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1.INTRODUCTION 



PANDORA’S BOX 
WAS OPENED? 

Cosmological constant, Galileon, 
Chamaeleon, massive gravity, f(R), 
higher curvature, Horava-Lifshitz, 
DGP braneworld,  Tracker, K-essence, 
…



STABILITY SHOULD BE REQUIRED  

Stability



POSITIVE MASS THEOREM 

- Asymptotic flat and regular spacetime

- Einstein equation

- (dominant) energy condition(energy density of matter is non-negative) 

Total mass is non-negative 0M

Spacetime is flat if and only if  0M

Positive mass theorem guarantees the (kinematical) stability in 

non-linear level

Schoen&Yau 1981, Witten 1981

A CELEBRATED THEOREM IN GR



POSITIVE MASS AS A PRINCIPLE ?

Positivity of total mass should hold 

in relevant theories.  

Our proposal



2. A PROPOSAL AND RESULT



A HINT   

Scalar potentials consistent with positive mass  
Boucher 1984, Townsend 1985
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A DEMONSTRATION

   matterLXKRgxdS ),(24 

2~
2

1
 

  gX

 2
2

)(12
)(

8)( 



 W

d

dW
XUXK 










Starting point 

Nozawa & Shiromizu 2014

Theory compatible with positive mass  



POINT 

Look at the original proof (Witten’s version)
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There is a room to modify the mass formula.    

For example, we can replace ∇ by another operator.      

spinor  :



3. EINSTEIN-SCALAR SYSTEM  

Nozawa & Shiromizu 2014



MODEL
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A ROOM TO MODIFY 
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MODIFIED NESTER TENSOR  
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MASS FORMULA 
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STRATEGY 
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Try to construct a theory/fix Aµ so that 
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CANDIDATE FOR 
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REQUIREMENT 2 
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CONSTRAINT FOR THEORY   
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CASE (II) 
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SUMMARY 
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action
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No cosmological solution

Canonical form with “superpotential”



4. SUMMARY AND DISCUSSION 



OUR PROPOSAL FOR DARK ENERGY

Positive mass may play as one 

of principle to determine the 

model for dark energy etc.  



REMAINING ISSUES 

・unique way?

・more general cases for dark energy?

・modified gravity？Non-linear massive gravity,…

・What happens if we employ Schoen-Yau’s proof?

・positive mass for asymptotically deSitter spacetime?
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AN EXTENSION 
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AN EXTENSION: BACK TO BOUCHER & TOWNSEND 
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