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Jets evolution

P-D diagram

An & Baan 2012

Hardcastle+2019 from LoTSS DR1 @ 144 MHz
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Jets evolution

P-D diagram

An & Baan 2012
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Jets vs host
(in the nearby universe)
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My Compact log T ien
Detected Total
-26.0< Mg <-26.5 | -26.22 100% 55% 55% 45% 22.47
-25.5< Mg <-26.0 | -25.67 91% 63% 57% 34% 21.97
-25.0< Mg <-25.5 | -25.17 70% 74% 52% 18% 21.45
-24.5< Mg <-25.0 | -24.70 64% 84% 54% 10% 21.02
24.0< Mg <-24.5 | -24.26 42% 86% 36% 6% 20.69
-23.5< Mg <-24.0 | -23.74 43% 86% 37% 6% 20.58

Capetti, Brienza+ 2021, 2023 (in prep)

Environment matters!
BCGs more likely to host radio-loud AGN for a given mass (e.g. Best+2007)

SAMPLE

e 33,504 SDSS galaxies in
the LoTSS area with
0.01<z <0.3 and 32%
detected by LoTSS

e After SFGs-AGN
separation 2121 AGN
identified

Sabater+2019

SAMPLE

620 most massive
galaxies in the nearby
universe from SDSS
(Mk<-25, recession
velocity < 7,500 km/s)
with LoTSS counterpart



Jets evolution ... FRIl vs FRI

Rodio Galaxy 3C219
VLA 20cm moge
Copyright {c) NRAOSAUT 1999

Edge brightned gCore brightened

Jets at least moderately
relativistic up to the hotspots

Jets decelerate and become
sub-relativistic on kpc-scales




Jets evolution ...

FRIl vs FRI

Best&Heckman2014

Narrow line
region o
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o Dominant
= Radio Jet ©

Black hole

Dust?
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High Excitation Radio Galaxies (HERGs):  Low Excitation Radio Galaxies (LERGs):
e High accretion rates (Mz0.01Medd) e | ow accretion rates (M«0.01Medd)

e Accreting cold gas (mergers)
e Radiative-mode AGN

mostly FRII

e Accreting hot gas (from halo)
e Jet-mode AGN

mostly FRI



Jets evolution ...

Not so simple!

HERG/LERG vs FRII/FRI

The correspondence between the morphological classification of FR | and FR I
and the separation in radio power disappears when including
sources selected at low radio flux densities
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Jets evolution ... Peaked spectrum vs FRII/FRI

(O’Dea+2021, Orienti+2015 for recent reviews)
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Peaked spectrum = optically thick plasma

Size ¢ Vpeak_ 1

e 1-20 kpc

e L1.4>10725 W/Hz

* Low variability
(consistent with evolution)

Young

Small because they are still in an early stage
of their evolutionary path, and will develop
into FR /1l sources

SOURCE EXCESS
n

Short duty cycle Frustrated




Jets evolution... FRO vs FRI/FRII/Peaked sources

Dominated by compact nuclear emission & low radio power

Baldi & Capetti 2009, 2010, Baldi+2015, 2019, Ghisellini+2011, Sadler+2014,
Torresi+2019, Capetti+2020,2021, Garofalo & Singh, 2019 and many others)

Indistinguishible from FRI under different points of view :

e OPTICAL EMISSION (LERG) e Factor 30 more CORE DOMINATED
e HOST PROPERTIES BUT... e Jets on scales few pc - kpc
e X-ray PROPERTIES ® | ess dense environment

Young? Short duty cycle? Frustrated? Different nuclear engine?

5x FRI abundance

STATIONARY MODEL DYNAMICAL MODEL
Intrinsic different physical conditions: e Occasional fuelling/intermittent activity
e Smaller BH mass /low BH mass -> instable jet
® | ower magnetic field (not clear why different from FRI)
e BH spin (low spinning prograde)
-> lower bulk Lorentz factors e Different physical conditions during

® | ess hadronic flow a transition phase from FRIl to FRI
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Jets switch off: remnant radio galaxies
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Jets switch off: remnant radio galaxies

An & Baan 2012
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Jets restart: restarted radio galaxies

C)

A) B)

off <t remnant

D)

off >t remnant

Jurlin+2020

Konar+2006
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Remnants and restarted in the SKA era

Great progress (especially on large scales)!

N
High sensitivity and spatial resolution at low (<1GHz) frequencies &'

Individual
sources
e.g.
Brienza+2016 ©.g.
Hurley-Walker+2015 Godirey+2017
Brienza+2017,
Tamhane+2015
. Mahatma et al. 2018
Duchesne&Jhonston-Hollit+2019 Jurline2020. 2021
Randriamanakoto+2020 ’

L al+2021 Quici+2021



Individual

sources

Neést200047

Filaments of cosmic rays °

_galaxy hosting
black hole

second pair
of bubbles

Red/yellow = radio emission
from cosmic-rays

Blue = X-ray emission from
intergalactic medium

from galaxies and stars

Background = optical emission |8

Remnants and restarted in the SKA era
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Radiative evolution models
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Individual .
Remnants and restarted in the SKA era

Katz-Stone+1997

G I O bal SpeCtru m Van Weeren+2012

Shulevski+2015,2017

54+144+400+700+815+1280+1518 MHz
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A Different injections! Particles accelerated
O differently in different outbursts

SHIFT= different ages & density & B




Remnants and restarted in the SKA era Godfrey+2017

%

%
<
Source counts (aII)‘7¢

=
o

Source counts (al

._.

o
o (=]
o [T

100}

=
o
N

=
o
=]

[
o
~

=
o
=]
T

0.5

1.0 1.5 i
Spectral Index a/[400MHz

L Al . A
2.0 2

5 3.0

Brienza+2017,
Mahatma et al. 2018
. Jurlin+2020, 2021
FRACTION OF REMNANTS with QJiCi+2()2‘|
respect to the active radio galaxy
population 10-15%
\ Constraining RG
3 ;5\0 | Brienza+2017 evolution models Shabala+2020
[1 Model-remnant ‘ <5% remnants
79 >1.2 Z

37% Steep = All sources l
-g live to |
Qo maximum VS

age |
_ >
- Spectgl Indexzi}ér?{?}hﬂfz ” N age
w | | Modt‘el-active
[1 Model-remnant
4 —b

9% steep >1.2 3 P(tmax) X bnax
=
3
o
8 e,
oo
2 [ >10% remnants

log (age)



Remnants and restarted in the SKA era

10

] FIRST 1.4 GHz cores J
] JVLA 6 GHz cores
i 1 Remnants (limits)

Source counts

|

6 -5 -4 -3 -2
log,, Core prominence
Mahatma+2020
But also ..
Jurlin+2021
B20924+35 Quici+2022

Shulevski+2015, Brienza+

Remnants often have weak cores!




Thank youl!

young source [ | extended source
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