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Abstract: In thistalk, | am going to test the concordance cosmology in three different cosmic scales. (1) On the super-horizon scale, &€asCopi etal.
(2009)&€- have been arguing that the lack of large angular correlations of the CMB temperature field provides strong evidence against the standard,
statistically isotropic, LCDM cosmology. | am going to argue that the &osad-hoc&€e discrepancy is due to the sub-optimal estimator of the low-I
multipoles, and a posteriori statistics, which exaggerates the statistical significance. (2) LCDM model also predict the existence of primordial
gravitational wave, for which B-mode polarization will be a powerful tool to distinguish different models of the early Universe; (3) On Galactic
scales, &oaWatkins et al. (2008)&€- shows that the very large bulk flow prefers a very large density fluctuation, which seems to contradict to the
LCDM model. We provide a physical explanation for this big bulk flow, based on the assumption that CMB frame does not coincide with matter
rest frame, resulting in the tilted Universe. We show that the &€'tilted Universed€™ could well explain the bulk flow phenomena and more
importantly, the constraints for this tilted Universe can lead to the constraint on the number of e-folds of inflation; (4) In addition, cosmic Mach
Number from peculiar velocity catalog may provide a powerful test of the growth of the structure.
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Is the Universe statistical isotropy?

Does the Universe lack large
angular correlations?
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Arguments of lack of large angular correlations
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Copi et al. 2009

(a) WMAP 5-vear ILC map
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CHHSO08

Data Sy /2 P(Sy,2) 6Cy /27 1203/27 200, /27 30Cs /2%
Source ';r}\"II {per cent) l,fl\'; ';r|\F‘: ‘;r|\": \;r|\""
V3 (kpo, DQ) 1288 0.04 7 110 762 1254
W3 (kp0, DQ) 1322 0.04 68 150 77l 1302
ILC3 (kpO, DQ) 1026 0.017 128 112 762 1130
[LC3 (kpO), Cf 60°)y =0 0 =4 304 RTH 1135
ILC3 (full, DQ) 8413 1.9 239 1051 756 1588
V5 (KQT75) 1346 0.042 60 339 745 12458
W5 (KQ75) 1330 0.038 17 379 752 1287
V5 (KQT5, DQ) 1304 0.037 7 340 746 1249
W5 (KQT75, DQ) 1284 0.034 50 379 753 1289
ILCS (KQT5) 1146 0.025 =1 320 769 1156
ILC5 (KQT75, DQ) 1152 0.025 95 320 768 1158
ILCS (full, DQ) 8583 5.1 253 1052 730 15900
WNMAPS3 pseudo-C7y 2003 0.18 120 602 701 1346
WNMAP3 MLE 8334 1.2 211 1041 731 1521
['heoryd 52857 13 1250 1143 1051 981
WNMAPS 8833 1.6 213 1039 674 1527
[heoryh 19096 11 1207 1114 1031 963

['hus the full-skyv results seem inconsistent with cut-

COpI et al. 2009 skyv results and they appear inconsistent in a manner that

. y ) ]
Illlibhl'.‘ Il‘l.l1 most of ;‘J“ ATQE-0aTLgLe correlations in recon-

t

structed sk Yy maps are imside the ,"r.’h‘ 'f the sky that 1s con-

taminated by the Galaxy
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The reason of the low probability value:

Direct Pixel Estimator of Angular
Correlation Function on a cut sky

+ a posteriori choice of the S;,, statistic.

G. Efstathiou, YZM and D. Hanson, MNRAS 407(2010)2530
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QML power spectrum
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The Quadratic Maximum Likelihood estimator effectively performs
the reconstruction for a/; , but uses the assumption of statistical
isotropy to downweight ‘ambiguous’ modes that are poorly
constrained by the sky cut.
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Isocurvature perturbation (not adiabatic) can
provide intrinsic dipole modulation on the sky:

l 5 .
M. Turner z L1— u/c ~ Hy'/L ~ e 8N

1991: c L o

|

Primordial isocurvature ] — H !
fluctuation !

inflation
. L_«—\‘\H”l

AN = N — '\'lll‘lll
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Results for ()
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Compare different estimators

— . Efstathiou 2003.
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QML power spectrum
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The Quadratic Maximum Likelihood estimator effectively performs
the reconstruction for a/; , but uses the assumption of statistical
isotropy to downweight ‘ambiguous’ modes that are poorly
constrained by the sky cut.
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What is the probability of this “SH”
initial occurrence?

