arXiv:1212.3031v3 [hep-th] 24 Apr 2013

KIAS-P12059

Nonextremal Kerr/CFT on a stretched horizon

Ee Chang-Young^{1, ∗} and Myungseok Eune^{2, †} 1Department of Physics and Institute of Fundamental Physics, Sejong University, Seoul, 143-747, Korea 2Research Institute for Basic Science, Sogang University, Seoul, 121-742, Korea (Dated: April 25, 2013)

Abstract

We study the conformal symmetry described by SL(2, R)_L × SL(2, R)_R in the nonextremal Kerr black hole case. We calculate the central charges c_{L,R} separately on a stretched horizon by the Hamiltonian gravity. In order to get two sets of conformal symmetry, we consider two Killing vectors each of which depends on either one of the two independent coordinates separated in the spirit of point-splitting from the angular coordinate of the corotating frame at the horizon. Then, we obtain the Bekenstein-Hawking entropy by the Cardy formula.

∗cylee@sejong.ac.kr †younms@sogang.ac.kr

I. INTRODUCTION

Since the successful description of the holographic duality between the geometry near the horizon of extremal Kerr black hole and the conformal field theory [1–5], there have been many studies for the holographic duality in various black holes [6–23]. The holographic duality has been also developed for near extremal black holes by introducing the extremal parameter [15, 17] or calculating the graybody factor [24–27]. And the hidden conformal field theory described by the SL(2, R)_L × SL(2, R)_R in the Kerr black hole has been studied from the scalar wave equation [28]. However, in this case the values of the central charges c_{L,R} have been just assumed to be the same as in the extremal black hole case. Up to now, the left and right central charges c_{L,R} have been calculated only in the near extremal case [15]. There have been many extended studies of the hidden conformal symmetry for various black holes [29–41], but no calculation of the both central charges has been done. Recently, for the nonextremal Kerr black hole, the central charge has been obtained successfully by using the Hamiltonian gravity on a stretched horizon, but it describes only SL(2, R)_L symmetry, not SL(2, R)_L × SL(2, R)_R [42–46]. There also have been studies for extremal black holes using the Hamiltonian gravity [47, 48].

In this paper, we investigate the conformal symmetry described by SL(2, R)_L ×SL(2, R)_R on a stretched horizon in the nonextremal Kerr black hole case. Adopting the method of Carlip [45, 46], we obtain the central charges c_{L,R} separately. The paper is organized as follows. In Sec. II, we review briefly the Hamiltonian gravity. In Sec. III, we obtain the central charges c_{L,R}, the temperatures T_{L,R}, and the total entropy S on a stretched horizon in the nonextremal case with the Hamiltonian gravity. In order to have two Virasoro algebras we consider two Killing vectors which are functions of either one of the two coordinates split from the angular coordinate of the corotating frame at the horizon. This splitting was done in the spirit of point-splitting. Then the central charges and the total entropy are evaluated. Finally, in Sec. IV, we conclude with discussion.

II. BRIEF REVIEW ON HAMILTONIAN GRAVITY

In order to obtain the central charges, we evaluate the central terms in the Hamiltonian gravity in this work. Here, we briefly review the related ingredients in the Hamiltonian gravity for this calculation. The detailed review can be found in Ref. [45]. We consider a stationary nonextremal black hole, whose metric can be written in the ADM form as follows.

ds^2 = −N^2dt^2 + q_{ij} (dx^i + N^idt)(dx^j + N^j dt). (1)

Under a diffeomorphism generated by a vector field ξ^μ, the metric (1) transforms as

