Inflationary Universe




| . Problems in Standard Model




1.1 Flatness Problem
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1.2 Horizon Problem
CMB is extremely isotropic

b emitted at recombination (T ~ 3000K)

Observer at present sees CMB coming from two
opposite directions
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Particle horizon at recombination

t?"GC
Lt BT 4 =i
rec rec 7 bt’2/3 rec

o e
N:%ZQ{(‘LO) —1

t?"ec

1/2 o 1/2
=2 | (%) 5] = 2 [0 ) =

,:{> P and Q are far away and have no causal
relation

unnatural orizon Problem




1.3 Monopole Problem
GUTs (Grand Unified Theories)

Interaction among elementary particles can be described by one
gauge interaction with symmetry represented by group 6

G .= SUC(B) X SUL(Q) X Uy(l)

T

Higgs Mechanism H: Higgs field (H) =0 — (H) #0

When symmetry G is spontaneously broken to U(1) , topological
defects (monopoles) are produced (Kibble Mechanism)

' Domain Wall (2dim)
Topological Defect  cogmic String (1dim)
Monopole (Odim)
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1.4 Gravitino Problem

Supersymmetry (SUSY)

* Hierarchy Problem
Keep electroweak scale against radiative correction

* Coupling Constant Unification in GUT

quark <—> squarks
lepton «— slepton
photon «— photino

Gravitino V3 /2 Superpartner of graviton

mass of gravitino ~ O(100) GeV




Gravitinos are expected to be in thermal
equilibrium at Planck time
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1.5 Density Fluctuation Problem

Structures of the Universe (galaxies...) are formed
from small density fluctuations through
gravitational instability

However, no mechanism to produce the fluctuations
in the standard model is found

horizon
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2. Success of Inflation Model




2.1 Inflationary Universe

For some reason vacuum energy dominates the universe
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Inflation Model

Exponential (accelerated) expansion

End of exponential expansion and release of
vacuum energy into radiation




2.2 Flatness Problem

During inflation the scale factor increases by
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2.3 Horizon Problem
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2.5 Other Problems

Monopole :
Diluted by 72 > 10°7
Gravitino ::> 4

Density (1] Inflation has mechanism
Fluctuations generating density fluctuations




3. Chaotic Inflation Model
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3.1 Chaotic Condition
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3.2 Dynamics of Inflaton

initial value of o is large
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3.3 Slow Roll Condition
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3.4 After Inflation
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To see the effect of cosmic expansion, take average
over onhe oscillation
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Inflaton oscillation behaves as matter

Oscillation =)  Reheating
particle creation




3.5 N-efold

The scale factor increases by e™ from t, to 1,
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3.5 Relation between N and Cosmological Scale L
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Hubble radius at t,, corresponds to the present scale L
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. Generation of Density Fluctuations

4.1 Fluctuations of scalar field during inflation
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Remark: |
k : comoving momentum

p = e 'k : physical momentum
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For cosmologically interesting fluctuations

k > H at the start of the inflation
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Density Fluctuations

Inflaton fluctuations = metric fluctuations

=P density fluctuations
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Other Inflation Models VA

New Inflation Model N

N
e.g. Vz/ﬁ(l—(%)) n>4

Hybrid Inflation Model
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WMAP (Wilkinson Microwave Anisotropy Probe
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WMAP Full Sky Map




