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DM & DE Dominate



Lensing: “Seeing” Dark Matter



Cosmic Shear

Wittman et al. 2000



First detection in 2000

Kaiser et al. 2000



Stage II(2010-2015): 
- CFHTLenS 

- CS82 

- CODEX 

~100 sq. deg

Stage III(2015-2020): 
-KiDS 

-HSC 

-DES 

-DECaLS 
~1000 sq. deg

Stage IV(2020-): 
- Euclid 

- LSST 
- CSS-OS 

~>10000 sq. deg

DECaLS

Weak lensing surveys

CFHT



Observation => theory
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2pt shear correlation function

Kilbinger et al. 2013



Cosmological constraints

• Measure amount of 
clustered matter 

• S8=σ8(Ωm/0.3)0.5 

• Dark energy with 
future surveys

Kilbinger et al. 2013





• 454 deg2 (observations up to July 2015)

KiDS-450
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• Shape measurement systematics: 
   - PSF residuals 
   - Multiplicative and additive biases 
   - B modes

• Theoretical systematics: 
   - Intrinsic alignments 
   - Baryon feedback 
   - Covariance estimate

Systematic errors

• Photo-z systematics:  
   - Inhomogeneous multi-band data 
   - Calibration sample and technique

Bridle et al. 2009
Hildebrandt et al. 2012

Troxel & Ishak 2012

Semboloni et al. 2011



13Hildebrandt et al. 2017

Redshift distributions
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Data vector

Hildebrandt et al. 2017



• S8 constraint very similar to CFHTLenS, pre-Planck CMB 
• Tension with Planck — 2.3σ in S8

S8 = σ8 (Ωm /0.3) = 0.745 ± 0.039

Result

Hildebrandt et al. 2017



Hildebrandt et al. 2017

2.3𝜎 Tension to Planck CMB Cosmology

New Physics or Systematics???



17

WL peak

S8 = σ8 (Ωm /0.3) = 0.746+0.046
−0.107

• S8 constraint very similar to KiDS cosmic shear, pre-Planck 
CMB 

• Tension with Planck — 2σ in S8
Shan et al. 2018



2𝜎 Tension to Planck CMB Cosmology

Shan et al. 2018



Extended cosmologies
• Massive neutrinos 

• Non-zero curvature 

• Evolving dark energy 

• Modified gravity 

• Running spectral index

Joudaki et al. 2017



Evolving dark energy

• Resolves tension between KiDS and Planck 
• Only extensions that is moderately favored by the data 
• 3σ deviation from a cosmological constant 
• Resolves H0 tension between Riess+16 and Planck

Joudaki et al. 2017



Combined probes

• Cosmic shear 

• Galaxy-galaxy lensing 

• Galaxy clustering

• WL peak statistics



KiDS+GAMA

van Uitert et al. 2017

KiDS+2dFLenS/BOSS

Joudaki et al. 2017

Martinet et al. 2018Cosmic shear+WL Peak

~26% ~20% 

~20% 

DECaLS



S8 results by DES-Y1 and HSC-Y1

(Hikage et al. 2018)

Hikage et al. 2018



VIKING@VISTA

• Same footprint as KiDS 

• Already finished (1350 deg2) 

• ZYJHKs images 

• 5σ depths of 21.2 (Ks) to 23.1 (Z)



KV450

Hildebrandt et al. 2019



• 1006 deg2 of imaging 
• 773 deg2 effective area after masking 
• 9-band photometry with BPZ photo-zs

KiDS-1000
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• Cosmic shear measurement S8 with CMB-like precision 

• Tension between Planck and some cosmic shear 
measurements. Systematics? New physics? 

• Very exciting times: KiDS+VIKING/DES/HSC 

• Prepare with current survey for CSS-OS/Euclid/LSST

Summary & Outlook


