ȷURNAL F�ZIQNIH DOSL�DȷEN^ t. 4, ˝ 4 (2000) s. 470–475

JOURNAL OF PHYSICAL STUDIES v. 4, No. 4 (2000) p. 470–475

LARGE SCALE STRUCTURES AND INTEGRATED SACHS–WOLFE EFFECT IN NON-ZERO Λ COSMOLOGIES

S. Apunevych, B. Novosyadlyj Astronomical Observatory of Ivan Franko National University of Lviv, 8 Kyrylo i Mefodii Str., Lviv, UA–79005, Ukraine (Received May 5, 2000; reseived in final form November 20, 2000)

Some interesting features of the large scale structure formation in the model of the Universe with the cosmological constant are discussed. In the framework of such a model we consider the evolution of small scalar perturbations of metrics, density and velocity of the matter for the dust-like medium.

On the basis of the corresponding solutions of the Einstein equations the analysis of the long distance correlations of clusters of galaxies, contribution of the integrated Sachs–Wolfe (ISW) effect into microwave background temperature fluctuations and the Great Attractor problem in a nonzero Λ cosmology is carried out. It is shown that the data on long distance correlations in spatial distribution of clusters of galaxies are well explained in the framework of such models when ΩΛ ≥ 0.5. On the other hand, the possibility of a nearly convergent flow of the galaxies in the neighborhood of the Local Group to be generated by the gravitational action of single large scale matter density perturbation is even more insignificant in the Λ ≠ 0 case in comparison with the models without Λ. It is shown also, that the main contribution to the microwave background temperature fluctuations due to ISW effect is formed at 0.05 ≤ z ≤ 1. Its value for models with different ΩΛ is estimated.

Key words: non-zero Λ models: cosmic microwave background and large scale structures.

PACS number(s): 98.80.Ft, 98.80.Es, 98.65.Dx

I. INTRODUCTION

The cosmological constant has a physical interpretation of the energy density of zero-point quantum vacuum fluctuations of the fundamental fields. In cosmology it can be considered as a specific kind of non-baryonic dark matter, that is not clustered at all the scales and has a negative effective pressure. Actually, there is no possibility for the direct detection of Λ, but the growing amount of indirect evidences suggests the existence of the Λ-term.

Non-zero Λ cosmological models have been in the centre of attention in the last few years due to their ability to resolve some problems of the standard cold dark matter (sCDM) and the standard mixed dark matter (sMDM) scenarios [1,13,22]. Including Λ > 0 into cosmology allows to keep the inflation paradigm Ω = 1 and avoid any contradiction between the age of the oldest stars in globular clusters [8] and the age of the Universe for the present value of the Hubble constant H_0 ≥ 50 kms^{−1}Mpc^{−1}, h ≡^{H0}_{100 km/s Mpc} ≥ 0.5. Also such a class of cosmological models explains the low values of the clustered matter fraction, obtained by most of the dynamical estimates, and fits the whole set of the observable data much better (see for review [19]).

Furthermore, current experiments on high redshift SNIa [18] directly indicate a positive cosmological constant, and can be considered as an independent confirmation. Also the data on gravitational lensing [9] and current analyses of the cosmic microwave background (CMB) temperature fluctuations [23,16] provide us with additional evidence. Thus, the specific features of Λ ≠ 0 models must be of great interest for cosmologists.

The most important problem in modern cosmology is to determine the cosmological model (or the class of cosmological models) whose predictions agree with the whole set of the available observational data in the best way. The so-called standard scenario imply that the observable large scale structures of the Universe have been formed via the growth of small primordial inhomogeneities due to the gravitational instability. The physical properties of initial random field of density fluctuations are defined by the physics of very early epochs in the evolution of the Universe, and described by primordial power spectrum. Most of modern inflationary scenarios predict the primordial power spectrum to be scale-free P (k) = A k^n with n ≃ 1. Further evolution of perturbations is determined by the global characteristics of the Universe (i. e. curvature, Hubble constant, presence of cosmological constant) as well as by the material content of the Universe (i. e. fractions of baryons, hot and cold dark matter, numbers of species of massive and massless neutrinos). In such a framework the characteristics of the large scale structure can be precalculated and confronted to observations, and conclusions about the likelihood of a certain cosmological model with a particular set of parameters can be made (see [17,22] and references therein).

