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ABSTRACT. The straitforward dynamical recovering of the primordial spec

trum of Gaussian density perturbations in the scale range I E (10 - 100)h-1Mpc, 

is performed using the quasar clustering analysis. We argue that the groups and 

wide pairs of quasars ranging within scales:::; ILs I'"V 100h-1Mpc and extending up to 

ZLS :::; 1.5, may belong to concentrations of clusters of galaxies and thus indicate dis

tant Great Attractors (the enhanced density regions), whereas the majority of distant 

QSOs broadly peaked at Z 2 - 3 is associated the epoch of cluster formation.I'"V 
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According to a general view prompted by the theory and observations available 

today, the large scale structure of our Universe formed dynamically as result of the 

evolution of primordially small Gaussian potential perturbations created (together 

with the Friedmannian background, the patch we live in now) at the Big Bang (Infla

tion). An important moment of the evolution becomes the equality epoch (z 104
)r-.J 

when non-relativistic matter began predominating and the primordial perturbations 

just started growing to reach the non-linear evolutionary stage and form the struc

ture at smaller redshifts (zS;4). The goal of such a formation theory is to find the 

fundamental specrtum bk of the primordial density perturbations b = bpip at the 

postrecombination, 

(1) 

where P(k) is the power spectrum versus to spatial frequency k=7rllIMpc. 

Nowadays, we have two principal experiments to probe bk function: 

* fl.TIT observations and 

* Large scale structure observations. 


While the first experiment has no alternative at the very large scale (1) lLs 
r-.J 

100 - 150h-1 Mpc), the second one is certainly of great help in the dynamical range 

1 E (10-100)h- 1 Mpc where the structure, although developing in a quasilinear regime 

yet, is already distinguished to be observed. Both experiments, however complimen

tary, are fortunately confronting each other: whereas the structure evidences for high 

enough bk amplitude within the scale range, the fl.TIT limits (for the corresponding 

angular scale from few minutes to degree of arc) leave it upbounded with practically no 

actual gap between both bk limits. Of course, the great triumph of such concideration 

would be a real detection of fl.TIT fluctuations on scale r-.J 10. 
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But, let me return to the structure observations. There are basically two possible 

ways to extract information: to study hierarchies of the structures in the nearby region, 

zS; 0.1 (an example is recent reconstruction of the power spectrum from the two-point 

correlation functions of IRAS galaxies and Abell clusters) or to study evolution of the 

structures going to higher redshifts. 

I will dwell here on the latter dynamical approach. 

The typical scale of the largest structures seen in the nearby Universe, lLS, appears 

apparently in very independent samples: in the local Great Attractor (GA) (z S; 0.03), 

in IRAS and cluster maps (z < 0.1), in pencil beam galactic surveys (z<0.3), etc. (Note 

some important connections: IRAS and cluster distributions correlate encouragingly 

with the POTENT total density contrast, also the peaks of the redshift galactic counts 

originate from the extended supercluster tails in overlaped region; a very important 

point is that the local G A looks as a moderate and typical clump in term of clusters; 

the GA modelling revealed that such an object should evolve from the beginning as 

dark matter potential well induced by a broad scale density peak with typical core

radius 25h-1 and mass 2 - 5 . 1016 Me!)). A great temptation is to check ever I"'-J I"'-J 

larger samples, e.g., radiogalaxies (RGs) and active galactic nuclei (AGNs), obserption 

(Lo:, GIV) and emission (21cm) clouds, X-ray clusters and others, to see how far these 

large structures extend in the past, i.e., to witness directly its evolution. The result 

would be straitforward dynamical recovering of the actual primordial spe~trum bk. 

For the evolutionary observations of such kind one needs two things: a deep survey 

of sources and physics to relate these sources with large structures (we do not need 

here the dark matter staff I). Below, I report on the new result on bk reconstruction 

from the quasar (QSO) distribution (Kornberg & Lukash 1992). 

