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Cosmic Microwave Background (CMB)

Black body radiation : [T — 9 795 K’ OQ)) = AT/T ~ 10_5

Angular power spectrum Fluctuations
apm = [ dQ OQ)Y, () = almal, — 6mm’5ll’Cl

6000 FT T L B S R

5000

4000

3000

2000

1000

|

|:|||||||||||||||||||||||||||||
TSN T T N T T T W T O B M

4+ —

600
300

—o—|
(o2}
o

, lh“u $+ hd 0098 18 050000 b000u4bbsbbbat b
T R LU NG

TeTTTRTeYTY +f+

[
(;D o
(=]

http://www.cdsmos.esa.int 228

Planck 2015 2

ADIT
o
ULRARRRARN RRRN RERE

I P I ! =
500 1000 1500 2000 2500




Introduction

INTRODUCTION

Oscillations at ell ~120
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R.Nagata an_d J.Yokoyama (2008, 2009) -)é ~ 1 20 in WMAP5 data
. using the cosmic inversion and the maximume-likelihood method

K Kumazaki et al (2013) > features exist in every direction 3'30
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K.Ichiki, R.Nagata, J.Yokoyama

Oscillations at ell ~120 PRD81,083010(2010)
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R.Nagata and J.Yokoyama (2008, 2009) -)é ~ 1 20 in WMAPS data
. using the cosmic inversion and the maximum-likelihood method

K Kumazaki et al (2013) > features exist in every direction 3'30
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Planck 2015 unbinned data &

Oscillations at ell ~120 Predlctlon from WMAP5 Ich|k| et aI (2010)
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R.Nagata and J.Yokoyama (2008, 2009) -)é ~ 1 20 in WMAPS data
. using the cosmic inversion and the maximume-likelihood method

K Kumazaki et al (2013) > features exist in every direction 328
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Planck 2015 unbinned data &

Oscillations at ell ~120 Predlctlon from WMAP5 Ich|k| et aI (2010)
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- Effects on the estimation of the cosmological parameters
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Notation : angular power spectrum

2 dk Orlgln
Cl:_/k,l Ilen())J

Inltlal power Transfer function

Parameterization

AN T A~292%107°
Ak)=A (—) - standard — n. ~ 0.96
o ko = 0.05Mpc™"




METHOD
Notation : angular power spectrum
2 dk Orlgln
Cr == | —Ak) [Ti(k,m0)]
7 k

Inltlal power Transfer function
Parameterization : Ichiki et al (2010)

AN T A~292x%x107°
Ak)=A (—) - standard — 7. ~ 0.96
o ko = 0.05Mpc™"

5 (E)" e (I o ()

Oscillation term = B : Amplitude / £ =~ k*dang : Position / K : Width [Mpc™]

dang : Angular diameter distance at the last scattering epoch
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Markov-Chain Monte-Carlo analysis

Cosmological parameters Oscillation parameters

Params : [range] (WMAP best fit)
] Ichiki et al (2010
A N 10"B : [0,150] (=~ 55(.7))
Qch2 Qbh2 + 10%%: [1,30] (=~ 3.58)
T @MC etc... k*dang . 100, 140] (2 1245)

== Planck 2015 (unbinned) data : TT, TT + TE + EE

COSMOMC

Best fit, Posterior distributions, Likelihoods, Ay

Check the existence of the features and
effects on the parameter estimation
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RESULT & DISCUSSION

Chi square and best fit parameters

Model || Standard | with osc || Standard | with osc
data TT TT TTTEEE | TTTEEE
Y2 8431.9 8418.2 24190.9 24174.8
Ax? - -13.7 - -16.1
101°A4 21.6 21.6 21.2 21.3
N 0.969 0.970 0.965 0.967
T 0.0719 0.0707 0.0613 0.0644
H, 68.0 68.0 67.4 67.6
Oy h? 0.0223 0.0223 0.0222 0.0223
Q.h? 0.118 0.118 0.119 0.119
10'°°B - 46.3 - 37.4
10k - 3.09 - 3.14
kudang - 124.0 - 123.5
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RESULT & DISCUSSION

Chi square and best fit parameters

Model || Standard | with osc || Standard | with osc
data TT TT TTTEEE | TTTEEE
X2 8431.9 8418.2 24190.9 24174.8
% _ C-13.7 D> _ C-16.1 >
et ——saa——as—a—  91.2 21.3
Akaike’s information criteria : [ g5 0967

—Ax? > n, x 2 — more desirable model
3.7,16.1 > 6 — oscillations are preferred

Q.h2 0.118 0.118 0.119 T 0.119
1018 3 46.3 _ 37.4
10k - 3.09 - 3.14
krlang _ 124.0 - 123.5
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RESULT & DISCUSSION

Chi square and best fit parameters

Model || Standard | with osc || Standard with osc
data TT TT TTTEEE | TTTEEE
X2 8431.9 8418.2 24190.9 24174.8
Ax° | WMAP < Planck | -16-1
10104 10 ] 21.3
10" B ~ 55.7T — 37.4
Ng 0.967
T A 10.0644
H, ].O K = 358 — 314 I 67.6
0.0223
0.119
101°B _ 46.3 - 37.4
10%k - 3.09 - 3.14
ke dang - 124.0 - 123.5
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Results & discussion
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Comparison with data
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TT : Almost the same

TE : Lowered the amplitude

|

l

EE : Good prediction by WMAP

105 110

T
o

T
standard

WMAPS prediction
PLANCK best fit
Planck Data

WMAPS best fit
PLANCK best fit
WMAPS5 Data

T

e 8

0L+ 1)CIPTE /27 [LK?)

-

i

_20 L L L L L L L
?OO 105 110 115 120 125 130 135 140

105 110 115

1T

115 120 125 130 135 140




Results & discussion

RESULT & DISCUSSION

Likelihoods of the oscillation parameters
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RESULT & DISCUSSION

Chi square and best fit parameters

Model || Standard | with osc || Standard | with osc
data TT TT TTTEEE | TTTEEE
Y2 8431.9 8418.2 24190.9 24174.8
% _ 13.7 _ _16.1
10104 21.6 21.6 21.2 21.3
N 0.969 0.970 0.965 0.967
T 0.0719 0.0707 0.0613 0.0644
H, 68.0 68.0 67.4 67.6
Oy h? 0.0223 0.0223 0.0222 0.0223
Q.h? 0.118 0.118 0.119 0.119
10098 || < 46 < 374>

We should check the distributions of these parameters too.
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RESULT & DISCUSSION

Posterior dlstrlbutlon of cosmologlcal parameters
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Posterior dlstrlbutlon of cosmologlcal parameters
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RESULT & DISCUSSION

Posterior dlstrlbutlon of cosmologlcal parameters
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SUMMARY

Oscillations in Planck data at

—Ax? =16.1 > 3 x 2 & Oscillations are preferred

Polarization data =>» Sharpened likelihoods

Best fit values 10'°B = 37.4, 10"k = 3.14, k.dan, = 123.5
Estimation of the cosmological parameters

1. Best fit values

Oscillations at€ ~ 120 do not affect 0”{2_ Distributions

Cosmological parameters can be determined precisely
using only higher multipoles data.
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2d Posterior distribution of oscillation parameters
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Contrast : Posterior distributions

Lines : 68% and 95% confidence lines