This paper is concerned with the consideration of some features of the cosmological models with non-zero cosmological term. The outline of the paper is as follows: in section II we give the solutions of the linearized Einstein equations for the fluctuations of the matter density, velocity and gravitational potential in the longitudinal Newtonian gauge for dust-like medium with the cosmological constant. Also in this section a two-point correlation function of a cluster of galaxies is calculated and compared with the observable one. Section III is devoted to the analysis of the influence of the cosmological constant onto microwave background anisotropy. In section IV we analyse the Great Attractor problem in the Λ ≠ 0 cosmology. The conclusions are given in section V.

II. EVOLUTION OF PERTURBATIONS. POWER SPECTRA AND LONG DISTANCE CORRELATIONS OF CLUSTERS

Let us consider the evolution of small scalar perturbations in the framework of a simple dust-like Λ ≠ 0 model. For comparing theoretical predictions and observable data on the large scale structure of the Universe more convenient gauge to use for scalar perturbations is Newtonian (longitudinal) one with the line element ds^2 = g_{ik}dx^idx^k = (1 + 2ϕ/c^2)c^2dt^2 − a(t)^2(1 − 2ϕ/c^2)δ_{αβ} dx^αdx^β, (1)

where i, k = 0, 1, 2, 3, α, β = 1, 2, 3, and ϕ plays the role of the gravitational potential in the Newtonian limit.

Einstein equations for flat, unperturbed Λ ≠ 0 Universe give the following solution for the evolution of the scale factor [13,19]

a(t) = ( Ω_m 1 − Ω_m

) 1_3 sh^{23} ( 3H_0t √ 1 − Ω_m 2 ) ,

where Ω_m is the density parameter at present (Ω_m =^{8πG}_{3H20} ρ(t_0)).

The age of the Universe in such a model for the same present Hubble constant is larger than in the Λ ≡ 0 case by the factor

K_t = 1 2 √ 1 − Ω_m ln 1 + √ 1 − Ω_m 1 − √ 1 − Ω_m > 1.

The age of the Universe predicted by the model for the currently measured values of Hubble constant H_0 ≥

50 km s^{−1} Mpc^{−1} agrees with the data on the age of globular clusters t_0 = 13 ± 3 Gyrs [8] for Ω_m ≤ 1.

From Einstein equations in Newtonian gauge, with energy-momentum tensor for the dust-like medium T^k_i = c^2ρU_iU^k, we have obtained solutions in Fourier space for the matter density perturbations δρ/ρ, 3-velocity δV^α and gravitational potential ϕ, (growing mode only): δρ ρ (k, t) = − 2C_kk^2 3H^2_0 Ω_m aK_ρ,

δV^α(k, t) = −ik^α 2C_kaȧ 3H^2_0 Ω_m

K_V , (2) ϕ(k, t) = C_kK_ρ, where C_k is a constant of integration, a = a(t) is the scale factor in unperturbed Λ ≠ 0 model.

K_ρ ≡ 5 3 ( 1 − ȧ/a^2 ∫_t 0 adt ) ,

K_V ≡ 5 3 ( ȧ/a^2 − ä/aȧ ) ∫^t 0 a dt, (0 < K_ρ, K_V ≤ 1)

are suppressing factors for density and velocity perturbations correspondingly. For the models without the cosmological constant both factors are equal to unity.

