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X-ray emission in AGNs

AGN’s primary X-ray emission
powerlaw with high energy cutoff

Hot corona model is favored

AGN Components

E Fy (keV s cm™)

hot corona
Power-law emission

Accretion disc
thermal emission

Black Hole

R

Warm ionized gas
@ ® —~ Broad optical lines

* e®° g o ®
Nertovopticiines Zdziarski et al. 1995

Disk-corona model (Haardt & Marashi 1991)




Analogy between AGN and

solar corona?
Hot accretion flow (ADAF) for

accretion AGNs

Flares like solar X-ray corona
Galeev et a. 1979

low

yo O (0 0.0
NS 5‘5& S

Fig. 6. Suggested geometries for an accretion disk and Comptonizing corona for
predominantly spectrally hard states. The top figure is referred to as a “slab” or
“sandwich” geometry; however, it tends to predict spectra softer than observed.
The remaining three show “photon starved geometries” wherein the corona is less
effectively cooled by soft photons from the disk. The middle two geometries are
often referred to as “sphere+disk geometries”, while the bottom geometry is often
referred to as a “patchy corona” or “pill box” model [140].

We still know very poor about the
corona

some geometric models
Figure from Renolds & Nowak 2003




We still know poor about the corona

Moretoy models Wilkins & Fabian 2012




Spectra slope evolves with Eddington ratio
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At high Eddington ratio, cooling
_ i | by seed photons is more efficient,
tEooL o ‘o 1 thus the corona is cooler thus

could lead to softer spectrum?
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Cooler corona at higher Ag,?

Cutoff Energy (keV)

Cutoff Energy (keV
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109 Aggg 109 Agyq

Ricci+18 SWIFT/BAT spectra



X-ray spectral variation in individual AGNs:
Softer-when-brighter
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Variations in individual AGNs
vs between different AGNs

Softer-when-brighter due to
accretion rate variability?

Cooler corona at higher X-ray
flux?

Variation of cutoff energy in
Individual sources?

Sobolewska & Papadakis 2009



Measuring high energy cutoff (E_) with
NuSTAR
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Hotter -- when -- softer & brighter is common
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Distinct Ecut variation patterns

NGC 3227

Kang+, 2021, MNRAS

in two Seyferts

SWIFT 12127 445654
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A Al pattern?
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A Al pattern

More energy injected into the corona
—>Te & flux increase

—>corona expand (likely vertical)
—>smaller opacity

—>steeper spectrum
hotter-softer-brighter

» When corona further expands:
» =—2intercept more seed photons

—>cooling more efficient?

Kang+, 2021



Scrutinize the softer-when-brighter pattern
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Rapid deviation from the empirical softer-when-brighter trend. Nano flares???

XMM observation of NGC 4051

Wu Y]+, 2020



Obs. 1D.: 0606320101-0606322301 Obs. 1D.: 0606320101-0606322301
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Weaker softer-when-brighter at shorter timescale
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Two-tier geometry (in analogy to solar corona)?

Short term brightening

Sujualysdluq wia) Suo

Flares/Nano-flares + extended corona Wu+2020



Cooler corona at higher Ag,?
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Ricci+18 SWIFT/BAT spectra



The X-Ray Coronae in NuSTAR Bright Active Galactic Nuclei

Pexrav E. ¢ (keV)
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No dependence on Eddington ratio

Pexrav E,t (keV)
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Increase with Gamma
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Higher temperature, but smaller coronal opacity in high accretion
rate AGNs? Underlying physics unclear.




Some beyond forbidden regions
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Comptonization by reconnection plasmoids ?

[C-cooled e™
in plasmoids

Sridhar+21
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