
Instability of the electroweak vacuum 
in Starobinsky inflation

Qiang Li (U. Tokyo) 

In collaboration with Takeo Moroi, Kazunori Nakayama and Wen Yin
Based on arXiv: 2206.05926



• Inflation explains homogeneity and flatness of the universe 


• Inflation solves the horizon problem by shrinking comoving Hubble radius 
 
                                           


• In particular, the slow-roll inflation: inflaton(s)  slowly rolls down 
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Introduction
• Motivation 

                     [Planck Collaboration, 1807.06211]

Starobinsky inflation model



• Instability of the electroweak vacuum during inflation 
 
 
 
 
 
 
 
 
 
 
 
 
 
      
     During inflation:   
                    
                           

δh ∼
Hinf
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ΛI ≃ 1010 GeV Hinf
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Introduction

• Non-minimal coupling   
 
  during inflation:                         lower bound on      
 
  after inflation:     oscillating                          upper bound on  

•  If , , ,  are induced by conformal transformation 
 

• More inflaton-Higgs couplings than the inflation models without the  term


• We use lattice simulation to study the dynamics of Higgs field during preheating 
epoch to obtain the upper bounds on .
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Starobinsky inflation
• Single-field inflation model         

                 

                              

 
    : Ricci scalar in Jordan frame 
    
   :  parameter with the dimension of mass


• Conformal transformation to Einstein frame 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Starobinsky inflation
• Equivalent scalar-tensor theory 
 
                   


• potential of the scalaron  

         

            
around : 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 is the mass of inflaton, , Hubble rate  μ μ ∼ 1013 GeV Hinf ≃ 1013 GeV
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Vacuum instability after inflation
• The total action in Jordan frame 
 
           
           

            

    
                   


•      


•  : renormalization scale                
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• Einstein-frame action of scalaron  and canonical Higgs field  
 
                        

 
  
 
 
 and (in the homogeneous inflaton background) 
 
                       

ϕ hc ≡ e−χ/2h
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During inflation:    

During preheating:   oscillates, efficient particle creation;  , ,  

m2
eff ≃ 12ξhH2

inf
m2

eff ϕh2 ϕ2h2 ·ϕ2h2

χ =
2
3

ϕ
Mp

Vacuum instability after inflation

Q [GeV]
105 108 1011 1014 1017

0.00

0.05

0.10

0.15

�RG [GeV]

�



Vacuum instability after inflation

• During preheating  
 
Simulate Higgs dynamics on lattice  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Vacuum instability after inflation
• Simulation results of  and  
 
                                              ,  
     

⟨h2⟩ ⟨h2⟩0 ( |λ | = 0)

Mt = 172 GeV αs = 0.1179

ξh = 1.4 ξh = 1.8
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Vacuum instability after inflation
• Simulation results of  and  
 
                                              ,  
     

⟨h2⟩ ⟨h2⟩0 ( |λ | = 0)
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Vacuum instability after inflation
μtend = 20 μtend = 20

•  for central values of  and   

• Smaller upper bounds on  than the previous study with：  
                             in chaotic inflation 
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Summary
• We used lattice simulation to study Higgs dynamics during preheating epoch in the 

Starobinsky inflation 

• Electroweak vacuum stability during inflation and preheating constraints  for 
the central values of  and  

• Smaller upper bound on  than inflation models without the  term

0.1 ≲ ξh ≲ 1.6
Mt αs

ξh R2



Backups



Einstein-frame  actions

• Einstein-frame action of scalaron  and Higgs field  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• Einstein-frame action of scalaron  and canonical Higgs field  
 

       

 
                             
                               
                                                                                                                                   
 
 
 

                                                                                                                                

ϕ hc
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Vacuum stability
• Duration of resonances 

Higgs variance evolution with |λ | = 0

 drops before ⟨h2⟩0 μt ≃ 30

q ≡
2
3

ϕ̄
Mp

(6ξh − 1)



Vacuum stability
• Thermalization due to two-to-two scattering 

                             <     

: occupation number  
 
Thermalization effect is negligible before   

•  Take the time of the resonances:  and  

• Criterion for the instability of electroweak vacuum 
   
                                                 

Γscatt ∼ ημ3σ ∼
g4

4π
ημ H ∼ O(0.1)μ

η

μt ≃ 30

tend = 20 μ−1 25 μ−1

⟨h2⟩ − ⟨h2⟩0

⟨h2⟩0 t=tend

> 2


