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Gravitational Lensing of light 



GW lensing: 
geometric optics or wave optics

Lens mass (Schwarzschild radius)  vs  wavelength



Geometric optics: ET(1-2 Gpc, hundreds 
thousands of detections per year)

50-100 lensed GWs
（Ding et al. 2015, JCAP）

Testing the GW speed
   (Fan, Liao et al. 2017, PRL)

Precision cosmology  
   (Liao et al. 2017, Nature Communications)

Probing the dark matter 
substructure (Liao et al. 2018, ApJ)



Wave optics description (weak field)



Diffraction and interference 
(Takahashi & Nakamura 2003, Cao 2014)



Spatial fringes (point mass lens)



Diffraction modulation



Interference modulation



Probability



Modulation time scales

Fringe time scales>>motion of the 
detectors
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