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•  Metric perturbation of the space-time in the 

inflationary universe;  
    Curvature perturbation, tensor perturbation(GW) 
 
•  The 2-, 3-, 4-, … , point function of the curvature 

perturbation and tensor perturbation; 
    <ΦΦ>, <γγ>, <ΦΦΦ>, <ΦΦγ>, <ΦΦΦΦ>, … 
 
•  CMB 

Imprinted!�



What  the  physical  quantity  can  we  constrain  from  CMB?  	
 

•  The temperature perturbation of the CMB photon in 
the momentum space 

•    

    3-point correlation　　　　                    4-point correlation 　　　　 

    Strength: fNL                                        Strength: gNL 

 
No constraint to the equilateral type of gNL parameter 
   ➡ Let’s calculate gNL �

                Equilateral  type�



What  is  needed  to  calculate  gNL	
 

     
 
 
 
•  gNL is generated by 4-point interaction Hamiltonian, H4 

•  Conventional : H4 = - L4 + … 

•  Derive the correct 4-point interaction Hamiltonian H4 

        and  
    Calculate correct gNL for a model 

Maldacena  (2002) �



  	
 1.  Introduction 

2.  The model & deriving correct Hamiltonian 

3.  Calculations of the 4-point function and gNL 

4.  Conclusions & discussion�



The  model	
 

•  Action 
        & 
  bg. metric 
 
•  Model  parameters 
 

　                  Speed  of  Sound	

                                                    &	

Slow  varying  parameters  (SV)�



Perturbations	
 
•  Metric 
        & 
   gauges 
 
 
 
 

 
 

•  Action of ζn at leading order of SV�

  :  inflaton  perturbation �

ζ  :  curvature  perturbation �Gauge  1:�

Gauge  2:�

Gauge  1  ⇔  Gauge  2  :  �

Koyama  et.al  (2008) �



Deriving  interaction  Hamiltonian,  H4  for  general  model	
 

•  Lagrangian 
           & 
    conjugate     
   momentum 
 
 
 
•  Perturbative solution of �



  	
 
•  (Interaction) Hamiltonian�

New  term  missed  ever!�Conservative  one �



Consistency  check  for  H4	
 

•  E-L equation 

•  Canonical equations 



  	
 
•  Perturvative solutions of the canonical eqs.�

Our  formula  of  Hamiltonian  is  new,  correct  and  simple  ! �



4-­‐‑point  function  and  gNL  at  leading  order  of  SV	
 

•  New H4 for the model�



  	
 
•  Results at leading order of SV�

Koyama  et.al  (2008) �

New  contribution �



gNL  parameter	
 

•  Equilateral type of gNL�
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ΔH4  term  missed  ever    is  dominant  ! �

SR  limit,  δN  formalism�



4.  Conclusions  &  discussion	
 

•  We derived the correct and simpler form of the 4-
point interaction Hamiltonian, H4 

•  The leading order result of the 4-point function of 
the curvature perturbation dependent to the sound 
speed, cs, is suitable to the k-inflation model and 
consistent to the SR model and the δN formalism 

•  The contribution to the equilateral type of gNL from 
ΔH4 is about 10 ~ 100 times larger than –L4 

•  Other shapes, More general model, Contribution 
from the product like the loop diagrams, …�


