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OUTLINE

★ SPECTROSCOPIC FOLLOW-UP 
of the best candidates

★ The KIDS and KABS Surveys 

★ The Strong Gravitational Lensing challenge 
GOTTA CATCH’EM ALL  

- Multiple images from lensed Quasars 

- Gravitational Arcs 

Spiniello et al. 2018, Agnello & Spiniello 2018,  
Sergeyev, SPiniello et al 2018

Petrillo et al. 2017, Petrillo et al. 2018



The KiLO DeGREE SURVEY

Deep Multi-band 
Survey with 

GREAT image 
quality 

de Jong et al. 2015 

Survey Overview 

• VST/OmegaCAM: 1 sq.deg, 2.6m tel. 
• pixel scale 0.21’’/pxl 
• 1500 sq.deg. of ugri•  
• Deeper in r, with good seeing (<0.8’’) 
• ~2.5m deeper than SDSS

Science 

• gravitational lensing 
• dark matter and dark energy (via WL) 
• galaxy structure and evolution 
• galaxy clusters search  
• high redshift quasars (z>7) 



KABS



Strong gravitational lensing

★ Lensing as MAGNIFYING GLASS: study of the distant Universe 

★ TIME DELAY: Cosmography (H0)  

★ Mass (Dark+Luminous) Distribution of the LENS 

★ Physics of quasars (QSOs):  
accretion disk size and thermal profile

Suyu et al., 2016





1. multiple QSO images
How many lensed QSOs are there? 
A rough estimate: 
• 1 quasar every 25deg2 (Ouguri & Marshall 2010) 
• ~30k galaxies/deg2 (e.g. KiDS) 
• 1.3 quasar per million galaxies 
• 4 qso/100 deg2

We need  
wide-sky 
Surveys

How do we find multiple images of lensed QSOs 
1) Isolate quasars from stars and galaxies 
2) Identify multiple objects with similar colors 
3) Confirm the lensing nature via spectroscopic follow-ups 
(+) Checking pureness and accuracy of selection methods



Color pre-selection to separate QSOs  
from stars and galaxies

WISE KiDS

Stars

6dFGS

QSO
Galaxy

SDSS

1. multiple QSO images



KiDS Multiplet
Objects in WISE with 
multiple correspondence 
in KiDS (within r=5”) 

Differential  
Deblending

Objects whose 
centroids in WISE are 
offset with respect to 
the centroids in KiDS

Direct Image 
Analysis (PSF)

PSF-analysis to 
search for residuals 
(from deflector)

Color pre-selection to separate QSOs  
from stars and galaxies

WISE KiDS

Spiniello et al. 2018, 2018, MNRAS 480, 1163: 
KiDS-SQuaD-I: The KiDS Strongly lensed Quasar Detection project

1. multiple QSO images



Spectral pre-selection 

QSO z>0.5

to separate QSOs  
from stars and galaxies

2QZ 6dFGS SDSS GAMA
…to be tested in the future…

Agnello & Spiniello, 2018 (submitted): 
Quasar Lenses in the South: searches over the DES public footprint

Radio and  
 X-Rays QSOs 

selection+

1. multiple QSO images



10”

RECOVERY OF KNOWN STRONG LENSES : 7(8)/10 
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Multiplets, BaROQuES, DIA Multiplets, BaROQuES, DIA Multiplets, BaROQuES

BaROQuESMultipletsDIA (Lost in WISE)DIA (Lost in WISE)

Lost in WISE,  
but will be 
recovered  
with new 
selection  
criteria



9 candidates detected by more than one method:

62 high-grade candidates found by only one method in KiDS DR3 

30

assuming a >40% successful rate 

THE BEST CANDIDATES

Up to 90 new QSOs lenses
(once KiDS will be completed)

x 3



THE BEST CANDIDATES IN KABS



THE BEST CANDIDATE in KiDS: KIDS0239-3211



Multiplet WISE-KiDS  
KIDS0848+0115

KiDS

PanSTARRS

KiDS

Differential Deblending  
KIDS1042+0023

PanSTARRS

KiDS

THE BEST CANDIDATES IN KiDS

PSF residuals

Direct Image Analysis  
KIDS0901+0111

PSF residuals

KiDS



of the first lensed QSO candidate (TNG)
 SPECTROSCOPIC FOLLOW UP 
KiDS1042+0023
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Data Reduction: M.Spavone



2. Finding GRAVITATIONAL ARCS
Morphological classification method based on a Convolutional Neural Network for 

recognizing strong gravitational lenses in KiDS (Petrillo et al. 2017, 2018)

AUTOMATIC TOOLS: Machine Learning (ConvNets)



THE BEST CANDIDATES IN KABS

Spiniello et al. in prep: 
KABS-LenS: Gotta catch 'em all.



THE BEST CANDIDATES IN KIDS

Petrillo et al. 2017: Finding Strong Gravitational Lenses in the 

Kilo Degree Survey with Convolutional Neural Networks  



of the best ARC candidate
SPECTROSCOPIC FOLLOW UP 

G1

G3
G2

A1 A2

KiDS0845-0106 VIMOS TNG - slit
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A25”



G1 z = 0.3954 
G2 z = 0.4038 
G3 z = 0.4027

G3  
Vimos

G3  
TNG

G2  
Vimos

G2  
TNG

G1  
Vimos

G1  
TNG

IS IT A  
GROUP? 
Are the  
galaxies  

at the same  
redshift?



THE ARCS
A1 Vimos

A1 TNG
SKY

A2 Vimos
A2 TNG

SKY
OII doubletMgII

A1

A2







TWO-PHASE FORMATION SCENARIO

Growth in MASS

Growth in SIZE







Search for gravitational lenses in KIDS DR4 and 5