Bennett,
WAMP7

Many CMB analysts ask: what is the oddities can I find in the data given
the LCDM model.

However, most sensible question is: given this data, what is the
probability of the LCDM model?
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local ISW corrected FranCiS and PeaCOCk
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1. Argue thatthere is a physical alignment of local structure with
potential fluctuation at LSS that conspires to remove large scale
correlations outside the Galactic mask. (implausible)

2. A posteriori statistics

G. Efstathiou, YZM and D. Hanson, MNRAS 407(2010)2530
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Efstathiou et al. (2009) corrected the full-skv WMAP
[LC map for the estimated Integrated Sachs-Wolfe
(ISW) signal from redshift = < 0.3 as estimated byv
Francis & Peacock (2009). The result was a substantial
increase in the Sy,5. Yet there is no large-scale cosmo-
logical significance to the orientation of the sky cut or
the orientation of the local distribution of matter with
respect to us. thus the result from Spergel et al. and
Copi et al. must be a coincidence.

C Bennett et al. 2010 (WMAP7)
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Early Universe perturbations Cosmological observations
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- ()
nd reheating

Vi = 1.06 x 101°GeV ('—)_‘
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Braneworlds...
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Models and current data:
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YZM, W. Zhao and M. L. Brown, JCAP 10(2010)007
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Summary of constraints:

[ BICEP+QUaD, BB Only: r=0.027)5% (16 CL)
SFI model:
WMAP7+BAO+HO: ro< 0.24 (20)

BICEP+QUaD, BB Only: Gu < 8.01 x 1077 (26 CL)

Cosmic String:

WMAP5+ACBAR+BOOMERGANG (7, - 99 . 107 (20)
+CBI+QUaD+BIMA+SDSS+BBN:

T

Battye and Moss, 1005.0479

Future data will improve the constraints.

YZM, W. Zhao and M. L. Brown, JCAP 10(2010)007
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Results: Forecast for future experiments
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Results: Forecast for future experiments

Planck o= l.t)(\\'igg)
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YZM, W. Zhao and M. L. Brown, JCAP 10(2010)007
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Linear perturbation theory in LCDM

0 +1kv = 0. (Quasi-static limit)

td [ ¢ ~ 1d(k,n) dD
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_a le
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I .
P,(k) = 7z (o, Q) Plk)

Do cosmology:
1.13

P(k) = c3Ck(1+ [6.4(k/T) + 3(k/T)" A él.TAj,f-"Ta"):l“);

EBW fitting formulae

- \ .27

- Uncertainty.
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Alternatively

Cosmic Mach M(R. ) — . '
2=\ R )

Number:
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Poo(k.z) = f*(k. 2
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I
P,(k) = — f*(Qmo. Q) P(k)

e

Do cosmology:
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Alternatively

Cosmic Mach M(R. ») — . ,
( ) (0?%(R, z))
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@ ‘ !9 : Bulk Motion
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Calculate CMN from peculiar velocity catalog:

M = |u|/o.

line-of-sight velocity 5,
measurement error o,
redshitt z

(Galactic longitude latitude (7, b)
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The uncertainty in (S,, — 7, ;u;) :

N
l ‘H'n o

L(u, M) H _)(‘X1>< 3( .
| Z )

N

f(T—
' (

Il esp (—

f(T*' | /M- 2

l

L(M) ~ //,(ll.,\/)r/:"(f

Pirsa: 12010134 Page 42/64



Pirsa: 12010134

Cosmic Mach Number M(r)

h

WMAP7 ACDM
Neutrino, ) ,m,=0.6eV

Current Data, 3o
0&S 1990 Data, 3¢
10 15 20 30 50 70
r [Mpc/h]

