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ABSTRACT
I n this studyhewenfhuesategatehosay galaxeg pat
nuclei (AGN) clusters usidikgaywutdat wavedbmnighé
catal og, optnifaalr eadnd anearfrom t he fourt-h dat a
i nafrred data from WI SE. By integrating these
estidmbheestar formation rate, | uminosity, and
reveal s signi fbiedavrete nad sient mdolsia dtryaana sfsor neand o
providing valuable insights into AGN aetivit)
AGN clusters to uncover oduinsdhahctAiGNe cd huar &a t

di fferences in their potpyul lag v eolns .a clrrotsesr evsatriin
proportion of AGN <clusters i s concewmtrated
a e’y s Tef or both | ow and hilgh ardedd suleiothtsselr & &
t hat gal axi es theodstiang gXe AAGEsi dat ¢éend to fal/l \
stell ar-lmamseagadO@dd+i.Mhis stellar mass range
Ssubstanti al number of AGN gal axi es, Il rrespec

Si gcnainfti populaayt iIAdGN afs Xxoncentrated within thi
2.5 (expureée®@sed)imn both I ow and high redshi
dependencies on |l uminosity, stedyapromaisdes aw
i nsights into the correlation and relationshi
compari so-AGMi ¢ hustoears and the integration of
Ki DS/ VI KI NG, and WI SE ysiha,nceonthrei bduetpitnhg otfo
evaluation of AGN <clusters. These findings

relationship between AGN clusters and host g

KeywoAcds ve gal ac)tHocs tn wall aixy( AGMperties, Lumi
formati oMGNatcéusmnens.
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CHAPTER ONE

INTRODUCTION
1.1Background of the Study

I nside the middle of al mospgeremaessyi vaec th lvaec kg ah
The accretion onto the SMBH rel eases huge
el ectromagnetic cplelcedumctfirvehPpdlea atoii s rdwc lad
During the first hal f of the twentieth cent
detected a few function signatures of Active
that there was not yet physGN glh eknnoonvel neodng. e Soofm
observations protected the primary spectrosc
of NGC 1068 KQyWwaBdhwertd akat,h 1909)

I n 1909, Edwar d diyataht cLo ncdku cQbesde rav asttou vy, e X ami

nebul ae and globular clusters to deepen our

SI'i pher confirmed the presence of these I|ine:
Obser vmakirrnyg spatially resolved observations
(Sl'i pher .etFualt.h,erIm®I &), Heber Curtis's invent
cruci al role in describing 762 nebulae and c
(Curtis et al., 1918)

Al tulgdh emi ssion | ines originating from the ce&e
20t h century, it took more than half a centu

now knA@N &syfert (1943) syst euwmtalte acralelnyi ssstiuodn
| eading to the coining of "Seyfert gal axi es.
of these sources became established. The ear

radi o astronomy, rehEedvg emgetawalr eness5®f AGN

AGN are the most p-rayni sentcesosnt  nnudhes &¥xtrag
emi ssion originates from a component of AGN
bl ack hole, Compbpoghscawveesieng of optical/ UV
by el ectrons (Watnhrian. ,t h2e0 2p2l)a s ma



X-ray observations provide an effective tool

central endgec&k mfinnA@GN al ., 2007)

The advemty afst Xonomy in the 1960s and 1970
under st darheei mgatafre of AGN.r alyh eo bfsierrs@dws wencse sosf
performed in the 1960s with rocket and ball o
guasar 3C273 (Bowyer et al ., 1970). Ty Uhu

souf Geacconi ,etdahtifiled4) he t hrraggye skkryi,ight est

Devel oping evidence from the past ten years
hol es that exist within (tHHermverce hgroowitnag | at,
et al ., 200 3; KouToudi fdfi sr ent iadt e RéOt2Bden t h
the hostthbel pxkgspadti ve AGODalrv éaud hiom dtr oan .t h(
br chmadnd spectral energy disiimRi petrisprcde vemp ¢ 4
the connection between the AGN bol omedkic | u
hol e expansion rate tlroTllgdofueatcwrsens coft i mee ul
the mass of the bul ge, parameterized by | um
correlated with Mehre iktlta c& ;Fhedf &reagr neestes, a 12.0,012 01 9

Based on observational and theoretical mod el
AGNMnd their host galaxies. Clustering anal ys
bet ween bl ack hol e maBK) (Erddp exrgttioens r(ad.igp.), abH
such as star formati wg .r aMoeu n(tSHR)h aasn de ts taell.l a(l
met hod and found that host galaxy properties
stati sbusal mpasurements regarding the depend
gal axy propemrdy esamplqgaus reesv &r al orders of maj
previous studies. Therayoservey dddilaE&qgtuad®8h &
Depth survey (eFEDS), for our clustering ana



1.2 Statement of the Problem

X-rays are a highly reliable methodafyoremidstse ©f
from AGN is observed t o -rbaeysntlm@&vebiulniitver tal

through significant column densiayi eseogi @3ss

~—+

h
heray emission originating from processes
0

compared to that oh thesAGHdvaselhhgesBasedero
a connection between AGNs-raryd otblseeirrv alt 0 ©otnh ag a le
aspect of interest is the correlation betwee
and the properthiudgeg as parametrized by | um
studi es have focused on exploring thayrela
l umi nosity to gain insights into the connect
i nseé anMountrichas et al . (2016) suggested a
l umi nosi ty, while other studies proposed a
statistically saingdnitfhieciarn tr edseupl et(ngd @andcnetert a dhil c t, €

Recent studies have provided vahdablkeapmnf Xr
clustering with respect to SMBH mass. Howeve
t he dependaeyn cAecGNofc I Xust ering on parameters suc
maslsy) ( and specific sbtyarutfidrama thighnrXdrate f ¢ ® 3W9F F
XXL area-comdedraddsng it with galaxies in the
ofrdy AGN on host gal axy propPpeetboéesthadkaegptcl
in studying the AGN clustering dependence on
Mountrichas et al . -s(c2ad 19 )e,nviis otnhaeg nlAsGdka dcafr dloas
their paramet er sdepen denndc eu nocro veelrli hMipe s &éfsgra é a
to overcome this problem and investigate the
properties, our wor kr ayt isluirzveedy tdhaeg aa dwaomt etdh
EquatDoerpitanl sED8fky WkbFch scaéesenherdymg@N. of



1.3 Objectiveof the Study

1.3.1 General Objective

The gener al tohhgissicdhioe stthody adtdenitsri buti on of host
X-r ayGN |l ust er s.

1.3.2 Specific Objective

The specific objectives of this thesis are:

0 To study t he dregpye nA&M coen olfu nmihneo sxi t y.
0 To study t he dregpye nA&EM coen osft etlhlearx mass.
0 To dsyt uu he dependgnd&Nobnthbexstar formatic

O To compare the AGN galaxy clusters with n

1.4 Significance of the Study

The significance of this study is itseabili
regarding the connection bet waeary AADN eandtti loe
conducttihreg iwshicl ari fy existing findingayand ¢
clustering depends on gdalfafxeyr.e nTth ipsr oipse rpta retsi col
our university, as we hafvieelrd cefnt.d plehditsalrritezsalt a
wi || not only advance science but al so sho
Further mor ewi Istelrivea satsudyng research foundati c
expl oration atnldi sdicdacmaienr,ietshusosnmi t chehyi hg p

boundari es of knoawmleead goef ians ttrho psh yesxiccist i ng



1.5 Outline of the Thesis
Thiheestis has been organi pneed sienttso tfhiev ef ocuhnadpatteir
the background, stating the problem, outlini

of the stiwadycolthaptera compr elheresii ng Igiatl exgt |

the role of the environment in galaxy evolut
AGN i nraynweband. This chapter establishes the
three explores i n dettaiilli ntghet hneetchaotdao | D@y ce s,
utilized, as well as the data reduction and
specific analysis method, such as SED fittin

bet weegialhaoxsyt pr opay t AN @alhwdbtxer sp.r eGleanptsert he
di scussi on, highlighting the findings obtair
contribution of heasaty dAaGINa xcyl upsrt cep esr,stiigahsd wti al inxt ¢

their i nter dec¢heaampdieemec ecorrdlnladds , t he thesis b
findings, emphasizing their implications, an
the field. This organizasiveaingésuicgarieorna

bet ween host galraxyy AprNo pcd rutsiteesr sgnd exadi ng to

these phenomena.



