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Abstract

If the next fundamental level of matter occurs (preons) then dark matter must
consist of familons containing a "hot" component from massless particles and a
"cold" component from massive particles. During evolution of the Universe this
dark matter was undergone to late-time relativistic phase transitions temperatures of
which were different. Fluctuations created by these phase transitions have had a
fractal character. In the result of the structurization of dark matter (and therefore
the baryon subsys-lem) has taken place and in the Universe some characteristic
scales which have printed this phenomenon arise naturally. Familons are collective
excitations of nonperturbative preon condensates which could be produced during
more early relativistic phase transition. For structurization of dark matter (and
baryon component) three generations of particles are necessary. The first
generation of particles has produced the observed baryon world. The second and
third generations have produced dark matter from particles which have appealed
when symmetry among generations was spontaneously broken.

DaMHUIOHHAS MOJeJb TEMHOM MaTepuu
B.bypatoxka, O.Jlanakynuu, FO.ITonomapés, I'.Bepemikos

Ecmu cnenyromuii ¢hyHIaMEHTAIBHBIM YPOBEHb MaTEpUH MMEET MECTO, TOT/a
TéMHas MaTepus JOJDKHA COCTOSTh U3  (DaMUIIOHOB, COJEpXKAIlUX TOPSUYIO
KOMIIOHEHTY W3 0€3MacCOBBIX YaCTHI[ M XOJIOJAHYIO KOMIIOHEHTY M3 MacCHUBHBIX
gacTull. B TedeHun sBotonmu BceneHHO# Takas TEMHash mMaTepus IOJDKHA ObLia
MOJABEPTHYTHCS HECKOJBKUM (Pa30BBIM IEpPEeX0/iaM, TEMIEepPaTypbl KOTOPBIX OBLIU
paznuuHbl. DIyKTyalud, MOPOXKIEHHbIE 3TUMH (Da30BBIMH IEpEeXoJaMu, HUMEIH
bpakraapHbIil xapakTep. B pesynbrare cTpykTypusamus TéMHOW Matepuu ( U
ClIeIoBaTeIbHO OapMOHHOW TOJCHCTEMBI ) HMeJa MECTO W BO BcenaeHHOM
HECKOJIBKO XapaKTepUCTUUYECKUX IIIKaj, KOTOpbIe oOTmedaraqid HTOT (EHOMEH,
BO3HUKIN ecTecTBeHHO. ®Damwmionbl (mceBmo- ['osicToyHOBCKHE 0030HBI), Kak
KOJUIEKTUBHBIE BO30YKIEHUS HenepTypOaTUBHBIX IMPEOHHBIX KOHJEHCATOB, OBLIU
00pa3oBaHbl B TEUCHHH 00JIee PAHHETO PEJSITUBHUCTKOTO (hazoBoro mepexona. s
CTpyKTypu3anuu TEMHONW MaTepuu ( U i OOBACHEHHUS HEPapXUU MacmTaboB
OapUOHHON KOMIIOHEHTBI ) TPH TOKOJICHHS YaCTHUI[ HEOOXOIMMO. [lepBoe
MOKOJIEHHE YacTHI] oOpa3yeT HaOmomaeMblii OapuOHHBIA MHpP. BTOpoe m TpeThe
MOKOJIeHHe oO0pa3yeT TEMHYI0O MATepUI0 M3 YacTHUL, KOTOpble BO3HHUKIU KOTJa
CUMMETPHS MEX/1y TOKOJICHUSIMU ObliIa CIIOHTAaHHO HapyILIEHa.



Using the preon structure of matter the familon model of dark matter (DM) proposed
by Schramm et al [1] and Frieman et al [2] is reanimated. This model has more physical and
cosmological consequences if the next structure level of matter is involved. Our interest to
the preon model of elementary particles was also induced by the fact of possible leptoquarks
resonance in HERA experiment and the possibility to research a pair production of scalar
leptoquarks at the FERMILAB TEVATRON [3]. The standard model is not expected to be
a complete theory (it does not explain the number of fermion families, their mass hierarchy
and does not provide a unified description of all gauge symmetries). Although, of course,
the standard model describes very well nature in term of the fundamental fermions and their
interactions via gauge bosons. Compositeness models postulate a new strong dynamics that
bind constituents (preons) and, of course, a sure motivation to these models is absent till
Now.