δ_ξN = ¯∂_tξ^⊥ + ξ̂^i∂_iN, (2) δ_ξN^i = ¯∂_tξ̂^i − Nq^{ij} ∂_j ξ^⊥ + q^{ik}∂_kNξ^⊥ + ξ̂^j∂_j N^i, (3) δ_ξq_{ij} = q_{ik} ( ∂_jξ̂^k − ∂_j N^k N ξ^⊥ ) + q_{jk} ( ∂_iξ̂^k − ∂_iN^k N ξ^⊥ ) + 1 N ξ^⊥ ¯∂_tq_{ij} + ξ̂^k∂_kqij, (4) where the convective derivative ¯∂_t is defined by ¯∂_t ≡ ∂_t − N^i∂_i, (5)

and the Killing vector ξ^μ is redefined as

ξ^⊥ ≡ Nξ^t, ξ̂^i ≡ ξ^i + N^iξ^t, (6)

which are called the “surface deformation parameters”. The symmetries of canonical general relativity are generated by the Hamiltonian H[ξ] = ∫ d^3x ( ξ^⊥H + ξ̂^iH_i ) , (7)

with H = 1 √ q (π^{ij} π_{ij} − π^2) − √ qR, H^i = −2D_j π^{ij}, (8) where q_{ij} , π^{ij}, and R are the spatial metric, the canonical momentum, and the spatial curvature scalar, respectively, and D_i is the spatial covariant derivative with respect to q_{ij}. H and H^i are the Hamiltonian and momentum constraints, respectively. In Refs. [45, 49], a new generator with a well-defined variation and with no boundary terms is defined by H̄[ξ] = H[ξ] + B[ξ], (9)

where B[ξ] depends only on the fields and parameters at the boundary, and is chosen to cancel the boundary terms in the variation of H[ξ]. The Poisson bracket of H̄[ξ] can be written as {H̄[ξ], H̄[η]} = H̄[{ξ, η}_{SD}] + K[ξ, η], (10) where the central term is given by K[ξ, η] = B[{ξ, η}_{SD}] − 1 8πG ∫ ∂Σ d^2x √ σn^k [ 1 √ q π_{ik}{ξ, η}^i_{SD} − 1 2 √ q (ξ̂_kη^⊥ − η̂_kξ^⊥)H

+ (D_iξ̂_kD^iη^⊥ − D_iη̂_kD^iξ^⊥) − (D_iξ̂^iD_kη^⊥ − D_iη̂^iD_kξ^⊥) + 1 √ q ( η̂_kπ^{mn}D_mξ̂_n − ξ̂_kπ^{mn}D_mη̂_n ) ] . (11)

Here, the surface deformation brakets are given by {ξ, η}^⊥_{SD} = ξ̂^iD_iη^⊥ − η̂^iD_iξ^⊥, {ξ, η}^i_{SD} = ξ̂^kD_kη̂^i − η̂^kD_kξ̂^i + q^{ik} ( ξ^⊥D_kη^⊥ − η^⊥D_kξ^⊥ ) . (12)

We can calculate the central charges from the central term K[ξ, η] given by Eq. (11). When a Virasoro subalgebra of the group of surface deformation is found in the following form, {ξ, η}_{SD} = ξη^′ − ηξ^′ where the prime denotes the derivative with respect to the rotating angle φ, then the boundary contribution B[{ξ, η}_{SD}] can be ignored for our purpose [45]. This is because that the central charge of the Virasoro algebra is given by the coefficient of the expression ∫ dφ(ξ^′η^{′′} − η^′ξ^{′′}) extracted from K in Eq. (11).

III. CFT IN NONEXTREMAL ROTATING BLACK HOLE

We now consider the nonextremal Kerr black hole described by

ds^2 = − Δ Σ ( dt − a sin^2 θ dφ )_2 + Σ Δ dr^2 + Σ dθ^2 + sin^2 θ Σ [ adt − (r^2 + a^2)dφ

