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• Proved by CMB anisotropies 
     nearly scale invariant 
     nearly adiabatic     
     nearly Gaussian 
 
 
• Generation mechanisms 
     inflation 
     curvaton 
     collapsing universe (Ekpyrotic, cyclic) 

 

Primordial curvature perturbations 
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Generation of curvature perturbations 
• Delta N formalism 
  curvature perturbations on superhorizon scales 
   = fluctuations in local e-folding number  
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How to generate delta N 

 

single field inflation multi-field inflation, 
new Ekpyrotic 
isocurvature 

curvaton, 
modulated reheating, 
multibrid inflation  

 

    

  
adiabatic 
perturbations 

entropy 
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• Suppose delta N is caused by some field fluctuations 
at horizon crossing 

 
 
 
•  Bispectrum 
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Observational constraints 
• local type   
   maximum signal for  
 
 
  WMAP5 
 
• Equilateral type  
   maximum signal for 
 
 WMAP5      
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Theoretical predictions 
 Standard inflation Non-standard scenario 

Single 
field 

 K-inflation,  DBI inflation 
 
 
Features in potential 
Ghost inflation 

Multi 
field 

                            
 
depending on the 
trajectory 
 
 

DBI inflation 
 
 
curvaton 
 
 
new Ekpyrotic (simplest model) 
 
 
isocurvature perturbations   (axion CDM) 
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Tanaka Tanaka ‘‘0707  
  



 
 
     

      

Three examples for non-standard 
scenarios 
• (multi-field) K-inflation, DBI inflation 
 
 
• (simplest) new ekpyrotic model 
 
 
• (axion) CDM isocurvature model 

ArrojaArroja, , MizunoMizuno, , Koyama Koyama 08060806..0619  0619  JCAPJCAP  

KoyamaKoyama, , MizunoMizuno, , VernizziVernizzi, , Wands Wands 07080708..4321 4321 JCAP JCAP   

  HikageHikage, , KoyamaKoyama, , MatsubaraMatsubara, , TakahashiTakahashi, , YamaguchiYamaguchi  
  ((hopefullyhopefully) ) to appear soonto appear soon  



 
 
     

      

K-inflation 
• Non-canonical kinetic term 
 
 
 
• Field perturbations (leading order in slow-roll) 
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Bispectrum 
 
 
• DBI inflation 
 
 
 
 
cf  local-type 
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Observational constraints 
• (too) large non-Gaussianity  
                                    
                            
• Lyth bound 
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Multi-field model 
 
 
 
• Adiabatic and entropy decomposition 
     adiabatic sound speed 
 
  
     entropy sound speed 
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• Multi-field k-inflation 
 
 
• Multi-field DBI inflation 
 
 
 
 
Final curvature perturbation 
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Transfer from entropy mode 
• Tensor to scalar ratio 
 
 
 
• Bispectrum    
     k-dependence is the same as single field case! 
 
 
    
     large transfer from entropy mode eases constraints 
 
• Trispectrum 
      different k-dependence from single field case? 
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New ekpyrotic models 
• Collapsing universe 
 
 
 
 
 
 
 
 
• Ekpyrotic collapse 
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• Old ekpyrotic model 
 
 
    spectrum index for        is   
    the bounce may be able to creat a scale invariant spectrum but 

it depends on physics at singularity 
 
• New ekpyrotic model 
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• Multi-field scaling solution is unstable 
 entropy perturbation which has a scale invariant spectrum 
 is converted to adiabatic perturbations 
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• Delta-N formalism 
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• Predictions 
 
 
 
 
 
 
• Generalizations 
   changing potentials 
   conversion to adiabatic perturbations in kinetic 

domination 
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Non-Gaussianity from isocurvature 
perturbations 

• (CDM) Isocurvature perturbations are subdominant 
 
 
 
 
 
• Non-Gaussianity  
    can be large 
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Axion CDM 
• Massive scalar fields without mean 
 
 
• Entropy perturbations 
 
 
 
• Dominant nG may come from isocurvature perturbations  
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Bispectrum of CMB from the isocurvature perturbation 

Adiabatic 
(fNL=10) 

 Equilateral triangle 
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• Minkowski functional measures the topology of CMB 
map (=weighted some of bispectrum) 

 

   no detection of non-G from isocurvature perturbations 
and get constraints 

 
 
 
 
   comparable to constraints from power spectrum 
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Theoretical predictions 
 Standard inflation Non-standard scenario 

Single 
field 

 K-inflation,  DBI inflation 
 
 
Features in potential 
Ghost inflation 

Multi 
field 

                            
 
depending on the 
trajectory 

DBI inflation 
 
 
curvaton 
 
 
new Ekpyrotic (simplest model) 
 
 
isocurvature perturbations   (axion CDM) 
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Conclusions 
• Power spectrum 
    from pre-WMAP 
    to post-WMAP 
 
• bispectrum 
  WMAP 8year 
  Planck 
 
   Do everything you can now! 



 
 
     

      

Axion CDM 

 Classical mean of axion 
 quantum fluctuations  
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