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Magnification effect. Lenses allow us to detect and study 
objects which are too distant or too faint to be observed 
without lensing (e.g., Salmon et al. 2018)

Mass distribution of the lens. Gravitational lensing depends 
solely on the projected, two-dimensional mass distribution of 
the lens. Lensing is thus an ideal tool to study dark matter.

Cosmology. Many properties of individual lens systems or 
samples of lensed objects depend on the age, the scale, and 
the overall geometry of the Universe.
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Weak lensing of CL 0152

transformation rule (Kochanek 1990; Miralda-Escudé 1991) in
response to the applied shear. These features necessitate the in-
troduction of an additional parameter that, in general, depends
on the higher moments. In the work of KSB95, this quantity
is referred to as the ‘‘shear polarizability’’ P! .

Recently, Bernstein & Jarvis (2002, hereafter BJ02) intro-
duced adaptive moments using an elliptical weight function
whose shape and size match those of an object. While the con-
cept of finding the optimal elliptical Gaussian weight function is
mathematically simple, the actual implementation can take var-
ious forms. For example, one can determine the weight function
by minimizing the deviation from the image in the least-square
sense. Alternatively, one can start with a circular weight function
and iteratively modify the ellipticity, the size, and the centroid of
the weight function until these parameters converge. BJ02 ef-
fected the determination of the optimal elliptical weight function
by iteratively shearing the objects to match the circularGaussian
weight. Considering the finite pixelization of object images, this
may not soundmore attractive than the previous two schemes. How-
ever, if the galaxy images can be decomposed via mathematically
well-behaved basis functions, the adaptive elliptical moments

are computed inexpensively. BJ02 proposed the polar eigenfunc-
tions of two-dimensional quantum harmonic oscillators (QHOs)
as basis functions. This decomposition was also independently
suggested by Refregier (2003, hereafter R03), although his shear
estimator is different from that of BJ02. Many mathematically
convenient formalisms developed for these eigenfunctions or
‘‘shapelets’’ include operators that can effect coordinate trans-
formations such as shear, translation, dilation, rotation, etc. Even
more important advantages that one obtains from the galaxy
expansion using shapelets are that the PSF can be compactly
described by the coefficients of the basis functions and the (de)-
convolution is easily achieved by simple matrix manipulations.
Shapelets in polar coordinates are given by
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Fig. 1.—Color composite of CL 0152% 1357 center. The image shows the central & 4000 ; 4000 section of the entire & 35000 ; 35000 field. The image is created
using the FITSCUT (McCann 2004).
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occupies a relatively narrow strip in the (r625 ! z850) versus z850
CM diagram. Because increasing photometric errors at faint
magnitudes cause the distinction to become less apparent, we
selected 371 galaxies brighter than z850 " 25. The spectroscopic
catalog from VLT observations (Demarco et al. 2004) is used
to reject bright noncluster members (z850 < 22) and to include
some known blue cluster galaxies. We show the smoothed clus-
ter light distribution from these member galaxies in Figure 8.
The spectroscopic survey of the CL 0152!1357 field serendip-
itously discovered a foreground (z" 0:63) group of "12 gal-
axies rather loosely scattered over the entire field. We excluded
these galaxies in the above light distribution. The vertically
elongated main structure, as well as the less luminous but dis-
tinct clumps around the main body, is clearly visible. We refer
to the brightest concentration in the light distribution as the
cluster center hereafter. This smoothed light distribution is com-
pared with those of the Chandra X-rays and the weak-lensing
mass in x 8.
In order to estimate the rest-frame luminosity of the cluster, we

proceed as follows. From the dust maps of Schlegel et al. (1998),
we obtained E(B! V ) ¼ 0:014 and determined the extinction
corrections for i775 and z850 to be 0.028 and 0.020, respectively.

Fig. 8.—Luminosity map of CL 0152!1357. For galaxies brighter than z850 ¼ 22, spectroscopically confirmed members are selected, whereas down to z850 ¼ 25
member selection is based on the color-magnitude relation of early-type galaxies. The luminosity center does not exactly lie on the BCGs but is slightly shifted to the
south by "200 because of the presence of other bright cluster galaxies.

Fig. 7.—Color-magnitude (CM) plot of CL 0152!1357. The tight CM re-
lation of the early-type cluster galaxies is present at (r625 ! z850) " 1:9. Bright
stars are not removed.

