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Expectation for CSS-OS

• ~100000 galaxy scale strong 
lens systems (currently ~400), 
Including ~1000 double lens 
system  

• Hundreds of massive clusters 
with many multiple images 

• Accurate photo-z for both 
lens and source. 
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Deeps fields

Main survey: 300-400 deg^2 to 27th, 10 deg^2 to 28th,  
MCI: 3 clusters to 30th in g band



Identity of Dark matter

6 S. Bose et al.

Figure 2. Redshift evolution of the dark matter density in cubes of 2 h�1Mpc on a side, for a CDM (left) and 3.3 keV WDM Universe
(right). From top to bottom, the snapshots for z = 10, z = 6, z = 1 and a zoom-in of a 1010 h�1 M� halo in z = 0 are shown. The
“coldness” of the 3.3 keV model makes di↵erences hard to tell, especially at z = 1, where the largest objects look identical. At early
times, however, the formation of far more smaller objects in CDM can be clearly seen, whereas the equivalent regions in WDM are
smoother. The formation of the largest objects occur at roughly the same time and evolve in a similar fashion. In the bottom panel, we
zoom into a 5 ⇥ 1010 h�1 M� halo, where the lack of substructure in the WDM case relative to the CDM counterpart is stark.

c� 2014 RAS, MNRAS 000, 1–18

COCO simulations Bose+ 2016 Li et al. 2016 arxiv 1512.06507

CSS-OS



DM on small scales: 
Substructure detection

Vegetti et al. 2012



Galactic Lens Modeling

By Xiaoyue Cao with PyAUTOLENS



Power spectrum of subhalo

He et al. in prep



Self-interacting dark matter?

Massey et al. 2015
 Galaxy cluster Abell 3827 

offset is 1.62+0.47 kpc ?



Density profile at  the cluster 
center 

Newman et al . 2012
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Fig. 7.— HST images of the central cluster cores, with multiply imaged sources identified (circles). Where possible we show color
composite images, using data from the sources in Table 3 or from the CLASH survey (A611, MS2137, A383). Reconstructed image
positions based on the models described in Section 9 are indicated by crosses (colors vary for clarity); critical lines are also overlaid at the
redshifts zCL indicated in each panel. Individually optimized perturbing galaxies are denoted P1, P2, etc.
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Fig. 6.— Surface density  contours, derived from our weak-lensing analysis, are overlaid on the smoothed I-band light from galaxies near
the cluster redshift, identified as described in Section 4.8. Contours begin at 3� and increase by 1�. Dashed contours show the absolute
value of the  map derived instead from the B-mode signal, which should be null and is used to assess the noise and systematics. The
smoothed shear field is also overlaid. All quantities are smoothed by a Gaussian with FWHM = 15000 as indicated by the circle in the
upper left. Axes indicate the distance from the BCG in arcmin, with north up and east left.



Velocity	dispersion	àDynamical	mass Gravitational	mass
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Newtonian dynamical potential 
space curvature potential:
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In GR, F =Y Slides by Wei Du

Testing gravity



Cosmological constraints from double source plane 
strong lensing (DSPL)

The observable:

In the ideal case of  neglecting the effect of  the intermediate  source (source 1) 
on the background  source (source 2):

The factor α depends on the lens mass model

The	factor	α is cancelled	
out,	that		alleviates	the	
dependence	on	the	lens	
model	to	some	extent.	

Prediction:  ~ 103 galaxy-
scale DSPL systems (based on 
Gavazzi et at. 2008 , about 
one lens galaxy in ~ 40 - 80 
could be a DSPL)

In SIS lens model, the stellar velocity dispersion 
is invariable with radius, that leads to

Slides by Yun Chen



SL Cluster Cosmology

Jullo et al. 2010Slides from Huanyuan



Galaxy science 
(SL+SSP+Kinematics)

• Galaxy mass and structure 

• Dark matter fraction within galaxies and clusters 

• Shape of dark matter haloes at center 

• Evolution of Early type galaxies 

• IMF variation of late type lenses 

• Synergy with time domain surveys 

• ……



Galaxy lensing as a 
telescope (DF, UDF)

Lensd LAEs, Shu et al. 2016

Abell 2744, magnification map by 
CATS team



High-redshift galaxies

Salman et al. 2018Slide from Huanyuan Shan



Acebron et al. 2018

Slide from Huanyuan Shan



Science
 matrix

Strong lensing Road map

Searching Modeling  





Credits: LSST OpSim GroupMining more than 10000 lenses from one billion objects



Lens search: ML
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Completeness 90% 
Purity 90%

BY Nan Li

For a LSST-like survey
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27 simulated cluster lenses using  the data of C-Eagle clusters (left); 
hundreds of simulated cluster lenses based on a semi-analytic model 
named CosmoDC2 (right). Include both Strong and Weak Lensing.

By Nan Li, Dezi Liu, Ran Li



500k simulated galaxy-galaxy strong lenses based on CosmoDC2. Each 
image includes the flux in gri-bands, and the morphological model of the 

galaxies (both lens and source) is bulge + disk in the form of Sersic profile.

By Nan Li, Dezi Liu, Ran Li



Summary
• Strong gravitational lensing will be greatly benefit 

from CSS-OS 

• Novel opportunities on different topics: dark 
matter identity, cosmology, galaxy formation, high 
redshift galaxies 

• Need to model 100000 lenses fast and accurately  

• A lot of work to be done. Welcome to join us!


