arXiv:gr-qc/0605084 v3 2 Nov 2006

   gr-qc/0605084
SOGANG-HEP 317/06

Entropy of the Randall-Sundrum brane world with the generalized uncertainty principle

Wontae Kim^{1,a}, Yong-Wan Kim^{2,b}, and Young-Jai Park^{1,c}

1Department of Physics and Center for Quantum Spacetime, Sogang University, Seoul 121-742, Korea 2National Creative Research Initiative Center for Controlling Optical Chaos, Pai-Chai University, Daejeon 302-735, Korea

(November 2, 2006)

ABSTRACT

By introducing the generalized uncertainty principle, we calculate the entropy of the bulk scalar field on the Randall-Sundrum brane background without any cutoff. We obtain the entropy of the massive scalar field proportional to the horizon area. Here, we observe that the mass contribution to the entropy exists in contrast to all previous results of the usual black hole cases with the generalized uncertainty principle. PACS: 04.70.Dy, 04.62.+v, 04.70.-s, 04.50.+h

Keywords: Generalized uncertainty relation; brane; black hole; entropy.

awtkim@sogang.ac.kr bywkim@pcu.ac.kr cyjpark@sogang.ac.kr

1 Introduction

Three decades ago, Bekenstein had suggested that the entropy of a black hole is proportional to the area of the horizon through the thermodynamic analogy [1]. Subsequently, Hawking showed that the entropy of the Schwarzschild black hole satisfies exactly the area law by means of Hawking radiation based on the quantum field theory [2]. After their works, ’t Hooft investigated the statistical properties of a scalar field outside the horizon of a Schwarzschild black hole by using the brick wall method with the Heisenberg uncertainty principle [3]. However, although he obtained the entropy proportional to the horizon area, an unnatural brick wall cutoff was introduced to remove the ultraviolet divergence near horizon [4, 5, 6, 7, 8, 9]. A similar idea was also considered by the entanglement entropy interpretation with a momentum cutoff, which is almostly equivalent to the brick wall model [10]. Recently, many efforts [11] have been devoted to the generalized uncertainty relations, and its consequences, especially the effect on the density of states. Very recently, in Refs. [12, 13, 14], the authors calculated the entropy of black holes by using the novel equation of state of density motivated by the generalized uncertainty principle [11], which drastically solves the ultrviolet divergences of the just vicinity near the horizon without any cuttoff.

On the other hand, much interests have been paid to the Randall and Sundrum model to resolve the gauge hierarchy problem [15, 16], which is based upon the fact that our universe may be embedded in higher-dimensional spacetimes [17]. Furthermore, various aspects [18] of this model have been studied including the cosmological applications [19]. To study quantum mechanical aspect of this black brane world, we may first consider its entropy, which is expected to satisfy the area law [2]. However, up to now, the statistical entropy of the black brane world was only studied by using the brick wall method [6, 7, 8, 9] with the Heisenberg uncertainty principle, which still has several difficulties including artificial ultraviolet and infrared cutoffs.

In this paper, we would like to study the entropy of a bulk scalar field on the black brane background avoiding the difficulty in solving the 5-dimensional Klein-Gordon wave equation by using the quantum statistical method. By using the novel equation of state of density motivated by the generalized uncertainty principle in the quantum gravity [12, 13, 14], we derive the free energy of a massive scalar field through the complete decomposition of the extra mode and the radial mode, which has been impossible in the brick wall method. We then calculate the quantum entropy of the black hole via thermodynamic relation between the free energy and the entropy. As a result, we obtain the desired entropy proportional to the horizon area without any artificial cutoff and little mass approximation. Here, we newly observe that in contrast to all previous results [12, 13, 14] of the usual black hole cases with the generalized uncertainty principle, which is independent of the ordinary scalar field mass, the contribution of the bulk scalar mass to the entropy for the Randall and Sundrum brane case exists.