Here ϕ(k, t) and^{δρ}_ρ (k, t) are gauge-invariant values Φ_A and ϵ_m respectively, as introduced by Bardeen [2]. The proper solution for the density perturbations in the Newtonian (longitudinal) gauge, gauge-invariant value ϵ_g was transformed to the ϵ_m using relations from [2]. The analogous solutions in synchronous gauge was obtained and analyzed in details by [14]. At the early epoch z > z_Λ ≥ 0

for Ω_m ≤ 0.5, where z_Λ = (_{1−Ωm} Ω_m )_{1/3} − 1 is the redshift at the moment of equality of matter density to cosmological constant density, the suppressing factors were close to unity. At later epoch z < z_Λ they decrease fast as z goes to 0 or Ω_m decreases (see Table 1).

Ω_m K_ρ K_V K^2_2 K^2_3 K^2_4 K^2_5 K^2_{10} K^2_{20} K_Δ K_U K_ϕ 0.70 0.93 0.77 1.00 1.02 1.02 1.02 1.01 0.99 1.30 1.09 0.91 0.55 0.89 0.64 1.06 1.07 1.06 1.05 1.02 1.00 1.56 1.16 0.86 0.35 0.81 0.45 1.28 1.25 1.21 1.18 1.08 1.01 2.22 1.31 0.78 0.25 0.75 0.35 1.51 1.43 1.35 1.29 1.13 1.03 2.86 1.43 0.71

Table 1. Suppressing factors at z = 0, ISW and GA amplification coefficients for different Ωm.

The approximations for the suppressing factors K_ρ and K_V are given also by [7,15]. As we can see, in all the models K_ρ/Ω_m > 1 and K_V /Ω_m > 1, so that the amplitudes of density and velocity perturbations will be higher in Λ ≠ 0 models in comparison with Λ = 0 ones for the same C_k (normalization to CMB quadrupole). According to these solutions power spectra for the density, velocity and potential perturbations are as follows:

S. APUNEVYCH, B. NOVOSYADLYJ

P_ρ(k) = Ak^nT^2(k)

K^2_ρ Ω^2_m ,

P_V (k) =

H^2_0 k^2 P_ρ(k) K^2_V K^2_ρ ,

P_ϕ(k) =

9H^2_0 4k^4

P_ρ(k)Ω^2_m,

where T (k) is a transfer function, A is a constant of normalization (C_kC^∗_k = 9H_0AT^2(k)/4k^3). The power spectra normalized to 4-year COBE data [5] for different value of Ω_m and scale-invariant primordial spectrum with n = 1 are shown in Fig. 1. We have used the normalization procedure proposed by [4].

Fig. 1. The power spectra of density perturbations normalized to 4-year COBE data for MDM+Λ models with H0=50 km s^{−1} Mpc^{−1} , ΩH /Ωm = 0.2 (ΩH is a content of hot dark matter), 1 species of massive and 2 species of massless neutrinos, and different ΩΛ: 0 (solid line), 0.3 (dotted), 0.45 (short dashed), 0.65 (long dashed), 0.75 (dot-short dashed).

The transfer functions used here for different models were taken from [22]. The horizontal shift of the maximum of power spectra toward large scales when Ω_m decreases (horizon scale at the increasing equality epoch) and the growth of amplitude at larger than horizon scales can resolve the problem of the positive long distance (> 50h^{−1} Mpc) correlations in a spatial distribution of clusters of galaxies. The correlation function of clusters is calculated as ξ_{cc}(r) = b^2_c 2π^2 ∫_∞ 0 P (k)k^2W^2(kR_c) sin kr kr dk,

where W (kR_c) is a window function, which filters the structures of scales larger than R_c out of the density field, b_c is their biasing parameter, which takes into account the statistical correlation of peaks above the given threshold [3], and this correlation function matches very well observational data for Ω_mh ∼ 0.15 − 0.30 (Fig. 2).

Fig. 2. The cluster-cluster correlation functions for spectra from Fig. 1, along with observational data points, given by [12]. Solid straight line represents the well-known approximation ξcc = (r/r0 )^{−1.8} .

