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Introduction: 
A review of AdSd+2/CFTd+1 correspondence, 
entanglement entropy, and black hole entropy

AdSd+2 (bulk space-time)

• holographic entanglement entropy: 
[Ryu-Takayanagi ’06]

: minimal surface in bulk space-time

cf. black hole entropy:

CFTd+1 (boundary)

• entanglement entropy:

holographic dual

(replica trick)

http://texclip.marutank.net/#s=%5Cbegin%7Balign*%7D%0A%5Crho_A%20%3D%20%5Cmathrm%7BTr%7D_%7B%5Cmathcal%7BH%7D_B%7D%5Crho_%7B%5Cmathrm%7Btot%7D%7D%0A%5Cend%7Balign*%7D
http://texclip.marutank.net/#s=%5Cbegin%7Balign*%7D%0A%5Crho_A%20%3D%20%5Cmathrm%7BTr%7D_%7B%5Cmathcal%7BH%7D_B%7D%5Crho_%7B%5Cmathrm%7Btot%7D%7D%0A%5Cend%7Balign*%7D
http://texclip.marutank.net/#s=%5Cbegin%7Balign*%7D%0AS_%7B%5Cmathrm%7BBH%7D%7D%3D%5Cfrac%7BA%7D%7B4G_%5Cmathrm%7BN%7D%7D%2C%0A%5Cend%7Balign*%7D
http://texclip.marutank.net/#s=%5Cbegin%7Balign*%7D%0AS_%7B%5Cmathrm%7BBH%7D%7D%3D%5Cfrac%7BA%7D%7B4G_%5Cmathrm%7BN%7D%7D%2C%0A%5Cend%7Balign*%7D
http://texclip.marutank.net/s=%5Cbegin%7Balign*%7D%0AS_%7BA_%7B%5Cmathrm%7BEE%7D%7D%7D%20%26%3D%20-%20%5Cmathrm%7BTr%7D_%7B%5Cmathcal%7BH%7D_A%7D%20%5Crho_A%20%5Clog%20%5Crho_A%2C%20%5C%5C%0A%26%3D%20-%20%5Clim_%7Bn%20%5Crightarrow%201%7D%20%5Cfrac%7B%5Cpartial%7D%7B%5Cpartial%20n%7D%20%5Cmathrm%7BTr%7D_%7B%5Cmathcal%7BH%7D_A%7D%20(%5Crho_A)%5En%2C%0A%5Cend%7Balign*%7D
http://texclip.marutank.net/s=%5Cbegin%7Balign*%7D%0AS_%7BA_%7B%5Cmathrm%7BEE%7D%7D%7D%20%26%3D%20-%20%5Cmathrm%7BTr%7D_%7B%5Cmathcal%7BH%7D_A%7D%20%5Crho_A%20%5Clog%20%5Crho_A%2C%20%5C%5C%0A%26%3D%20-%20%5Clim_%7Bn%20%5Crightarrow%201%7D%20%5Cfrac%7B%5Cpartial%7D%7B%5Cpartial%20n%7D%20%5Cmathrm%7BTr%7D_%7B%5Cmathcal%7BH%7D_A%7D%20(%5Crho_A)%5En%2C%0A%5Cend%7Balign*%7D
http://texclip.marutank.net/s=%5Cbegin%7Balign*%7D%0AS_%7BA_%7B%5Cmathrm%7BHEE%7D%7D%7D%20%3D%20%5Cfrac%7B%5Cmathrm%7BArea%7D(%5Cgamma_A)%7D%7B4G_%5Cmathrm%7BN%7D%7D%2C%0A%5Cend%7Balign*%7D
http://texclip.marutank.net/s=%5Cbegin%7Balign*%7D%0AS_%7BA_%7B%5Cmathrm%7BHEE%7D%7D%7D%20%3D%20%5Cfrac%7B%5Cmathrm%7BArea%7D(%5Cgamma_A)%7D%7B4G_%5Cmathrm%7BN%7D%7D%2C%0A%5Cend%7Balign*%7D
http://texclip.marutank.net/#s=%5Cbegin%7Balign*%7D%0A%5Cmathcal%7BH%7D_%7B%5Cmathrm%7Btot%7D%7D%3D%5Cmathcal%7BH%7D_A%20%5Cotimes%20%5Cmathcal%7BH%7D_B%2C%0A%5Cend%7Balign*%7D
http://texclip.marutank.net/#s=%5Cbegin%7Balign*%7D%0A%5Cmathcal%7BH%7D_%7B%5Cmathrm%7Btot%7D%7D%3D%5Cmathcal%7BH%7D_A%20%5Cotimes%20%5Cmathcal%7BH%7D_B%2C%0A%5Cend%7Balign*%7D


