arXiv:1305.4248v1 [gr-qc] 18 May 2013

Comment on ” The entropy of a hole in spacetime”

Hristu Culetu, Ovidius University, Dept.of Physics and Electronics, B-dul Mamaia 124, 900527 Constanta, Romania, e-mail : hculetu@yahoo.com

May 21, 2013

Abstract Balasubramanian, Czech, Chowdhury and de Boer [1] studied a ”spherical Rindler space” and found that accelerating observers are causally disconnected from a spherical region located at the origin of Minkowski space. We show that there is no any horizon of size R0 (which is related to the chosen initial conditions) and the event horizon at r = 0 is obtained only from the two-dimensional (r, t) static restriction. Their near-horizon geometry cancels the time dependence of the original metric and therefore the approximation used is doubtful.

In their paper [1] Balasubramanian, Czech, Chowdhury and de Boer (BC- CdB) proposed a model for the gavitational entropy of a time-dependent spherically symmetric generalization of ordinary Rindler space. Their entropy is a quarter of the area of the spherical acceleration horizon, as for a black hole. According to the authors of [1], the accelerating observers are causally disconnected from a spherical region (a ”hole”) of radius R_0, located at the origin of Minkowski space. The horizon is spherically symmetric and its size equals R_0.

Let us notice that BCCdB do not specify any definite acceleration in their equations. Perhaps they have taken it to be unity but that had to be mentioned in some way. For example, the r.h.s. of the 2nd Eq. (5) is dimensionless but its l.h.s. is a distance. BCCdB have introduced in their Eq. (14) two constants a and b (with a^2 = b^2) but they related their meaning to a rescaling of the τ coordinate. In our view, the best way to assure the same units is to put gt instead of t, with g an acceleration. In that case, on their Fig.1 one should consider R − R_0 = rcosh gt, T = rsinh gt (0.1) The above choice is, actually, well-known (see, for instance, [2, 3, 4, 5]). Therefore, the metric (6) should be written as

ds^2 = −g^2r^2dt^2 + dr^2 + (R_0 + rcosh gt)^2dΩ^2, (0.2)

(we restricted ourselves to four dimensions).

The authors of [1] stated above Eq. (4) that ”a family of observers accelerating away from a common center, who are causally disconnected from a spherical region of radius R_0”. But for the accelerating observer the horizon is located at r = 0 (if we confine to radial motion), namely R = R_0 ± T (the light cones) for the Minkowski observer. In our opinion, R_0 plays no role for the Rindler observer; it represents only an initial condition for the inertial observer who may not see any horizon. Moreover, how did BCCdB find that their geometry (6) possess an event horizon of size R_0? The geometry is time-dependent and, therefore, there is no a timelike Killing vector to vanish at the horizon, as BCCdB also noticed at the end of Sec. 2. Therefore, we think one is more appropriate here to study the apparent horizon, that is obtained from [6, 7]

g^{ab}∇_aρ ∇_bρ = 0, (0.3)

with ρ(r, t) = R_0 + rcosh gt and g_{ab} are the metric coefficients of their Eq. (6). One obtains g^{ab}∇_aρ ∇_bρ = 1 and there is no any apparent horizon.

For a static Rindler space, it is a known fact that the horizon entropy is actually infinite [4] because the horizon area is diverging. However, a finite entropy per unit area can be defined. It is worth noting that a finite Rindler horizon entropy could be obtained in terms of the proper acceleration g of the Rindler observer [8, 9], giving S = π/4g^2.

At the bottom of pp.7, BCCdB remarked that the only free parameter at their disposal is R_0, which seems not to be related to a temperature. As we noticed before, there are in fact two parameters entering the equations: R_0 and the acceleration g. In our view, it is g, not R_0, directly related to the horizon temperature, through the Unruh effect. This is also a well-known result, even though the spherical Rindler space is nonstationary. On the other hand, we suppose the near horizon approximation is misused when one passes from their Eq. (6) to Eq. (11). The authors of [1] neglected rcosht w.r.t. R_0, for r → 0. Nevertheless, rcosht is exponentially increasing when time advances and the approximation is debatable.

