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Relativistic jets -

i
o g

Harbored in 10% oF AGN

Often’ |dent|f|ed in rad|o surveys

using the radio-loudness

parameter (wrong, ask me later) .
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Relativistic jets -

i
o N

: Harbored in 10% oF AGN

Often’ |dent|f|ed in rad|o surveys

using the radio-loudness

parameter (wrong, ask me later) .

Based on the UM, two main
c;la'sses of jetted AGN:

Radlo galaX|es
Blazars '
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radio-loud (RL) AGN

low power

BLRG ”’/

Blazar
high power
BL Lac FSRQ

ﬁ«k J.b ~ BLRG,

. Type I
\_QSO

“‘(x

accretion disc
. electron plasma
.  black hole
broad line region
narrow line region

Beckman & Shrader 2013
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Blazars

The blazar classification is based
~on the-optical spectrum:

»  §
1 3FGL J1031.0+7440

3969A

. EW >}5A_) FSRQ i 2 | | 3FGL J0134.5+2638 | S o
B : _ . 30 : BL Lac, z> 0.108 100 { Asiago, T182
o EW<5 A - BL Lac  Asiago T122 ; -
¥ ; . T A h.‘” ? o ' 495‘;{500?}\
: oo Sk 2 N ank \1 Thd
FSRQs: efficient accretion, high- = . ;3“; ""r\*.-ir | e
density circumnuclear -~ W’\* L em \ }

Mgl
5175A Nal

. envii'onmenl:

—]

.-BL Lacs: mefﬁaent accretion, low
density circumnuclear
enwmnment

-

=
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Blazars

L -

i
o g

Blazars are extremely variable = . s o
SOUI'CES : e OVRO 15 GHz
F_lares,occur.at different times in
-different frequencies '

- Possible origin: ejection of
plasma blobs, standing-shocks,
_jet/ISM interaction, etc. Where is
- the gamma-ray production zone?

Spe&troscoplc observations
durlng ﬂa res are ra re

2010 2012 2014
et al. 2018 Time (decimal year)

r
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'__Emission lines in blazar Flares: 3C 454.3

2008.9 2009.5 2010.0 2010.6 2011.1 2011.

ORI . MEl  Oneof the few cases in
i ' . the llterature

photons cm™ 5!

—1

s

nghest level of Mg Il
.:.corresponds to.ejection of
a s_uperluminal component
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‘thermal continuum!
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_Emission lines in blazar Flares: CTA 102
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Chavushyan et al. 2020 JD - 2450000 Rest Wavelength (A)

S|m|lar behavior to 3C 454.3

Mg Il line ﬂux increases after
a multiwavelength flare

This coincides with emission
of a superluminal jet
- component

BLR ionized by the non-
thermal continuum and :
located 25 pc away from the
Bty nucleus

=
5
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- Emission lines in blazar flares: 3C 345

Mg Il flaring on.té again

2009-11-19
i

s | . The only two points that do not-obey to the L-EW
anticorrelation were -measured during the flare

. Best-fit line:
log(L3000) = (-0.82£0.03)log(EW) + (38.89£1.52)

ofrerio o e From the measured lag, the production of garhma-
o ' raysroccurred d < 0.02 pc from the BLR
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- Emission lines in blazar flares: 3C 345

2009-11-19
i

=t 2009-11-17
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Mg Il flaring on.té again

The only two points that do not-obey to the L-EW
anticorrelation were -measured during the flare

From the measured lag, the production of garhma-
ray&occur[g_d d < 0.02 pc from the BLR

=— 2009-10-26
= 2009-11-17

- Spectroscopic
- follow-upof
flaring FSRQs is
important!!

