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1. Bigravity Theory 





Is it possible to find a ghost-free nonlinear MG? 

A breakthrough:  



Problems: 

No flat FLRW solution; 

Nonlinear ghost instability if both metric are FLRW; 

Superluminal problem…… 



Dynamical 

Bigravity: both of the metrics are dynamical 

S.F.Hassan and R.A.Rosen JHEP. 1202 126 (2012) 



How about the Cosmological Constant Problem? 

In dRGT case: 

It is natural and interesting to extend the analysis to Bigravity Theory 



2. Setup of Model 

       Action 

Interaction between       and 

S.F.Hassan and R.A.Rosen JHEP. 1202 126 (2012) 



Euclidean Approach 

       Wick rotation 
 

        tunneling probability per unit time per unit volume 

 

 

 

 

    bounce solutions are explored by assuming an 

    O(4) symmetry  



• Inserting ansatz into action and varying with respect 
to       and       :  (Friedman eqs.) 

 

 

 

 

 
 

• with respect to      and      

 

Combination of 



• Taking derivative of Friedman eqs with respect to  

    and combining with the second derivative eqs and 

    scalar eqs: 

Branch I Branch II 



• Taking derivative of Friedman eqs with respect to  

    and combining with the second derivative eqs and 

    scalar eqs: 

Branch I Branch II 



• Taking derivative of Friedman eqs with respect to  

    and combining with the second derivative eqs and 

    scalar eqs: 

Branch I Provided with          , there exists 
if 



3. Hawking-Moss(HM) solutions 

• HM solutions can be found at the local maximum of 
the potentials 

 

 

 

 

• Inserting HM solutions into Euclidean action, one can 
estimate the tunneling probability. In the following, 
we consider the two branches and their reduction to 
dRGT massive gravity theory.  



      Branch I 

 

 
 

implies that the bubble expansion in the fiducial metric side 
synchronizes with the one in the physical side 



•  on-shell action: 

 

 
 

     looks like two copies of GR for dS 

          reason: (1).                               implies that the  

                                interaction term is constant; 

                        (2).  synchronization of two bubble expansion. 
 

       



•  on-shell action: 

 

 
 

     looks like two copies of GR for dS 

          reason: (1).                               implies that the  

                                interaction term is constant; 

                        (2).  synchronization of two bubble expansion. 
 

      dRGT limit:  
 

    Worry:                             normalization or real divergence? 



• A way to check: introducing a third metric 

 

 

 

 
 

    provided that                            , 

 

 

    so it smoothly reduces to dRGT case 

                



         Branch II 
 

           on-shell action: 

 

No synchronization 

dRGT limit 



         Branch II 
 

           on-shell action: 

 

 

 

 

 

 

 

          Exponentially suppressed in dRGT limit. 

No synchronization 

dRGT limit 

Cannot be normalized ! 



Summary and future propects 

• We calculated the HM instantons for the bigravity 
theory; 

• Branch I behaves like two copies of GR sectors. Upon 
a normalization factor, it smoothly reduces to dRGT 
case; 

• In branch II, bubble expansions on both sides does 
not synchronize with each other. Its dRGT limit is 
exponentially suppressed; 

• It is natural to extend the analysis to Coleman-
deLuccia instantons. 


