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Evolutionary scenario of universe

Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
400,000 yrs. Galaxies, Planets, etc.
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1st Stars
about 400 million yrs.

Big Bang Expansion
13.7 billion years

euniverse began with a big bang 13.8 billion years ago

ecomposite of the universe (dark matter, dark energy)




Observational cosmology

Cosmic microwave background observations
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Universe underwent an
accelerated expansion inflation’




Inflation

Inflation:

»resolves open issues of big bang universe
horizon, flatness, monopole,
initial singularity problems...

»is driven by an effective scalar field "inflaton’

a
ds? = —dt? 4 a?(t)dx> =, V(o)

H:—%QQ & — g(t) ~ el

slow-roll quasi deSitter phase

»generates a curvature perturbations for seed of structure

formation scale—invariant, adiabatic, Gaussian

Open issue: particle physics interpretation is still lacking

Motivation: construction of consistent inflationary universe
model from fundamental theory (string theory)




N=1 vs N=8 supergravity

Supergravity: low-energy limit of string theory

SUSY N=1 N=8

phenomenology chiral theory ?

variety rich restrictive
SUSY breaking many spontaneous

scalar Hodge-Kahler E7¢77/SU(8)

# of scalars arbitrary 70

Kahler potential &

Potential .
superpotential

gaugings

Objection:
(slow-roll) inflation consistent with observations
occurs in N=8 supergravity?




N=8 gauged supergravity

In addition to the deWit-Nicolai theory (c=0), a new
deformation of N=8 gauged SUGRA was recently found

etheory contains controllable
parameter ¢

0§ = c,

different symplectic embedding

efirst example of "slow-roll’ de Sitter vacua
SO(4)=S0(3)xSO(3)/Z, sector of SO(4,4) gauging

z potential can be flattened by
choosing the deformation
parameter c




Inflation in N=8 supergravity

focus on SO(3)xSO(3) invariant sector of SO(4,4) gaugings

Einstein-Scalar system:

L= (R—-2V($))x1— Kaogdp® A d¢”

1 , : .
dsQT = 3dz? + 5 Z d,u? + SlIth(,LLQ — ug)x% + sth(M?) — Nl)X% + Smhz(,ul — ,UQ)X% :
i

gV = (66902 + 026_6x2) [26’321 cosh(2u1 — 2u2) + 2C519 cosh(2ug — 2u1)
+ 2C'31_1 cosh(2ugo — 2u3) + Cgoo]
+ (6_2$2 + 0262952) [20111 cosh(2p1) + 2C110 cosh(2us) + 2C101 cosh(2u3) + 0100]
+ 2 (22 + cPe*?) |C11q cosh(2u1) 4+ C1yg cosh(2p2) + Cloy cosh(2u3)]

3
C110 = ~6d sin® 0 cos® 03, etlcC

efirst example of analytic expressions for 6 dim scalars

enumerically traced the trajectory of inflaton




Inflation in N=8 supergravity

s=s, + 14107

By controlling the deformation
parameter, sufficient duration of
inflation (N=60 e-folding) can be
achieved!

does not require the fine-tuning of
initial condition for scalars

0 100 200 300 400 500 600 700
t




Inflation in N=8 supergravity

Planck TT+lowP
Planck TT+lowP+BKP
Planck TT+lowP+BKP+BAO
Natural inflation
Hilltop quartic model
« attractors
- Power-law inflation
Low scale SB SUSY
R? inflation
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0.96
Primordial tilt (ns)

Our model:

ns~ 0.96 :(slightly) red-tilted
r~ 103 :small amount of gravitational waves

would be tested in future observations (LiteBIRD)




Summary

Compared to N=1 supergravity, N=8 theory is more
predictable to inflation

» proposed a method for deriving the potential in analytic
manner

»were able to evaluate the mass spectrum group-
theoretically

»constructed cosmic inflationary model

without fine-tuning of initial conditions

compatible with Planck data




String cosmology

String theory:

» likely candidate of particle unifications
» predicts higher dimensions (10/11)
» reduces in low energy to supergravity

Difficulties (in N=1 supergravity framework):
»how to obtain/stabilize 4 dimensional world

estring landscape problem
10°90 false vacua Susskind 2003

e predictability’ problem
arbitrary # of scalars & shape of V are allowed

K=K(¢, ¢*): Kahler potential

K /rvab N,/ _ 2
V =e" (G""DWD,W = 3|W|7), W=W(¢): superpotential

» how to obtain accelerated expansion
c.f "No-go theorem’ in higher dim SUGRA Maldacena-Nunez 2003




Our approach

2

( String theory ) <€4— comparison to CMB

data
low energy limit ¢ (density perturbation,
gravitational waves)

f Supergravity

Killing spinor systematic classification | Nonlinear sigma model
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—[1] BPS solutions

—[2] de Sitter solutions —

(i) classification

(i) classification —
sy

(ii) Kalzua-Klein network (ii) stability analysis

applications applications

(;L)oislse%l;t:%n&:gkvﬁlgloeuss (iii) construction of inflation
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