-
3000 3500 4000 4500

Restframe wavelength (4)
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Thé third class of blazars: NLS1s

Jirveld+ 2022

1) low mass/high Eddington AGN se100s)  J0814+5609
- 2) strong.winds - outflows

- 3) relativistic jets and gamma-rays
4).radio lobes (or relics!) _

5) circumnuclear star formation

6) (polar) dust

They are complicated sources
(see Jarvela et al., 2022, A&A 658 12,
to get a headache) :

Jetted NLS1s were dlscovered int . -
: early 20005 : _- : : . y 8714733.00° 50° R:z.oo- 31.50°
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A special case: PKS 2004-447

Oshlack+ 2001
Identified as an NLS1sin an optical
survey of radio-loud AGN

Original spectrufn by Drinkwater+
1997, analyzed by Oshlack+2001, but
with an error on the y-axis -

—
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~ m\

o2 E\
o

Uj\
1)}
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~—
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-]
—_—
Gy

10718 2x107183x107184x10718

Very weak Fe Il, some authors
proposed NLRG (o]} type 2

6000 8000
cla55|f|cat|on

observed wavelength (&)

F1G. 2—Low-resolution spectrum of PKS 2004—447 from RGO £ = : Rt
spectrograph on the AAT. T s

=
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A special case: PKS 200_4-447

Abdo+ 2009 The source was detected in gamma-

PKS 2004-447 rays by Ferml
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A special case: PKS 200_4-447

The source was detected in gamma-

Spectral Energy Distribution of PKS 2004-447
(Mar 2011-Jul 2012) rays by Fe rmi

SED: typlcal of a low-power FSRQs,
with the two humps
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A special case: PKS 200_4-447

The source was detected in gamma-

AT20G rays by Ferml

CRATES

PKS90CAT,]

PMN
— SUMSS - SED: typlcal of a low-power FSRQs
= ALMA Cal
= _ with the two humps
2 . liﬂﬂ'(ﬁi ‘ Radio: typical of a compact steep-
< 2 spectrum (CSS) source, i.e. young
= radlo galaxy -

v 2014-03-26

G06

Schulz+ 2016

=
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A special case: PKS 200_4-447

The source was detected in gamma-
rays by Ferm|

SED: typlcal of a low-power FSRQs
with the two humps

Radio: typical of a compac't steep-
spectrum (CSS) source, i.e. young
radio galaxy -

Photons cm-2? s~ keV-'

wu,“ ||I|HI'H M i
+ |

Berton+ 2019

_X-rays powerlaw jet domlnated In
low state, soft excess emerges.

=
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_a "._'v- 4

Kotilainen+ 2016

A special case: PKS 2004-447

-'_I-.

Black hole mass in four ways:

1) Foschini+ 2015: low quallty
. spectrum, 7x107Msun

2) Kotllalnen+ 2016: spiral host
gal‘giy, K-band bulge lum|n05|ty
9x107 Msun '

‘ 3) Bald|+ 201 6: spectropolarlmetry of

o 'Ha 6x108Msun

4) Berton+ 2021: hlgh quallty spectra 4
and H(, 1.5x10’ Msun

=
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A special case: PKS 2004-447

Berton+ 2021
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PKS 2004-447 with X-SHOOTER
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Observed Flux (le-17 erg/s/cm/cm/A)
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PKS 2004-447 with X-SHOOTER
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Observed Flux (1e-17 erg/s/cm/cm/)()

Observed Flux (1e-17 erg/s/cm/cm/A)
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PKS 2004-447 with X-SHOOTER
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PKS 2004-447 with X-SHOOTER

SP0-SP013
SP1-SP013
——+SP2-SP013

jsgsssss il Difference in velocity between H
lines and He | lines suggests
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Observed Flux (1e-17 erg/s/cm/cm/ﬂ)

ﬂ Excess redshifted in the Balmer lines,
6000 nofredshifted in Paschen lines:
Rest Wavelength (4) bipolar outflow"
iRl Does. the change in the accretion disk
8 lead toboth the gamma-ray flare
(jet) and'the Formatlon of the excess

Observed Flux (le-17 erg/s/cm/cm/A)
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oAy

enhanced Mg Il flux, but the other :
- “lines were not studied

.. gamma-NLS1 revealed the -
- - . formation of an excess in-all the
+_emission lines

- Conclusions

e TR
AL

Flares in jetted AGN can produce

“an-excess in the emission lines

A few-bright FSRQs showed

X-_SHOOTER spectroscopy of a

" High:resolution spectroscopyis

- needed to follow-up flares!
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