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% SUPERMASSIVE BLACK HOLE & THE GALAXY
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...backin 2011

Radio Loud vs Radio Quiet

l

Radio Loud RL:
« Large scale radio lobes

* Compact luminous cores often
with apparent luminal motions

Hot Spot  Counter Jet  Core Jet Hot Spot

Parts of a DRAGN (Cygnus A)

Radio Quiet RQ:
» Faint radio sources

* Emission confined to sub-kpc scale
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NGC 4151, 15 GHz, Comp. D3
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Class definitions

= How should we define the two classes (PP 2017)?
L. Direct evidence of a strong, relativistic jet
* Easy only for relatively bright radio sources (e.g.,
fsa > 50 mJy @ 15 GHz in Lister et al. 2018). In
deep radio fields most AGN unresolved

2. y-ray (> 1 MeV) emission, limited on
® Even Fermi-LAT has limited sensitiv

9= Radio-excess off the FIR-radio correlc
® Indirect but simplest criterion to apply

Monopoli, Puglia, 2018




Puglia, 2018




AGN: from non-JETTED to JETTED

compact at arcsec-resolution resolved

LINERs & Seyferts |
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log D [pc] From Amenta et al. 2026

Hardcastle & Croston 2020, Baldi et al. 2023, Amenta et al. 2026, Fanelli et al. in preparation
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nature REVIEW ARTICLE
a«Str Onomy https://doi.org/10.1038/s41550-019-0765-4

The origin of radio emission from radio-quiet
active galactic nuclei

Francesca Panessa®™, Ranieri Diego Baldi®?2?3, Ari Laor?, Paolo Padovani®*, Ehud Behar®
and lan McHardy?

The central nuclei of galaxies, where supermassive black holes (SMBHs) are thought to reside, can experience phases of activity
when they become active galactic nuclei (AGNs). An AGN can eject winds and jets and produce radiation across the entire elec-
tromagnetic spectrum. The fraction of the bolometric emission in the radio spans a factor of approximately 10° across the dif-
ferent classes of AGNs. The weakest radio sources, radio-quiet (RQ) AGNs, are typically 1,000 times fainter than the radio-loud
(RL) AGNs, and represent the majority of the AGN population. In RQ AGNs, the absence of luminous jets allows us to probe radio
emission from a wide range of possible mechanisms: star formation, AGN-driven wind, free-free emission from photoionized
gas, low-power jets and the innermost accretion disk coronal activity. All these mechanisms can now be probed with unprec-
edented precision and spatial resolution, owing to the current and forthcoming generation of highly sensitive radio arrays
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High detection rate of “RQ
AGN” at

v all frequencies

v all scales

v" all Eddington ratios
v" all redshifts

Njeri et al. 2026, Cheng et al. 2025, Magno et al. 2025, Kondapally et al. 2023, Wang et al. 2023a, Wang et al. 2023c, Fischer et
al. 2022, Whittam et al. 2021, Nyland et al. 2020, Panessa et al. 2019, Nyland et al. 2016, Padovani et al. 2015, Panessa &
Giroletti 2013, Padovani et al. 2011, Giroletti&Panessa 2009, Leipski et al. 2006, Nagar et al. 2005, Nagar et al. 2002, Ulvestad
& Ho 2001, Blundell & Rawlings 2001, Kukula et al. 1998, Ulvestad et al. 1995, Kellermann et al. 1989




The radio emission in RQ AGN

Panessa, Baldi, Laor,

, Behar & McHardy 2019, Nature Astronomy Review
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Physical mechanisms

