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Accretion in black hole X-ray binaries
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 BH low mass X-ray binaries 
(BH-LMXBs)

BH High mass X-ray binaries 
(BH-HMXBs)

Roche lobe accretion Wind accretion 



Accretion geometry in BH low mass X-ray binaries
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Esin et al. 1997, ApJ, 489, 865

truncation radius ADAF

corona

• Disk truncation at low acc. rate 

• Disk-corona structure at high acc. 
rate (magnetic reconnection) 

• Dynamic corona? (You Bei’s talk) 

• The physical mechanism?



The disk evaporation model

Meyer & Meyer-Hofmeister 1994, A&A, 288, 175 (CV) 
Meyer, Liu, & Meyer-Hofmeister 2000a, A&A, 361, 175 (BH) 
Meyer, Liu, & Meyer-Hofmeister 2000b, A&A, 354, 67 (BH)

Fig.2, Liu & Qiao 2022, iScience, 25, 103544  

BH mass free

�4



• Maximum evaporation rate：

• Truncation radius corresponding to the maximum  
    evaporation rate： 

• Truncation radius

Qiao & Liu 2009, 2010, Qian et al. 2009 
Taam, Liu, Yuan & Qiao, 2012, ApJ, 759, 65

β＝Pg／Pm+Pg
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quiescent state 

very high state 

high/soft state 

Intermediate state 

low/hard state 

ṁ
There may be inner disk？

Tomsick et al. 2008;  
Reis et al. 2010

BH-LMXBs
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Reis et al. 2010, MNRAS, 402, 836 

very close to ISCO
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A new scenario for low-mass BH-LMXBs:  
condensation of the corona

Liu, Meyer & Meyer-Hofmeister 2006, A&A, 454L,9 
Meyer, Liu & Meyer-Hofmeister 2007, A&A, 463,1 

Liu et al. 2007, ApJ, 671, 695 
Taam, Liu et al., 2008, ApJ, 688, 527 

Liu et al. 2011, ApJ, 726, 10 
Qiao & Liu, 2012, ApJ, 744, 145 
Qiao & Liu, 2013, ApJ, 764, 2
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Fig.3, Liu & Qiao 2022, iScience, 25, 103544  
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Ma et al. 2022, MNRAS, accepted

With HXMT data



Accretion geometry in BH high mass X-ray binaries
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BH High mass X-ray binaries
Qiao & Liu 2017, MNRAS, 467, 898  

Fig.4, Liu & Qiao 2022, iScience, 25, 103544  



Spectral and spectral state transition in Cyg X-1

Taam, Qiao, Liu et al. 2018, ApJ, 860, 166

·MEdd

• Very stable emission compared 
with low-mass XRBs 

• Hot gas, lack of the hydrogen 
ionisation instability (viscous 
instability) region 

�12



Liu & Qiao 2022, iScience, 25, 103544 （invited review） 
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BH-LMXBs versus NS-LMXBs
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Black hole or neutron star



Neutron star vs Black hole 

NS

BH

• Similar gravitational potential 

• NS 
• Hard surface  
• Magnetic field B 

• Normal pulsar B~1012 G (strong) 
• AMXP B~108-9 G (weak) 
• NS low-mass X-ray binary B (weaker) 

• BH 
• Event horizon 
• Magnetic field weak/neglected
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Hot accretion flow around black holes

• Hot accretion flow:  Advection 
Dominated Accretion Flow-ADAF 

• Ṁ≲0.1ṀEdd (~𝞪2ṀEdd) 

• Optically thin, geometrically thick 

• Ti~1012/r K , Te~a few times 109 K 
(two temp.) 

• Radiative efficiency: low (RIAF) 

• Applications: quiescent or low/hard 
stat of BH X-ray binaries, Sgr A*, 
M87, low-luminosity AGNs et al. 

BH

ADAF
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Hot accretion flow around NSs
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Basic equations Self-similar solution of ADAF

feedback considered in NS case
Naryan & Yi 1995b, 1995, 452, 710
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• Syn+bre+IC (syn+bre) of 
ADAF itself 

• Thermal emission from 
the surface of the NS to 
be scattered in ADAF

NS

Inverse Compton scattering

accretion



Emergent spectrum of NS and non-rotating BH

Qiao & Liu 2018b, MNRAS, 481, 938
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The related publications
• Qiao & Liu 2018b, MNRAS, 481, 938 (no spin) 

• Qiao & Liu 2019, MNRAS, 487, 1626 (NS Jet) 

• Qiao & Liu 2020a, MNRAS, 492, 615 (spin, sp1) 

• Qiao & Liu 2020b, MNRAS, 496, 2704 (sp2) 

• Qiao & Liu 2021, MNRAS, 502, 3870 (quiescent AMXP) 

• Bu, Qiao & Yang 2019, ApJ, 875, 147  

• Bu, Qiao & Yang 2020, ApJ, 890, 116
 ｝辐射流体⼒力力学数值模拟

｝半解析理理论+观测数据检验

Email: qiaoel@nao.cas.cn 谢谢！
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