CHAPTER TWO

LITERATURE REVIEW
2.1 Galaxy Clusters

Gal axy clusters are some of the Dbiggest str
gravity. They consist of hundreds to thousan

pmmt pmtimes the niaFsas coof ectuTahl&s,@ 2c0 luds)t er s f or m

dense regions in the eeartlhye Umirwesr scef corldvaipts
accompanied by incredibly energetic events,

the interplay between the forces of gravity
the formate®n Gd&l gay axl usters are | ike crosst
Uni verse) and astrophysics meet. They provid
theories about how structures in the Univer

poperties of the space between gal axies (int
hot, i1 onized gas) i n Roseastad extt radme emWi2r)on me

Gal axy clusters can besdi suchgassbpdnfoomgbbd
on their characteristics and | ocation withir

composed of stars that exist within galaxies

of gal axgleshulwhri lcel usters can be found in bc
(centr al region) of galaxies, orbiting aroun
gal axies, wup to around 50, are found Wmerl os

mul tiple galaxy groups come together and ag
gal axy <clusters. Examples of galaxy <cluster s
Virgo cluster and the Coma lcd uesxtaemp!| €lsh efscer cdt
properties and behaviors of galaxy clusters.
| eads to the formation of even | arger syster
coll ections of xghailbaixty aclhiisglears Itdvadl eof or ge
(Amado, 2021)

Gal axy clusteresdsotnsitshowdamdisndof gal axi es,
emittriaaygs Xand substanti al amounts of dar k ma:

10 megaparsecs (Mpc), which is a unit of dis

c



wiitmm them exhibit a velocity dispersion rangi
(km{(sang, Z20E3) characteristics contribute t
clusters and make them fascinating subjects
connecrn iinlypeoius topic to the | iterature on ga
i nvestigating how host gal axy properrayi essGN oni

clusters within these intriguing cosmic stru

2.2 Environment as a Drive of Galaxy Evolution
The Universe is not uniformly distributed wi
referred to as the cosmic web. This web cons

net woirkke st ruct urwh.i cGha laaxey acrleuasst eorfs ,hi gh gal a

nodes of this cosmic web. These clusters gat|
within the vast expanse of the Universe. | n ¢
ofi Ifaments. These fil aments serve as bridges,
t hroughout the Universe. Within these fil ame
found ei ner .et al ., 2021)

These filaments act asg pfacmhwahe DrFrowoafluimas
bet ween clusters. Contrasting with the clust
name, these voids stil]l contain gal axi es; ho
regions islewcepmpamad| tyo the clusters and f
relatively empty spaces within the cosmic we.!
contributing to the overall (PanteadDaalfdrd 2018
gal actic environments provide |l @axfyf eérheenotugime
evolution. the morphology of a galaxy was
environment . I n dense environments, such as
be early type, whereas -t wplgadsaxdesasear enwmorr
Furthermore, galaxies in denser environments

in |l ess dené&hemasrenhmahts 2005)

Within the dense, viriali-ekdsteremedifuma( BagM
extremely high temperatures, on the order o
energy of the I CM makes it heghbravubhbht kehwal f



well of a galaxy. This means that the proces:
iI's hindered. Furthermore, the presence of a
remnants can be ilroosntmeinnt .t hlehicsl U sotsesr oefnvgas cl
prevents the replenishment of the galaxy wit|
its gas reserves, a process known as "strang
stfacr mati on activity and an aging stellar po
new stars iIs(®Ohveetsi e¢l pnlhal 2€d7)

The process of strangulparteisosnurcea ns tbrei pepxiancge r(bRaF
when the gas is stripped from a galaxy as it
before the gal axy reaches ancoenewi rtomene d b miw

mechani sm. Consequently, the gas supply of a
an environment where strangulation is preval
for mg Miasn ers .et al ., 2018)

Beyond t hrei adleinzseed, cvoir e of gal axy <c¢clusters, t
mi xture of i nfalling and backsplash gal axi e:s

i nteractions between gal axies at reloatsi caly
have significant effects on the gas distribu
formation and nuclear activity. Two key proce

harassment and mergersaviHaatisemaht direferbBanmno

gal axy as it i nteracts with other nearby g
di stribution within the galaxy, impacting it
ot her hand,o oxrcumorwehequaltavxxi es col |l i de and met
dramatic changes in the gas conRaemdeynat salr.u,

Raqpressure S)rappbngl @aRP a role in this regi
refers to the process where the gas surround
t he -dlnusstaer medi um. This stripping campialatler
gal axies, as it causes the stellar disk comp
result in the formation of turbulent gas tail
the center of the alrest earr,e wroesrte itnhtee nrsam [srt

within these turbulent gas tails. This pheno



t he

ir resemblance to the (mEBbrilnegoredamilsms 2dfl

Gal axy groupsaheestsmactt er e snmatstwantd @srepravret sa st ot
clusters. Within these group environments, \
i nfluencing their star formation activity. I
observed to trigger nsttearracftaromat iboent wtekerno utghhe i
However, the group environment can al so have
star formation in galaxies. Thipsr eisss uachisewvre o

(RPS) and tnisdalRPiSn treerfaecrtsi ot o t he stripping o

t hr
for
pro

of

Gal
gal
of f
sho
gr a
t o

ong

We
beh
me r
gas
Und
t he
Fur
str
Thi
evo

wi t

ough -gtrlopes pi mterda u m, depleting their gas r e

mati on. Ti dal i nteractions occur when thi
txiymcause distortions in their shapes and
star( Soudnhdrn pt osas et t 2Ot 2al ., 2017)

axy pairs, on the other hand, provide a wu
axies that a&mse odi tmeemgiingyg tome wpid dcener ge ir
er a-lli&koreantvorryonment -swcahensar mrawmmgei mgs .|
wn that gal axi es in pairs exhibit enhan
vitaeraonoal onhs between the pair members. At
di splay morphol ogi cal di sturbances or ir
oing or immi Ehti menget ptoce&610; Roboth
present in this |literature, fienvironment ¢
aviohraraancdt eri stics i n group environments
ger s, and stripping processes on galaxy e
di stribution, mor phol ogy, and axtyarc | fusrt raa
erstanding these -2ddleetaesnwintdnme dti vy eirsee $
contribution of host galaxy-rayopE&Nt cesst
t her mor e, wi thin gatakgs chodt etrhse, choingbhi n
angul apressand samipping |lead to gas depl

s understanding of the cbmptex maedeuml awn
l uti on i s cmrguctitad rfolre infvelsdsgydAGEXygl psD

hin cluster environment s.



2.3 The Basic Unified Model of AGN
Antonucci (1993) proposed the first formali:

which attributes tsheer vdaitfifoenrael n ccel sa sbseetsw eoefn AoGN
According to this model, the varying perspe
( SMBH) and torus are observed along the ob

di fferences .k lord tthe fbrasmewami fi ed model , a t
components arranged in order from the small e
X-ray <corona, accretion di sk, broad 12 1e reg
priodes an overall schematic of an AGN, offeri
various distances. Let's begin exploring the

The supermassive ilsl polsilioloemme(dSEMBHYX he abre of

role in generating the | uminous emissions ob
i n fall of surrounding matter. SMBHsmT are kn
pmtdg. The linear size of the evfenthéobl aok, hcd
directly linked to the mass of the SMBH. Tyr

PTT pPT®E equi val enstectoon das ftedva s sfgeht Ecghe.

