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An extended cosmological model of the early Universe with additional antisymmetric tensor par- 
ticles is described. The cosmologicd effects of the additional particles, namely, additional in- 
teractions of the early Univeme plasma with the tensor particles, a shift of the early Universe 
temperaturetime dependence and the total energy density increase are discussed . Theefficiency 
of the tensor particle interactions with early Universe plasma components and their cornspondhg 
cosmologicd time and temperature are determined. 
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1 INTRODUCTION 

Recently a new model of electroweak interactions with additional antisymmetric 
tensor particles has been proposed (Chizhov, 1993). These particles manifest inter- 
esting and unusual properties (Avdeev and Chizov, 1994a, b; Chizov, 1995). Their 
presence may also lead to concrete experimental effects in different processes in el- 
ementary particle theory (Chirov, 1994a), and it can influence the early Universe 
processes as well. Applying the new model for analysis of some of the low-energy 
problems of the standard electroweak model SU(2)  x U(1) showed that it could 
successfully solve them. Therefore, it is interesting to study the cosmological role 
of the additional tensor interactions. Such an investigation may also be useful for 
particle physics as far as the analysis of the standard cosmological model modifica- 
tion with additional antisymmetric particles may provide cosmological restrictions 
on the new physics investigated. 

In this work we discuss first indications of tensor particles from low-energy 
physics experiments and a successful simultaneous explanation of a large number of 
experimental data by introducting tensor particles. Then we discuss qualitatively 
different effects due to the presence of tensor particles in the early Universe. 

205 



2% D. P. KIRILOVA AND M. V. CHIZHOV 

As shown below, the presence of additional tensor particies iii the cmmological 
plasma leads to several qualitatively different effects: a shift of the temperature- 
time dependence in the early Universe, introduction of additional interactions for 
the components of the cosmological plasma and increase in the total energy density 
of the Universe. The analysis performed shows that the characteristic efficiency 
period of the t e m r  particle processes in the early Universe is very early and ex- 
tremely short. Therefore, these three effects are very weak and they do not lead to 
major changes in the observable characteristics of the Universe, i.e. the presence 
of the considered antisymmetric tensor particles is allowed from the cosmological 
viewpoint. 

2 TENSOR PARTICLES AND THE PROBLEMS OF LOW-ENERGY PHYSICS 

There is a standard model of electroweak interactions (SM), which until recently was 
considered to be in absolute agreement with the experimental data (the experiments 
at LEP provide 1% accuracy of the most precise data on SM testa at high energies). 
However, recently problems in lowenergy  physics have been revealed. 

(1) Three particles' semileptonic decay of the mesons (Bolotov, 1990), namely: 
- semileptonic Kes decay: I<+ -., roe+v, 

- radiative re27  decay: r- -., e-fieT 
cannot be interpreted in the framework of the standard V-A interactions. 
The measured decay parameter values differ from that predicted in the SM 
by more than 3 standard deviations. There are indications of additional tensor 
terms, which are not natural for the SM. 

K L - K s  mass difference 6 = ( m ~ ~  --mKs)/mKL value, predicted theoretically 
(Shifman, 1988), strongly diffem from the experimentally measured one: Ph - 
0 . 6 ~ 5 ~ ~ P .  

The field iheorjr wi ih tensor inienaciions, proposed in Chizhov (1993, 1994a) 
provides a successful explanation of these experimental data and predicts new tensor 
interactions. The detailed analysis performed in a series of works showed that this 
theory is in good agreement with all experimental data, namely: 

(1) it solves the if-decay problem (Poblaguev, 1990); 

(2) it simultaneously solvea the K-  and r-decay problems (Chizhov, 1993); 

(3) the antisymmetric tensor field, incorporated into the SM, provides the rest of 
the Kt - K s  mass difference 80 that iJth = 6exP (Chizhov, 1994a); 

(4) the experimental data from pure leptonic decay is in accordance with tensor 
interactions (Chizhov, 1994b); 
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(5) the analysis allowing for tensor interactions in semileptonic 7 decays (Gor- 
dina Nava and Lopez Castro, 1993) and pure leptonic T decays (Chirhov, 
1995) shows that the available experimental data allow the presence of tensor 

. particles; 

(6) both the data from semileptonic decays n -* pe-fie (Poblaguev, 1990) and 
two particle ?r decay (Chizhov, 1993) allow terms. 