At first important cosmological and physical consequences enumerate.If DM consist of
familons then in this medium late-time phase transitions were possible and fluctuations cre-
ated by these phase-transitions have had a fractal character. These fractal fluctuations could
develop into the fractal large- scale structure (LSS) of the baryon component (the fractal
structure of the baryon component is not observed on all scales [4]). In the Universe these
phase transitions have also produced some characteristic scales. Besides understanding of
three generations of elementary particles is become naturally. The observed baryon world
and DM may be realized only then when three generations of particles occur. The first gen-
eration of particles has produced the baryon world. The second and third generations have
produced dark matter. The structurization of dark matter (and the baryon component) has
been produced particles appeared when the symmetry among generations was spontaneously
broken.

The preon structure of matter was introduced by Pati and Salam [5] and was studied
by many authors [6]. The structure of preon nonperturbative vacuum arising in the result
of the correlation of non-Abelian fields on two scales (A,,. > 1 TeV is the confinement
scale of metacolour and A. ~ 150 MeV is the QCD scale) has been researched. We have
detected that in the spectrum of excitations of heterogenic nonperturbative preon vacuum

pseudo-Goldstone modes of familon type arise. Familons are created when the symmetry



of quark-lepton generations is spontaneously broken and their nonrezo masses are the re-
sult of superweak interactions with quark condensates. Physics of the spontaneously broken
symmetry of generations (production of familons) was considered in [7]. The distinguishing
characteristic of these particles is the availability of the residual U(1) symmetry and possi-
bility of it spontaneous breaking for temperature AA'—%L ~ 1073 eV in the result of relativistic
phase transitions.

We have proposed that these relativistic phase transitions (RPT) had the direct relation
to the production of primordial perturbations in DM the evolution of which leads to fractal
baryon large scale structure. Note other time that the idea of RPT in the cosmological gas
of pseudo- Goldstone bosons in connection with LSS problems was formulated in [1-2]. Here
we have investigated by quantitatively the preon-familon model of these RPT.

In the beginning the astrophysical motivation of our theory is discussed more detail.
Observational data show that some baryon objects such as the quasar on z ~ 4.9 and the
galaxy on z ~ 6.68, CO lines on z ~ 4.43 and z ~ 4.69 [8] were produced as minimum on
redshifts z ~ 6 =+ 8. This is the difficulty for the standard CDM and AMDM models to
produce their (the best fit is z ~ 2 + 3 [9] and observations provide the support of this). If
early baryon cosmological structures produced on z > 10 then the key role must play DM
particles with nonstandard properties.

Probably DM consists of ideal gas particles with m =~ 0 practically noninteracting with
usual matter (till now they do not detected because of their superweak interaction with
baryons and leptons). In the standard cosmological model DM (here CDM) contains 25% of
the total density that is

Qo = + Qopnr +Qy + Q= 0.7+ 0.25 +0.02 + 0.03 = 1.

Certainly a characteristic moment of the most of cosmological structures formation finishing
remains the same (z ~ 2 + 3) and the appearence of baryon structures on high z (z > 4)
was the result of statistical outburst evolution of the spectrum of DM density perturbations.
Early cosmological baryon structures are connected to statistical outbursts in the sharply
nonlinear physical system which is RPT (the production of inhomogeneities).

Note again that we have investigated the idea in which the baryon component of matter
repeats the structure of DM owing to gravitation. That is relativistic phase transitions have

produced DM fractal fluctuations in which baryons have subsequently clustered. The fractal



structure of the baryon component was studied in [4] starting from the article [10] in which
authors have suggested that the Universe up to some Mpc has the fractal structure (the
fractal structure was observed up to 50 Mpc [11] and the sharp transition to homogeneity is
predicted at 300 Mpc [4]). Only the critical phenomenom like to a phase transition creates
fractal structures.

