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Introduction 

• T-duality, originated from string, changes the 

picture of initial universe in Einstein gravity.  

• Our approach to T-duality is  

    to construct a theory  

    with manifest T-duality,  

       supersymmetry &   

       all gauge symmetries ! 
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Superstring (SUST) & supergravity (SUGRA) 
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‘15 Kamimura, Siegel & M.H.; 
Bandos, Nikolic & Sazdovic 

Flat 

Asymptotically flat 

AdS  
→ AdS/CFT physics 

‘11 Hohm, Kwak & Zwiebach; 
‘12 Jeon, Lee, Park & Suh; 

…’16 Cederwall… 
‘14 Kamimura, Siegel & M.H. 
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Plan of the talk 

0.   Introduction 

I. Manifest T-duality 

II. Type II superstring with manifest T-duality  

III. Type II supergravity with manifest T-duality  

IV. Conclusion 
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I. MANIFEST T-DUALITY 
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I-1. “Global” O(d,d) T-duality transformation 

I-2. “Local” T-duality covariant general coordinate 

transformation 



• Fractional linear transf.  

      O(d,d)  

• Vielbein: linear transf.   

 

 

– Orthonormal condition 

• String currents: linear trans.  

 

 

I-1.  “Global” O(d,d) transf. 
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★“Global”  gravity T-duality  is originated from string T-duality. 



• General coordinate transf. + B gauge transf. 

 

• C (Courant) bracket : 

 

• Affine Lie algebra:  
 

                                                

– Jacobi ⇒  

          

I-2. “Local” T-cov. general coordinate transf. 
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is nondegenerate  

                        is totally anti-sym. 

  ‘12 Kimura & M.H.  

  1993 Siegel 

★“Local”  gravity T-duality  is originated from string T-duality. 



II. TYPE II SUPERSTRING WITH 
MANIFEST T-DUALITY  
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II-1. “Local ” covariant derivative 

 &  ”Global” symmetry generator 

II-2. Superstring action 

II-3. AdS superstring 



II-1. Covariant derivative & symmetry generator 
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• Lie algebra 

• Affine Lie algebras 

– Covariant derivative 

 

– Symmetry generator 

 

– They commute 

Affine Lie algebras 
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Making nondegenerate algebra 
• For a symmetric space: 

 

• Add another Lorentz algebra: 

• Redefine generators : 

 

 

 

• Nondegenerate group metric:  
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Gomis, Kamimura & 
Lukierski, 2009  
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 Nondegenerate super-Poincare algebra 

“maxwell algebra” 

Gomis, Kamimura & Lukierski, 2009  

Nondegenerate pairs 
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Covariant derivative & symmetry generator 

★ Coefficients are canonical dimensions  
   ⇒ guarantee the closure of affine Lie algebras. 



II-2. Superstring action 
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Virasoro  

1st class constraints 

2d. Diffeo. inv. for 𝜅-sym. even in chiral field action! 

＋boundary term 

Winding mode 

⇒ GS SUST in simple unitary gauge  

＋・・・ 



• RR flux breaks double Lorentz into “H” 

 

 

 

 

• RR gauge field is introduced by 

 

II-3. AdS superstring 

2016/7/7 
Noncommutative geometry, quantum 

symmetries and quantum gravity II  16 



III. TYPE II SUPERGRAVITY WITH 
MANIFEST T-DUALITY  
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III-1. SUGRA gauge symmetry 

III-2. SUGRA field equations 



• Curved space cov. der.: 

• SUGRA fields: 

 

 

 

 

 

• C-bracket with gauge symmetry parameters: 

III-1. SUGRA gauge symmetry  
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Orthnormality  

  ‘14 Kamimura, Siegel & M.H.  



III-2. SUGRA field equations   
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↑ 
Lorentz  

⇒field eq. 

etc. 

  ’13 Polacek & Siegel  

  ’93  Siegel  



IV. Conclusions 
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