3 ANTISYMMETRIC TENSOR PARTICLES IN THE EARLY UNIVERSE 

9.1 The Tensor Particle Parameters 

The mass MT of the antisymmetric tensor particles Tpy = -Tup is introduced 
through the mechanism of spontaneous symmetry breaking (Englert and Brout , 
1964) and is estimated to be about 300 GeV. The ratio of the coupling constant of 
the antisymmetric tensor particles with quarks and leptons f to the mass M can be 
estimated from the meson decay experiments (Chizhov, 1993). In our calculations 
we have used the value f$ = 6.3 x The particles under consideration are 
unstable and they have ... the following decay channels T -  --+ e-&,  T+ -+ e+Ye, 
T-  dii and T+ - ud. 

3.2 Cosmological Eflects 

The tensor particles are present at the early stage of the evolution of the Universe - 
the radiation-dominated stage (RD-stage). At this stage, according to the stan- 
dard cosmological model, the expansion rate has the following dependence on the 
temperature 

where G-'I2 = 1.22 x l O I 9  GeV, and gr is the effective number of the degrees 
of freedom g, = x b  Qb + c, g j .  In the standard cosmological model at energies 
E 3 300 GeV, the following particles are relativistic: quarks q ,  antiquarks c, leptons 
I ,  antileptons r, gauge bosons 7, Zo,  W * ,  gluons g and Higgs particle H o ,  fro, H*. 
Then the effective number of the degrees of freedom is g* = 106.75. 

H = (8?r3G/90)'/2,&T2, (1) 

9.2.1 

The theory of the antisymmetric tensor particles requires the introduction of two 
additional tensor doublets and one more Higgs doublet. This leads to an increase 
in the total effective number of the degrees of freedom at T > 300 GeV in the 
extended cosmological model with additional tensor particles: gT = 118.75. This 

Shift of T( t )  dependence due to the presence of tensor particles 

change leads to an increase in the expansion rate H ( t )  = (r) Br'G ' I 2  f l T 2  and 

correspondingIy to a decrease in the cosmological time at a given temperature. In 
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other words the introduction of additional tensor particles into the coemological 
plasma changes the time-temperature dependence in the early Universe due to the 
increase in the effective number of degrees of freedom. 

3.2.2 Direct interactions 

Apart from their influence on the expansion rate, the tensor particles have direct 
interactions with the cosmological plasma components. Here we present calculated 
total cross-section values for the characteristic interactions of the tensor particles 
in the early Universe plasma, namely: 

(1) tensor particle cteation.and annihilation processes: e+ + e- -+ T+ + T - ,  
~ P C  - 2f+/(7rT2); 

(2) electron scattering by tensor particles: T + e* + T + e+, u. - f ; / ( x T 2 ) ;  

(3) tensor particle decay: T -+ ev, r d  - f:& - 1.9 GeV. 

The tensor particle interactions are effective when the characteristic rates of 
interaction are higher than the expansion rate t‘int 2 H. Otherwise, these particles 
drop out of a thermodynamical contact with the cosmological plasma because of 
the inefficiency of their interactions in comparison with the rate of change of the 
cosmological plasma parameters. The reaction rates are usually estimated as r i n t  

qntn, where dint is a process total cross-section, and n is the concentration of 
particles. At energies higher than the tensor particle’s mass, the cross-sections have 
the following behaviour cr - E-2.  Owing to this dependence, at high energies 
the tensor particles do not interact with the cosmological plasma, their reactions 
are frozen, and with decreasing temperature in the process of Universe expansion 
and decreasing characteristic energies, unfreezing (effective switch on) of the tensor 
particle reactions with the plasma components at r i n t  5 H occurs. The temperature 
of the unfreezing of a given interaction i -+ f is defined as 

T2 = (90/8n3G)’~2~~”2ncri~, 

and the corresponding cosmological time is 

t = 2.42/(&T2[MeV]) s. (3) 

In this way, on the basis of the analysis of the main interactions of antisymmetric 
tensor particles with other components of the cosmological plasma, calculations of 
characteristic temperatures and cosmological moments.of the interactions of these 
particles in the early Universe have been made. 

