arXiv:gr-qc/0405121 v5 18 Dec 2005

A novel approach to accelerating universe

Hongsheng Zhang^∗ Department of Astronomy, Beijing Normal University, Beijing 100875, China (Dated: December 18, 2005)

We construct multi-time theory, in frame of which the cosmological acceleration is a natural phenomenon without cosmological constant or anything like that. The main point of this theory is each of the gravity interaction and electromagnetic interaction has its own time respectively. Also we give a concrete model of this theory which contents all the observations. Further more we present some predictions of this model which may be tested in the future.

PACS numbers: 98.80. Cq

The concept of time is one of the most attractive and profound subject of physics, even of the whole science. Just as the notion of space is original from the rigid body, the notion of time comes from periodic motion. In the other words the bodies in periodic movement systems give birth to the idea of time. In spite of huge developments in unite theory in physics, the 4 (or 3) interactions we know today are inherently different all the same, especially the gravity is remarkably different from other three gauge interactions. In as much the interactions are intrinsically different we have no transcendental reason to assure periodic systems controlled by different interactions can be synchronised for ever, which means the time velocities may different in systems controlled by different interactions. This idea seems delicate so here we explain it explicitly by an example. We have two systems : the earth-sun system and a simplest light clock. The light clock is composed by two parallel mirrors ,A and B, whose reflectivity is 100% and a photon travels back and through between the two mirrors . The light ray is vertical to the mirrors. The time this photon starts from mirror A to mirror B and then returns back to A we call a ”tick”. Arranging the two mirrors in appropriate distance to ensure when the earth rotates a circle around the sun the light clock passes 10^{16} ticks. But in the interval the earth revolving the sun next circle the light clock passes 10^{16} + 1 ticks. Suppose both of the two systems are at ideal isolate states.

∗ Electronic address: hongsheng@bnu.edu.cn

So under this condition we have to accept that the notion of time derived from periodic system of gravity is inherently different from notion of time derived from periodic system of electromagnetism because we have no transcendental reason to conclude the time in which system does not flow uniformly.

We can’t go back to big bang singularity and we have not find a little black hole near the earth so quantum gravity is very difficult to us. Similarly the ordinary systems only reveal the second order difference between different times, which we can see in the following discussions, and that must be very small. So for many years we don’t know how to set up a concrete physical multi-time theory. Fortunately the recent cosmological observations, the universe expands more and more faster, offer an enough big second order effect to construct such a theory. First we give a toy model to see how the multi-time theory works on cosmology. In this toy model our main goal is to show why a decelerating universe in gravity time can be treated as an accelerating universe. In a radiation universe in which the spatial curvature k = −1 the scale factor is [2]

a(u) = (2c_ru + u^2)^{1/2}, (1) where a is scale factor, u is gravity time and c_r is a constant. Since we only need qualitative features of multi-time theory here, without losing generality set c_r = 1. Giving the most simple nonlinear relation of gravity time u and electromagnetic time t as follow

u = t^2 + t, (2) we obtain deceleration parameter according to electromagnetic time t,

q_t = −( d^2a dt^2 a(t))/( da dt )^2. (3) Recall the definition of deceleration parameter for gravity time

q_u = −( d^2a du^2 a(u))/( da du )^2. (4) We display q_u and q_t in Fig. 1 and Fig. 2 Notice all our clocks are electromagnetic systems or other gauge interaction systems. A mechanical clock with pendulum may be treated as a periodic gravity system. In fact the pendulum swings for a long time mainly because of the unwinding of mainspring, not the

FIG. 1: q_u versus u in a toy model. As we all know the universe is decelerating all the time, i.e. ,the deceleration factor q_u > 0.

FIG. 2: q_t versus t in a toy model. It is clear the universe accelerates in some phases measured by electromagnetic time t.

gravity. So it must also be taken for electromagnetic system. In a word ”time” we used in all the measurements and observations is electromagnetic time (we assume other gauge interactions share the same time with electromagnetic interaction). If we are aware of gravity has an inherent different time concept the accelerating universe is easily understood.

