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The hot corona

Optical/UV

X-rays

Disc photons are Comptonized in a hot corona

temperature kT ~ 10 – 100 keV
Thomson optical depth τ ~ 1

corona

Disc

Power law FE ~ E-Γ

Γ = Γ(kT,τ) and cutoff
depends on kT

Corona

accretion disc



What is the geometry of the corona?

• We can constrain the physical parameters of 

the corona with X-ray spectroscopy, but

its geometry is unknown.



What is the geometry of the corona?

• We can constrain the physical parameters of 

the corona with X-ray spectroscopy, but

its geometry is unknown.

• The lamppost geometry is a configuration 

often used to describe the disc–corona 

system, where the corona is a small source 

on the symmetry axis of the disc.

Dovciak et al. (2011)



What is the size of the corona?

• The lamppost geometry is assumed in 

models for the calculation of reflection 

spectra (e.g. Dauser et al. 2013, Garcia et al. 

2014) or the effects of X-ray illumination on 

the disc (e.g. Dovciak et al. 2022).

• The corona is often approximated as a point 

X-ray source. However, it must intercept 

enough disc photons to explain the X-ray 

flux. This constrains the size of the corona 

(Dovciak & Done 2016).

Dovciak et al. (2011)



What is the size of the corona?

(X-ray photon rate) 

= (disc photon rate at the corona)

× (fraction of scattered photons)

× (cross section of the corona)

Dovciak & Done (2016): relativistic ray-tracing code 

to compute the coronal size

Zhang et al. (2019): Monte-Carlo radiative transfer 

code for Comptonization in Kerr spacetime
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The sample

• 20 Seyfert 1s selected with the criteria of 

the CAIXA catalog (Bianchi et al. 

2009): radio-quiet, unabsorbed, observed 

by XMM and with estimates of the black 

hole mass (see also Petrucci et al. 2018).



The sample

• LUV (5—7 eV) and black hole mass --> Ldisk

• Lx (2—10 keV) and X-ray spectral shape

--> Lx (tot)

Petrucci et al. (2018)

XMM/OM

XMM/pn



Can the corona fit?

The corona can fit if
Rc / (H - rH) < 1

We perform calculations 
for H=2.5, 5, 10, and 30 RG



Results: the coronal size
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Results: the spectral shape

• For a given luminosity, the coronal radius is inversely related to the Compton amplification 

factor (A = LX / Lseed --> computed by the code)

• Numerical simulations (Beloborodov 1999, Malzac et al. 2001) show that the photon 

index depends on the Compton amplification factor:

Γexp≃ 2(A-1)-0.1

• We can compare the expected photon index Γexp with the observed one Γobs



Results: the spectral shape

Ursini et al. (2020)
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polarization in AGN for the 
first time



Future: polarimetry

• Polarization depends on geometry 

(deviation from spherical symmetry).

• Numerical simulations with the MONK 

code show that by measuring polarization 

we will be able to constrain the shape of 

the corona (Ursini et al. 2022).



Future: polarimetry
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Conclusions

• For a maximally spinning black hole, a lamppost corona can be located down to a height of 

H = 2.5 RG, having a radius of order 1 RG. A coronal height of 5 RG is a physically consistent 

value for almost all sources of our sample.

• For a non- spinning black hole, the corona cannot fit within 5 RG.

• The maximal spin solution is favored, because it predicts a spectral shape in better 

agreement with that observed.

• Upcoming X-ray polarimetric measurements will crucially help us to constrain the geometry 

of the corona, and thus its physical origin.


