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X-ray corona in AGN

Credit: D. wilkins
e key AGN feature - traces energy
release and shapes AGN structure

) X-ray Emission
e size of ~tens Rg

X-rays Reflected

e hot (108—109 K) and dense (109 cm'3) off Disk
e heated via magnetic fields [\f\ F

e inverse Compton scattering on
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X-ray corona in AGN

e key AGN feature - traces energy but...
release and shapes AGN structure

e size of ~tens Rg

e hot (108—109 K) and dense (109 cm'3)

e heated via magnetic fields

e inverse Compton scattering on

thermal relativistic electrons
NGC 4151 ...c o= 212001,

(a) ACIS 0.3-1 keV (raw imagé) (b) ACIS 0.3-1 keV (subpixel)
I .

Wangt+ 2011, Chandra



X-ray corona in AGN: what we don’t know
(despite decades of X-ray studies)

e How compact is the emitting region?

e How strong and ordered is the
maghnetic field?

e Can we probe the corona through
heavy obscuration?

e Can the corona accelerate non-thermal
particles?
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New approach to corona is needed!



Synchrotron emission
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(1) Spectral turnover = compact magnetized source

Non-jetted AGNs showed mm-excess:
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(1) Spectral turnover = compact magnetized source

Non-jetted AGNs showed mm-excess:

Bx~1-10 Gand R ~ few - 10 Rg « resembles corona!
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(2) Compact mm cores are ubiquitous in AGN
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(3) mm and X-ray emission follow a tight relation
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All roads lead to...
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ALMA turns the corona into...

- a clock: variability » size and dynamics

- a window: low opacity » obscured accretion

- a magnetometer: polarization » magnetic field
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1. ALMA as a clock: the corona is violently variable
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2. ALMA as a window: access to (hidden) accretion
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2.1 The mm core follows a changing-look transition

14-150 keV Swift/BAT
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2.2 High-Eddington AGNs deviate

mm are too bright for

their X-rays:

Enhanced non-thermal emission?
X-ray suppression?

A different coronal state?

Venselaar+ 2026
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3. ALMA as a magnetometer: the missing polarization

Textbook synchrotron polarization: PD=70% |. B
In real life, we never have it:
e disordered MF e Faraday effect
X-ray Emission
Reflected Bz /;gﬁ / EE

5 \ d

RM = const - n B d
PD_, _V=RM+#
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NGC 5783 MCG 5-23-16
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3. ALMA as a magnetometer: the missing polarization

How PD,_, =70% — PD_ _<1%?

e Magnetic field disorder e Faraday rotation




3. ALMA as a magnetometer: the missing polarization

How PD,_, =70% — PD_ _<1%?

e Magnetic field disorder e Faraday rotation

PDobs - PDint /‘/N
— NN > 2000 cells
— Fva < 2%

r

This will erase the variability.

not enough!




3. ALMA as a magnetometer: the missing polarization

How PD,_, =70% — PD_ _<1%?

e Magnetic field disorder e Faraday rotation

R=10%-10°pc

PD_, =PD_. /VN B =1- 1?1G .
— N > 2000 cells n, =10 - 10" cm
— RM =10 rad m™
- Fvar <2% -8 ¢
— PDobs ~10° %
This will erase the variability. Zero polarization is exactly

what a corona predicts!*
not enough!




4. A radio-quiet AGN is seen in neutrinos
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4. A radio-quiet AGN is seen in neutrinos
Why were we surprised?

TeV neutrino are produced by hadron processes: pp or py > v + y(GeV)
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4. The corona is a natural hidden accelerator

dense radiation and matter
provide interaction targets

pp or py > v + y(GeV)

X-ray Emission
GeV photons
\ are absorbed
y(keV) + p(GeV)

— e +e'

magnetic reconnection
accelerates particles
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4. What can ALMA tell us about corona acceleration?

mm synchrotron neutrinos

) !
non-thermal electrons e non-thermal hadrons
magnetic field e energy budget
energy dissipation

Corona

; X-ray Emission

Accretion Disc

Black Hole



Summary

compact mm synchrotron is common in RQ AGN
fast mm variability implies coronal scales
mm probes much heavier obscuration than X-rays

missing polarization implies extreme Faraday
depolarization

coronae may host hidden particle acceleration and
neutrino production

X-rays discovered the corona.
ALMA starts measuring what X-rays cannot.






Spectral modelling
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Variability of mm/X-ray relation
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Special NGC 5506

Depolarization from Faraday Rotation
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