Gravitational Lenses in Gaia DR2
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Gala Is a scanning mission that observes all detectable objects [
(I M Galaxies + 0.5 M QSOs)

Gravita_;ion field

." Massive object




Gravrtational Lenses from ground and space

HI413+117 HI413+117
From Ground (SDSS9" From space (HST)
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Credit : Castles database, HST images




Gravitational Lenses in Gaia

HI413+117 HI413+117
From Ground (SDSS9" From space (HST)
GDR?2
S & 1

Credit : Castles database, HST images




spectroscopy + photometry + astrometry
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 Gaia has a fantastic potential for GL
- spatial mission & all-sky survey

Ja —
: : drs
- amazing resolving power ~0.18" @ =2
- exceptional astrometric precision/

accuracy ~ 100 pas Hl4|13+]|7
* We expect Gaia to detect (Finet & Surdej 2016) From space (HST)
- 2650 GL with 2 images
- 250 with 3+ images
- NO arc

2

time-delay
(photometry)

GDR2

= Counts will bring independent constraints

on cosmological parameters (Ho, Qo, Ao,
mass distribution of the deflector galaxy
pop...)
= Sub-mas astrometry : accurate modelling,
for the understanding of lensing galaxy
population, distant quasars,... ar : r
Credit : Castles database, HST images




Gala Gral project

| - Known lenses : benchmark for testing Gaia capabilities
2 - Search around known quasars

3 - Blind search in Gaia DR2

4 - Ground-based validation

(5 - Modelling)

* Quasars + host galaxy

= Structure optic/radio of QSOs




Heterogeneous database of 481 multiply-

o \Wuads fully detecteq
_ate’
= 2w o in GDR2

imaged quasars

Known lens
Npro =1, 2

Expected in Gaia \ ® Nprp=3

images Database Gaia DR2 (Finet &Surdej 2016) R
Ducourant et Gral, A&A,
2 434 172 2 650
3+ 47 34 250

Total 481 206 2 900




GDR2 Astrometry of Lensed Quasars

-10 0
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0 1 2 3 ~ 1 2 3 4 5
ou,cosd [mas/yr] ou, [mas/yr]

» Important for blind search to filter the Galaxd/<0u"ant et Grab A&A 2018

* Soft astrometric cut in DR2 because g # 0




Modelling with Gaia DR2

HE0435-1223

- G=189
G=186 (M
* 5 G=193
G=188" &

1"

Credit : Castles database, HST images

* With sub-mas precisions

*Improved fitted
parameters

*Great potential for realist
modelling !




Gaia DR2  Astrometry  Astrometry Astrometry
sources & Color & Color, AG < 17

= Compilation of quasar catalogues
* 3 Msources: .8 Min DR2

= Extraction of GDR2 sources around quasars  Krone-Martins et Gral, A&A, 2018

= Soft astrometric cuts * 3 good quads
* Exclude Galactic plane |b|> 15° candidates
* W-30x<4mas and |u|-30u <4 mas/yr e Gaia DR?2
= Clusters of sources incomplete for

= Filtering of clusters small separations

* Astrometric compatibility (@, i, color) : |®I-®)|<30wi-mj|
* Color compatibility (G, BB RP) (when available)
* Machine learning lens classifier using astrometry




Three quadruply Imaged quasars Krone-Martins et Gral,L A&A, 2018

GRAL113100-441959 GRAL122629-454209 GRAL203802-400815
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Three quadruply IMaged qUasars o o oL ass 2015
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Krone-Martins et Gral,, in prep



Credit : Castles database, HST images

Specific patterns

Apos (mas)

05 10 15 20 25 3.0

Same colour/spectra

6,000
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Extraction of clusters of sources

e |.8 G sources

=B e ) M clusters




Extraction of clusters of sources

s

* |solate groups of sources Yes

e |.8 G sources

X% *2 Mclusters

Lens
candidates

* Test reproducibility of config. by simple
model of GLs (NSIE) (with noise and

.30 quadruply miSSiﬂg imageS)
. o 0 * Assign a "probability”
iImages strong candidates !




30 Quads : |5 new candidates +

GL candidates
Known GL

Delchambre et Gral,, 2019




Visual inspection Candidates

1] 113440540-210322576 p 231-2 217 3] 203802703-400813720 4] 2141101464-314107480 043814870-121714747 6] 1118169024-074558686

7] 1433227654600715167 [8] 053036992-373011003 [9] 1424381084-225600259 40821731-535359296 [11] 153725327-301017053 [12] 113100013-441959935

[13] 0147101764463042874 [14] 023233193-211726000 [15] 081602164-530722970 [16] 1754433984214054818 [17] 0659040444+162908685 [18] 182244519-541451730

[19] 0549342714051814630 [20] 075933618-173212537 [21] 131020077-171458276 [22] 1721453084 884221851 [23] 1817308534272040139 [24] 203342158.472344022

Delchambre et Gral, 2019




Spectroscopic validation (Feb 2018, April 2019)

% GraL III [11] - J153725.52-301019.6 — west, A
Keck/LRIS UT 2018 July 16

[ GraL III [23] - J181730.90+272940.3 ©
K¢

Gral Il [25] - J024848.73+191330.8
" Keck/LRIS -~ UT 2018 July 18

Wertz et Gral, 2018, Krone-Martins et Gral_ in prep, Stern et Gral in prep

e Spectroscopy

e 8 candidates validated so far!




Conclusions

 Methodology of blind search validated !

* |5 new quadruply imaged quasars strong candidates
(only 41 previously known) |

Gaia DR2 is |argely ih;;ﬁplete AO < 2"
Great expectations for GDR3 (720214)

Thank you!