A new theory of DM must combine the properties of superweak interaction of DM par-
ticles with baryons and leptons and intensive interaction of these particles each other. Such
interactions are provided by nonlinear properties of DM medium. This is the condition for
realization of RPT.

The familon symmetry is experimentally observed (the different generations of quarks
and leptons participate in gauge interactions the same way). Breaking of this symmetry
gives masses of particles in different generations. A hypothesis about spontaneous breaking
of familon symmetry is natural and the creation of Goldstone bosons is inevitably. The
properties of any pseudo-Goldstone bosons as and pseudo-Goldstone bosons of familon type
depends on physical realization of Goldstone modes. These modes can be arisen from funda-
mental Higgs fields or from collective excitations of a heterogenic nonperturbative vacuum
condensate more complex than quark-gluon one in QCD. The second possibility can realize
the theory in which quarks and leptons are composite that is the preon model of elemen-
tary particles. If leptoquarks will be detected then two variants of explanations may be. If
leptoquarks resonanse will be narrow and high then theses leptoquarks come from GUT or
SUSY theories. The low and wide resonanse can be explained by composite particles only
(preons).

The simplest boson-fermion preon model consists of left-handed fermion preons Uy, DY
and scalar preons of quark (®'*) and lepton (x¢) types. In this model the interior structure

of elementary particles is:
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In case of leptoquarks our model gives:

(LQ)u = D\ (2)

here and in the following i is color index of QCD, a,b,c = 1,2,3;1,m,r = 1,2, 3 are numbers
of quark and lepton generations, « is metacolor index corresponding to new metachromody-
namics interaction linking preons in quarks and leptons.

Inside quarks and leptons metagluon fields G, and scalar preon fields are in the con-
finement state like to the confinement of quarks and gluons inside hadrons. This effect is

provided by the existence of nonperturbative metagluon and preon condensates:

amc

(0] —=GRGL [ 0) ~ A, (3)
(0] D7D [ 0) = Vap ~ —A7, (4)
(O 135X [ 0) = Vi ~ —A7, (5)

here A,,. is the energetic scale of preon confinement, V., V},,, are the condensate matrixes.
Condensates (3) and (4) together with gluon and quark condensates ({0 | 2=G¥. G5 | 0);
(0| Grgr + Grqr | 0)) provide the mechanism of mass quarks production of all third genera-

tions. It is shown on the diagram 1
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Diagram 1

in which G““ = /\lka /\’k is Gell-Mann matrices; Go‘ﬁ = )\o‘/’)G“’

af
s oy Ay 1s an analogue of

Gell-Mann matrices for metacolour. As it can see from diagram (1) the main contribution
in the effect of familon symmetry vacuum breaking is formed by the preon condensates (4).
The theory of preons predicts the complex structure of heterogenic nonperturbative vac-

uum and familons are collective excitations of these condensates. These excitations are the



result of local processes of weaking and rebuilding of correlations among fields entering in

condensates:
M = (0 | @5* kT 0l gy, | 0) (6)
My = (0] d2Fae* Di gl | 0) (7)
MY = (0 | x¢XDI Xl | 0) (8)

Also it is necessary to note the pecular properties of the first generation of quarks. Their
masses are exclusively produced by the interaction with the quark-gluon condensate. The
production of second and third generations of quark masses is outside limits of the QCD. But
this fact may be natural in the preon model. Scalar preon condensates of the first generation
are efficiently suppressed and they do not carry contribution in (6-8). This situation may be
explained in the model containing composite scalar preons (the scale more than A,,.). In this
preon - subpreon model [12] the initial familon symmetry SUg(3) — SUp(2) is broken on
scale Agpne > A and then on more low scale the symmetry SUg(2) — U(1) is broken also.
Therefore here we will discuss the chiral-familon symmetry of second and third generations
only ( the discussion of the familon symmetry was in detail given in the article [7]). 3
types of nonperturbative condensates correspond to 3 type of familon fields and a number of
familons of every type equals 8. In each type 2 familon fields arise as the local perturbation
of a condensate energy density. The rest 6 familon fields arise as the result of rebuilding of
a condensate.

