arXiv:hep-ph/0209296 v2 13 Nov 2002

HU-EP-02/41 hep-ph/0209296

On the Time Dependence of Fundamental Constants^†

Andrea Gregori^1

Humboldt-Universität, Institut für Physik D-10115 Berlin, Germany

Abstract

We discuss how the results of recent measurements on the spectra of quasars are predicted by the non-perturbative solution of String Theory proposed in Ref. [1].

†Research supported by the EEC under the contract EU HPMF-CT-1999-00396. 1e-mail: agregori@physik.hu-berlin.de

It is quite on debate today the question on whether the fine structure constant α does change with time or not^1, and in particular what is the meaning [3, 4, 5, 6] of certain recent experimental observations made on the radiation coming from ancient regions of our Universe, suggesting that this quantity could have been lower at earlier times [7, 8, 9]. This conclusion is essentially based on the observed decrease of the relativistic correction to the behavior of emission spectra, modifying the spectra of several elements detected in quasars. According to [7, 10], these corrections implicitly depend on α, and their decrease can be referred to a decrease, as we go back in time, of its value:^{α̇} < 0. In this note we want to discuss how, in the light of the proposal of Ref. [1], a decrease of the relativistic effects should be better viewed as the consequence of the increase of masses, as we approach earlier eras. We will see how taking into account this effect as predicted in Ref. [1] correctly reproduces the order of magnitude of the observed deviation.

As discussed in Ref. [1], masses can be viewed as a quantum gravity effect, basically related to the fact that the effective size of the Universe relevant for our physics is bound by the horizon of observation. Each different type of particle lives on an ”orbifold” of our space-time, and feels differently the size of it, or, if one wants, the age of the Universe. This is the reason why we have a varied spectrum of masses, whose present values agree with those experimentally measured. As discussed in Ref. [1], the time dependence of masses is expected to be:

m_i(t) ∼ t^{−ni} , (0.1)

where i labels the specific kind of particle (electron, muon etc...), and n_i is a number, such that at the present time, t = t_0:

m_i(t_0) = t^{−ni}_0 ≡ m_i , (0.2)

m_i being the present-day value of the mass^2. As discussed, this behavior, ultimately connected with the time-dependence of the cosmological constant, is by itself able to account for the accelerated expansion of the Universe, and leads to a correct prediction for the red shift. A consequence of the change of masses with time is also the change with time of the fine structure constant, which is by definition the value of the electric coupling at a certain mass scale, e.g. the electron’s mass scale. However, the rate and sign of this change is not the one proposed in Ref. [8, 9, 10]. Indeed, according to Ref. [1], the coupling is expected to vary logarithmically with time, and to become stronger at earlier times. The reason of the discrepancy with the observations of Refs. [9, 10], is that the latter assume masses to be constant. As a consequence, they are not accounted in the evaluation of the time variation of the corrections to the spectra due to relativistic effects, eq. (11) and following of Ref. [10]. Indeed, the second line of the r.h.s. of eq. (11) of Ref. [10] should also include, besides a dependence on α, also a dependence on m_e, the mass of the electron, or better, its effective mass once the center-of-mass value, the so called reduced mass, has been subtracted^3.

1The variation of this parameter is expected in several cosmological scenarios (for instance Ref. [2]). 2Expressions (0.1) are given up to coefficients, that in our case are of order 1.

3In the hydrogen atom this is given by m_e =^{me mp}_{me+mp} . The possibility of referring to a change of this quantity the effect measured in Ref. [10] can be found also in Ref. [5, 11, 12], although not related to a specific prediction as in our case.

Even without knowing the details of this contribution, it is not difficult to realize that this goes in the correct direction, because the second line of eq. (11) should vanish as the mass goes to infinity (or much before, to the Planck scale): the heavier is the particle, the less relativistic it is. Therefore, the mass must enter the corrections with some opposite power q with respect to α:^α_{mq} . The limit α → 0 should then be qualitatively equivalent to the limit m_e → M_P , ∞. In Ref. [1] we have seen how precisely a change of masses is at the origin of the expansion of the Universe. According to that analysis, there is then a precise relation between time derivative of masses and red shift. What we want to observe here is the deviation from the red shift. This deviation depends on the shape of specific atoms and molecules, and its change in time is due to the fact that, as masses get lighter with time (or heavier when going backwards), these systems become more (resp. less) relativistic. Owing to the fact that, at least at first order, α and m enter the relativistic corrections with powers of different sign, we expect the relative rate of change with time of such corrections, as due to the mass change, to be of the same order of that computed, as a function of α, in Ref. [10]. In the following, we discuss how the results of Ref. [1] enable to predict the correct order of magnitude for this effect.

Even without going into the details of a precise evaluation of the (mass-dependent) relativistic effects, we can get an idea of the order of magnitude we have to expect for the “non-universal” contribution to the deviation of emission spectra, namely, the part that cannot be trivially re-absorbed into a redefinition of the red shift. In fact, what we are looking for here is not its absolute value, for which we would need a very precise computation, but its relative rate of change with time. In order to roughly evaluate it, we can proceed as follows. As we said, any overall change of mass essentially goes into a change of red shift. This is simply the statement that a universal change of the mass scale is in practice nothing more than a change of “unit of measure” [6]. However, masses don’t change all with the same rate: our system consists essentially of two mass scales, the one of the proton and the one of the electron. A change of the average mass, that of the center of mass, is directly related to the red shift. Also a change of the electron’s mass itself can be re-absorbed into a contribution to the red shift. However, through the reduced mass the emission spectra receive corrections depending on the ratio m_{e/p} ≡^{me}_{mp} . It is basically the change with time of this quantity what ultimately is the responsible for the non-universal effect, not re-absorbable into an overall mass scale shift. Although the precise non-universal contribution depends on the specific type, and “shape”, of element under consideration, an evaluation of the relative change due to the contribution of m_{e/p} should anyway give us an upper bound on this non-universal deviation. Were not for this contribution, all the rest, including the relativistic effects, would give at first order a relative rate of change re-absorbable into an overall mass scale change. This accounts therefore for the main effect we have to expect. The relative rate of change of frequencies can then be separated as: ν̇ ν ≈ O ( α̇ α + ṁ m ) + O ( ṁ_{e/p} ) . (0.3)