2 Scalar field on Randall and Sundrum brane Background

Let us start with the following action [15, 16] of the Randall and Sundrum model in (4 + 1) dimensions,

S_{(5)} = 1 16πG^{(5)}_N ∫ d^4x ∫ dy √ −g_{(5)} [ R^{(5)} + 12k^2 ]

− ∫ d^4x [√ −g_{(+)}λ_{(+)} + √ −g_{(−)}λ_{(−)} ] , (1)

where λ_{(+)} and λ_{(−)} are tensions of the branes at y = 0 and y = πr_c, respectively, while 12k^2 is a cosmological constant. We assume that orbifold S^1/Z_2 possesses a periodicity in the extra coordinate y, and identify −y with y. Two singular points on the orbifold are located at y = 0 and y = πr_c. Two 3-branes are placed at these points. Note that the metric on each brane is defined as g^{(+)}_{μν} ≡ g^{(5)}_{μν} (x^μ, y = 0) and g^{(−)}_{μν} ≡ g^{(5)}_{μν} (x^μ, y = πr_c).

Since we are interested in black holes, let us assume the bulk metric as

ds^2_{(5)} = e^{−2kyΘ(x)}g_{μν} (x)dx^μdx^ν + T^2(x)dy^2, (2)

where T (x) is the moduli field. Note that we use μ, ν = 0, 1, · · · , 3 for brane indices. Among possible solutions satisfying the equations of motion [7], let us consider the 4-dimensional Schwarzschild black hole solution as a slice of AdS spacetime as a brane solution, ds^2 = e^{−2ky} [ − ( 1 − 2M r ) dt^2 + ( 1 − 2M r )_{−1} dr^2 + r^2dΩ^2_{(2)} ] + dy^2, (3)

where dΩ^2_{(2)} is a metric of unit 2-sphere and we set G_{(4)} = 1 for convenience. In fact, it is a black string solution intersecting the brane world, which describes a black hole placed on the hypersurface at the fixed extra coordinate.

In this brane background, let us first consider a bulk scalar field with mass m, which satisfies the Klein-Gordon equation,

(∇^2_{(5)} − m^2)Φ = 0, (4)

which is explicitly given as e^{2ky} [ − 1 f ∂^2_t Φ + 1 r^2 ∂_r ( r^2f∂_rΦ ) + 1 r^2sinθ

∂_θ(sinθ∂_θΦ) + 1 r^2sin^2θ

∂^2_ϕΦ ]

+e^{4ky}∂_y(e^{−4ky}∂_yΦ) − m^2Φ = 0, (5)

where f = 1 −^{2M}_r . If we set

e^{4ky}∂_y(e^{−4ky}∂_yχ) − m^2χ + μ^2e^{2ky}χ = 0 (6)

with Φ(t, r, θ, ϕ, y) ≡ Ψ(t, r, θ, ϕ)χ(y), then the separation of variables is easily done, and the reduced form of the effective field equation becomes − 1 f ∂^2_t Ψ + 1 r^2 ∂_r ( r^2f∂_rΨ ) + 1 r^2sinθ

∂_θ(sinθ∂_θΨ) + 1 r^2sin^2θ

∂^2_ϕΨ − μ^2Ψ = 0. (7)

Note that the above eigenvalue μ^2 plays a role of the effective mass on the brane. Substituting the 4-dimensional wave function Ψ(t, r, θ, ϕ) = e^{−iωt}ψ(r, θ, ϕ), we find that the 4-dimensional Klein-Gordon equation becomes

∂^2_r ψ + ( 1 f ∂_rf + 2 r ) ∂_rψ + 1 f ( 1 r^2 [ ∂^2_θ + cotθ∂_θ + 1 sin^2θ

∂^2_ϕ ] + ω^2 f − μ^2 ) ψ = 0. (8) By using the Wenzel-Kramers-Brillouin (WKB) approximation [3] with ψ ∼ exp[iS(r, θ, ϕ)], we have p_r^2 = 1 f ( ω^2 f − μ^2 − p^2_θ r^2 − p^2_ϕ r^2sin^2θ ) , (9)

where p_r = ∂S ∂r , p_θ = ∂S ∂θ , p_ϕ = ∂S ∂ϕ . (10)

Furthermore, we also obtain the square module momentum as follows

p^2 = p_ip^i = g^{rr}p_r^2 + g^{θθ}p_θ^2 + g^{ϕϕ}p_ϕ^2 = ω^2 f − μ^2. (11)

Then, the volume in the momentum phase space is given by V_p(r, θ) = ∫ dp_rdp_θdp_ϕ = 4π 3 √ 1 f ( ω^2 f − μ^2) · √ r^2( ω^2 f − μ^2) · √ r^2sin^2θ( ω^2 f − μ^2) = 4π 3 r^2sinθ √ f ( ω^2 f − μ^2 ) 3_2

