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• Gravitational lensing in a nutshell

• Transients from microlensing

• Strong lensing of transients (SNe)

• Strong lensing without optical 
counterparts (GW)
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is everywhere



Galactic microlensing

Arnaud Cassan ARI/ZAH, Heidelberg University, talk @ Institut d’Astrophysique de Paris, Jan. 11, 2008

Monitor a huge number 
of stars…



(Galactic) Microlensing

● Light magnification 
of a star produced 
by the strong 
lensing effect of a 
closer condensed 
object 

● Relative motion causes a 
variation in the magnification

● Need to monitor a large 
number of stars  
(Einstein though this effect 
was undetectable)
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Also microlensing of QSO and SN by stars in lens galaxies



Exoplanets

• 278 extra-solar planets discovered so far

• Typical “planet anomalies” 

• Require high cadence
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Exoplanets

• 278 extra-solar planets discovered so far

• Typical “planet anomalies” 

• Require high cadence

https://w
w

w.eso.org/public/new
s/eso0603/

http://exoplanet.eu/catalog/

See Leandro Almeida’s talk 

http://exoplanet.eu/catalog/
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Can we spot those high-mass Black-Holes
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Are those really mass-gap objects?

Or they are lensed?

Can we find such objects by other means?

Can we spot those high-mass Black-Holes

by other means?

What is the population of rogue BH?

Microlensing can help us build a more complete census of compact objects

https://ligo.northwestern.edu/media/mass-plot/index.html
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Context: Vera Rubin Observatory and LSST

● Brand new observatory in Cerro Pachón, Chile (alongside Gemini and SOAR)

● Large aperture, brightness, and field of view: 8.4 m primary mirror, new f/1.2 
optical design

● 10 sq-deg, 3.2 Gpx camera (world's largest camera)

● Thick CCDs (red-sensitive) and fast readout (2s!)

● Capability for short exposures, fully automated

● Ideal and unique instrument for surveys

● Not just the next step: new time dimension!

● 10 million alerts per night! (need brokers)

● Survey start: 2024 - 2025!

● 8 Science collaborations, including TVS, SLSC, DESC

● Argentina, Brazil (in-kind contributors) and Chile (site) are members

State-of-the art for imaging astronomy with natural seeing

See overview by Mariana Penna-Lima
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Simulations of joint Rubin + Roman events

Anibal Varela, UNSAM• Provide baseline for Roman

• Fill the gaps of Roman observations

• Determine parallax for a fraction of the events

Case for Rubin-Roman
coordination
arXiv:2306.13792

• Free-floating plants, binary lenses, Black Holes

• Realistic source distribution with proper motions

• Includes error models and cadences of both surveys

• Includes finite size effects and parallax(es)

• Extensive light-curve fitting with pyLima
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Gravitational lensing (geometrical optics): null geodesics
Surface brightness conservation + achromatic: gravitational telescope
Unique probe of the mass distribution in galaxies and clusters ! DM, b
Sensitive on cosmological distances (cosmological model/parameters)
Probes gravitational potentials in a different way from dynamics

Strong Lensing: multiple images, strong distortions, large 
magnifications, time delays
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Gravitational lensing (geometrical optics): null geodesics
Surface brightness conservation + achromatic: gravitational telescope
Unique probe of the mass distribution in galaxies and clusters ! DM, b
Sensitive on cosmological distances (cosmological model/parameters)
Probes gravitational potentials in a different way from dynamics

Strong Lensing: multiple images, strong distortions, large 
magnifications, time delays

strong lensing, weak gravity             
Gravitational arcs

(arc finding is a challenge, see Clecio’s talk)



Strong Lensing in the Time Domain

Exemple: QSO RX J1131−1231

• Arcs, multiple images

• Mass reconstruction 

• Cosmology

• Time delays

• Different physical dependence!

