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Your morning briefing: what you need
to know to get through the day

Outline:
- (strong) Lensing applications

- When do we need a lens model?
- SL modeling methods
- How does lens modeling work?
- What are lens model products?
- Main cluster SL surveys
3 - What should we worry about

M (uncertainties)?
- The future...
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Why do we care?
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Why do we care?

Cluster physics™, cosmology*

® mass distribution * when combined

® dark matter vs. baryons with other proxies

® slope, concentration
® mass-observable calibration = cosmology

® cosmological parameters (Ho ?? arc statistics)

Background Universe

® use clusters as cosmic telescopes

Keren Sharon ¢ Strong Lens Modeling ¢ Clusters2017, Santander



Magnification of background sources

Affects... [measurements of all integrated quantities]
* Luminosity
* Stellar mass
e Star formation rate
* Sizes
* Background volume

Doesn’t affect... [properties derived from ratios]
* Colors

e Line ratios™ (*caveat: strong magnification gradients)

* Metallicity

* Specific star formation rate

* Gini coefficient (Floriant+16)

Keren Sharon ¢ Strong Lens Modeling ¢ Clusters2017, Santander



Lens modeling approaches

“Parametric”

3 L } hybrid
non-parametric

mass/light assumptions

4 J. Liesenborgs, S. De Rijcke and H. Dejonghe (2006)

(a) Stop one (b) Step two (¢) Step three (d) Step four

Figure 1. The use of a dynamic grid. The grid spacing & refined in those reglons where individual grid cells contain a large fraction of
the total mass of the Jems or where the projected-density gradients are large

Keren Sharon ¢ Strong Lens Modeling ¢ Clusters2017, Santander



Lens modeling: figure out the “Optics” of a gravitational lens

The lens equation

- . doe . -
dis @ \ B=6-"La(0)
dS S

R

ds

dis ' \ & 0
SDSS1004, Sharon et al. (2005), HST/ACS

Keren Sharon ¢ Strong Lens Modeling ¢ Clusters2017, Santander



Lens modeling: figure out the “Optics” of a gravitational lens

The lens equation

ds

dLS l '
SDSS1004, Sharon et al. (2005)#ST/ACS

Keren Sharon ¢ Strong Lens Modeling ¢ Clusters2017, Santander




Lens modeling: figure out the “Optics” of a gravitational lens

® Detect multiple images of the same source .
. ) ) ) g1
® Assume a mass distribution — deflection 2.

® Compute source/image locations

® Find the mass distribution that gives
smallest scatter

o

. : ”

@ s
CI§O 0‘ .q43 .

’

\ - :
SDSS 1004, Sharon et al. (200@ACS

Keren Sharon ¢ Strong Lens Modeling ¢ Clusters2017, Santander




The “critical curve” represents points in the
image plane with infinite™ magnification

'SDSS J2222+27
critical curve — @
The " is the
mapping of the

critical curve into
the source plane

*mathematically; in
reality, sources are not
infinitely small. so
magnification is finite.
hevertheless, close to the
critical curves the
magnification can reach
hundreds.

Sharon+2017 -SGAS-

Keren Sharon ¢ Strong Lens Modeling ¢ Clusters2017, Santander



example lens model products
time delay

magnification map + unc
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...We can tell the future!
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Keren Sharon ¢ Strong Lens Modeling ¢ Clusters2017, Santander



strong lensing samples / surveys with HST:

- 107/37
/ SGAS

Sloan Giant Arcs Survey

524/25

FRONTIER
FlI]EIL[D]S)

840/6 190/41

@< »i

MEGaSaURA

MACS, sMACS (snap)
SPT (snap approved for C25)

public model products - most
public data - all

Keren Sharon ¢ Strong Lens Modeling ¢ Clusters2017, Santander



Hubble Probes the Early Universe
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- Hubble Probes the Early Universe

Sloan Giant Arcs Survey
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Pl: Jennifer Lotz

6 massive lensing clusters

140 orbits (each)
public data, lens models
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LENS MODELS AND MAGNIFICATION MAPS OF THE SIX HUBBLE FRONTIER FIELDS CLUSTERS®
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Submitted to ApJ: draft date September 11, 2014
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What do we need to worry about?

