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Topological Defects: A brief introduction 

❖ Consider spontaneous symmetry breaking of a N-dimensional scalar field space:

[Viatcheslav Mukhanov: Physical Foundations of Cosmology, Cambridge University Press (2005)]

❖ A more general description can be given in terms of the homotopy group of the vacuum manifold:
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Slide taken from Stephen King’s talk at the CATCH22+2 conference
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SGWB from Cosmic Strings: the ‘Standard’ scenario

Ref to e-Print: 1809.10802 [astro-ph.CO]: G.S.F. Guedes, P.P. Avelino (Porto U. and Porto U., Astron. Dept.), L. Sousa (Porto U. and Porto U., Astron. Dept.)  for a detailed explanation on how to plot the analytical 
spectrum.
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The 2 Important Ingredients

1. The Turning Point Frequency:

Can not put any random value of          .

Baumann, D. (2022) Cosmology.

BICEP2+Keck+BICEP3+Planck 18:
P. A. R. Ade et al. (BICEP/Keck Collaboration)

BSM with Cosmic Strings. e-Print: 1912.02569 
[hep-ph]. Yann Gouttenoire, Géraldine Servant, Peera 
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The final ingredient: T-Model 



n
s 
-r predictions of the T-Model with n=1
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Understanding the evolution of CS: The VOS Equations 

➢ L is the correlation length. 
➢    is the mean velocity of the CS.
➢ The momentum parameter measures deviation from a straight string.

BSM with Cosmic Strings. e-Print: 1912.02569 
[hep-ph]. Yann Gouttenoire, Géraldine Servant, Peera 
Simakachorn.
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Understanding the evolution of CS: The VOS Equations 

➢ H L describes how the characteristic length is impacted by the expansion 
of the universe. 

➢ H L >> 1: The strings are effectively frozen in place by the rapid 
expansion.  

➢ H L = 1:  The characteristic length is comparable to the Hubble radius 
when the late-time energy density takes over inflation. 

➢ For n > 2, the Hubble horizon will eventually catch up with the string 
length, allowing them to re-enter, and initiate the loop production. 
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➢ The string tension, Gμ controls the amplitude of the GW spectra thereby 
impacting its detectability by different GW observatories.

➢
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Complementarity between GW detectors and CMB

➢ Consider Polynomial Attractor with n = 1.  We assume Ntotal = 65. 

➢ Consider fΔ  to be within the working range of the Square Kilometre Array (SKA):

➢ Constrained by the tensor-to-scalar ratio, r < 0.036, we look for all possible 
integer values of NCS∈ [1, 65] that satisfy these conditions.
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0.969 ≲ ns ≲ 0.9730.969 ≲ ns ≲ 0.973

n = 2



Summary and Conclusion

❖ Both Local and Global CS that experience certain e-foldings of inflation can be detected in the upcoming GW 
detectors like LISA and ET.

❖ There is a limit to the maximum number of e-folds of inflation they can undergo so that we can have observable GW 
signatures at the detectors. This number is controlled primarily by the string tension Gµ determined by the vev of the 
scalar field ηlocal and the energy scale of inflation, or the tensor-to-scalar ratio r.

❖ Roughly, the maximum value of NCS decreases as we reduce the string tension. The maximum value of NCS to have 
observable GW signals also decreases as we decrease the energy scale of inflation. 

❖ The GW spectrum from local cosmic strings formed during inflation sees a departure from the flat plateau behaviour. 
The extent of this deviation depends on the number of e-folds of inflation  NCS that the strings experience: the 
greater the value of  NCS, the shorter the flat plateau region becomes, which is determined by the turning point .

❖ Besides putting bounds on the NCS values, one can also use this method to put constraints on the permissible  ns−r 
values that the inflation model can take. For instance, LISA can probe NCS ∼ 34 − 47 irrespective of the value of the 
local string tension. 

❖ It allows us to constrain the spectral index ns within the range 0.962 ≲ ns ≲ 0.972 for n = 1, 0.956 ≲ ns ≲ 0.968 for   n 
= 2, 0.954 ≲ ns ≲ 0.965 for n = 3 and 0.963 ≲ ns ≲ 0.964 for n = 4. 
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