Thus, in the frame of preon theory DM is interpretated as the system of familon collective
excitations of heterogenic nonperturbative vacuum. This system consists of 3 subsystems:

1) familons of up-quark type;

2) familons of down-quark type;

3) familons of lepton type.

On stages of the cosmological evolution when T" < A,,,. the heavy unstable familons are
absent. Small masses of familons are the result of superweak interactions of Goldstone fields
with nonperturbative vacuum condensates and therefore familons acquire status of pseudo-
Goldstone bosons. The value of these masses is limited by the astrophysical and laboratory

magnitudes [13]:

Meastrophysical ™ 1073 - 1075 eV (9)
Miaboratory < 10eV



The effect of familons mass production corresponds formally mathemathically the ap-
pearence of mass terms in the Lagrangian of Goldstone fields. From general considerations
one can propose that massive terms may arise as with "right” as and with "wrong” signs.
The sign of the massive terms predetermines the destiny of residual symmetry of Goldstone
fields. In the case of "wrong” sign for low temperatures 7' < T, ~ M tamitons ~ 0.1 < 10° K
a Goldstone condensate produces and the symmetry of familon gas breaks spontaneously.

The representation about physical nature of familon excitations described above is for-
malized in a theoretical-field model. As example we discuss the model only one familon
subsystem corresponding to up- quarks of second and third generations. The chiral-familon
group of the model is SUL(2) x SUgr(2). The familon excitations are described by eight
measure (on number of matrix components (6)) reducible representation of this group fac-
torized on two irreducible representations (F, f,); (1, ¢,) which differ each other by sign of
space chirality. In this model the interaction of quark fields with familons occurs. However
in all calculations quark fields are represented in the form of nonperturbative quark conden-
sates. From QCD and the experiment the connection between quark and gluon condensates

is known:
34
4dm,

Qs mn v
(0149 0) = (0] 20| 0) = (10)

12m,
here: g =t,c; m. ~ 1.5 Gev; my ~ 175 Gev; A.~ 150 Mev.

The spontaneous breaking of symmetry SUp(2) x SUg(2) — U(1) is produced by vacuum
shifts (¢)) = v; (f3) = u. The numerical values v,u ~ A,,. are unknown. They can be found
by experimentally if our theory corresponds to reality. Parameters u and v together with
the value of condensates (10) define numerical values of basic magnitudes characteristing
the familon subsystem. After breaking of symmetry SUL(2) x SUg(2) — U(1) light pseudo-

Goldstone fields contain the real pseudoscalar field with the mass:
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the complex pseudoscalar field with the mass:
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and the complex scalar field the mass square of which is negative:
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The complex field with masses (12-13) is the nontrivial representation of residual symme-
try of U(1) group, but the real field (11) is the sole representation of this group. We propose
that cosmological DM consists of particles with these masses and their analogies from the
down- quark-familon and lepton-familon subsystems.

The negative mass square of complex scalar field means that for

—_ AmC
T < Totup) ~| 1y |~ a2 V my/me (14)

pseudo-Goldstone vacuum is unstable that is when T' = T, in gas of pseudo-Goldstone
bosons should be RPT in the state with spontaneous breaking U(1) symmetry. Two other
familon subsystems can be studied by the same methods. Therefore DM consisting of pseudo-
Goldstone bosons of familon type is a many component heterogenic system evolving complex
thermodynamical way.

In the phase of breaking symmetry every complex field with masses (12-13) splits on two
real fields with different masses. That is the familon subsystem of up-quark type consists
from five kinds of particles with different masses. Analogous phenomenon takes place in the

down-quark subsystem. The breaking of residual symmetry is when

Apne
Tc(down) ~ F mb/ms (15)

In low symmetric phase this subsystem consists also of five kinds particles with different
masses. In our theory the lepton-familon subsystem can be undergone to RPT also but
leptonic condensates are elements of new physics which may come in the future and probably
their discussion is prematurely.

