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• It may be necessary, since ...
- it is the most natural solution to the problems of Big-Bang cosmolgy
  (unwanted relics, large scale homogeneity, flatness)
- it provides the most compelling seed of the density pert. at the present universe
  (small scale inhomogeneity) 

• Obstacles
- its realization in UV theories is non-trivial.
  (𝜂-problem, trans-Planckian excursion, or an extreme fine tuning (?))

• Conventional assumption
- a gravity in (3+1)-d spacetime

of the inflaton potential questionable theoretical validity unlikely to happen

(NB: For scenarios of two or more fields, the situation is different.)

Inflation...
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RS-II brane world
• Warped extradimension(s)
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{ H = expansion rate on the brane

⇢ = energy density on the brane

� = brane tension

Continuum KK-gravitons

[Phys.Rev.Lett. 83 (1999) 4690]

1/k = the effective size of the extra dimension
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If the extra-dimension is stable and free from space-like singularities,
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• (Single field) Inflation on the RS-II brane world (1/2)
Slow-roll parameters
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Theory:

Observations: for Td < Tc

Ne,⇤ ⇠ 44� 65 ( V 1/4
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• (Single field) Inflation on the RS-II brane world (1/2)
Slow-roll parameters
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Theory:

Observations: for Td < Tc
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A symmetry-breaking flat direction (dominated by mass term)

{
☞ Peccei-Quinn field is a good candidate of the inflaton.
Q. Viable post-inflation cosmology including baryogenesis and dark matter?

)
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• Inflation on the RS-II brane world (2/2)
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A model
• Superpotential

MSSM mu-term
SUSY DFSZ axion

Large Majorana mass

Stabilization of X
mass to axino

hXi ⇠ O(1010�12)GeVAxion window:

; hXi ⇠ hY i 6= 0
qPQ : (X,Y ) = (1,�3)
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Cosmology
• Inflation

, Td ' 550GeV

V
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Steep potential,
but slow-roll inflation!
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brane tension

V = V0 �m2|�|2 �
✓
A��4

4MP
+ c.c.

◆
+

����
��3

MP

����
2

8



• Baryogenesis
Late-time Affleck-Dine leptogenesis[JHEP 0411 (2004) 046, JHEP 0901 (2009) 015, JHEP 1007 (2010) 085]

before the last inflation after the last inflation 

nL /nAD ~ 10-3-10-2 10-3-10-2 10-6-10-4

⇠ O(1)

! O(10�10)
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Baryon isocurvature perturbation

During inflation, |mLHu^2|~A^2 <<H^2 ⇒ isocurvature perturbation!

`0 ⌧ �0 & |m2
LHu

| & |m2
�| ) ` ! `0 well before � ! �0

Sb� = � ln
�
nB
s

�
; �

iso

⌘ PS
PR+PS

In our scenario,

10



Dark matter
• Neutralinos (LSP)

Td < Tfz < T⇥ )

Td < T⇥ < Tfz ) negligible initial abundance & out of equilibrium ⇒ negligible!

• Axions
- only from axion misalignment 
- no axion domain-wall problem
- axion coupling constant can exceed the conventional upper-bound (~10^(12) GeV)

Radiation background from the (partial) inflaton decay

⌘ T⇥ = constant!!!

If

If

(but the tuning for a low reheating temp. becomes severer.)
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Conclusions

• The symmetry-breaking scale of U(1)_PQ is expected 
to be around or larger than about 10^(11) GeV. 

• The scale of SUSY-breaking soft mass is expected to 
be around or larger than about 10 TeV.

• Our model provide a unified description of the early 
history of the Universe from inflation to BBN

• PQ-field may be responsible for
- Inflation
- Baryogenesis
- Dark matter
- Dynamic generation of large Majorana mass for seesaw
- MSSM mu-problem
- Solution to the strong CP-problem (axion without domain-wall problem)
- Fixing SUSY-breaking scale (soft mass)
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• Constraints on RS-II brane worlds

The effective size of the extra dimension (1/k) 
[Phys.Rev. D64 (2001) 065002; Prog.Part.Nucl.Phys. 62 (2009) 102]

Collider impacts of continuum spectrum of KK-graviton? [Phys.Rev. D64, 065002]

No practical constraint from collider experiments
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• Non-Gaussianity?
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Feature of the model
• Key assumptions

• Physics covered
- Inflation
- Baryogenesis
- Dark matter
- Dynamic generation of large Majorana mass for seesaw
- MSSM mu-problem
- Strong CP-problem (axion without domain-wall problem)
- Fixing SUSY-breaking scale (soft mass)

• How to exclude
- Observation of the tensor mode in CMB (check of consistency relation)
- Detection of light (~TeV) neutralinos at collider
- Test of Newtonian gravity at small scale (= constraining parameter space)

- RS2 brane world
- SUSY-DFSZ axion model with mLHu^2<0
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