Sy,
..‘ L
R "I‘ ),
A
3 N 4
z
& g
& H

¢ S 4 . . .
Rygren Tsinghua University

I Cluster Lensing in the JWST Era

—— Methodologies of lens modeling

Ruizhe Feng
Advisor: Dandan Xu
2023.3.3, Student seminar



| Why is lens modeling important?

m Accurate lens model helps to correct lensing effects in source reconstruction

® [ uminosity, stellar mass, etc.

m Different results of lens modeling have great impact on source reconstruction

® Uncertainties from lens modeling can result in bias in source properties

= E.g image magnification




| Models of cluster lens fitting

Parametric models

m Use analytical profiles to describe mass

distribution

To fit £(6)

Pros

* Directly compares
physically motivated
models to data

* Less number of parameters,
easy to fit

Cons

* Model assumptions
may differ from reality
(e.g. light-traces-mass)

* Lack of freedom
introduces biases




Models of cluster lens fitting To fit £(6)

Free-form (non-parametric) models Pros

* Free of model
assumptions

* Positions of grid points
can be chosen arbitrarily

m Use pixelized mesh to describe mass
distribution

Cons

* Inherently unstable
because of too many
“parameters”

* Likely to diverge or get .
stuck in local minima
i 2 2 i - B
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https://ui.adsabs.harvard.edu/abs/2017MNRAS.472.3177M/abstract

Comparison between different models

Bradac-Hoag (Bradac+2009)
Diego-multires

\

Diego-overfit
Diego-reggrid (Diego+2016)
Lam (Lam+2014)
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Coe (Coet+2008)

CATS (Jullo & Kneib 2009)
Johnson-Sharon (Sharon+2012,
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Free-form (including hybrid) models

Different settings, fitting tools,
profiles, ...

Parametric models
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| leferent models vary widely in reconstructed Iens clusters
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The major differences are
found near substructures
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Uncertainties are large

The largest uncertainties are found near substructures and critical curves

= Uncertainties on the
magnification grow as a function
of the magnification itself

" For the best-performing
methods, the accuracy in
maghnification is ~ 10 percent at
Utrue = 3 and it degrades to
~30 percent at Y¢pye ~ 10

precision, accuracy

Bradac-Hoag

| Diego-multires

| Diego-overfit

| Diego-reggrid

—— precision
--- accuracy

Meneghetti et al. 2017
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Uncertainties are large

The largest uncertainties are found near substructures and critical curves
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https://ui.adsabs.harvard.edu/abs/2017MNRAS.472.3177M/abstract

A specific examp

Data/Constraints

e: SMACS J0723

The positions of prominent light
peaks in each lensed image

(catalogue data)

® |6 new multi-image systems are
discovered with JWST

Spectroscopic redshifts (5

systems)

®= One is confirmed with JWST

Mahler et al. 2022
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https://ui.adsabs.harvard.edu/abs/2022arXiv220707101M/abstract

How JWST plays a role

High resolution

m Able to see previously unseen
substructures in images

® jdentify new multi-image systems

m Constrain the local critical curve
precisely

m  Critical curves directly depend on mass
distribution



https://ui.adsabs.harvard.edu/abs/2022ApJ...938L...6P/abstract
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https://ui.adsabs.harvard.edu/abs/2022arXiv220707101M/abstract
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A specific examp

Model

m Cluster mass distribution

®  dual pseudo-isothermal ellipsoid
(dPIE), 7 parameters: Aa, A0, €, 0, 0y,
Teores Teut (fixed at 1500 kpc)

= Member galaxies

m ~ |50 galaxies

m Each is modeled with a dPIE

e: SMACS 0723

= Too many parameters!!

m  Fix positional parameters

m  Scaling relation

Mahler et al. 2022
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https://ui.adsabs.harvard.edu/abs/2022arXiv220707101M/abstract

Scaling relation

1 1
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0O=0 I Leut = Teut I » Fcore = Tcore I

m [,:astandard luminosity

m o = 0.5:the assumed galaxy model has constant mass-to-light ratio for each
galaxy (case in Mahler et al. 2022)

m Ifa > 0.5 (o < 0.5), brighter galaxies have larger (smaller) haloes than the
fainter ones (see Natarajan&Kneib 1997)

" Huge number of parameters of member galaxies — 3 parameters

oy LU TE o7 FR a0



https://ui.adsabs.harvard.edu/abs/2022arXiv220707101M/abstract
https://academic.oup.com/mnras/article/287/4/833/983069

A specific examp

Model

Cluster mass distribution

Member galaxies

BCG and another member galaxy

modeled separately

m  Extreme luminosity and sensitive
proximity can bias the overall scaling

relation

e: SMACS 0723

Intracluster light (ICL) clump

Mahler et al. 2022

Fig. 4, top panel
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https://ui.adsabs.harvard.edu/abs/2022arXiv220707101M/abstract

How JWST plays a role

High sensitivity

m Able to detect low-surface-
brightness features like ICL

® |mprovement for mass model



https://ui.adsabs.harvard.edu/abs/2022arXiv220707101M/abstract

® Method

m Monte Carlo Markov Chain

® minimize the scatter (RMYS)
between the observed and
predicted image-plane positions

m Result

= Model with ICL clump:
rms=0.3", BIC=273

= Model without ICL clump:
rms=0.85", BIC=471

Projected Mass Density (10° Mg.kpc=2)
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_imitations

Why could model assumptions bring large uncertainties?

Mismatch between model and data

® Hard to find an adequate model
m Model is too simple: can only put constraints roughly

® Model is too complex: the method is inherently unstable, likely to diverge or land in local
minima; overfitting

m Data quality needs to get improved:

m catalogue data rather than image data

m Jack of spectroscopic redshifts

oy LU TE o7 FR a0



Take-home messages Feedback form —s
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m Accurate lens modeling is of great significance for source reconstruction

® There are parametric and non-parametric models in cluster lens modeling, and
different models vary widely in reconstructed lens clusters

m Cluster lens modeling has large uncertainties and is not very precise because of
too many model assumptions and the mismatch between model and data

m Multi-imaged systems are used as best constraints to cluster lens model. JWST
has higher angular resolution, higher image sensitivity, and redder wavelength
range, comparing to previous mission. These provide crucial information to allow
identification of multi-imaged systems and better constraints to lens modeling.




