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Among different probes, the weak lensing effect is uniquely important 

Large-scale structures  bend the light rays gravitationally
Observables: tiny shape distortion and flux change  shear and magnification

Gravitational in origin  unique probe to study the dark side of the universe
                                             dark matter and dark energy, law of gravity
Sensitive to both the cosmic expansion and the large scale structures

• Introduction



Weak lensing signals are weak  large sample to extract the correlated WL signals
 weak lensing cosmology   statistical in nature

Stage III surveys, 
DES, KIDS, HSC

•~ N*103 deg2

•~107-8 galaxies
•Deliver 
      important 
      cosmological
      constraints 

Stage IV surveys, 
Euclid, Roman, CSST
LSST

•~ N*104 deg2

•~109 galaxies
•High precision 
      cosmology

Coming soon



 
     

 

Heymans et al. 2021 (KiDS 1000)

Statistical analyses 
– cosmic shear 2pt is the primary statistics
  ( 3×2pt: cosmic shear+ galaxy clustering +galaxy-galaxy lensing)
--  Density field is non-Gaussian 
 Higher order non-Gaussian statistics are needed 

Abbott et al. 2023, DES Y3+KiDS-1000
Euclid Collaboration HOWLS team et al. 2023



 Weak lensing peak statistics

     
     

LOS matter concentrations (×lensing efficiency)   high WL signals  peaks in the WL 
mass maps  nonlinear and non-Gaussian features  cosmological inferences

Liu,X. et al. 2015

To predict the cosmological dependences 

Run large sets of simulations 
to build numerical templates

Incorporate theoretical 
modeling – our approach
-- valid for high peaks

e.g., Zurcher et al. 2022, DES Y3



 
     

 

Peak statistics have been applied to different surveys (e.g., Liu,X. et al. 2015, Liu,J. 
et al. 2015, Liu, X. et al. 2016, Kacprzak et al. 2016, Martinet et al. 2018, Shan et al. 
2018, Zurcher et al. 2022, Liu,X. et al. 2023, Harnois-Deraps et al. 2024)

(Liu et al. 2023, HSC Y1, 
tomography, high peaks SN>3.5, 
halo model  based)

(Harnois-Deraps et al. 2023, 
KiDS1000+DES-Y1,
-4<S/N<4, Emulator based)

All the peak analyses are in terms of 
peak height distribution



      
With deep learning, in Ribli et al. 2019, they analyzed the WL convergence map features, 
and found that the statistics of steepness (profile) of WL peaks carry additional cosmological 
information in comparison with the peak height statistics

Laplace operator Roberts cross  kernels

Laplace operator  second derivative
Roberts cross kernels  first derivative



  WL peak steepness statistics (Li,Z.W. et al. 2023, 2025)

      

With ray-tracing simulations, we perform analyses to compare  the two statistics systematically
    -- different noise levels and smoothing scales
In the Stage IV era   peak steepness statistics can indeed give better cosmological constraints
          

Mathematically, for a peak, its first derivatives are zero by 
definition. The steepness of a peak is reflected by its 
second derivatives



 
     
Assumption: Single massive halos contribute dominantly to WL peaks (M M≧ *~1014h-1Msun) 

                            valid for high peaks – theoretically similar to cluster abundance, but different 
                                 observables without the need to calibrate the mass-observable relation
                        Including the shape noise and the LSS projection effects 
                            adopt Gaussian approximation forward modelling approach 

                                                                                         

To understand the differences between the two statistics, we extended our halo-based model 
for high peaks (Fan,Z.H. et al. 2010, Yuan,S. et al. 2018) to the steepness statistics ( Li,Z.W. et al. 2023)

Physical ingredients: HMF, density profile, geometric distances
Incorporate systematics relatively straightforwardly: Baryonic effects halo profile, HMF, LSS
IA effects  lensing profile of clusters of galaxies, shape noise properties (Zhang et al. 2025)



 
     

 

The model works well for both height and steepness statistics for high peaks

From the model, we can calculate the dependence of the two statistics on 
different physical parameters



 
     

 Different sensitivities to the physical parameters (from our model) 

Steepness  statistics:

More sensitive to halo profile (M-c)
   --  M-c relation is mass and redshift dependent
   --  different weight on halo mass function 
More sensitive to LSS projection effects (cosmological info.)

In addition to cosmological constraints, steepness statistics 
can probe the density profile of halos, which encodes 
information of 
   -- the baryonic effects 
   -- dark matter properties

 Unique advantage of peak steepness statistics



 
     

 
First application of the WL peak steepness analyses to HSC S16A data  
(Li,Z.W. et al. 2025, in preparation)

Built mocks from N-body simultions with the same spatial and redshift distribution 
of sources – mask effects, convergence reconstrunction, dark matter halo 
properties, MCMC pipeline  

By combining peak height and steepness 
analyses

Can indeed constrain M-c relation 
simultaneously with cosmological 
parameters
      
Potentially probe baryonic effects from 
      WL-only observational data 



 
     

 Observational results from HSC-SSP S16A

With dak matter only ingredients
(M-c relation, HMF)

Steepness count distribution 
systematically shifts
     to lower values comparing to the
     model prediction that well fits the
     height distribution.

Phenomenologically pointing to  
lower concentration
   



 
     

 Observational results from HSC-SSP S16A (S/N>=4)

A< 3.16 (1σ)  smaller than mock results (DM only) – baryonic effects?

