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Basic Equations (1)

Friedmann Equation

H2 = ,02 _ k2 H =2 (Hubbleparameter)
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The fluid Equation
p+3H(p+P)=0

Matter Domination:
P=0= aOt’®, pOa’

Radiation Domination:
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Inflation
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Vacuum Energy Dominated
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De Sitter phase N: number of e-folds



Basic Equations (ll)

Scalar field in cosmological background
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Basic Equations (llI)

Slow roll parameters: £<<]
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Number of e-folds
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Spectrum of primordial curvature perturbation
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The spectral index
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FIVE-YEAR WILKINSON MICROWAVE ANISOTROPY PROBE (WMAP!) OBSERVATIONS:
COSMOLOGICAL INTERPRETATION
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ABSTRACT

The WMAP S-vear data provide stringent hmits on deviations from the mimmal, G-parameter
ACDM model.  We report these hmits and use them to constrain the physies of cosmic inflation
via Ganssianity, adiabaticity, the power spectrum of primordial Huctuations, gravitational waves,
and spatial curvature. We also constrain models of dark energy via its equation of state, parity-
violating interaction, and neutrino properties such as mass and the number of species. We detect
no convincing deviations from the minimal model. The 6 parameters and the corresponding 68%
nncertainties, derived from the WMAP data combined with the distance measuremenis from the
Type Ia supernovae (SN} and the Barvon Acoustic Oscillations (BAO) in the diste
are: (3h% = 0. D,::Qﬂ"’f?j%ggfﬁ .07 = 01131 + 00034, Q4 = 0.726 + 0 ml
r = 0084 + 0,016, and J-. = (2.445 £ 0.096) = 10~ % at k= 0002 Mpt: - these we derivg
gz = 0812 £ 0.026, Hy = 70.5 £ 1.3 km s~ Mpe~!, €, = 0.0456 + 0.0015, €. 013,
Qh? = 013581000870 © — 100 + 14, and #y — 13.72 £ 0.12 Gyr. With the WMAP data
combined with BAO and SN, we find the lmit on the tensor-to-scalar ratio of v < .22 iﬁﬁ'}‘ﬁ CL],
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Hybrid Inflation
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Some other issues

 Non-Gaussianity f
* Gravity waves r=p/p,
e Cosmic Strings
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Hilltop Inflation

L. Boubekeur and D. H. Lyth  hep-ph/0502047
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More hilltop Inflation models 7073826 [hep-ph]

Hill Top - the home of
Beatrix Potter
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Benefits of Hilltop Inflation

e Produce “Eternal Inflation”

* Produce the spectral index required from
(WMAP) observation.

 Reduce the inflation scale. (Solve the

cosmic string problem of hybrid inflation.)
(48




Eternal Inflation

TIME

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 tlge 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.



Analytical Solutions

-4 2p-2
P= (VO ]"*2 9'2/70N|: AP -1) +77,x | 2

2p-2

Mo”2 (x-PAY

_ (P-2)moN
n=1+27, 1 AP(P 1)6-2 N
I70X+ p/](e(p Mo _1)




Three classes of Hilltop Inflation
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F-term Hybrid Inflation
W =«S(gg-M?)
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D-term Hybrid Inflation
W =S P
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For both F- and D-term inflation:

Those are NOT hilltop inflation
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Hilltop F-term Inflation from
guadratic correction

From higher order term of the Kahler potential

K=|Sf+ I\l/lsr

P

LS
\V/ eI\/Ig |:£Wm+v\|\//||<m]Kan[Wn+VVK2nj_3|W F:|

V=V (1+E;22 In( 4”)) —c,H2g

This is regarded as “eta-problem”, but it can also be used as “eta-correction”

M. Bastero-Gil, S. F. King and Q. Shafi, hep-ph/0614198



Hilltop F-term Inflation from quartic

correction
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Hilltop D-term Inflation from
guadratic correction

From Right-Handed sneutrino
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Hilltop D-term Inflation from quartic
correction
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Supernatural Inflation

V@=Vo+-¢  nzl

L. Randall, M. Soljacic and A. H. Guth hep-ph/9512439

Hilltop Supernatural Inflation
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Planck Satellite:

An, <0.01

PLANCK May 14, 2009



Finale

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

e “Our universe Is an ultimate test of
fundamental physics.”---

Renata Kallosh  hep-th/0702059
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New Inflation
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We fix n=0.95 in this case.
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