arXiv:0909.2956v2 [gr-qc] 26 Sep 2009

Reply to Comments on “Invariance of the tunneling method for dynamical black holes”

S. A. Hayward^a, R. Di Criscienzo^b, M. Nadalini^b, L. Vanzo^b, S. Zerbini^b aCenter for Astrophysics, Shanghai Normal University, 100 Guilin Road, Shanghai 200234, China and bDipartimento di Fisica, Università di Trento and INFN, Gruppo Collegato di Trento, Italia (Dated: 14th September 2009)

We point out basic misunderstandings about quantum field theory and general relativity in the above Comments. In reply to a second comment on our first reply by the same author, we also identify precisely where the author’s original calculation goes wrong and correct it, yielding the same local Hawking temperature as obtained by the Hamilton-Jacobi method.

PACS numbers: 04.70.-s, 04.70.Bw, 04.70.Dy

In observance to the ArXiv policy about repeated submissions on the same subject, we attach (and replace) to a previous submission further considerations in reply to a second comment (arXiv:0909.3800) by the same author, which for some reason was not subjected to the same policy. For the sake of honesty, we repeat exact text of our first reply in the first section, postponing to a second section the new considerations referring to the second comment.

I. FIRST REPLY

Hawking radiation from black holes [1] is a well established prediction of quantum field theory on curved space-times, confirmed by multiple independent methods, see for example [2, 3, 4, 5, 6, 7]. We have recently generalized this prediction from static to dynamic black holes [8, 9, 10]. Conversely, an article of Pizzi [11] claims that Hawking radiation is a myth which has fooled almost everyone but himself. For some reason, he has chosen to write it in the form of a Comment on our article [10]. While we feel no need to defend anything in our article, here we point out briefly the main errors in the reasoning in [11].

1. The author states that “the action. . . along the classical light-like ray is. . . constant” and therefore “no imaginary part in the action can appear”. However, Hawking radiation is not a prediction of classical physics but of quantum field theory. In the WKB approximation, the action is not constant, but indeed rapidly varying.

2. The author states that an “infinitesimally small neighbourhood of the horizon. . . can be covered by Minkowski coordinates”. This is incorrect. The correct statement is that connection coefficients, being first derivatives of the metric, can be set to zero at a point. Surface gravity and the corresponding temperature are curvature invariants, which involve second derivatives of the metric and cannot be set to zero at a point.

3. There is a confusion of partial derivatives in the author’s equation (3). He appears to be solving the null geodesic equation rather than the Hamilton-Jacobi equation.

4. The author’s procedure for dealing with the pole in the action is inequivalent to the standard one, namely the Feynman iϵ procedure or something equivalent, which corresponds to the desired physical boundary conditions. It has not been justified and is used by no other author as far as we are aware.

II. SECOND REPLY

1. The author states in [12] that “to affirm that because of quantum theory we will have in the principal WKB approximation an action of essentially different character is nonsense”. This is untrue. When going from classical physics to quantum field theory, qualitatively new features occur which cannot be found in the classical limit.

2. The author has not answered our point 2, that a fundamental misunderstanding about general relativity was the basis of one of his two arguments.

3. The author states in [12] that “the equation (3). . . is a trivial equation which in no way can contain any confusion”. Here we explain the confusion. The equation reads I = ∫ (∂_rIdr + ∂_v Idv) (1) = ∫ ( ∂_rI − 1 2 dv dr e^ΨC∂_r I ) dr (2) where dv dr = 2e^{−Ψ} C (3) was obtained by solving the null geodesic equation. This derivative is infinite at the horizon C = 0, so the above manipulation is invalid. Also ∂_rI = − 2e^{−Ψ}∂_vI C (4) is infinite at the horizon, as the angular frequency

ω = e^{−Ψ}∂_v I (5)

2 is finite. So (2) is meaningless, infinity minus infinity.

Directly substituting (4), (5) into (1) yields I = ∫ e^Ψωdv − ∫ 2ω C dr (6) which is the same expression as obtained by the Hamilton-Jacobi method [9, 10]. The first term is finite, while the second has a pole at C = 0. This is the famous pole in the action.

4. Therefore the author’s claim in [12] that there “are no poles in the integrand of the action” is false.

5. The author suggests in [12] “to focus firstly on the simpler case of the Schwarzschild black hole, where only very well known formulas are used and any eventual mistake is easy to be discovered”. Indeed, in this case it is easy to see that dr/dv vanishes along the horizon, where r is constant.

SAH was supported by the National Natural Science Foundation of China under grants 10375081, 10473007 and 10771140, by Shanghai Municipal Education Commission under grant 06DZ111, and by Shanghai Normal University under grant PL609.

[1] S W Hawking, Nature 248, 30 (1974); Commun. Math.

Phys. 43, 199 (1975) [Erratum-ibid. 46, 206 (1976)] [2] B. S. DeWitt, Phys. Rept. 19 (1975) 295. [3] N D Birrell & P C W Davies, Quantum fields in curved space (Cambridge University Press 1982). 43, 199 (1975) [Erratum-ibid. 46, 206 (1976)] [4] R M Wald, Quantum Field Theory in Curved Spacetime and Black Hole Thermodynamics (Chicago Lectures in Physics, Chicago University Press 1994).

[5] S. A. Fulling, Aspects of Quantum Field Theory in Curved Space-time (Cambridge University Press 1996).

[6] M. Visser, Int. J. Mod. Phys. D 12, 649 (2003) [7] V. P. Frolov and I. D. Novikov, Black hole physics,

Kluwer Academic Publisher, 2007.

[8] R. Di Criscienzo, M Nadalini, L Vanzo, S Zerbini and G Zoccatelli, Phys. Lett. B 657, 107 (2007).

[9] S A Hayward, R Di Criscienzo, M Nadalini, L Vanzo & S Zerbini, Class. Quantum Grav. 26, 062001 (2009) [10] R Di Criscienzo, S A Hayward, M Nadalini, L Vanzo & S Zerbini, Invariance of the Tunnelling Method for Dynamical Black Holes, arXiv:0906.1725 [11] M Pizzi, Comment on the “Invariance of the Tunneling Method for Dynamical Black Holes”, arXiv:0907.2020 [12] M. Pizzi, arXiv:0909.3800