III. ΔT/T ANISOTROPY: THE LOCALIZATION OF CONTRIBUTION OF ISW EFFECT

Now we shall use these solutions for the analysis of temperature fluctuations of CMB radiation in Λ ≠ 0 models. The observable temperature fluctuations of CMB radiation can be connected with density, velocity and metrics perturbations at the last scattering surface by means of integrating geodesic equation in a fashion similar to classical paper [20] and taking into consideration adiabatic process: δT T (n) = 1 3 ϕ(nR_h)

+2 ∫_{ωe} 0 ∂ϕ ∂η (x^α(ω))dω + n_αδV^α(nR_h) + 1 3 δρ_b ρ_b (nR_h),

where n is unit vector, ω(η) is affine parameter along geodesic curve which begins from observer and finishes in the emission point, η is conformal time (dη = c dt/a), R_h is a distance to the last-scattering surface. The first term is well known Sachs–Wolfe effect (SW), the second is integrated Sachs–Wolfe (ISW), essential for^{∂ϕ}_{∂η} ≠ 0 only, the third is Doppler one and the last is adiabatic one. At a large angular scale (≃ 10^∘), where such anisotropy has been registered by COBE [5], SW and ISW effects dominate. For this case ΔT /T in expansion into spherical harmonics will be ( ΔT T )_2 l = 2l + 1 8π^2

H^2_0 c^4 ∫_∞ 0 P_ρ(k) k^2 [ j_l(kR_h)

+ 6 ∫_{ηrec} η_0 dK_ρ dη j_l (k(η_0 − η)) dη

]_2 dk, (3) where j_l is spherical Bessel function of l-th order, η_{rec} is the conformal time of recombination, η_0 is the present conformal time. It also can be expressed in a symbolic form: ⟨ΔT /T ⟩^2 = SW ∗ SW + 2 ∗ SW ∗ ISW + ISW ∗ ISW. It is clear that^{dKρ}_{dη} → 0 when η → η_{rec} and its moduli are maximal at η = η_0 (physical factor). It means that the main contribution into the monopole ISW term (l = 0) is being formed now. But higher harmonics (l ≥ 1) are formed between z_{rec} and z = 0, because j_{l≥1} (k(η_0 − η)) → 0 when η → η_0 (the geometrical factor). A question arises: where at the time scale is the main contribution of ISW effect to angular power spectrum formed and how does its localization depend on Ω_m and l? In order to answer this question we have altered the order of integration in (3) and calculated integrand (function of contribution) as a function of time for different Ω_m and l. The results are shown in Fig. 3 and Fig. 4, for primordial spectrum P_ρ(k) = A k with arbitrary normalization.

Fig. 3. Contribution function of the ISW effect against z for quadrupole in models with different Ωm.

Fig. 4. Localization of contribution function of ISW on z for different harmonics.

As we can see, the maximum of contribution function shifts to an earlier epoch when either Ω_Λ = 1 − Ω_m or l is growing. The main contribution to ΔT /T caused by the cosmological constant localized in the redshift range z ≃ 0.05 − 1 and this localization does not depend strongly on Ω_m, because it is caused mainly by the geometrical factor.

The coefficients of ΔT /T amplification owing to the cosmological constant are defined as K^2_l = (_{ΔT} T )_2 l (SW + ISW )/ (_{ΔT} T )_2 l (SW ) and presented in Table 1 for some harmonics. The ISW contribution to quadrupole is rapidly growing with the Ω_Λ increase (from 6% for Ω_m = 0.55 to 50% for Ω_m = 0.25). It is more essential for lower harmonics and lower Ω_m. K^2_l is not sensible to the transfer function: after the transfer function has been substituted by 1 in (3), K^2_l arises 6% for l = 20, 4% for l = 10 and only 1% for l = 2 in model with Ω_m = 0.25.

