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Galaxy Clusters

AGN & AGN in Clusters

Radio-AGN in Galaxy Clusters

My work: Radio-AGN in Clusters
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30% of all galaxies at z~0 in group or cluster

NASA, ESA, CXC/NRAO/STSel, B, McNamara
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Massive and Distant Clusters of Atacama Cosmology
redMaPPer (SDSS
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Active Galactic Nuclei (AGN) Accretion Disk
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Image: NASA, ESA, S. Baum and C. ODea (RIT), R. Perley gnd W. Cotton (NRAO, AU, NSF), and the Hubble Hertage Tean% (STScl, AURA)
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The matter is aeceleraz‘ ry h|gh velocities and the
fr|et|on between particles heats up the matter to mere '
| than ten thousand degrees | |

Slide Inspiration: Jiri Svoboda E ' - ‘ . e : ‘ . i e < Mark A. Garllick
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here must also be sufficient amount of matter that accretes
E onto the black hole to ignite AGN. i

N -

Slide Ingpiration: Jiri Svoboda . ' : ’ . e : ‘ -y i e < Mark A. Garllick
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AGN Types

e Seyfert 1, Seyfert 2, and Compton-thick AGN
* Optical and X-ray - Effect of obscuration/Orientation on
optical and X-ray spectra
e ‘Changing-look’ AGN
e QOptical: Type 1 <-> Type 2
e Jype 1 -nucleus is visible (the spectra has both narrow
and broad emission lines)
* Type 2 - the broad line region (BLR) is obscured and the
ines are very narrow
e [ INERSs
e QOptical - Weakly accreting local AGN
 Broad absorption line quasars
e QOptical - Driving a wind
 FR-Is, FR-lls, FSRQs, and BL Lacs
e Radio - jets, environment, and orientation

Slide Credit: Daniel Kynoch Resource: https://astrobites.org/guides/galaxy-and-agn-types/

Galaxy Clusters AGN in Clusters Radio-AGN in Clusters
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Optical lines, magnitude, or color
Infrared color or luminosity

X-ray luminosity

Radio luminosity and morphology
Combination of above
SED analysis

Many more
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Galametz+09
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- What do we know? What does it mean?

Number X-ray, IR, and Radio identified AGN in clusters are
either equal or in excess compared to field at intermediate and
high redshifts (z > 0.5)

More X-ray, IR, and Radio identified AGN in cluster center at
intermediate and high redshifts (z > 0.5)

Detficit of optically and X-ray identified AGN in cluster center at
low redshift (z < 0.5)

Fraction of AGN in clusters increases with increasing redshift
— deficit, equal, excess compared to field

Galaxy Clusters AGN in Clusters Radio-AGN in Clusters My Work 30/77
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- What do we know? What does it mean?

High-z: clusters still forming = more interactions and gas
supply

@ Low-z: clusters more formed and relaxed

core = higher velocity dispersion = less interactions, gas supply
in galaxies in core is depleted due to interactions with ICM

@ infalling population = lower velocities = more interactions,
infalling population has gas supply

@ Mirrors SF activity evolution in clusters

Haines+12, Martini+13, Ehlert+14, Alberts+16, Gordon+18

Galaxy Clusters AGN in Clusters Radio-AGN in Clusters My Work 31/77



http://emilymoravec.com
mailto:emoravec@nrao.edu

Sabater+19

s} |Oglo(M200/Mo) <13.06

| = ‘ s 10910(M300/Mp) =213.84

L Ll L L LLL

log1o(ier)

—+— >21.0
—— >215
—— >220
—— >225
—— >23.0

$ iii‘g 041 Gordon+18 —

> 24.5 z<0.15
> 25.0 ol optical

—
(e}
LN

L 1 lllllll

—
S
(3]

Fraction of radio-AGN

1 L lllllll

—
T
W

| | | |
10.5 11.0 11.5 12.0
log;, Stellar mass [Mg]

3.0

T

Pimbblet+13
z ~ 0.07
optical

AGN Fraction

® (Cluster
O Field

11.0
log(stellar mass) logﬂ/f* (A[‘)

Radio-AGN in Clusters


http://emilymoravec.com
mailto:emoravec@nrao.edu

0.2 0.2

0.1 0.1

0.05 0.05

0.02 0.02

0.01 0.01

Fraction of Optical AGN (Blue Galaxies)
Fraction of Optical AGN (Green Galaxies)
Fraction of Optical AGN (Red Galaxies)