Particle creation. In the expanding Universe the creation of pairs of tensor 
particles is effective at temperatures higher than the rest mass of the particles and 
lower than the temperature of particle creation T,, at which the rate of the processes 
of tensor particle creation becomes higher than the expansion rate: 2m 5 T 5 T,. 
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The temperature below which the tensor particle creation becomes effective and its 
corresponding cosmological time are: Tc = 1.6 x 1014 GeV, 1, = 8.1 x 

Eleciron scattenng by a fensor particle. A typical example of electron scattering 
by tensor particles is their interaction with electrons and positrons of the cosmo- 
logical plasma. The tensor particle interaction with fermions becomes effective at  
T 5 T, and times greater than 1 ,  where T, = 8.8 x 1013 GeV, t ,  = 2.9 x 

Annihilation of iensor particles. The annihilation of tensor particles becomes 
possible at temperatures T 5 To and times t 2 t a ,  where Ta = 1.1 x 1014 GeV, 
t o  = 1.9 x s. The annihilation of the particles ends at the moment t t ,  = 
2.42/(mfa[MeV]) s = 6.2 x s, defined from equation (3), where Tt, is 
made equal to 2M. 

Tensor particle decay. The decay width of the tensor particles is r - f 2 M  = 
1.89 GeV. The corresponding cosinological time and the decay temperature are 
~d = 3.5 X wz5 s, Td = 8.0 x lo9 GeV. I t  is interesting to compare the characteristic 
moment of the particlei decay 2d and the time of their full annihilation. As far as 
t,i << it, the tensor particles mainly decay. The effective time interval corresponding 
to the temperature interval Td 

s .  

s. 

T 5 T' is very narrow: At - 3.5 x s.  

9.2.9 Total energy density increase 

Analysis of the possibility of tensor particle dominance in the total energy density 
of the Universe 

13 

30 '* Ptot = - TP, 
at some period of its evolution, shcaws that in the case of tensor particles deviating 
from equilibrium with the cosmological plasma being relativistic, their dominance is, 
in principle, possible at temperatures lower than Tm and time later than t m  , where 
T, = 1.0 GeV, t ,  = 2.1 x lo-' s.  However, bearing in mind that the annihilation 
and the decay t,ime values of these particles are much smaller t d  < t t ,  < t m ,  it is 
obvious that the tensor particle dominance stage cannot be realized. Therefore, from 
the requirement that their density should not be greater than the critical Universe 
density for a given epoch, m(t) 5 pc,it(t), it is not possible to put cosmological 
constraints on tensor particle characteristics. 

4 CONCLUSIONS 

The above analysis of the cosmological place of antisymmetric tensor particles shows 
that their direct interactions with the components of the high-temperature plasma 
of the early Universe are effective on the interval 8.1 x s. 
The beginning of this time interval is defined from the moment of unfreezing of the 
characteristic reactions of the tensor particles with the rest components of the cos- 
mological plasma, while the end of this time interval is the moment of their decay. 
Thus, the interval of efficiency of tensor particle interactions with the components 

s 5 t 5 3.5 x 
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of early Universe plasma is very early and extremely short! Therefore, obviously 
their influence on the processes proceeding in later epochs, like cosmological nu- 
cleosynthesis and recombination, is hardly noticeable. The tensor particles cannot 
dominate in the total energy density of the Universe. Their influence is reduced 
mainly to a slight increase in the expansion rate, due to the change in the effective 
number of degrees of freedom in comparison with the standard cosmological model. 

The analysis of the cosmological role of the tensor particles performed does not 
impose easentid cosmological restrictions on the parameters of the tensor particles 
on the basis of the observed characteristics of our Universe. A subject of further 
investigation on antisymmetric tensor particles from the cosmological standpoint 
could be a more detailed analysis of the problem of interactions of tensor particles 
with all the early Universe plasma components, as well as the study of the possible 
role antisymmetric tensor particles may play in inflationary cosmological theories 
and in cosmological models with a cosmological constant. 
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