]_2 , (13)

in the Boyer-Lindquist coordinates, with

Δ(r) = r^2 + a^2 − 2Mr, (14) Σ(r, θ) = r^2 + a^2 cos^2 θ, (15)

where M is the mass of the black hole and a is a parameter related to the angular momentum J of the black hole as J = aM. The nonextremal Kerr black hole (13) can be written in the ADM form as

ds^2 = −N^2dt^2 + dρ^2 + q_{φφ}(dφ + N^φdt)^2 + q_{θθ}dθ^2, (16)

where ρ is the proper distance from the horizon. In general, the line element of the nonextremal stationary rotating black hole can be expressed as in Eq. (16). From now on, we consider the nonextremal stationary rotating black hole in four dimensions. Near the horizon of the black hole, the lapse function N and the shift vector N^φ in the metric (16) can be expanded as

N = κ_Hρ + 1 3! κ_2(θ)ρ^3 + · · · , (17) N^φ = −Ω_H − 1 2 ω_2(θ)ρ^2 + · · · , (18) q_{φφ} = q^{(H)}_{φφ} (θ) + 1 2 q^{(2)}_{φφ}(θ)ρ^2 + · · · , (19) q_{θθ} = q^{(H)}_{θθ} (θ) + 1 2 q^{(2)}_{θθ} (θ)ρ^2 + · · · , (20)

where κ_H and Ω_H are the surface gravity and the angular velocity on the event horizon, respectively. For convenience, we introduce a parameter ε defined by ε ≡ −^1_2 ω_2(θ)ρ^2 so that N^φ ≈ −Ω_H + ε up to the order of ρ^2. The shift vector N^φ becomes the angular velocity near horizon, when ρ → 0.

When the black hole geometry is given by Eq. (16), the diffeomorphism given by (2)-(4) becomes

ξ^ρ = −ρ ¯∂_tξ^t, (21) ¯∂_tξ^ρ = κ^2_Hρ^2∂_ρξ^t, (22) ¯∂_tξ̂^φ = κ^2_Hρ^2q^{φφ}∂_φξ^t − 2ε ρ ξ^ρ, (23)

∂_ρξ̂^φ = −q^{−1}_{φφ}∂_φξ^ρ + 2ε ρ ξ^t, (24)

where the convective derivative ¯∂_t in Eq. (5) becomes

¯∂_t = ∂_t − N^φ∂_φ ≈ ∂_t + (Ω_H − ε)∂_φ. (25)

Note that (16) can be rewritten as

ds^2 = q_{φφ}(dφ − Ω_+dt)(dφ − Ω_−dt) + dρ^2 + q_{θθ}dθ^2, (26)

where

Ω_± ≡ −N^φ ± N √q_{φφ} . (27) Introducing a new parameter, ε̄ ≡ κ_Hρ/ √ q_{φφ}, (28) we can write Ω_± as Ω_± = Ω_H − ε ± ε̄, (29) up to the order of ρ^2.

We choose our stretched horizon such that its maximum and minimum angular velocities are given by Ω_+ and Ω_−, respectively, defined by (29). One can easily check that our new Killing vectors χ_± ≡ ∂_t + Ω_±∂_φ are null. For the purpose of studying the conformal field theory, we introduce a new coordinate system defined by

φ_± = 2(φ − Ω_±t). (30)

We assign the coordinates φ_+ and φ_− as the right and left conformal coordinates, respectively. The two coordinates are slightly separated from the angular coordinate of the corotating frame at the horizon, φ̄ = φ − Ω_H t. We may consider these two coordinates as two-fold split of the angular coordinate of the corotating frame at the horizon in the spirit of point-splitting [50].