The idea is to relate the structure appearing in QSOs at closer redshifts (z< 
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ZL5 ~ 1.5) - namely, physical QSO groups (QGs) and wide QSO pairs (WQPs) - with 

cluster concentrations and, by this mean, with the patches of enhanced total density 

which we define as distant GAs. The latter step just assumes that clusters, where 

they are concentrated, trace the mass density enhacements and, vise verse, cluster 

voids indicate the decreased density regions (Great Repulsors), variation of the total 

density may consist today "-'10-30% on scale,,-, 1L5. This is confirmed in the nearby 

space by the peculiar velocity measurements and by alignment of the cluster and relic 

background dipoles. 

The crucial moment is to relate far distant QSOs broadly peaked at z "-' 2 - 3 

with young clusters. First, I'll briefly sketch some observational indications for it, and 

then present the physical arguments. 

There are few observational approaches: 

1) Constructing the QSO correlation functions and comparison with clusters cor

relations; 

2) Similarity between distributions of cluster pairs and wide QSO pairs; 

3) Direct investigations of the QSO environments. 

The QSO correlation function displaying strong QSO clustering at r ~ 10h-1 M pc, 

a more weak clumping at 'V 20 - 30h -1 M pc and the absence of correlations for r > 

100h-llvIpc, evolves explicit ely growing to smaller redshifts: for z => 0 it looks like the 

clumped distribution of radiogalaxies whereas for z > 2 the QSOs seem to be randomly 

distributed. We think that the relative smallness of the QSO correlation scale (in 

comparison with that of clusters ') is mainly explained by the fraction of close QSO 

pairs when both QSOs enter one cluster. As far as the WQPs are concerned (Ll0 ~ 

1.5°, Llv / c I"V 10-2 
) the QSOs there are mostly associated with different clusters, which 

is backed by the similarity of their distribution with the cluster pairs (the characteristic 

5 



correlation scales in both cases are apparently the same: llv 2000km/s, IIII".J I".J 

25h-1 lVIpc, lVIe!! 1016 lVI0 which are typical GA parameters).I"V 

Today's observations display that QSOs at z > 0.5 are frequently associated with 

rich clusters but QSOs at z < 0.5 seem to be found in poor systems like galactic 

groups. Another important result refers the age of groups and clusters where quasars 

are: the velocity dispersion of galaxies in such a cluster seems to be anomaly small. 

It gives a guess of how quasars form: the less is the velocity dispersion the larger is 

the probability for interacting and merging processes between galaxies in the cluster. 

These merging effects, supplying accreating material (to massive black hole) just well 

enough for the QSO burning, can really exist in young clusters which are still in process 

of the first collaps and first contraflows' origin, i.e., well before the cluster virialization 

and X-ray gas appearing. Taking into account that the first violent crossings (caustics) 

of the cosmic primordial medium must certainly form in the central regions of young 

preclusters, we may relate the majority of quasars at z I"V 2.5 with the epoch of 

cluster formation. (Sure, not every QSO we do associate with young clusters. There 

were few generations of QSOs depending on the physical reason which provided for 

the formation of the accreating gas disk. It is the dense caustics with high merging 

activity of host QSO galaxies that we associate with a typical cluster mass. The lesser 

mass collaps could not be as powerful to ensure high gas densities, while the larger 

masses collapsed later in the medium already totally ionized by a broad class of all 

AGNs, including our QSOs, created at z ~ 2). 

If so, then at least two topics are on agenda: 

* It is possible to find distant GAs by groups and pairs of QSOs in scale of few 

dozens of Mpc (lGA. ::; lLs 100h-11\;Jpc).I".J 

* Relationship between the epochs of cluster formation (z 2 3) and GAs'I".J 
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appearing (z < 1.5) prompts the true model of large scale structure formation. 

Today we know few QGs. The one group (Webster 1982) at z=0.37 consists of 

4 QSOs within 75h-1 Mpc . Another group (Crampton, Cowley & Hartwick 1989)'"V 

at z = 1.1 contains 23 QSOs within 60h- 1 lvlpc, and the next group (Clowes &'"V 

Camusano 1991) of 13 QSO occupies region '"V 35 x 100 x 150h -1 Mpc at z = 1.3. 

The authors emphasize that they do not see QGs at larger redshifts though spatial 

number density of QSOs grows sharply up to z 2.5 . It is interesting to note that'"V 

the number of wide observable QSO pairs seems to decay beyond z ~ 1.5, as well. 