Narrow Line Region (NLR)

- e -
o SMBH 8
Broad \/ BLR
Line Region
(BLR) Accretion
disk

| ] | |
I 11 1
10-100

light days

Few parsecs

Figure 2.1: Schematic of AGN. Image credit: Claudio Ricci.



The accreaetsi an keeiyskcomponent of an AGN and i s

thin, optically thick structure. |t forms fr
Whil e the commonly used modeerln aatsisvuemenso dae Itsh itnt
slim or thick accretion disks, each providing
i nwards towards the SMBH, it gradually | oses

onto the Dbl ack aldsl .0 Thhies cpornovceersssi olne of gr av

radiation, manifesting as a bl ackbody spectr.
the AGN's energy output and influencing its
Therwmina another key component of an AGN, par

consists of a hot plasma withviebwcdeénwsielt gcamn
primary role o$cathttercouloinmaa il ontge tf v pphno tt chres acrci
to much higher enerrgayshamd.i mahi $ y pi mc eéshse,
scattering, resultenenguahX ppbobodosti dheofbi hec
typically on the samd ddeael eodlax kt heolevent hor

The Dblriome r egii®na (BeRi)on of gas surrounding
iI's strongly influenced by the centr al engin

i oni zedlenshiitgygh ¢l ouds roofm gdauss tt. hatt araek efereecenr fe i

di-skke arrangement around the black hol e. D
engine, the atoms in the BLR are photoioni ze:«
phot ons. Theo®8d Remims $isorm | ines, whi ch are s|
permitted atomic transitions. These emission
that the gas is moving at velocities lggeater
emi ssion |lines provide valuable information

vicinity of the supermassive black hol e.

The obscuriisnga tgoerounset ri cally thick structur e

accretion dciosvke, r amgreovoifdiangsi gni fi cant portion

supermassive black hole (SMBH). While its ex
inflated in the direction perpendicul as to tl
on the |l uminosity of the central source and
l ow |l uminosity AGNs.



On the other hand, determining the outer rad
natur e, which makes it chall enging to model
from a few parsecs£ompoment ¢ git eheadveed dae Wdei ftfhuas
extending hundend sg.,o0 f2 0plédr)sec s

The ndrirnorew regi sn-af il Ral Struct udeen scaeyk iisanin
clouds that emi t narrow permitted and forbi
characterized by velocities below 1000 km/ s.
a parsec from the AGN to hundrkeyscomppaesecs
AGN that can potentially be spatially resol ve
i nsights into how the AGN |l uminosity and ass
For exampl e, they can tdhlee dAAGINi gpolnt samrt He r imaj
including triggering or ¢6Rppabkskingtsuahr, fao

Rel ati viagtei cenjeatgeti ¢ outfl ows of particles
collimated structudecimoweisngpeatpemel atuill airstioc
jets can be observed in certain AGNs and can
for particularly powerful jets. Thet ke 18I on
and i sdptdhdwowagh processes such asCompmhomr ot
scattering. Synchrotron radiation is respons
(Al exander. ettt abcecunrrd1lwhen relativistic el ec
resulting in the emission of radio waves. Th
AGNs, with same elieiamg rraddoeods. -lbBeaidnigh GNs ar e c
of generating collimated radio jets and | obe:
host gal axy. These extended structures <cont
l umi nosi ty of( Wihes oA&Nt sCosl b &)

The presence of relativistic jets in AGNs p
behavior of these active gal axies. Their ene
energy over vast di stanceéedve hswe r @u npdri onfgo uen
Understanding the formati on, propagati on, a
comprehending the full range of phenomena as

on t hecladregesrt ructeuur e of the wunivers



This basic model provides an explanation for
observed in nearly all AGN, while broad | ine:
scales and are therefore ebsbevahltéeefromighn
scales and can therefore be hidden by the

orientation with respect to the AGN. When t h

are seen directltyphdtntee (dlyperver speeds ramh | f
cl oseromnooeidget ati on, where the obscuring to
and the BLR,I ionnel y( tay pnearirloow spectrum wi | | be o
atadte in principle, still observable in pol

associated wi t hc otifhden ti oonnui czceid, NIL9RO 3b)i

2.4 Energy produced in AGN and Growth of SMBHs

2.%&nergy produced through Accretion

Energy is generated during the accretion of r
bl ack hole (SMBH) in the context of astrophy:

such as gasntoor tdhues tg,r afvailtlast ioonal wel |l of the
di sk. As the matter spirals inward towards
processes, including friction and gpatve ntaitalo
energy into kinetic energy and eventually in
process releases a substanti al amount of ene
activity of accreti nrgayy blp(erRd i, e assuicsh, aBo WAIGINa sl

One key characteristromtbthedi sbungessiweshA®G

i's their remarkable ability to emit an enorn
tpmQiiQ .Presently, it is widely accepted that
at their core, which accretes matter from a

released by AGNs is attributedt d oheadte T vreac
Let us consider a scenario where a particle
di stance from the black hole (for simplicity,
by the accretion rdiorkbiatn dwietnht ea sr aadicusr crul ar o
situati on, Qiiex masisepaes ial eentripetal force

and we can examine this balance more closely
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Q& ‘00 Q& 2.1
i |
eries the macl ldl ¢ hel blthe circul ar orbit,

t he i nO.,tiian ietneraryi,gi nal positionQOwas zer
ould be due to viscosity in the accretion
00 Qa .
(9.0) O O = ngu : 2.2
om the equations 2.1 and 2.2 there is:
. p"0Ob Qu 2.3
Q0 —-—F—-
C |
nsidering the Schwar z%chiObfd)r, adihes pofevi he s

uation gives:

N PY Qom 2.
Q0O -
T i
e | umi nogirtoyduced by this accretion is:
n 0 plY(’x&) 2 1
V) T -
Qo T I
ead e QfQo s the accretion rate of the materi a
uati on, further, can be written as:
0 ) 2.6
et e YJti denotes the efficiency factor that <c

e efficiency factor may (vkrroyl iikn, atdh%t9 ®rga nagcec r

te depends on the mass of the black hole a

e highest possible value for the energy re
i nning at 1its maximum speed. AGNs dcohmamonl y
e close tkmowh%.exfampdlel i s t he AaGN sctauldieedd 3
rconi et al . I n 2004 and Merl oni in 2004.

ich have efficiency values ranging from ap
or i(mMax01ls1 & Laor, 2011; Pouliasis, Poulias



To providé aompanitson, the efficiency of hy c

through thermonucl ear reactions i n a star's
d = 0.n0Oc7o.ntrast, the accretion pr ocfeiscsi einnt A
met hod for generating the i mmense amount of

radiation output cannot be solely attribute
efficiency factor is heavialny iwmfelnue meed pby ft
the energy released becomes significantly gr
1983.