In light of recent astronomical and cosmological observations we can found a model of multi-time theory fitting the observation data well. In the following we give such a model of multi-time theory to describe our universe. We think that our universe is composed of baryons and non-baryon dark matter (DM). The former build up stars and ourselves, and the existence of the latter can be concluded from matter revolving velocity far away from centres of galaxies and the gravitational lensing effects. In spite of uncertainties the matter of the universe is at a much low density to close the universe. I do not use the cosmological parameters deriving from WMAP data here directly because the data fitting depends on ΛCDM model. Fortunately DM can now be constrained to a value around 0.25 by several other independent evidences: (i) One of the most ingenious and convincing arguments comes from noting that baryonic matter in clusters, in galaxies, and in intracluster gas amounts to 0.15-0.2 of the inferred virial mass. (ii) Very distant galaxies appear distorted, owing to gravitational lensing by intervening galaxies and clusters. (iii) Another argument is based on the way density contrasts grow during the cosmic expansion: in a low density universe, the expansion kinetic energy over- whelms gravity, and the growth of structure saturates at recent epochs[1]. For definiteness and easy to compare with ΛCDM model we take the following value of Ω_m, Ω_m = 0.27.

Hence the spatial curvature of our universe is −1, therefore the scale factor can be written as [2]

a(û) = C_m 2c^2 (chcû − 1) (5) u(û) = C_m 2c^3 (shcû − cû). (6) Here û is conformal gravity time, which is defined as

û ≜ ∫ du a(u) , (7) C_m is a constant,

C_m = 8πG 3 ρa^3, (8) c is the velocity of light in vacuum , ch and sh represent hyperbolic cosine function and hyperbolic sine function respectively. The age of dust open universe (measured by gravity time) is [3]

u_0 = H^{−1}_0 [ 1 1 − Ω_m − Ω_m 2(1 − Ω_m)^{3/2} arcsh ( 2 − Ω_m Ω_m )] . (9)

Submitting the present values H^{−1}_0 =^{9.78}_h Gyr, according to latest observational results h = 0.71 [4], Ω_m = 0.27 , we obtain u_0 = 3.558 × 10^{17}s. Then by using this u_0 and present matter density ρ_0 = Ω_m × 1.88h^2 × 10^{−26}kg/m^3 [4] we get the present value of a, a_0 = 1.525 × 10^{26}m.

Before giving the concrete relation between gravity time u and electromagnetic time t we present some general features of its form. Suppose u = u(t) then we obtain da dt = da du du dt , (10) d^2a dt^2 = d^2a du^2 ( du dt )^2 + d^2u dt^2 da du . (11) First of all u = u(t) must be nonlinear function otherwise we can always rescale u so as to u = t, which is a trivial case. We know that^{da}_{dt} > 0 now. If^{da}_{du} > 0 then^{du}_{dt} > 0. We also conclude^{d2u}_{dt2} > 0 from^{d2 a}_{dt2} > 0. Leading by observations we can set a relation between gravity time and electromagnetic time as follow,

t = [ −u_{c1} + u_{c1}(1 + 8 × 10^{−7}u/u_{c2})^{3/7} ] × 10^{13}, (12) where u_{c1} and u_{c2} are two constants. In the simplest model of multi-time theory we consider in this paper u_{c1} = u_{c2} = 1. We only care for the obsverbles such as Hubble parameter, matter density, deceleration parameter etc. It is straightforward to get decelerating parameter measured by electromagnetic time t by (12), (10), (11), (5), (6) and (3). But the final form is very complicated and has no illuminations thus we don’t want to write it here. For showing its properties explicitly we draw it in Fig. 3.

From Fig. 3. we see the model of multi-time theory can decipher the cosmological acceleration satisfactorily. In fact we select parameters in (12) to content supernova observations. Also we present an interesting result of this model. Evidently from (12) the age of our universe on the viewpoint of electromagnetic time is different from the age on the viewpoint of gravity time. We show this point in Fig. 4.

Fig. 4. contains a striking fruit: the universe is 25.7 Gyr’s old in ”our time” (electromagnetic time), which is much older than 11.3 Gyr, by (9), in gravity time and 13.7 Gyr, in ΛCDM model. Unfortunately the age of our universe is not an observable, either in electromagnetic time or in gravity time.

