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Overview

• lensed quasars are useful tool for cosmology (through their probability 
distribution) and galaxy evolution (as lenses)

• but rare (< 1/1000) and confused with QSO pairs, star alignments, etc.

•  It requires large scale surveys and careful detection methods

• detection methods currently based on morphology for small separation or colour, 
starting from QSO spectroscopic samples



Overview

• can we detect lensed quasars starting from a photometric sample? 

• Idea: using weighted colour difference

• ... and a few words on QSO magnification



Lensed quasars

Deflection angle depends 
on mass and distances

Inada et al. (2003)

if perfectly aligned, 
creates multiple images 
-> strong lensing regime

QSO are also affected by 
lenses at large separation
-> weak lensing regime

Y. Mellier



QSOs in SDSS

• SDSS, 8000 deg2 100,000 QSOs in 1 < z < 2

• BOSS-SDSS DR9, currently 3000 deg2, 90,000 QSOs at z > 2

Paris et al. (2012)



SDSS Quasar Lens Search

Lensed QSOs in SDSS
~ 60 confirmed systems

used to constrain cosmology

http://www-utap.phys.s.u-tokyo.ac.jp/~sdss/sqls/lens.html

Oguri et al. (2012)



SDSS QSO distribution

SDSS

Lensed QSO (SQLS)

CFHTLS Wide BOSS - DR9



How to detect strongly lensed QSO?

• From spectroscopic QSO sample,

• look for blended objects through morphology measurement (departure from 
PSF-shaped QSO)

• if not blended, look for close pairs with identical colours

• see e.g. Jackson et al. (2012), Inada et al. (2012), Oguri et al. series 

colours suffer from magnitude errors (especially if blended) 

QSO samples are not complete

difficult to detect systems with large separation because of 
higher “random” contamination



Morphology

For blended pairs the detection relies on morphology 
(departure from PSF)

SDSS

Inada et al. (2005)

HST



Close pairs with identical colors

3.06”

When the separation is much larger than the PSF, the 
detection relies on colour 

SDSS - SQLS



2.9”

Close pairs with identical colors

De-convolved pair

SDSS - SQLSParaficz et al. (2009)



Large separation

14.72”

Lensed quasars around cluster have large separation

SDSS - SQLS



Colour difference

random sample from 
< 0.5 arcmin neighbors

Due to photometric errors



Weighted colour difference

Colour difference weighted by magnitude errors



Weighted colour difference

More accurate colour discrimination



Angular separation

SDSS seeing

rapid increase of neighbor pairs



Blind selection based on colour in DR9

• sep < 2.0 -> morphology selection (PPSF < 0.1) and relaxed colour selection 
(delta colour < 1.0)

• 2.0 < sep <  5.0 colour diff < 0.2

• sep > 3.0 colour diff < 0.2 and N > 2

• recovery rate: 22 out 28 known lenses (in neighbor’s catalogue). 

• total candidates: ~500/170,000 QSOs



Close pair candidates (all new from DR9)



Close pair candidates (more)

QSO

galaxy

galaxy



Interesting candidate close-up 1

15”

z=2.7 QSO

Unlikely configuration?
too large separation?



15”

too large separation?

Interesting candidate close-up 2

z=3.4 QSO



20”

z=2.8 QSO

Interesting candidate close-up 3

z=0.18 galaxy

too large separation?



10”

Interesting candidate close-up 4

z=2.5 QSO

Central red object is a star



20”
z=0.72 QSO

z=0.17 galaxy

Interesting candidate close-up 5

Large separation



Interesting candidate close-up 6

z=0.03 galaxy

z=2.7 QSO

Arc?



z=0.34 galaxy

z=2.3 QSO

Interesting candidate close-up 5



II. lensed QSOs in HSC



QSOs in HSC

• i<19 from spectroscopic sample from BOSS

• candidate magnitude selection (see previous talks) 



Lensed QSOs in HSC

Smaller area than SDSS but much deeper and with better resolution 
-> total number of expected QSO is 1.6 millions and lensed quasars ~600

HSC white paper



z=2.9 QSO

Object with same colour?

Gain from deeper photometry

z=0.1 galaxy

Candidate in SDSS



SDSS

CFHTLSugr gri riz

Deeper u band reveals 
foreground galaxy structure

Gain from deeper photometry



Gain from resolution

SDSS seeing
HSC

 seeing



Gain from resolution

5”

CFHTLSSDSS



CFHTLS/SDSS

CFHTLS SDSS

z= 0.259957z= 0.25721 arcmin



CFHTLS/SDSS



Conclusions and perspectives

• lensed QSOs are very powerful tools for cosmology and galaxy studies

• weighted colour detection can recover most know lenses with few candidates

• HSC expects 600 lensed quasars

• represents many candidates to examine but the gain in depth and resolution 
from SDSS will allow a more efficient selection

• Adding variability should help to refine the search for QSOs

• QSO magnification signal from clusters in SDSS. With a surface density 50 
higher than SDSS, we will be able to combine several lensing method to weigh 
massive clusters in HSC