Results of holographic entanglement entropy as 
extremal (and/or minimal) surface: 
-- In the case of BTZ black hole

• rotating BTZ black hole metric:

-- non-rotating (t=const. and J=0) holographic entanglement entropy:             
[Hubeny-Rangamani-Takayanagi ’07]

http://texclip.marutank.net/s=%5Cbegin%7Balign*%7D%0A%5Cmathrm%7Bd%7Ds%5E2_%7B%5Cmathrm%7BBTZ%20%5C%2C%20black%20%5C%2C%20hole%7D%7D%20%26%3D%20-f(r)%5Cmathrm%7Bd%7Dt%5E2%20%2B%20f(r)%5E%7B-1%7D%5Cmathrm%7Bd%7Dr%5E2%20%2B%20r%5E2%5Cleft(%20%5Cmathrm%7Bd%7D%5Cphi%20-%20%5Cfrac%7BJ%7D%7B2%20r%5E2%7D%20%5Cmathrm%7Bd%7Dt%20%5Cright)%5E2%2C%20%5C%5C%0A%26%3D%20-%20%5Cfrac%7B(r%5E2%20-%20r_%7B%2B%7D%5E2)(r%5E2%20-%20r_%7B-%7D%5E2)%7D%7BR_%7B%5Cmathrm%7BAdS%7D%7D%5E2%20r%5E2%7D%20%5Cmathrm%7Bd%7Dt%5E2%20%2B%20%5Cfrac%7Br%5E2%20R_%7B%5Cmathrm%7BAdS%7D%7D%5E2%7D%7B(r%5E2%20-%20r_%7B%2B%7D%5E2)(r%5E2%20-%20r_%7B-%7D%5E2)%7D%20%5Cmathrm%7Bd%7Dr%5E2%20%20%2B%20r%5E2%20%5Cleft(%20%5Cmathrm%7Bd%7D%5Cphi%20%2B%20%20%20%5Cfrac%7Br_%7B%2B%7Dr_%7B-%7D%7D%7BR_%7B%5Cmathrm%7BAdS%7D%7D%20r%5E2%7D%20%5Cmathrm%7Bd%7Dt%20%20%5Cright)%5E2%2C%0A%5Cend%7Balign*%7D
http://texclip.marutank.net/s=%5Cbegin%7Balign*%7D%0A%5Cmathrm%7Bd%7Ds%5E2_%7B%5Cmathrm%7BBTZ%20%5C%2C%20black%20%5C%2C%20hole%7D%7D%20%26%3D%20-f(r)%5Cmathrm%7Bd%7Dt%5E2%20%2B%20f(r)%5E%7B-1%7D%5Cmathrm%7Bd%7Dr%5E2%20%2B%20r%5E2%5Cleft(%20%5Cmathrm%7Bd%7D%5Cphi%20-%20%5Cfrac%7BJ%7D%7B2%20r%5E2%7D%20%5Cmathrm%7Bd%7Dt%20%5Cright)%5E2%2C%20%5C%5C%0A%26%3D%20-%20%5Cfrac%7B(r%5E2%20-%20r_%7B%2B%7D%5E2)(r%5E2%20-%20r_%7B-%7D%5E2)%7D%7BR_%7B%5Cmathrm%7BAdS%7D%7D%5E2%20r%5E2%7D%20%5Cmathrm%7Bd%7Dt%5E2%20%2B%20%5Cfrac%7Br%5E2%20R_%7B%5Cmathrm%7BAdS%7D%7D%5E2%7D%7B(r%5E2%20-%20r_%7B%2B%7D%5E2)(r%5E2%20-%20r_%7B-%7D%5E2)%7D%20%5Cmathrm%7Bd%7Dr%5E2%20%20%2B%20r%5E2%20%5Cleft(%20%5Cmathrm%7Bd%7D%5Cphi%20%2B%20%20%20%5Cfrac%7Br_%7B%2B%7Dr_%7B-%7D%7D%7BR_%7B%5Cmathrm%7BAdS%7D%7D%20r%5E2%7D%20%5Cmathrm%7Bd%7Dt%20%20%5Cright)%5E2%2C%0A%5Cend%7Balign*%7D
http://texclip.marutank.net/s=%5Cbegin%7Balign*%7D%0Af(r)%20%3D%20%5Cfrac%7Br%5E2%7D%7BR_%7B%5Cmathrm%7BAdS%7D%7D%5E2%7D%20-%20M%20%2B%20%5Cleft(%20%5Cfrac%7BJ%7D%7B2r%7D%20%5Cright)%5E2%2C%0A%5Cend%7Balign*%7D
