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Black hole X-ray binaries• 9 persistent confirmed or 
candidate Black Hole X-ray 
binary sources (including LMC 
X-1, and LMC X-3) 

• 69 known transient  BH  sources  

                                    
Tetarenko et al. 2016 

Corral-Santana et al. 2016



Outbursts



High energy spectra of BH X-ray 
binaries 

from Done et al. 2007

Non-thermal 
emission: 
‘the corona’

Thermal 
emission:
accretion

 disk

Hot plasma:
 - accretion disk corona 
- hot accretion flow
- jet 
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  Emission above 200 keV

(Malzac & Belmont 2009)

  Emission in excess of thermal comptonization 
detected in several sources in hard state.
(Mc Connell et  2002; Del Santo et al. 2008)

 IC emission from non-thermal electrons in the corona 
(hybrid thermal/non thermal models) 
(Coppi & Poutanen 1998)

 INTEGRAL polarization measurements in Cyg X-1 
suggests excess is strongly polarized 
(PD: 76%+/-15% above 230 keV).

 Jet synchrotron emission ? 

Bassi et al. 2020

(Jourdain et al. 2012, Laurent et al 2012, 
but see Zdziarski et al. 2017, Bassi et al. 2020)

GRS 1716-249

Cyg X-1

jet (ISHEM) 



“Broad-brush” dependence of variability on state

Hard Intermediate Soft

Broadband 
noise 
dominates

Strong quasi-
periodic 
oscillations 
(QPOs)

Broadband 
noise 
dominates

Fast X-ray variability



Radio jets  
Steady compact partially 
absorbed jets (mas scale) 

Discrete ejections 
(superluminal,balistic)

(Stirling et al. 2001)
(Mirabel et al. 1994)
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Radio X-ray 
correlation

Corbel et al. 2003; Gallo et al. 2003; Coriat et al. 2011



JED+SAD model :  
a magnetised accretion-ejection structure

Ferreira+ 06,22 
Petrucci+ 08, 13   
Marcel+18ab,19,20,21 
Marino+21 
Barnier+22 

• Calculation of steady state thermal structure and spectral energy distribution  
• Comparison to spectral data  (XRBs, AGN)

—> hot comptonizing medium —> soft thermal emission
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MBH = 10 M⊙
·M0c2 = 2.36 LEdd

ms = 1.243 αv = 0.1

RJ = 44.8 Rg Ri = 4 Rg Ro = 105 Rg

Best fit JED/SAD solution  
of MAXI J1820+070 spectral  data 

XRT NICER NuSTAR BAT

Marino et al. 2021

JEDSAD



What about timing ? 
Hard: 5-10 keV   

  Soft: 0.5-1.5 keV

Kawamura et al. 2022

Hard lag behind Soft 

Soft lag behind Hard 

Simultaneous timing  observations  of MAXI J1820+070 with NICER



Propagating fluctuations model of variability

Propagating fluctuations
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Accretion fluctuations propagate inward, modulated at faster timescales at smaller R  

MRI-driven fluctuations too fast ?
(Lyubarskii 1997) 

Accretion flow fluctuations propagate inward, 
 modulated at faster times scales at smaller R  (Lyubarskii 1997)



Soft Hard
Propagation of fluctuations

Reverberation

Soft lag behind Hard : 
Reverberation 

 ~ light crossing- time

Hard lag behind Soft: 
Propagation 

 ~ accretion time-scale

Hard: 5-10 keV   
  Soft: 0.5-1.5 keV

Lags in JED-SAD 



Time-dependent vesion of the JED+SAD model: comparison to data 

Malzac et al., in prep.

 The model makes it possible to 
reproduce simultaneously the 
timing AND spectral features of 
MAXI J1820+070

Rj

Marino et al. 2021 spectral modelModel required by timing data

SAD 
 ms ∼ 10−3

JED 
 ms = 1.23

JED 
 ms = 1.23

  This requires:


➡ an extended transition 
region between JED and 
SAD with intermediate 
properties (accretion 
velocity) 


➡Most of the fluctuations 
injected at/around the 
transition region

Transition 
 ms ∼ 0.3

SA
D



 Black holes X-ray binaries present a rich phenomenology which is far from being 
understood


 The JED+SAD is a physical model  which can explain many of the observed 
features 


 JED+SAD combined with propagating fluctuation model reproduces the main 
timing features of MAXI J1820+070 together with the spectral data


 The results suggest that ‘band-limited noise’ in X-ray power spectra observed in 
hard state originates mostly at or around the transition region  between JED and 
SAD.


 The dynamics of this transition region which appears to be very unstable (see 
e.g. Spruit and Deufel 2001, Ferreira et al. 2022) requires further investigations.  

CONCLUSIONS



GRAZIE !


