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What are peculiar velocities? 

•  Peculiar velocity: the velocity of a galaxy separate 
from the Hubble flow 

•  Due to gravitational interaction with nearby 
galaxies / overdensities 
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Millennium Simulation (Springel et al 2005) 
Dark matter cosmological N-body simulation 



•  Provide map of underlying matter field 

•  Density field related to velocity field via (assuming 
linear approximation): 

  

•  Unbiased (unlike galaxies) 

Peculiar velocities: tracers of matter 



Density field as a cosmology probe 

•  CMB has measured many LCDM parameters to great 
precision 

•  But there are parameters CMB doesn’t provide, e.g. β and 
γ, which depend on bias b of galaxy tracers 

•  σ8 : RMS density fluctuations on scales of 8 Mpc/h (normalisation of 
matter power spectrum) 

•  Ωm : matter density   f=Ωm
γ : growth factor      

•  β=f/b : redshift- space distortion parameter 



Questions in cosmology 

•  Nature of dark matter 
–  Particle nature 
–  Nature & evolution of structure 

•  Nature of dark energy 
–  Expansion history H(z) 
–  Growth of structure  f=Ωm(z)γ 

•  Biasing: relation of baryon to dark matter 
 clustering 

Image: NASA/WMAP Science team 



Cosmic “bulk” flows 

•  Recent indications of ‘bulk flows’ in velocity field 
(Watkins et al. 2009, Kashlinsky et al. 2008) 

•  A “bulk flow” is the average peculiar velocity over 
some volume 

•  It is sensitive to scales larger than those in the 
volume 

 



Bulk Flows 

•  Watkins et al. (2009). Combined several major 
peculiar velocity surveys. 

–  ~ 100 h-1Mpc, 416±78 km/s, l=282±11°, b=6±6° 
–  Allowing for the sparse sampling and assuming a flat 
ΛCDM power spectrum with WMAP5 parameters 
n=0.96, Ωmh2 = 0.13 and σ8 ~0.8 then the cosmic 
r.m.s. velocity is ~ 110 km/s.  

–  Disagree with ΛCDM at 99% confidence level 
–  Sampling errors are not negligible 
–  Heterogeneous catalogues 
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What we need 

•  Deeper, all-sky redshift surveys to identify sources 
(6dFGS, WALLABY SkyMapper) 

•  More complete, all-sky velocity surveys 

•  Homogeneous selection and sampling 

•  Accurate modelling of systematics 

•  Probe deeper into ZOA 

 



Measuring peculiar velocities 

    Vpec= cz – H0D 

 

 

Need known distance indicator 

–  Tully-Fisher: L ∝ v4  (10% error) 
–  Faber-Jackson: L ∝ σ4   (20% error)  
–  Fundamental Plane (20% error) 
–  SN Ia  (10% error) 



Measuring peculiar velocities 

    Vpec= cz – H0D 

 

 

Need known distance indicator 

–  Tully-Fisher: L ∝ v4  (10% error) 
–  Faber-Jackson: L ∝ σ4   (20% error)  
–  Fundamental Plane (20% error) 
–  SN Ia  (10% error) 

redshift Hubble flow 



WALLABY Peculiar Velocities 

•  21cm  

•  500,000 galaxies 

•  z < 0.05 

•  Westerbork Northern HI Sky Survey (with Apertif) 
will provide coverage >+30° in north 

•  SkyMapper+WALLABY Tully-Fisher distances 
–  Dark matter map (cosmography) 
–  Cosmology 
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Tully-Fisher photometry 

•  SkyMapper 

•  PanSTARRS? 

•  WISE 

Image: ANU 



SkyMapper Supernova Survey 

•  Optical widefield automated 
survey telescope at Siding 
Spring Observatory, run by ANU 

•  Supernova Survey (Keller et al 
2007):  

–  1250 deg2 of sky 
–  ~100 SNe per year 
–  5 year surveys 
–  z<0.085 

Image: ANU 



Other present / upcoming peculiar 
velocity surveys 

•  2MASS Tully-Fisher (2MTF) survey 

•  6dFGS 

•  SKA 



Simulating peculiar velocity surveys 
•  To simulate velocities, need an N-body simulation 

 

•  Apply survey selection function (e.g. SkyMapper SN 
Survey) 



•  Apply SN / TF detection criteria 

•  Calculate radial velocities 

 



Testing Systematics 

•  Systematics are a possible cause 
 of the measured bulk flow 

•  Variations across sky can create spurious detections 

•  For SkyMapper we will investigate 
–  Systematic effects across telescope field of view 
–  Effects of extinction, etc 

•  Effects of sparse sampling 

•  Incomplete coverage 



Velocity field statistics 

•  Bulk motions 

•  Velocity correlation ξvv 

•  Comparison with redshift surveys: δ-δ vs. v-v 

•  Velocity bias 

•  Non-Gaussianity 

•  Non-Linearity 

•  Tests of backreaction 



Probing Ωm with peculiar velocities   

•  Abate & Lahav (2008) 
–  Measure covariance matrix of perturbations in SN 

luminosity distance due to peculiar velocities 
–  Luminosity distance: 

 
–  Redshift luminosity distance: 

–  Velocities perturb the redshift luminosity distance: 





•  The covariance of the perturbation in DL is then 
given by: 

•  Where 

•  Is the linear theory radial peculiar velocity 
correlation function 

 

•  Can constrain Ωm through geometry (expansion 
history H(z)), dynamics (growth of structure, D’(z)) 
and matter power spectrum P(k) 
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Abate & Lahav (2008) results 
•  Used 271 Sne Ia with 0.0023<z<1.76 (Jha, Riess & Kirshner 

2007 + Davis et al 2007 data) 

•  D(z) often parametrised as f=Ωm(z)γ 

–  for ΛCDM, γ=0.55 
–  For DGP, γ= 0.6 
–  Abate & Lahav 2008: γ= 0.72 ± 0.21 
–  Future survey with 1000 SNe: δγ=0.04 possible 



Conclusions 
•  Peculiar velocities offer a new and independent 

probe of cosmological parameters 

•  Problem of bulk flows remains unresolved – an 
unknown systematic or challenge to LCDM? 

•  WALLABY will provide ~60,000 Tully-Fisher 
peculiar velocities in southern sky, + WNHSS in 
north 

•  SkyMapper will provide ~ 1000 SN Ia velocities 

•  Combination of the two will give better handle on 
systematics and provide new tests of cosmology 