http://texclip.marutank.net/s=%5Cbegin%7Balign*%7D%0Af(r)%20%3D%20%5Cfrac%7Br%5E2%7D%7BR_%7B%5Cmathrm%7BAdS%7D%7D%5E2%7D%20-%20M%20%2B%20%5Cleft(%20%5Cfrac%7BJ%7D%7B2r%7D%20%5Cright)%5E2%2C%0A%5Cend%7Balign*%7D
http://texclip.marutank.net/#s=%5Cbegin%7Balign*%7D%0AM%20%3D%5Cfrac%7Br_%7B%2B%7D%5E2%20%2B%20r_%7B-%7D%5E2%7D%7BR_%7B%5Cmathrm%7BAdS%7D%7D%5E2%7D%20%3E0%2C%20%5Cquad%20J%3D%5Cfrac%7B2r_%7B%2B%7Dr_%7B-%7D%7D%7BR_%7B%5Cmathrm%7BAdS%7D%7D%7D%2C%20%5Cquad%20M%20%5Cgeq%20%5Cfrac%7BJ%7D%7BR_%7B%5Cmathrm%7BAdS%7D%7D%7D%2C%0A%5Cend%7Balign*%7D
http://texclip.marutank.net/#s=%5Cbegin%7Balign*%7D%0AM%20%3D%5Cfrac%7Br_%7B%2B%7D%5E2%20%2B%20r_%7B-%7D%5E2%7D%7BR_%7B%5Cmathrm%7BAdS%7D%7D%5E2%7D%20%3E0%2C%20%5Cquad%20J%3D%5Cfrac%7B2r_%7B%2B%7Dr_%7B-%7D%7D%7BR_%7B%5Cmathrm%7BAdS%7D%7D%7D%2C%20%5Cquad%20M%20%5Cgeq%20%5Cfrac%7BJ%7D%7BR_%7B%5Cmathrm%7BAdS%7D%7D%7D%2C%0A%5Cend%7Balign*%7D
http://texclip.marutank.net/s=%5Cbegin%7Balign*%7D%0Ac%3D%5Cfrac%7B2R_%7B%5Cmathrm%7BAdS%7D%7D%7D%7B3G_%7B%5Cmathrm%7BN%7D%7D%5E%7B(3)%7D%7D%2C%0A%5Cend%7Balign*%7D
http://texclip.marutank.net/s=%5Cbegin%7Balign*%7D%0Ac%3D%5Cfrac%7B2R_%7B%5Cmathrm%7BAdS%7D%7D%7D%7B3G_%7B%5Cmathrm%7BN%7D%7D%5E%7B(3)%7D%7D%2C%0A%5Cend%7Balign*%7D
http://texclip.marutank.net/#s=%5Cbegin%7Balign*%7D%0A%5Cbeta%3D%5Cfrac%7B2%5Cpi%7D%7B%5Csqrt%7BM%7D%7D%2C%0A%5Cend%7Balign*%7D
http://texclip.marutank.net/#s=%5Cbegin%7Balign*%7D%0A%5Cbeta%3D%5Cfrac%7B2%5Cpi%7D%7B%5Csqrt%7BM%7D%7D%2C%0A%5Cend%7Balign*%7D
http://texclip.marutank.net/s=%5Cbegin%7Balign*%7D%0AS_A%20%3D%20%5Cfrac%7B%5Cmathrm%7BArea%7D%20(%5Cgamma_A)%7D%7B4G_%5Cmathrm%7BN%7D%5E%7B(3)%7D%7D%20%3D%20%5Cfrac%7Bc%7D%7B3%7D%20%5Clog%20%5Cleft(%5Cfrac%7B%5Cbeta%7D%7B%5Cpi%20%5Cepsilon%7D%20%5Csinh%20%5Cleft%7C%20%5Cfrac%7B2%5Cpi%20%5CDelta%20%5Cphi_A%7D%7B%5Cbeta%7D%20%5Cright%7C%20%5Cright)%2C%5Cend%7Balign*%7D
http://texclip.marutank.net/s=%5Cbegin%7Balign*%7D%0AS_A%20%3D%20%5Cfrac%7B%5Cmathrm%7BArea%7D%20(%5Cgamma_A)%7D%7B4G_%5Cmathrm%7BN%7D%5E%7B(3)%7D%7D%20%3D%20%5Cfrac%7Bc%7D%7B3%7D%20%5Clog%20%5Cleft(%5Cfrac%7B%5Cbeta%7D%7B%5Cpi%20%5Cepsilon%7D%20%5Csinh%20%5Cleft%7C%20%5Cfrac%7B2%5Cpi%20%5CDelta%20%5Cphi_A%7D%7B%5Cbeta%7D%20%5Cright%7C%20%5Cright)%2C%5Cend%7Balign*%7D


