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Testing ΛCDM with S8 tension

SNOWMASS 2021 Summer study: Abdalla et al. (2022)

Most of large-scale structure (LSS) probes (weak lensing, 
galaxy clustering, galaxy clusters, etc…) prefer smaller S8 
compared to CMB, if we assume ΛCDM is correct.
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Gravitational weak lensing

The shape distortion of background galaxy by the 
gravitational lensing effect by foreground matter 
distribution

In reality, the shear by LSS is small.
→ Statistical analysis is essential.



4

HSC Subaru Strategic Program (SSP) Survey

Credit: The HSC collaboration team

● Wide Layer (~1,100 deg2, grizy, ilim~26) is designed for weak lensing cosmology.
● Overlaps with other major surveys (SDSS/BOSS, ACT, VIKING, GAMA, VVDS, etc…).
● The survey started in 2014 and was completed in 2021.
● In this talk, we will give results from the data taken until April 2019 (416 deg2).
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Credit: T. Nishimichi, 
edited by SS

Tomographic cosmic shear analyses

Rau+2023

Li, SS+2023

A lot of effort:
Blind analysis. Systematics null test. Scale cut choice. 
Comprehensive study in both real (Li+) and Fourier (Dalal+) spaces. 
Modeling choice. Test with mock data. Marginalizing astrophysical 
effects. 23 params model fitting. Modeling PSF residual (Zhang+).



Cosmology from cosmic shear tomography (Real & Fourier)
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Fourier Space (Dalal SS+2023):

Real Space (Li, SS+2023): 4% constraint!

Posterior indicates that the mean redshifts of two highest redshift bins 
are ~0.2 higher than the estimate of photo-z based on color data.

Li, SS+2023Dalal, SS+2023
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Credit: T. Nishimichi, 
edited by SS

3x2pt analysis with HSC x SDSS catalogs

A lot of effort:
Blind analysis. Systematics null test. Scale cut choice. 
Comprehensive study using small (Miyatake+) vs large (SS+) scale 
signal. Test with mock data. 28 params model fitting. Marginalizing 
over galaxy bias uncertainty (connection of galaxy-halo).

More, SS+2023



3x2pt analysis result for flat ΛCDM model
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❏ The independent tomographic cosmic shear 
analyses (Dalal+ 2023, Li+ 2023) also found 
non-zero Δz at high redshift.

❏ After unblinding, we found our result is in 2.5σ 
tension with Planck 2018.

Cosmology from HSC x SDSS 3x2pt without Δz prior

5% constraint!
Tension

Miyatake, SS+2023

https://arxiv.org/abs/2304.00701
https://arxiv.org/abs/2304.00702


Cosmology Papers using HSC Y3 data
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● The three-year shear catalog of the Subaru Hyper Suprime-Cam SSP Survey (Li X., et al. 2022, PASJ, 74, 2)

● A General Framework for Removing Point Spread Function Additive Systematics in Cosmological Weak Lensing Analysis 

(Zhang T. et al. 2022, MNRAS)

● Weak Lensing Tomographic Redshift Distribution Inference for the Hyper Suprime-Cam Subaru Strategic Program three-year 

shape catalogue (Rau, M. et al. 2022, MNRAS)

● Hyper Suprime-Cam Year 3 Results: Cosmology from Cosmic Shear Two-Point Correlation Functions (Li X., et al. 2023, PRD)

● Hyper Suprime-Cam Year 3 Results: Cosmology from Cosmic Shear Power Spectra (Dalal R., et al. 2023, PRD)

● Hyper Suprime-Cam Year 3 Results: Measurements of the Clustering of SDSS-BOSS galaxies, galaxy-galaxy lensing and 

cosmic shear (More S., et al. 2023, PRD)

● Hyper Suprime-Cam Year 3 Results: Cosmology from Galaxy Clustering and Weak Lensing with HSC and SDSS using the 

Minimal Bias Model (Sugiyama S., et al. 2023, PRD)

● Hyper Suprime-Cam Year 3 Results: Cosmology from Galaxy Clustering and Weak Lensing with HSC and SDSS using the 

Emulator Based Halo Model (Miyatake H., et al. 2023, PRD)

●   Optical Cluster Cosmology with SDSS redMaPPer clusters and HSC-Y3 lensing measurements (Sunayama T., et al. 2023, 

arxiv:2309.13025)



Summary

❏ We carried out the cosmology 
analyses using HSC Y3 catalog.

❏ Measured S8 values from HSC Y3 
analyses are smaller than CMB 
prediction by ~2.5σ.

❏ Cosmology analysis indicates that 
photo-z of high-z galaxies might be 
biased.

Ongoing projects

❏ Investigation of baryonic effect on 
cosmic shear (Dalal, Terasawa) 
→ for S8 tension

❏ Shear ratio tests (  Divya) 
→ for photo-z problem

❏ + many
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HSC-Y3 Cosmic 
shear analyses:

Dalal et al. (2023)
Li et al. (2023)

HSC-Y3 3x2 pt 
analyses:

More et al. (2023), 
Miyatake et al. 
(2023)
Sugiyama et al. 
(2023)

SNOWMASS 2021 Summer study:
Abdalla et al. (2022) + HSC results


