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Introduction 

• The universe with a cosmological constant                  is given by dS 
space: 

• In Gibbons-Hawking formula, the dS entropy is proportional to the 
area of the horizon: 

• If                and                 anomalously scale with time, there may exist 
an unified understanding of these time evolutions 

• What is the mechanism to give rise to such time evolutions? 



Quantum IR effects 

• The propagator of a massless, minimally coupled scalar field has 
a secular growing term:  

• In the presence of the light scalar field, physical quantities may acquire 
time dependent quantum effects through internal propagators 
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What we did 

• Gravitational fluctuations on the dS background also induce quantum 
IR effects. In contrast to scalar fields, the fine-tuning of the quadratic 
term is not necessary 

• We derived the effective action up to the one-loop level and found 
that the dimensionless coupling                   is dynamically screened 
by soft gravitons 

• Furthermore, we found that the time evolution of the corresponding 
dS entropy can be identified with the von Neumann entropy of the 
conformal zero mode 
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→ dS space is unstable due to self-fluctuations? 



Gravitational propagator 
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One-loop effective action 



Inflaton as a counter term 



Time evolution of dS entropy 



von Neumann entropy 



β function 



Summary 

• In order to obtain the covariance of the effective Einstein action, it is 
necessary to introduce an inflaton as a counter term 

• Deriving the one-loop β function and solving it exactly, we found that 
the coupling logarithmically decays with time:  

• The dS entropy increases with the decay of the coupling, and it can be 
identified with the von Neumann entropy of the conformal zero mode 

• The effective action shows that the dimensionless coupling                   
is screened by soft gravitons 



Physical implications 