(12)

with the condition ω ≥ μ √ f. 3 Mode Spectrum

Recently, many efforts have been devoted to the generalized uncertainty relation [11] given by ΔxΔp ≥ h̄ 2 ( 1 + λ( Δp h̄ )^2 ) . (13)

From now on, we take the units h̄ = k_B = c ≡ 1. Then, since one can easily get Δx ≥ √ λ, which gives the lowest bound, it can be defined to be the the minimal length near horizon, which effectively plays a role of the brick wall cutoff. Furthermore, based on the generalized uncertainty relation, the 3-dimensional volume of a phase cell is changed from (2π)^3 into

(2π)^3(1 + λp^2)^3, (14)

where p^2 = p^ip_i (i = r, θ, ϕ).

From the Eqs. (11) and (14), the number of quantum states related to the radial mode with energy less than ω is given by

n_r(ω) = 1 (2π)^3 ∫ drdθdϕdp_rdp_θdp_ϕ 1 ( 1 + λ(^{ω2}_f − μ^2)

)_3 = 1 (2π)^3 ∫ drdθdϕ 1 ( 1 + λ (_{ω2} f − μ^2 ))_3 Vp(r, θ)

= 2 3π ∫ r_H dr r^2 √ f (_{ω2} f − μ^2 ) 3_2 ( 1 + λ(^{ω2}_f − μ^2)

)_3 . (15)

It is interesting to note that n_r(ω) is convergent at the horizon without any artificial cutoff due to the existence of the suppressing λ-term in the denominator induced from the generalized uncertainty principle.

On the other hand, the exact quantization of Eq.(6) seems to be cumbersome. However, since in the WKB approximation [3], the wave number k_χ of the wave function χ(y) is easily written as

k^2_χ(y, μ) = μ^2e^{2ky} − m^2, (16)

the number of extra mode for a given value μ is given by πn_χ(μ) = ∫_{πrc} 0 dy √ μ^2e^{2ky} − m^2. (17)

We then obtain the total number of extra mode with energy less than ω as follows πn_χ = ∫ ω_{√f} m dμ dn_χ(μ) dμ = 1 k ∫ ω_{√f} m dμ 1 μ (√ μ^2e^{2kπrc} − m^2 − √ μ^2 − m^2 ) . (18)

As a result, we could formally write down the proper total number of quantum states with energy less than ω as follows

N_T (ω) = ∫ dN_T (ω) = ∫ dn_r dn_χ. (19) 4 Free Energy and Entropy

For the bosonic case, the free energy at inverse temperature β is given by e^{−βF} = ∏ K [ 1 − e^{−βωK} ]_{−1} , (20)

where K represents the set of quantum numbers. Then, by using Eq. (15), we are able to obtain the equation of free energy as

F_T = 1 β ∑ K ln [ 1 − e^{−βωK} ] ≈ 1 β ∫ dN_T (ω) ln [ 1 − e^{−βω} ]

= − ∫_∞ μ √_f dω N_T (ω) e^{βω} − 1 = − 2 3π ∫ r_H dr r^2 √ f ∫_∞ μ √_f dω ∫ ω_{√f} m dμ (_{ω2} f − μ^2 ) 3_2

(e^{βω} − 1) ( 1 + λ(^{ω2}_f − μ^2)

)_3 ( dn_χ dμ )

= − 2 3π ∫ r_H dr r^2 √ f Λ_T ∫ ω_{√f} m dμ ( dn_χ dμ ) . (21)

Here, we have taken the continuum limit in the first line and integrated by parts in the second line in Eq. (21). Note that our free energy is exactly the same as Eq. (27) in Ref. [8] with the exception of the new suppressing λ-term that is introduced by the generalized uncertainty principle in the denominator, which drastically solves the ultraviolet divergence near the event horizon. In the last line, since f → 0 near the event horizon, i.e., in the range of (r_H , r_H + ϵ),^{ω2}_f − μ^2 becomes^{ω2}_f . Although we do not require the little mass approximation, the integral equation of ω is naturally reduced to

Λ_T = ∫_∞ 0 dω f^{− 3}2 ω^3 (e^{βω} − 1) ( 1 + λ^{ω2}_f

)_3 . (22)

