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Holographic Entanglement Entropy

e We can calculate the entanglement entropy of an area A
in a (d + 1)-dimensional CF'T by Ryu-Takayanagi formula:
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Reference: Rangamani, Takayanagi, arXiv: 1609.01287
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Pure AdS Spacetime

e Parametrize the surface by £’ and the metric can be expressed as:
dsiy = gapdX“dX?®.

Now X4 (&%) is the surface we are interested in, so
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Pure AdS Spacetime

e The entanglement entropy expressed in area functional for &£ 4 is
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e The (d + 2)-dim AdS spacetime metric expressed by global coordinates:
ds® = 05 4¢ ( — cosh? pdt? + dp? + sinh? pdﬂz) :

or in the Poincaré coordinates:
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ds® = EA';S (dz2 —dxf + E dmf)
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Pure AdS Spacetime

e The coordinates of a strait belt:
As = {xq €R¥ |z, € (—a,a),z; €R for i=2,3,---,d}.

With translational symmetries in x5 to xg4 directions, — z = z(x1),
then the action(entanglement entropy) becomes
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Pure AdS Spacetime

e Using canonical transformation to evaluate the Hamiltonian, we can find:

de(wy) _ , /=)

dx 24

e With z(+a) = 0, 42z = 0, and change of variable z = z,v,
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Pure AdS Spacetime

e Require the volume of the (d—1)-dimensional space spanned by (za,- -« , x4)
on the minimal surface to be L4~ 1:
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e The entanglement entropy:
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AdS-Schwarzschild Black Hole Spacetime

e The metric of an (d + 2)-dimensional asymptotic AdS black hole is

12 Ld+1 d22 d _
2 AdS 2 7\ 2
ds® = z2 [—(1— d+1)dt +(1_zd+1)+2 (da:)]
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AdS-Schwarzschild Black Hole Spacetime

e The coordinates of a strait belt:

As ={xq € R |z € (—a,a),z; R for i=2,3,---,d}.

e The entanglement entropy:

EfiﬁldS d—1 1 dz(z1) ’
Sea:tremal — 4G(d+2) /dxld X Z_d o + 1.
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AdS-Schwarzschild Black Hole Spacetime

e Using canonical transformation to find out the Hamiltonian, we find:
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e With z = 2,v,
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AdS-Schwarzschild Black Hole Spacetime

e The entanglement entropy:
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AdS-Schwarzschild Black Hole Spacetime

e When b — 1, the boundary conditions gives
e

V(1 —y24)(1 — yd+1)

dy.

e Entanglement entropy can be approximated as
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here g(y) = VA +y+ -+ 321 - T+y+--- + y9).
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e The first divergent term is the same as in pure AdS space and the second
divergent term comes from the contribution of black hole entropy.
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Relation Between HEE and BH Entropy
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Relation Between HEE and BH Entropy

e Araki-Lieb Inequality:

IS4 —Sac| £S8,, pis the entire density matrix.
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Summary

* The holographic entanglement entropy of ground
state (d+1)-dimensional CFT.

* The entanglement holographic entropy of thermal-
excited state (d+1)-dimensional CFT.

* Holographic interpretation of Araki-Lieb inequality.
* Phase transition between two kinds of entropy?

* The boundary effects when considering BCFT?
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