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Massive binary black holes 

Many or most galaxies house massive black holes 

ΛCDM cosmology: hierarchal mergers 

Observation: 

double-peaked emission lines: dual AGNs 

separation is large: mutual orbital speeds are small 
compared to the width of emission lines 

separation is small enough to produce a larger 
orbital velocity: the emission line regions of the 
two will overlap 

X-ray image/ optical image/ radio image 



sub-pc scale: hard to be detected:  

double-peaked broad lines (Alternative explanation 
: from eccentric discs ) /asymmetric broad line 
profile or offset broad line emission (orbital motion 
of massive sub-pc BBHs but also may be from a 
recoil BHs)  

periodical variation of the QSO light curves etc. 

gap opened: SED signature:  

Gravitational Wave 

R. P. Deane et al. 



GAP surface brightness 

2 width of the gap: 

SED 



Micro-lensing: probing the 
structure of the accretion disk 

Credit: A. Amara & T. Kitching 

non-singular isothermal sphere lens 

non-singular isothermal ellipsoid lens 



 Wambsganss 2006 

Mortonson &Schechter 2005 

Micro-lensing 
lightcurves:  

probe the scale of the 
accretion disk 



 A general method for analyzing the light curves of 
microlensed quasars 

Kochanek et al. 2004 

Using the Bayesian theorem, the posterior probability distribution of the parameters 
involved in the fitting for a given set of data {D} is 



Methods 

Binary black hole: Mock light curves 

Single black hole: fit the light curves 

Parameter estimation 





q=0.25 

aBBH=500Rg 

fedd1=0.3 

fedd2=0.01 

q=1.0 

aBBH=500Rg 

fedd1=0.3 

fedd2=0.3 



rotating case 



The r1/2 − λ residual is more prominent for BBH systems 
with smaller aBBH, and the wavelength of the dip in the r1/2 

− λ residual increases with increasing aBBH. 



Summary 
The microlensing light curves of a BBH QSO system can be significantly different from that 
of a single MBH QSO system because of the existence of the gap and the rotation of the BBH 
and its associated small disks around the mass center.  

The estimated half-light radius-wavelength relations of BBH QSO systems can be much flatter 
than that of single MBH QSO systems at a wavelength range determined by the BBH 
parameters, such as the total mass, mass ratio, separation, etc., which is primarily due to the 
existence of the gap.  

The unique microlensing feature of BBH QSO systems can be used to select and probe sub-pc 
BBHs in a large number of lensed QSOs that will be discovered in the near future.(LSST, 
Pan-STARRS, Euclid,  etc.) 

The occurrence of BBHs in lensed QSOs should be in the range of a few thousandth to a few 
percent. The total number of currently known lensed QSOs is 100 so several of these lensed 
QSOs could host BBH systems with separation 1000rg, which may be detectable through the 
microlensing event(s). 

A new method to probe the 
sub-pc binary black holes 
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