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Superconducting cosmic strings are supposed to emit transient events appearing in radio
frequency band. We examine the impact of dark energy on three different structures
of superconducting cosmic strings. With the consideration of observational scenario, we
investigate event burst rate formalism in terms of redshift ”z” by taking string parameter
?Gu ”"and current parameter ”I1”. We will take these parameters to be free. We fit
theoretical data, obtained as a normalised event rate, with normalised observed data,
and constrain the G and I be (10%2,1026)GeV and (10~%,102) respectively.

1. introduction

It is important to study and investigate cosmic strings as they are one of the im-
portant topological defects. They provide tremendous insight into the nature of
fundamental interactions. If the strings are superconducting, they emit radiations
in radio band. this work is basically the extension of work done by'and? As our
universe has been entered into dark energy era, it is challenging to probe the radi-
ation mechanism. This is an on-going project.We share incomplete results but in
near future we will bring complete results.

2. Characteristics of SCSs

For more details about this work we will refer reader an article on arXiv very soon.
We are begin with the superconducting string model:?

1
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Here, o be the worldsheet induced metric for the string with (a, 8) =0 or 1 and
string tension is p. In the action above, first term is Nambo-Goto action; second
term is worlsheet current; third term is about electromagnetic gauge coupling and
fourth term shows the dynamics of electromagnetic field. Also, if one can consider
a string to be one dimensional object, it, of course, sweeps out two dimensional

worldsheet in spacetime.

(1)

et =et(nY),a=0,1 (2)
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with 7° and 7' be time-like and space-like parameters. The 7, = naﬁefjeﬁ is
induced metric with det(y,.,) = 7.
A trajectory for cosmic string loops is

1
2 (t,0) = 5[ (o) + () (3)
with 0+ = o £ ¢. The result combined with gauge conditions is as follows:

z_(o-+L)=a_,z(o4 +L)=a4 (4)

3. Radiations from loops of SCS’s

The radiation power for any periodic em source is

P:ZPM

L
P, = —%wi/dﬂj;(wn,k)j”(wmk) (5)
Here, w, = “T" with neN is the Fourier mode. The analysis of radiation power

from loops of SCS infers that the major contribution is from j#. Therefore, it is
noteworthy to identify the solution of four-current j#. The main idea to analyze
EM radiations from string loops is to observe emission of radiations from different
structures of loops.

4. Event Rate of Burst
The burst event rate can be expressed as:
dN (L, z) = NP4muvy(voL)™ 1 kCy,

(r(2))? (6)
B+ 2L + TCutg2 74

with

14z

r(z) = de

Ho /o VO (1+ 83+ Q1+ "+ 0

t
=1 1 3/4 €q
Crlz) =1+ (1+2) \/(1 + 2)3/2L + TGuto ®)

Till now, we have demonstrated burst event rate in terms of loop length and redshift.
In the viewpoint of observable variables, it is quite fascinating to describe event rate
in terms of observable variables like energy flux per frequency interval and intrinsic
duration of the burst. The energy flux per frequency interval is instrument-sensitive
parameter. To constrain the model parameters, first we study how to do variable
transformation from (L, z) to (S, A) and then event burst rate be defined in the form
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of corresponding variables with free parameters Gu and I. The current parameter
I for cosmic string rely on both the loop length L and the energy scale of the phase
transition that was supposed to occur in the very early universe. As a result, we
are able to modify a pair (G, ) according to FRB signals.

The observed fast radio bursts are all from extra-galactic sources. Accordingly,
the scatterings of these bursts are expected to be contributed by both intergalactic
medium(IGM) and interstellar medium(ISM). The time broadening effect due to
ISM can be related to the dispersion measures of ISM D Mgy, using an empirical

function as follows: 456
3cHoQ fram /c x(2)(1 + 2")dz'
DM =
16 (2) 8rGm,, 0 E(z) )
with
E(2) = v/ Qm(1 4 2)3 + Qa f(2) (10)

z (1 +w(z”)dZN
) =eapls [ S

1
X(2) = Ve, 1 + 5 Vox. 1e(2) (12)

with Hg is the Hubble parameter for today, €2, be the baryon mass fraction of the
universe and fraas be the fraction of baryon mass in the intergalactic medium. The
hydrogen and helium mass fraction in the intergalactic medium can be represented
by Y and Y, and equals % and %. respectively. Likewise, the ionisation fraction
of hydrogen and helium are x. z and x. g respectively. As we are taking a regime
z < 2.1 and for this region, both hydrogen and helium ionised completely, so we

can take them to be 1.78

5. FRB Data Fitting

At this stage, we are able to tackle the theoretical predictions of SCSs according to
observational data of FRB. In this regard, we can constrained the model parameters
very well. We can analyse that there are five parameters in total that can describe
FRB data accordingly, which are: Gpu, I, vy, A and S. First we look into constrains
set by CMB background anisotropies and the stochastic gravitational wave back-
ground

We are required to fit the event burst rate with the normalised observed data, so for
each (Gu, I), we need to express event burst rate in terms of redshift. We also take
instrumental threshold into considerations like flux and pulse width and sound-to-
noise ratio(SNR).

The observable parameters mingled with SCS model are redshift, the dispersion
measure ,pulse width and energy flux. There are 25 observed FRB signals till date®
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The highest redshift for these observed FRB signals is z = 2.1. For numerical
analysis, we divide data into different bins. Make the data normalised so that

ZyobsAzbin =1 (13)

with y,ps be the normalised event number per redshift. To see the compatibility
of theoretical data with the observed ones, we create different values of normalised
event burst rate in terms of (G, I) so that

/ yendz = 1 (14)

To check the quality of fitting between theoretical and observed normalised data,
we use a statistical tool Chi square as

- (yobs - yth)2
X2 = Z T2 (15)
i obs

with n be the number of bins.
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