Therefore, the free energy can be rewritten as

F_T = − 2 3π ∫ r_H dr r^2 f^2 ∫_∞ 0 dω ω^3 (e^{βω} − 1) ( 1 + λ^{ω2}_f

)_3 ∫ ω_{√f} m dμ ( dn_χ dμ ) . (23)

Now, since at this stage the n_χ mode part is completely decoupled with the n_r mode part for the μ coupling on the contrary to the previous results [7, 8], we are able to separately carry out the integral equation of μ in Eq. (18). As a result, we obtain kπn_χ = √ ω^2e^{2kπrc} f − m^2 − √ ω^2 f − m^2 − mγ

− m tan^{−1} √ ω^2e^{2kπrc} m^2f

− 1 − tan^{−1} √ ω^2 m^2f − 1 (24)

with α_a = e^{akπrc} − 1 (a = 1, 2) and γ = √ α_2 − tan^{−1} √ α_2 ≥ 0. Furthermore, near the event horizon as f → 0, we get the integral from the Eq. (24) without little mass approximation as πkn_χ = α_1 ω √ f − mγ. (25) Hence, the value of free energy can be rewritten as

F_T = −

2α_1 3π^2k ∫ r_H dr r^2 f^2 √ f ∫_∞ 0 dω ω^4 (e^{βω} − 1) ( 1 + λ^{ω2}_f

)_3

+ 2mγ 3π^2k ∫ r_H dr r^2 f^2 ∫_∞ 0 dω ω^3 (e^{βω} − 1) ( 1 + λ^{ω2}_f

)_3 . (26)

From this free energy and Eq. (25), the entropy for the scalar field is given by S_T = β^2 ∂F_T ∂β = β^2

2α_1 3π^2k ∫ r_H dr r^2 f^2 √ f ∫_∞ 0 dω e^{βω}ω^5 (e^{βω} − 1)^2(1 + λ^{ω2}_f )^3 −β^2 2mγ 3π^2k ∫ r_H dr r^2 f^2 ∫_∞ 0 dω e^{βω}ω^4 (e^{βω} − 1)^2 ( 1 + λ^{ω2}_f

)_3

≡ 2α_1 3π^2k ∫ r_H dr r^2 √ f Λ^1_T − 2mγ 3π^2k ∫ r_H dr r^2 √ f Λ^2_T , (27)

where

Λ^1_T = ∫_∞ 0 dx f^{−2}β^{−4}x^5 (1 − e^{−x})(e^x − 1) ( 1 +^λ_{β2f} x^2

)_3 ,

Λ^2_T = ∫_∞ 0 dx f^{− 3}2 β^{−3}x^4 (1 − e^{−x})(e^x − 1) ( 1 +^λ_{β2f} x^2

)_3 (28)

with x = βω.

Now, let us rewrite Eq. (27) as

S_T =

2α_1 3π^2kλ^2 ∫ r_H dr r^2 √ f Λ^1_T − 2mγ 3π^2kλ^32 ∫ r_H dr r^2 √ f Λ^2_T , (29)

where

Λ^1_T = ∫_∞ 0 dX a^2X^5 (e^a2^X − e^{− a}2^X )^2(1 + X^2)^3 , Λ^2_T = ∫_∞ 0 dX a^2X^4 (e^a2^X − e^{− a}2^X )^2(1 + X^2)^3

(30)

with x = β √_f λ X ≡ aX. Note that when r → r_H , a goes to zero. Since we are interested in the contributions from just the vicinity of the horizon, the integrals in Eq. (28) are finally reduced as follows:

Λ^1_T = ∫_∞ 0 dX X^3 (1 + X^2)^3 = 1 4 , Λ^2_T = ∫_∞ 0 dX X^2 (1 + X^2)^3 = π 16 . (31)

On the other hand, we are also interested in the contribution from just the vicinity near the horizon in the range (r_H , r_H + ϵ), where ϵ is related to a proper distance of order of the minimal length, √ λ as follows √ λ = ∫_{rH +ϵ} r_H dr √ f(r) ≈ ∫_{rH +ϵ} r_H dr √ 2κ(r − r_H ) = √ 2ϵ κ . (32)

Here κ is the surface gravity at the horizon of the black hole, and it is identified as κ = 2πβ.