JEE ET AL.52 Vol. 618

Weak lensing of CL 0152 (Jee et al. 2005)



occupies a relatively narrow strip in the (r625 ! z850) versus z850
CM diagram. Because increasing photometric errors at faint
magnitudes cause the distinction to become less apparent, we
selected 371 galaxies brighter than z850 " 25. The spectroscopic
catalog from VLT observations (Demarco et al. 2004) is used
to reject bright noncluster members (z850 < 22) and to include
some known blue cluster galaxies. We show the smoothed clus-
ter light distribution from these member galaxies in Figure 8.
The spectroscopic survey of the CL 0152!1357 field serendip-
itously discovered a foreground (z" 0:63) group of "12 gal-
axies rather loosely scattered over the entire field. We excluded
these galaxies in the above light distribution. The vertically
elongated main structure, as well as the less luminous but dis-
tinct clumps around the main body, is clearly visible. We refer
to the brightest concentration in the light distribution as the
cluster center hereafter. This smoothed light distribution is com-
pared with those of the Chandra X-rays and the weak-lensing
mass in x 8.
In order to estimate the rest-frame luminosity of the cluster, we

proceed as follows. From the dust maps of Schlegel et al. (1998),
we obtained E(B! V ) ¼ 0:014 and determined the extinction
corrections for i775 and z850 to be 0.028 and 0.020, respectively.

Fig. 8.—Luminosity map of CL 0152!1357. For galaxies brighter than z850 ¼ 22, spectroscopically confirmed members are selected, whereas down to z850 ¼ 25
member selection is based on the color-magnitude relation of early-type galaxies. The luminosity center does not exactly lie on the BCGs but is slightly shifted to the
south by "200 because of the presence of other bright cluster galaxies.

Fig. 7.—Color-magnitude (CM) plot of CL 0152!1357. The tight CM re-
lation of the early-type cluster galaxies is present at (r625 ! z850) " 1:9. Bright
stars are not removed.

JEE ET AL.52 Vol. 618

Weak lensing of CL 0152

Smoothed luminosity

(Jee et al. 2005)



particular parameterized mass model. If the discrepancy be-
tween the assumed and the actual cluster mass profiles is not
small (e.g., due to the substructure), the procedure always in-
troduces additional uncertainties. In contrast, the direct use of
the rescaled mass map does not suffer from these obstacles, and
this method can become particularly useful when mass inside
some arbitrary boundary needs to be estimated.

7.4. Comparison between Parameterized
and Parameter-free Methods

The mass profiles from the SIS, NFW, and aperture densi-
tometry are compared in Figure 18. We omit the SIE fitting
result because it overlaps the SIS profile very closely. Obvi-
ously, the actual cluster mass profile is best approximated by
the NFW profile (solid line). If the SIS (dotted line) is assumed
instead, the total projected mass is overestimated by !20% at
r ! 13100 (!1 Mpc). Considering the apparent filamentary sub-
structure of CL 0152"1357 delineated by either the light or the
mass distribution, the excellent representation of the azimuthal
mass distribution of the cluster by the NFW profile is rather
remarkable. We summarize the mass estimates inside 1 Mpc ra-
dius aperture in Table 1 for various combinations of cosmolog-
ical parameters and methods.

7.5. Mass-to-Ligght Ratio

We present the mass-to-light ratio profile of CL 0152"1357 in
Figure 19. The cumulative mass-to-light ratio M (#r)/LB$(#r)
(open circle and dashed line) of the cluster rapidly rises to its
maximum at r ! 3500 and then decreases rather monotonically.
The decrease of the profile looks more pronounced in the dif-
ferential mass-to-light ratio !M (r)=!LB$(r) (dotted line). It is
verified that the profile when the blue cluster galaxies are excluded
does not significantly change, although the slope is slightly
reduced. The small mass-to-light ratio near the cluster center
seems to originate from the luminosity segregation of the bright-
est cluster galaxies. Carlberg et al. (1997b) studied the average
mass-to-light profiles of 14 galaxy clusters from the virial mass
estimator. The resulting mass-to-light ratio averaged over sub-
structure and asymmetries is high in the inner regions and grad-
ually decreases until it starts to flatten at r ! 0:7r200. The average
mass-to-light profile obtained from the kinematics and distri-
bution of 3056 galaxies in 59 nearby clusters in the ESONearby
Abell Cluster Survey also shows a similar trend of a rapid rise
followed by a gradual decrease up to r ! 0:7r200. Does the up-
turn of the M/L profile of CL 0152"1357 at r !11500 corre-
spond to the beginning of the plateau observed in those works?