Now, we assume the existence of two Killing vectors, which are functions of either φ_+ or φ_−, dubbed as the right (+) and left (−) handed Killing vectors. We thus consider the right/left handed conformal field theory (R/LCFT) where the Killing vectors ξ_± are the functions of φ_±, respectively. In that case, the expressions for the diffeomorphism invariance given by Eqs. (21), (22), (23), and (24) become

ξ^ρ_± = ±ρε̄ ∂_φξ^t_±, (31) ρ∂_ρξ^t_± = − ε̄^2 κ^2_H

∂^2_φξ^t_±, (32) ξ̂^φ_± = ∓ε̄ ξ^t_±, (33)

∂_ρξ̂^φ_± = ∓ρε̄ q^{φφ}∂^2_φξ^t_± + 2ε ρ ξ^t_±, (34)

up to the leading order. From Eq. (11), the terms that contribute to the central charge are given by K[ξ_±, η_±] = ± ε̄^3 8πGκ_H · A 2π ∫ dφ ( ∂_φξ^t_±∂^2_φη^t_± − ∂_φη^t_±∂^2_φξ^t_± ) , (35)

where A denotes the area of the stretched horizon.

We obtain the surface deformation brackets (12) for the generators up to the leading order as follows.

{ξ_±, η_±}^t_{SD} = ∓2ε̄(ξ^t_±∂_φη^t_± − η^t_±∂_φξ^t_±), {ξ_±, η_±}^ρ_{SD} = ±ρε ∂_φ{ξ_±, η_±}^t_{SD}, {ξ_±, η_±}^φ_{SD} = ∓ε{ξ_±, η_±}^t_{SD}. (36)

The commutator between the right and left handed generators are obtained as

{ξ_+, η_−}^t_{SD} = {ξ_+, η_−}^ρ_{SD} = {ξ_+, η_−}^φ_{SD} = 0, (37)

up to the leading order. Here we would like to note that (37) is obtained when our new parameter ε̄ is defined by (28). Eq. (37) shows that the two Virasoro algebras of ξ_+ and ξ_− are independent of each other, and the two Virasoro algebras contribute separately to the entropy. One can also see from (36) that ξ^t_± have to be normalized as

ξ^t_± = ∓ 1 2ε̄ ξ̃^t_±, (38)

where the normalized ones are denoted by ξ̃^t_±. Taking the above normalization into account, the central charge can be read as c_{R/L} ≡ c_± = 3ε̄A 2πGκ_H . (39)

The temperatures, both the right and left handed ones, can be calculated by comparing the Boltzmann factor. For a scalar field in the Frolov-Thorne vacuum, the wave function in the eigenmodes of energy ω and angular momentum m can be written as Φ ∼ e^{−iωt+imφ}. Then, using the relation e^{−iωt+imφ} = e^{−in−φ−+in+φ+} , (40) we obtain the eigenmodes in the new coordinate system of φ_± as follows

n_± = 1 4ε̄ (ω − mΩ_∓). (41)

In terms of these variables, the Boltzmann factor can be written as e^{−(ω−mΩH )/TH} = e^{−n+/T+−n−/T−} , (42) where the dimensionless left and right temperatures are given by T_{R/L} ≡ T_± = T_H 2ε̄ , (43)

with T_H = κ_H/2π.

Finally, we calculate the entropy with the help of the Cardy formula. From Eqs. (39) and (43), the entropy of the right/left part is given by S_{R/L} = π^2 3 c_{R/L}T_{R/L} = A 8G . (44)

Thus we obtain the total entropy of the system as

S = S_R + S_L = A 4G , (45)

which agrees with the Bekenstein-Hawking entropy.

IV. CONCLUSION

In this paper, we obtain the entropy of the nonextremal Kerr black hole by considering two copies of the Virasoro algebras. In order to have two copies of the Virasoro generators, we introduce the left and right handed coordinates that correspond to the corotating coordinates of the minimum and maximum angular velocities of the stretched horizon, respectively, by adopting the point-splitting idea. We choose our new parameter ε̄ such that the surface deformation brackets between the two Virasoro generators commute. Showing their independence, we calculate the central charges of the two Virasoro algebras and the corresponding entropies independently using the Cardy formula. In our setup, each part contributes the same amount of entropy,^A_{8G} , making the total entropy agree with the Bekenstein-Hawking entropy.

