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Plan

• Introduction to halo modelling


• Beyond-linear halo bias correction


• Offsets in cosmological parameters from neglecting beyond-linear halo bias


• Comparison to alternative approach



Galaxy clustering

2dF Galaxy Redshift Survey



Galaxy-galaxy lensing

RUB



Matter distribution

Galaxies Dark Matter



Halo Model

van den Bosch



 Halo model contributions

Central

Satellite




Halo model power spectra



Halo model power spectra

Halo Profile

Halo Mass Function

Halo Bias



Beyond-linear halo bias βNL

Mead and Verde 2021



Beyond-linear halo bias βNL

Mead and Verde 2021

DarkEmulator



DarkEmulator
https://darkquestcosmology.github.io/

Nishimichi et al. 2019



The Kilo-Degree Survey: KiDS-1000



Cosmology Dependence σ8  



Cosmology Dependence Ωm



KiDS galaxy-galaxy lensing and clustering
Data vector/Model
NL/Linear
NL/Linear+free 2h
NL+SMF/Linear

0.
24

0.
28

0.
32

0.
36

≠m

0.
75

0.
78

0.
81

0.
84

0.
87

S
8

0.
75

0.
78

0.
81

0.
84

0.
87

S8



Stellar Mass Function
Data vector/Model

Linear+SMF/Linear

NL+SMF/Linear
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HSC Y1 results with DarkEmulator+HOD

Miyatake et al. 2021



Comparison to DarkEmulator+HOD



DarkEmulator+HOD Mock Analysis
Data vector/Model
DarkEmu/Zheng+Linear
DarkEmu/Zheng+NL
DarkEmu/Cacciato+NL
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DarkEmulator+HOD Results

Miyatake et al. 2020



Summary

• Beyond-linear halo bias must be included in future galaxy clustering and 
galaxy-galaxy lensing analyses


• Not possible to mitigate its impact with conservative scale cuts


• Direction of offsets depends on the freedom afforded to the halo model 
through other nuisance parameters


• Adding a simulation calibrated βNL, instead of emulating the observables 
directly, retains the flexibility of the halo model



Bonus: Beyond-linear halo bias INL