Fig. 20.—Overlay of the mass map on the negative gray image. We only display contours for " > 0:08, which corresponds to !3 #. The mass estimates of
annotated clumps are summarized in Table 2.
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The logarithmic luminosity evolution, ln (M=LB) / (!1:06 "
0:09)z, is derived by van Dokkum & Stanford (2003) from
massive cluster galaxies at 0:02 # z # 1:27. At z ¼ 0:84, the re-
lation predicts %41% reduction in B-band luminosity, and the
M/L ratio of CL 0152.7!1357 is modified to be %232 M& /LB& ,
which is similar to the results for other clusters (e.g., Carlberg
et al. 1997b).

8. SUBSTRUCTURE OF CL 0152!1357
8.1. Mass Estimates of Indivvidual Mass Clumps

Because of the high number density of background galaxies
whose shapes are reliably measurable, the reconstructed mass
map reveals the cluster substructure in great detail. We overplot
the rescaled mass reconstruction on the negative gray image of
CL 0152!1357 in Figure 20. We identified nine mass clumps
whose significance is above %3 ! and galaxy counterparts are
apparent. The significance for each mass pixel is computed by
the use of the rms mass map (Fig. 21), which is constructed
from bootstrap 5000 realizations of mass reconstruction. These
5000 mass maps are also used in x 8.2 to examine the uncer-
tainties of the mass peak centroids. The masses of these clumps
within 2000 aperture (%150 kpc) are computed via the direct use

of the reconstruction map, as well as the examination of "(r)
statistics (Table 2). They are in good agreement with each other
with overlapping uncertainties.

8.2. Comparison with Other Studies

Although the Einstein Imaging Proportional Counter first
detected X-ray emission from CL 0152!1357, its significance
was not properly recognized because of the complex mor-
phology of the emission. The cluster was rediscovered in the
Wide Angle ROSAT Pointed Survey (WARPS; Scharf et al.
1997), the ROSAT Deep Cluster Survey (Rosati et al. 1998),
and the Serendipitous High-Redshift Archival ROSAT Cluster
(SHARC) Survey (Romer et al. 2000). Ebeling et al. (2000)
analyzed the X-ray observation of CL 0152!1357 from the
WARPS survey and showed that the X-ray morphology of the
cluster is suggestive of very complex substructure that can be
also traced by cluster galaxy concentrations. The higher reso-
lution of Chandra extended the work by Ebeling et al. (2000)
and revealed two prominent X-ray peaks (Maughan et al. 2003).
In order to verify their results and also enable a direct compari-
son of the X-ray morphology with our weak-lensing mass dis-
tribution, we reanalyzed the archival Chandra observations.
After adaptively smoothing the X-ray image via csmooth, which

Fig. 22.—Overlay of the smoothed X-ray map on the ACS detection image. The relative astrometric accuracy between the Chandra and the ACS images is %1B4
(see text). The X-ray flux map is generated after adaptively smoothing the raw X-ray image using csmooth, which is part of CIAO.
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❖ The time it takes the light to travel through a lens is

❖ Sum of a geometric term… 

❖ …and of a gravitational term

❖ For a “thin lens” the this can be written as  

Fermat’s potential
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Time delays

A variable source observed through a lens allows one to 
measure the time delays among the multiple images.

Tewes et al. (2013)

RXJ1131-1231



Fermat’s potential
❖ Fermat’s principle holds in General Relativity

❖ As a consequence, Fermat’s potential  
 
 
can be used to find the image(s) associated to a source:  

❖ The associated “ray-tracing” equation is solved 
(numerically) and is a fundamental step of strong 
lensing modeling

�� (ct) � 0 �� �s � � � ��(�)
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Fermat’s potential and image configurations
No lens

Fermat’s potential is just an axisymmetric paraboloid.

A single image is observed, corresponding to the 
minimum of the potential, where              (no lensing).�s

� �
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Fermat’s potential & image configurations
Non-axisymmetric lens

Fermat’s potential has a central peak, and several points, 
and minimuma. 

