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cosmic star formation history

Madau & Dickinson (2014)
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cosmic star formation history

| = BH growth also lookback time (Gyr)
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=need to regulate galaxy growth not to have overly massive galaxies

credit: IllustrisTNG

Galaxy luminosity
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star-formation-rate density vs redshitt

time [Gyr]
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star-formation-rate density vs redshift [

THE STAR-FORMING MAIN SEQUENCE AND OUTLIERS
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2 modes of accretion

high excitation - cold mode low excitation - hot mode
Lroer=>10%°W/Hz Lroer<102°W/Hz
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BOLOGNA

| = AGN role in quenching of star-formation |

sSFR / Gyr”

'
N

- galaxy evolution - quenching of SF

— e ———————————— S _

1

\\\\fﬁﬁzgl\\7>

—

'
w

"7rrrrttTYTrrrIITTTYTrrrIT

'
~

- AGN: L _J/L__. >0.01
AGN: L.J/L...<0.01

main sequence

AAAAA

A | L § A | L 4

HERG

LLLL[LLLLLLLLLLL

111111111

Star-forming

-

'

O

=
",
-
.
-3
-
e

Red
Sequence

LLLl111111LLL[111111LLL[11

>
y
,
.
-
.
b
L

1 11
log,,(Stellar mass /M__ )

(00
W

“RADIO AGN AT 3 GHZ VLA-COSMOS”

12

Heckman & Best 14

ELENI VARDOULAKI

JUNE 2021

10

ELENIVARDARGMAIL.COM


mailto:elenivard@gmail.com?subject=

2 modes of feedback from AGN

Radiative
expels cold gas reservoir

AGN radiation or jet

1
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antenaiton NAS A

https://svs.gstc.nasa.gov/cgi-bin/details.cgi?aid=11821
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Fabian (2012)
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| =then they quench

quenching - not so easy

= MS galaxies go through a compaction and depletion phase

trep < tdep (2: > 3)
NIhalo < NIshock

credit: S. Tacchella, ETHZ
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trep = tdep (z < 3)
Mhalo > Mshock
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see: Jiménez-Andrade...EV+19

also: Scoville+17
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2 modes of feedback from AGN

Kinetic
reheats cooling atmosphere

JETS HEAT GAS

anirmnation NAS A LS Fabian (2012)

https://www.nasa.gov/feature/goddard/202 1 /peering-into-a-galaxys-dusty-core-to-study-an-active-supermassive-black-hole
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classic FR-type radio sources

» correlation between position of energy deposited and total
luminosity (Fanaroff & Riley 1974)

FRII or edge brightened
T'hotspots / Ttotal > 0.3

3C438 - FRII

FRI or edge darkened
T'hotspots / Ttotal < 0.3

3C465 - FRI
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Leahy, Bridle & Strom
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classic FR-type radio sources

» correlation between position of energy deposited and total
luminosity (Fanaroff & Riley 1974)

FRII or edge brightened FRI or edge darkened
T'hotspots / Ttotal > 0.5 T'hotspots [ Ttotal < 0.5

3C438 - FRI| 3C465 - FRI

structure
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Accretion I © g PeTEYSSE  [Truncated | W/ 1 Dust?
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inner accretion flow

Leahy, Bridle & Strom
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the radio AGN zoo
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CHANDRA
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* single frequency classification: highly subjective
* need for multi-wavelength data

(B) 4
Vardoulaki+19, A&A, 627A, 142
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1dentification/classification

e how do we separate/classity the populations 1n samples of tens of

thousands of radio sources?
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3 GHz VLA-COSMOS
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3 GHz VLA-COSMOS

-~ ~11000 radio sources

‘/

multi-component . b . . R

10 20 50 100 200 500 1000 2000
S/N

single-component Vardoulaki+21, A&A., 648A. 102
Vardoulaki+19, A&A, 627A, 142
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multi-components at 3-GHz
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radio AGN @ 3 GHz VLA-COSMOS BB
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3 GHz VLA-COSMOS
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FR v physical properties & environment

Vardoulaki+21, A&A, 648A, 102 - — —
FR radio sources at 3-GHz VLA-COSMOS: - e ||

overlap of distributions
1. sizes & radio power:

o L-D: FRIIs (slightly) brighter & larger than & FRIs

2. Eddington ratio (X-rays):

log(L3Hz/WHz 1sr™1)

» FRIIs > FRIs with Qjet added - but sub-Eddington

3. environment (hosts, X-ray groups, density fields):

» quenched hosts > 10! Mgun ; no preferred location within X group

 FRIs & FRIIs & ~ density environments z < 2; # literature
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AGN feedback - FRs in COSMOS X-ray groups

2477 groups: Gozahasl...EV+19
02-z<153

s leooc 8 X 1012 '. X 1014M® 0. 5 2

BOLOGNA “RADIO AGN AT 3 GHZ VLA-COSMO0OS” ELENI VARDOULAKI
JUNE 2021 27 ELENIVARDRGMAIL.COM



mailto:elenivard@gmail.com?subject=

M+ - M., relation
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i e COMAGN
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AGN radio-mode feedback
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AGN radio-mode feedback

o FRII *COM (not plotted) g | AGN host with older

*FRI/FRII -SFG | | starburst episodes, the
* FRI ones leaving the MS
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the evolution of the radio luminosity function

of group galaxies in COSMOS
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# = contribution of galaxy groups

& FRs higher above 10%> W/Hz
and for z <1

21.0 215 22.0 225 23.0 235 240 245 250
|Og(L1 AGHz [W HZ—I])

Vardoulaki, Gozaliasl, Novak, et al. in prep.