HSC Y3 3*2pt (Li,X.C. et al.2023) Mead et al. 2015 DES Y3 small-scale 2pt (Arico et al.2023), BCM  

Height data only
 no constraint on A

Adding steepness data, 
   constraint on A



 
     

Before drawing conclusions, we did more tests on the data
 -- B-mode test 
       peak height and steepness distributions are very much consistent with that of the
       pure Gaussian noise case (lines) – No significant B-mode contanminations
        
          
 

 --  Change the smooth scale from 1.5 arcmin to 3 arcmin 

Convergence peaks – steepness distribution shows a similar trend as that of the case 
of 1.5 arcmin smoothing, although less significantly because of the fewer peaks and 
thus larger error bars



 
        Our current analyses: contribute all bayonic effects to halo profile (like HMcode 

2016 for power spectrum)   pointing to positive baryonic effects
We are further refining our model to predict the LSS projection effects consistently 
while changing the halo density profile (HMcode2016); also further checking the 
cluster member dilution effects
 Can also implement BCM into the model (dark matter+gas+stellar, change halo 
mass and profile)

Take home message: 
  --  WL peak steepness analyses can provide sensitive constraints on 
       halo profile  baryonic physics/dark matter properties
  --  shear accuracy requirements for Stage IV surveys

For future high precision studies
          Requirement on the shear measurement accuracy from peak
               steepness statistics
  
possible data problem: cluster regions are relatively crowded
                      blending    shear measurement bias?  advantage of CSST/Euclid



• Potential synergy of CSST and Euclid 

Both China Space Station Survey Telescope (CSST) and Euclid of ESA are Stage IV surveys 
with the main scientific objectives to understand the nature of the dark components 
and inflationary physics.

     
     

Similar spatial resolutions and nearly completely overlapped sky coverage.
The filters are very complementary 

Wright, A.H. et al. 2024

CSST



Survey designs 
>1 billion galaxies for weak lensing
~100 million galaxies with spectral redshifts  (Slitless spectral surveys)

     
     

Project Orbit/
Site Launch/op

FoV REE80
Num 
pixels Area Wavelength Num 

filters
spectru

mdeg2 ″ 109 deg2 nm

CSST 2m LEO ~Mid 2027 1.1 0.15 2.5 17500 255—1000 7 Y

Euclid 1.2m L2 July 1, 2023 0.56
0.55 0.2 0.6

0.07 15000 550—920
1000—2000 

1
3

N
Y

Roman Space 
Telescope RST 
2.4m 

L2 ～ 2025 0.28 >0.2 0.3 2400 927—2000 4 Y

Rubin 
Observatory   
LSST 8.4m Chile ~2025 9.6 ~0.7 3.2 18000 320—1050 6 N

Adapted from H.Zhan’s slide

CSST Euclid Euclid. I. Overview of Euclid mission 2024 

CSST in orbit



For weak lensing studies: 
-- measure the shape of far-away galaxies accurately 
-- measure their redshift with multi-band photometry  photo-z
   
  Shape measurement 
 

Galaxy size distribution 
Space mission 
high resolution
Resolve smaller galaxies
Better measurements of shape and flux

Ground based PSF ~0.7”

CSST PSF ~0.2”

CSST/Euclid     ground ~0.7’’

(Liu,D.Z. et al. 2023)



 

Accurate photo-z measurement is another important requirement
 in WL cosmology -- tomographic WL analyses

 Expected Euclid and CSST galaxy redshift distribution

z_med ~0.9, with a long tail up to z~3-4
Galaxy number density ng ~ 20-30 arcmin-2

Gong et al. 2019Euclid. I. Overview of Euclid mission 2024 



 

Photo-z measurements: redshifted SED features  multiband photometry
Band coverage and filters are key factors affecting the photo-z accuracy 

CSST and Euclid are very complementary in filters
Utilizing the data from the two surveys can enhance the cosmological gains   
Explore the synergy of the two missions quantitatively
 

Salvato et al. 2019

CSST



Under the ISSI/ISSI-Beijing support, we formed an international team
with members from  CSST and Euclid to explore the synergies focusing on WL cosmology

     
     



Photo-z: Euclid needs multiband photometry in optical bands
                 CSST can benefit from the infrared bands from Euclid 
We performed image simulations considering CSST, Euclid and the ground-based LSST and 

DES   photometry  photo-z

     
     



     
     



Blending problem: With the increase of depth, the problem of galaxy blending 
becomes increasingly troublesome, particularly for ground-based observations

 Combine data from CSST and Euclid would be more straightforward than combining 
ground-based data and Euclid; also can be done uniformly over the whole survey areas.

     
     Blending fraction Total blends 



The impact on photometry and photo-z from blending

     
     



PSF chromaticity
   -- PSF is wavelength dependent
   -- stars and galaxies have different SEDs
   -- the extrapolation of PSF measured from stars to galaxies
       can have biases, especially for Euclid with the broad VIS band
   -- galaxies have color gradients  further biases

     
     

CSST can provide enough number of high 
S/N >50 narrower bands data for Euclid 
calibration

CSST



• Summary
     
   WL peak steepness statistics hold great potential – constrain halo density profile
          -- baryonic physics / dark matter properties
 

        
              

Systematic errors

Statistic errors Systematic errors

Statistic errors
Systematic errors Statistic errors

Throw out data

Better analysis methods and modeling

  WL peak height + steepness statistics 
        constrain cosmological and astrophysical information simultaneously 



     
 CSST and Euclid have common science objectives 
   -- Largely overlapped sky coverage and similarly high spatial resolutions 
   -- Complementary filters
   -- Utilizing the data from the two surveys
        * increase photo-z accuracy 
            reduce the outlier fraction by about 
            a factor of 3 comparing to CSST-only case
        * advantageous over combining with ground-based data
             blending is much less significant 
             data can be combined uniformly over the whole survey areas
        * control color effects on shear measurements for Euclid

        
             

 

Thank you 
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