0.005 0.005

1e-4
10.0 10.2 10.4 10.6 10.8 11.0 11.2 11.4 11.6 11.8 12.0 10.0 10.2 10.4 10.6 10.8 11.0 11.2 11.4 11.6 11.8 12.0 e10.0 10.2 10.4 10.6 10.8 11.0 11.2 11,4 116 11.8 12.0
Log [ Stellar Mass / Solar Mass]) Log [ Stellar Mass / Solar Mass] Log [ Stellar Mass / Solar Mass]

o

-
2
—

@
2
>
-
@
O
o
2
[40]
;=
O]
<
2
°
@
o
°
c
i)
=
3]
@
—
w

Fraction of Radio AGN (Green Galaxies)
Fraction of Radio AGN (Red Galaxies)

1e-5 1e-4 1e-4
d ®10.0 10.2 10.4 10.6 10.8 11.0 11.2 11.4 11.6 11.8 12.0 ©30.0 10.2 10.4 10.6 10.8 11.0 11.2 11.4 11.6 11.8 12.0 ©30.0 10.2 10.4 10.6 10.8 11.0 11.2 11.4 11.6 11.8 12.0

Log [ Stellar Mass / Solar Mass) Log [ Stellar Mass / Solar Mass] Log [ Stellar Mass / Solar Mass])

Miraghaei+20

Radio-AGN in Clusters


http://emilymoravec.com
mailto:emoravec@nrao.edu

emoravec@nrao.edu emilymora

omplicatidns_: stelar mass, galaxy type, redshift

Difficult to disentangle cause and effect due to stellar mass, galaxy

type, AGN selection method, redshift, black hole mass, luminosity,
location within cluster, and cluster richness effects

NASA, ESA, CXC/NRAO/STSC, B. McNamara »
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Radio-AGN in Galaxy Clusters

Moravec+20b
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**  Whatis a Radio GalaxV"

An AGN that is emitting radio emission typically in the
form of twinjets. - v |

_ Jud‘ith Croston & LOFAR Surveys Team
Galaxy Clusters AGN in Clusters Radio-AGN in Clusters My Work 36/77
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What are we seeing when we observe
AGN in the radio wavelengths?

Synchrotron Relativistic Jet
Radiation N -z 75
AN 3 / , Rotating Magnetic Field
Anchored to Spinning —
Accretion Disk
Synchrotron
Acceleration of
Charged Particles Rotating Black
Hole Engine
lonizing Radiation
from Hot Disk (UV)

Spinning
Accretion Disk

Image: Brooks/Cole Thomson Learning

Galaxy Clusters AGN in Clusters Radio-AGN in Clusters My Work 37/77
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Radio Galaxy Morphologies

Bridle+94

- ey
Ad (arcsec)

AGN in Clusters Radio-AGN in Clusters
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Your Turn! FR |, FR II, or Hybrid?

Galaxy Clusters AGN in Clusters Radio-AGN in Clusters
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Judith Grospn & LOFAR Surveys Team
Galaxy Clusters AGN in Clusters Radio-AGN in Clusters My Work 45/77
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Radio.l-_\GN in Galaxy Clusters

-

Cluster Members

 AGNinClusters  Radio-AGNin Clusters ~ MyWork 4677
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Bent Tail
Radio Galaxies

i

Pram = IOICMV

_ 2
ram —_ P ICMVgalaxy

_ 2
ram ~— P ICMVgalaxy

Head-Tail (HT)

Wide-Angle Tail
(WAT)

| | Narrow-Angle Tail (NAT)
Cartoons courtesy of Marie-Lou Gendron-Marsolais
AGN in Clusters Radio-AGN in Clusters
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Moravec+20b
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»

v Be

e o
' Golden—,MarxH 9

-
+

<

"' ’ : : j 1 Hardcastle+04 °-

Galaxy Clusters AGN in Clusters Radio-AGN in Clusters My Work


http://emilymoravec.com
mailto:emoravec@nrao.edu

Animation of Bent Tail Radio Galaxies

hitps://astronomynow.com/2016/06/14/citizen-scientists-

discover-huge-matorny-terentev-

AGN in Clusters Radio-AGN in Clusters 49/77
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Radio-AGN and Galaxy Clusters

Rigby+14
26 RGs at 2ot gl S - Clusters Qccuple.d by Bent Rad™ A(‘Eﬂ:
In overdense environ. o . g » (COBRA)
- o g .~200 at 1.2 < z < 3.2 (RGs)
. ) e Paterno-Mahler+17
#‘ i " /

Clusters Around Radio Loud AGN . B
(CARLA) : ‘_" Castignani+14
~150 at z < _3{RGs) A . 32FRIsat 1 <z<?2
Wylezalek+13,+14 | 70 % FRIs are in overdense environ.