I n the case of our own galaxy, the Mil ky Way
can potentialyl yyquaetexml|l &2i.ed Tthi s di screpanc)
accretion rate or an exceptionally smal/l ef

(Pouliasi s, Pauliasis, et al., 2020)

2.4.2 Growth of SMBHs
Supermassi veMBHax katolms| dt e mass over ti me.
bl ack holes found at the centers of gal axi es
times that of our Sun. The growth of SMBHs i
dusnd at her matter are drawn towards the SM
(Pouliasi s, PaulWhesi s,0 nesti deelr.i,ng2 ®2 &)t eady, sp
rotating accretion process ofthHaeadé yexiont  ed
achievable |l uminosity based solely on the
Eddington in 1916. According to hydrostatioc ¢
as the Eddington | i miatt,i oinsalr ef aocrhceed ewghuean st hteh e
gravitational forpeotacnhi pgion(iamt erl ecttirrogn e |
mas ss€snanr espectively, can be expressed as:
"0 a a "O0d 2.
| |
Her e, G represents the gravitational constar

0

assume the electron's mass to bden nemmi&i bl e
On the other hand)anad plhuwrhoans sifitiynx e rheursgyt he nu

of the photons wil/ be:

M|



0 2 .
™“1
The radiation pressure related to the moment

5

, 0D 2.
™1 D
whereoepu pm wdai s tohmes ofnh s c a tsteecrtiinogn carnods st he mo

O , 0 N

defi mesWasSatisfying the condition of the e

should be | ower than the gravitational force

O O 2.
t hus, by replacing tRe/lseaditme i Edeisniwti,om Ilegm

can be given by:

—_— — 0 — pgQopm —ergl/s 2.1
So, 0t hies depending only from the mass of th
|l umi nosity i0s ,hitghheer tthheani arhiezed gas is expel
the accretion will Dbe halted a esiunittiinngg ianc car el

This accretion rate,0thanEWddi hgfenraedcbgtisen
l umi noxi )y deumyal to the Edd:i ngton | uminosity

0 Y 2 = b oo 2.1
— pTL T
Mor eover, it is crucial _for0 tihe, Eddi ngmainnr h
unity, as accretion cdaseslhfier rlad miona si thied 3 e

growth of super masys)i vteh rboluagchko uht o lceoss mi SMB H sme ,

and high redshifts. However, in reality, the
spheri cal symmetry, chall enging the assumpt.
be |l uminpas $0i kg aswroci at-Eddiwi gthons ugpeear-et i on

Eddi ngton accretion periods are considered p:
and they may even be necessary to a(cZuwbuonvta sf o1
& KingpDeR0&%83etPoadl.i,as2i0sl,7 Mountrichas, et al .,



2.5 The Role of AGN In Galaxy Evolution
25. 1 Gal axy Growth

AGNs , i n addition to lpdianyg ac appitviovtaatli nrgo I peh eint
journey of gal axi es. Through observations,
bet ween the mass of the centr al bl ack hol e ai

relationshipthe nflabsa@mporel atni on, which est a

velocity digdpyersiganh acxfi esarn(lwhi ch can be- | i ken
type gal axies) and the | uminosity of gbe bul
component is directly proportional t ot he ma
Il i ght rati o. This correlation reveals a coev

hol es and their host gal axhieeshl actk ihmopllei easn dt
mutually influence each other during their r
hol e and the velocity di spersion of the g
i nterconnected natuThi sofditshceosveertywohi gmt ii gihe s
studying the relationship between supermassi

comprehensive under s(tGomrddiomg o2f0 1t8hei r evol ut i

25. 2 AGN Feedback

The accretion process onto the supermassi Ve
significant effects on the surrounding gal ay
occupy the "green wvnadsseydi agrgano,n ionfd btehtetvecaogl o
AGN activity and suppressed star formation i
responsi bl e f omassshaegn d goft htehehilglhmi nosi ty fur
feedback, whi ch can occmodet hanudogitea dfivwoe dina d & s
someti mes both (Gordon, 2018).

Radmomde feedback occurs when inefficient acc
remove gas, hi nderingnodearf eédbmakj omnhel gagu
formation ughhgaasdr tWwWrods, primarily in AG
However, it I's i mportant to note that the s

activity can also |l ead to positive feedback



t ®GN i tself. These intricate feedback mecha
i nterplay between AGN ha nbda sghaG caexidyo ael,v. 04 QAL @ }odn

25.3 Effect on the Galactic Environment

The influence of an AGN extends beyond its i
AGN, which are responsi bl e f or emetcehmd itcoaldifset
of a few megaparsecs and thus impact the sur
i s known as AGN feedback. One notable aspect
cooHilmgv probl em i n clauxsiteesr,s .t hlemr ec |lius tae rdi socfr
amount of gas expected to cool and croanydense
l umi nosities. AGN feedback playsclhusbée medtit
preventing theensatiog ahdgae. This energy i
t he obsrearyveldunk nosities in the cores of gal a

i ncd aster medi um, AGN feedback acts as a coul

reld ate the overall gas dynamics in cluster e
studied and is considered a significant fact
clugqtCdrag ke et al ., 2017)

2.6 Studies of AGN in the Xray Band

X-ray observations provide a nearly compl ete

nNoAGN systems. There are sewvayakmregsasonsfifo
appears to be nearftpysnhaeesaheeadhdmdlgyh,t b
column densities of gasrawdedesgi e®es phadyd iat il ¢
emi ssion-ghtamyhpsbcesses is typically weaker
The i ntrraiynsimd s i on f r otm rAlGNust adcd tpa ipmraad d sys eas
accretion disk, while the j-eayabaaoadco®@hei bbt
processes resapynembbei dmri X the phenomenon

scattering. Il nat neer sgenCoiggt teml elcd r ods sk n t |
"corona" intemarcgy wphdont droswefrrom the accretio
the electrons gain energy from t her gyhoenoenrsg,i &
(Brandt & Al exander, 2015)

M}



However-ray hemiXssion from AGNs is modified dt
nucl ear region. These interactions include p
el ectric absorption of photons from the ac:¢
Depending on the geometry and inclination an
relative strength of these components can va
a wi de rraayg es pdc(tXlad x asnhdaepre seThearl-e g r2édds7Tdr vat i
provide a valuable tool for studying AGNs as
witha¥Xs beiagettbatetohpough the surreuvanydi ng
emi ssion and its spectral characteristics he

properties of AGNs.

2.7 Host Galaxy Properties of XRay AGN

Host galaxy properties of AGNs at various re
the mechanisms that trigger AGN activities d
For example, the mass of the daeskdmatseflti h@ak
i feti me of t {eCalppatk ubpl €u¢BHEr Mm&2r0el,0) many
attempted to predict the clustering depende
considering factors such as | umianesi tSFR)st &\

revibkbw effects of these properties on AGN cl

271 The LumiRmgs AGW of X

Mountrichas eotredl ctc2@VY6)Xence for a negative
clustering. This sits onendihatt e mMtGNwihtalv es lag doe o0 a «
di stribution with a high mass tail t hTahte beco
northern t-ateaoédndheXdl-deawy XMMvey field is u:
averaget tdear khanao mass ofr ayyelladti e | gctliume ngak
a £0Q Td §QiiQ in the redsid fpg( Mouatvakbthas e
2016)

Clustering stludmiersorsafteynmeoXittedt AGN typically n
matter hal o(DMH)Q Ugaas s d stragpd( GQooi | et al ., 20009
al .,. 2whén compared to UV/Optically selectec
l umosity dependence of the AGN clustering, i

M (



accretion |l uminosity. Possible interpretatio
di verse accretion modes that donilihheartee aarte dal
attempts to explore the | umi noasyetly cd eepde PMdGANN ©
These, however, are(mé&anwidthki.smmo@oemnrtartcev, esrdstidasdl3l
are also c¢claims for a -rppo/siltuinvien ocsa rtrye laantdi ool

statlssignificance (Kouthowlei diesudtt sali.s, sanal 3

A serious | imit-aayoAGNssamptesuarentypgicall\
uncertaintiese ameéredonet dalmi ot cl ustering i
| arge luminosity baseline. This issue -can be
ray samples with different depths and survey
function at a given redshiafyt . suTheryes awviMa hc wsri rz
¢cQQ@hat give constraints on thelasamanbsttgaAG
I n contrast, -a&aheraanw nsbaemp loefs uMifdeeti pnovstdati st
end ofavyhéuminosity f(uMdoatnitan cihsass teitl lall.i, mi2tOel

Mountrichasestti mdt.e (t2l0el 6gv,er age daekymbdumeno

xr asyel ected active galactic nucleus. Preceded
sample from the VIPERS survey, which uses th
deep optical speée€spliots dlohgety Welle marn d2 AV4devg de ti | e
Fr ainftaewa i i Tel escope Legacy-r &yerlveecyt e(dC FAHGINL Ss)a

compil ed frXL tshier veMM which coviempd iastomnalo
nearly equal area birieegidosn OfKXEL heapquaMBap sl wist
CFHTW$ field and extlenTlsey ol iabiotutt RRe&S-radlgwgst er
sources in the redshift i ntcerrvweell ad.iSon<and tih. 2
gal axy gamplleautmi ¥ sar e eid0i kwatVed ainn @lssui ng
X-ray specst=r dm4wittolr r ebei bns.