• See talks by João França and Stefan Schuldt
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(3/4 doubles, 1/4 quads) 
golden sample: 13  
[Arendse++, arXiv:2312.04621]

• 120 Core-collapse
[Wojtak++ arXiv:1903.07687]

• Need to find these  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Lensing of Supernovae

arXiv:2010.12399



• Power of Standard candles + time-delays + Strong Lensing Modeling 

Lensing of Supernovae



• Power of Standard candles + time-delays + Strong Lensing Modeling 

• Before LSST: ZTF

• not enough resolution to identify the images

• enough to localize the system

• if multiple SN in same region (simultaneously or not):  
SLSN candidate!

Lensing of Supernovae



• Power of Standard candles + time-delays + Strong Lensing Modeling 

• Before LSST: ZTF

• not enough resolution to identify the images

• enough to localize the system

• if multiple SN in same region (simultaneously or not):  
SLSN candidate!

• Need a look-up table for SL systems 

• even for single SN match 

• confirmation: consistency of time delays!

Lensing of Supernovae



• Power of Standard candles + time-delays + Strong Lensing Modeling 

• Before LSST: ZTF

• not enough resolution to identify the images

• enough to localize the system

• if multiple SN in same region (simultaneously or not):  
SLSN candidate!

• Need a look-up table for SL systems 

• even for single SN match 

• confirmation: consistency of time delays!

• Prepare for LSST:

• Build up a sample before pixel data is available, before arc finders 
can be run, before modeling is run, and before data goes public 

Lensing of Supernovae
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• A semi-automated infrastructure for the aggregation of SL 
systems, cross matches, and generation of cut-outs

• current version: Last Stand Before Rubin: LaStBeRu
• > 30k SL candidates, > 150k images, > 5k spectra

• Ongoing work:

• visual inspection: vetting + tagging (zooniverse)

• massive modeling + time delay predictions (new)

• Look-up table + sample for ML appliactions - SLImageNet

• Pilot program with FINK (offline positional match as a 
proof-of-concept)

• More on João França’s talk
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LaStBeRu베르
Groovy, cool, or otherwise something good or favored

https://www.urbandictionary.com/define.php?term=Groovy
https://www.urbandictionary.com/define.php?term=cool
https://www.urbandictionary.com/define.php?term=otherwise


Some systems….

Renan Alves, UFES
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Lensing of Gravitational Waves
• GW are tensor waves but strain (amplitude) follows same 

lensing equations
• Strong Lensing (lens is galaxy or cluster): multiple images
• different arrival times and different magnifications

• Microlensing (lens is a massive BH):
• frequency dependent magnification: beating pattern

Ezquiaga & Zumalacárregui, PRD 102, 124048 (2020)

https://www.ligo.org/science/Publication-O3aLensing/images/O3aLensing-Fig1.png
typical time delays from minutes to months
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https://gracedb.ligo.org/superevents/S230518h/
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Localization

arXiv:2004.13811

• If GW is strongly lensed, its 
host galaxy should be too!

• Strong Lenses are rare,  
yet, still ~ 100/sq-deg

• Use relative time-delays and 
strains to pin-point the right 
system!

• Use quadruply imaged systems

• Relies on detection of all 
strongly lensed galaxies to 
required depth

• Needs spectroscopic data of both lens and 
source galaxies

• High resolution imaging of candidate(s)

• Important optical follow-up program (MMA)
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Lensed Binary Black-Holes
• Source and lens potential 

reconstruction from high 
resolution imaging

• Extra constraints from relative 
magnifications and time-
delays

• BBH localization within the 
host galaxy!

• 10% determination of H0 from 
a single Strongly Lensed BBH!

arXiv:2004.13811
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Lensing with no images
• Transients offer a unique opportunity to discover invisible strongly 

lensed systems

• Distinct signal, the simplest being a repeating transient

• Localization region is usually much larger than optical

• But strong lenses are rare! 

• Look up tables to identify the invisible lensed sources

• Key to model/predict time delay distributions

• Detailed modeling, precise time delay: improve localization

• Localization of the source even for dark sirens!

• Other possibly repeating signals: GRB, FRB…
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Thank you!


