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• What do singularities reflect?

• Usually that something was missed 
out(QM, massless degrees of freedom).

• GR has horizons. What are they 
hiding? Are singularities different. 

• Time like singularities- String theory.

• Space like singularities



Singularities:
Can one live with them?

Can they heal?
What can one learn about 

them?

Are they simple or complicated?
Some are “simple”
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What are you trying to say:

Two very different looking boundary theories

Same BULK SINGULARITY 

Complementary- Dual

d=1 Toy Model
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Magic of String Theory 

No	
  concept*	
  in	
  Math	
  remains	
  
unambiguous	
  

CONTEXT OF SPACE LIKE SINGULARITIES



Magic of String Theory  
 
 
 

With extended objects  
 

Large=Small 

R”=“1/R     T Duality 



Magic of String Theory  
 
 

With extended objects  
Surface of a Sphere=Torus

=



Magic of String Theory  
 
 
 

With extended objects  
1=3 , 4=10



SU(2) dim=3, rank=1





Magic of String Theory  
 
 
 

With extended objects  



Time Like Singularity



Magic of String Theory  
 
 
 

With extended objects  

[x,y]=0  =

COMMUTATIVITY ? 



Dualities

• Geometry 
• Topology 
• Number of dimensions, small and large 
• (non-)Commutativity  
• Singularity structure 
• Associativity 
• NO UNIFIED FRAMEWORK



=
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One Can in some cases 
continue 

beyond the coordinate 
singularity 
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One Can in some cases 
continue 

beyond the coordinate 
singularity 

How about the following case?







•   The Singulariy Reaches the Boundary/UV in

• a Finite Time and thus can be 

• Described by Local Boundary Operators.



Engineering Big Crunch Singularities

Add 

 Marginal or Relevant

operators on the boundary
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AN EFFECTIVE ACTION
OF A BRANE INDUCES

A LG BOUNDARY ACTION



BOUNDARY

Non perturbative definition of the theory. 

There are several possible QFT duals on the bondary



World Volume dS! 



• If the boundary theory is well defined so is the crunch 
in the bulk.  

• For the bulk crunch example above the boundary 
theory is well defined. Possible to describe a crunch. 

• It is well defined on a world volume which is dS but 
there is no gravitational coupling. 

• To see the crunch change coordinates on the boundary.



A simple classical model:  O(N) on de Sitter

Phases are clear-cut





Over at the E-frame...

Mass term blows to  
in finite time













48



49

d=1 is not trivial.     2d/(d-2)=-2 and!
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A near boundary slow moving  
particle probe in AdS2 

gives:
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d=1 is not trivial.     2d/(d-2)=-2 and!



53

Classical Maps:

E= Einstien ; M= Minkowski; dS  

“Anomalous”
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SL(2,R) Invariant !
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SL(2,R) Yes , GCR no, dismissed for 
SKY at al.
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For a positive coupling (and > -1/4)

The Spectrum is continuous 

The System has no Ground State!

Note analogy to B.F Bound! 

Energy is (0,infinity]
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Discrete Spectrum ALSO SL(2,R) 
Invariant.
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Deform CQM by a potential
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< 1 RELEVANT

=1  Marginal

Between 1 and 0 “softly “ Relevant
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For Large N even more stable near the origin.

Special “soft” Relevant operator =1/2

Many scattering States!

Like SSB with IR theory non trivial

“Big Crunch”  
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Dashed Line- Ds
Full line- Adding a negative relevant operator!

Tunneling reflects return to the bulk NOT boundary!! 



Possible healing happens at d=1 CQM
where all  can be made Quantum?
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Classical Maps:

E= Einstien ; M= Minkowski; dS  

“Anomalous”
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Quantum Maps
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This Conforms to the Intuition
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For Candidate Crunches such as 

Condensate states stationary in dS

Crunching in E frame

One obtains:
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Nothing much happens
Expectation values finite.

Stationary State in dS
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In the apocalyptic frame-crunchy
contracting in the UV!

Expectation values diverge!
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This Conforms to the Intuition
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Potential Energy Expectation Value

For Crunches in the Apocalyptic: 

For Bubbles of Nothing
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For the Kinetic Energy 
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This Conforms to the Intuition
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T Duality : Is R large or  small  ?

Locality -Winding modes

Non Local  Observers
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RESULT:

AND IN GENERAL IT DOES NOT VANISH

BUT ON AdS IT DOES VANISH!



Only Metastable and Give:



Possible healing happens at d=1 CQM
where all  can be made Quantum?



Contributes to Expectation Values blowing up

Semi classically

Depletion not fast enough to avoid crunch

If b of Order 1 there is QUANTUM healing !!!



CONCLUSIONS
New aspects.

There is an Apocalyptic -Eternal Duality.

The Crunch can be seen in the UV. 

Must  have non-local aspects.

Healing?



Congratulations 
Spenta

Many more years of intellectual 
Stimulation and friendship!