IV. GREAT ATTRACTOR-LIKE FLUCTUATIONS

Let us appeal to the Great Attractor (GA) problem in Λ ≠ 0 cosmology. The core of problem is an explanation of a roughly convergent flow in the neighborhood of the Local Group (LG) of galaxies (≥ 50h^{−1} Mpc) with increasing velocity toward the centre which is placed at ≃ 45h^{−1} Mpc from us. The peculiar velocity of LG is ∼ 535 km/s (see [6,10,24] and references therein). If we introduce the potential for a peculiar velocity field, such as was proposed by [6] δV(x) = −∇U_0(x) and use solutions (2) then amplitudes of matter density perturbation and gravitational potential are given by: Δρ ρ (x) = H^{−1}_0 ∇^2U_0(x) K_ρ K_V ϕ(x) = 3 2 H_0U_0(x)Ω_m K_ρ K_V .

The velocity potential is provided by observational peculiar velocity field and does not depend on the model. So, in Λ ≠ 0 models gravitational potential will be less and density perturbation higher than in Λ = 0 models with the same U_0 and H_0. It can be understood easily. As the source of ϕ(x) is Δρ(x), which in Λ ≠ 0 models is lesser by Ω_m^{Kρ}_{KV} , so that ϕ(x) lessens by the same factor. Thus, the same peculiar velocity potential U_0(x) in Λ ≠ 0 models is generated by lower Δρ(x) and ϕ(x), because Hubble constant for Λ ≠ 0 was lower in the past in comparison with Λ = 0: H_{Λ=0} = H_0(1 + z)^{3/2}, H_{Λ≠0} = H_0 √ Ω_m(1 + z)^3 + Ω_Λ. Since the power spectrum of density perturbations decreases at these scales with decreasing Ω_m the probability of realizing such fluctuations will decrease too. If GA is not a unique object similar fluctuations should be seen at the last scattering surface and they must have generated hot and cold

S. APUNEVYCH, B. NOVOSYADLYJ

spots in the CMB sky. The scale of GA at the recombination epoch is close to the acoustic horizon so that the angular size of such spots is in the same range where the first acoustic peak is expected to be. In order to calculate the amplitudes or profiles of such spots one must recalculate velocity, density and gravitational potential perturbations at z = z_{rec}. Using of solutions (2) it can be obtained that

U (x) =

U_0(x) √ z_{rec} + 1 √ Ω_m K_V ,

ϕ(x) = 3 2 H_0U_0(x)

Ω_m K_V , Δρ ρ (x) = 1 H_0

∇^2U_0(x) z_{rec} + 1 1 K_V . In comparison with the Ω_m = 1 models, at LSS the velocity potential U is higher by the factor K_U = √ Ω_m/K_V , ϕ is lesser by the factor K_ϕ = Ω_m/K_V and density perturbations are higher by the factor K_Δ = 1/K_V (see Table 1). Therefore, the GA-like fluctuations will generate more contrast hot and cold spots because at the GA scale (full width at half maximum is ∼ 30^′) the main contribution is given by Doppler and Silk effects. We have calculated profiles for such spots in the Ω_m = 1 model and shown that their amplitudes are ≤ 1.4 10^{−4} for the GA precursors [10]. The rms ΔT /T at this scale, calculated by means of the analytical approach by [11], is ⟨ (_{ΔT} T )_2 ⟩^{1/2} = 2.8 10^{−5} (here and below we suppose the baryon content Ω_b = 0.06 and cold dark matter content Ω_{CDM} = 1 − Ω_Λ − Ω_b). An analogous calculation for Ω_m = 0.3 model gives the amplitude ≤ 2.2 10^{−4}. Here it was taken into account that at the scale of GA (k ≃ 0.03) the damping factor D(k) ≃ 0.75 [11] and the amplitude of baryon density perturbations is lower by the factor ≃ 0.4 in comparison with the CDM component (estimated using the code from [21]). The estimation of ΔT /T , caused by Great Attractor and measured at LSS carried out by [24] for Ω_m = 0.3 is close to our own estimation. The rms ΔT /T at this scale in such a model is 3.3 10^{−5}. So, the hot and cold spots caused by GA are more rare in Λ ≠ 0 as compared with the Λ = 0 case. It means that the possibility of generating a large scale peculiar velocity field with the value ∼ 540 km/s for Local Group via gravitational action of the large scale matter density perturbation is even more insignificant in the Λ ≠ 0 models.

