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Introduction 
(dS symmetry breaking) 



Scalar field in dS space 
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Gravitational field in dS space 



Motivation 

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

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

• Although we cannot observe the super-horizon modes directly, 
it is possible that virtual gravitons at the super-horizon scale 
affect local dynamics of matter fields at the sub-horizon scale 
 

• This investigation is up to the 1-loop level:  



Free scalar field theory  



Effective Lorentz inv. 



Local, Nonlocal IR singularities 



Interacting field theories 



Gauge field theories 



Gauge dependence 
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Parametrization dependence 



• Soft gravitons contribute to the dS symmetry breaking 
only through the local terms 
 

• The IR effects on kinetic terms respect Lorentz invariance 
and can be absorbed by wave function renormalizations 
 

• Soft gravitons screen dimensionless couplings whose 
relative scaling exponents are invariant against a slight 
gauge deformation 
 

• Parametrization dependence of the metric can be 
eliminated by shifting the background metric 

Soft graviton effects at 1-loop 
on Local matter dynamics 


