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▸ the shape of the image is heavily affected 
by the lensing 

▸ small angular separation between the 
source and the lens position, i.e. almost 
aligned 

▸ occurs in the central regions of galaxies 
and galaxy clusters where the density is 
super “critical” 

▸ multiple images of background sources, 
such as bright QSO 

▸ extended sources may be heavily 
distorted in gravitational arcs
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3. model the subhalos: analytical profiles (NFW, power-law)
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individual “blobs” from GC had 
to be subtracted from the image 

or modeled separately
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Figure 2. Color cutouts of 84 of the SLACS lenses, ordered by redshift. The lens SDSSJ1618+4353 has two primary lensing galaxies and has not been included.
(A color version of this figure is available in the online journal.)

Figure 3. SIE lens model for the SLACS lens SDSSJ2343-0030. The five panels show the HST image of the lens, the lensing galaxy-subtracted residuals, the model of
the lensed source and the lensing critical curves (in white), the source- and lens-subtracted residuals, and the reconstructed background source and caustics (in white).
(An extended version of this figure is available in the online journal.)

2009). The resulting models are shown in Figure 3 and the
parameters of the lens models are listed in Table 4. We note
that these are not perfect lens models (not all of the lens are
isothermal, nor are the sources always ideally described by
Sersic profiles). However, the SIE models do provide accurate
determinations of the Einstein radii and the masses within the
Einstein radii; these are the parameters of interest for this paper.

3.2. The SLACS Catalogs

The SLACS data products can be split into two categories:9
“basic” data products which include photometric and spectro-
scopic measurements, and inferred data products, including pa-
rameters inferred from lens modeling and stellar population
analysis. In Table 3, we present our “basic” data for the grade

9 These data will all be available online at http://www.slacs.org.

“A” lenses, including the location on the sky, the lens and source
redshifts, the lensing galaxy velocity dispersion, the morpholog-
ical type, and the effective radii (measured at the intermediate
axis) and magnitudes from our photometric analysis (Section 4).
Table 4 presents the inferred quantities, including Einstein radii
and masses, stellar mass estimates for Chabrier and Salpeter
IMFs denoted with the subscripts “Chab” and “Salp,” respec-
tively, luminosities, and f∗,Ein, the stellar fraction within the
Einstein radius for each IMF.

4. MODEL PHOTOMETRY

The program GALFIT (Peng et al. 2002) is used to perform
de Vaucouleurs model fitting to the WFPC2 and NICMOS
images of the lenses; we adopt the model photometry using
the method from Paper V for the ACS imaging. Subimages of

SLACS lenses (Bolton+06)
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serie of 5 Q1 papers: “ The Strong Lensing Discovery Engine “

A: Walmsley et al. “System overview and lens catalogue” 
B: Rojas et al. “Early strong lens candidates from visual inspection of high velocity dispersion galaxies” 
C: Lines et al. “Finding lenses with machine learning” 
D: Li et al. “Double source plane lens candidates” 
E: Holloway et al. “Ensemble classification of strong gravitational lenses: lessons for Data Release 1”

Initial selection of candidates:  
bright sources in Q1 (IE≤22.5 AB) 
detected in VIS 
removed artifacts 
15” fov cut-outs  

Machine learning models:  
5 networks applied to the candidates 
top 10-20k objects from each network 
 passed to citizen science & expert inspection

1086556 sources



Lens finding

https://www.zooniverse.org/projects/mikewalmsley/galaxy-judges/classify

https://www.zooniverse.org/projects/mikewalmsley/galaxy-judges/classify
https://www.zooniverse.org/projects/mikewalmsley/galaxy-judges/classify


Lens finding

https://www.zooniverse.org/projects/mikewalmsley/galaxy-judges/classify

https://www.zooniverse.org/projects/mikewalmsley/galaxy-judges/classify
https://www.zooniverse.org/projects/mikewalmsley/galaxy-judges/classify


Galaxy-galaxy lensing in Euclid A: Welmsley et al.  
“System overview and lens catalogue” 

Result: ~500 new lenses, 



Galaxy-galaxy lensing in Euclid A: Welmsley et al.  
“System overview and lens catalogue” 

Result: ~500 new lenses, 



Galaxy-galaxy lensing in Euclid A: Welmsley et al.  
“System overview and lens catalogue” 

Result: ~500 new lenses 

Lenses automatically modeled with PyAutoLens
developed by James Nightingale (Newcastle) 

integrated in the Euclid Pipeline
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A lens system with multiple source galaxies at different redshifts 

(with multiple Einstein rings with different Einstein radius)Compound lenses: a tool for cosmology

●Galaxy mass profile (second ring)


● Cosmography (different redshift plane)



A lens system with multiple source galaxies at different redshifts 

(with multiple Einstein rings with different Einstein radius)

β =   𝐷𝑙𝑠1𝐷𝑠2
𝐷𝑠1𝐷𝑙𝑠2

• The ratio of the deflection angles is the ratio of angular diameter distances

Compound lenses: a tool for cosmology



D: Li et al.  
“Double source plane lens 

candidates” 

Result: 4 new candidates

Compound lenses: a tool for cosmology



Compound lenses: a tool for cosmology

We will discover more than 1000 DSPLs in DR3




edge-on galaxies as lenses

Ecker et al in prep.



“The clone”

SPD81  - Hezaveh+2016

B1938 - Vegetti+2012J0946 - Vegetti+2010

new SHARP lens
(in prep)

DETECT DARK MATTER SUBSTRUCTURES



O’Riordan et al in prep.

Euclid HST

forecast: 
>1 detection 

per lens

DETECT DARK MATTER SUBSTRUCTURES





Towards DR1
Several ML network have now been improved  
                                          & are being integrated in the Euclid Pipeline to run automatically


We will run a new citizen science project to help confirm the best lens candidates


Many science applications in progress



