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A brief introduction to Cosmic Strings

1. Cosmic strings are one-dimensional (line-like) objects, that could be left over
after the early Universe went through a phase transition.

2. Such phase transitions may have occurred at grand unification, corresponding to
an energy scale of about 101¢ GeV.

3. Loops can shrink and finally decay due to gravitational wave emission.

4. Cosmic strings can produce both burst signal and stochastic gravitational wave
background signal.
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Fig.1 Cosmic string closed loops formation.



Gravitational waves from cosmic string loops
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Fig. 2 Three types of gravitational wave burst signals
from cosmic string loops. (Credits to Florent Robinet)

The power-law strain waveform produced
by cusp, kink and kink-kink collision:
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G: Gravitational constant . oting tension (dimensionless)
w: String linear mass density

g1: O(1) number in the analysis
r(z): Proper distance.




Gravitational waves from cosmic string loops

—la'l 3 , 9 'jQBg
Qaw (f) 3H2f Z[/ }U d(}hl S Py burst rate
N

consider whole hlstory
Burst rate per unit loop size and per unit volume:

number of cusps, kinks or kink-kink
collisions per loop oscillation
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1. Loop distribution function (LDF) is model dependent.
2. In our study, we consider two analytic models
obtained from Nambu-Goto string simulations (labeled
as A, B), plus agnostic Models C to interpolate between
Model A and B.

consider all loop sizes

Model A (Blanco-Pillado et al., PRD 89,
023512): One physical scale: gravitational
decay scale y; = IyGu.

Model B (Lorentz et al., JCAP 10 (2010) 003):
One additional physical scale: gravitational
backreaction scale y.. (v, < v4)

Model C (Auclair et al., JCAP 06 (2019) 015):
2 variants: C-1 (respectively C-2) reproduces
LDF of Model A (resp. B) in the radiation era
and LDF of Model B (resp. A) in the matter era.




Free parameter: Number of kink N,

In previous O1 study, N, = Ny = 1 per loop oscillation.
It is the first time to consider the effect of varying N, on GW spectra from cosmic
strings.
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For N;, > 1, the kink-kink collision contribution becomes dominant, since Ny = %

Decay rate of cosmic string loops due to GW emission has a new contribution:
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Gravitational wave power spectrum

Dominant contribution
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Fig. 3 Gravitational wave power spectra of Model A, B and C-1.



The ten loudest events were carefully
scrutinized. They all originate from a

B u rSt SearC h well-known category of transient noise.

2 03 cusp search

1. Cosmic string burst signals in LIGO and ] Background, + 15 |
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Fig. 4 The cumulative distribution of coincident O3 burst
events as a function of the likelihood ratio A



Burst Search

1. Obtain the sensitivities of the search to
the three types of burst signals, by
digitally  adding  simulated GW 7
waveforms into time-shifted data. DE_
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Fig. 5 The resulting efficiencies €;(4;) as a
function of the signal amplitude.



Stochastic Search
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95% credible exclusion region on Gu — N, plane
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Fig. 7 Combining the constraints from burst search and stochastic search for four loop distributions



Conclusion

1. LVK have performed a burst and a stochastic gravitational wave
background search to constrain the tension of Nambu-Goto strings, as
a function of the number of kinks per oscillation, for four loop
distributions.

2. The current constraints on Gu are stronger by two and one orders of
magnitude for models A and B respectively, when fixing N, = 1. The
agnostic models, labelled as C, are also studied to interpolate between
models A and B.

3. For the first time, LVK have studied the effect of Kkink-kink
Interactions, which is relevant for large numbers of kinks.



