arXiv:0904.3862v1 [gr-qc] 24 Apr 2009

1

Information-theoretic corrections to black hole area quantisation

Rajesh R. Parwani Department of Physics, National University of Singapore, Kent Ridge, 117542, Singapore E-mail: parwani@nus.edu.sg

Nonlinear corrections are proposed to the discrete equispaced area spectrum of quantum black holes obtained previously in some quantisation schemes. It is speculated that such a modified spectrum might be related to the fine structure found using the loop quantum gravity approach.

Keywords: Black Holes, Area Quantisation, Information Theory, Nonlinear Schrodinger Equation

Summary

A long time ago, Beckenstein and Mukhanov^{1,2} conjectured that the area spectrum of quantum black holes should be discrete and equispaced. This was then confirmed by several authors using different approaches. For example Barvinsky et.al.^3 performed a collective coordinate quantisation of a classical black hole, obtaining a Schrodinger eigenvalue equation for the black hole area spectrum, Âψ = a_nψ . (1)

Since the area operator Â has the form of the Hamiltonian for a one dimensional simple harmonic oscillator, Â = X^2 + Π^2, the spectrum is discrete and equispaced.

The approach of Ref.^3 has the advantage of being quite general, independent of any microscopic model of the quantum black hole, see further discussion and references in Ref.^4 But one may then wonder if the result represents an approximate picture, with some fine structure having been averaged over.

Let us investigate potential corrections to the above results using informationtheoretic arguments. It is known^{5,6} that the structure of the usual Schrodinger equation may be motivated, starting from classical ensemble dynamics, using the maximum uncertainty (entropy) method.^{7,8} The maximum uncertainty approach is used in many disciplines; its basic philosophy being to minimise any bias (maximise uncertainty) when choosing probability distributions. In this approach the uncertainty is quantified by a measure which can be derived axiomatically; the simplest such measure for the present context has the form of the Fisher measure.^9 Deformations of the Fisher measure then lead to nonlinear generalisations of the Schrodinger equation which presumably model effects of shorter distance physics.

2 In Ref.^{10} it was argued that the Kullback-Liebler measure was the most natural generalisation of the Fisher measure and the corresponding nonlinear Schrodinger equation constructed. Mathematical properties of that equation have been investigated in several papers^{11–14} and it has also been used in the context of quantum cosmology where it was shown that the nonlinearity can help avoid Big Bang singularities in some simple cosmologies, replacing them with a bounce for the evolution of the universe.^{15}

Using the nonlinear equation of Ref.^{10} one may determine corrections to the area spectrum (1). For weak nonlinearity, the perturbative result is^{11} δA ∝ √ η(1 − η) (1 − 4η) n^{1.41} (2)

where n is the simple harmonic oscillator quantum number and 0 < η < 1 a free parameter.

How may one test the above suggested correction? Well, the area of a quantum black hole has been investigated using the methods of loop quantum gravity (LQG). In this nonperturbative approach to quantum gravity, discreteness arises in the area and volume elements of space. Although the area spectrum is discrete, it is not equidistant, but the degeneracies are clustered and the spectrum is effectively equidistant.^{16} Since the LQG approach seems to be revealing a fine structure not seen using the approach of Ref.,^3 one may speculate that the difference is due, to leading order, to the correction (2): That is, the distance between the peaks of the clusters deviates from equidistance by an amount given by Eq.(2). In principle one may test this suggestion using the data of Ref.^{16} but this has not yet been done.

If one further assumes that the entropy of the black hole is still proportional to its area, even with the perturbative correction (2), then the entropy of the black hole would be discrete but not equispaced, S = a + bn + cn^{1.41} with the constant c dependent on 0 < η < 1. Indeed in Ref.^{17} the entropy of black holes was calculated within LQG by counting quantum microstates and it was found to have an effective band structure, with also an approximately equidistant spacing. However it was noticed that, for small black holes at least, the change in entropy increased as the black holes grew.^{17}

Note that one may test the n dependence in (2) eventhough the parameter η would need to be adjusted to fit the data. Furthermore one may differentiate the information-theoretically motivated nonlinearity from other nonlinearities because of the different n dependence they predict.^{11}

In summary, an information-theoretic framework has been used to model the new physics that is generally believed to exist in the quantum gravity regime. This approach was previously used to study the evolution of cosmologies near the Big Bang.^{15} In the present paper a similar approach has been proposed for black holes. There are some potentially interesting quantitative comparisons that remain to be performed between this approach and that of loop quantum gravity. It would also be useful to obtain non-perturbative corrections to the spectrum (1) due to the proposed nonlinearity, going beyond the perturbative calculation of Ref.^{11} that

3 yielded (2).

Acknowldegement

I thank the organisers for the opportunity to present this work and to Saurya Das for helpful correspondence.

References 1. J. D. Beckenstein, Lett. Nuovo Cimento, 11 (1974) 467. 2. V. Mukhanov, JETP Letters, 44 (1986) 63.

3. A. Barvinsky, S. Das and G. Kunstatter, Phys. Lett., B517 (2001) 415. 4. S. Das, H. Mukhopadhyay and P. Ramadevi, Class. Quant. Grav., 22 (2005) 453. 5. B. R. Frieden, Am. J. Phys. 57 (1989) 1004. 6. M. Reginatto, Phys. Rev. A58 (1998) 1775. 7. E. T. Jaynes, Phys. Rev. 108, (1957) 171.

8. B. Buck and V.A. Macaulay, Maximum Entropy in Action (Imprint Oxford : Clarendon Press ; New York : Oxford University Press , 1991.)

9. R. R. Parwani, J. Phys. A: Math. Gen. 38 (2005) 6231. 10. R. R. Parwani, Ann. Phys. 315 (2005) 419.

11. R. R. Parwani and G. Tabia, J. Phys. A: Math. Theor. 40 (2007) 5621-5635. 12. R. R. Parwani and H. S. Tan, Phys. Lett. A363 (2007) 197-201. 13. L. H. Nguyen, H. S. Tan and R. R. Parwani, J. Phys.: Conference Series 128 (2008) 012035 (arXiv:0801.0183).

14. D.Y. Liew and R. R. Parwani, arXiv:0902.3044 [quant-ph].

15. L. H. Nguyen and R. Parwani, arXiv:0805.4294v2 [gr-qc] (in press) and arXiv:0902.2844 [gr-qc].

16. I. Agullo, J. Diaz-Polo and E. Fernandez-Borja, Phys. Rev. D77 (2008) 104024. 17. A. Corichi, J. Diaz-Polo and E. Fernandez-Borja, Phys. Rev. Lett. 98 (2007) 181301.