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st FECULIAR VELCOIREIE

g ltie Dest Way to measure the matter power
spectrum on very large (~Gpc) scales in the low z
Universe : bulk flows

* Measure deviations from GR+A e.g. through growth
factor f, and by comparison with lensing, “slip™ etc:
infall



BULK FLOWS

* Bulk flow = Weighted mean velocity V of a set of sparse,
noisy peculiar velocity data

* Watkins, Feldman, MH 2009 designed weights to minimize
aliased small-scale power, and applied this method to peculiar
i sel compllation COMPOSITE
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L ARGE-SCALE POWER!
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‘If your experiment needs statistics, you ought to have done a
DEiiiEr & EElnEt

E. Rutherford



SNE

e icuilinen: B Carnegie SNe = First Araendrnens
sample :

@i o\ e within 200 Mpc/h
» V= 250%/5 km/s for a Rg=50 Mpc/h.
* Similar direction but lower amplitude compared to previous

* By itself, this is consistent with ACDM

BRI et al. | 2, MNRAS, 420,447, | 1 1065



COMPOSITE+SNE BULK FLOW

* The MV-weighted V of Composite and Al SNe are
consistent with each other.

* [aking both samples together the BF i1s V=340 + ~40 km/s
towards [=293, b=6

* This combined BF is still slightly inconsistent with LCDM at
IER VS c (L) @) level (vs. 97 7% Tor Compesiici
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SNE V5. PSCZ

F |

_f(Qm)HO/Rmam 3../ / (r,_r) :
Vi) — e drcsg(r)lr,_ﬂ3 - U

We find

=0.53 +£0.08

EEEEEElE = [ 50445 km/s, towards I=345+20 b= 8F15

R et al. ' | 2, MNRAS, 420,447, |11 1065



COSMOLOGICAR
PARAMETERS

Combined with galaxy clustering measurements, peculiar
velocities yield:

f og = 0.40+- 0.07
Wenip-ie i VVIMARPY = BAO + SN 0.59 =005

Peculiar velocities are consistent with other cosmological probes
on small (~20 Mpc/h) scales.

Hiamecll ME, et altl 2, MINRAS, 420 447 S REos



GROWTH OF STRUCTUR

» Using only peculiar velocities at different z, it is possible to break
degeneracies between f and O3

* At higher redshift we need to add redshift space distortions
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KINETIC SUNYAEV-ZELDOVICH
FROM GALAXIES

| avaux, Afshordi & MH ‘I 3, MNRAS, 430, |61/

* kSZ measures momentum of electrons; most electrons are expected
to be In galaxy halos and intergalactic space.

* Use nearby galaxy distribution as a template for large-scale free
electron density field; model velocity as bulk flow.

BEincmiplate to VWMAP primordial CMB is noise

« V = 533 +- 263 km/s, in the direction | ~ 324 °,b ~ =7 ° similar in
amplitude and direction to previous measurements on this scale



NESIDUAL BULCRFE@

* The residual bulk flow suggests that PSCz does not account
for all of the local motions

* |s the missing contribution:
+ Beyond 200 Mpc/h?
Rl ie Zo/A

* Or within the volume spanned by the PSCz data!?



et

L avaux & Hudson 201 |, MNRAS, 416, 2840

SM@emeine 2MRS (K< [.5), 6dF (K<I|2.5) and SDSS IS A
* ~/0k galaxies

« Reach 200 Mpc/h in 6dF and SDSS areas
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Magnitude of LG's Predicted Velocity (km/s)

B+ GRAVITY

DIPO

Magnitude of Local Group's Predicted Velocity With Volume
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In ACDM we
Expea ORI S
per component
from material
beyond 20000
km/s.

If B ~ 0.4 for this
sample, then we
have ~recovered

LG dipole.

Carrick et al.
2013, in prep



FUTUR

* Deeper all-sky redshift surveys (6dF + WALLABY+
Qi IRV INSHS + ¢ .. ) will help to identiyasolike=

e New peculiar velocity data from FP (6dF+TAIPAN),
ENERFE(VWALLABY) and RPlanck KSZ

* Better treatments of "biasing’ (halo model)

* Better non-linear treatment of predicted peculiar
i edliles (e.g Least Action, MAK)



SUMMARY

Bulk flow on large scales still in slight tension with LCDM

On smaller scales, only ~6000 peculiar velocities give strong constraints on
f(z)O3s(z), consistent with WMAP+

kSZ around galaxies is a promising new probe ... Planck analysis underway.
2M++ may be recovering the full LG motion wrt CMB

Cosmic flows estimated from direct peculiar velocity estimates have
great potential : need systematic SDSS-like surveys!



