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WHY PECULIAR VELOCITIES?

• Is the problem of the LG’s 
motion solved?	

• At the 75% level



WHY PECULIAR VELOCITIES?

• Measure growth factor f and σ8 (also 
test gravity): infall	

• Measure the matter power spectrum on 
very large (~Gpc) scales in the low z 
Universe : bulk flow



PREDICTING PECULIAR 
VELOCITIES FROM THE 

DENSITY FIELD
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TESTS ON SIMULATIONS
Scatter around 
linear theory is 
~140 km/s for a 
Gaussian smoothing 
of 4 Mpc/h. 	
!
Slope is unbiased at 
this smoothing	

!
Carrick et al 15, 	

MNRAS,450, 317



Measurable
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2M++

• Combine 2MRS 
(K<11.5), 6dF 
(K<12.5) and SDSS 
(K<12.5)	

• ~70k galaxies	

•  200 Mpc/h in 6dF 
and SDSS areas	

!

Lavaux & Hudson 2011, MNRAS, 416, 2840 



2M++ RECONSTRUCTION

Carrick et al 
15, MNRAS,

450, 317	



2M++ RECONSTRUCTION

VirgoGA

Shapley
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Carrick et al. 
15, MNRAS,

450, 317	



NOW IN 3D!

https://skfb.ly/
Iy7R

http://skfb.ly/Iy7R
https://skfb.ly/Iy7R


2M++ GRAVITY DIPOLE
Excellent 
alignment ~ 10 
degrees. 	

ΛCDM we 
expect ~40 km/s 
per component 
from material 
beyond 20000 
km/s.	

If β* ~ 0.43 for 
this sample, then 
we have 
recovered much 
of LG dipole.	

Carrick et al. 
2015

0.43

0.30



PECULIAR VELOCITY DATA

• SFI++ (Spiral TF Field I-band)	

• Masters et al 2006, Springob et al 2007	

• Cut to exclude faint, low linewidth galaxies (similar to Davis et al)	

• “First Amendment” SNe (245)	

• Compiled by Turnbull et al 2012



Constraints from 2M++ 325
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(1 + zpred) = (1 + zcos(r))(1 + β∗u(r)/c), (15)

where zcos(r) is related to the comoving distance r ≡ H0R through
equation (3), S(m, η, r) is the selection function, u is the radial
predicted velocity scaled to β∗ = 1, σ v is the scatter in the ac-
tual velocity compared to the linear theory prediction, and where
µ(r) ≡ 5 log r is the distance modulus. We take σv = 150 km s−1

based on the tests discussed in Appendix A. We can then com-
pute the product of the conditional probability P(η|m, cz) over all
galaxies and minimize the quantity

LIV = −2
∑

i

ln P (ηi |mi, czi) (16)

for the parameters β∗, ainv, binv, and the three components of V ext.

4.2.2 Forward likelihood

We use a maximum likelihood method first described in Pike &
Hudson (2005) which was developed to compare peculiar velocities
obtained through SNe surveys while accounting for triple-valued re-
gions. In addition to constraining β∗ and the three components of
V ext this method can be used to constrain h̃, a nuisance parame-
ter which permits a rescaling of published distances. The forward
likelihood method maximizes the probability of a galaxy having its
observed redshift
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∫ ∞
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where

P (cz|r) = 1√
2πσ 2

v

exp
(−[cz − czpred]2

2σ 2
v

)
, (18)

(1 + zpred) = (1 + zcos(r, h̃))(1 + β∗u(r)/c), (19)
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d is the distance as determined by the peculiar velocity survey, and
where σ d is the uncertainty is the measured distance. The product
of P(cz) for all objects is then computed, from which the quantity
LFL = −2

∑
i ln P (czi) is minimized.

4.2.3 χ2 minimization

In addition to the comparison method discussed above, we also
perform a simple χ2 minimization procedure to determine the best
value of β∗ and V ext. For this minimization procedure we compare
the observed redshift of the object with the sum of its measured
distance and predicted peculiar velocity at that distance, i.e.

χ2(β∗) =
∑

i

(czi − czpred)2

σ 2
di

+ σ 2
v

, (22)

Table 1. Summary of best-fitting values of β∗ using dif-
ferent weighting schemes, methods of analysis and pecu-
liar velocity data sets. Results obtained using luminosity
weighting are indicated by (LW), whereas those obtained
using number weighting are indicated by (NW). Unless ex-
plicitly indicated, all data sets were used for the method
mentioned with the exception of Inverse VELMOD which
used all individual galaxies from SFI++.

