arXiv:hep-ph/0210446 v5 16 Aug 2004

August 16, 2004

A Preon Model Based Universe

Risto Raitio^1 Dept. of Theoretical Physics, University of Helsinki, Helsinki, Finland

Abstract

A preon model for visible and dark matter and dark energy is proposed. The model is based on spin 1/2 fermions carrying SU(3) of subcolor and color, charge 1/3 and zero quantum numbers. The early universe is modeled as a many body preon system. The random initial conditions and the consequent inflatory expansion of the universe are outlined in this framework.

PACS 12.60.Rc

1Retired. E-mail: risto@rai.compart.fi

1 Introduction

A model for the first generation quark and lepton subconstituents was suggested in [1]. The model was extended to describe dark matter in [2, v.4]. In this note we make an attempt to use the preon, or as we call it the trion scheme of basic constituents as a means of modeling the matter, energy and evolution of the universe.

The two basic constituents of the model are trions of SU(3)_{subcolor} xSU(3)_{color}xU(1)_Q:

m^+_i of charge 1/3 and color triplet (3, 3, 1/3) and

m^0 of zero charge and color singlet (3, 0, 0).

We assume for the subcolor interaction range l_{subcolor} l_{P lanck} < l_{subcolor} << l_{color} That is, the confinement length scale of subcolor is assumed to be close to or some orders of magnitude larger than the Planck scale l_{P lanck} .

Let us form all possible three body states using the m^+_i and m^0. We obtain the first generation quarks and leptons, together with their antiparticles as follows

u_k = ϵ_{ijk}m^+_i m^+_j m^0

d_k = m_k m^0 m^0 e^− = ϵ_{ijk}m^−_i m^−_j m^−_k ν_e = m^0m^0m^0 where the subcolor indices are not shown for simplicity. The masses of the m^+_i and m^0 are assumed to be small in comparison of the energy scale Λ = 1/l_{subcolor} .

Spin zero and one composites must occur in addition to the above ones. They are expected to have important roles but they are beyond the scope of this brief note.

Remember that revealing new physical phenomena (solid, atomic, nuclear, etc) new types of basic particles have been discovered: for everyday life matter consists of electrons, atoms, and molecules. They are the ”particles”. At the smallest measured distances experiments indicate the quarks as fundamental particles, together with the electron and its neutrino. Why not assume new constituents when extrapolating down in size say ten to fifteen orders of magnitude from the present experimental accuracy? Why the electron and its neutrino could not be composites while the proton and neutron are (eg. in neutron beta decay)? The most popular approach today is, of course, the string theory with a lot of new fancy mathematics. We think simpler schemes are equally (if not more) justified to be studied as an alternative.

The trions were originally [1; 1980] speculated to have black hole properties, like the Planck mass. In this note we consider a different role to black holes in our model.

This constituent scheme will now be developed further to reach the following goals:

(i) the various forms of matter should be understood in a unified way with a minimal representations of fermions and gauge fields, we choose SU(3)_{subcolor} , SU(3)_{color} and U(1)_Q to be, at this stage, the only primary gauge fields of the model, (ii) the ground state should be a low entropy system, (iii) a mechanism for inflation should be available, and (iv) the small value of the presently observed cosmological constant should have a natural explanation.

Other preon models, and the problems with all of them, are discussed in [3], [4] and [5].

2 Trions, Vacuum and the Universe

We list the particles and their interactions at the different distance or energy scales

1. trions: SU(3)_{subcolor} for l_{lab}(= 10^{−17}cm) >> l_q > l > l_{P lanck}, where l_q = 1/Λ_{subcolor} , and l_{lab} is the current resolving power of the present experiments. QED interactions contribute at all distances,

2. quarks and leptons: effective SU(3)_{color} xSU(2)_LxSU(2)_RxU(1) at laboratory conditions below the electro-weak symmetry energy, about 200 GeV, this standard model should be derivable from the trion interactions (for the present this has not been done),

3. atoms, molecules and ordinary, as well as condensed, matter: electromagnetic interaction (QED), and massive bodies: general relativity at distances l_{observable−universe} > l > 1 mm. S. Alexander et al. [6] have proposed a model of the early universe as a fermion system having superconductor properties. Liquid helium analogy models have been studied extensively by G. Volovik [7]. In the model presented in [6], below a critical temperature T_c, a phase transition occurs from a false vacuum in the initial state to the true vacuum state of the fermion system. This is shown to lead non-perturbatively to a gap in the energy spectrum which the authors identify with the square root of the cosmological constant, √ Λ. The released energy causes de Sitter inflatory expansion and finally transition to a weak coupling small cosmological constant universe.