Image corresponding to the peak usually very faint.
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Magnification effect

Gravitational lensing

❖ is described by a simple 
mapping (ray tracing)

❖ conserves the surface 
brightness

❖ does not conserve the flux

Seeing

❖ is described by a convolution 
with a kernel

❖ does not conserve the surface 
brightness

❖ conserves the flux

Gravitational lensing generally increases the luminosity of sources.

When studying a strong lensing system both effects needs to be 
taken into account.
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Problems of Cold Dark Matter

❖ The cusp-core problem

❖ (Dwarf) galaxies show a core 
not predicted by simulations

❖ Missing satellites problem

❖ Too few satellites observed 
around massive halos

❖ Early mass assembly

❖ Massive clusters form earlier 
than expected

Garrison-Kimmel et al. (2014)

Yniguez et al. (2014)

XMMU J2235 (Jee et al. 2009)
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❖ Cosmological simulations have reached the resolution to distinguish 

among various DM models

❖ Observations now contain exquisite details to perform accurate 
strong lensing modeling 
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Cluster Lensing And Supernovae survey with Hubble
❖ 524-orbit HST multi-cycle treasury program (PI: M. Postman)

❖ 25 massive intermediate-z galaxy clusters (4 HFF) observerd 
with 16 (ACS+WFC3) broadband filters

❖ Study DM mass profiles and substructures with 
unprecedented precision and resolution

❖ Detect some of the most distant (z > 7) galaxies through 
the gravitational lensing magnification effect

❖ Find in parallel fields new Type Ia SNae up to z ~ 2.5

CLASH



CLASH-VLT
❖ 200-hr VLT/VIMOS Large Program (PI: P. Rosati)

❖ Spectroscopic follow-up of the 14 southern CLASH galaxy clusters (2 
HFF)

❖ Dynamical study beyond Rvir with ~500 members per cluster 

❖ Spectroscopic confirmation of the multiple-image systems

❖ Galaxy formation and evolution analyses of lens and lensed galaxies  
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1 Mpc 

3 Mpc 

5 Mpc 

Balestra, Mercurio, Sartoris, et al. 2016, ApJS, 224, 33

Complex dynamical structure of MACS 0416
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❖ For each system, at least 1 image has an either 
secure or very likely redshift

❖ If we have one secure and one very likely, we 
take the secure

❖ If we have two secure, we take the mean value 

3.24.1/5.14.3/5.36.1
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Hubble Frontier Fields and                       .

❖ 24 IFU, 1 arcmin2, resolution 0.2”, R = 3000, 4800–9300 Å, total efficiency ~25%

❖ RXJ 2248 (Karman et al. 2015, 2017) 

❖ 4 x 1hr OB in the SW (SV; PI: Caputi, Grillo, Clement)

❖ 6 x 1hr OB in the NE (PI: Caputi)

❖ MACS 1149 (Grillo et al. 2016)

❖ 6 x 1hr OB in the core (obtained with DDT; PI: Grillo)

❖ MACS 0416 (Caminha et al. 2017)

❖ 2hr in the NE (GTO; PI: Richard)

❖ 11 hr in the SW (PI: F.E. Bauer)



RXJ 2248 (2 MUSE pointings)

❖ 10 foreground galaxies

❖ 120 cluster members

❖ 42 background galaxies

❖ 17 multiple-image systems

❖ 43 images

❖ zmax = 6.107



MACS 1149 (1 MUSE pointing)

❖ 5 foreground galaxies

❖ 68 cluster members

❖ 30 background galaxies

❖ 7 multiple-image systems

❖ 18 images

❖ zmax = 3.703
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Cluster Lensing And Supernova survey with Hubble (CLASH)
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❖ …and observed!



SN Refsdal’s follow-up and true blind tests 

❖ MUSE and GLASS data to build refined strong 
lensing models and predict SX

❖ S1-4 time delays and magnifications measured 
(Treu et al. 2016)

❖ Excellent agreement with the model 
predictions (Rodney et al. 2016)



SN Refsdal’s follow-up and true blind tests 

❖ The appearance of a distant supernova at a specific sky position and 
time successfully predicted in advance!

❖ If our strong lensing models can provide accurate predictions, our 
cluster total mass (dark matter+baryons) mapping are likely to be 
very accurate!