β∗ χ2/(DOF)

Forward likelihood (LW)
A1 0.440 ± 0.023 –
SFI++ Galaxy Groups 0.429 ± 0.022 –
SFI++ Field Galaxies 0.423 ± 0.045 –
All 0.431 ± 0.021 –

Forward likelihood (NW) 0.439 ± 0.020 –

Inverse VELMOD (LW) 0.387 ± 0.048 –

χ2 (LW) 0.444 ± 0.026 2194/2899

χ2 (NW) 0.442 ± 0.028 2200/2899

Table 2. TF relation constants obtained through Inverse
VELMOD analysis of SFI++ galaxies. Results listed are
those obtained using a luminosity-weighting (LW) recon-
struction scheme.

ainv binv

Masters et al. (2006) −20.881 −8.435
This study −20.918 ± 0.012 −8.19 ± 0.06

where zpred is given by equation (19). Note that this expression
does not account for the effects of density inhomogeneities along
the LOS. The recovered value of β∗ is affected by inhomogeneous
Malmquist bias and results from this method are thus expected to
be biased high as a result. Nevertheless, the χ2 statistic is useful to
assess goodness-of-fit and so is included here.

4.3 Results

Key results obtained through velocity–velocity comparison methods
discussed in Section 4.2 are summarized in Table 1. To determine
the value of β∗ at which LFL and χ2 are minimized, a cubic function
was fit to resultant data. Comparison of the TF relation constants
(ainv, binv) obtained to those found by Masters et al. (2006) are shown
in Table 2. The best-fitting value for all parameters, including β∗ and
its errors were obtained from 500 bootstrap samples of both 2M++
and the peculiar velocity data sets. Through bootstrap analysis it
was found that peculiar velocity data sets and 2M++ contributed
essentially equal amounts to overall parameter errors. The value
obtained for the best-fitting residual bulk flow, V ext, is given in
Table 3 along with the bulk flow (50 h−1 Mpc Gaussian-weighted
mean of the velocity field) and the predicted velocity of the LG
arising from 2M++. A comparison of χ2 with and without the
residual bulk flow results in a difference of 34 for the 3 degrees of
freedom, the residual bulk flow model is thus preferred at the 5.1σ

level.
For a qualitative illustration of the agreement of predicted veloc-

ities arising from 2M++ with the published values from SFI++
and A1, we have plotted the projected LOS velocity within a 30◦

cone centred on the Shapley Supercluster and Hydra Superclus-
ter in Fig. 7. These two structures were chosen as they lie in
approximately the same direction as V ext. From this figure, it is

MNRAS 450, 317–332 (2015)
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PREDICTIONS VS. 
OBSERVATIONS

!

• Overall  
patches 
reduced 
Chi^2 ~ 1

2M++ predictions
+Vext

Carrick et al 
15



COSMOLOGICAL 
PARAMETERS

Combined with galaxy clustering measurements, peculiar 
velocities yield:	

f σ8 = 0.401 ± 0.024	

Peculiar velocities are consistent with other cosmological probes 
on small (~20 Mpc/h) scales.
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fσ8 from different probes Carrick et al 
15

Peculiar velocities	
~4000

RSD (~2012)	
800,000 z



.

• The residual bulk flow suggests that 2M++ does not 
account for all of the local motion:	

Vext = 159 ± 23 km/s towards l=304, b=6	
• Is the missing contribution:	

• Beyond 200 Mpc/h?	
LCDM predicts ~40 km/s per component from R>200 Mpc/h	

• In the ZoA	
• Or within the volume spanned by the 2M++ data?	

linear biasing not adequate?



cosmicflows.uwaterloo.ca or cosmicflows.iap.fr

http://cosmicflows.uwaterloo.ca
http://cosmicflows.iap.fr


COSMIC FLOWS 	
SUMMARY

• Only ~3000 peculiar velocities give competitive constraints on f σ8.	

• 2M++ recovers most of the LG motion wrt CMB, but there remains a 
significant “external” contribution.	

Cosmic flows estimated from direct peculiar velocity estimates have 
great potential : need systematic SDSS-like surveys such as TAIPAN, DESI 

…


