011), but this statement should
be verified.

For the purpose of this study we used data from the
sky survey performed by Wide-field Infrared Survey
Explorer (WISE). This space observatory registered
more than 747 million infrared emission sources. The
WISE telescope has a 40-centimeter-diameter aperture.
Its’ four working wavelength bands are 3.4, 4.6, 12 and
22 microns. The main astronomical sources irradiating
in such bands are the following:

W1 band (3.4 micrometers) — stars and galaxies;

W2 band (4.6 micrometers) — thermal radiation from
the internal heat sources of sub-stellar objects like
brown dwarfs;

W3 band (12 micrometers) — thermal radiation of
asteroids;

W4 band (22 micrometers) — dust in star-forming
regions.

The first three band are often used to build color
diagrams for classification of WISE sources. Distri-
bution of the different cosmic objects by types and
their IR colors is presented on Fig. 1 2 (Cutri et al.,
2013). The purpose of the current work was to identify
Xgal sources in WISE catalog and classify them using
established infrared colors.

2. Sample Studies

One of the study objectives was to perform cross
identification between WISE all sky observations

Thttp://leda.univ-lyon1.fr
2http://wise2.ipac.caltech.edu/docs/release/allsky /expsup/
index.html
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Figure 1: IR wave bands and objects types observed
by Wide-field Infrared Survey Explorer (Cutri et al.,
2013)

(Cutri et al., 2013; 747.634.026 sources) and X-
ray sources observation using already compiled cat-
alogues: XMM-Newton Serendipitous Source Cat-
alogue 2XMMi-DR3 (262.902 sources); HyperLeda
(2.777.804 galaxies) and Xgal (Tugay, 2012; 5.021
sources). Some previously obtained multiwavelength
cross-correlation results based on data from WISE,
3XMM, and FIRST/NVSS for 2529 sources are given
in paper of Mingo et al. (2016). In our study we
selected the most bright X-ray galaxies with a flux
Fx > 1073mW/m?. Classification of these objects
was performed using SIMBAD Astronomical Database.

Initially we assumed that Xgal objects should be in
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Figure 2: WISE color diagram for AGN candidates
from (Assef et al., 2018) found in Xgal sample.
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WISE AGN catalog (Assef et al., 2018), since as it was
mentioned above, most of X-ray galaxies are AGNs.
Our results are given below on Fig. 2. We identi-
fied 267 sources with W1-W2>0.5 that corresponds to
QSO region on WISE color diagram (Fig. 1). WISE
AGN catalog was compiled using mentioned selection
criterion and contains approximately 4 million infrared
AGN candidates.

Then we performed cross correlation of Xgal with a
whole AIIWISE catalog (Cutri et al., 2013) and found 4
thousands matching objects that roughly corresponds
to the number of X-ray WISE sources in (Mingo et
al., 2016). We have split SIMBAD types into three
groups: ellipticals, spirals and AGNs. Distribution of
bright Xgal sources of these three types was plotted
on Fig. 3. On this chart it is possible to distinguish
quasars (color index W1-W2>0.5) and galaxies (color
index W1-W2<0.5) which could be divided into ellip-
tical and spiral types. Elliptical galaxies emit X-rays
from cluster or group halo. Spiral galaxies may have
X-ray emission from star formation regions (Tugay &
Vasylenko, 2011). Such galaxies are not numerous in
our sample. Moreover, the following two comments
could be made here. First, in MIXR sample (Mingo et
al., 2016) there is a division for spiral and star-forming
galaxies. We can not make such a difference in our
sample. Second, a subset of the galaxies that we mark
as ’spirals’ has an incorrect position on a color dia-
gram. The explanation to this could be that some of
the galaxies classified in SIMBAD as spirals are in fact
Seyfert galaxies and they occupy the upper part of the
plot on Fig. 3. Lower part of the ’spirals’ chart in-
dicates that there should be an X-ray halos envelope
around these galaxies.

We have also analysed radial distribution of the
bright X-ray galaxies in Sloan Digital Sky Survey
region. In case of uniform distribution, the number
of galaxies should increase as a cubic function of the
distance. And vice versa, radial velocity of a galaxy
V3K is expected to be increased as cubic root function
of galaxy order number in the list sorted by velocity
value. Any major deviations from uniform spatial
distribution of galaxies should lead to divergence of
Varx (N) relation from cubic root. Such deviations
becomes the most visible in our sample after replacing
Var (N) by Vax/1.007V(N) (Fig. 4; power-law base
factor equal to 1.007 was selected empirically). The
main trend of such a function for the main part
of the sample is a horizontal line approximation.
Additional increase of this function corresponds to
larger distances between galaxies, e.g. voids. The dec-
lination on the graph corresponds to dense large-scale
structures (LSS) in galaxy distribution. Coma galaxy
cluster and Sloan Great Wall were revealed in this
distribution. Behind Sloan Great Wall the number of
X-ray galaxies becomes insignificant that makes LSS
detection impossible and causes rapid growth of plot
on Fig. 4 for largest N.
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Figure 3: The MIXR sample: AGN activity versus star
formation. IR color diagram for 573 X-ray galaxies
with Fx > 107¥mW/s/m?. Balls — elliptical galaxies,
galaxies in groups and clusters. Triangles — spiral and
star-forming galaxies. Dots — AGN’s : QSO’s, Seyferts,
LINERS
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Figure 4: Large-scale structures in radial distribution
of X-ray galaxies

3. Conclusion

Elliptical and clustered X-ray galaxies has a clear
stand out position on the infrared color-color diagram.
Main source of their X-ray emission should be ex-
plained as interstellar and intergalactic gas. Quasars
also could be distinguished with WISE magnitudes.
Main source of X-ray emission AGNs is accretion disc
around central black hole. Star-forming galaxies has
neither clear region at color diagram nor significant
representation among X-bright galaxies. Some LSS
elements could be resolved in radial distribution of
X-ray galaxies. Such studies could be developed and
combined with other methods of LSS analysis (Tugay,
2014; Tugay et al., 2016).
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