Fi naloluynt ri chapretviale. e(v2@ket)ce for a decreasi
with i ncreasing accretion |l uminosity. These 1
mass dostof bAGN i s br oademd dt ainlc,|] uwhisc a amaevgs
of the mean DMH mass of AGN to high values.

i ncreasing acdheyi @ah sbumii sesistsy t he reslul ts |



seqainal ytic models in which the broad DMH mas
fueling modes of the centr al bl ack hole and s
dependenceg agf AGNecXusteringeing iwmnthu&luictha tm
Mountrichas et al ., 2016)

27. Zhe Stell aRayMasGN of X
To study the depgndénséeenoifnghenXvarious prop

M SFR, and sSFR. I n each of these cases, t
clustering on onempatamet earvoand thte tdkegesar a
properties. To accomplish this, the various ¢
equal subsampl es, and (i1i) only one of t he

subsampl esr,eswhiofe tthhee properties have simil a
attribute any <clustering difference to the
attempt t o show the correlati on bet ween AC
( Mountrichas et al ., 2019)

Mountrichas et adf2. of20h@e) ViPERDriveerd BRAERATZTN cr
from theXXMM el d with the VIPERS gal axies ar
agrees wastur eenmmeentnse of Mountrichad &t PERS (@260
set. Accordingly, to studryay hPeGN egnredh dremrcnea lo f
host galaxy properties, at z & 0. 8.

They spiiaty 2GHN s amplhaes -Nl adbs ampdles using t wc
‘I'I'EZ"'VD& pBpA These cuts have been chosen bec

very similar propetertaiyesl u(n8 mP,s irteds hainfdt ,s haonad
bet ween the AGN andi Matakyi chasterialg. on20M19

Zou et ahow(200h9) t he host gal axies of type 1
cosmic envir onbnuetn ttsh ei nf ogremmeerr atlig rhda nt ¢ hreaveata e
di fferenndi cat s that the AGN wunification mo
host galaxy and torus may contribute to the
sl i gmtall ywterarM t ype 2 AGNsareeoowhereol zedndamnd
statisticalliylesitgmwiafriisosisecs@agnl ecri teria and



Code I nvestigating GALaxy Emi ssi oanl m(aGIsG AnhLaEv)e
slightlw Tbwse ™Mrials support the relsfabilit:
type | versus type |I-iyAS&GNsransdfoamasi bhat ssprt
because frequent widdesperage toains atngalnsxfyve u
propdrZtoiueset . al ., 2019)

27. 3he Star For m&ktaiyoMGRate of X

Based on observations in the nearby and ear|l
studies. I n th8himwzuedfschuadfd t(HRBtl MEGNE eplr s am
formation rate (SFR) c ocAMdM)r esdammpl ea. cBansadlomng
the SFR of AGNs shows a small dependence on /
at high ILemilnesietsa@ad.. SPRP1H69Qurces at z < 0.1
on their emission |ine ratios. They found th
the host gahasyt oChetitaken, though, when com
AGNs constitute a diverse population, and di f

propd€rmrtoiués asi s et al., 2019;. Pouliasis, Moun

At higher redshalilftépaFdlpegmtzedl AXGNs (phokxdSt ri pe
>1 0% rgasd compared t Weiary SFaRsa xwietsh atom. 5 < z
anal ysi s, ALGNst ipmeess eennth a3n ¢ e dx-rSaFyR scyosntpeamse.d t o

Mountrichas &usShdaan¥aAGN20R2)the Bootes, COSM
respectivel vy, and compared their SFRs with t
found tihiakva'®r Xsay AGNs tend to have | ower
forming main sequence gal axies, whileatt hig
|l east for systems wiwWwhirmna es pevoiufnita iscthealsl eaert
At high ré&ygdshogtthaxN)z (spaoompl es are | i mited in

have comparedayhAGSSFRwio-ABNXNt bgagst emsnomowar ds

estimated the sSFR. SSFR i s defined as- the r
formg MS galaxy with similar stellar mass an
SsSFR is independent of redshift (Mull axney et
AGNs i s narrower and shifted t o hixgher ‘
countéeBeanhard ,ett halt. ,t h2e0 1ef)f eRc to fo ft hAAG N1 oosnt  t

H I



depends on the | ocati on( Mas alhrea geati chaxtyh a te? tali & )
astrong correl atiaond Wdatyweaemi tnloes i $H8GENRswittoh |lioe
bel ow the MSAGNS heghernd in ho¢Magalanai es
2021)

2.8 AGN Selection Techniques

Al exander et al . (2017)wcohdunitgdeaobsepvrahk
related to clusters of gal axi es. These cl ust
techniques, each providing valwuable insights

i n more detail

Optical orOptntwmbdredh:d infrared i maging and
effective in studying individual gal axi es wi
infrared telescopes search for regions with
surroundi ngs. Confirmation is achieved by id
I nfrared searches are particularly wuseful f o
The optical wavelength r antges peycptircuanh,l ywhriecfhe ri
approximately 400 to 700 nanometers. On the
the red end of the visible spectrum and i ncl
regions. Near i mforma r7e0d0 stpoa n2s5 OrOo ungahnl oymeft er s, |
2500 to 25,000 nanometers, and f ar infrare
1,000,000 nanometers. Di fferent infrared wayvV

composition, ptreonppeertatewsr eo,f arbd ects within the

X-ra¥X-ray telescopes are utirlaiysed rtoon d éatee htott Ip
clusters. PByayconmdaugcitnignganxd spectroscopy, rese
the cluswuset egagasCemits -sags] fmadnnhgambust e
objectrayi surveys. I n fact, cl ustreay soauwr AN

extragalactic observations.

Radio: addi ti onrbayg opstecsdhteagoudesxc iressdihamave al sc
the study of galaxy clusters. Researchers ha
within clusters. Mor eover, groups of radio s

have been emptlooyiedde natsi ftyr atcheer sl ocati ons of «cl u

H (



around i ndi vi dual radi o sources, stthisaer A G

which are clusters in the process of format:i

I't's important t o naenngteiroany stxhfaatl |tsh eb ew aweeel ne nagpt|

and 10 nanamet aanse Xhorter wavelengths and h

infrared radiation, all owing them-tteanppee rad turrae
phenomenaot lOer thaend, the radio wavelength
kil ometers, making it signif ircaayntwayv ell cenmnggetrh st.

observations are waleuragbl erfoacre sstewsdy isrug hl cave s
mol ecul ar emissions, which can provide infor
constitu(ehRagaoawbygrectzs021)

By addressing these points in my |iterature
multiple wavedtingns® todsobtain a more compreh
Thi s mul tidi mensionsalo appgoeach hewalkheddet ai |

processes, and provide a deeper understandin



CHAPTER THREE

METHODOLOGY
3.1Data Sources and Materials
3. The eROSITA Fi-baptEgbatwvey a(eFEDS)
The advantfaigedssdpXt wi decopes have been discus:
o f the current gener atapntefl escnmpdd,i vindlowec
observatories ChafMdcmwa onNAES)A)an d akiddllad rcefl avtii
making it difficult to map | arge volumes of
eROSI TA was desighétdelmchyAXteebesicbpeecaipadabdl e c
sharp i mages over ver yhadtartghee agRR@S| ToBe Btihhea | s kE
Survey (eFEDS) is a project-rajasuavmy ©bdé ¢he
visible from the northern hemisphere. Thi s
(extended ROent gmang iSug vieeyl evsirctoolyp ed mAlr B .y 9 p €X, w
| aunched into space in -Rwdyi 20 IRpeactG@gmemmat o f
( SRG) rnHrsesdeohnl e&tr uanlner 202n1; ., 2022)

