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Introduction 

• In dS space, the increase of the degrees of freedom at the super-
horizon scale gives rise to a secular growing term to the propagator 
of a massless and minimally coupled scalar field 



Introduction 

• In interacting field theories with the scalar field, physical quantities 
acquire IR logarithmic corrections through internal propagators 

• Such IR effects appear also in inflation theories because of the accel-
erated expansion of the universe and the existence of the light modes 



• In a conventional approach, we fix the gauge completely to express 
the action in terms of physical modes 

 

• The quantization scheme is highly nonlocal and the covariance is not 
manifest ⇒ Not suitable for evaluation of quantum effects 

• As another quantization scheme, we adopted a BRST formalism 
where locality and covariance at the sub-horizon scale are manifest 

 

• For a consistency check, we calculated the non-Gaussianity at the 
tree level by using the BRST formalism 

 

• At the one-loop level, we evaluated IR logarithmic corrections to the 
slow-roll parameters. These IR effects are investigated on the sub-
horizon dynamics, which determines the cosmological perturbations 

Problem 
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BRST formalism 
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List of propagators 
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Non-Gaussianity 
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IR effects on slow-roll parameters 
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Summary 

• To evaluate quantum IR effects in inflation theories more practically, 
we adopt a BRST gauge which has advantages over the comoving 
gauge in terms of locality and covariance at the sub-horizon scale 

 

• At the tree level, our construction in the BRST formalism reproduces 
the identical non-Gaussianity with the comoving gauge 

 

• At the one-loop level, we investigated the IR effects on the dynamics 
at the sub-horizon scale. We found that ε acquires an additional time 
dependence while η does not 

  

• If ε, η are vanishingly small at the beginning due to the shift symmetry, 
the quantum mechanism may lead to an inflation model with a linear 
potential 



Future directions 

• We need to confirm that the cancellation of the IR effect on η hold 
true, in other gauge choices and at higher loop levels 

 

• A nonperturbative approach for IR effects from gravity is necessary 
to evaluate eventual contributions to physical quantities 

 The resummation formula of the leading IR effects should be 
 extended in cases with derivative interactions, gauge degrees 
 and tensor structure 

 

• It is also interesting to investigate IR effects in other inflation 
theories, e.g. inflation theories with noncanonical kinetic terms 



Backup slides 
(for evaluation of IR effects) 
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Contribution to 1-pt operator 



Contribution to 2-pt operator 