Results of holographic entanglement entropy as 
extremal (and/or minimal) surface: 
-- In the case of BTZ black hole

(detail)

-- non-rotating (t=const. and J=0) holographic entanglement entropy:  
[Hubeny-Rangamani-Takayanagi ’07]

space-like geodesic equation:

http://texclip.marutank.net/#s=%5Cbegin%7Balign*%7D%0A%5Cfrac%7B%5Cmathrm%7Bd%7Dr%7D%7B%5Cmathrm%7Bd%7D%5Cphi%7D%20%3D%20%5Cpm%20%5Cfrac%7B1%7D%7BR_%7B%5Cmathrm%7BAdS%7D%7D%7D%20r%20%5Csqrt%7Br%5E2%20-%20r_%2B%5E2%7D%20%5Csqrt%7B%5Cfrac%7Br%5E2%7D%7Br%5E%7B%5Cast%202%7D%7D%20-1%7D%2C%0A%5Cend%7Balign*%7D
http://texclip.marutank.net/#s=%5Cbegin%7Balign*%7D%0A%5Cfrac%7B%5Cmathrm%7Bd%7Dr%7D%7B%5Cmathrm%7Bd%7D%5Cphi%7D%20%3D%20%5Cpm%20%5Cfrac%7B1%7D%7BR_%7B%5Cmathrm%7BAdS%7D%7D%7D%20r%20%5Csqrt%7Br%5E2%20-%20r_%2B%5E2%7D%20%5Csqrt%7B%5Cfrac%7Br%5E2%7D%7Br%5E%7B%5Cast%202%7D%7D%20-1%7D%2C%0A%5Cend%7Balign*%7D
http://texclip.marutank.net/#s=%5Cbegin%7Balign*%7D%0A2%20%5CDelta%20%5Cphi_A%20%3D%20%5Cpm%20R_%7B%5Cmathrm%7BAdS%7D%7D%20%5Cint_%7Br_%5Cinfty%7D%5E%7Br%5E%7B%5Cast%7D_A%7D%20%5Cfrac%7B%5Cmathrm%7Bd%7Dr%7D%7Br%20%5Csqrt%7Br%5E2%20-%20r_%2B%5E2%7D%20%5Csqrt%7B%5Cfrac%7Br%5E2%7D%7Br%5E%7B%5Cast%202%7D_A%7D%20-1%7D%7D%5Cright%2C%0A%5Cend%7Balign*%7D
http://texclip.marutank.net/#s=%5Cbegin%7Balign*%7D%0A2%20%5CDelta%20%5Cphi_A%20%3D%20%5Cpm%20R_%7B%5Cmathrm%7BAdS%7D%7D%20%5Cint_%7Br_%5Cinfty%7D%5E%7Br%5E%7B%5Cast%7D_A%7D%20%5Cfrac%7B%5Cmathrm%7Bd%7Dr%7D%7Br%20%5Csqrt%7Br%5E2%20-%20r_%2B%5E2%7D%20%5Csqrt%7B%5Cfrac%7Br%5E2%7D%7Br%5E%7B%5Cast%202%7D_A%7D%20-1%7D%7D%5Cright%2C%0A%5Cend%7Balign*%7D
http://texclip.marutank.net/#s=%5Cbegin%7Balign*%7D%0A2%20%5CDelta%20%5Cphi_B%20%3D%20%5Cpm%20R_%7B%5Cmathrm%7BAdS%7D%7D%20%5Cint_%7Br_%5Cinfty%7D%5E%7Br%5E%7B%5Cast%7D_B%7D%20%5Cfrac%7B%5Cmathrm%7Bd%7Dr%7D%7Br%20%5Csqrt%7Br%5E2%20-%20r_%2B%5E2%7D%20%5Csqrt%7B%5Cfrac%7Br%5E2%7D%7Br%5E%7B%5Cast%202%7D_B%7D%20-1%7D%7D%5Cright%2C%0A%5Cend%7Balign*%7D