Therefore, when r → r_H , we finally get the desired entropy of the massive scalar field on the RS black brane background as follows S_T ≈ 2α_1 3π^2kλ^2 · r^2_H √ λ · 1 4 − 2mγ 3π^2kλ^32 · r^2_H √ λ · π 16 = ( α_1 6π^3k 1 ( √ λ)^3 − m γ 24π^2k 1 ( √ λ)^2 ) A 4 , (33)

which is proportional to the area A = 4πr^2_H . Note that there is no divergence within the just vicinity near the horizon due to the effect of the generalized uncertainty relation on the quantum states.

It seems to be appropriate to comment on the entropy (33). First, by using the generalized uncertainty principle, this entropy is obtained from the contribution of the just vicinity near the horizon in the range (r_H , r_H + ϵ), which is neglected by the brick wall method. Second, since the entropy consists of the inverse power terms of the minimal length, it is non-perturbative. Moreover, the positive dominant leading term is proportional to ( √ λ)^{−3}, while the negative sub-leading term, which gives the massive effect, is proportional to ( √ λ)^{−2}.

In conclusion, we have investigated the massive bulk scalar field within the just vicinity near the horizon of a static black hole in the black brane world by using the generalized uncertainty principle. We have derived the free energy of a massive scalar field through the complete decomposition of the extra mode and the radial mode, which has been impossible in the brick wall method with the Heisenberg uncertainty principle. From this free energy, we have obtained the desired entropy proportional to the twodimensional area of the black brane world without any artificial cutoff and little mass approximation. As a result, we have newly observed that the negative contribution of the bulk scalar mass to the entropy exists for this brane case in contrast to all previous results, which is independent of the mass of the ordinary scalar field, of the usual black hole cases with the generalized uncertainty principle.

Acknowledgments

This work is supported by the Science Research Center Program of the Korea Science and Engineering Foundation through the Center for Quantum Spacetime of Sogang University with grant number R11-2005-021. Y.-J. Park is also supported by the Korea Research Foundation Grant funded by the Korean Government (KRF-2005-015-C00105).

References

[1] J. D. Bekenstein, Lett. Nuovo Cimento 4, 737 (1972); Phys. Rev. D 7, 2333 (1973); Phys. Rev. D 9, 3292 (1974).

[2] S. W. Hawking, Commun. Math. Phys. 43, 199 (1975).

[3] G. ’t Hooft, Nucl. Phys. B 256, 727 (1985).

[4] A. Ghosh and P. Mitra, Phys. Rev. Lett. 73, 2521 (1994); S. P. de Alwis and N. Ohta, hep-th/9412027; J-G. Demers, R. Lafrance, and R. C. Myers, Phys. Rev. D 52, 2245 (1995); S. P. de Alwis and N. Ohta, Phys. Rev. D 52, 3529 (1995); R.-G. Cai and Y.-Z. Zhang, Mod. Phys. Lett. A 11, 2027 (1996); R.B. Mann and S.N. Solodukhin, Phys. Rev. D 54, 3932 (1996); S.P. Kim, S.K. Kim, K.-S. Soh, and J.H. Yee, Phys. Rev. D 55, 2159 (1997); V.P. Frolov, D.V. Fursaev, Phys. Rev. D 56, 2212 (1997); S. Mukohyama and W. Israel, Phys. Rev. D 58, 104005 (1998); J. Jing and M.-L. Yan, Phys. Rev. D 60, 084015 (1999); E. Winstanley, Phys. Rev. D 63, 084013 (2001); M. Kenmoku, K. Ishimoto, K.K. Nandi, and K. Shigemoto, Phys. Rev. D 73, 064004 (2006).

[5] S. W. Kim, W. Kim, Y. J. Park, and H. Shin, Phys. Lett. B 392, 311 (1997); J.-W. Ho, W. Kim, Y.-J. Park, and H.-J. Shin, Class. Quantum Grav. 14, 2617 (1997); W.T. Kim, Y.-J. Park, E.J. Son, and M.S. Yoon, J. Korean Phys. Soc. 49, 15 (2006).

[6] E. Abdalla and L. A. Correa-Borbonet, Mod. Phys. Lett. A 16, 2495 (2001); K. K. Nandi, Y.-Z. Zhang, A. Bhadra, and P. Mitra, Int. J. mod. Phys. A 21, 2519 (2006); E. Abdalla, B. Cuadros-Melgar, and A. B. Pavan, and C. Molina, gr-qc/0604033.

[7] W. Kim, J.J. Oh, and Y. J. Park, Phys. Lett. B 512, 131 (2002).

