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..and now: Relativistic Jets

4€29.30 z=0.064
(Siemiginowska+12)

3/2016
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Jets in Active Galactic Nuclei: motivational slide

Cygnus A (Wilson+00)

impact on the host galaxy/cluster:

Candidate sources of UHECRSs:

Science Fermi Bubbles: jet activity in the MW?

Gamma-ray emissions




Jets in Active Galactic. Nuclei: some questions

» »

How do they form?

What Is their structure
& composition?

‘# How do they interact with « ' ’
their environment?, . ' '




Radio Duty Cycle

glant dying

galaxy radio luminosity

- : )
o T &



Young Radio Sources

Relative R.A. (milliarcsec) wuetal (2013

— T T ® inear size <1kpc;
0Q208 20090723 REYUuEoMmeEile{leNg-Tollo
morphology, dominated by mini-
lobes/hotspots;
7=0.0765 e cstimated ages from the hot
1.406 kpc/” spots advance velocities: <103

D F yrs
Excess of young sources in
catalogs of radio sources:

5 i

_ O/;LBA 15GHz, 1st cntr=0.54 mly/b _

| ] ] ] ] |
0 —5

Relative R.A. (milliarcsec)



Young Radio Sources in X-rays

X-ray sample (16 sources, z<1.0): Probing the environment:

log Ly [ergs!]

—
B
=
()
N
N
)
\am
-
~
N
~
o
Z

1000 2000 1000 2000
Siemiginowska+2016 Age [years] Age [years]

3000

all detected with snapshot moderate column densities in the
observations majority of the sources:
Nno dense environment




Young Radio Sources in X-rays

Relative R.A. (milliarcsec)

. Mkn 668
XMM EPIC

Relative R.A. (milliarcsec

30" = 44 kpc




Young Radio Sources in X-rays

Origin of the emission?

SWI1 SwW2

Relative R.A. (milliarcsec

UV -disk
IR - dust

jet model in Migliori+2012,2014



Young Radio Sources in gamma-rays

The answer is In the gamma-rays:

radio - IR - optical - UV - X-ray - Y-ray

synch :
disk+ corona

IC




Young Radio Sources in gamma-rays

PKS 1718-649 (z=0.014, ~100yrs)
deteCtlon |n gamma—rays W|th 7yrS Tingay, d,e Kool (2003 22 GHz VLBI radimagi?g
Fermi-LAT observations '

High-energy emission
from the compact radio
lobes?

Relative Declination (mas)

3FGL J1728.0-6446

C}D?yrs best fit pos.
(gtfindsrc) e
PKS 1718-649 oreliminar

radio pos.
PKS 1718-649 — IC total
ATCA/MWA/Chandra/LAT

Ljet,kin=Ldisk $ 4 NED

“ nNandara
Migliori+, in prep.
37 42 49 61 75 92 113 137 163
Faint, non variable , | \
gamma-ray emission . AT S et e,

IC Lstar

.




Young Radio Sources in gamma-rays

Testing the lobe scenario:

|

= ]C total
ATCA/MWA/Chandra/LAT
¢ ¢ NED
Chandra

NuSTAR CTA?

4 ; '\
t I Luv IC Lir"\

IC Lstar "_
~ '

15

log v [Hz]




[

Jets in Active Galactic Nuclei:
structure & energetics

RGB J1512+020A (z=0.2)

120

(=}
=
—
-
=)
~

08.0

13”/45 kpc

15:12:16.0

X-ray/gamma-ray
blazar component

~

L'.

X-ray Kpc jet

0.5-7 keV




Jets in Active Galactic Nuclei:
tracing the jet emission

integrated jet |
power from the
radio lobes

jet power through the
linear scale

X-ray kpc jet

_Y-ray blazar

» [ s i 2
iy o
E [ -y
Y o ¢ F ~
=gl R FaY. o = g fa il
i FYATY | - P

4470 .
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Jets in Active Galactic Nuclei:
tracing the jet power

ﬂT jet power from Lietkin=3 % 102! x 32 x 5,67 erg -
/ the radio
luminosity
@15IMHz Lieckin~10% erg s/
(Willott+99)

— synch r~101% cm<Roir (Rblob~1o15 Cm)

m  SSC B > B
. EC/disk theta~4, Mouk=12, B=2.1 G (Us/Ue=0.3)

EC/dust

EC/BLR
¢ ¢ ASDC
o o UVOT

jet power from SED
modeling of the Y-ray
blazar component

Licckin~ 104446 erg/s

7
n
N

=
O
O
M
)
=
>
O
@)
H

- |
. >10% of the initial jet power transported to kpc scales



wn
=
o
bo
-
ok
-
B0
o)
-

Jets in Active Galactic Nuclei:
accretion & ejection

radio - IR - optical - UV - X-ray - Y-ray

diskd corona

IC

RGB J1512+020A (z=0.2)

Kitt Peak
spectrum

SDSS quasar template
(Vanden Berk+'01)

SDSS
spectrum



Jets in Active Galactic Nuclei:
accretion & ejection

0.5-7 keV

Licckin= 10% erg s°!
I—jet,kin =L disk:

the mechanism

responsible for the jet
formation

is maximally efficient in
extracting the BH
rotational energy

disk luminosity: (see also Ghisellini+’I 1)
<10* erg s’/




From Quasar to Microquasar:

Cygnus A, z=0.056/600 Mly GRS1915+105, 11000 pc
Mirabel+1994

10-18 Msun

1.032 kpc/arcsec
1089 Msun, 1067 yrs

18-111-1994

. 27-111-1994

B3-1¥-1994

18

as-1v-1994

. +
. + . 16-1¥-1554

18,888 AU




Microquasar:
Time lapse of a jet-ISM interaction

XTE J1550-564 western jet

@

d

ObsID 3448
March 11 2002

ObsID 3672

June 19 2002

June 28 2003

' ObsID 3807
Sept 24 2002
. ObsiD 4368 et b s S e

. ObsID 5190
Oct. 23 2003

0.3-7.0 keV

0.077 0.11



XTE J1550-564

ObsID 3448
March 11 2002
0.3-7 keV

0.3-7.0 keV

Microquasar:
Time lapse of a jet-ISM interaction

western jet

‘

ObsID 3448

ObsID 5190
Oct 23 2003
0.3-7 keV

une 28 2003

ObsID 5190

Oct. 23 2003

e
—-

0.077 0.11

Migliori et al. in prep.
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Future Perspectives

e Observations at low radio frequencies (LOFAR) will tell us more on
the radio duty cycle;

e High sensitivity radio observations will look for radio jets in radio
quiet sources;

e Multi-wavelength all-sky survey (LOFAR/SKA, LSST, EROSITA/
SVOM, CTA) will monitor radio transients (blazars, microgquasars,
GRBs, SNs..);