Now we make a final comment on the null condition for the Killing vectors on the stretched horizon. In Refs. [45, 46], ε̄ has been chosen such that the Killing vector χ̄^μ = ∂^μ_t + Ω̄∂^μ_φ is null on the stretched horizon. Notice that Ω̄ agrees with our Ω_− up to the first order in ρ. There the condition was set by imposing the null condition of the Killing vector up to the leading order in ρ:

0 = χ̄^2 = −N^2 + q_{φφ}(N^φ + Ω̄)^2 = −κ^2_Hρ^2 + q^{(H)}_{φφ} ε̄^2 + O(ρ^3). (46)

Thereby ε̄ is set to satisfy ε̄^2 = κ^2_Hρ^2/q^{(H)}φφ , which agrees with our definition. However, if we replace Ω̄ with Ω_± in the above defining relation of χ̄, we end up with our new Killing vectors, χ_± = ∂_t + Ω_±∂_φ, which satisfy the null condition up to the subleading order in ρ.

Acknowledgments

ECY would like to thank KIAS for hospitality during the time that this work was done. This work was supported by National Research Foundation(NRF) of Korea Grants funded by the Korean Government (Ministry of Education, Science and Technology), NRF-2010-359- C00007(ME) and NRF-2011-0025517(ECY). We thank the referee for critically important comments that led to essential improvement of the paper.

[1] M. Guica, T. Hartman, W. Song and A. Strominger, The Kerr/CFT Correspondence, Phys.

Rev. D 80 (2009) 124008 [arXiv:0809.4266 [hep-th]].

[2] Y. Matsuo, T. Tsukioka and C. -M. Yoo, Yet Another Realization of Kerr/CFT Correspondence, Europhys. Lett. 89 (2010) 60001 [arXiv:0907.4272 [hep-th]].

[3] Y. Matsuo, T. Tsukioka and C. -M. Yoo, Another Realization of Kerr/CFT Correspondence, Nucl. Phys. B 825 (2010) 231 [arXiv:0907.0303 [hep-th]].

[4] I. Bredberg, C. Keeler, V. Lysov and A. Strominger, Cargese Lectures on the Kerr/CFT Correspondence, Nucl. Phys. Proc. Suppl. 216 (2011) 194 [arXiv:1103.2355 [hep-th]].

[5] B. Chen, B. Ning and J. -J. Zhang, Boundary Conditions for NHEK through Effective Action Approach, Chin. Phys. Lett. 29 (2012) 041101 [arXiv:1105.2878 [hep-th]].

[6] G. Compere and S. Detournay, Semi-classical central charge in topologically massive gravity, Class. Quant. Grav. 26 (2009) 012001 [Erratum-ibid. 26 (2009) 139801] [arXiv:0808.1911 [hep-th]].

[7] G. Compere and S. Detournay, Boundary conditions for spacelike and timelike warped AdS_3 spaces in topologically massive gravity, JHEP 0908 (2009) 092 [arXiv:0906.1243 [hep-th]].

[8] M. Blagojevic and B. Cvetkovic, Asymptotic structure of topologically massive gravity in spacelike stretched AdS sector, JHEP 0909 (2009) 006 [arXiv:0907.0950 [gr-qc]].

[9] T. Hartman, K. Murata, T. Nishioka and A. Strominger, CFT Duals for Extreme Black Holes, JHEP 0904 (2009) 019 [arXiv:0811.4393 [hep-th]].

[10] G. Compere, K. Murata and T. Nishioka, Central Charges in Extreme Black Hole/CFT Correspondence, JHEP 0905 (2009) 077 [arXiv:0902.1001 [hep-th]].

[11] C. -M. Chen, J. -R. Sun and S. -J. Zou, The RN/CFT Correspondence Revisited, JHEP 1001 (2010) 057 [arXiv:0910.2076 [hep-th]].

[12] J. -J. Peng and S. -Q. Wu, Extremal Kerr/CFT correspondence of five-dimensional rotating (charged) black holes with squashed horizons, Nucl. Phys. B 828 (2010) 273 [arXiv:0911.5070 [hep-th]].

