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Introduction:  disk/corona modeling of the X-

ray spectra from BH accretion systems

The case for BHXRBs with eXTP

The case for AGNs with eXTP



Disk/corona Modeling of BHs

To fit observed X-ray spectra:

 temperature Te, optical depth τ in a thermal corona

 reflection in a geometry of disk + corona (e.g.Fabian et al. )

 radiative coupling between disk and corona (e.g.Haardt & 

Maraschi,1991,1993;Manmote & Kato 2000,Done et al.)

 radiative and mass coupling  between the disk and corona 
(Liu, Meyer, Meyer-Hofmeister, Qiao, Taam, Yuan,  Mineshige, 

1999,2000,2002,2003……2016; Rozanska & Czerny 2000, Mayer & 

Pringle 2007; Bradley & Frank 2009 etc)
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A physical mechanism of 

spectral state transition
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• Interaction between cold disk and hot corona leads to gas 
evaporating  from  disk to corona

• this vacuums the disk, leading to a  transition from soft to hard 
state at a critical rate ṁ~0.02 (depending on accretion history)

e.g. Liu et al. 1999; 2002

Meyer, Liu, Meyer 2000

Taam, Liu, et al.. 2012



Characteristics of state transition

The transition details depends on the accretion history--
hysteresis occurs in transition luminosities between hard-to-soft 
and soft-to-hard transition. 

Meyer-Hofmeister, Liu, Meyer 2005; 

Liu, Meyer, Meyer-Hofmeister 2005

Meyer-Hofmeister, Liu, Meyer 2009 



eXTP test and constraint to 

transition models 

The high photon throughput and spectral-timing capability 

of eXTP enable precise measurement of the transition, e.g. 

transition luminosity, the hysteresis of transition 

luminosities,  transition track in HID .

Understanding the physics of 
Spectral state transition by 
comparing data with 
theoretical models 

Fender  et al. 2004



Disk truncation at low/hard state 

• Accretion is dominated by ADAF,  the 
disk is truncated 

• Disk evaporation determines the 
truncation radius (Taam, Liu et al. 2012) 

Theory                      vs.          Observation

Disk truncation is supported by
• ADAF dominated X-ray 

spectra + disk component
• Fe Kα line?
However, in some cases disk is 
not truncated (evidence from 
broad Fe line) 
Questions to answer:
• disk is truncated?
• extending down to ISCO ?
• or there exists an inner disk 

fed by corona condensation?

Meyer, Liu, Meyer 2005

eXTP diagnostics? 



eXTP diagnostics of disk 

truncation in low/hard state  

Fabian + 1989

v ~ c if disk extends close 
to BH  broadened and 
highly skewed lines

v <<c if disk is truncated 
to a large distance 
double- peak lines 

The shape of Fe line is 

largely determined by where 

the inner disc radius is 

eXTP enables precise 

measurement of the Fe 

line shape at low state  

See  also Luigi’s talk



• The X-ray radiations of AGN are believed to come from 

Comptonization of disk photons by coronal electrons

• This is supported by 

– Power-law spectrum of X-rays

– Compton reflection hump in many sources

– Time lag of variability between optical/UV and X-rays 

Disk is coupled with hot gas/corona

Disk/corona in AGNs



Disk/corona Models in AGNs

AGNs are strong X-ray emitters, thus have strong corona. 
There are basically three classes of strong corona models: 

Class 1 .Corona is heated up by disk
accretion energy  (Haardt & Maraschi

1991;1993;  Manmoto& Kato 2000 etc.)

via mechanism such as magnetic-
reconnection (Liu et al 2002;2003, Merloni

2003; Cao 2009; Qiao et al 2013; Liu et al 
2012;2016)

Liu et al 2002;2003
Qiao et al 2013; 
Liu et al 2012;2016

This class of models presume that accretion 
gas supplies to thin disk, similar to BHXRBs



The Difference between AGN and BHXRB

• In BHXRBs, gas supply to accretion is  Roche Lobe 
overflow, which is mostly constrained in the orbit 
plane

accretion via a thin disk

• In contrast, gas supply to AGN accretion is supplied by 
stellar wind or interstellar medium, which are randomly  
distributed at different height (Li, Ostriker, Sunyaev
2013)

accretion in outer region is hot flow
Class  2 model



Disk/corona Models in AGNs

Class 2. Accretion of wind or interstellar medium, forming a 

strong hot flow which then partially condenses to thin disk.

⇒ strong corona+ disk (Liu, et  al. 2015; Qiao & Liu 2017). 

Supported by MHD simulations (e.g. Li & Ostriker 2013, 

Wang & Cen 2016)



ℜ-Γ correlation for Seyferts

Liu et al 2015;Qiao & Liu 2017 MNRAS

compact radiation from the extended corona

Disk and corona in AGN Spectra from disk corona 



Disk/corona models in AGNs

 Class 1 .Corona is heated up by disk accretion energy  (Haardt

& Maraschi 1991;1993;  Manmoto& Kato 2000 etc.) via 

mechanism such as magnetic-reconnection (Liu et al 

2002;2003, Merloni 2003; Cao 2009; Qiao et al 2013; Liu et al 

2012;2016)

 Class 2. Accretion of wind or interstellar mass, forming strong 

corona and condensation-fed disk (Liu, et  al. 2015; Qiao & Liu 

2017)

 Class 3. Outflowing corona /plasma ejection (e.g. Beloborodov

1999; Malzac et al. 2001; Komossa)



Miller 2007

X-ray spectrum of AGN

Ghisellini

X-ray spectrum from disk corona in  AGNs

• a power-law continuum

• a Fe Ka line around 6.4keV 

• a reflection hump



Diagnostics of the disk/corona 

models in AGN with eXTP 

 Compact or extended?

 Corona in the form of accretion flow or outflow?

 Disk truncation 

 Geometry of accretion flow close to the event 

horizon of black holes



Summary

The disk and corona are well coupled in BHs

Disk/corona can be different in BHXRBs and AGNs

The X-ray spectra from disk/corona, i.e. power-law 

component, Fe Kα lines, reflection hump, depend 

on the geometry in the vicinity of BH

eXTP diagnostics of disk/corona geometry is 

expected, with its high photon throughput and 

spectral-timing capability 