The efF&EDvey is designed to cover an area of
degrees in size. Thel eROS|I dfbget vagbXenies gc a
fromQQd a’QQw and it can be producapg sBet aiilt
unprecedented sensitivity and accuracy. The
used to studwssarwpbdgsiraabepbénomena, i1ncludi
clusters of gal AgsNesandt hdepeopstauali e ss torfu ctthuer

uni verse. The survey is also expaytedamwes del
of which will be supiddblederi wmatdied ms |(uBxiywnrgfnaoadrt! hosm
al . ,. 2022)

The field coincides with an area enriched by
the HSC2 Wi de aViekl Nb@3,v eQE SIKI ID&g a cnyd , | naangoi nngg
ot her s, GAMAS, Wi ggl ez, LAMOST®G, and the S
description of the available multiwavel engt

mul ti wavel ength c¢ounStaervpaarot se,t iasl .pr e2s0e2n2t)e d i

H



Basedeovsem advant ages, I n -roauyr saonuarl cyessi so b sweer vuesde
field; named as eFEDS main catalog which can
extent, as wel |l as fluxesayThiosrceaetslaleg eet iex
C®QQenergy band with ¢etwelritdmncdrirked g dmdsd st o
X pm Qié¥ i in ™hediQQéner gy Brraunngneer .et al ., 20:

3. Th2 RBedmwmee Survey (KiDS) and VI STA Kil o De
(VI KI NG) I maging Survey

The gal axywepawpmrldattr ool ustering analysi s C€O0me
cat al ogw@@wady @OM@_ gi ng survey t hand hMIsR aphaa tl canb
and photoz measurements for about 100 -millio
Degree Survey (Ki DS) fiiseladn iomaggoiinngg souprtviecya lwiw
camera at the VLT Survey Telmesacape . ngs weaikf iga
|l ensing by galaXxeestawmdt  baegeWhen compl eted
degrees imaged Faor ftolue fidstertsi heagri).includ
VI KI NG ESO publion VM& JuUANGK esnureteyal ., 2019)

From the beaindniVWigKl NKGi Difser e conceived toget
covering the same parts of the sky. The VI KI N
in 2015 before completing the originally pla
decitdhead Ki DS observations would prioritise -
dat a( Exi pken .etFoarl .eac2h0 1o9f)ertelree slud v ys gudrees t
includes <calibraogd sfhamckeds, mabgebr i aorresp
mas Kk s, abnadn ds isnogurece | i sts extracted -darmdn t he
ugri ZYJHKs phobbmguei ¢t0@6 square degr-ee sur
homogeni zed-mahdhagephatemetry and (Xhadt] kmeet reit
al . ,. 2019)

3.1. 3 TfhieelWd dlenfrared Survey Explorer (Wl SE)
The NASAbseWddenfrared Survey Explorer | auncl
map for the first time the entire infrared s

14 and completed its first full coverage of



Theededpe wi tDhb 50D vkei ghett dfn aD5p@dbl &krm caibrocovlei g e
It carried a 40 cm diameter telescope with f

of the detectors has over a tmmylaton3pd4dxedso6p

“ami-dnfrared band passes (hereafter W1, W2,
reliable Source Catalog containing accurate
obj ewtsght et al ., 2010)

3.1.4 Materials
I n our work, -wBO223eldl tCd GAbLEStruct spectral e
our datas@EtodeCll GAleEt i Bmitd)nigo BAPFSdhd nsoft war e

models the emission from galaxies across th.

radi o wavelengths. To use CI GALE, we instal
Anaconda, includBogPRAst Mapp)] oNuUmMPy, Confi gObj
wi deked package for astronomical cal cul ati on
numer i cal computing capabilities. Mat plotlib
Confi gObtjo ipsarusseedconfi guration files in CIlI GAL
rich text and beauti ful formatting in the t
commdnde interfaces. Together, thesei paackrage
work, and all owed us to analyze and visuali z

Addi t iToonpaclalty ,soft ware was used extensively f
graphical viewer and editor for tabsluat i adat a,
of |l arge datasets. The software was utilized
mat cchay eFEDS with KiDS/VIKING and WI SE dat a
generate figures to displtay itnhge arneds uslotrst.i nTgo pc
it possible to easily exclude unnecessary ob
analysis process. Topcat's ability to match
in matc<hyn® FEDt h Ki DS/ VI KI NG and WI SE dat a,
of data from different -iwa vfelluexn gctohnsv.e rTshieo ns otfoto
convert AB magmifideos fdmud filnuxJi,nwhi ahi ahl ow
of the brightness of objects in the data anc

tools were used to create figures that presert



Overall, the use of wlaosp cant esscsfetnwa rad icno mphoinse nt

process and played a cri-gualailt y orl s aar ah er g1

3.2 DataManipulation and Processing

We have downloaded the eRED®%®e maphlgemndakt s d a
for extraterrestrial Physics (MRIE)cdedowrc@aien:
numbe# aoyf sources detected in a specific ener
that were detected witlp,whiigchh dientdeicctaitoens la kheil
l evel in the detection. The corxepmo@Qiding f I
Wi n ThediQQé&ner gy( Braunngneer .etNaxXt, wd22ppl i ed
OOYOLO nmto our dataset, which includes only
eFEDS field. This filter reduced the number
main data. Obh&Qmsomacevhyary to eampepveg axt drhded
sources, such as galaxy clusters or diffuse
can contaminate the point source sample and
applying this filtert omel yannehsdes phiant oo

for further analysi s.

Il n a recent study by Salvato et al . (r2a0y22),
sources were presented. To identify dda@ecypti
|l maging Survey DR8 (LS8) was used due to its
The LS8 catalog also includes the Global Ast
and WI SE photometry. Tor &V nalo,tt htewa oiumd eepr eorad & n
were employed: NWAY and ASTROMATCH. NWAY i s
ASTROMATCH uses the maximum | ikelihood ratio
were found to have the same desourEtaecrhp acrotu nitdee
assigned a& "fWumdbdg @whifthgi,s used to assess the
(Salvato .et al ., 2022)

Count er paYitsowdar e consi dered to be reliabl e
met hods agree on the counterpart and have
t hr e O ad &('Qo toocrfpx sour ces), or both methods &
but one method has assigned’'Y&opo @Qbedpiolxict y act

H



sources), or there is more than one possi bl e
Totally in our workoWHOods&dwtioumties padt B7 i it
However, we not&YihbeotiQdbapresemti toinly 5% (42

our frawlsa&Xmpl e.

After the identification of the counterparts
the different classes of objects need to be
extragalactic sour-$eesl ( gal @) )e cd rsdA CRESI aQautaisd s
compact obpeotrsereto. rl assify sources in the
have used a combination o f met hods and vart

measurements fromr@hiochogyolfowms iamadimg surve

i's infallible because they al/|l depend on the
for spectra, depth and resol uti on orfe dsnhaigfets)
spacearfyrofm the sources. Thesyt ehpaveep grheea celf:oraet
they extract from the pool of sources those

extragal ac®Oifctboe -GAdy dFdluxXces,t 20| 28d@ aseexhanat
Gal actic sources are rejected from our analy

I n order to classify extragalactic and gal ac
CTP_REDSHI FT_ _GRADE. Only sources with CTP_RE

774y e considered in this work. This criteri
redshift (CTP_REDSHIFT_GRADE = 5) or for whi
agree (CTP_REDSHI FT_GRADE=4) or agree v

(CTP_REDSHI FAT _3GRADEr more details, see Sect.