NASA ESA, CXC/NRAC/STSCl, B, McNamara »
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NASA/CXC/Stanford/l. Zhuravleva et al

Radio-AGN in Clusters

PERSEUS

AGN in Clusters
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| X ~ b * |
Radio-AGN 4= Intracluster Medium (ICM)

NASA, ESA, CXC/NRAO/STSC, B. McNamara — MS 0735.6+7421 »
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Radio.AGN in Galaxy Clusters

Radio AGN crgating cavities , FR 1s in more dense environments than FR
in ICM (Hydra A, Abell 2199, lls (Longair+79, Prestage+88, Ledlow+96,
Centaurus, M87, etc.) Miller+99, Wing+11, Gendre+13) _

. Radio galaxy bent morphology
depends on distance from cluster
center (Garon+19)

Power and size of.AGN
increases with cluster
richness (Inesgn+15, * '

Croston+19) : ; - : 7
- . g
5 _ Radio galaxy luminosity
decreases with cluster-centric
y « - distance (Croston+19)
2.5 times more radio AGN in \ -
cluster than field at z~1 (Mo+18) - # .

Radio galaxies used to'successively find galaxy
clusters (surveys: CARLA, COBRA, HzRGs)

NASA, ESA, CXC/NRAO/STSel, B, McNamara »
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L-band A+B-con1ligurabon i
Beam g

' Chandra fractional residualimage

NGC 1275

Declination
Declination

41:29:59.9

Imaging residual artifacts NGC 1272

3:20:00.0 48.0 36.0 I 3:20:00.0 48.0
Right ascension Right ascension

9.99e-04-0.227 -0.189

-1.00e-05 -7.01e-06 4.98e-06 5.28e-05

Perseus: Gendron-Marsolais+21

P-band B-configuration .
Northern extension

Beam
i Q Eastern spurs

P-band A-configuration
Beam

Declination

Declination
41:29:59.9

Southern edge South-westem
\ edge

48.0 ~ 36.0 24, I 3:20:00.0 48.0 36.0
Right ascension Right ascension

0.0066 0.015
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LOFAR 144 MHz
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Animation of Shocks in Clusters

hittps://vimeo.com/464248944/3fc1/7a5b8b
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7 The Massive and Distant Clusters

B of WISE Survey (MaDCoWS)

~2700

~2700 massive clusters at 0.7< z < 1.5 over the full extragalactic sky
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VLA 5” resolutlon

' 16 B, "3
 17B,18A

Full Sample

52 Clusters
Pilot Study 3}

10 Clusters
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- i ;;* ' * : . " “.‘;..;
\/ 40% of rad|o o *

gaIaX|es are BCGS

Cluster environment fosters radio activity, especially for
massive galaxies near the center, but is not the sole driver
of the evolution of the rest of the population
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The Curious Case of MOO J1506+5137

& o i

w560
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Why does this cluster have high radio activity?

¢

-

L »

Large-scale OR Small-scale
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Spatial distribution
of galaxies
/2 .| Radio morphology '
) A of AGN jets
&+ " Mass-richness
relation

Interpretation:
Dynamical state
affects radio

activity .
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Current Work Radlo AGN |n Merglng Clusters
s enhanced radio-AGN activity ubiquitous IN merging systems?

200 mergmg clusters atl <7 < 1. 5

[

: | MaDCoWS

| Survey Data
LOTSS patial Distribution
4 "" ' .. V._LASS Fraetion that are RL
VLA Radio i\/IorphoIogy
e SKY SURVEY |
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COBRA

ACT DR5

MERGING
CLUSTER
COLLABORATION
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Comparing Radio-AGN of Merging
and Relaxed Clusters at Low-z

Bilton+20: 25 Relaxed and 8 Merging o
NGC 1275

Survey Data
LOTSS ' .

3
i y
R 4 A e
g .
]
"

NL A Spatial Distribution
SKY SURVEY

Radio Morphology

Perseus Cluster: VLA 300 MHz - Gendron-Marsollais+20
Galaxy Clusters AGN in Clusters Radio-AGN in Clusters

R

E-ﬁ | '
™~
NGC 1265
" CR 15
IC 310
\v".
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VLA Program 12 merging + 7 relaxed

Galaxy Clusters

at z~1

A\ Radio Morphology

emilymoravec.com

GBT Program

ICM Structure

ICM - AGN

3 -

_ 2 merging clusters at z~1
SMA Program' 21B with central radio-AGN

¢ ':—’ .-_’m--,,.,—;:. AN ¢
Molecular gas content

SEDs of radio-AGN

https://www.eso.org/public/ukraine/images/eso1229e/?lang
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'Radio-AGN in Galaxy Clusters

Galaxy clusters are largest gravitationally bound objects in
Universe and are interesting laboratories to study AGN evolution

Evolution of number of AGN in clusters with redshift

Radio-AGN and cluster environment affect one another in many
many ways

| am investigating how the merging cluster environment affects
the triggering and evolution of radio-AGN
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