[13] M. R. Garousi and A. Ghodsi, The RN/CFT Correspondence, Phys. Lett. B 687 (2010) 79 [arXiv:0902.4387 [hep-th]].

[14] R. Li, M. -F. Li and J. -R. Ren, Entropy of Kaluza-Klein Black Hole from Kerr/CFT Correspondence, Phys. Lett. B 691 (2010) 249 [arXiv:1004.5335 [hep-th]].

[15] Y. Matsuo and T. Nishioka, New Near Horizon Limit in Kerr/CFT, JHEP 1012 (2010) 073 [arXiv:1010.4549 [hep-th]].

[16] M. Guica and A. Strominger, Microscopic Realization of the Kerr/CFT Correspondence, JHEP 1102 (2011) 010 [arXiv:1009.5039 [hep-th]].

[17] J. Rasmussen, A near-NHEK/CFT correspondence, Int. J. Mod. Phys. A 25 (2010) 5517 [arXiv:1004.4773 [hep-th]].

[18] M. Henneaux, C. Martinez and R. Troncoso, Asymptotically warped anti-de Sitter spacetimes in topologically massive gravity, Phys. Rev. D 84 (2011) 124016 [arXiv:1108.2841 [hep-th]].

[19] K. Goldstein and H. Soltanpanahi, CFT Duals of Black Rings With Higher Derivative Terms, Class. Quant. Grav. 29 (2012) 085016 [arXiv:1108.4362 [hep-th]].

[20] T. Azeyanagi, N. Ogawa and S. Terashima, On Non-Chiral Extension of Kerr/CFT, JHEP 1106 (2011) 081 [arXiv:1102.3423 [hep-th]].

[21] A. Guneratne, L. Rodriguez, S. Wickramasekara and T. Yildirim, A non-Extremal Kerr-like AdS2xS2 Solution and Black-Hole/Near-Horizion-CFT Duality, arXiv:1206.2261 [hep-th].

[22] B. K. Button, L. Rodriguez and C. A. Whiting, A Near Horizon CFT Dual for Kerr-Newman- AdS, Int. J. Mod. Phys. A 26 (2011) 3077 [arXiv:1009.1661 [hep-th]].

[23] L. Rodriguez and T. Yildirim, Entropy and Temperature From Black-Hole/Near-Horizon-CFT Duality, Class. Quant. Grav. 27 (2010) 155003 [arXiv:1003.0026 [hep-th]].

[24] I. Bredberg, T. Hartman, W. Song and A. Strominger, Black Hole Superradiance From Kerr/CFT, JHEP 1004 (2010) 019 [arXiv:0907.3477 [hep-th]].

[25] M. Cvetic and F. Larsen, Greybody Factors and Charges in Kerr/CFT, JHEP 0909 (2009) 088 [arXiv:0908.1136 [hep-th]].

[26] T. Hartman, W. Song and A. Strominger, Holographic Derivation of Kerr-Newman Scattering Amplitudes for General Charge and Spin, JHEP 1003 (2010) 118 [arXiv:0908.3909 [hep-th]].

[27] C. -M. Chen, Y. -M. Huang and S. -J. Zou, Holographic Duals of Near-extremal Reissner- Nordstrom Black Holes, JHEP 1003 (2010) 123 [arXiv:1001.2833 [hep-th]].

[28] A. Castro, A. Maloney and A. Strominger, Hidden Conformal Symmetry of the Kerr Black Hole, Phys. Rev. D 82 (2010) 024008 [arXiv:1004.0996 [hep-th]].

[29] R. Fareghbal, Hidden Conformal Symmetry of the Warped AdS_3 Black Holes, Phys. Lett. B 694 (2010) 138 [arXiv:1006.4034 [hep-th]].

