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Gravity vs Dark Energy

Peculiar velocities

What is fσ8? Peculiar 
velocity

on the line of 
sight

Credits : IllustrisTNG 

v > 0



The Hubble diagram : without peculiar velocities



V > 0
Away from us

V < 0 
Toward usPeculiar velocity:

Effect of v ~ 300 km / s  

Δz ~ 0.001 (v / c)

Δμ ~ 0.004 mag

Δz and Δμ  variations have 
the same sign as v

The Hubble diagram : with peculiar velocities



● ZTF Cadence

● Real skynoise

● ZTF zero-point
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● Cosmological model

● SN spectra model and 
parameters (ex: SALT2 with x1 
and c)

● Absolute magnitude M0

● SN Rate

Our simulation pipeline

https://github.com/bcarreres/snsim
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RA, Dec and z coordinates with velocity 
field
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Personal simulation code similar to 
simsurvey

Used to compare with DR2
Cross-checked with simsurvey 
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https://github.com/bcarreres/snsim
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Apply cuts to reproduce survey 
selection :

● Detection efficiency

● Typing efficiency

Our simulation pipeline
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Watkins estimator :

Hubble residuals

https://github.com/bcarreres/snsim
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The Maximum Likelihood 
method

Howlett et al. 2017
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fσ8 measurement : bias effect 



fσ8 measurement : bias effect 
Difference between fσ8 from true velocities and fσ8 from estimated 

velocities

No bias for z < 0.08

Bias at z = 0.14～60 % 

Effect of selection bias is 
clear after z～0.08



fσ8 measurement : forecast for z < 0.06

With sample at z < 0.06 no 
bias and relative error of ~ 

20 %

fσ8 measurement comparison with actual data and future survey 

eBOSS

Euclid

ZTF (our 
simulation)

DESI
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