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1. Strong gravitational lensing

Schematics of a strong lens system: light from a background galaxy is deflected by a 
foreground massive object, such that multiple images of the same galaxy are formed 

• Very powerful tool to study the structure of galaxies: few % 
precision on total projected mass within Einstein radius

• Rare phenomenon: requires almost perfect alignment between 
lens and source. Roughly one in a thousand galaxies is a lens.

• Only a few hundred galaxy-scale strong lens systems currently 
known

• Can be used to answer the following questions:
• How do massive elliptical galaxies grow in time?
• How does their stellar content change as a result of 

mergers with smaller galaxies?
• How does the distribution of dark matter respond to 

the infall of gas or the presence of a central black 
hole?

• More lenses are needed, particularly at redshift z > 0.5.
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2. Automatic detection of strong lenses
We developed a lens finding algorithm, named YattaLens, to 
look for lenses among massive galaxies in multi-band imaging 
data. YattaLens articulates itself over the following steps:
1. For each galaxy, fits a model surface brightness profile to 

remove from the image the contribution of the lens light  
2. Looks for blue tangentially elongated objects around the 

galaxy center
3. If an arc is detected (roughly, this happens for ~10% of the 

objects), fits a lens model to the image
4. Compares the best-fit lens model with alternative non-lens 

models, to determine the likelihood of it being a lens

Search for strong gravitational lenses 
in the HSC-SSP survey

Alessandro Sonnenfeld1, Anupreeta More1, Masamune Oguri1,2, Sherry Suyu3

1. Strong gravitational lensing

Lens galaxy Source galaxyObserver

Strong gravitational lensing, the phenomenon of production of multiple images 
of an single object as a result of the gravitational bending of light rays by 
massive bodies, is a very powerful tool to study the structure of galaxies. 
Strong lensing is a relatively simple phenomenon perfectly described by the 
laws of gravitation. In virtue of this simplicity, we can use strong lensing to 
carry out accurate measurements of the mass of galaxies at cosmological 
distances with a precision unattainable with any other means. It is however a 
rare phenomenon, since it requires an almost perfect alignment between a 
massive galaxy and a background source. Only a few hundred galaxy-scale 
strong lens systems are currently known.

2. Science with strong lenses

3. The HSC-SSP survey

4. Automatic detection of strong lenses

5. Results
Strong lensing has allowed us to study in detail the internal structure of 
massive elliptical galaxies, providing clues about the density profile and its 
evolution with time, the average dark matter content and the stellar initial mass 
function. However, there are still many open questions that need to be 
answered in order to understand the formation and evolution of these objects: 
- How do massive elliptical galaxies grow in time? 
- How does their stellar content change as a result of mergers with smaller 

galaxies? 
- How does the distribution of dark matter respond to the infall of gas or the 

presence of a central black hole? 
In order to answer these questions it is crucial to carry out observations 
covering a large range in lookback time, so that the physical mechanisms at 
the basis of the evolution of these galaxies can be inferred. 
More lenses are needed, particularly at redshift z>0.5.

6. Future prospects
The installation of the Hyper Suprime-Cam (HSC) 
on the Subaru telescope is a game changer for 
many areas of astronomical research. With its 1.5 
square degree field of view, HSC is currently 
undergoing its Subaru Strategic Program (SSP), a 
survey of an area of the sky of 1400 square 
degrees. The HSC-SSP combines great depth 
(down to magnitude 26 in the i-band) with 
excellent image quality for a ground-based survey 
(typical seeing 0.6”). Depth and image quality are 
crucial in the search for strong lenses, making 
HSC the best suited for this task among ongoing 
surveys worldwide.