Consequently we have to ask: what other effects does this model predict? How to test them? A naive answer may be the earth-sun system is a gravity clock thus we can compare

FIG. 3: q_t versus a in a more realistic universe model. Now we have two kinds of time but they share the same spatial factor a, so we plot q_t versus a. It is clear q_t < 0 when a = a_0 = 1.525 × 10^{26}m. Its exact value is -0.563, which is fully consistent with observations [5].

FIG. 4: t versus a in a more realistic universe model. Scaled by the two different times the ages of our universe are different.

electromagnetic clock on earth with it. Simply speaking we can measure the length of different years to find the effect of multi-time theory. But this effect is proved to be very small. From (12) we can easily derive dt du |_{u=u0} = 0.977, (13) and d^2t du^2 |_{u=u0} = −1.57 × 10^{−18}. (14) We can always rescale the electromagnetic time to counteract^{dt}_{du} but not^{d2 t}_{du2} . According to (14) we obtain the length of year decreases 4.95 × 10^{−11}s every year for current universe, which can be detected by cesium atomic clock. However this effect is easily covered by other effects such as tide, perturbations of other planets, even the atmosphere motion. Here we present a first order effect. That relates to gravity velocity. The hypothesis the gravity travels as fast as light in relativity is revised as the velocity of gravity measured by gravity time equals to velocity of light measured by electromagnetic time, which is absolute property and then can not be counteracted by rescaling the time unit. Hereby we have

c_{gt} = dl dt = dl du du dt = c du dt , (15) where c_{gt} is gravity velocity measured by electromagnetic time. By (13)the current value of c_{gt} = 1.023c. To observe gravity velocity directly has started. Recently Kopeikin and Fomalont published their result of gravity velocity by Jovian Deflection Experiment [6]. According to their observations c_{gt} = (1.06 ± 0.21)c, although it is rather rough it lights a new way to test the multi-time theory directly. Another point we must point out is in (9) the Hubble parameter is measured by electromagnetic time though it should be gravity time. Based on (13) the difference is very small. We can obtain exact solution by iterative method. By (13) we get a new Hubble parameter then submit it into (9) and we shall get new (13). Thus our result can be treated as zero order approximation of this model.

Brane world models with two time-like dimension very different from which we describe hereinbefore have been studied for several years [7]. People simply mimic the brane world model with extra space-like dimensions in which gravity propagates on the whole manifold therefore gravity has two independent time directions and standard model particles are confined on the brane hence standard model particles has only one time direction. Generally speaking these models suffered from imaginary gravity self-energy, causality violation and probability violation.

Obviously it is possible to construct a ”geometrical” model of our theory in which the gravity confined on one brane and standard model particles confined on the other brane.

Each of the two branes has time dimension itself. The gravity brane rotates relative to standard model brane and electromagnetic time is the projection of gravity time. But the extra dimension does not been found all along. To construct such a model is also a guesswork.

To say at the least if finally we find the gravity time is identical to electromagnetic time we uncover a new equivalence principle. What it imples is a valuable question.

Acknowledgments. This work was supported in part by a grant from Chinese academy of sciences, a grant No. 10325525 from NSFC, and by the ministry of science and technology of China under grant No. TG1999075401.

[1] M. J. Rees, arXiv:astro-ph/0402045.

[2] R. M. Wald, General relativity, The University of Chicago Press, 1984. [3] A Liddle and D Lyth, The cosmological inflation and large-scale structure, Cambrige University Press, 2000.

[4] C. L. Bennett et al., arXiv:astro-ph/0302207.

[5] S. Perlmutter et al., Astrophys.J. 517 (1999) 565-586, arXiv:hep-th/9905221; A. Riess et al., Astron.J. 116 (1998) 1009-1038, arxiv:astro-ph/9805201.

[6] E. B. Fomalont and S. M. Kopeikin, arXiv:astro-ph/0302294; S. M. Kopeikin. and E. B. Fomalont, arXiv:astro-ph/0311063.

[7] G. Dvali, G. Gabadadze, G. Senjanovic, arXiv:hep-ph/9910207; Y. Shtanova and V. Sahni, arXiv:gr-qc/0208047, and references therein.