V. CONCLUSION

Changes in the form and amplitude of the initial power spectra in Λ > 0 cosmology along with the best features of sCDM and/or sMDM scenario allow us to achieve better agreement between the theoretical predictions and observable data on a large scale structure of the Universe (for more details see [17,22]).

The main contribution of the ISW effect to ⟨(^{ΔT}_T )^2⟩ is formed at the redshift range 0.05–1. It is maximal for lower spherical garmonics and increases fast when Ω_m decreases (from 6% for Ω_m = 0.55 to 50% for Ω_m = 0.25).

The GA like fluctuations which are probably responsible for the convergent flow with V ≥ 500 km/s in the bulk of ∼ 50h^{−1} Mpc in these models are less possible than in the models without Λ. Taking into account the positive long distance correlation in these models, the observable disturbance of the uniform Hubble flow in the vicinity of Local Group is suggested to be a result of superposition of gravitational action of a few extended low amplitude density perturbations.

[1] N. A. Bahcall, et al., Science 284, 1481 (1999). [2] J. M. Bardeen, Phys. Rev. 22, 1882 (1980). [3] J. M. Bardeen, J. R. Bond, N. Kaiser, A. S. Szalay, Astrophys. J. 304, 15 (1986).

[4] E. F. Bunn, M. White, Astrophys. J. 480, 6 (1997). [5] C. L. Bennett, et al., Astrophys. J. Lett. 464, L1 (1996). [6] E. Bertschinger, A. Dekel, S. M. Faber, A. Dressler, D. Burstein, Astrophys. J. 364, 370 (1990).

[7] S. M. Carroll, preprint astro–ph/00004075 (2000). [8] B. Chaboyer, Phys. Rep. 307, 23 (1998); preprint astro– ph/9808200.

[9] E. E. Falco, C. S. Kochanek, J. A. Munoz, Astrophys. J.

494, 47 (1998).

[10] B. Hnatyk, V. N. Lukash, B. S. Novosyadlyj, Astron.

Astrophys. 300, 1 (1995).

[11] W. Hu, N. Sugiyama, Astrophys. J. 444, 489 (1995). [12] Y. P. Jing, R. Valdarnini, Astrophys. J. 406, 6 (1993). [13] L. A. Kofman, N. Y. Gnedin, N. A. Bahcall, Astrophys. J. 413, 1 (1993).

[14] L. A. Kofman, A. A. Starobinsky, Soviet. Astron. Lett.

11, 643 (1985).

[15] O. Lahav, P. B. Lilje, J. Primack, M. J. Rees, Mon. Not.

R. Astron. Soc. 251, 128 (1991).

[16] C. A. Lineweaver, D. Barbosa, Astrophys. J. 496, 624 (1998).

[17] B. S. Novosyadlyj, et al., Astron. Astrophys. 356, 418 (2000).

[18] S. Perlmutter, et al., Nature 391, 51 (1998). [19] V. Sahni, A. Starobinsky, preprint astro–ph/9904398 (1999).

[20] R. K. Sachs, A. M. Wolfe, Astrophys. J. 147, 73 (1967). [21] U. Seljak, M. Zaldarriaga, Astrophys. J. 469, 437 (1996). [22] R. Valdarnini, T. Kachniashvili, B. Novosyadlyj, Astron.

Astrophys. 336, 11 (1998).

[23] M. Tegmark, M. Zaldarriaga, preprint astro-ph/0002091, (2000).

[24] S. Zaroubi, N. Sugiyama, J. Silk, Y. Hoffman, A. Dekel, Astrophys. J. 490, 473 (1997).