About 3% of the sources are | ocated at the b
times, stronger vignetting, and higher backgi
(hi nArea900 flag); thisAddedioeadhl| byr wataesht

those within the KiDS+VIKING area (Kuijken e
data and also restricted®odrpddlaptpal nign trheed srheidfs
restriction and the KiDS/ VI KING awray croiutrereis
to 4714 AGN for our analysis.



The Ki DSAYitKI N@®i tihzed study was obtained fron
ensure thetdaengsliagztaendeayheofredshi ft crimeri a we
G pd®to match that of the AGN sample and our
27,443,972. To exclude sources that cover a
softwartel wagdu After using TOPCAT software t

area than the AGN sample, our sample was red

The eFEDS data or AGN sample was crossmatche
croomatching was to explore the relationships
The crossmatching process was carried out usi

efficient and accurate identitfaxatts . on of ma t

After compl eting t he initial crossmatching
crossmatching the data with the W SE dataset
This additional crossmatchi ng fnroatr eodn Ibyu tf oarl seo
comprehensive wunderstanding of the relation
associated properties. The TOPCAT software w
and the resulting dataewas amaltyzeadst a hiad e rectc

the study.

Besides the AGN galaxy sampl e, to comm@mare tI

AGN wi tAhGNnosny st ems i n a consistent -AmtaM)ner ,
ref er enceWec autseel pthhued aftoau rr el ease catal ogue of
survey (Kuijken et al . 2019) , which has ava
measurements for about 100 million gé&lkayxi es

Data Rel easteh.e VWea mpelset rtioctt hose sources withi
same requirements for -rpdhy tsoameplre .c Weo vael rsaog er eos

sourceae® wi pghThese requirements give us 240, 6°



3.3Analysis
3.3.1 SED Fitting with CI GALE

We analyzed the multiwavelength data of our
properties of the sawdcdaumasitowmlelt a eamas-esnods
wavelength emiays itiomfSmiddr®edn. xTo this aim, we u

which is called Code I nvestigating GALaxy Em

2019) . CIlGALE v2022. 0 0§ RERUGALEupandotdevéri
CIl GALE v2022.1 is the same as that of CIl GALI
refer to (Yang et al. 2022) and summari ze be
Cl GALE is a power ful mul ti wavelength spectr

extragalactic studiesrawnwdflbuXxows thel stonng
ability to account for the exttihnectp wlnesofoft h
(Boquien et al.,.2019; Yang et al ., 2022)

Cl GALE i s a pbrloegsr auns etrhsatt oeneant er a group of
then generates the model SED for every possi
combines the model SED with filters to creat
obser wed, fltlhe program O0caQonligat €esr | ekhehi moad
Cl GALE has two types of anal y.s)e sandmaBa ymeusm alr
maxi shurmkel i hood analyses, Cl GALE selects the
computsisc gplhyproperties such as Luminosity, S
based on this sinlgilke neondeelly.s elsn, BCayGAsLiEanc al cu
probability distribution function (ePDF9f falrl
model s. Finally, Cl GALE wusewseitghhitse dP Dnte atno adnedr
deviation, which it outputgYasgthbke astimaoea

We wused all the avail able phoagmeupynwfoamedns
and we <created a grid that model s both the
sfhdel ayed, bcO3di fnieebdu |CGF 0,0, d udsat!laet 2aCGimkb,e d s ki r 1

shifting models were utilized,.

An increasingly popular way itcoalmedelidteHay®H@]
according the tshuiddemo dbenls ett of star fwbilmati on

(O



exponenti al parametrization may be too extre

variation of thKeatSkéimatoi &l Isynoex phreessed:

o) .
YOu ¢ — A@BOtath o o 3.1

Wheoehe age of the ontstehe otfi ma ad'Opfevdrkngat i3olneh
functional form has the advantage of providi
onset of star O6oheatanfolbPdaNf h eradpletfaki ngs moot h

decreases.

In addition to the SFH, we need to adopt a |

technique is based on the property that stel
be expanded i mt asneeroiuess sotfaribms tsa s, conventio
popul ationsd (SSPs). The spectr al energy di

characterized by 0Oa nsdt aare nfed ratharetnda drabve ewr i t t e

. 3.2
00 [ 0 0 'YOh-O0 0 D
We used the stellar popul ation soyrntlhe®G3d swhnoa
accurately predicts the spectral energy di st

hi stomegtahldi ci ty, maki ng-testadwmdeély. uSled @

accounts for the effects of ionized gas on t
estimation of physical properties. Theledust
model s for dust attenuati on, with the | atte
Specially, the Dale et al. (2014) model ut il
sté&aivang et. al ., 2022)

I n Figurwest3.elmi $shieord i s plotted in red, the /

(unattenuated) stellar component is shown wi
green |l ines show the nebul ar emi ssumnn.n.Bdlhewt
each SED, we plot the relative residual fl ux



Best model for 173
(z=1.09, reduced x?=1.5e+01)

T T v LR v SRR T LR | T T AL R |
Stellar attenuated
104 [ ——- Stellar unattenuated |-
—— Nebular emission
—— Dust emission
AGN emission
102 | = Maodel spectrurm
® Model fluxes
I)  Observed fluxes
=
= o
E 10
=
n
1072 +
10_4 /
1
== (Obs-Mod)/Obs
o= [
> 5
Eug 0 ___________________________:_=_:___._ _________
¢ P
_1-...| L MR | 2 MR | 2 MR | 2 R | .
1073 1072 101 1009 10t ag
Observed A (um) @ i
Figure 3.1: Examples of SED from sources used in our analysis.
Active galactic nucleus emission was model | e

clumpypyhawemoaodelust hat considers an anisotropi
skirtor2016 model accounts for the effects ¢
accurate estimations for gal axriaeys mwidtehl spirgonvii
d rect measure of the activity of the super me
crucial for understanding the evolution of g
the effect of redshift on ntghef oorb stehrev eeds tS Era t o
properties at different redshifts. Overall bk 1
parameters such as |l uminosity, stell ar mass,
formati on agdl a(xteaslteivosnk ioféheaful | 2DL6) of th
parameters used in our analysi $oareugi AEN BAal

i s presented in Figure 3.1 for this study.



Table 3.1 Models and values for free parameters used by CIGALE in our work for the SED

fitting.
Par ameter Val ue
Star formation history: delayed SFI
ef ol ding time of the ma200, 500, 700, 100
0 wht 5000
Age of the main stellannl500, 2000, 3000,
Age of the l@@® burst 20
Madg action of thé&Ql ate|0.0, 0.005, 0.01,
0.15, 0.18, 0.20
ef ol ding time of the | a5»0
i B @t
Stellar popul ation synthesi s
Single Stellar Popul atiiBruzual & Charl ot
I nitial Mass function 1(Chabrier)
Metallicity 0.02
Nebul ar emission
l oni zati oaé™Mar amet er 2.0
Fraction of Lyman contil0. 0
"0
Fraction of Lyman contif0. O
"0
Line widthQ&FWHM) in 300
Dust attenuation: modified attenua
V-band attenuation iv0tho.2, 0.3, 0.4, 0.5
2, 2.5, 3, 3.5, 4
Dust templ at e Dal e et al
AGN fraction 0.0
Al phah sl ope 2.0
AGN model s featomISt a(l 20vs&)i ( SKI RT
Averagenedpgti cal depth |3, 7




Powleaw exponent that sgl1l.0
densnia y
I ndex that sets dust degl. 0
n
Angl e measured between |40

edge of étohe torus
Rati o of out &€E dp0¢ i nnen20
Fraction of total Odast [0. 97

I nclinatQon angl e 30,70
AGN fraction 0. 0, 0. 1, 0. 2, 0. 3
0.99

Extinction i@6 pwl ar dino0O.0, 0.2, 0.4

Emi ssivity of the polanl. 6

Temperature of the polgl00.0
The extinction | aw of pgo0(SMC)

X-ray modul e
Phot ongpiondexhe AGN ayntr{l1l. 9
spectrum
Maxi mum dgv hoat@®omn of 0.2

Deviation fr ommatshaeaXe xlpig0 . O

00 W8

Deviation frommahsea¥xpg0o. 0
00 @

3.3.2 Quality and reliability examination of
The technique gives marpameat eorf telsati maa s sd dtoar
fitting. One estimate of a pweiagnmed a&d valruee:
determined from its probability density funi
(bayes val ue)  mawhei logd tah g aataheert eersftiis gedel af{ b
val 0Téder. wei ght i s basQu .dq, taises olciikaetleidh owidt, h
(Boqui en eltf atlhgi enlilgli)aant g ape Pdteit meeteend bwa lhu
source should be excluded and the probabilit
more complex shaped.