Grillo et al. (2016); Kelley et al. (2017) Treu et al. (2016)



The SN Refsdal host galaxy
Observed Predicted



❖ Strong [OII] emission at z = 1.488
❖ The [OII] velocity map shows a 

clear and symmetrical rotation 
pattern with peak values of 
~100 km s-1

❖ In principle the full MUSE cube 
could be used for the SL model!

Di Teodoro et al. (2018)



Measuring the Hubble constant
We include the S2-S4 and SX time-delay measurements in the modeling and 
optimize both the cluster mass distribution and the cosmological model

In a flat ΛCDM model, we can infer the 
value of H0 with a ~6% statistical error, 
without any priors from other 
cosmological experiments

Grillo et al. (2018)
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Measuring the

❖ Results complementary and 
potentially competitive to 
other techniques

❖  Shifts of ~4% (15d) or ~9% 
(30d) in the time-delay of 
SX translate into ~4% or 
~9% differences in the 
estimate of H0

❖ Reducing the error to ~2% 
or ~1% on the time-delay of 
SX decreases the error on 
the estimate of H0  to ~5%

Hubble constant
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Measuring the
❖ In a flat ΛCDM model, H0 

and Ωm can be measured 
with ~6% and ~31% 
statistical errors 

❖ In a general ΛCDM model, 
H0 and Ωm can be 
measured with ~7% and 
~26% statistical errors

❖ Time delays in lens galaxy 
clusters can become an 
important alternative tool 
for measuring the 
expansion rate and the 
geometry of the Universe

cosmology



The HFF and MUSE
MACS 0416 

❖ 2 MUSE pointings
❖ 22 new multiply 

lensed sources 
❖ z between 3.077 

and 6.145
❖ most of them are 

low-luminosity 
Ly-α emitters   

Caminha et al. (2017)



The HFF and MUSE
MACS 0416 

❖ 102 secure multiple images
❖ 37 systems with measured redshifts 

❖ largest sample of strong lensing families to 
date 

Caminha et al. (2017)

❖ 144 spec. member galaxies down to F160W 
24 mag (M★ ~ 3×108 M☉)

❖ Accurate determination of the projected 
total mass distribution

❖ Cored isothermal dark-matter haloes found



The strong lensing models

Grillo et al. (2015)



The strong lensing models

Grillo et al. (2015)

   2 cluster dark-matter haloes



The strong lensing models

Grillo et al. (2015)

   2 cluster dark-matter haloes 175 individual 
cluster galaxies
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The galaxy cluster subhalo population

Grillo et al. (2015)

DM from high-resolution simulations, virial radius 1.7 Mpc 
(Diemand et al. 2005)

ΛCDM simulations Observations: MACS 0416

SL model: total mass
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The galaxy cluster subhalo population
The velocity function of substructure in MACS 
0416 from strong lensing at 1σ, 2σ, and 3σ.

❖ Higher and with different shape than for 24 
simulated clusters with total mass similar to 
that of MACS 0416.

MACS 0416

Simulations

❖ Simulated galaxy clusters have less mass 
in substructure in the inner regions

❖ Perhaps the effect of dynamical friction 
and tidal stripping effects in DM-only 
cosmological simulations 



The galaxy cluster subhalo population

❖ Simulated halos consistently underpredict the number of subhalos 
on all radial scales (particularly in the inner 150 kpc)

MACS 0416 Simulations

MACS 0416

Simulations



The galaxy cluster subhalo population

❖ Simulated halos consistently underpredict the number of subhalos 
on all radial scales (particularly in the inner 150 kpc)

❖ Simulated clusters have fewer substructures with vc within 
~100-300 km/s (observational results robust here)

❖ Massive subhalos not formed or accreted so fast into the simulated 

MACS 0416 Simulations

MACS 0416

Simulations



The galaxy cluster subhalo population

❖ Simulated halos consistently underpredict the number of subhalos 
on all radial scales (particularly in the inner 150 kpc)

❖ Simulated clusters have fewer substructures with vc within 
~100-300 km/s (observational results robust here)

❖ Massive subhalos not formed or accreted so fast into the simulated 
clusters?

❖ Tidal stripping of massive subhalos more efficient than observed?

