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Purpose of this talk

m What is cosmic inflation? What are people
doing when they work on inflation?

= What are the important observables in the
frontier of cosmology?

= Some of my works.



Nobel prize in Physics 2006

' CosmIC MICROWAVE BACKGROUND SPECTRUM FROM COBE
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The CMB (WMAP 7-year)

TV noise

D. Wilkinson



CMB Anisotropy (“see the sound”)

Multipole moment [
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Jungman G, Kamionkowski M, Kosowsky A,
Spergel DN (1996)



Cosmology

Friedmann-Robertson-Walker (FRW) metric
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The Einstein Equations

Radiation :
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Cosmic Inflation

X/

Alan Guth (1981)

Attarglow Light \
Fattcrm Dar 5 Development of ",
400,000 yrs. Galaxkes, Plenels, @6,
|

Big Barg Expansaion
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CML and A. Starobinsky



Why do we need inflation?

m Flatness problem, horizon problem, unwanted
relics problem..... in old big bang theory.

m [nflation can provide primordial density
perturbations in the early Universe which are the
seeds for the Large-Scale Structure (LSS) in the
distribution of galaxies and the dark matter and
for the Cosmic Microwave Background (CMB)
temperature anisotropies.

*...the standard big bang theory says nothing about what banged, why it banged,

or what happened before it banged. The inflationary universe is a theory of the
“bang” of the big bang.” — Alan Guth (1997).




Old Inflation
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New Inflation
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Basic Equations

Scalar field in FRW




Basic Equations

Slow roll parameters




From small to large and from
quantum to classical

This can be compared with
Hawking temperature:

CML and S. Hawking



Comoving

horizon re-entry
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Cosmological perturbation and the
spectrum

Longatudinal

a®(T)[—(1 +20)dr? + (1 — 2T) Yy drtdr? ]

—(1+2®)dt? + a*(t) (1 — 205 da'da’ gauge

Comoving curvature perturbation
(in the long-wavelenth limit)




The spectral index

SEVEN-YEAR WILKINSON MICROWAVE ANISOTROPY PROBE (WMAP!) OBSERVATIONS:
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E. Komarsu®, K. M. Smrta’, J. DuNkLEy', C. L. BENNETT®, B. GOLD®,
Novta®, L. Pace™, D. N. SPERGEL"" M. HaLPEP.ul“ R. S, HILL”, _J.. K .
ODECARD®, G, 9. ° 47 L. WEILAND'! AND E L. WricHT"

to the "1.'~|.Tl""f14.'.~u al Journal

ABSTRACT

The combination of T-vear |1 |’r1 i‘l:llu “I'. —U" |1u1 ilullllm'll 1~T1-.||1.'|

.- I'Hul
1D'I'-I

v more
ent with, and

Lrd




Tensor to scalar ratio (Primordial
Gravity Waves)
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The of cosmology obserbation
and smoking gun of inflation!

Current bound: r < 0.2



Chaotic Inflation

V(p) = gffﬁ
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Eternal inflation

Quantum
Fluctuation

Classical
Motion




Eternal Inflation

SELF-REPRODUCING COSMOS appears as an extended branching of inflationary
bubbles. Changes in color represent “mutations” in the laws of physics from par-
ent universes. The properties of space in each bubble do not depend on tlye time
when the bubble formed. In this sense, the universe as a whole may be stationary,
even though the interior of each bubble is described by the big bang theory.




Experimental test of (chaotic)
inflation
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Hybrid Inflation




Cosmic strings

Strimg contributicn
- — - Inflation kest-fit
Inflation+strings
{ WMAP (binned)
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Reheating: the “hot big bang” in
modern version




Hilltop Inflation

L. Boubekeur and D. H. Lyth  hep-ph/0502047
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2 U 2T M, | Hill Top - the home of
Beatrix Potter
More hilltop Inflation models 707 3826 [hep-ph]

K. Kohri



Three classes of Hilltop Inflation

2

i = [ and p > 2

(Hilltop) D-term Inflation

R invariance New Inflation | _ (Hilltop) Supernatural Inflation
(Hilltop )F-term Inflation



Hilltop Inflation

Analytical solutions for the spectrum and the spectral index
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Benefits of Hilltop Inflation

m Produce “(topological) Eternal Inflation™

m Produce the spectral index required from C
observation.

m Reduce the inflation scale. (Solve the cosmic

BEATRIX POTTER

The original and wuthorized editions ;




Non-Gaussianity
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B(x) = Br(x) + fvr [PL(x) — (PL(x)}],

fiesal = 32 421 (68% CL).
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The 95% limit 158 —10 <= _f!.',?":'f'l < T4,

From WMAP 7-year



Methods to generate NG

m Curvaton
m Multi-field Inflation
m [nhomogeneous reheating

m Generate curvature perturbation at the end of
inflation

B ctC.



Important observables

m The spectral index
B The tensor to scalar ratio
®m Non-Gaussianity

H ctcC.



Planck Satellite:

An, <0.01

WMAP

PLANCK May 14, 2009



Epilog

B The very early universe i1s “an accelerator for
y y

poor people”.---Zeldovich 1970
m “...but the richest man’s as well.”’---Linde

m “Now is the time to be a cosmologist.”---Mark
Kamionkowsky 0706.2986[astro-ph]

B “Our universe 1s an ultimate test of fundamental

physics.”---Renata Kallosh  hep-th/0702059
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