http://texclip.marutank.net/#s=%5Cbegin%7Balign*%7D%0A2%20%5CDelta%20%5Cphi_B%20%3D%20%5Cpm%20R_%7B%5Cmathrm%7BAdS%7D%7D%20%5Cint_%7Br_%5Cinfty%7D%5E%7Br%5E%7B%5Cast%7D_B%7D%20%5Cfrac%7B%5Cmathrm%7Bd%7Dr%7D%7Br%20%5Csqrt%7Br%5E2%20-%20r_%2B%5E2%7D%20%5Csqrt%7B%5Cfrac%7Br%5E2%7D%7Br%5E%7B%5Cast%202%7D_B%7D%20-1%7D%7D%5Cright%2C%0A%5Cend%7Balign*%7D
http://texclip.marutank.net/s=%5Cbegin%7Balign*%7D%0AS_A%20%3D%20%5Cfrac%7B%5Cmathrm%7BArea%7D%20(%5Cgamma_A)%7D%7B4G_%5Cmathrm%7BN%7D%5E%7B(3)%7D%7D%20%3D%20%5Cfrac%7Bc%7D%7B3%7D%20%5Clog%20%5Cleft(%5Cfrac%7B%5Cbeta%7D%7B%5Cpi%20%5Cepsilon%7D%20%5Csinh%20%5Cleft%7C%20%5Cfrac%7B2%5Cpi%20%5CDelta%20%5Cphi_A%7D%7B%5Cbeta%7D%20%5Cright%7C%20%5Cright)%2C%5Cend%7Balign*%7D
http://texclip.marutank.net/s=%5Cbegin%7Balign*%7D%0AS_A%20%3D%20%5Cfrac%7B%5Cmathrm%7BArea%7D%20(%5Cgamma_A)%7D%7B4G_%5Cmathrm%7BN%7D%5E%7B(3)%7D%7D%20%3D%20%5Cfrac%7Bc%7D%7B3%7D%20%5Clog%20%5Cleft(%5Cfrac%7B%5Cbeta%7D%7B%5Cpi%20%5Cepsilon%7D%20%5Csinh%20%5Cleft%7C%20%5Cfrac%7B2%5Cpi%20%5CDelta%20%5Cphi_A%7D%7B%5Cbeta%7D%20%5Cright%7C%20%5Cright)%2C%5Cend%7Balign*%7D
http://texclip.marutank.net/s=%5Cbegin%7Balign*%7D%0AS_B%20%3D%20%5Cfrac%7B%5Cmathrm%7BArea%7D%20(%5Cgamma_B)%7D%7B4G_%5Cmathrm%7BN%7D%5E%7B(3)%7D%7D%20%3D%20%5Cfrac%7Bc%7D%7B3%7D%20%5Clog%20%5Cleft(%5Cfrac%7B%5Cbeta%7D%7B%5Cpi%20%5Cepsilon%7D%20%5Csinh%20%5Cleft%7C%20%5Cfrac%7B2%5Cpi%20%5CDelta%20%5Cphi_B%7D%7B%5Cbeta%7D%20%5Cright%7C%20%5Cright)%2C%0A%5Cend%7Balign*%7D
http://texclip.marutank.net/s=%5Cbegin%7Balign*%7D%0AS_B%20%3D%20%5Cfrac%7B%5Cmathrm%7BArea%7D%20(%5Cgamma_B)%7D%7B4G_%5Cmathrm%7BN%7D%5E%7B(3)%7D%7D%20%3D%20%5Cfrac%7Bc%7D%7B3%7D%20%5Clog%20%5Cleft(%5Cfrac%7B%5Cbeta%7D%7B%5Cpi%20%5Cepsilon%7D%20%5Csinh%20%5Cleft%7C%20%5Cfrac%7B2%5Cpi%20%5CDelta%20%5Cphi_B%7D%7B%5Cbeta%7D%20%5Cright%7C%20%5Cright)%2C%0A%5Cend%7Balign*%7D


