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What is Duality?
Look in Mathematics

For a precision





Duality is Multifaceted 
in Physics as well.

Particle/ Wave Duality- concept changing

Kramers- Wannier Duality- Narrative

and we will encounter more



QFT- Electron Positron scattering 

Add all such diagrams



BUT PION AND NUCLEON SAY - NOT FOR US

Either Or like particle/wave 



NATURE CRIES OUT - WE WANT 



Find a framework
String Theory 

Nature cries out - we want a dual model!



What do we want?



Numbers as data, Numbers to measure? 



A Story /Narrative



D=5,6 ?



This brings Dualities 



Z(N) Lattice Theories 
with Global d=2, Local 

symmetries in d=4

Dualities in QFT

Z(T) = Z(c/T)

Narrative : order or disorder parameters serve a simpler
effective description 





Electric- Magnetic Type Dualities

Add a  θ  parameter and get

on the lattice with Z(N) and 

N=4 SUSY d=4 an

SL(2,Z) symmetry/duality 

on  θ +i/g

Dualities in QFT



How to decide if 
theories are really dual 

to each other?



Mostly compared partition functions.

What is needed to establish DUALITY

1 point functions, 2 point functions, 3 point 
functions

IN CFT, Other theories

Local operators, Non local operators, lines …

boundary effects, change the world volume, the 

geometry , the topology.

How does this effect the dualities. 

In string theory sum over all genera



• The Magic of String Theory
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T Duality 

Large R  or  1/R

Local Momentum Modes 

Non Local Winding Modes
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It is a gauge symmetry

Can the symmetry “break”?

Are there anomalies?

Back to QFT



24TOPOLOGICAL THEORY WITH S,T DUALITY
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U Duality SL(d,Z)xSL(2,Z)

Z



Magic of String Theory  
 
 

With extended objects 
Surface of a Sphere=Torus in some topological models

=



Magic of String Theory  
 
 
 

With extended objects 
1=3 , 4=10



SU(2)	dim=3,	rank=1	
dim	G=rank	G	(k=1)





Magic	of	String	Theory	 
 
 
 

With	extended	objects 
[x,y]=0



Magic of String Theory  
 
 
 

With extended objects 



Magic	of	String	Theory

Singularities	are	a	reflection	of	a	breakdown	of	an	
approximation.

Gravity	has	magic	cloaks		to	hide	its	secrets

HORIZONS





The Big Crunch





A role for 
Non Local Operators?!



Dualities in String Theory

• Geometry 
• Topology 
• Number of dimensions, small and large 
• (non-)Commutativity  
• Singularity structure 
• Associativity 

• ONE UNIFIED ARENA?? 
• A DUALITY INVARIANT FORMULATION?



NEW LIGO DATA

THE UNIVERSE IS A CIRCLE IN ONE DIRECTION !



NEW LIGO DATA

THE UNIVERSE IS A CIRCLE IN ONE DIRECTION !

SO IS R LARGE  OR  SMALL ?? 



NEW LIGO DATA

SO IS R LARGE  OR  SMALL?? 

WE USE  LOCAL OPERATORS TO MEASURE !
NON LOCAL/WINDING MORE DIFFICULT



CANT GET OUT OF MY MIND 
THE WORLD SHEET AND TARGET SPACE AS ONE UNIT
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ADS/CFT

ALSO BACK TO QFT!
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QCD and a Chiral Lagrangian of Pions

IR DUALITY
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N=1 SUSY more structure

Emerging U(1) gauge symmetry 
in a 

conformal window
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Branes in motion 



LOTS AND LOTS OF DUALITIES - A WEB

Many many more 





From  Nature to the 
LHC, SUSY? 

STRINGS? 



  Happy Birthday dear Formula

מזל טוב
Fifty years..for advice , we need it .