MACS 0416 Simulations

MACS 0416

Simulations
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❖ Simulated halos consistently underpredict the number of subhalos 
on all radial scales (particularly in the inner 150 kpc)

❖ Simulated clusters have fewer substructures with vc within 
~100-300 km/s (observational results robust here)
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Cluster mass decomposition

❖ Dissection of the hot gas and dark 
matter components

MACS 1206 ❖ Combined analysis of X-ray and strong 
lensing data

Bonamigo et al. (2017)

MACS 0416

RX J2248



Cluster mass decomposition

❖ Deep Chandra data
❖ 123 ks for RXC J2248 
❖ 293 ks for MACS J0416 
❖ 23 ks for MACS J1206

❖ High temperatures
❖ 12.8 keV for RXC J2248
❖ 10.4 keV for MACS J0416
❖ 13.0 keV for MACS J1206

❖ Modelling of the hot-gas mass 
distribution with multiple mass 
components to fit the X-ray SB

Bonamigo et al. (2018)



Cluster mass decomposition

❖ Dissection of the total 
mass distribution into the 
diffuse DM and hot-gas 
components 

❖ The diffuse DM and hot-
gas components have 
slightly different centers 
and shapes

❖ No significant offsets 
between the BCG 
positions and the peaks of 
the diffuse DM 
components 
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❖ Rescaling the cluster projected 
mass profiles, they have an almost 
homologous structure, despite the 
significantly different relaxation

❖ Hot-gas over total mass fractions 
measured with an unprecedented 
(~1%) precision in the cluster cores

❖ Confirmed the findings that current 
N-body simulations under-predict 



Cluster mass decomposition

❖ Rescaling the cluster projected 
mass profiles, they have an almost 
homologous structure, despite the 
significantly different relaxation

❖ Hot-gas over total mass fractions 
measured with an unprecedented 
(~1%) precision in the cluster cores

❖ Confirmed the findings that current 
N-body simulations under-predict 
the number of massive sub-halos in 
the cores of massive clusters



MACS 0416 mass decomposition

Bonamigo et al. (2017), Annunziatella et al. (2017)
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MACS 0416 mass decomposition

Bonamigo et al. (2017), Annunziatella et al. (2017)
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Figure 4. Left Panels: Surface mass density profiles of total (top row) and dark-matter (middle and bottom rows) components
fitted with a NFW (Navarro et al. 1996), Hernquist (Hernquist 1990) and a softened isothermal sphere (NIS; Grogin & Narayan
1996) profile. Right panels: �(R) as defined as in Eq. 1 calculated for the total (top row) and dark matter (middle and bottom
rows) surface mass densities and compared with the values of NFW (dashed), Hernquist (dotted), softened isothermal sphere
(dot-dashed), fits. The red dashed lines show the e↵ective radius of the BCG. The black dashed lines represent the radius where
we see a change in the slope of the total surface mass density profile and represents also the range in which we have performed
a fit with a power-law profile. To better show the di↵erences, in the right panels we focus on the inner 50 kpc.

mass of the cluster, has a peak value of 15% in
the cluster center, then decreases reaching ⇠ 10%
at 350 kpc. Both the stellar and baryon fractions
are in general good agreement with the global val-
ues found in the literature. Our baryon fraction
is smaller than the cosmological baryon fraction
measured by Planck Collaboration et al. (2016),
which however refers to large radii.

• We have evaluated the ratio between the stellar
and total mass embedded in substructures. This

fraction is ⇠ 30% near the cluster center, then de-
creases to ⇠ 15% at larger clustercentric distances.

• We have studied the total mass, global and dif-
fuse dark-matter surface density profiles. In the
radial range between 5 and 50 kpc, the surface
mass density profiles of the total mass and global
dark-matter have comparable slopes. In this radial
range, if we parametrize ⌃(R) as R�� , we obtain
values of � equal to 0.38 ± 0.01 and 0.36 ± 0.01
for the total and global dark-matter, respectively.



Final remarks
❖ Careful strong lensing analyses of galaxy clusters can lead to new exciting 

results on their dark matter halos and subhalo population

❖ HST angular resolution and multiband coverage + VLT spectroscopy vital to

❖ Select and model the cluster members, for both accurate dynamical and 
lensing analyses

❖ Confirm several multiple image systems, allowing unbiased estimates of 
the cluster modeling parameters

❖ Study in detail the physical properties of background lensed sources

❖ The new era of high precision strong lensing modeling will allow us to

❖ Build robust high-resolution mass maps of the galaxy clusters

❖ Test the ΛCDM model (e.g., DM mass profiles, substructures…)

❖ Exploit the lensing signal to probe the background cosmology