ELENI VARDOULAKI

JUNE 2021 31

ELENIVARDARGMAIL.COM


mailto:elenivard@gmail.com?subject=

FR bent angle

straight: 180° .

BA < 180° ‘ - .

Vardoulaki+21, A&A,
648A, 102
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take away

straight: 180°

«3GHz VLA-COSMOS; 2.6 deg?, 0”.75, 2.3uJy/beam (Smolci¢...EV+17a;
Vardoulaki+21, A&A, 648A, 102)

* distortion of FR structure traced by angle between lobes/jets: bent angle

e <BAFrgrs> =167.0° +/- 55°.1,<zrrs> = 0.90; <BAFRs z<0.5> = 155.5° +/- 85°.1

* no clear relation of BA to:

 distance from X-ray group centre, group temperature

 density fields, Darvish environments (cluster, filament, field)

 indications for low BA (<75°) in dense environments & filaments

e comparison to simulations (Vazza+21):

» z=1: BA evolution within the dispersion of COSMOS data
e z=0.5: COSMOS data agree (large dispersion)
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semi-auto code: size + FR class

1. Skeletonise 2. Clustering 3. Maximising d 4. FR classification

\ | 500 | | | | | | | 800
@ \ e @ | 0:00024 > I 0.00024
j O il | 0.00020 " 40.00020
7 N\ | & . - 500 | w | 500
7 o . _ ol 2 . | 0.00016 o jooote
o © o ;%% \ ' ol \—# | . | 000012 |
100} ' B Q0 7 QE) | @W‘ _ 100 @ FR I/II
%0700 200 30( @ ! %0 100 200 300 | ) o | of 1 .
| . & | . .o!
- developed by Eric J imenez Andrade- > <—developed by EV——
good LAS estimation for ~93% of sources Vardoulaki+21, A&A, 648A, 102
_ . Vardoulaki, Jimenez Andrade+in prep.
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semi-auto code: FR class

* finds flux maxima*
e measures the max difference

between LAS and flux peaks on
cach side of the skeleton centre
e uses classic FR classification
scheme to give FR class

* 000d FR estimate for 44% of
sources - compared to visual

Vardoulaki+21, A&A, arXiv200910721V
Vardoulaki, Jimenez Andrade+in prep.
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semi-auto code: FR class
FR I/I1

one side - FRII

Vardoulaki+21, A&A, arXiv200910721V
Vardoulaki, Jimenez Andrade+in prep.
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semi-auto code: FR class

' y :
other side ?

one side - FRI

Vardoulaki+21, A&A, arXiv200910721V
Vardoulaki, Jimenez Andrade+in prep.
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deep learning - ClaRAN - Chen Wu

ClaRAN tested on VLA COSMOS at 3 GHz

Smolcw et al 2017
~yardoulaki et al. 2019

2C_3P 0.97

1P 0.93

3C_3P 0.94 A ; : s 2C_2P 0.95

Based on Wu+18 & SE | o
Vardoulaki+19 : ‘

beam size 0.75”

pixel size 0.2"
credit: Chen Wu
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3GHz VLA COSMOS vs MIGHTEE COSMOS [

3 GHz VLA-COSMOS MIGHTEE
Smolcic...EV+17a Jarvis+17, arXiv1709.01901

Heywood-+in prep

high sensitivity can =
be a problem e

identifying FRs =>
contaminants
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3GHz VLA-COSMOS vs MIGHTEE cOSMOS E&

Vardoulaki+21, A&A, arX1v:2009.10721

based on Vardoulaki+21 3 GHz VLA-COSMOS MIGHTEE COSMOS (1.3 GHz)
2.6 d€g2 | deg2
2.3 Wy/beam 4 uwJy/beam (confusion limit)
0”.75 4”5
130 99
31
81/ 18
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3GHz VLA-COSMOS vs MIGHTEE COSMOS B

Vardoulaki+21, A&A. arXiv:2009.10721 o Py R
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current solutio

e remove “‘contaminants’”, 1.€. objects not related to FR structure

Vardoulaki+in prep.
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* The COSMOS field ideal for multi-wavelength studies =
.3 GHz VLA-COSMOS; 2.6 deg2, 07.75, 2.3uJy/beam “
(Smolcic.. . EV+17a; Vardoulaki+19, A&A, 627A, 142;

Vardoulaki+21, A&A, 648A, 102)

compared radio structure to physical properties (size, radio luminosity, Eddington
ratio, host SFR, M+, SFH) and environment (location within X-ray groups, 7, Mhalo,

density fields, cosmic web)

‘multi-comp sources: €.2. VLASS ~10%>, EMU ~10° (Vardoulaki+19)

* big data 1s here...
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DATA-INTENSIVE RADIO ASTRONOMY:
BRINGING ASTROPHYSICS TO THE EXABYTE ERA

EUROPEAN ASTRONOMICAL SOCIETY ANNUAL MEETING 2021
SPECIAL SESSION SS5 - 28 JUNE 2021

TOPICS:
> APPLICATIONS, Al

> DATA MANAGEMENT,
ORGANISATION & TRANSFER

- SCIENTIFIC ORGANISERS

CHAIR - ELENI"VARDOULAKI
N, Fs » CO-CHAIR - MARTA DEMBSKA

> INTERDISCIPLINARY TECHNICAL ORI -CHAIR - ALEXANDER DRABENT

SOLUTIONS | T A )

> QUERY SYSTEMS, ARCHIVES
& OPEN SCIENCE

7 MATTIA VACCARI
ROBERTO PIZZO

| GIULIANO TAFFONI
‘ MATTHIAS HOEFT

+
6ds

/AN 5' 4 Photos: Ian Heywood from SARAO (GRG) [ Igor from Pexels (telescope)
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