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Cosmic Microwave Background Anisotropies from Scaling Seeds: Fit to Observational Data
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We compute cosmic microwave background angular power spectra for scaling seed models of
structure formation. A generic parametrization of the energy momentum tensor of the seeds is
employed. We concentrate on two regions of parameter space inspired by global topological defects:
O(4) texture models and the large-limit of O(N) models. We usey? fitting to compare these
models to recent flat-band power measurements of the cosmic microwave background. Only scalar
perturbations are considered. [S0031-9007(97)04954-5]

PACS numbers: 98.70.Vc, 98.80.Cq

Inflation and topological defects are two families of severely vector and tensor contributions are restricted by
models to explain the origin of large scale structure inthe data. However, the models already excluded on the
the Universe. In models with topological defects or otherbasis of our work will not be resurrected once vector and
types of seeds, fluctuations are generated continuously aneinsor modes are included.
evolve according to inhomogeneous linear perturbation In our models, we characterize the energy momentum
equations. Seeds are any nonuniformly distributed formiensor of the source by four seed functions which we term
of energy, which contributes only a small fraction to f,, f,, f,, andf,, defined by (see [10,11])

the total energy density of the Universe and which O = M2f 1)
interacts with the cosmic fluid only gravitationally. We ((S);) pe

are particularly interested in global topological defects O = M*f,;, )
playing the role of seeds. @l(;) _ MZ{[f,, — (DA vy + forits 3)

Cosmic microwave background (CMB) anisotropies
provide a link between theoretical predictions and obWhere A denotes the Laplacian andis the covariant
servational data, which may allow us to distinguishderivative with respect to the metric of three space.M
between inflationary perturbations and defects, by purelys a typical “mass,” or energy scale, of the seeds. The
linear analysis. On large angular scales, both families ogravitational strength of the seeds is characterized by the
models predict an approximately scale-invariant Harrisondimensionless parameter= 47GM?. The superscript
Zel'dovich spectrum [1,2]. For inflationary models this (s) indicates that only the scalar contribution @&, and
can be seen analytically. Scale invariance for defect®;; is included here. Since seeds interact with other
was discovered numerically [3-5]; simple analytical matter components only gravitationally, the seed functions
arguments are given in [6]. At small angular scalessatisfy the covariant conservation equations [10]

(0.2° = 0 = 1°), the predictions of inflation and defects FOAF + (4 +3Ff)=0 4
are different. CMB observations at these scales may soon T fo t@la)(f, /o) ’ @)
be sensitive enough to distinguish the two families of fu + 20a/a)fy — fo — 2/3)Afy =0, (5)
models. '

where a is the scale factor and the dot stands for

In a recent work [7], two of us investigated the *"™'* ) .
Jerivative with respect to conformal time

general behavior of CMB anisotropies induced by seeds:. UL TR » .
Here, for simplicity, we restrict ourselves to scalar-type W& define scalzlng seeds” to be seeds for which the
perturbations. Thus, the models presented in this Lettd?OWer SPeC”&' f‘l, ) (k, ’,) are, up to an over_all power of
are not close approximations to th(4) texture model t determined by dimensional reasons, funct!ons of kt
for which the Sachs-Wolfe (SW) plateau is dominated b}pnly. Thus, the power spectra of the functiofisare of
vector and tensor modes [8,9]. the form

This restriction does not render our Letter uninteresting. (fol?y =t Fi(x),
There may very well be models with scaling seeds Q£ = 11 F2(x)
leading to small vector and tensor contributions, e.g., p 2%
due to symmetry constraints (spherical symmetry) or in (I fol®y = tF3(x),
models with nonrelativistic seeds. Here, we assume a ’ 3.0
completely phenomenological standpoint: we investigate (/1% = rFi(x).
whether models with purely scalar seeds can reprodudeurthermore, we require that the seeds decay on subhori-
the data. In subsequent work we plan to study howron scales. This behavior is found in simulations for the

(6)
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seed functions of global textures and is also supported by 120 Fyoael B ' T - 5]
the larged limit of global O(N) models [12,13]. Simple a =01 b = ~03

analytical arguments indicate that all types of models with e % "0 —

scaling seed functions which decay fast enough inside the 90 1088l 008 —

horizon lead to a Harrison-Zel'dovich spectrum [14].
Numerical simulations of globaD(N) models show

that on superhorizon scales & 1), ©;; and ©y, have < %
white noise spectra, whered®,o|> behaves likek?. 2
Furthermore, the power spectra of the functigfis do 30
not depend on the direction d€. Thus theF;’s are S
even functions ofx = kt. ConsequentlyF, F», F3 — 'F
const, while Fy = 1/x> for x — 0. Since the energy a 1:0
momentum tensor of the seeds decays inside the horizon, 5
F; — 0 for x — oo, In this Letter we approximate the = ool
random variablesf. by the square root of their power +
spectra. Motivated by numerical simulations and the &
considerations described above we model the functions — 60t
F,,F;5as
Ay Az
= L+ apxm’ 5= 1+ azx™ Q) S04

F, andF, are then given by energy momentum conserva-
tion, Egs. (4) and (5).

The gravitational action of the seeds is determined
by the induced Bardeen potentials, which are not only 4
due to the seeds but also contain contributions from the
matter and radiation fluids. Once the fluid perturbationg=IG. 1. Parameter dependence of the calculated power spec-
and the Bardeen potentials are determined, one calculatg%-unga i”UStratgOtg?sgsggggengﬁe%ién‘gg lfnhé’?ss‘; Vzlluﬁg
CMB anlgotroples by standard methods for eqch mOdeﬁﬂal fit tc;rithe data and is the same in each panel as apre%t/erence.
parametrized byA;, oy, n1,As, a3, n3). For details, see
Ref. [7].