Results of holographic entanglement entropy as 
extremal (and/or minimal) surface: 
-- In the case of Schwarzschild-AdS4 black hole

• Schwarzschild-AdS4 black hole metric (AdS boundary topology R1,d):

cf. AdS4 space-time in Poincare AdS4 coordinate:

-- static (t=const. and translational invariant in y direction) holographic 
entanglement entropy:

Area low

http://texclip.marutank.net/s=%5Cbegin%7Balign*%7D%0A%5Cmathrm%7Bd%7Ds%5E%7B2%20%5C%2C%5C%2C%20%5Cmathrm%7BAdS%20%5C%2C%20bounray%20%5C%2C%20tolpogy%7D%20%5C%2C%20%5Cmathbb%7BR%7D%5E%7B1%2C2%7D%7D_%7B%5Cmathrm%7BSchwarzschild-AdS_%7B4%7D%20%5C%2C%20BH%7D%7D%20%3D%20R_%7B%5Cmathrm%7BAdS%7D%7D%5E2%20%5Cfrac%7B-f(z)%5Cmathrm%7Bd%7Dt%5E2%20%2B%20%5Cfrac%7B1%7D%7Bf(z)%7D%5Cmathrm%7Bd%7Dz%5E2%20%2B%20(%5Cmathrm%7Bd%7Dx%5E2%20%2B%20%5Cmathrm%7Bd%7Dy%5E2)%7D%7Bz%5E2%7D%2C%20%0A%5Cend%7Balign*%7D
http://texclip.marutank.net/s=%5Cbegin%7Balign*%7D%0A%5Cmathrm%7Bd%7Ds%5E%7B2%20%5C%2C%5C%2C%20%5Cmathrm%7BAdS%20%5C%2C%20bounray%20%5C%2C%20tolpogy%7D%20%5C%2C%20%5Cmathbb%7BR%7D%5E%7B1%2C2%7D%7D_%7B%5Cmathrm%7BSchwarzschild-AdS_%7B4%7D%20%5C%2C%20BH%7D%7D%20%3D%20R_%7B%5Cmathrm%7BAdS%7D%7D%5E2%20%5Cfrac%7B-f(z)%5Cmathrm%7Bd%7Dt%5E2%20%2B%20%5Cfrac%7B1%7D%7Bf(z)%7D%5Cmathrm%7Bd%7Dz%5E2%20%2B%20(%5Cmathrm%7Bd%7Dx%5E2%20%2B%20%5Cmathrm%7Bd%7Dy%5E2)%7D%7Bz%5E2%7D%2C%20%0A%5Cend%7Balign*%7D
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Results of holographic entanglement entropy as 
extremal (and/or minimal) surface: 
-- In the case of Schwarzschild-AdS4 black hole

(detail)

-- static (t=const. and translational invariant in y direction) holographic 
entanglement entropy:

Area low
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Discussions (form the view point of entanglement 
entropy and black hole entropy)

v.s. black hole entropy
• Static BTZ black hole:

This results is coursed by (2+1) 
dimensional space-time specially.

• Time-dependent AdS4 Black Hole:    
(under investigation)

In higher than (2+1) dimensional space-
time, above results is expected.

v.s. entanglement entropy
Because there is Hawking radiation 

from black hole in bulk space-time, 
total system density operator on 
boundary interpret as mixed state:

Then, generally:

This property was confirmed in 
holographic entanglement entropy:
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Summary and future directions

Summary:

• We calculated holographic entanglement entropy, which is defined by minimal 
surface in bulk space-time, in the case of BTZ black hole and Schwartzshild-AdS4
black hole, and reconsidered these results from the viewpoint of entanglement 
entropy and black hole entropy. 

• Holographic entanglement entropy is important physical quantity in a study for 
AdSd+2/CFTd+1 correspondence.

Future directions:

• To manifest degree of freedom on boundary in conformal field theory which is 
holographic dual with asymptotic AdS black hole in bulk space-time.

• To study in the case of other asymptotic AdS black holes which have not only 
mass but also charge and/or angular momentum.

• To expand to covariant holographic entanglement entropy.
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