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General configuration of a strong lens:1

1NB the time-delay illustration is misleading!
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Time-delay cosmography: low-redshift probe, combined with
CMB provides limits on departure from flat-ΛCDM; however,
systematics must be constrained to within 1% on ‘many’ lenses.
Substructure: spotted via flux-ratio ‘anomalies’, subhalo
abundance is yet another probe of ΛCDM; however, what is the
role of subhalos and that of baryons? Must be studied at
population level, on ‘many’ lenses.
Large samples of lensed quasars (with suitable ancillary data)
are needed: these are very rare objects to be skimmed in
wide-field surveys.
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Flux-ratio anomalies from ‘baryonic’ substructure2

2Gilman, AA, Treu, Keeton, & Nierenberg (2017) MNRAS, 467, 3970
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The substructure mass function seen through lensed quasars:3
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Figure : Inference on substructure mass function (normalization and low-mass cutoff) from 20
mock lenses; each lens requires ≈ 106 substructure realizations.

3D. Gilman et al. (2017) in prep.
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Unbiasing cosmography with spatially-resolved kinematics:4
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4A. J. Shajib, T. Treu, & AA (2017) MNRAS subm.
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Figure : Inference on cosmological distances from time-delay lensing when aided by dynamics,
from a realistic sample of mocks. Lensing and dynamics break respective degeneracies
(mass-sheet/-anisotropy). Dl ∝ c3∆t/σ2 indep. of κext , but dep. on lens model.

Issues: Multiple model-degeneracies, different for each lens; non-trivial role of priors; besides
modeling all lenses, must combine them hierarchically (similar lenses should have similar
properties), besides sharing the same cosmological parameters.
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A big data problem
Some discovery results
Serendipity: MW substructure

Quasars are rare
Multi-step skimming, a ‘big data’ problem:

Catalog of objects with convenient magnitudes/colours
(105 −−106 objects)
Targets, selected via their catalog properties (102 −−103)
Candidates, selected via eyeballing/modelling (101 −−102)
Go to the telescope and cross all fingers...

[Numbers given above refer to samples after some colour pre-selection]
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What don’t they look like?
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Techniques: ‘recent’

Object classification: ANNs
Object classification: population mixtures
Eyaball everything? Model everything?
Look for weird objects in the first place
Multiplet detection (ground-based or space-based)
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Artificial Neural Networks

Figure : DES J2146 and J0115 (AA et al. 2015, MNRAS, 454, 1260),
discovered using AANs.
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Pop-mix classification, with many quasar ‘bins’ and simulated lenses:5

5Williams, P., AA, & Treu, T. (2017), MNRAS, 466, 3088
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PopMix: Some lenses found this way...
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Figure : Lenses discovered via population-mixture and/or outlier selection (Williams, AA, et al.
2017, MNRAS subm.). Imaging+spec confirmation data.
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Outlier selection
Once you’ve excluded everything else, whatever is left...4 A. Agnello

Figure 1. Cuts in pseudo-distances from main clusters/classes. Red (resp.) black bullets mark SQLS lenses (resp. false positives) in the
training set. Dashed lines mark alternative cuts. Top: first set of cuts on d1, ..., d4; grey (resp. purple) swarms trace magnitude-selected

(resp. stellarity-selected) objects Bottom: cuts in d5, ..., d10 depending on the extended-morphology criterion; light-blue bullets mark the
candidates selected after visual inspection of the first-pass targets, and c0 (resp. c1) targets correspond to high d6 (resp d5).

the first-pass targets and retained 82 magnitude-selected
and 157 stellarity-selected candidates, which are not ‘ob-
vious’ kinds of contaminants such as blue galaxies or nearby
quasars and Seyfert galaxies. Their pseudo-distance distri-
bution, occupying mostly the outskirts of the object clusters,
suggests the following cuts

0.15d6 � 1.5 6 d5 6 1.75d6 + 10 (5)

for magnitude-selected objects, and

2.0d7 + 7 > d8 > 0.25d7 � 3

d10 6 4.5d8 + 10, d9 6 10d8 + 10 (6)

for stellarity-selected objects. Once applied to the first-pass
candidates, they result in 3728 magnitude-selected and 4712
stellarity-selected targets, 60% of which are non-repeated
catalog entries. This has reduced the initial ⇡ 5⇥105 queried
objects to a manageable sample for visual inspection; in fact,
the cuts in d1, ..., d4 were already enough to obtain a rea-
sonable reduction in objects to be inspected, whence the
82+157 candidates were obtained.