Neupert effect,
Diffuse, low brightness, Lo/Ly~ 102
FIR-radio relation ﬁ Millimetre-band

compact core
fr T %

Star formation

& Tt ™
2

Jet

Collimated, radio blob
speed, high T,
high polarization

Shocks, outflowing
line-emitting gas

Panessa, Baldi, Laor, Padovani, Behar & McHardy 2019, Nature Astronomy Review




Radio VARIABILITY in RADIO QUIET AGN

Neupert effect,
Diffuse, low brightness, Le/Ly~ 162
FIR-radio relation Millimetre-band
compact core

a T

Star formation

w

Wind
Collimated, radio blob
speed, high T,
high polarization

Shocks, outflowing
line-emitting gas




Radio VARIABILITY in RADIO QUIET AGN

Typical variability of 10-20%

Wrobel 2000 ; Anderson & Ulvestad 2005 ; Barvainis et al. 2005 ; Mundell et al. 2009 ; Bell et al. 2011 ;
Doi, Asada & Nagai 2011 ; King et al. 2013 ; Baldi et al. 2015 ; Behar et al. 2020 ; Williams et al. 2020,
Panessa et al 2022, Petrucci et al. 2023, Hernandez-Garcia et al. 2026, Bruni et al. 2026




Radio VARIABILITY in RADIO QUIET AGN

Core Flux Variations —> rule out stationary diffuse starburst models

VLA 8.4 GHZ MONITORING High-frequency VLA monitoring of low-luminosity Seyfert galaxies revealed core flux
density variations by factors of 1.5-2 on month-to-year timescales (Wrobel 2000, see also
Mundell et al. 2009)

Parsec-Scale Cores = compact non-thermal synchrotron engines

VLBA PARSEC RESOLUTION High-resolution VLBA imaging detected sub-parsec core variability along with high brightness
temperatures, confirming that radio-quiet cores originate from (Anderson & Ulvestad 2005).

Quasar Core Variability = radio variability is pervasive across RQQs

MULTI-EPOCH RQQ SURVEY A systematic multi-epoch survey of optically selected radio-quiet quasars uncovered significant
flux changes in 30%-50% of targets, demonstrating that (Barvainis et al. 2005).




Milli-arcsecond daily variability in RADIO QUIET AGN
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Coronal or low power jet emission?

Date (yyyy-mm-dd)
S 9 19 ] 3 1 A9
22 22 50 5O 50" 5V 5 52
1“\6_6 10\6,0 1@\,6“) lcxﬁ,u 10@,0 10“,_0 lcxﬁ,m 1&6_0

—— 5 GHz Peak Flux Density

H
g 8
8 8

Flux Density
(uJy beam=1)

3 8
8 8

3
8

s 8
8 8

—

—- 5 GHz Beam Flux Density

)

ity

Dy
(u)y beam

N @ o B

8 88 8

Flux Den:

N
(@]

Delay (ks)

Flux Density
(Wy beam™1)

P
-
-~
-~
-
-
-~
~
~
-~
/
§$
Lxlll

A A

0.5-2 keV N EE ( ~

x:m:js —»— 2-10keV E (kCV)

Fi1G. 3.— Energy dependence of

m 3 energy 0.2 — 0.3 keV and higher energies.

Days since 57502 MJD

1 10

lag between the light curves of

The energy dependent delay can be modeled as due to the
effect of Comptonization in a hot plasma confined within 10
Schwarzschild radii of the black hole

Panessa et al




Discovery of millimetre-wave excess emission in radio-quiet active
galactic nuclei

Ehud Behar,'* Ranieri D. Baldi,! Ari Laor,' Assaf Horesh,? Jamie Stevens>
and Tasso Tzioumis> 2015

MR2251-178 ] [ NGC3783

log v (GHz)

Simultaneous mm-wave and X-ray monitoring of RQ AGN
features a promising method for understanding accretion disc
coronal emission




Corona versus Jet Ejections
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Identified tight coronal coupling: mm-wave flares often
accompany or follow hard X-ray heating events, strongly
favoring a magnetically dominated corona over
extended relativistic shocks

Behar et al. (2020)




Magnetized accretion coronae

® NOEMA Isb calib flux
® NOEMA Isb source flux
® NuSTAR 3-10 keV count rate
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Magnetic reconnection events in magnetized accretion coronae,
explains correlated radio/X-ray transitions without needing
classical relativistic jets

Petrucci et al. (2023)




Hernandez-Garcia, Panessa et al. 2026
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Monthly monitoring of Hard X-ray selected AGN

AMI 15 GHz Light Curves

MCG+08-11-11
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r Peak Flux at 15.5 GHz (m)y beam™1)
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9

