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 “Old’’ inflation 

         Inflationary models  

 
 
 
 
 

 

Many inflationary models have been proposed so far. 

 Curvature inflation 

The higher-order curvature term leads to inflation. 

Sato (1980), Kazanas (1980), Guth (1980)  

  

Inflation occurs due to the first-order phase transition of a vacuum. 

Lagrangian: Starobinsky (1980) 

 Slow-roll inflation 

New, chaotic, power-law, hybrid, natural, extra-natural, eternal, D-term,   
F-term, brane, oscillating, tachyon, hill-top, KKLMMT, … (too many) 

 K-inflation 

Inflation is driven by the potential energy of a scalar field. 

Inflation is driven by the kinetic energy of a scalar field. 
 Ghost condensate, DBI, Galileon,… 

 Inflation in extended theories of gravity. 

Brans-Dicke, Higgs, Horndeski’s theory,….  

(first model of inflation) 

There are also multi-field models.  



Inflationary observables  
1. Scalar power spectrum 

2. Tensor-to-scalar ratio   

3. Non-linear parameter of scalar non-Gaussianities 

where 

WMAP9 bound combined with BAO and H_0 
    (without the running spectral index) 



In order to discriminate between a wide variety of  inflationary models,  
we evaluate inflationary observables in the most general scalar-tensor theories  
with second-order equation of motion.  

 This action was first derived by Horndeski in 1973. 

 In 2011 Deffayet et al. derived the same action in a different form.    

 The equivalence of two actions was shown by Kobayashi et al. in 2011. 

This is the theory with one scalar degree of freedom, which covers 
a wide variety of single-field inflation models. 



Horndeski’s paper in 1973 



This action covers most of the dark energy models proposed in literature.  
  

 K-inflation:  

 Galileon: 

 Potential driven inflation:  

 f(R) gravity and scalar-tensor gravity:  

 Gauss-Bonnet coupling : 

Horndeski’s action 



     Second-order action for curvature perturbations  
We consider scalar metric perturbations                  with the ADM metric 

We choose the uniform field gauge: 

The second-order action for perturbations reduces to 

where 



 Power spectrum of curvature perturbations  
 

where 

where 

Kobayashi et al. (2011) 
De Felice and S.T. (2011)  



 Tensor power spectrum 
Tensor perturbations: 

The second-order action is  

where 

The tensor power spectrum is  

The tensor-to-scalar ratio is  

These results can be readily used for concrete models of inflation. 

e.g.,  

where 

These observables depend on the slope of the potential.  
 



Observational bounds 
Lyth bound 

Chaotic inflation  V 

V 

characterizes the curvature  
of the potential. 

Natural inflation 

Hybrid inflation 



Scalar non-Gaussianities 

Three-point correlation function of curvature perturbations is 

The non-linear parameter is defined as  

(i) Squeezed limit (local type) 

(ii) Equilateral type 

The information of scalar non-Gaussianities is useful to place further constraints  
on inflationary models.  
 

There are several different shapes of non-Gaussianities. 

(iii) Enfolded type 



WMAP9 constraints on the nonlinear parameter 

The ‘orthogonal’ shape is orthogonal to the equilateral template (explained later).  

We evaluate the nonlinear parameter in the Horndeski’s theory which can be  
used for any shape of non-Gaussianities.  



. 

Potential-driven 
standard single 
field inflation 



The third-order action for scalar perturbations  



   The leading-order bispectrum 

Present in  
k-inflation 

These appear in the 
Horndeski’s theory. 

Gao and Steer (2011), 
De Felice and S.T. (2011) 



Simplification of the bispectrum 

_____ 
Neglected. 

where 

_____________________ ____ 

etc 



Slow-variation corrections 

where 



Full bispectrum 

where 

De Felice and S.T. (2013) 



Local non-Gaussianities 

 Squeezed limit: 

The small local non-Gaussianity in the squeezed limit is a 
generic feature in the single-field slow-variation inflation. 

Same as that derived by  
Maldacena in standard 
slow-roll inflation.  

 Not-so squeezed case: 

The leading-order bispectrum has the dependence 

This dominates over the correction for  



Equilateral and enfolded non-Gaussianities 

 Equilateral non-Gaussianity 

 Enfolded non-Gaussianity 

small 

small 

 



Shapes of non-Gaussianities 
The CMB data analysis of non-Gaussianities have been carried out 
by using the factorizable shape functions: 

(i) Local template 

(ii) Equilateral template 

(iii) Orthogonal template Orthogonal to the equilateral one (the correlation  
with the equilateral template is small). 

(iv) Enfolded template 



         Templates 
 

The correlation between two different templates 

where 

e.g., 



Horndeski’s theory 
The leading-order bispectrum is 

_____ __ 

The correlation with the equilateral template is large, but  
there is also the contribution from the orthogonal one.  

 
The correlation with the equilateral template is  

(very close to 1) 

We can use the following equilateral and orthogonal bases to rewrite the bispectrum. 

where 



Leading-order bispectrum 

where 

___ 



   Power-law k-inflation 

In this case the equilateral shape dominates. 

The WMAP9 bound gives 



   Galileon inflation 
Model: with the Galileon terms 

The orthogonal contribution is  
comparable to the equilateral one. 

The orthogonal contribution  
dominates. 



Power-law k-inflation 

Equilateral Almost equilateral 

Equilateral ~ Orthogonal The orthogonal shape dominates. 



Conclusions  

Future outlook 
 

1.  We derived the bispectrum of scalar non-Gaussianities in the Horndeski’s  
     most general scalar-tensor theories (one scalar degree of freedom). 

  
2.  Our formula with slow-variation corrections can be used for any shape  
     of non-Gaussianities (including the squeezed case).  

3. We expressed the leading-order bispectrum in terms of equilateral and  
    orthogonal bases.  

4. There are some models in which the orthogonal contribution domianates 
    over the equilateral one. 

1. The Planck data will be able to constrain many inflationary models. 

2. Especially, the detection of local non-Gaussianities is a challenge  
   for single-field inflationary models. 
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