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LSST is expected to discover 
10 000 strong lensing systems including 1000 quasar lenses

Let’s have them!

• Hareesh Thuruthipilly

• Margherita Grespan

• Shuaibo Geng –science cases (next talk !) 

• Sreeknath Harikumar – strong lensing of GWs

• …

Our strong lensing group

44 new discoveries



Gravitational lensing in a nut shell

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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Strong lensing - applications
• Cosmology

alternative way to measure H0

cosmic e.o.s.

curvature parameter - alternative method

• Testing modified gravity

agnostic approach – PPN parameter

alternative gravity with screening 

• Lensed transient events

GW from CBC

GRBs
FRBs

SNIa, SNII 
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Strong lensing cosmography – H0 from time delay 

H0LiCOW currently 6 +1 lenses

From 

Liao, Fan, Ding, MB, Zhu, Nature Comm. 2018

Sub percent – accuracy of 

H0 possible with 10 lensed
GW+EM

Power of lensed

transient events:

GW K.Liao et al. 2018

SN Ia S.Huber et al. 2019

GRB M. Oguri 2019

FRB Z.-X. Li et al. 2018
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Strong lensing of transients

• LSST – Sne
900 strongly lensed SN 

expected

ca. 650 SNIa (Goldstein, Nugent 2017)

• GW CBC signals
ET 50-100 lensed events yr-1 

(Piórkowska et al. 2013, Biesiada et al. 2014

Ding et al. 2015, Yang et al. 2019)

DECIGO 50-100 lensed events yr-1

(Piórkowska et al. 2021)

• GRBs
median z ~ 2

lensed GRB expected long

time ago (Paczyński 1996)

no fully confirmed case so far

• FRBs
bright ms long radio flashes

discovered 2007

lying at cosmological distances

expected to be lensed

first possible lensed FRB20190308C

Transients – advantage: high temporal resolution (time delays)
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Parametrized post-Newtonian (PPN) formalism is a very convenient way to study

and compare gravity theories beyond GR

One useful PPN parameter measures the ammount of spatial curvature generated

by unit mass 

In the weak field limit the metric is characterized by two potentials

stellar dynamics is sensitive to the Newtonian potential

Trajectory of light is sensitive to both potentials, as a result:

deflection angle is

and the Einstein radius of spherically symmetric lens is

Strong lensing and as a new probe of 
parametrized post-Newtonian (PPN) gravity
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Best fits

We used a catalog of 80 intermediate mass lensing systems 

from SLACS,BELLS, LSD and SL2S 
(Cao et al. 2015, ApJ 806:185)

lensing gives

stellar velocity dispersion giveslens model

total mass 

anisotropy 

luminosity 
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γ= 0.995− 0.047
+0.037

With priors

Simulated sample of SGL 

systems detectable in 

LSST (code of Collett 2015)

with prior on



Distance sum rule – valid in any FLRW metric

rule valid in flat FLRW metric

Strong lenisng systems 
offer us 
„degenerated triangles”

One can obtain Ωk if

dl, ds, dls are known

Observations:

zl , zs – known

Images -- >   dls / ds

Time delays -- > dl ds / dls

So: dl is measurable 

=================

ds – match by redshift to 

some standard candle 
(or ruler)This is a function of two redshifts, but within the FLRW metric

it should be just a single number !
10

Strong lensing and curvature of the Universe



Curvature parameter 

from lensed SN Ia

650 lensed

SN Ia from  LSST

D. A.Goldstein,
P. E. Nugent

2017
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Linder (astro-ph/0511197) 12

Not yet precise

determine DE equation of state

intrinsic alignment of 
parameters (w0 , wa )

Modern cosmology: Incremental Exploration of the 
Unknown

determine if it 

changes in time 

We need complementary probes – 

to break degeneracies 

and for cross-checks

MB, 
B.Malec, 
A.Piórkowska
2011
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Strong lensing combined with stellar kinematics

Stellar kinematics

(spectroscopy)

Gravitational lensing

1. The simplest lens model

Singular Isothermal Sphere

(SIS) 

stellar dynamics (spherically symmetric Jeans equation): 
mass projected inside the aperture radius  

scaled to the Einstein radius

2. Spherically symmetric power-law 

mass density profile 

Strong lensing: mass inside  the  

Einstein radius 

3. More general spherically symmetric power-law model 

total mass 

luminous matter 

stellar anisotropy 
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10 cluster lenses

70 galaxy lenses
from SLACS

WMAP7+BAO+H0

Ωm = 0.272

w = -1.10 ± 0.14

w0  = -0.93 ± 0.13

wa = -0.41 ± 0.71

Komatsu et al. 2011

Strong lensing cosmography – e.o.s. of the Universe

20 galaxy lenses
from SLACS + LSD

118 lenses from  
SLACS sample
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Has a potential to follow up with  

LSST data

angle between major axes
SN Ia vs. Lenses

assuming



Stellar dynamics
(spectroscopy)

Gravitational lensing

θ
E
= 4π(

σv

c )
2
DLS

D
S

image astrometry

velocity dispersion –

spectroscopy

Distance ratio 
depends on cosmological

model (H0 cancels) 16

Strong lensing cosmography with LSST

Fundamental plane relation



17

Outline of our plans

• Develope an effective model of lens mass distribution based on 
agnostic approach to cosmological distances involved
Shuaibo Geng et al. 2024 (A&A submitted)

• Use this model for cosmological tests and beyond GR tests (on 
existing data)

• LSST adopted approach – photo-z + velocity dispersions via. 
fundamental plane relations

• Systematic study of (w0,wa) degeneracy in lensing approach to cosmic
e.o.s. – finding „sweet spot region” in (zl,zs) plane
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Conclusions

• Vera Rubin Observatory (LSST survey) will become a game changer
in precision cosmology

10 000 strong lensing systems including 1000 quasar lenses. 

• Great opportuinity to advance alternative cosmological probes

strong lensing systems
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

• Opportunity to explore the fundamental questions in Physics, gravity
theory beyond GR, nature of DM.  

HST / WFC3- F160 lens 

subtracted

ALMA

SDP.81 lens
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Credit: Vachaspati, Pogosian, Steer

False vacuum

True vacuum: 

in general forms a 

manifold M of non-

trivial topology

Cannot be shrinked to a 

point – string is a 
topological defect here

Credit: Geneva Cosmology Group

Universe populated with

strings, they interact,
form loops, oscillate -
emit GWs !

Challenge for the future: cosmic strings !
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Credit: Roger Penrose

Cosmic string – cuts the wedge from the 

space-time String is locally fully characterized by its tension

= mass per unit length

Deficit angle cut by the String 

The only direct way to observe the String 

is by gravitational lensing ! 

Source behind the cosmic string – split in two

images (non-magnified !)
CSL – 1 one the most 

promising candidate
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CSL -1 case

vertical shift in spectra – only

for visualization

Eventually HST revealed a 

matter bridge (merger) … 

But in LSST era it is worth

seeking for lensing by 

string
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Thank you !
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