In this Letter we present the results of a parameter There is a particular value of the constantfor which
study and we fit to the observational data available. Wehe coefficient of the /x* term in F4 vanishes. Fox <
compare the anisotropy power spectra obtained in out, one obtains from Egs. (4) and (%) =~ A;/x*> with
models with observations. The cosmological parameterd, = —(3/8)A;(1 + 1845/A;) in the matter dominated
used argh = 0.5, Qp = 0.0125472, QO = 1 andA = 0. era. IfA; = (—1/18)A; = A ~ —0.06, we thus find
We are thus considering scaling seed models in they = 0 [7]. This 1/x* term dominates on superhorizon
context of flat, cold, dark matter universes. scales and (for big enough;) determines the amplitude

We investigate two types of models. In the first one weof the SW plateau. Its absence is thus expected to lead
choosen; = 2, n3 = 4, a choice supported by numerical to a higher relative amplitude of the first acoustic peak,
simulations of global textures [4]; we refer to this first which is well visible in Figs. 1(a) and 1(c).
type of scaling seed model as model A. In the second In our exploration of parameter space we vary.0 =
one we setn; = 5/2 and n3 = 7/2, a result obtained A; = +1.0 for model A and —1.2 = A3 = +0.5 for
analytically in the largeV limit of O(N) models [12]. We model B. For «; we choose the parameter range
call it model B. 0.01 = a; = 2.0 for model A and0.001 = «a; = 0.141

We set the arbitrary normalization by fixing; = 1  for model B. We normalize the power spectrafat 10
and we varyd;(= A3;/A;). To make the calculations fea- by fitting to the data.
sible, we further reduce the remaining three-dimensional We usey? fitting to compare our models to recent flat-
parameter spac&is, a;, @3) to two dimensiongAs, ay), band power measurements of the CMB. The method and
by settingas = «;/2. Thus, our fits are displayed as a compilation of the data is described in detail in [15].
contour plots in thex;-A3 plane (see Figs. 3 and 4). We The most recent data and improvements tothenethod
have also investigated; = 2«; and obtained qualita- are described in [16,17].
tively similar results. Figure 2 plots the data used along with the best-fit power

The A; dependence is similar for both types of models.spectra for the two types of models described above. These
For A; < 0.06, the relative amplitude of the acoustic best-fit models are indicated by th&™ in Figs. 3 and 4.
peak, with respect to the SW plateau, decreaseds;as Figure 3 is a contour plot in the;-A; plane for model A
decreases [see Figs. 1(a) and 1(c)]. while Fig. 4 is the analogous one for model B.
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FIG. 2. Flat-band power measurements used in this analysi
The best-fit models of two scaling seed models are also show
One most relevant to model A (Fig. 3) and the other for

model B (Fig. 4).

There are 32 data points and 28 degrees of freed8m

4

32 — 2 (fitted defect parameters- 1(normalization —

1 (sliding Saskatoon absolute calibratjpbn

Model A

yields af\/2 minimum ValueXr2r1in = 21.2, while model B
yields ymin = 27.1. Thus the fits are good.

To interpret oury? fits, we first note the following:
if perturbations decay fast enough, the height of the first
acoustic peak is determined By + 3f, ~ A;/4, while
the SW plateau is fixed byly. The x? is then not
expected to be very sensitive to. This indeed is seen
in model B fora; = 0.03 [Fig. 4 and also Fig. 1(b)] and
in model A fora; = 0.4 (Fig. 3).

We also have investigated the dark matter power
spectra for some of the parameter space of our models.
For the best fitting models we obtaimmg ~ 0.6 = 0.2
which is in reasonable agreement with observations.
Values of (A3,a;) which are excluded from the,
analysis often lead to far too small values @f. We
found, however, that the bend in the power spectrum of
our “best models” lies at somewhat smaller scales than in
the analysis of APM and IRAS galaxies done by Peacock
[18]. Since his analysis assumes Gaussian statistics, we
are very reluctant to draw any strong conclusions from

$his comparison.

In the matter dominated era, numerical simulations
of O(4) textures giveA; ~ 4,a; ~ 0.012 and A; ~
0.37, a3 ~ 0.05 [13]. For this model, the scalar contri-
bution to the SW plateau is-1.1€? at £ = 10 and the
height of the first acoustic peak is aboute?. On the
other hand, full simulations, which include vector and
tensor modes [4], lead to an amplitude of the SW con-
tribution on the order of (¢ + 1)C¢ ~ 8f§ez. Therefore
the vector and tensor parts contribute more tha80%

Oar T T T T to the SW plateau, while they are not expected to influ-
3 ence the acoustic peaks. In the full texture models, the
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FIG. 3. x? fit of model A to the CMB data. The X” - ® & 1
marks the y2in: the grey area is the y&in + 1), ~lo- -1l o e !

likelihood region. Contours marked “68,” “95,” and “99”
refer to goodness-of-fit contours. For example, under the
assumption that the errors on the flat-band power measurements
are Gaussian, the probability of obtainingya value less than
the value obtained on the 95 contour is 95%.
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FIG. 4. Same as Fig. 4 except here we are fitting
the data.
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