The authors’ comparison with the time-dependent de Sitter space is very appropriate: the metric (6) and the time-dependent de Sitter metric do not carry any entropy. That takes place, in our view, because of the lack of any horizon for both of them. Let us also observe that the near horizon geometry (11) is no longer flat [10] due to the approximation used: there is a nonzero scalar curvature R^a_a = 2/R^2_0. Moreover, how could the near horizon metric (11) become static if the original geometry (6) is non-stationary?

We remark in passage that the metric (6) (with R_0 = 0) could be directly obtained from the Minkowski metric in Cartesian coordinates [11] X = rcoshgtsinθcosϕ, Y = rcoshgtsinθsinϕ, Z = rcoshgtcosθ, T = rsinhgt (0.4) Since the nonstatic BBCdB metric (6) (we refer to its 4-dimensional restriction) may not have event or apparent horizons, we could slightly modify it to come out an apparent horizon. The idea is to choose a conformal version of it, namely the geometry [10, 12, 13]

ds^2 = ( 1 + b^2 r^2

)_2 ( −g^2r^2dt^2 + dr^2 + r^2cosh^2gtdΩ^2 ) (0.5)

where b is a positive constant of the order of the Planck length. Because in our view R_0 does not play an important role in the spherical Rindler space, we have taken above R_0 = 0).

The areal radius of the previous geometry is given by ρ(r, t) = ( 1 + b^2 r^2 ) rcosh gt (0.6) Therefore, our Eq. (0.3) leads to − ( 1 + b^2 r^2

)_2 sinh^2gt + ( 1 − b^2 r^2

)_2 cosh^2gt = 0 (0.7)

The apparent horizons appear as

r_+(t) = b e^{gt}, r_−(t) = b e^{−gt}, (0.8)

In the 1st paper from [13] we reached the results (0.8) starting from the condition that the scalar expansions are vanishing [14]: Θ_± = 0 on the apparent horizons. It is interesting noting that the two horizons represent null geodesics (expanding/contracting wormhole throat [13]). The two null curves (0.8) correspond to those viewed by a spherical distribution of uniformly accelerating observers in Minkowski space, with acceleration g.

References

[1] V. Balasubramanian, B. Czech, B. D. Chowdhury and J. de Boer, arXiv:

1305.0856 [gr-qc].

[2] S. Singh, C. Gauguly and T. Padmanabhan, Phys. Rev. D87, 104004 (2013) (arXiv: 1302.7177 [hep-th]).

[3] B. R. Majhi and T. Padmanabhan, arXiv: 1302.1206 [hep-th].

[4] R. Laflamme, Phys. Lett. B196, 499 (1987).

[5] J.-W. Lee, arXiv: 1011.1657 [hep-th].

[6] S. Hellerman, N. Kaloper and L. Susskind, JHEP 0106: 003 (2001) (ArXiv:

0104180 [hep-th]).

[7] H. Culetu, Class. Quantum Grav. 29, 235021 (2012).

[8] R. Kerner and R. B. Mann, Phys. Rev. D73, 104010 (2006). [9] H. Culetu, Int. J. Mod. Phys. D15, 2177 (2006); Phys. Lett. B703, 641 (2011).

[10] H. Culetu, arXiv: 0903.3548 [hep-th].

[11] H. Culetu, AIP Conf. Proc. 1115, 129 (2009) (arXiv: 0804.3754 hep-th]). [12] H. Culetu, Gen.Relat. Grav. 26, 283 (1994).

[13] H. Culetu, J. Korean Phys. Soc. 57, 419 (2010); J. Korean Phys. Soc. 57, 17 (2010).

[14] D. Hochberg and M. Visser, Phys. Rev. D58, 044021 (1998) (ArXiv :

gr-qc/9802046).