STRONG LENSING:
llluminating galaxies clusters and the
structures behind them

Guillaume MAHLER
Durham University

Main collaborators:

FRONTIER
FlIE[L]D]S]

f SGAS

Sloan Giant Arcs Survey

DEEP SKIES

Mathilde Jauzac, David Lagattuta, Keren Sharon, Johan Richard, Mike Gladders, Jane Rigby

Observatoire de la cote d’Azur

Sept 20th 2022



Strong lensing is rising !
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Strong lensing is a tool




Strong lensing is a tool




Crash course on lensing

When a light source is aligned with a mass and the observed, the
path of light is apparently disturbed and the image of the source
is transformed

3 majors transformations :

Displacement Amplification Shear

Source Image
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Crash course on lensing
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Inverting the prob\em
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Meneghetti et al. 2017



Buﬂdmg a lens model

..with Lenstool
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Buﬂdmg a lens model

..with Lenstool
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Select the cluster members
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Bullding a lens mo
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...with Lenstool
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Select the cluster members
Find the lensing constraints
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Building a lens mode|
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Select the cluster members

Find the lensing constraints
Add Dark matter halos

...with Lenstool

2

Number of Cluster-Scale DM Halos

work with Lucy Reynolds Lv4 student at Durham
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Building a lens mode|

...with Lenstool
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And know what do you do with that ?

Cluster physics
and substructures

| ensed universe
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The dark matter distribution

Mahler et al. 2018

Sensitive to the outskirts masses
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SMACS J0723.3-7327
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2 models as part of the public
release of RELICS:

1 Lenstool

11 GLAFIC

| 1 LTM models in Golubchik+2022

3 prexJWST'

3 models:
Mahler et al 2022 - Lenstool
Pascale et al. 2022 - Parametric

Caminha et al 2022 - Lenstool
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The complexe structure of the Intra-Cluster Light
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And what about more than one cluster?
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And what about more than one cluster?
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What does magnification correlates with?

L 3
MACS J0717.5+3745
strength: 7.81 AT S

slope: -0.23 \
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Fox. Mahler et al. 2022
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Fox, Mahler et al. 2022

We are looking at:
o Flatness of the profile
e The area magnified >3
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What does magnification correlates with?

Fox, Mahler et al. 2022
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What does magnification correlates with?

Fox, Mahler et al. 2022
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What does magnification correlates with?

=9)

5 [aremin?] (zs

5
| =

0
Alp

ARP. 5 larcmin?] (z: = 9)

O Lenstoal
A LTM

B> GRAVL_ENS

% GRALE

10 15
Msoo [10Y*M 5 1

Fox, Mahler et al. 2022

O L2nstool © GRAVLENS
A TN % GRALE
O GLAFC

=9)

5 [arcmin?] (z;

05
[E|=

A

Lanstool
LTM
GLAFIC
GRAVLENS

Msoo [10%'M 5 ]
Al 5 larcmin?] (z; = 9)

2.5 06 07 0.8
Cluster Redshift

Can this challenge CDM?
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But “good” lenses are not compact

Fox, Mahler et al. 2022
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*Good here mean the size of the u>3 magnified area at z=9 is large




Cluster members and supermassive black holes

M. Sandoval. A. Remarowsky (San José Stare University)

Found 1000s of wandering SMBH in >10714 Msol halos
Can we see them?” Maybe with lensing.... 34

10C km/s

Ricarte et al. 2021



What 1t a wandering SMBH aligned with a lensed
galaxy ?

0.08 arcsec?2 ’

& 0.02 arcsec?

0.14 arcsec? ’

’ (.02 arcsec?




What 1t a wandering SMBH aligned with a lensed
galaxy ?




What 1t a wandering SMBH aligned with a lensed
galaxy ?
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What 1t a wandering SMBH aligned with a lensed
galaxy ?




Simulation and wanderers

rms=0.17" rms=0.01"




Behind the lens
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Behind the lens

.Magnitying the universe
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Behind the lens

.....Magnitying the universe

Sharon, Mahler et al. 2019
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At high-redshifts lensing win

- z = 6 field (Finkelsteinl16)
== mmacs0417-11 (lenstool v1)
== = macs0417-11 (lenstool v2)
other RELICS (lenstool)
~— other RELICS (zitrin-Itm-gauss)
| —— other RELICS (glafic)

24 26 27
Observed AB Magnitude (rest-frame UV 1400A)

Mahler et al. 2019
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Lensed by MACS0417-11:
zZ~ 6 (920 Myr)
z~ 8 (630 Myr)
z~ 10 (470 Myr)
z~ 12 (360 Myr)
z ~ 14 (300 Myr)
z~ 16 (240 Myr)

Prohibitive

< (> 1Msec)
for JWST

to detect
any galaxies

25 26 27 28 29 30 31
Observed AB Magnitude (rest-frame UV)

32

Drawn from Mason et al 2015, shown in Mahler et al. 2019
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|_uminosity function
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This work (152 LAEs) Z=[().21

Drzke 2017
(mosaic + UDF-10, 604 LAES)
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Future generations of

telescopes
LSST Euclid

20,000 deg?2 15,000 deg?2

10 20 30 40 50 60
| SST science book [arcsec]

Giant arcs in clusters (Boldrin et al 2015)

1300 arcs wit L/w >10
8000 arcs with L/'w > 5
Galaxy-galaxy lensing (Collett 2015) Galaxy-galaxy lensing (Collett 2015)
* 140,000 lenses in the wide survey + 140,000 lenses in the wide survey
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