The first term of the r.h.s. goes into a redefinition of the red shift, while the second one, accounting for the displacement from the red shift, is of the order of magnitude of the effect we want to evaluate. Owing to the way we have derived it, it appears in a “universal” form, apparently the same for any kind of elements. The point is that what we have obtained with this argument is only a bound on the deviation we can expect. It belongs also to hydrogen, where it has been identified for what it is, a mass variation, in Ref. [13]. Inserting now the mass dependence (0.1), we obtain: ν̇ ν ≈ O ( t^{−1} ) − q(n_p − n_e)t^{(np−ne)−1} . (0.4)

The first term is the universal part, that goes into the redefinition of the red shift. The second term, accounting for the relative time variation of^{me}_{mp} , gives precisely what in Ref. [10] has been reported as^{α̇} . Since (n_p − n_e) ∼ −^1_{20} , at the present day this term is of the order of: ∼ q 20 × 1 2000 × 1 1.5 × 10^{−10}yr^{−1} ≈ q × 1 6 × 10^{−14}yr^{−1} , (0.5)

of the order of magnitude of the value one obtains by extrapolating the result of Ref. [10] to the present time^4. We remark that the rate of variation of m_e/m_p predicted in Ref. [1] is compatible with the one suggested in Ref. [13]. We leave for future work a detailed evaluation of the corrections to the spectra. In order to make a more refined test of the proposal of Ref. [1], besides an improved precision in the experimental information, we need also more exact mass formulae.

In Ref. [1] we have seen how masses are essentially a quantum gravity effect, as is the cosmological constant. We have also seen that the variation with time of these two quantities are tightly related: a variation of the cosmological constant reflects in fact into a variation of the inertia of matter^5. A consequence of this is that the Universe evolves from an earlier “quantum gravity” phase, toward a future more “relativistic” phase. The quantum gravity phase dominates the more and more as we go backwards in time, and the horizon restricts toward the Planck scale. In that phase, all masses lift toward the Planck mass scale, the minimal scale allowed by the Uncertainty Principle. In the opposite direction, as time goes by, the horizon expands, the quantum gravity effects decrease, as do masses, and the kinetic energy increases, as does the rate of expansion of the Universe. This evolution is reflected in the observed change of the emission spectra, where one can detect both the “macroscopic” effect, i.e. the expansion of the Universe, and the “microscopic” one. According to Ref. [1], we refer both to a change of masses.

Acknowledgments I thank C. Schiller for interesting discussions.

4We recall that q is the relative power of the first order dependence on the mass, with respect to the coupling α, entering in the relativistic corrections to the emission spectra. To the purpose of the present discussion a precise knowledge of q is not essential. Naively, by considering the way these parameters enter in the basic expression of the electric force, r̈ = (_{e2} m )_1

r^2 , we expect anyway q = 1.

5All these issues are discussed in detail in Ref. [1].

References

[1] A. Gregori, Entropy, string theory, and our world, hep-th/0207195.

[2] Z. Chacko, C. Grojean, and M. Perelstein, Fine structure constant variation from a late phase transition, hep-ph/0204142.

[3] J. W. Moffat, Comment on the variation of fundamental constants, hep-th/0208109.

[4] J. W. Moffat, Variable speed of light cosmology: An alternative to inflation,

hep-th/0208122.

[5] X. Calmet and H. Fritzsch, Symmetry breaking and time variation of gauge couplings, Phys. Lett. B540 (2002) 173–178, hep-ph/0204258.

[6] M. J. Duff, Comment on time-variation of fundamental constants, hep-th/0208093.

[7] V. A. Dzuba, V. V. Flambaum, M. T. Murphy, and J. K. Webb, Relativistic effects in Ni II and the search for variation of the fine structure constant, Phys. Rev. A63 (2001) 042509, astro-ph/0012422.

[8] M. T. Murphy et al., Possible evidence for a variable fine structure constant from QSO absorption lines: motivations, analysis and results, Mon. Not. Roy. Astron. Soc. 327 (2001) 1208, astro-ph/0012419.

[9] J. K. Webb et al., Further Evidence for Cosmological Evolution of the Fine Structure Constant, Phys. Rev. Lett. 87 (2001) 091301, astro-ph/0012539.

[10] V. A. Dzuba, V. V. Flambaum, and J. K. Webb, Calculations of the relativistic effects in many-electron atoms and space-time variation of fundamental constants,

physics/9808021.

[11] X. Calmet and H. Fritzsch, The cosmological evolution of the nucleon mass and the electroweak coupling constants, Eur. Phys. J. C24 (2002) 639–642, hep-ph/0112110.

[12] V. V. Flambaum and E. V. Shuryak, Limits on cosmological variation of strong interaction and quark masses from big bang nucleosynthesis, cosmic, laboratory and Oklo data, Phys. Rev. D65 (2002) 103503, hep-ph/0201303.

[13] A. V. Ivanchik, E. Rodriguez, P. Petitjean, and D. A. Varshalovich, Do the fundamental constants vary in the course of the cosmological evolution?, Astron. Lett. 28 (2002) 423, astro-ph/0112323.