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Topological Defects: A brief introduction

monopole

[Viatcheslav Mukhanov: Physical Foundations of Cosmology, Cambridge University Press (2005)]
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%  Consider spontaneous symmetry breaking of a N-dimensional scalar field space:

V(q)) = %(@2 — U2)2 (¢17¢27"'7¢N)T

1
b =—
VN
% A more general description can be given in terms of the homotopy group of the vacuum manifold:

(M) £ 1



Topological Defects: A brief introduction

mo(M) #Z M disconnected Domain Walls
m1(M) #Z non-contractible loops in M Cosmic Strings
mo(M) # Z non-contractible 2-spheres in M Monopoles
w3(M) #Z non-contractible 3-spheres in M Textures




SGWB from Cosmic Strings: the ‘Standard’ scenario
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The 2 Important Ingredients
2. The Inflation Model:

T-Model of a-Attractor: n=1

a-attractors

‘ O/Mp
)
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Polynomial a-Attractor: n=1
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E-Model of a-Attractor: n=1




The final ingredient: T-Model
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dL R
— = HL(1+9%) + -é7,
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Understanding the evolution of CS: The VOS Equations

dL' _.) 1 Sy

— =HL(1+ %)+ =¢v

dt 2 BSM with Cosmic Strings. e-PFint: ‘1912.02569

d l—. i k ( f ) B [s}:gﬁ:ghzﬁn Gouttenoire, Géraldine Servant, Peera
— = (1-9%) | == - 2H%v

dt L

k(v) = — (1 —-27)(1 4+ 2V20

(0) = ——(1 - 7)1+ 2v20°) 7=

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

LH x t?~™/™  Quring the era with p o a™"

For n > 2, the Hubble horizon will eventually catch up with the string
length, allowing them to re-enter, and initiate the loop production.



SGWB from Local Cosmic Strings (T-Model with n=1 and a=1)
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SGWB from Local Cosmic Strings (T-Model with n
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SGWB from Local Cosmic Strings (T-Model with n=1 and a=1)
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Complementarity between GW detectors and CMB

Connecting the tensor-to-scalar ratio (r) to the turning-point frequency (f,)

T 0.1 % 50 x 1071\ ? /g, (Tpe) \
= (1.5 x 107'H = ==
Jo = oo (gw)( TG ) (g*m)))

Fine = 1.06 x 106 x (——)1/4
0.01
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G,LL )2
10-1

> N = N.¢ is the number of e-folds of inflation that the CS has experienced.

r=525717 x 107°° x (fa - exp NZ)* x (

> The string tension, Gu controls the amplitude of the GW spectra thereby
impacting its detectability by different GW observatories.

> SKA: fR%4 ~1.54 x 10~° Hz to 1.69 x 10~° Hz and Gu < 10713,
LISA: fX154 ~ 6.45 x 1076 Hz to 82.7 Hz and Gu < 10717,

DECIGO/BBO: fRF¢!99/BBO  10-3 Hz to 10 Hz and Gu < 10~20.
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G
10-11

r=525717 x 107°° x (fa - exp NZ)* x ( )2

> (Consider Polynomial Attractor with n = 1. We assume N 65.

total =
a2

Vi) =W

e 2

> Consider f, to be within the working range of the Square Kilometre Array (SKA):

SKA: f3K4 ~ 1.54 x 1079 Hz to 1.69 x 107 Hz and Gu < 10713,

> Constrained by the tensor-to-scalar ratio, r < 0.036, we look for all possible
integer values of NCSE [1, 65] that satisfy these conditions.
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Summary and Conclusion
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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 Gu determined by the vev of the

scalar field Niocal and the energy scale of inflation, or the tensor-to-scalar ratio r.

Roughly, the maximum value of N, decreases as we reduce the string tension. The maximum value of N 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 N that the strings experience: the
greater the value of N, the shorter the flat plateau region becomes, which is determined by the turning point .
Besides putting bounds on the N4 values, one can also use this method to put constraints on the permissible n_-r

values that the inflation model can take. For instance, LISA can probe N4 ~ 34 — 47 irrespective of the value of the
local string tension.

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