PHYSICAL REVIEW D VOLUME 57, NUMBER 2 15 JANUARY 1998

Cosmic string network evolution in arbitrary Friedmann-Lemai'tre models
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We use the modified “one-scale” model by Martins and Shellard to investigate the evolution of a GUT long
cosmic string network in general Friedmann-Lémemodels(with and without a cosmological constant
Four representative cosmological models are used to show that in general there is no scaling solution.
[S0556-282198)03602-9

PACS numbegps): 98.80.Cq, 11.2%:d

I INTRODUCTION epochs. We know the values of in the radiation-
o . _ (c,=0.24) and matter-dominatect {,=0.17) epochg10],
Cosmic strings might be responsible for structure formay, ;t not in the curvature- and vacuum-dominated epochs.

tion in the universe. To understand how cosmic strings coul owever, the scaling properties of the string network do not

influence the cosmic medium we need to know how the allv d d h &r110.9. Theref
string network evolves. In recent years the theory was a crucially depend on the parameter[10,9). Therefore, we

plied mainly to the Einstein—de Sitter mod@tith A\o=0  assume a smooth transition betwegnand c, between the

andQy=1), in which the network reaches a scaling behav-radiation- and matter-dominated epochs antemains con-

ior (see[1,2] for a review. However, there are observations stant (=c,,) in the subsequent epochs. For the calculations

which suggest that the matter density in the universe mighjve assumeGu=10"°, corresponding to the grand unified

be less than the critical density or that the cosmological contheory (GUT) energy scale.

stant is nonzerd3-5]. Therefore, an investigation of the  Our results are presented in Figs. 2—4. They are consistent

evolution of the string network in open models or in thosewith the results from Martins and Shellaftio] and Martins

with a cosmological constant is necessary. [9] for the Einstein—de Sitter model and for the open model.
The first investigation of defects in open models was dongn the vacuum dominated epoch, the scale factor grows as

by Spergel6]. He argued that in such models a slight de-g ) (H=R/R= 1. One find
parture from the scaling behavior is expected and this might exptHy ( consy. One finds

have interesting consequences for structure formdtin
Other investigations of structure formation with cosmic
strings assume the scaling solution in open modesiori
[8]. The behavior of string networks in open models was
recently discussed in some detail by Mart{®¥§ using the
modified “one-scale” model by Martins and Shellaf0].

Locexp(Ht)xR. (2.1

The cosmic strings become frozen in the cosmic expan-
In this paper we use this model to extend the analysis b ion. Therefore cosmic strings become dominant over matter

Martins and allow for a nonvanishing cosmological constant?ut could not influence the expansion of the univefise-

We investigate the behavior in four models: a flat model withC2US€Pvac=A/87G is constant The values of 0GRy /Req)

a cosmological constant arf,<1, a closed model with a for the _d|fferent models are summarized in Table I.

loitering epoch[11], and for comparison we include the In Fig. 3 we plot the numbgr of loops produced per
Einstein—de Sitter model and an open model. The cosmdJuPble volume and Hubble time. Because we assume
logical parameters for the models can be found in Table €vac= Ccurs=Cm, We overestimatethis number in the
and the behavior of the scale factor is shown in Fig. 1. vacuum epoch. In this epoch the strings become frozen in the

TABLE I. The four representative cosmological modefs.is
the curvature parametet), is the matter density parameter; is
In the modified “one-scale” model the energy of a string the cosmological termH, is the Hubble parametefin kms™*
(or the typical length scale, defined byp..= x/L?) and the Mpc ™). Ro gnd Reqare the scale_factors at the present time and at
rms velocity of the stringy s are treated as independent Matter-radiation equality, respectively.
guantities, which describe the statistical properties of the net-

IIl. NETWORK EVOLUTION

work. The equations of motion of the string network can beM°de! K Qo Mo Ho  10g(Ro/Req)
found in[9]. The reader is referred to that paper of16] for 4 +1 0.014 1.08 90 2.66
more information and discussions on the modified “one-, 0 1.0 0.0 60 4.16
scale” model. The loop chopping efficienay, a phenom- 3 1 0.1 0.0 60 3.16
enological parameter which is included in order to describe 0 0.1 0.9 60 3.16

the loop production, is chosen as [ii] for the different
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FIG. 1. The scale factorR(t)/R,) as a function of time(in FIG. 3. The logarithm of the numbe¥ of loops produced per
units of 10 years for the four representative models. Hubble volume and Hubble time as a function of IB4R).

cosmic expansion and therefore the probaEiIity of loop pro-[lo] In the other models the matter-dominated epoch is too
duction decreases. As a result, the parametshould also '

q In th f the loiteri hin the ol short for the network to reach scaling. The same holds for the
ecrease. In the case of the loitering epoch in tne Cosegpen model, where the universe becomes curvature domi-
model, the number isinderestimatedThe velocity of the

strings increaseésee Fig. 3 and so the probability of loop nated[9].

. — _ _ In Fig. 4 we plot the transition from the matter to the
production. Therefore, the parametershould increase in 50,um epoch for the models with a cosmological constant.

the loitering epoch. In contrast with open models or to theIn the case of the closed model there is a loitering epoch

Einstein—de Sitter case, the energy ltise to loop produc- between the matter-dominated and the vacuum-dominated
tion) of the string network at the present epoch is not as o . ;
efficient as in models with a cosmological constant. epochs. The transition between these two regimes is a very
One would expect that the string network approacheéIOW Process.

scaling in the radiation-dominated epoch, after a transition, & Point out that the results do not depend strongly on
the network approaches scaling in the matter-dominated ep’® values ofy in the ansatz fok, which is a parameter
och and than the network becomes frozen in the cosmic exX€lated to the small scale structure of the strifgfgl.
pansion in the vacuum-dominated epoch. However, from The main difference between the network evolution in
Fig. 2 one can see théte scaling in the matter-dominated ©Pen models and in models with a cosmological constant is
epoch is not reached by the netwoffhe reason for this is that the energy loss of the network at the present epoch is
that in the Einstein—de Sitter model the transition betweerarger in open models. This has impact on the gravitational
the scaling behavior in the radiation- and the matterwave background and/or high energy particle fluxes from

dominated epoch is much longer than previously estimate§0smic strings. It will also affect the structure formation
theory with cosmic strings.
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FIG. 2. Transition to the matter-dominated epoch. We pldt

as a function of logR/Ry), L is the typical length scale of the FIG. 4. The transition to the vacuum-dominated epoch in the

string network,H is the Hubble parameter, ari,q is the scale  models with cosmological constant. We plot lbg{) as a function

factor at radiation-matter equality. of log(R/Ry).
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