[30] M. R. Setare and V. Kamali, Twofold hidden conformal symmetries of rotating charged Goedel black holes, Class. Quant. Grav. 28 (2011) 155006.

[31] C. -M. Chen and J. -R. Sun, Holographic Dual of the Reissner-Nordstróm Black Hole, J. Phys.

Conf. Ser. 330 (2011) 012009 [arXiv:1106.4407 [hep-th]].

[32] B. Chen and J. -j. Zhang, General Hidden Conformal Symmetry of 4D Kerr-Newman and 5D Kerr Black Holes, JHEP 1108 (2011) 114 [arXiv:1107.0543 [hep-th]].

[33] E. Franzin and I. Smolic, A New look at hidden conformal symmetries of black holes, JHEP 1109 (2011) 081 [arXiv:1107.2756 [hep-th]].

[34] D. A. Lowe and A. Skanata, Generalized Hidden Kerr/CFT, arXiv:1112.1431 [hep-th]. [35] S. Bertini, S. L. Cacciatori and D. Klemm, Conformal structure of the Schwarzschild black hole, Phys. Rev. D 85 (2012) 064018 [arXiv:1106.0999 [hep-th]].

[36] M. R. Setare and V. Kamali, Hidden conformal symmetry of rotating NS5-branes in extremal limit, Int. J. Mod. Phys. A 26 (2011) 2233.

[37] M. R. Setare and V. Kamali, Holographic description of a Kerr-Goedel black hole in five dimensions, Int. J. Mod. Phys. A 26 (2011) 4287.

[38] C. -M. Chen, J. -R. Sun and J. -R. Sun, The Kerr-Newman/CFTs Correspondence, arXiv:1201.4040 [hep-th].

[39] A. M. Ghezelbash and H. M. Siahaan, Hidden and Generalized Conformal Symmetry of Kerr- Sen Spacetimes, arXiv:1206.0714 [hep-th].

[40] M. Cvetic and F. Larsen, Conformal Symmetry for General Black Holes, JHEP 1202 (2012) 122 [arXiv:1106.3341 [hep-th]].

[41] O. J. C. Dias, J. E. Santos and M. Stein, Kerr-AdS and its Near-horizon Geometry: Perturbations and the Kerr/CFT Correspondence, arXiv:1208.3322 [hep-th].

[42] S. Carlip, Black hole entropy from conformal field theory in any dimension, Phys. Rev. Lett.

82 (1999) 2828 [hep-th/9812013].

[43] M. -I. Park and J. Ho, Comments on ‘Black hole entropy from conformal field theory in any dimension’, Phys. Rev. Lett. 83 (1999) 5595 [hep-th/9910158].

[44] M. -I. Park, Hamiltonian dynamics of bounded space-time and black hole entropy: Canonical method, Nucl. Phys. B 634 (2002) 339 [hep-th/0111224].

[45] S. Carlip, Extremal and nonextremal Kerr/CFT correspondences, JHEP 1104 (2011) 076 [Erratum-ibid. 1201 (2012) 008] [arXiv:1101.5136 [gr-qc]].

[46] S. Carlip, Effective Conformal Descriptions of Black Hole Entropy, Entropy 13 (2011) 1355 [arXiv:1107.2678 [gr-qc]].

[47] B. Chen and J. -j. Zhang, Novel CFT Duals for Extreme Black Holes, Nucl. Phys. B 856 (2012) 449 [arXiv:1106.4148 [hep-th]].

[48] J. Mei, On the General Kerr/CFT Correspondence in Arbitrary Dimensions, JHEP 1204 (2012) 113 [arXiv:1202.4156 [hep-th]].

[49] J. D. Brown, S. R. Lau and J. W. York, Jr., Action and energy of the gravitational field, gr-qc/0010024.

[50] J. Novotny and M. Schnabl, Point - splitting regularization of composite operators and anomalies, Fortsch. Phys. 48 (2000) 253 [hep-th/9803244]; the references there in.