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Entanglement Entropy
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State of a quantum system:p
Partial trace: pa = Trpp
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Good measure of the bipartite entanglement

/"We focus on CKTand on the vacuum state:

2+1: S, = ’ylA(aE)
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e = cut-off
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A Smoothentanglingsurfaces

A Noboundaries




Whenarethey present?

O When there arecornersin the entangling surface

P P
Sa="2 = f(6)1og (22) + O(1)
[Casini, Huerta (2007)]
. | ) 7 Cr .
Universal Relation: C = 18 (T (2)Top(0)) = 2o Z..05(x)  [Bueno, Myers, Witcza#rempa (2015)]
T

Holographic Corner Functiofmrukker, Gross, Ooguri, (1998)]

O In presence of boundarief:the entangling surface hits a boundary
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Sa=7 ‘i’B — 2F(0) log ( A’B> + O(1)

F(6) dependsonthe boundaryconditions

CFT results for free theories and infinite lifé = 7/2)  [Berthiere, Solodukhin, (2016)] |




A CFTshat admit aholographic dual ' : : /\

[A Strongcouplingandlarged.o.f. CIaSSICaGraVIty

72 d2C¢l assji call| Gr
Anti de-Sitter (AdS metric:  ds? = Azds (—dt* + dx* + dz?)

Z
V in the CFT
acuum state in the C CFTa1| =~ .
% Holographidictionary =) computationof the correlationfunctions /
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RyuTakayanagFoemmuilaa Ry Takayanagi 2006)

Area (y4)
S4 = min~ , ~
A YA A[ 4Gd-|-2
A TheEntanglemenEntropyis calculatedin ageometricah,vay/__/,,,.f""

P S
Area(ya) = TA — Fa+ O(e) —
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AdS,/BCFT; Duality

How toextendthe boundaryof the CFT into thdulk?

/\fR 2A+2f FK+2/\/_

[Takayanagi (2011)]
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Actionwithout boundaries braneterm
\K — extrinsic curvature 71T = matter /
We consideiT constantandflat boundary. 1tz
d
szT:const —> T = 2cos«
| o\ 7,
The brane is a hyperplane Q: 2z = —(tana)z \‘ 7 <
2 e —— //5

Other discussions:

[Astaneh, Berthiere, Fursaev, Solodukhin, (2017)]

[Chu, Miao, Guo, (2017)]




HEE in AdS,/BCFT,

If abrane (boundaryin BCFTis present there are 3 possibilities

Likeas CFTwithout boundaries Boundaryeffectsbut no logarithms Logarithmicdivergences

A Wefix the boundaryof the surfaceonly on the BCF;T
A We considerfree boundaryconditionson the brane mmsss)  Sur face | Brane

[Seminara, J.S., Tonni (2017)]

/Simplest caseT he halfdisk v =m/2

In Ad$ the minimal surface for a circular region iba&lf-sphere

A = 12, (”R + 2cot(a) log(R/e) + 0(1))

Analog holographic results found for infinite lige= 7/2)
Qstaneh, Berthiere, Fursaev, Solodukhin, (2017)]




Surface Evolver

NumericalAnalysis

[K.Brakke(1992)

Analytical solutions for arbitrary shapes are very difficult ‘
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Evolution towards the minimum

FinalResult

A Due to thedivergenceof the metricas z — (0 we set theboundaryat 2z = ¢

A The aredsfound assum of theareasof all the triangles

-




Corner on the boundary

O Infinite wedge with an edge on the boundary

[Seminara, J.S., Tonni (2017)]

O The surfaceys interseats  orthogonally

© The area can be computedhalytically

L

a, [ ABe] = s ( £ = Falo) log(L/2) + o<1>)]




Corner on the boundary

© The corner function can be written in parametric form:



