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Gravitational lensing

Light rays formalism Wavefront formalism 

(Fermat principle)

Lens    equation

geometrical term 

Fermat 

potential
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caustics

Travel time

Newtonian

potential at lens
plane

magnification

Observables:

* image positions 
and shape distortions

* time delay between images

* flux ratios 
magnification ratios

Einstein radius

Time delay distance
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The idea of  „standard  sirens”

Measure the strain h(t)

and frequency drift df/dt

2 equations for 2 unknowns: 

„chirp mass” M  &  distance D 
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B. Schutz 1986

B.Schutz, A. Królak 1987

for cosmological sources 

dt

df

zdt

df

f
z

f

tzt

2)1(

1
1

1

)1(

+
→

+
→

+→
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In the fluid with shear viscosity

attenuated wave leads

to biased luminosity distance 
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attenuated wave leads

to biased luminosity distance 

lensed transitents (GW, SNIa) signal leads to very precise determination 

of „time delay distance”

To be determined by unlensed standard sirens  

strongly 
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objective function fitted
for beta lensed 

relation with DM physical parameters

it would be able to DM viscosity and differentiate 

cluster and small scale scenarios

1 cm2 g-1 = 1.8 barn GeV-1
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Positions predicted by best fit 

smooth potential

Positions observed

Lens HS 0810+2554 observed by VLBI

QSO by HST; radio. Jets by VLBI

z
s

= 1.51 z
l
= 0.89
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minimum saddle
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Conclusions

• Vera Rubin Observatory (LSST survey) will become a game changer 
in strong lensing

10 000 strong lensing systems including 1000 quasar lenses. 

• Great opportuinity from lensed transients and multiwavelength studies 

strongly lensed SN Ia (and other transient events)
anomalies in time delays and DM substructure, fuzzy DM
K.Liao, ... ,M.B., et al. ApJ 867:69, 2018

multiwavelength (optical, IR, radio) study of SL systems

lensed GRBs, FRBs

• New generation of ground-based and space-borne GW detectors 
(ET, CE, DECIGO, LISA) will considerably enhance the statistics of 
GW events – lensed signals will be detected

• Opportunity to explore the fundamental questions in Physics, like the 
nature of DM.  
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Thank you !
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