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Abstract: Modeling the cosmic velocity field, and especially estimating its lowest order moment, the bulk flow, has been a popular pursuit &
aficionados in the cosmological community for three decades now. Other than estimating the magnitude and direction of the flow, one of th
difficulties has been defining the scale of flow detected. There is a nearly universal agreement as to the direction of the flow, however, there
disagreements regarding the magnitude and scale of the flow. We developed and applied the Minimal Variance (MV) formalism to optimiz
clearly define the scale of a particular analysis, using the width of the survey window function as a proxy for scale. Comparing the MV
window function to any analysis window function gives an unbiased estimate to the survey width (or scale) and thus provides a method to ¢
compare various results. Further, | will introduce a new estimator of the peculiar velocity from redshift and distance estimates. This estimator
in peculiar velocity estimates that are statistically unbiased and have

Gaussian distributed errors. The adoption of the new estimator significantly improves the accuracy and validity of studies of the large-scale f
velocity field and eliminates potential systematic biases, thus helping to bring peculiar velocity analysis into the era of precision cosmology.
discuss the method, compare various recent analyses and show that the disagreements are not as significant as they appear.
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A catalog of peculiar velocities galaxies, labeled by
an index n

Positions 7,

Estimates of the line-of-sight peculiar velocities S,

Uncertainties o,

Assume that observational errors are Gaussian
distributed.
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A catalog of peculiar velocities galaxies, labeled by
an index n

Positions 7,

Estimates of the line-of-sight peculiar velocities S,

Uncertainties o,

Assume that observational errors are Gaussian
distributed.
Model the velocity field as a uniform streaming

motion, or bulk flow (BF), denoted by U,, about which
are random motions drawn from a Gaussian

distribution with a 1-D velocity dispersion O
£
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Statistics of S, are biased by the existence of nonlinear
flows on small scales.
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The measured line-of-sight peculiar velocity of galaxy n

Sn n ’f’n,?lvi(rn) e
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The measured line-of-sight peculiar velocity of galaxy n

Sn = ff’n,?ﬁvi(rn) _'_

A Gaussian with zero mean

and variance U;'ZL + gf

Hume A. Feldman ScCale Dependenf Cosmic Flows Cosmic Flows (and Other Novelties on Large Scales - Perimeter Institute 10 August, 2015

Pirsa: 15080006 Page 10/87




The measured line-of-sight peculiar velocity of galaxy n

Sn ps rf'n,?lvi(rn) _'_

A Gaussian with zero mean

and variance (y;zt + gf

The covariance matrix for the set U, formed from S,

Rab S <ua,ub> T Z wa,,’mwb,n<S'm,S'n,>

m,n
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The covariance matrix for the set U,z can be
written as:

Bip L p

ab a b
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the angle-averaged weighted tensor
window function

ik i
U)a,,*n,ujb,*m SR Iy - k I
Z 1A

n,m

X exp (tk - (ry, —

£
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the angle-averaged weighted tensor
window function

2R
E Wa,nWh,m A I'n - k 'm -

m
n,m

The WFS

- depend on the weights and the distribution of
points in the survey
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the angle-averaged weighted tensor
window function

T

2 2k ¢
Wa,b(k) = E Wa,nWh,m 4— I'n - k I'm °

’r 2’ } ?r}d

x exp (ik - (ry, —

The WFS

- depend on the weights and the distribution of
points in the survey

- tell us which scales contribute to the value of the
moments
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Window Function Design

Example 1

Estimate the BF as accurately as possible

The BF Maximum Likelihood Estimates of the weights ( )

5 | X4 I'p

f[{a'TI ,'\ e /\ . ¢ P
Sk t] 2 2

: as il 8

Kaiser (1988)

n
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Window Function Design

Example 1

Estimate the BF as accurately as possible

The BF Maximum Likelihood Estimates of the weights ( )

— A Z b
e orion

Kaiser (1988)

n
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Window Function Design

Example 1

Estimate the BF as accurately as possible

The BF Maximum Likelihood Estimates of the weights ( )

Kaiser (1988)

e s Tn,iTn,j
2w 2 2
Tn e T

T

Weights depend on the spatial distribution and the errors.
Since the distribution and errors are survey dependent,

the WF's are survey dependent and so is the BF.

= We found a BF for a particular survey

-
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Window Function Design

Example 2
Estimate the BF as a function of scale
Consider an ideal survey
* Very large number of points N,

® Tsotropic distribution

® Gaussian falloff () oc expsl:—

r 2

2R

R Depth of the survey

£
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Window Function Design

Example 2
Estimate the BF as a function of scale
Consider an ideal survey
* Very large number of points N,

® Tsotropic distribution

* Gaussian falloff n(r) o< exp | —

r 2

2R

Rg Depth of the survey
The BF moments of this ideal survey are

No

1 Z .
U?Z N 'y nSn
0

==t
-~
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Window Function Design

Find the Minimum Variance (MV) weights for u;

y
{J e -;- '(”j,ﬁu *S'N-

T
that minimize the variance

(s — B )

-
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Window Function Design

Find the Minimum Variance (MV) weights for U;

y
”/ S -;- ‘“-J'/‘,_.‘H ‘S”'

T
that minimize the variance

((ui = U;)?)

Provide survey independent Gaussian BF that can
be compared across surveys
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It all comes down to the weights.
The weights assigned to galaxies determine the
information we get from the survey.

-
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It all comes down to the weights.
The weights assigned to galaxies determine the
information we get from the survey.

* Design window functions to address a specific
measurement.

* Estimate a quantity that

» is survey independent (can be compared across
surveys)

-
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window functlons

Scales:

Surveys probe
different scales

0 005 01 015 020 005 01 015 020 005 0.1 015 0.2
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Peculiar Velocity Surveys
SC (70 TF Clusters
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Peculiar Velocity Surveys
DEEP (294 Galaxies & Clusters
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Peculiar Velocity Surveys

Velocities
Outgoing
Incoming
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Maximum Likelihood Estimates (MLE)

Velocities
Outgoing
Incoming

4 DEEP
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-'..“

Symbol area & weight g e e T = SHALLOW
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