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– 2d worldsheet coordinates                  and metric 

 

– Majorana-Weyl spinor fields 

 

– projections of 10-d Dirac matrices 

 

– projections of 10-d covariant derivatives 
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• Sigma model on super-coset manifold 

 

 

• Z4 grading 

– Decomposition of  

–   

– Commutation relations 

 

• String action 

– Left-invariant current 

– Nonlinear sigma-model with WZW term:   
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• Lax pair construction (cf) Lecture by V. Bazhanov 

– Lax pair :  

 

 

 

– Zero curvature condition : 

 

– Monodromy matrix : 

 

– Infinite numbers of classically conserved charges 
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• (cf) V. Bazhanov’s yesterday lectures 
– Explicitly solve KdV equation: “soliton” 

– Use integrability structure: Lax pair 

 

• Explicit classical string solutions 
– Directly compute energies of string configurations 

– Fermions decoupled 

– Difficult to relate with gauge theory side 
 

• Algebraic curves based on the integrability 
– No direct link to classical string configurations 

– Quantum strings can be included easily 

– Can relate to strong coupling limit of all-loop Bethe ansatz eqs. 
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• AdS5 and S5 are decoupled in bosonic action 

 

 

 

 

 

 

• AdS5 and S5 embedding coordinates                

 

• Virasoro constraints 
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• String action 

 

• Eqs. of motion 

 

• Conserved charges 

 

 

• Global coordinates 

 

 

 

 

• 6 isometry coordinates 
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• A point-like [no σ dependence] string which rotates on a 
great circle of S5 with angular momentum 

 

 

 

 

• Energy = angular momentum 
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• A point-like string in the planar-limit 

 

 

 

 

Berenstein, Maldacena, Nastase (2002) 
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• Light-cone gauge:  

 

• Orthogonal directions have only quadratic fluctuations  

 

 

 

• Light cone energy exact in all orders of  

 

 

 

 

• Relation to the SYM 
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• A string in 

 

 

• Effective 1d integrable Lagrangian (Neumann-Rosochatius) 

 

 

 

• Conserved charges and Virasoro constraints 

Arutyunov, Russo, Tseytlin (2002) 
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• Exact solution 

 

 

 

 

 

 

 

• Infinite J limit 

 

 

Finite-size correction 

Giant magnon 



• Classical string configuration in R x S2 

 

 

 
 

 

 

– Energy of the string 

 

– Pohlmeyer reduction: S2 angle θ is related to the sine-Gordon field, GM 
is mapped to the SG “Soliton” 

 

– Dual to magnons in the SYM spin chain 
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Hofman, Maldacena (2006) 
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• GM in  
 

 

 

– Related to classically integrable complex sine-Gordon model 

 

– Energy-charge relation: 

 

– Dual to magnon bound states “Bethe string”  
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Chen-Dorey-Okamura 



Chen, Dorey, Okamura (2007) 
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• Lax pair :  
 

– Satisfy 

 

• Monodromy matrix : 
– Satisfy 

 

– Eight eigenvalues of the monodromy matrix define quasi-momenta 

 

 

– Unimodularity:  
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• Algebraic curves on eight Riemann sheets 
– Discontinuities across the branch cuts 

 

 



2nd Asia-Pacific Summer School in 

Mathematical Physics, Canberra 

• Properties of quasi-momenta 
– Virasoro constraint :  

 

 

– Conserved charges 

 

 

 

 

 

 

– Inversion relation from automorphism of psu(2,2|4) 

 

 

– Filling fraction 
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• Take limits 

 

 

 

• Bethe roots condensate and form cuts on the complex plane 

 

 

 

 

 

• Define density of roots 
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• Energy  : 
 
 
 

 
• Continuum BAE : 

 
 
 

• Resolvent :  
 
 
 
 

• Quasi-momentum :  
 
 

• To complete the match, one needs all-loop and all-sector BAE  
 

 



• Green-Schwarz superstring on AdS5 x S5 

 

• Nonlinear sigma model on coset 

 

• Classical integrability through Lax pair  

 

• Exact solutions such as BPS, BMN, Giant magnons 

 

• Quasi-momenta and algebraic curve through monodromy 
matrix  

 

• Next: exact worldsheet S-matrix  
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