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Introduction 

• Time dependent quantum effects in de Sitter space 
 

• In investigating them, the important issue is whether there is 
a mechanism to break the dS symmetry 
 

• Propagator for a massless and minimally coupled field breaks 
the dS symmetry 
 

• In some models with massless and minimally coupled fields,  
physical quantities acquire time dependences 



Scalar field in dS space 



dS symmetry breaking 
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Dirac, Gauge fields 



Why such IR effects are important? 
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• In a general scalar field theory, we need to fine-tune the mass 
term to obtain such IR effects 
 

  Nonlinear sigma model consists of massless and minimally 
 coupled scalar fields for its global symmetry  

 

  There, the leading IR effects to the cosmological constant  
 cancel out each other at all orders 

 

• Dirac, Gauge fields do not induce the dS symmetry breaking 
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Gravitational field in dS space 

• Gravitational field contains massless and minimally coupled 
modes without the fine-tuning 
 

• Gravitational effects seem to be suppressed by                  , but 
there are associated enhancement factors:  
 

• Such gravitational IR effects have not investigated enough due 
to some difficulties: gauge invariance, derivative interaction 
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Soft gravitational effects on  
local dynamics of matter fields 

• Although we can not observe the super-horizon modes directly 
since the commutator of them is zero 
 

• it is possible that virtual gravitons at the super-horizon scale 
affect the local dynamics of matter fields at the sub-horizon scale 
 

• Our investigation is up to the one-loop level: 
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Investigations of soft graviton effects  
on matter fields 

Parametri 
zation 
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External 
momentum 

Matter fields 
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Effective equation of motion 
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How the soft graviton contributes 
 to the local dynamics? 



Free scalar field theory 



Free Dirac field theory 



    interaction 



Yukawa interaction 



Gauge interactions 



Gauge dependence 





• Each coupling is gauge dependent because there is no unique 
way to specify the time as it depends on an observer 

 

• A sensible strategy is to pick a certain coupling and use its time 
evolution as a physical time 

We interpret this result as follows 
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Summary 

• We have investigated soft gravitational effects on local dynamics 
of matter fields at the sub-horizon scale 
 

• The IR effects on the kinetic terms do not spoil Lorentz invariance 
and can be absorbed by wave function renormalizations 
 

• Soft gravitons dynamically screen dimensionless couplings whose 
relative scaling exponents are gauge invariant  



Future works 

• Lorentz, Gauge invariance are preserved at higher loop 
levels,  against large deformations of a gauge parameter? 
 

• Against large deformations of a gauge parameter, the 
screening of couplings do not turn to the enhancement? 
 

• In addition to pure matter and pure gravity contributions, 
the mixed contribution from matter and gravity makes the 
cosmological constant time dependent 