Variability fractions 10% (4—-23%) - Long-term fluctuations dominate

Core-dominated origin at 15 GHz
- compact jet base or a magnetized corona




Quasi simultaneous Fundamental Plane for BH Activity

Fundamental Plane (Merloni et al. 2003)
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Symmetric kiloparsec-scale radio knots in NGC 7213

Evidence of a confined weak jet and recurrent nuclear activity

06:00

09:00 08:00 07:00

Jy/beam

)
4
i
S
c
3]
©
c
©
D
£

12:00 11:00 -47:10:00

13:00

25 20 15 10 05  22:09:00 08:55
Right ascension (FK5)

MeerKAT 1.2 GHz

Bruni, Panessa et al. 2026




Symmetric kiloparsec-scale radio knots in NGC 7213

High-frequency radio variability originates in the innermost jet region
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Bruni, Panessa et al. 2026




VLBI with the SKA

Science Working




SKA-VLBI: Resolution and Sensitivity

The SKA, integrated into global VLBI networks (EVN, LBA), will
surpass current constraints:

Resolution: Sub-milliarcsecond (< 0.5 mas in Band 5b).

Sensitivity: pJy-level per beam, enabling
comprehensive population surveys.

Frequencies: Continuous coverage from 0.35 to 15.4
GHz (Bands 1, 2, 5a, 5b).

It successfully isolates the sub-parsec core from diffuse
host galaxy emission.




d I‘X].V > astro-ph > arXiv:2606.30307

Astrophysics > Astrophysics of Galaxies

[Submitted on 29 Jun 2026]

The SKA-VLBI Perspective on Radio-Quiet AGN

Francesca Panessa, Tao An, James Petley, Ailing Wang, Ranieri Diego Baldi, Ehud Behar, Emmanuel Bempong-Manful, Gabriele Bruni, Ning Chang, Sina
Chen, Lang Cui, Filippo D'Ammando, Marcello Giroletti, Magdalena Kunert-Bajraszewska, Sibasish Laha, Ari Laor, lan McHardy, Eileen Meyer, Monica
Orienti, Miguel Pérez-Torres, Isabella Prandoni, Claudio Ricci, David R. A. Williams-Baldwin, Zsolt Paragi

The accretion-ejection mechanism in Active Galactic Nuclei (AGN) remains a central open problem in astrophysics, tied to the role of AGN feedback in galaxy formation
and evolution. Radio-quiet AGN dominate the observed AGN population. Lacking luminous jets, their radio emission traces a rich set of processes spanning the host
galaxy kpc scales down to the vicinity of the supermassive black hole: star formation, AGN-driven winds and shocks, free-free emission from photo-ionized gas, low-
power jets, and coronal activity close to the inner accretion disk. The Square Kilometre Array (SKA) will probe these processes across a wide frequency range with
unprecedented sensitivity, wide-field survey capability, and, critically, high-resolution VLBI imaging. Flux, spectral, and polarization monitoring will constrain dynamics
and environmental coupling, while mapping nuclear regions on sub-pc to kpc scales will disentangle compact cores from host emission, resolving the diversity of radio
activity across accretion regimes and jet powers from the local Universe to the cosmic dawn. At the full AA4 deployment, the SKA-MID phased into global VLBI arrays will

deliver sub-milliarcsecond imaging and uJy sensitivity over 0.35--15\,GHz, enabling the first population-level census of radio-quiet AGN nuclei. Earlier AA* operations
will support pilot studies of the brightest nearby systems.

Comments: Published in Advancing Astrophysics with the SKA 1l (AASKAII), 2026 (arXiv:2606.20366). Report-no: AASKAII/Panessa0l. Adva
transformative scientific advances that will be enabled by the SKA telescopes

aovanond
 ASTROPHYSICS I
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HOME NEWS ALL NEWS SCIENTISTS ENTERED PEOPLE’'S DREAMS AND GOT THEM ‘TALKING’

NEWS | BRAIN & BEHAVIOR

Scientists entered people’s dreams and got them
‘talking’

Dreaming experiments involved real-time conversations between sleepers and scientists

18 FEB 2021 - BY SOFIA MOUTINHO
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