arXiv:hep-th/0002137 16 Feb 2000

Linear Inflation in Curvature-Quadratic Gravity

Paul Federbush Department of Mathematics University of Michigan Ann Arbor, MI 48109-1109 (pfed@math.lsa.umich.edu)

Abstract

We continue our study of gravity described by the action density (−g)^{1/2}(R_{ik}R^{ik} + bR^2); and look for cosmological solutions of gravity coupled to dust, for the closed isotropic model. There is a solution that at t → 0 has for the radius , a(t) = t/ √ 3; in the absence of dust this solution holds for all time.

In a previous paper, [1], we have proposed the curvature-quadratic action 1 2c ∫ d^4x(−g)^{1/2}[R^{ik}R_{ik} + bR^2] (1)

as the basis for quantum gravity. If b = −^1_3 then this action is of the conformal Weyl theory. We have already studied classical solutions arising from (1) of the Schwarzschild form [2], and in this paper turn to cosmological solutions of the closed isotropic form.

We write the metric in usual form:

ds^2 = −dt^2 + a^2(t) [ dχ^2 + sin^2 χ(dθ^2 + sin^2 θdϕ^2) ] . (2)

For the Einstein action 1 16πk ∫ d^4x(−g)^{1/2} R . (3)

The equation for a(t) is obtained as:

3 ( ȧ^2 a^2 + 1 a^2 ) = (8πk)ρ . (4)

(See [3], for example). For the action of (1) equation (4) is replaced by Q [ − 18 + 18a^2(a00)^2 + 54(a0)^4 + 36(a0)^2 (5) − 35(a0)^2aa00 − 36a0a^2a000 ] = −ca^4ρ We have written b = − 1 3 + Q (6) and assume Q ≠ 0. There is the conservation law

ρa^3 = const. (7) ≡ M . If ρ = M = 0, we see that a solution of (5) is a(t) = 1 √ 3 t . (8)

If M ≠ 0, we write a solution in terms of the series a(t) = 1 √ 3 t + c_2t^2 + c_3t^3 + . . . . (9)

Substituting (9) into (5) we find the first few terms:

c_2 = −1 264 · ( cM Q ) (10)

c_3 ∼= −1.87 · 10�^5 · ( cM Q )2 . (11)

We do not discuss how incredibly small the effective c would have to be for the current inflation to be physically relevant.

If Q = 0 one is in the conformal situation, which is rather different and not considered here at all. Since the work of Starobinsky in [4] there has been much work on the possibility of higher order terms in gravity leading to inflation. But we are not aware that the results of the present note have been pointed out.

References

[1 ] P. Federbush, “Speculative Approach to Quantum Gravity”, Symposium in Honor of Eyvind H. Wichmann, University of California, Berkley, June 1999.

[2 ] P. Federbush, “On Schwarzschild-Like Solutions in Curvature-Quadratic Gravity”, gr-gc/0002037.

[3 ] L. Landau and E. Lifshitz, The Classical Theory of Fields, Addison-Wesley Press (1951)

[4 ] A.A. Starobinsky, “A New Type of Isotropic Cosmological Models without Singularity”, Phys. Lett., B91, 99 (1980).