If GA structures really disappear at z ~ ZLS 1.5 and cluster formation epoch'"V 

(the first caustics of preclusters) lies in broad interval centred at z '"V 2.5, the 6k 

spectrum must be rather flatten within scales encompassing both, clusters and GAs, 

IE (10 -100)h-1Mpc. Taking into account time evolution 6 '"V (1 + z)-1 and thus the 

amplitude ratio (6k ,CI/6k ,GA.)2 ~ (1+2.5? ~ 10, we have the following straightforward 

estimate for the spectrum of Gaussian primordial density perturbations within the 

dynamical range: 

c2 kl±O.5
Uk (2)'"V • 

It predicts the correlation function of the total mass e(r) '"V r-(I±O.5), which means 

that clusters are clumped in regions overdensed by GA-scale perturbations. Note, 

that the actual cluster correlation function ecc(r) deviates from the dynamical one, 

as the cluster formation time is stroungly modulated by the G A scale perturbations 

for spectra (2) - clusters form in the overdense regions and do not form in voids 

which may naturally provide highly "biased" distribution of the observable clusters 

(this effect disappears for steeper spectra, e.g., for CDM). 

Such a flat spectra bring about the following conclusions. 
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(i) Clusters today should be far developed and concentrated where GAs are (clus

ters trace the mass in dense regions) , while sparse young clusters might be found 

nearby voids. 

(ii) If majority of the first cluster caustics gives birth to QSOs broadly peaked 

at z '" 2 - 3, and appears correlating with GA-peaks, then the mean separation 

between distant quasars should also correlate with 1LS at z '" 2.5 , which is actually in 

good agreement with observations: the comoving spatial QSO density n '" (1 + z )5-6 

corresponds just to the change of the mean QSO separation from'" 103 h-1 lv/pc at 

z ~ 0.5 to '" 100h-1 Mpc at z = 2 3. 

(iii) Gaussian flat spectra (2) create by z ~ 1 a great variety of coherent struc

tures within 1E 10 100h-1 lYlpc (the hierarchies of walls, filaments, voids and GAs) 

produced by the broadscale perturbations with nearly equal amplitudes forming at 

the same recent epoch. Note, that such structures form in the gravitating matter and 

do not require biasing type hypotheses. 

(iv) Since galaxies form before clusters, their first generation is not modulated by 

GA-perturbations. However, merging and generating processes for galaxies going most 

active in dense regions, lead to the successive generations of bright galaxies namely at 

GA locations. The test could be a search of dwarf galaxies in voids. 

(v) Obviously, spectra (2) are more flat than that in standard CDM (the latter 

anticipates 8% '" k2 - 3 in the scale range). One of the possible ways to realize them are 

the hybrid cold+hot dark matter models with", 30% of the total mass in form of the 

neutrino-like particles with restmass '" 7e1l (Lukash 1992). Note, that eq. (2) does 

not contradict to the possibility to have Harrison-Zeldovich fundamental spectrum 

8k '" k2 at higher scale (1 > 1LS ). 

Summarising, we can say that available data back the following two conjectures. 
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* QGs and probably WQPs indicate the patches of enhanced total density (distant 

GAs), they render in lGA. "" 10 - 100h-1 Nlpc and extend for z ~ 1.5. 

* The majority of distant QSOs is associated with epoch of cluster formation, 

z < 3. 

Both points are selfconsistent if and only if QSOs belonging to QGs, were created 

not far before the time where given QG is observed, which is also consistent with a 

relatively short lifetime of medium and bright QSOs. It means that first young clusters 

and associated QSOs at Z > ZLS appear more or less random in space, whereas the 

next generation clusters and related QSOs stemming at Z < ZLS are born already in 

groups in the GA peaks. 

The QSO test for GA search proposed here can be successfully used at 0.5 ~ Z ~ 4, 

where large QSO number densities are observed. For the nearby region (z ~ 1), the 

same test can be applied for RGs which may be the evolutionary successors of radioloud 

QSOs. (In this case the positions of powerful RGs must strongly correlate with rich 

X-ray clusters). Also, the promising samples are any other AGNs, absorption and 

emission lines, as well as direct diffused emissions from the dense and hot regions. 
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