The relativistic phase transitions in familon subsystems must be described in the frame
of temperature quantum field theory. It is important to underline that sufficiently strong
interactions of familons each other provide the evolution of familon subsystem through state
of local equilibrium type. Our estimates have shown that the transition in nonthermodynam-
ical regime of evolution occurs on stage after RPT even if RPT took place for temperature
~ 1073 eV. The thermodynamics of a familon system may be formulated in the approxi-
mation of self-coordinated field. The methods of RPT theory which will be used by us are
similar to ones of our article [14]. The unequilibrium Landau functional of states F'(T', 1, m)

depends on order parameter 1 and five effective masses of particles my, A =1,2,3,4,5:

F(T. 7, m) = —% S (T ma) + Ul ma) (16)
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here Jy is the characteristic integrals (similar integrals used for the description of RPT in
[15]). The conditions of the extremum of this functional on effective masses give the equation
of connection m, = m,(n,T) which defines formally the typical functional Landau F(T', 7).
The condition of minimum of this functional on the parameter of order n

d?’F  O°F *F  Om
5 = a2 T Z ( A)
dn on - Ondmy -~ On

>0 (17)

is concordanced with the equation of state dF/0dn = 0 that allows: a) to establish the kind
of RPT, b) to find the thermodynamical boundary of stability phases, c) to calculate values
of observed magnitudes (energy density, pressure, thermal capacity, sound velocity et al.) in
each phase. More detail the thermodynamics of the familon system has been discussed in
[16].

We have detected that RPT in familon gas is one of the first kind with wide region of
phases coexistence. Therefore in epoch of RPT or more exactly in the region of phases
coexistence the Universe had a block-phase structure containing domains of different phases.
The numerical modelling of this RPT has shown that average contrast of density in the
block-phase structure is de/e ~ 0.1. This structure is illustrated on diagram 2 in some

conditional dimensionless units.
e(P)

0.3 T, Too)

0.2

0.1
LS — phase

0.0
000 00l 002 003 004 005  0.06

Diagram 2

The size of domains and masses of baryon and dark matter inside domains are defined by
distance to horison of events L., at the moment of RPT. As it is seen from (14-15)
numerical values of these magnitudes which are important for LSS theory depend on a value

of the unknown today parameter of the preon confinement A,,..
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If inhomogeneties appearing during RPT in familon gas have the relation to observable
scales of LSS (10 Mpc) then A,,. ~ 10° T'eV. More detail estimates today is premature but
it is necessary to note that suggested theory contains as minimum two phase transitions and
therefore two characteristic scales of baryon LSS. Now it would be a speculation to define
exactly magnitude of these scales (probably galaxies and clusters of galaxies) since we do
not know familon masses.

Numerical estimates of inhomogeneities parameters arising as the result of strong inter-
action of domains LS and HS phases in region of their contact show that the density contrast
may mount to de/e ~ 1 on the scale L ~ 0.1Lppi50n at the moment of the phase transition
and besides effects connected with fragmentation of DM medium may be superimposed at
the spectrum of the CMB radiation.

Note that D.Schramm et al [1] have even proposed some laboratory tests for verification of
the late-time phase transitions model (the neutrino-schison model). Their model as and our
one can potentially generate structures (baryon and DM) at redshifts z > 10. Besides, if the
fractal structure of the baryon component of will be proved finally then the late-time phase
transitions model becomes automatically the main one for the production of the baryon LSS.
Since only phase transitions realize a fractal structure for seeds. Probably during evolution of
baryon structures their fractal distribution is smoothed down and it is not observed on large
scales although there is general agreement about the existence of fractal galactic structures
at moderate scales [4,17].

Finally note,that for structurization of DM (and baryon component) three generations of
particles are necessary obligatory. In the preon model only for availability of the second and
third generations of particles fractal distributed dark matter from familons is produced (the
first generation of particles produces the baryon world which is observed). Recent search of
familons by CLEO collaboration gave the negative result [18]. Last publications on research

of DM can be found in [19].
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