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ULX 

• Luminosity > 3×1039 erg/𝑠 

• Outside of the centers of their host galaxies 

• Models: 

 intermediate-mass black hole (IMBH) 

 StBH with super-Eddington accretion rates 

 Galactic XRBs beaming relativistic jets 
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Background 

• State transition: 
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(2.4<γ<2.5) 

(γ>2.5) 

Belloni, 2010, AIPCP, 1248, 107 



Background 

• QPO (quasi-periodic oscillations) 

Dewangan et al, 2006, ApJL, 637, L21 

• QPOs in XRB 

• Also observed in ULXs 

• Used to determine the mass, state 

Pasham et al, 2014, Natur, 513, 74 



Background 

• Time lag 

De Marco et al, 2013, MNRAS, 436, 3782 Phase lag for GRS 1915+105 

Seed photons 

Reflected photon 



Data Reduction 

• More than 70 observations of ULXs by XMM-

Newton, about 20 ULXs 

• Only 5 ULXs show intrinsic variability (QPOs) 

• Duration > 20 ks 

• Data from EPIC pn and mos 

• Energy: 0.3-10 keV 



Data Reduction 



Data Analysis 

• PDS and QPOs 

1.  Light curve: 

2.  FFT: 

3.  PDS: 

Leahy et al, 1983, ApJ, 266, 160 

• Leahy normalization, with the Poisson 
noise level being 2 (a constant) 

• a narrow Lorentzian for the QPO 
feature 



Data Analysis 

• Time lag  

1.  Two light curve FFT: 

2.  Phase lag: 

3.  Time lag: 

Cui et al, 1997, ApJ, 484, 383 

• Asterisks indicate negative values (soft lag) 
• Crosses indicate positive values (hard lag). 



Results 

• Analysed all the 
observations   

• QPO: 

• 5 ULX show QPOs 

• Frequency range from 

0.008 – 0.6 Hz 

• consistent with previous 

reports 

• Time lag: 

• All soft lag 

1 represents power law + Lorentzian; 2 represents a broad 
Lorentzian + Lorentzian. 



Discussion 

• strong, fast variability confirms their compact nature 

• energy spectrum suggests between different states as 

BHXRBs, especially the transition between the HSS and LHS 

in which type-C QPOs are often detected 

• power spectral shape 

• Type of QPO: 



Discussion 

• null hypothesis that the ULX QPO time lags are both hard 

and soft, and we simply happen to have only seen soft lags 

so far. 

• the p-value is 0.1679 

• Type of QPO: 

Qu et al, 2010, ApJ, 710, 836 

GRS 1915+105 



Discussion 

• The phase lag at the Type-C fundamental QPO frequency 

depends significantly on source inclination. 

 Van den Eijnden et al, 2017, MNRAS, 464, 2643 

• The Type-C QPO soft lags are associated with high-

inclination sources.   

• Type-C QPOs in BHXRBs have a larger amplitude for high-

inclination objects. 

 Motta et al. 2015, MNRAS, 447, 2059 

 

• Type of QPO: 



Discussion 

• Reverberation 

• result of the reflection of X-rays by a geometrically thin and 

optically thick accretion disc 

• lag represents the light travel time between the corona or 

the central object and the accretion disc. 

• The soft time lag: 



Discussion 

• Reverberation 

• a constant phase lag  

• a linear correlation between time lag and frequency  

• For these reasons, we suggest that the reverberation model 

reasonably explains the soft lag in ULXs. 

 

 

• The soft time lag: 



Conclusions 

• QPOs were found in five ULXs. 

• ULX QPOs being Type-C QPO analogs. 

• Time lags on the QPO frequency always be soft. 

• The time lag versus QPO frequency is a linear relation. 

• May be the reverberation. 

• Intermediate-mass black holes. 

 



Thanks! 

If have any questions, please feel free to ask! 