In this note we want to consider a different non-perturbative mechanism to operate in the early universe, which we describe as a many trion system at some non-zero but low temperature. We assume the subcolor force to be the relevant interaction at distancs of l_{P lanck} or some orders of magnitude larger. When the subcolor coupling is turned on the ”false vacuum” free trion system forms subcolor neutral bound states: the quarks and the leptons (and others) which are the ”true vacuum” particles. The energy released causes the early inflatory expansion of the universe. This process is also called an effect of dark energy. The subcolor coupling is to be determined on the basis of producing adequate inflatory expansion, as well as the bound states.

The obvious next question is where did the preons come from? We support the idea of random initial conditions: during the first time slice there was only a preuniverse with some random hamiltonian, no Lorentz symmetry, no definite geometry, and no singularity. One random fluctuation, or hit, created the trions considered here. Other random hits produce different initial states leading possibly to other kind of universes. With equal and very small a priori occurence probability for any kind of universe the choice considered in this note produces a ”livable” world while the other hits will not.

Another possible initial state is due the collapse of a previous universe which forms, according to our scheme, a massive many trion state. It has a good chance to bounce back to a next universe by the trion interactions.

At this time we do not see any compelling reason for the existense of traditionally singular black holes or specific quantum gravity in our setup. Instead, we argue that a relatively simple system, the trion model, is an adequate start for our universe. Minimally, we need some particles and some mechanism, here the trions and the SU(3)_{subcolor} interaction, to initiate the ”booting” of the universe from an initial state, like the one considered here, to its present state.

The current popular approaches to the direction of Planck scale world have been done with some ”grand” symmetry, whether it is some GUT (long ago) or superstring theory, or the more canonical loop quantum gravity. Here we have taken a step in a different direction: a phenomenological low symmetry approach. The basic objects are simple and almost familiar in terms of subnuclear, rather than condensed matter particles or string theory objects. Unification is understood here in terms of the trions.^2

Before subcolor confinement, the trions form a gas. The charged trions have a chance of being in thermal equilibrium due to QED collisions. The neutral trions interact with a much longer free mean path, assuming α > α_{subcolor} and, by random fluctuations, they tended to gather together in lumps of various sizes, to be later observed as light and dark galaxy level structures. The dark matter still interacts with ordinary matter via gravitation.

Weak interactions and lepto-quark transitions may occur by trion intercange with the vacuum. These would require a careful discussion, including a discussion on matter-antimatter asymmetry which is also beyond the scope of this brief note.

2For those demanding necessarily more than 3+1 dimensions perhaps the subcolor stuff might be such an n > 4 beast, kicking the quarks and leptons to our four dimensional world and then disappearing from our sight.

3 Conclusions

The purpose of the model discussed here is to present a simple, unified picture of the known forms of matter and energy using a minimal number of basic constituents and gauge fields. This model assumes that baryons, leptons and dark matter are described by the same subcolor level constituents, which have confining gauge interaction between them. The subcolor interaction serves also as a non-perturbative agent for an inflatory universe. Sure enough, extensive quantitative analysis is needed, and is being planned, to justify or falsify the present scheme.

References

[1] Risto Raitio, Physica Scripta 22, 197-198 (1980). Markku Lehto and Risto Raitio, Physica Scripta 25, 239-240 (1982).

[2] Risto Raitio, A Subcolor Quark Model for Baryonic, Leptonic and Dark Matter, arXiv:hep-ph/0210446 (v4, Jan 16, 2003).

[3] S. L. Adler, Frustrated SU(4) as the Preonic Precursor of the Standard Model, arXiv:hepth/9610190.

[4] H. Terazawa, High Energy Physics in the 21st Century, in Proceedings of 22nd International Workshop on the Fundamental Problems of High Energy Physics and Field Theory; KEK Preprint 99-46, July 1999.

[5] H. Harari, Phys. Lett. 86B (1979); M. A. Shupe, Phys. Lett. 86B (1979). H.

Harari and N. Seiberg, Phys. Lett. 98B (1982); Nucl. Phys. B204 (1982).

[6] S. Alexander, M. Mbonye, and J. Moffat, The Gravitational Instability of the Vacuum: Insight into the Cosmological Constant Problem, arXiv:hep/th0406202 (Jun 23, 2004).

[7] G.E. Volovik, Physics Reports 351, 195-348 (2001), arXiv:gr-gc/000509; The Universe in a Helium Droplet, Oxford University Press (2003); Cosmological Constant and Vacuum Energy, arXiv:gr-qc/0405012 v2, May 5, 2004.