arXiv:astro-ph/0508127 v1 4 Aug 2005

The bound r ≤ 16ϵ on the primordial tensor perturbation

David H. Lyth Department of Physics, Lancaster University, Lancaster LA1 4YB, UK

Abstract I recall the well-known sufficient conditions for the bound r < 16ϵ on the spectrum of the primordial tensor perturbation. Two recent papers claim a violation of this bound, without stating explicitely any violation of the sufficient conditions.

The following conditions are sufficient for the bound r < 16ϵ on the primordial tensor perturbation.

• Inflation is of the slow-roll variety.

• The curvature perturbation is generated from the vacuum fluctuation of one or more light scalar fields.

• Einstein gravity holds during and after inflation.

Light fields are here defined as those whose vacuum fluctuations generate classical perturbations a few Hubble times after horizon exit, which are uncorrelated and have a spectrum well-approximated by (H/2π)^2. According to the second condition, these perturbations provide the initial condition for the evolution of the curvature perturbation.

Taking into account also the first condition, the spectrum of the curvature perturbation is of the form P_ζ (k, t) = ( H^2 2πϕ̇ )_2 + · · · . (1)

The first term is the contribution of the perturbation in the inflaton field ϕ, defined in this context as the one pointing along the inflaton trajectory soon after relevant scales leave the horizon. It is to be evaluated at horizon exit, making it time-independent. The dots indicate the possible contributions of light fields orthogonal to the inflaton field. These are positive and are initially negligible compared with the one from the inflaton field, but they could grow to become the dominant contribution. We are interested in the spectrum when it has levelled out to its final value constant value, which according to observation is achieved by the time that the Universe is a few seconds old.

The above result was given by Starobinsky [1] and by Sasaki and Stewart [2], who had in mind that ζ would achieve its final value by the end of inflation. It was given again by Lyth and Riotto [3] who mentioned the possibility that ζ may achieve its final value only after inflation is over. Among possible realizations of the latter case are the curvaton scenario [4, 5].

The third condition gives the spectrum of the primordial tensor perturbation. Adopting a common convention for its normalization and setting 8πG = 1 the spectrum is P_t(k) = 8(H/2π)^2, (2)

where the right hand side is to be evaluated at horizon exit. Combining Eqs. (1) and (2) and introducing the slow-roll parameter ϵ =^1_2 ϕ̇^2/H^2 gives the advertised bound [2].

This note, which will not be submitted for publication in a journal, was prompted by the appearance of two papers [6, 7]. They claim a violation of the bound without stating explicitly any violation of the three sufficient conditions.

References

[1] A. A. Starobinsky, JETP Lett. 42, 152 (1985) [Pisma Zh. Eksp. Teor. Fiz.

42, 124 (1985)].

[2] M. Sasaki and E. D. Stewart, Prog. Theor. Phys. 95, 71 (1996).

[3] D. H. Lyth and A. Riotto, Phys. Rep. 314, 1 (1999)

[4] D. H. Lyth and D. Wands, Phys. Lett. B 524, 5 (2002); T. Moroi and T. Takahashi, Phys. Lett. B 522, 215 (2001) [Erratum-ibid. B 539, 303 (2002)]; K. Enqvist and M. S. Sloth, Nucl. Phys. B 626, 395 (2002).

[5] S. Mollerach, Phys. Rev. D 42, 313 (1990); A. D. Linde and V. Mukhanov, Phys. Rev. D 56, 535 (1997).

[6] N. Bartolo, E. W. Kolb and A. Riotto, arXiv:astro-ph/0507573.

[7] M. S. Sloth, arXiv:hep-ph/0507315.