YZM, J. P. Ostriker and G. Zhao, 1106.3327
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Alternative theory of Gravity, e.q.
f(R) model

Geg = pla. k)G

J. _+_ 31/\1-) A'E(Ih
1 + /\f k?a®

ula. k) =

2112 \2

Zhao et al., PRD -31 — 4/3 s ~ 4 By =
2009

C*

Massive neutrino can also produce
scale-dependent growth
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s ----f(R), B,=10" (b)
|_(): T Zm=0.6¢eV -
05/ ——ACDM .-

S 0o - | a dD,
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6dF: Jones et al., 2009 MNRAS. 399, 683]

M(r)

0.5| HR), B
I _:.-”"":“ 6 eV
2 | * 6dF Forecast N
()“.1[ ettt :. " -‘. ) 1. R SR ..'.*:‘
10 15 20 30 50 70 100 150

r [Mpc/h]
Cosmic Mach Number can be a sensitive test of structure
growth
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Another puzzle: very large bulk flow
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Another puzzle: very large bulk flow
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2 '\Q - Bulk Motion

U

. =y

P, Velocity dispersion (F
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Very Large bulk flow:

P,(k) = = (0. 20) P(k)

Watkins et al.2009:

WMAP 7-year best-fit:

0.801 + 0.030

V=407 + 81 km s~
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This scenario depends on the assumption: CMB dipole is due to
our local motion w.r.s. to the CMB rest frame:

Hor +1-[v(r) — v(0)]

CMB dipole

However, it is possible that there is a large scale inhomogeneity
across the sky, i.e an intrinsic dipole:

CMB dipole= intrinsic fluctuation+ kinetic dipole
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If part of the CMB dipole is due to intrinsic
fluctuations on the LSS surface, when you subtract
our local motion, you actually subtract out the
intrinsic dipole as well, in this case:

CMB defined rest frame #matter rest frame
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Tilted Universe
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Tilted Universe
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“"Compensate” the intrinsic dipole as a “tilted velocity” u

Observed line of sight

velocity in matter rest pn() = 5, =T, ;U

frame:
Covariance matrix: Gum = (UpUm) +0pm(or +07)
E(r.r’) =sinfOsin0'¢ (Ar, 2,2 )4cosOcos 0§ (Ar, 2, 2)
. " | |
L'kellhood: !,'H.w'_l T*'l( ?'."_'”If.-l: II ..".‘_Ill'.)
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Physical meaning:

Isocurvature perturbation (not adiabatic) can
provide intrinsic dipole modulation on the sky:

l 5 .
M. Turner Z L_ w/c ~ HT'/L L= AN
1991: c L rf
. . inflation
Primordial isocurvature / B! L= AN H” 1

fluctuation
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>

Catalogues |depth (Mpe/h)|eo. ||'|“|\'III S| ||""|{ill \i [ (degrees) | b (degrees) AN (20

ENEAR 29 2.757 0 50 0+223  og7 15+68 93] _3 goHITSIT AN > 7
SN 32 1.79% 040 15270100 [284.00722 0| —0.98F 1806 < AN < 9

SFI4++¢ 34 510102 1 3.057180 280.60F33 %4 102528 1 AN > 6

SFI++ 34 6.5703; | 2261157 |276.8113007]115.7515702| AN >6
SMAC G5 ().0+170 5.861230 [263.8117500] 1.09F1803 |6 < AN <8
COMPOSITE 33 1.8310 15 | 3.44%127 [285.12+30-70] 9.08F1202 |6 < AN < 8

Our data implies that inflation lasts not very longer than 60 e-folds

YZM, C. Gordon and H. Feldman, Phys. Rev. D 83 (2011) 103002
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Summary:
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Summary:

¢ Apparent lack of large angular correlation:
cut-sky pixel-estimator+ a posteriori statistic

¢ Current B-mode polarization has been and
will be an important test of early Universe.

Page 63/64



® Peculiar velocity of galaxies can provide much
information on structure growth, therefore a powerful
tool to distinguish modify gravity and non-zero neutrinos.

* Tilted Universe is potentially an interesting scheme to
explain the anomaly of very large bulk low.
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