Strong lensing is a rare phenomenon: roughly one in a thousand galaxies is a 
strong lens. Rather than looking at millions of images of galaxies to find them, 
we developed an algorithm that scans images from the HSC survey and 
determines which objects are most likely to be lenses. The algorithm, called 
YattaLens, articulates itself over several steps. In step (1), light from the 
foreground galaxy is removed. In step (2) the program looks for blue and 
elongated objects (typical features of lensed sources) in the proximity of the 
foreground galaxy. If any such blue elongated feature is detected, YattaLens 
tries to model the system as a strong lens in step (3). In step (4), the lens 
model is compared to alternative models to establish whether the lens 
hypothesis is necessary to reproduce the observed features or whether the 
image can be described with a simpler model.
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We applied the lens finder to a preliminary sample of 30,000 images of 
massive galaxies in the HSC survey. We found 12 grade A lenses (definite 
lenses), 20 grade B (probable lenses) and ~100 grade C lenses (possible 
lenses).

Extrapolating the success rate achieved on the preliminary sample, we expect 
to roughly triplicate the number of lenses that will be discovered with data 
obtained so far. By the end of the HSC-SSP the total number of discovered 
lenses will be several hundreds, making it the largest sample of lenses from 
a single survey. 
Among the science questions that can be answered with this data, particularly 
interesting is the issue of the evolution of the stellar initial mass function IMF. 
Theoretical models predict an IMF that becomes lighter with time as galaxies 
merge with smaller systems with a less heavy IMF. However, current 
measurements are in slight tension with this prediction (see Figure below). The 
addition of tens of new strong lenses at z>0.5 will allow us to significantly 
narrow down the observational uncertainty and determine whether this tension 
is real or not.

Solid curve: theoretical prediction 
on the time evolution of the IMF 
normalization in a dry merger-
based model. 
Dashed lines: current strong 
lensing constraints on the 
evolution of the IMF, at the 3-
sigma confidence level 
(Sonnenfeld et al. 2015) 
Shaded region: predicted 
constraints on the IMF from the 
addition of 50 high-z strong 
lenses from HSC to the 
Sonnenfeld et al. (2015) sample. 
Different colors mark the 68%, 
95% and 99.7% enclosed 
probability regions.

The HSC detector

HSC mounted on Subaru

The location of the HSC-Wide, Deep (D) and Ultradeep (UD) fields on the sky in equatorial 
coordinates. A variety of external data sets and the Galactic dust extinction are also shown.
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This system is better described by a model with a foreground 
object, compared to a model with a lensed background source, 

therefore the candidate is rejected
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Schematics of a strong lens system: light from a background galaxy is deflected by a foreground 
massive object, such that multiple images of the same galaxy are formed

12 grade A (top two rows) and 20 grade B (bottom two rows) lenses discovered with YattaLens

This system is better described by a model with a foreground 
object, compared to a model with a lensed background source, 

therefore the candidate is rejected 

3. New lenses in the HSC survey
The Hyper Suprime-Cam (HSC), recently installed on Subaru, is 
currently surveying an area of 1400 square degrees of sky, with 
excellent image quality and great depth, ideal conditions for a 
lens search.
We used YattaLens, among with two other lens search 
algorithms, to look for lenses among 37,000 massive galaxies 
with BOSS spectroscopy in ~400 square degrees of imaging data 
from the HSC survey. We found:
• 15 grade A (definite) lenses
• 36 grade B (probable) lenses
• 282 grade C (possible) lenses
These lenses form the first sample of the Survey of 
Gravitationally-lensed Objects in HSC Imaging (SuGOHI)

Newly discovered lenses from the first internal data release of the HSC survey 
(Sonnenfeld et al. 2017)

4. Future prospects
• Current size of SuGOHI sample: ~100 lenses
• By the end of HSC survey (2019): a few hundred. Will be the 

largest sample of lenses from a single survey.
• Ongoing spectroscopic follow-up with X-Shooter on VLT
• Will allow us to study the evolution in the inner structure of 

massive galaxies from z=1 to the present
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Left: redshift distribution of 
lenses in the SuGOHI sample, 
compared to existing strong 
lens samples. Bottom: X-
Shooter 2d spectrum of a 
doubly imaged Ly-alpha 
emission from a lensed source 
in the SuGOHI sample.

Observed image B

Observed image A


