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Inflation 

Inflation- extremely rapid expansion of the early universe 

- Solving problems of  big-bang cosmology                           

- Providing origin of the structures in the Universe                            

(Flatness problem, Horizon problem, Unwanted relics,… )

Almost scale invariant, adiabatic and Gaussian 

primordial density fluctuations                           

We can get information of high energy physics            

by detailed observational results related with inflation                            

(curvature         

perturbation)

(inflaton

fluctuation)



Constraints from primordial power spectrum
・Primordial power spectrum

・Constraints from Planck (CMB)
Ade et al  `15

well approximated by

For standard single-field 

slow-roll inflation models

spectral tilt
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Primordial non-Gaussianity (PNG)
・Primordial bispectrum

wavevectors       form a triangle in Fourier space  

amplitude & shape  

・Shape-dependence of bispectrum

In most models,       depends only on                       and                    
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Intrinsic non-linearity of inflaton fluctuation

・Expansion of the action

・In-in formalism Calzetta and Hu `87, Weinberg `05                           

interactions of inflaton fluctuation  

The expectation value of an observable          

interaction Hamiltonian  

At leading order          



Single-field k-inflation

• Model Armendariz-Picon et al. `99

with  

cf.  for a canonical scalar field  

• Linear fluctuations (leading order in slow-varying)
Garriga, Mukhanov `99

• Third-order action

sound speed  

Chen, Huang, Kachru, Shiu `07



Equilateral-type primordial non-Gaussianity

・Shape of equilateral-type primordial bispectrum

Babichi, Creminelli, Zaldarriaga `04

Maximum in the equilateral limit  

This shape emerges in more general higher-derivative scenarios  

Ghost-inflation, Galileon-inflation, Horndeski theories,… 



Equilateral-type primordial trispectrum

・Primordial trispectrum in k-inflation

These shapes  also appear in effective field theory of inflation 

ex.)  Arroja, SM, Koyama, Tanaka  `09

Senatore, Zaldarriaga `11

written in terms of 



Primordial non-Gaussianities in the CMB 

・CMB angular bispectrum

・Constraints from Planck

The link between          and      is well known at linear order 

(68% CL) Ade et al  `15

Equilateral-type 

local-type (generated by multi-field inflation) 



Perspectives 

• The simplest single-field slow-roll models of inflation 

passed very stringent tests due to the lack of PNG

• The bounds on                translate into a limit on 

• from multifield scenarios is very model-dependent  

But large class of spectator models predicts

Strong coupling scale in EFT   

Unless                  ,  new physics appears much below  

Baumann, Green  `11



Constraints on local-type NG from LSS    

How about equilateral-type NG ?

Dalal et al `08

Constraints on bispectrum

Giannatonio et al  `13                           

(95% CL)

Constraints on trispectrum
Desjacques and Seljak `10                           

(95% CL)

Future constraints:                           

Yamauchi et al  `14                           



Integrated Perturbation Theory (iPT)    
Matsubara `12, `13, Bernardeau et al `08                            

・Multi-point propagator of biased objects

Gravitational evolution

Lagrangian bias, ….
number density field of the biased objects

linear density field which is related with

primordial curvature perturbation         through 

: transfer function : growth factor 

spectra of biased objects (Halo/Galaxy) systematically !! 



Effects on Halo/galaxy power spectrum    

・Diagrams for the power spectrum of the biased objects

large scale limit

large scale limit

for 

for 

no enhancement 

typical scale of 

the biased objects 

enhancement 



Halo/galaxy bispectrum with equilateral PNG    

SM, Yokoyama `15                            

・Diagrams for the bispectrum of the biased objects

large scale limit

equilateral config.
&

with 

with 



Scale-dependence o halo/galaxy bispectrum



Halo/galaxy bispectrum with          and     
isosceles configuration given by

Folded Equilateral



Forecast constraints

Can LSS obtain more severer constraints than CMB ? 

・Planned future surveys on LSS

sky coverage mean source redshift mean number density of source 

Hashimoto, SM, Yokoyama  `16                           



Strategy

Three-dimensional spectra:

Angular spectra:

・Expected constraints on         

project on celestial sphere

Fisher analysis

, 

From integrated perturbation theory

, 

, , 

halo

matter (lensing)

weight function and covariance matrix depend on surveys





Forecast results (1σ errors)

cf. 

for Planck 

, 



Summary and Discussions

• Equilateral-type PNG has information on intrinsic nonlinearity 

of inflaton and is helpful to distinguish inflation models

• Currently, from CMB , no significant PNG is observed  and         

the simplest single-field slow-roll inflation models are consistent

• From halo/galaxy bispectrum, we can constrain             ,  

but constraints from LSS are looser than that from CMB 

•We can constrain             more from information of small scales if 

we specify nonlinear and nonlocal bias (Gleyzes et al `16) 