100

o e . . 5 Al
e Statistical error: higher in | Lo . 05
areas of high magnification T 5
60 . g ¢ '
* Mass sheet degeneracy o T 03
e Structure along the line of T 20 4 02
Sight E 0 .0.1
i

* Correlated substructure / S o 0
subhalos / complexity P i &
1.25

. ) — 25

* Model assumptions 60 s 5
N, * @ —_— 20

¢ # of constraints, 80 . SR =
. . — 160
spectroscopic redshifts 100 :

-100 -50 0 50 100

A RA [arcsec]

Cerny+2017 (in prep) - Relics
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What do we need to worry about?
Statistical error. hlgher in sossanons'zsg
areas of high magnification
* Mass sheet degeneracy

e Structure along the line of
sight

e Correlated substructure /
subhalos / complexity

* Model assumptions

* # of constraints,
spectroscopic redshifts

Sharon+2017 ; SGAS

Keren Sharon ¢ Strong Lens Modeling ¢ Clusters2017, Santander






Mass on the Line of Sight
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What do we need to worry about?

Statistical error: higher in
areas of high magnification

 Mass sheet degeneracy NEW!!

e Structure along the line of SL algorithms treat multi-
sight plane lenses:

e Correlated substructure / - Gravlens (C. Keeton+)
subhalos / complexity - GLEE (S. Suyu+)

Chirivi, Suyu+ 2017 arXiv:1706.07815
- Lenstool* (CATS, Jullo+)

* Model assumptions

* # of constraints,
spectroscopic redshifts

Keren Sharon ¢ Strong Lens Modeling ¢ Clusters2017, Santander



What do we need to worry about?

e Statistical error: higher in
areas of high magnification

* Mass sheet degeneracy

e Structure along the line of
sight

e Correlated substructure /
subhalos / complexity*

* Model assumptions

* # of constraints,
spectroscopic redshifts

= 11:3
Lensing ),
11.’30 — 11:55 Je

Free-Fo”: lZs(_:,,:/sE'g"‘‘FEFlFlEI-'.'o
: Odels
Frontier Fiejqs Clsgtf;;r bt | 9

—

A problem for BG studies,
an excitement for cluster
physics and structure
assembly!

Keren Sharon ¢ Strong Lens Modeling ¢ Clusters2017, Santander



What do we need to worry about?

e Statistical error: higher in QR i e
areas of high magnification R NG

* Mass sheet degeneracy

e Structure along the line of
sight

e Correlated substructure /
subhalos / complexity

* Model assumptions

* # of constraints,
spectroscopic redshifts

see also:

Meneghetti+16 arXiv:1606.04548

The Frontier Fields Lens Modeling Comparison Project
Priewe+16 arXiv:1605.07621

Lens Models Under the Microscope: Comparison of Hubble Frontier Field Cluster
Magnification Maps

Keren Sharon ¢ Strong Lens Modeling ¢ Cluster



What do we need to worry about!

® Model assumptions

Rodney+15 Ap] ‘. oy
[lluminating a Dark Lens : A Type Ia Supernova Magnified by S N TOmaS
the Frontier Fields Galaxv Cluster Abell 2744

Bradac(v1)
CATS(v1)
CATS(v1.1)

Merten .

Sharon(vl) ~

Sharon(v2) .
Zitrin-LTM ’

Zitrin-NFW

SN HFF14tom

Williams

CATS(v2) 66 . y
» | SN “Tomas

GLAFIC

Lam(v1)

Bradac(v2)

AdH-150d

Lam(v2)
CATS(v2.1)

CATS(v2.2)

. . Fr. Par.

2.0 25 3.0 35| O @ strong
Lensing Magnification, u O 4 str+wk
unblind
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What do we need to worry about?

e Statistical error: higher in ol T T [
. . . sl | » B
areas of high magnification Tmo e . |
0.40 |- NFW HL;L\‘OL'XSI' l 04} = =t
=N NFW - HERNQUIST + subs | |
NFW - PIEMD + shapes

* Mass sheet degeneracy |
0.2}

o

8
1
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Relative bias on magnification

2
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° " | I " A OO N 2 |
s|ght e

0.12 | 0.6 |

e Correlated substructure /

subhalos / complexity Ry

1 04l

0.04 |- 0.2}

Precision of magnification

* Model assumptions

0‘00...A1A# | - .O.OhA A A PO "
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* # of constraints, N N
spectroscopic redshifts Acebron+2017

| =
systematic errors in SL models of galaxy-=-==
clusters - Implications for cosmography

see poster behind you! gl s e, waces o s (V55

Carlo Giocoli, Mathilde Jauzac, Guillaume Mahler and Johan Richard
I i ille) UMR 7326, 13388, Marseille, France

1. Aix Marseille Université, CNRS, LAM (L ire d'Astrop de
The Data

Hera, 2=0.507

SGL: 8 powerful tool to constrain Dark Energy

Keren Sharon ¢ Strong Lens Modeling « Clust @) . s
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What do we need to worry about?

# of spectroscopic redshifts (n)

e Statistical error: higher in o o 0 0 WD
areas of high magnification - b @@%ﬁ@

* Mass sheet degeneracy

o
e
(o))

o
e
F SN

e Structure along the line of
sight

o
et
o

logop — log o ptas

o o
o —
0] N
Photometric Redsift RMS Error

0.06

e Correlated substructure / L
0.0 0.2 0.4 0.6 0.8 1.0

SUbhaIOS / CompleXity Fraction of spectroscopic redshifts (n/25)

ohnson+2016
* Model assumptions :

* # of constraints,
spectroscopic redshifts

Keren Sharon ¢ Strong Lens Modeling ¢ Clusters2017, Santander



what if we don’t have spec-zs! & fixed|

RXC 0142

Modell Test Model 2/3 Test Model E1 Test Model E2

-

o

mogdel-2

N WwWhRBOO

L - &' 507 1. 2928 5§77 l oA SaaF 1 2358 5.0 7
photo-z photo-z photo-z photo-z

RXC 0142

RXC 0142 el

Fraction of field with A/u <X

0 02 04

Cerny+2

—
= Santander
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DARK ENERGY
SURVEY

Euclid: 3 satellite designed to do Weak lensing
. —=-10.00 Weak lensing.

Euclid will survey 15000 geg?

Optical (VIS) data: excell
measurements. Sy e

NIR (YIH) imaging down to Myg~24 will be
great to find high-z clusters.

¢’  Euclidis expected to find S000 cluster
Q,  strong lenses.

Cosmic shear studies drive the requirements for the weak lensing
measurements: are these sufficient for cluster studies?

Keren Sharon ¢ Strong Lens Modeling ¢ Clusters2017, Santander



DARK ENERGY
SURVEY

EUC|Id

SGAS0915438,, _

Keren Sharon ¢ Strong Lens Modeling ¢ Clusters2017, Santander




Mass distribution

Keren Sharon ¢ Strong Lens Modeling ¢ Clusters2017, Santander
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Total mass inside the multiple image locations is well
constrained if there are ~2 spectroscopic systems

I I
B N

% error in M(r<25")
|
(@)}

—10

# of spectroscopic redshifts

Keren Sharon ¢ Strong Lens Modeling ¢ Clusters2017, Santander



THE FUTURE...

James Webb Space Telescope (2018)




N |
Giant Magelfan Telescope (2021)




Star formation under the microscope: z~2

SDSSJ I I I O+64 JOhnson+ I 7a_ arXiv:1707.00707
cluster z=0.659; arc z=2.481; Hybrid lenstool (Jullo+2007) model

Keren Sharon ¢ Strong Lens Modeling ¢ Clusters2017, Santander



SDSS J1110+6459 Source Reconstrucgon

A1/

Johnson+17b arXiv:1707.00706

Keren Sharon ¢ Strong Lens Modeling ¢ Cluss..
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Star formation under the microscope: z~2
HST+lensing HST “CANDELS” WST

FB06W F105W F160W Fe06W F105W F160W F70éw F115W F150W
NIRCam

Source plane HST

(Fay -t Co ‘ Rigby+ | 7: what
g l‘ CANDELS may be

missing?

arXiv:1707.00704

HST LUVOIR S|mu|ated

2.4m . |10m |2m

" / 1 ¢

Keren Sharon ¢ Strong Lens Modeling ¢ Clusters2017, Santander
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