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Cosmic strings generically arise within the framework of grand 
unified theories and could be produced in the early universe as a 
result of symmetry breaking phase transitions

Cosmic strings

Observational data on the cosmic microwave background
radiation have ruled out cosmic strings as the primary source for 
primordial density perturbations

Cosmic strings are still candidates for the generation of a number 
of interesting physical effects:

Ø Gravitational lensing

Ø Generation of gravitational waves

Ø High energy cosmic rays

Ø Gamma ray bursts



String gravity: Simplified model

Cosmic string is approximated as a line of zero width with a 
distributional δ-function energy-momentum tensor

Line element

conical (δ-like) 
singularity



Maximally symmetric spacetimes

Many physical problem can be exactly solvable



(continuation)



Cosmic string in dS and AdS
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Vacuum polarization by a cosmic string in a constant curvature 
spacetimes (dS and AdS)

The non-trivial topology of the cosmic string spacetime results 
in the distortion of the zero-point vacuum fluctuations of 
quantized fields 

The non-vanishing curvature of dS/AdS produces also 
modification of the zero-point vacuum fluctuations of 
quantized fields 

Non-zero vacuum expectation values (VEVs) for physical 
observables (field squared, energy-momentum tensor,...) 



The Klein-Gordon equation

Equation of motion obeyed by a scalar field in a general 
background spacetime with an arbitrary curvature coupling:



Expansion of field operator

Commutation relation for annihilation and creation operators.

Defenition of vacuum state |0>:

Expansion of field operator:Expansion of field operator:



Vacuum polarization 
Wigthmann function (WF)

Among the most important local characteristics of the vacuum state are 
the vacuum expectation values (VEVs) of the:

v Field squared,           ,    

v Energy-momentum tensor,

These VEVs are obtained from the positive frequency Wightman function in 
the coincidence limit of the arguments

WF is presented as the mode sum

In addition, WF determines the response of a particle detector in
an arbitrary state of motion



(Continuation)

Energy-momentum tensor:

These procedures provide divergent results

Renormalizations are required



Renormalization procedure



For a massless scalar field the renormalized
VEV of the field squared has the form (units                  )

Vacuum polarization by a cosmic string 

in Minkowski spacetime 

Energy-momentum tensor Curvature coupling parameter



Massive scalar field

For integer values of the parameter                   (D=3)

At large distances               :  
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Wightman functions in dS/AdS with cosmic string



Special case: q being an interger number
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Computation of energy density 
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Final remarks



Final remarks (Continuation)



Thank you!Thank you!
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