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X-ray instruments

Chandra: high spatial/energy resolution;
                 limited public observing time.

XMM-Newton: long uninterrupted observing time/
relatively high energy resolution; strong pileup effects.

NICER: high time resolution/large effective 
area in soft X-rays/flexible in observations; no 

imaging.

Insight-HXMT: high time resolution/large effective 
area in hard X-rays/flexible in observations; no imaging.

Swift: an indicator for triggering followup 
observations; small effective area/no priority 

with X-ray observations.

eROSITA AstroSat

MAXI

INTEGRAL

XIPE

HXMT is a perfect match for bright, nearby and hard X-ray sources.

NuSTAR: relatively high spectral resolution/
broader bandpass; limited observing time. 

Suzaku



Black-hole X-ray Binaries (BHXRBs)
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GX 339-4, Garcia+ (2019)
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X-ray variability — Light curve vs PDS

4

IGR J17091-3624, Court+ (2017)

QPO

Power density spectrum
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X-ray variability — Time lag @ BBN
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MAXI J1820+070, Wang+ (2020)

The centroid frequency of the detected 
QPOs evolves between 0.04 and 0.56 Hz.

2-10 mHz 1-10 Hz
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X-ray variability — Time lag @ BBN
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MAXI J1820+070, Wang+ (2020)

High-frequency lags, tens of milliseconds, significantly correlated with the photon index, originating 
from the Comptonization in a jet, up to .103 Rg

Low-frequency lags, dozens of seconds, likely resulting of the viscous propagation of mass accretion 
fluctuations within the inner regions of the disk.
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XRBs — Spectral components
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Spectral components — Absorption lines

rest 
wavelength

data

Observables: line species/shift/width/depth.
Physical information: velocity/ionization/density of gas. 
Further constraints: launching radius/mass loss rate. 

Miller et al. (2006)

Preferentially observed in a soft state of high-
inclination systems;
Mutually exclusive with jets.
Velocities: ~200-3000 km/s; ~0.04c for extreme cases;
Mass loss rate: 0.01-1*inferred accretion rate.

Properties of disk winds:
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Disk winds — Coexistence with jets
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Figure: Long-term BAT and MAXI light curves of  EXO 
1846-031.

Figure: NuSTAR and HXMT light curves of  EXO 1846-031 
in the hard-intermediate and soft state.

EXO 1846-031, Wang+ (2021)
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Figure: Ratio residuals of the 5–9 keV NuSTAR spectra 
of EXO 1846–031 to different models.

Table: The assumed input and measured output parameters of 
the XSTAR model.

A variable disk wind in EXO 1846 
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EXO 1846-031, Wang+ (2021)
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Table: The assumed input and measured output parameters of 
the XSTAR model.

Thermally driven: too small launching radius;                           

                                  

  

Radiation driven: ineffective for highly ionized gas;
Magnetically driven.

Rlaunch = L/ngasξgas

RC =
1010

TC,8
×

MBH

M⊙
cm, TC,8 =

h ∫ νEνdν
4k ∫ Eνdν

Rlaunch = 10−3RC, MBH = 3.2M⊙
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EXO 1846-031, Wang+ (2021)

A variable disk wind in EXO 1846 
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Quasi-simultaneous radio emissions detected right before and 
after the X-rays suggest the co-existence of disk winds and jets in 
EXO 1846-031 (~10% LEdd for a BH mass of ~3.2 times solar mass).

EXO 1846-031, Wang+ (2021)

A variable disk wind in EXO 1846 
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Figure: Residuals of the 2-20 keV HXMT spectra to different models.

Continuum: diskbb+cutoffpl;

Reflection: relxill or relxilllp or relxillNS;

Narrow emission line: gaussian.

relxill and relxilllp: photon index, ~3,  is way too high for a disk 

dominated spectrum; unrealistically high reflection strength, ~10^8;

relxillNS: assuming a=0.998, the estimated fraction of photons 

returning to the disk is in good agreement with the observed value.
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EXO 1846-031, Wang+ (2021)

A variable disk wind in EXO 1846 
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Conclusion
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The combination of spectral and timing studies helps to distinguish the origin of emission and to 
constrain the geometry of the emission region. 

Disk winds and jets can co-exist in the hard state without a high accretion rate ( ); Disk 
emission can self-irradiate and produces reflection features.

Insight-HXMT is a great instrument for observing bright XRBs, see more applications in other talks, 
e.g. 游贝, 马想, 葛明⽟, etc. 

< 0.1LEdd
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