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1. Introduction



Positive mass theorem

~ Positive mass theorem  

Schoen&Yau 1981, Witten 1981, Gibbons et al 1983,… 

M ≧ 0 

M =0 ⇔ Minkowski/anti-deSitter  

for GR, SUGRA, regular spacetimes, energy condition, …  

The existence of ground state



Restriction on theories  

Scalar potentials consistent with positive mass  
Boucher 1984, Townsend 1985
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Summary of our work 
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The cases consistent with positive mass are 
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No cosmological solution

Canonical form with “superpotential”

・strong restriction

・classical stability is automatically guaranteed 



2. Positive mass theorem  

Back to Witten 1981



Positivity:     essence  
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If the energy-momentum tensor satisfies the energy condition, 

we can prove the positivity of mass. 

spinor  :



Rigidity 
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Precisely 
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3. Einstein-scalar system  

Nozawa & Shiromizu 2014



Model

   matterLXKRgxdS 2),(24 
 

  gX
2

1

action




  KgKT X )(

)()( matterTTG 


 

does not satisfy the (dominant) energy condition in general



Mass expression

0ˆ  ,)(ˆ i    iA

RgRG 
2

1
: 

 
 FiS :

)(2 ][][  AAAF 

  iV 

  





  uSVGidGM  
ˆˆ28



Required condition  
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We imposed 

Otherwise, non-controllable terms appear  



Strategy 

spinor:   0ˆ  i
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Einstein eq.

Look for the theory for scalar field to have the form                 for    



Look at detail more 
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Case (ii) 
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Summary 
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No cosmological solution

Canonical form with “superpotential”



4. Future issues



Future issues 

Extension to more general 

cases/modified gravity?   
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Some basics



Covariant derivative 
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Local Lorentz transformation
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Witten spinor
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We have solutions which are asymptotically 

approaches a constant spinor 



Proof
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Surface integral
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