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Probing the inflationary universe from low-I CMB data



Successes of Inflation:

[ The Universe is big
(J Homogeneity and isotropy
1 Flatness problem

d Why no magnetic monopole?

1 Nearly scale-invariant, adiabatic and

Gaussian density perturbations.

1 Nearly scale-invariant relic gravitational

waves.

Now

13,700,000,000 YEARS
= b AFTER BIG BANG
Nodm g

FORMA

THE SoL/

8,700,00(
AFTER B

GALAXY EVOLUTION
CONTINUES...

FIRST GALAXIES
1000,000,000 YEARS
AFTER BIG BANG

FIRST STARS

400,000,000 YEARS
AFTER BIG BANG

COSMIC MICROWAVE
BACKGROUND

400,000 YEARS AFTER
BIG BANG

INFLATION

BIG
BANG



S =

H? =

Slow-Roll Inflation

*—

M2 d'oy/=gh + / d'zv/=g B(%)Q - V(qs)]
3]\145 (5(/52 t V<¢)) b+3Hp+V'(¢) =0
EZMTZE(%)Z<<1 H223J\V45

‘H—MQ VN <1 SHé~ V'

reheating




1 There are three kinds of perturbations: scalar, vector and tensor
(gravitational waves) perturbations.

[ At the linear order, these three kinds of perturbations evolve
independently and therefore we can analyze them separately.

[ Since there are no rotational velocity fields during inflation, the
vector perturbations are not excited.
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Discovery of relic gravitational waves (BICEP2)
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Naturalness of inflation?

— ~107% {Z> Asmall dimensionless parameter



Lyth Bound:
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Warped D-brane inflation cy
3

Our Universe

2
Single brane: |Ad¢| = /Thr < ——M
g | ¢| 3T > \/@ D

2
A stack of D-branes (N): |A¢| = +/T5r < \/—NMP
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Monodromy axion inflation in string theory
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Silverstein and Westphal, 2008
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Marchesano, Shiu, Uranga, 2014
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String landscape inflation

A Toy Model
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A The effective potential of inflaton
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Everything is encoded in the data.

How to correctly extract the information from the data?

Global fitting may not be the best strategy.
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O Relic gravitational waves damp
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 On large scales (>1° ) any causal effects
have not had time to operate.

O Low-I CMB power spectra are
dominated by the Sachs-Wolfe effect.

Angular scale
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Likelihood
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Power-law Inflation
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+ Home — Data + Tools P: + Links

LAMBDA - Data Products

+ Overview + Experiments — Space-Based + Ground-Based + Other + Graphics
WMAP )
Overview WMAP Cosmological Parameters
e Monte Carlo Markov Chain: wmap_lcdm_tens_wmap9_chains_v5.tar.gz ( 359.06 MBytes )
Documents
S WMAP Cosmological Parameters
Images
Education Model: ledm+tens

Data: wmap9
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How to reconcile Planck with BICEP2
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NO TENSION between Planck and BICEP2 on large scales.

O The TT and TE power spectra generated :‘ cosel
by the relic gravitational waves are

significant only the large scales. We
take |_max=100.

L We fix the background parameters
(Q,h% Q.h? 100 8,,, T) at their best-fit
values in the ACDM model from Planck,

and the free running parameters are A, 00 02 04 05 03
n,andr.
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Cil >0, ClP <0

O The tensor-to-scalar ratio is peaked at A ‘
0.96 1.04 1.12 . 1.20 1.28
around 0.2. :

 The spectral index n>1.

W. Zhao, C. Cheng and QGH, arXiv:1403.3919




Angular scale
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A red-tilted scalar power
spectrum on small s¢ales

5000
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The apparent tension comes from the
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Planck collaboration, arXiv:1303.5076, 1303.5082 )
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Angular scale
90° 18° 1° 0.2° 0.1° 0.07°

Running spectral index
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The tilt of relic gravitational waves power spectrum
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(J Because the relic gravitational
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BICEP2 only 7

Likelihood
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B2+P13+WP (Imax=150)

529 (mex=150) BICEP2, TE from WMAP, and
TT from WMAP and Planck
respectively. (I_max=150)

Again a scale-invariant
0 tensor perturbation is

14 | | | | | compatible with the data
quite well.
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Summary
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» A red-tilt tensor power spectrum is compatible with the
data, and the simplest version of inflation is consistent
with the data.

» A blue-tilted scalar power spectrum is preferred on the
large scales (e.g. [<150).

» The inflation model with inverse power-law potential can
fit the data quite well.

» The space-time non-commutativity can help chaotic
inflation and power-law inflation to fit the data.
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» A negative running of spectral index is favored at around 3
sigma level.

» Furthermore, a positive running of running is preferred at
around 1.7 sigma level.
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