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The shape of our universe 

M(d+1) :  ημν = diag(1,-1,……,-1) 



Its cousin: the anti de Sitter 
universe 

E(2,d-1) :  ημν = diag(1,-1,……,-1,1) 



dS / AdS physics. 
What Are the Problems? 



Penrose Diagrams 

Rt



QFT: (Conformal) Embedding in the ESU 

Avis,Isham,Storey (1978) 



BTW: dS is more malicious (and misterious)  
than AdS 



The asymptotic cone 

M(d+1) :  ημν = diag(1,-1,……,-1) 



The asymptotic cone: causal structure 



The asymptotic cone 



AdS: causal but not strongly causal 

X e Y on AdS are spacelike separated  iff (X-Y)2 < 0   

(in the ambient space sense) 

 
The asymptotic cone provides the causal 

structure  
 



Particles geodesics 



The asymptotic cone as the de Sitter 
momentum space 



Conserved quantities   



AdS: timelike geodesics 



Coordinates: 
Vacuum Cosmological Equations 



Spherical de Sitter model 



OnlyΛ>0  



Flat de Sitter model (Lemaître, 1924) 



OnlyΛ>0  



Open de Sitter model (de Sitter 1917) 



OnlyΛ>0  



Only Λ=0  



Only Λ<0  



AdS: Poincaré coordinates 



C(r) = AdS{r=const} is a Lorentz manifold 

(not strongly causal) 

AdS: covering coordinates 
 

 



Jacobi Elliptic functions 

 

 



Jacobi elliptic functions: a reminder 

 

 





Jacobi elliptic functions 

 



Theta functions 



The four types of theta functions 



Strings 



GKP’s rotating folded string (2002) 



GKP’s rotating string (2002) 



GKP’s rotating string (2002) 



GKP’s rotating string (2002) 



3D -> 2D  



2D GKP’s string 



Elliptic function and theta functions 



The trick of the tale: 
 GKP’s string in hom. coordinates 



GKP’s string on the cone 



Constraints on the cone 



Doubly elliptic strings on the cone 



Constraints 
Amounts to another (possibly unknown) identity among theta 
functions and their derivatives 



Finite open strings 
Project back to AdS/dS 

Constraints are satisfied.  
 
String equations also (I leave this as an exercise!) 



Finite  open strings 



Finite  open strings 



Finite  open strings 



Semi infinite Strings 
Project back to AdS/dS 

Constraints are satisfied.  
 
String equations also (I leave this as another exercise!) 



Finite  open strings 



All in all 



Infinite open (AdS)/ closed (dS) strings 



Infinite open (AdS)/ closed (dS) strings 