0|



Therefor e, to exclude sources with nusnrdeelrieadb |

only soRJUr c—e-s— wwananlU i v, wHYeQ'Yeanildy ar e
Vh

the best "WO%nagal aiepe otfiYQ¥ |l ynllgzanédre the Bayes
values, estimated by CIlI GALE.

This criterion re€@dayceout tleos nfauorbtedr®e0®fe xXc | ude
unreliable measurements of the (host) gal axy
I Mountri choazsl)eti gsehlb.alk(ea2d on vi sual i nspection
badly fitted SEDs by taking in our uvwoihienl
criterion reduced our sampllencimeasiBd.(abeulti
padds more sources (around 7 %) to our sampl
unreliable host gal axy measuremeotbksd ®&eduod
addi tional sources, t he vaslthimajcariitadyeisofn® 2eH i
AGN (8% of the sampl e).

3.3.3 | dent iXfriacya tAiIGANn so/fs t reanrs

As stated .i,n wheeent ivoen f3i.t3 t he gal axy referenc
anal ysis, we also incorporate an AGN tAGMNI| at e
fraction par ameter, fracAGN, and identi fy ¢
fracAGN is the ratio of the AGN's infrared e
p pmTH . Gal axies with fracAGN >efic2 aatalnhom
Approximately 99% of sources in the gal axy
potential to significantly i mpact our datase
resul t, it would consideradl yHowewer, tWwe oar
i mplications of this criterion from two pers
may 1introduce errors that could potentially

criterion demahasaxxyatampti Rattncowompgsses a subs
the broader context, our pri Ma&Ny polpjud attii we si, ¢
the reduction i#AGNhgahawmbes ©bDS§ nonh expect e

significlanbur mpwack. only 2889 (about 1%) sourc



CHAPTER FOUR

RESULT AND DISCUSSION
I n this chapter, we present the results of o
on-raxy AGNsters. The spetudycwebeetodi erambhec
of AGN clusters on |l uminosity, stellar mass,
AGN clusters with @dormalhi gakaxyheskuoDthgrex.t i v
mul ti wavel engt hraygalt @axnynrdateal ffroomaXn a compr e
of the properties of AGN clusters and empl oy e
rate, luminosity, and stell ar massweofprtersee rmto
t heulrtess of our analysis of the dependance of
star formation rate. We al so conrp&N ec Ituhset eprrso

gain insight into the unique features of AGN

To furshegaiwevéhe dependence of AGN clusters
our sample into two redshift subsampl es, | ow
high redshift which consists 411 AGNrgml axi e
1.05 to 1.5 respectively. This allowed us to
i nvestigate whether the dependence of AGN cl
redshift. We then cut t hemihnoossti tgyal asxyarp rf opamne

stellar mass, into smaller pieces to invest:i

4.1 Dependance of AGNClusters on Luminosity

The dependance of AGN clusters on | uminosity
AGN clusters and |l uminosity in order to unde]
analyze the dependence of AGN clusters on | u
into small er, manageabl e birmrsh fadd olwswuasnd oh ie

characteristics and trends of AGN <clusters
precision. By segmenting the datdastmi utiisonw

propertaised uvmamysity changes.



Table 4.1 The properties of the-Xay AGN subsamples, using different Luminosity cuts.

Lowedshilf t05 Hi greds hi-f.t5)

Luminosity (| 445| 456 4 647 4 45 4 51 6 4 647
Mean of Lumi| 44. 745.49 46. 1| 44. 9| 45. 7|46. 2

Number of 54 295 4 4 3 230 178
Mean of stel9. 71, 10.111.22/9.83 10. 7{11. 1
(sol mass
Mean of | o 1. 8614 2. 362
Tot al numbe 393 411

Table 4.1 present our findings effectively a
the various combinatwidmi of emaeds Hiufmi nost ¢ yorb

examined the popul ation of AGN sctleusst efrasl,| idegt
each luminosity range and calculating the m
provides insights into the distribution and ¢
at different luminosithel emeahsvabeeontl gt apr
their values corresponds to high and | ow red
As shown in table 4.1, Our analysis of AGN c
significant di fferences in the population o
observed that a | arge number ofr aAnGfNe cd fu sltuemisn
TL G0 g T for both I ow and high redshift
these differences, we can examine thetdata i:
a ey 4 Tul umi namsi ttyhebhie are 54 AGN out of a

approximately 13. 7% U atliQe gpopudlad miomasiltny th
there are 295 AGN out of 393, representing a

Finall yr,op &ddQt he TX luminosity bin, there ar e
constituting around 11. 2% of t he ptotpul ati o
a ey 4 Tubin consists of 3 AGN out of 411,
popul Bha ondéd’y g Tebin contains 230 AGN out
for approximately 55. 9% tapf & &0'fye g p o ptuxl &ti ingn. L



there are 178 AGN out of 411, repsesprerricegt a

shed I'ight on the distribution of AGN popul a
di fferent | uminosity bins.
When comparing the | uminosity bins in the |

points emerlgoew rFeidrsshtilfyt,, atthe majority of AGN

TL GE0Q g T luminosity bin, accounting for
contrast, at tThi gdd'Qr gds htiglty mitnhoesi ty bitm r ema
popul ated, but to a | esser extent, with 55. 9¢
thet aéd'Ql 4 Tuluminosity bin exhibits the |
However, the difference Dbeitgvreiefni claorwt ,a nwdi thi gI

redshift and only 0.7% at high redshift.

Last!| yt ¢ a e 4 TX luminositysibgmi fsikkawg | vy d
popul ation percentages at both | ow and high
These comparisons suggest a shift in the di st
with a decrease in the |l ow [ uminosity range

The results presented in thiphydiudal pirrotve rdper

AGN popul ations at different | uminosity | eve
clusters in the middlagd asnget@ofsubgmenesitthyt
particular |l uminosiutcy aftegiome may thlay oa mat i c
The observed di fferences in AGN popul ations
to various factors, such as the avaiAG@Mwil ity
triggechnagi sams, and the interplay between AC
Additionally, the variations observed betwee
of AGN populations is influenced by stiltal cos

processes occurring over cosmic twiame.l eRgt hh

studies and theoretical modeling, will be es:
phenomena and their i mpl i caotwtohn so ff osru pgearl naaxsys
hol es.



I n thed ,fliyaurehow the relationship between | u

clusters correspond to redshift. where LR re
L1, L2, L3, L4 anese bhe olUumisnaonspiltey T Tbni  r ang
aedy 5 Qi MW T X for exampl e, LR L1(grereay sho
AGN galaxies in the | owuvQ@eeédghdi f Qi WMhoolsan have

l umi nosi ty.

Figure 41: The distribution of xay AGN in redshifluminosity plane.

I n our analysis of AGN clusters at di fferen

increase in the mean value of stellar mass ¢
andhhrgdshifts. This positive correlation su
be hosted by galaxies with [ arger stellar ma:
comparing the mean stellar maosiuvygl bexnsoft ot h
mi ddl e bi n. Surprisingly, the mean stellar n
approaches the value found in the middle ran
One possible implication for this comdvieogeEenc

gal axy properties. Whil e it i s generally e

























































