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Conclusion



Does the Universe lack large
angular correlations?
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Arguments of lack of large angular correlations
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{a) WMAP 5-year ILC map
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Data ‘Sl;"ﬂ Pl::.gl /2 ::l ﬂﬂz ;“.2?1' 121::3 l,.'".ET-T Z'D'{ll _,."'IEZT 3&35 ;“.2?1'
Source (WK)*  (per cent) (uK)? (uK)? (k)2 (K )2
V3 (kpD, DQ) 1288 0.04 T 410 T62 1254
W3 (kpO, DQ) 1322 0.04 68 450 771 1302
ILC3 (kpO, DQ) 1026 0.017 128 442 T62 1150
ILC3 (kpD), C(=60°) =0 0 — 84 394 875 1135
ILC3 (full, DQ) 8413 4.9 239 1051 T56 1588
V5 (KQT5) 1346 0.042 60 339 T45 1248
W5 (KQT5) 1330 0.038 A7 379 752 1287
VE (KQT75, DQ) 1304 0.037 T 340 T46 1249
W5 (KQT75, DQ) 1284 0.034 50 370 753 1289
ILCS5 (KQT5) 1146 0.025 81 320 T6O 1156
ILCS5 (KQ75, DQ) 1152 0.025 95 320 TGS 1158
ILCS (full, DQ) 8583 5.1 253 1052 T30 1590
WMAPS pseudo-Cy 2093 0.18 120 602 701 1346
WMAP3 MLE Cy 8334 4.2 211 1041 731 1521
Theory3 Cy 52857 43 1250 1143 1051 981
WMAPS O 8833 4.6 213 1039 674 1527
Theoryb Cy 49096 41 1207 1114 1031 968

Thus the full-sky results seem Inconsistent with cut-
sky results and they appear inconsistent in a manner that
implies that most of the large-angle correlations in recon-
structed sky maps are inside the part of the sky that is con-
taminated by the Galazy.



The reason of the low p value:
cut-sky estimator of ACF on a cut sky

+ a posteriori choices of the form of the S,
statistic.



QML power spectrum
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The QML 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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(a) WMAP 5-year ILC map (¢) whole-sky map smoothed to ,,,4, = 15
(e) KQ75 mask (f) KQ85 mask
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(g) Scales (Unit: mK)



(¢) Smoothed map l;;q = 15 masked by KQ75 (d) Smoothed mav .~ = 15 masked bv KO85



(c) Reconstruction map t0 lynar = 15 (KQ75 mask) (d) Reconstruction map to lynar = 15 (KQS85 mask)



Results for C(8)
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What Is a posteriori statistic?
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local ISW corrected Francis and Peacock
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1. Argue that there 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



Testing the early Universe
models from CMB B-mode
polarization

It Is possible to distinguish the schemes
of fundamental microscopic physics from
CMB B-mode polarization



1. Single field inflation model from
effect field theory

ds* = —c2dt® + a®(t)(8;5 + hyj)da' da?
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Lyth bound:
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Consistency relation:
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2. A possible model of Loop Quantum
cosmology from LQG
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Mielczarek et. al, PRD 81:104049,2010

Grain and Barrau, PRL 102:081301,2009



Pr(k)

Mielczarek et. al, PRD 81:104049,2010
Grain and Barrau, PRL 102:081301,2009

P AN, [ m \? 1 m 4 x (87)032 x (-;rlr?../l\--'ll:,l)_O'E'““l — 2
‘T 1+ (k. /k)2 1+ (k/k,)?

1077

10‘9? q ;\

=

1071

11+ 1)CPB/2m [uK? |

-5
107 1 10 m=10"%,=0.002 (LQG)
i ——— m=10"%k=0.02 (LQG)
. m=10"% %,=0.002 (LQG) | —10~" £ =0.002 (LOG
107 m=10" £,=0.02 (LQG) 3 107} e e Qo)
F m=10"7 %,=0.002 (LQG) r=0.1 (SFD)
_ £=0.1 (SFT) ———  =0.01 (SFI)
107" : =0.03 (SFI) 3 9 ———  Lensing Effect
N A 1=0.01 (SFI) 10 e R B S R
IV Z— 10,001 (SFT) 5 10 50 100 500 1000
100 1073 0.001 0.1 10 1000 Multipole Moments |

k[h/Mpc]

Generically, Loop model has a characteristic tilt



3. Cosmic string from Brane-Inflation

) & CMBACT:

http://www.sfu.ca/levon/cmbact.html.



Models and current data:
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Future experiments: Instrumental noises
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Constraining Single field slow-roll inflation model
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Loop Quantum Gravity:
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Cosmic string from Brane Inflation:
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Summary of constraints:

BICEP+QUaD, BB Only: r=0.027935% (1o CL)
SFI model

WMAP7+BAO~+HO: r < 0.24 (20)

LQG model, BICEP+QUaD BB Only:

m < 1.36 x l[}_gl\ipl ky < 2.43 x 107*Mpc~! (1o CL)

BICEP+QUaD, BB Only: Gup < 801 x 1077 (26 CL)
Cosmic String:

WMAP5+ACBAR+BOOMERGANG Gu < 22x1077 (20)

+CBl+QUaD+BIMA+SDSS+BBN:

Battye and Moss, 1005.0479

Future data will be powerful to constrain these three models and may even
distinguish them.



Constraining the tilted Universe
from peculiar velocity field



There are several assumptions In
the analysis of very large bulk flow:

CMB frame Is the same as cosmic rest frame
Small scale velocity dispersion o« = 150.0 km/s
Window function is on scale: 50 Mpc/h

but each catalogue has its characteristic scale

Directly combine catalogues, which may
Induce systematics



Testing the first and second assumptions:
tilted Universe

Testing the other assumptions: future
work



If there Is a relative motion between CMB
frame and cosmic rest frame:

Observed line of sight

velocity in cosmic rest pp(a) = 85, — Tty
frame:
Covariance matrix: Goam = (UnUm) + Onm n:j.::r'ﬁ + o?)

Likelihood of tilted . |

velocity and small scale L(u,o,) = ——7 1 exp (—33:,]uf_11;|1’_}’;{_.31m|;11_‘,.)
. - - | L T rayTe | =

velocity dispersion: ! |
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The angles are
consistent with
Watkins et al.2009



The physical implication of tilted
velocity:

Super-horizon dipole modulation can only be
generated by isocurvature perturbation:

M. Turner -~ 0 T wje ~ HiYJL ~ e=AN
1991: € L o

l _inflation AN 77—1
| =H"! » L =eAVH;

Primordial isocurvature
fluctuation AT . .
AN =N — N min

It therefore provides constraints on the number of e-folds of inflation
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Catalogues |depth (Mpc/h)|o. [100km/s]uw [100km/s]| I (degrees) | b (degrees) | AN (20)
ENEAR 29 2.75%0% 0722 2871510393 | —3.80130 5k AN > 7
SN 32 L79F048 | 4528178 1284.90F22011 0,981 157716 < AN < 9
SFI++c 34 5107038 | 3.051108 [289.690731 510251355 | AN >6
SFI++F 34 6.57102% | 2267122 (276812050 [ 157572202 | AN >6
SMAC 65 0.0 5861040 |263.8177000 ] 10911507 |6 < AN <
COMPOSITE 33 4831015 | 3447130 [285.12F250 ] 9.08T 1552 |6 < AN <

Therefore, inflation has to last modest number of e-folds.




Summary:

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

Current B-mode polarization data has
already reached the constraining level of
all the other data; future data will be more
powerful in constraining early Universe.

Tilted Universe Is a potentially interesting
scheme to explain bulk flow phenomena.