2.3 Blind Test on SDSS

Using the CASTLES+SQLS test set introduced above, we
can quantify how many known lenses are lost at each stage
and why. At pre-selection level, 57 of the 132 test objects
are retained, due primarily to the extendedness criteria as
noticed already by Williams et al. (2017), and secondarily
to WISE colour selection. Of these, 35 remain after the first
cuts (in eq. 4); 36 satisfy equations (5,6) and only 22 sat-
isfy the cuts in all pseudo-distances. Most of the rejected
lenses lie close to the selection boundaries, which could be

re-adjusted post hoc to increase the completeness. However,
I preferred to perform a blind test of this method trained
solely on 10 lenses and 40 non-lenses.

Figure 2 shows the distribution of queried objects (grey
swarm), candidates selected after d1, ..., d4 cuts (light-green
bullets), and known lenses (red dots). One every 40 queried
objects is shown, for convenience. Inhomogeneous spatial
coverage is a direct consequence of the SDSS scanning, and
a↵ects the distribution of targets, candidates and known
lenses. Candidates and known objects have compatible dis-
tributions in WISE colours (not used by previous cam-
paigns) and morphological parameters.

This outlier-selection seems to retain known quads and
doubles alike. Some lenses are present multiple times in
the queried sample, the most popular being: J2343-0050
(78 matches!), J1001+5553 (20 m.), J0145-0945 (7 m.),
J1206+4332 (6 m.), J0806+2006 (5 m.), J1304+2001 (4 m.).
Besides these, 10 lenses are flagged 3 times by the object
query, and 20 are flagged twice. Some BQLS objects, not in-
cluded in the test set, have been rediscovered as well. When
applied to the DES catalog, with suitably translated magni-
tudes (as disccussed by Agnello et al. 2017a), it recognized
both large-separation lenses like DES0408 (Lin et al. 2017)
and small-separation blends like DES0115 (Agnello et al.
2015b). The main reason is that, while all these lenses have
markedly quasar-like WISE colours, their hybrid colours are
not typical of unlensed and low-redshift quasars.

c� 0000 RAS, MNRAS 000, 1–8

Figure : Selecting outliers (AA (2017), MNRAS acc., arXiv:1705.08900), based on combinations
of pseudo-differences from different object clusters in colour space.
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For example:

Figure : SDSS J1433+60 (zs = 2.738 ± 0.002, zs = 0.407 ± 0.005), AA et
al.(2017), MNRAS subm., arXiv:1702.03942
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Gaia Multiplet Detection
About 30% lenses are resolved by Gaia, down to G = 20.7, even
when blended in ground-based surveys.6

Figure : J1433+60 re-discovered this way (currently embargoed lenses have
been found this way for the first time).

6AA (2017), MNRAS acc., arXiv:1705.08900
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Contaminants: quasar+star LOS pairs→ MW substructure?!

Figure : Multiplet distribution over three survey footprints. Candidate MW
streams among foreground contaminants (AA 2017, MNRAS acc.,
arXiv:1705.08900), being found independently by DES.
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Summing up...

Lensed quasars are intersting for astrophysics and cosmology...
substructure mass-function from lensing ‘anomalies’
H0 to percent accuracy from time-delay lensing
(plus quasar hosts at z ≈ 2, micro-lensing, LOS absorbers,
dust... not discussed here)

...but they are rare
lots of more common stuff in the Universe→ different strategies
for different surveys
30 new lenses confirmed over 2016-2017, several new quads
Spin-off discoveries: MW streams?

Some ‘new’ lenses were already visible in the DSS! Could have we
discovered them earlier on?
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for different surveys
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Spin-off discoveries: MW streams?

Some ‘new’ lenses were already visible in the DSS! Could have we
discovered them earlier on?

Adri Agnello Lensed quasar mining and modeling challenges


	A bird's eye view
	Modeling challenges
	Substructure
	Cosmography

	New searches of Lensed Quasars
	Lensed quasars are rare
	A big data problem
	Some discovery results
	Serendipity: MW substructure