VELIKOMASXTABN¨ STRUKTURI TA ¨NTEŢROVANI„ EFEKT SAKSA-VOL^FA V MODELH ¨Z KOSMOLOG¨QNO“ POST¨„NO“

S. Apuneviq, B. Novosffldliȷ Astronom˛qna observator˛ffl L~v˛vs~kogo nac˛onal~nogo un˛versitetu ˛men˛ ¨vana Franka vul. Kirila ˛ Mefod˛ffl, 8, 79005, L~v˛v, UkraÝna

Kosmolog˛qn˛ model˛ z nenul~ovo Λ-konstanto ostann˛mi rokami privernuli uvagu dosl˛dnik˛v moıliv˛st rozv’fflzati defflk˛ problemi standartnih modeleȷ ˛z holodno ta zm˛xano temno mater˛‚ (sCDM ta sMDM). Vklqennffl v model~ Λ > 0 da‚ zmogu ne poruxuvati standartnogo pripuwennffl ˛nflfflc˛ȷnih teor˛ȷ Ω = 1 ˛ uniknuti protir˛qqffl m˛ı v˛kom naȷstarxih z˛r u kulfflstih skupqennfflh ta v˛kom Vsesv˛tu dlffl suqasnih znaqen~ post˛ȷnoÝ Gabbla H0 ≥ 50 km c^{−1} Mpk^{−1} . U meıah takogo klasu modeleȷ dobre pofflsnt~sffl niz~k˛ znaqennffl dol˛ klasterizovanoÝ mater˛Ý, fflk˛ viplivat~ z b˛l~xosti dinam˛qnih oc˛nok, ˛ v zagal~nomu peredbaqennffl takih modeleȷ l˛pxe v˛dpov˛dat~ us˛ȷ sukupnost˛ spostereıuvanih danih. Wob˛l~xe, ostann˛ eksperimenti z viznaqennffl v˛dstaneȷ za Nadnovimi ¨a prfflmo vkazut~ na nafflvn˛st~ dodatnoÝ kosmolog˛qnoÝ post˛ȷnoÝ ˛ Ýh moına rozglffldati fflk nezaleıne p˛dtverdıennffl Λ > 0.

U c˛ȷ prac˛ obgovoreno defflk˛ aspekti formuvannffl velikomasxtabnoÝ strukturi Vsesv˛tu v modelfflh ˛z kosmolog˛qno konstanto. Vivqeno osoblivost˛ evolc˛Ý skalfflrnih zburen~, spektr potuınosti gustini takih zburen~ u c~omu klas˛ modeleȷ. Teoretiqno obqislena korelfflc˛ȷna funkc˛ffl skupqen~ galaktik dobre uzgodıu‚t~sffl z˛ spostereıuvano pri ΩΛ ≥ 0.5.

Proanal˛zovano p˛dsilennffl niz~kih garmon˛k u flktuac˛fflh temperaturi rel˛ktovogo fonovogo viprom˛nvannffl vnasl˛dok prisutnosti kosmolog˛qnoÝ post˛ȷnoÝ ta viznaqeno, wo osnovniȷ vnesok u p˛dsilennffl formu‚t~sffl v d˛fflpazon˛ qervonih zm˛wen~ 0.05 < z < 1.

Takoı vifflvleno, wo ȷmov˛rn˛st~ utvorennffl takogo fflviwa, fflk Velikiȷ Atraktor (maȷıe zb˛ıniȷ pot˛k galaktik do centru, wo znahodit~sffl na v˛dstan˛ ∼ 50h^{−1} Mpk v˛d naxoÝ Galaktiki), fflk rezul~tat İrav˛tac˛ȷnogo pritfflgannffl velikomasxtabnoÝ flktuac˛Ý gustini v modelfflh ˛z kosmolog˛qno post˛ȷno, menxa, n˛ı u modelfflh z Λ = 0.