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Abstract. We want to find the cosmological constant influence on cosmic microwave
background (C'M B) temperature due to moving linear cosmic strings. Using the space-
time metric of a linear cosmic string in an accelerated expanding universe, the Gott-
Kaiser-Stebbins (GKS) effect, as an important mechanism in producing temperature
discontinuity in the (CM B), is considered; then, its modification due to the effect of
the cosmological constant is calculated. The result shows that a positive cosmological
constant (i.e. the presence of cosmic strings in an accelerated expanding universe)
weakens the discontinuity in temperature so that a stronger resolution is needed to
detect the corresponding influences on the C'M B power spectrum and anisotropy.

Keywords: ISM: Cosmic Strings; Cosmological Constant; Cosmic Microwave
Background (CM B)

1 Introduction

Topological defects have formed during symmetry breaking phase transitions in the early
universe [1]. Among different known defects, scientists have paid most attention to cosmic
strings [1-2]. These objects, in addition to their importance in cosmology, have been recently
under consideration because of their similarities to fundamental strings [3]. Although cosmic
strings were under study as the necessary seeds for the large scale structure we see today
[4], the data from COBE and BOOM ERANG have shown that they cannot be considered
as the main candidate for the early density fluctuations in our universe [5]. Indeed, precise
measurements in cosmic microwave power spectrum have shown that the most possible con-
tribution of cosmic strings in the early fluctuations can be at most up to 10 percentage; this
value constrains the mass density of strings (G,,) up to the limit of ~ 10~7 [6]. The recent
results from Planck also confirm this constraint (G, < 1077) [7].

There are some observational effects for detecting cosmic strings. Loop cosmic strings may
be observed via their gravitational radiation [8]; they may be considered as the origin of high-
energy cosmic sources [9]. The long (linear) cosmic strings can have gravitational lensing
effects [10-11]; they may have some effects on CMB [12-14]. There are possible mechanisms
for the contribution of linear cosmic strings in producing temperature discontinuity in CMB
[15]; among them, the Gott Kaiser Stebbins (GKS) effect is one of the most important ones
[12]. According to this effect, the light ray reaching an observer in front of a linear cosmic
string is blue shifted while the ray behind the string remains unchanged; so, the observer
sees a small temperature discontinuity due to an angular separation at the order of the string
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deficit angle. Although for a single cosmic string, it is very hard to observe such an effect,
for a network of strings, at small angular scales (high multiples), the GKS effect can have a

dominant contribution in angular power spectrum [13].
Considering today observational evidence for an accelerated expanding universe [16], it is
natural to study possible modifications of different already known gravitational and cosmo-
logical phenomena under the influence of the positive cosmological term A which is usually
considered as the driving force for this acceleration. Here, we want to find the cosmolog-
ical constant influence on the CMB temperature discontinuity due to cosmic strings (the
modified GKS effect).

2 A short review of GK S effect [16]

Considering the line element of a linear long cosmic string of mass density pu(Gu << 1) [10]
ds? = dt* — dz* — dp® — (1 — 8Gu)pdp? (1)

27 1/2d
with the deficit angle A = 27 — fopgf"’/@d(b = 87 Gu, for two particles moving with the same
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velocity ¥ relative to the string, the observed temperature T, in terms of the background
temperature Ty is
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(2)

where u = 2vsin % and cos © = +1(cos © = —1) when the source of emission of the observed
photons and the observer are moving away from (toward) each other.

The temperature discontinuity is simply found as:
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Or:
T
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where v(v) is the Lorentz relativistic gamma factor which is about 1 (y(v) =~ 1) when
v
The relation (4) is known as the GK S effect.

3 Cosmological constant influence on the C'M B anisotropy
due to cosmic strings

Using the following already known line element around a linear long cosmic string under
influence of a positive cosmological constant A [18]
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ds? = cosi [ p|(dt? — dz2) — dp cosi] Jdg®  (5)
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the deficit angle, the relative velocity, and the temperature discontinuity are modified
as:
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where pg; and pg, are the distances from the string to the last scattering surface and the
observer respectively.
The relation (8) can be considered as the modified GKS effect.

4  Conclusion

Although A has an absolute very small value (~ 10752m~2), for cosmic scales values of py;
and ps, (< Ry ~ 10%m) and because of a small value of Gu(< 10~7), the modification term
%G%JAQ(;)‘:Z + p%))) in (8) not only isn’t negligible but also may be comparable to 1. This
means the modification of the GK S effect can weaken the standard GK S effect considerably.
Among other things, an important consideration is that one needs a stronger resolution
to detect the discontinuity in the CM B temperature due to cosmic strings. Therefore,
considering current observational apparatuses, it may take a long time to be able to detect
cosmic strings. As we know, a cosmic string alone cannot affect on the CM B; but, it is
a set of these topological defects (e.g. a network) which can dominantly affect the CM B
anisotropy power spectrum for larger values of the orders of the spherical harmonics multiple
expansion (I > 3000) [19]. It seems it is necessary to reconsider the C M B anisotropy power
spectrum based on the relation (8).
Finally, it is good to checking the special limiting case G, < Azp‘;l’so which may occur for
G, <107

0r(©e) _7r’y(v)vA2

T, ~ 80

The negative definite value of this result is justified based on this fact that A acts as an
antigravity force.

(P +r%)  (9)
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