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Motivation
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Motivation of Massive Gravity, Bi-gravity

To explain current accelerated Universe

Actually, many self-accelerating cosmological solutions have been considered so far. 

However, many cosmological solutions are suffered from instability.

We investigate the stability of some class of spherically symmetric solutions
and find stability of these solutions coincide with corresponding solution of  GR 
at least up to second order perturbation in EOM.

Includes cosmological and black hole space time

not all solutions are analyzed !

This does not mean massive gravity and bi-gravity are unphysical theory because
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BRIEF REVIEW
OF

MASSIVE, BI-GRAVITY



Physical and Fiducial metric
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Physical metric,
which coupled with ordinal matter

and describe the space time

Fiducial metric

In massive gravity:
Some External field which give graviton mass

In bi-gravity:
Some dynamical tensor field interacting with 



Action
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:Interaction term is constructed by special combination of 𝑔𝜇𝜈 and 𝑓𝜇𝜈.

:Interaction term has 5 free parameters𝛽𝑖



Equation of Motion
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Key Point

• Correction terms have 5 free parameters

• Correction terms are described by

𝛽𝑖



BACKGROUND
SOLUTIONS



Metric Ansatz

DAISUKE YOSHIDA (Tokyo Institute of Technology, Japan)  , arXiv:1509.02096 9

homogeneous and isotropic space time:

What symmetry should be imposed on 𝑓𝜇𝜈?



Metric Ansatz
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homogeneous and isotropic space time:

homogeneous and isotropic space time:



Metric Ansatz

DAISUKE YOSHIDA (Tokyo Institute of Technology, Japan)  , arXiv:1509.02096 11

homogeneous and isotropic space time:

homogeneous and isotropic space time:

Solutions by Comelli et al.

spherically symmetric space time with off-diagonal component:

spherically symmetric space time with off-diagonal component:



Cosmological constant solution
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EOMs of 𝑔𝜇𝜈 reduce to Einstein equation with a cosmological constant. 

Constant ×

Combining with our spherically symmetric metric ansatz,

These two requirements can be satisfied when                                                .  

We focus on

We focus on

We are interested in the case where 



Summary of background solution 
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Any spherically symmetric solution 𝑔𝜇𝜈 of GR can be a solution of massive, bi-gravity.

Our solution includes
FLRW solution by Chamseddine,Volkov (2011), Kobayashi,Siino,Yamaguchi,DY (2012)

Schwarzschild de Sitter solution by Nieuwenhuizen (2011), Berezhani et al (2012) 



STABILITY



Perturbations and EoMs
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We consider general linear perturbations around our spherically symmetric solutions:

The correction appears only in 𝜃 and 𝜙 components.

With I, J = 𝜃, 𝜙
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Bianchi Identity

16

Because of Bianchi identity of 𝐺𝜈
𝜇

and conservation law of 𝑇𝜈
𝜇

,  

Combining with 

Laplace equation on sphere

Assuming        is regular at                 , solution is 

From remaining equations,

With I, J = 𝜃, 𝜙



Results about Linear Perturbation
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3 degrees of freedom disappear at linear order.

Do these dofs appear at higher order perturbation? 
Is there nonlinear ghost instability at higher order perturbations?

There are only 4 dofs, though bi-gravity has 7 dofs.

Perturbed EoMs reduces to Perturbed Einstein equations
with  3 constraints between 𝛿𝑔𝜇𝜈 and 𝛿𝑓𝜇𝜈. 

Dynamics of linear perturbations is same as that of GR !



Second order Perturbation
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This solution is free from non linear ghost instability !

with

EoMs reduce to
Einstein equations



SUMMARY



Summary

Massive gravity and Bi-gravity can allow

any spherically symmetric solution of General Relativity, 

Including its stability at least up to second order perturbation. 

However this result shows 

one cannot distinguish our spherically symmetric solutions of massive and bi-
gravity from the corresponding solutions of General Relativity at least up to 
second order perturbation. 
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