[8] A.J.M. Medved, Class. Quantum Grav. 19, 405 (2002).

[9] X. Li and Z. Zhao, Phys. Rev. D 62, 104001 (2000); F. He and Z. Zhao, and S-W. Kim, Phys. Rev. D 64, 044025 (2001); C.-J. Gao and Y.-G. Shen, Phys. Rev. D 65, 084043 (2002).

[10] Bombelli, R. K. Koul, J. H. Lee and R. D. Sorkin, Phys. Rev. D 34, 373 (1986); M. Srednicki, Phys. Rev. Lett. 71, 666 (1993); V. P. Frolov and I. Novikov, Phys. Rev. D 48, 4545 (1993); S. Mukohyama, Phys. Rev. D 58, 104023 (1998); H. Terashima, Phys. Rev. D 61, 104016 (2000); Y.S. Myung, Phys. Lett. B 636, 324 (2006); R. Emparan, JHEP 0606, 012 (2006).

[11] A. Kempf, G. Mangano and R. B. Mann, Phys. Rev. D 52, 1108 (1995);

L. J. Garay, Int. J. Mod. Phys. A 10, 145 (1995); F. Scardigli, Phys. Lett. B 452, 39 (1999); S. K. Rama, Phys. Lett. B 519, 103 (2001); R. J. Adler, P. Chen and D. I. Santiago, Gen. Rel. Grav. 33, 2101 (2002); L. N. Chang, D. Minic, N. Okamura and T. Takeuchi, Phys. Rev. D 65, 125028 (2002); F. Scardigli and R. Casadio, Class. Quant. Grav. 20, 3915 (2003); M. R. Setare, Phys. Rev. D 70, 087501 (2004); A.J.M. Medved and E. C. Vagenas, Phys. Rev. D 70, 124021 (2004); K. Nozari, Phys. Lett. B 629, 41 (2005); U. Harbach and S. Hossenfelder, Phys. Lett. B 632, 379 (2006); M. R. Setare, Int. J. Mod. Phys. A 21, 1325 (2006); Y. Ling, B. Hu, and X. Li, Phys. Rev. D 73, 087702 (2006).

[12] X. Li, Phys. Lett. B 540, 9 (2002); X. Sun and W. Liu, Mod. Phys.

Lett. A 19, 677 (2004).

[13] W. B. Liu, Chin. Phys. Lett. 20, 440 (2003); C. Liu, X. Li, and Z. Zhao, Gen. Rel. Grav. 36, 1135 (2004); C.-Z. Liu, Int. J. Theor. Phys. 44, 567 (2005).

[14] W. Kim, Y.-W. Kim, and Y. J. Park, gr-qc/0604065.

[15] L. Randall and R. Sundrum, Phys. Rev. Lett. 83, 3370 (1999).

[16] L. Randall and R. Sundrum, Phys. Rev. Lett. 83, 4690 (1999).

[17] N. Arkani-Hamed, S. Dimopoulos, and G. Dvali, Phys. Lett. B 429, 263 (1998); I. Antoniadis, N. Arkani-Hamed, S. Dimopoulos, and G. Dvali, Phys. Lett. B 436, 257 (1998).

[18] A. Chamblin, S. W. Hawking, and H. S. Reall, Phys. Rev. D 61, 065007 (2000); S. Nojiri and S. D. Odintsov, Phys. Lett. B 548, 215 (2002); K. Ghoroku, Phys. Lett. B 632, 405 (2006).

[19] M. Cvetic, S. Griffies, and S.-J. Rey, Nucl. Phys. B 381, 301 (1992); H.

B. Kim, Phys. Lett. B 478, 285 (2000); R. Emparan, G. Horowitz, and R. C. Myers, Phys. Rev. Lett. 85, 499 (2000); J.E. Kim and B. Kyae, Phys. Lett. B 486, 165 (2000); M. Sasaki, T. Shiromizu, and K. Maeda, Phys. Rev. D 62, 024008 (2000); S. Ichinose, Class. Quantum Grav. 18, 5239 (2001); K. H. Kim, H. W. Lee, and Y. S. Myung, Phys. Rev. D 70, 027302 (2004); M. Kawasaki, Phys. Lett. B 591, 203 (2004); C.-J. Chang and I. G. Moss, Phys. Lett. B 607, 214 (2005).