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Entanglement Renyi Entropies
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Entanglement Entropy in AAS/CET

[Ryu, Takayanagi'06]
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Disconnected regions (Mutual Information)
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Question: CFT in 1+1d [see Cardy,Calabrese...]
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Motivation (CFT):

Characterise operators from the perspective of quantum entanglement

Motivation (AdS/CET):

This Talk: Modest step towards this...
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Entanglement and locally exited states
Large c limit and AdS/CFT

Finite temperature

Mutual information

Scrambling time



Entanglement and locally exited states

p(t,x) = Ne "te " O(x) |0) (0] O(x)e " et

- |
O (wak 41, Wak+1) I

r — —— —
v O(wak42, W2k42) ¢~ N
=~ S-- A
X1 |

OV (wop43, Wok+3) :

1
n ) 3 * O — ’—\l A
1 (Wok+a,W2kt4) £
T(pA &~ e ‘el
X1

O (wop 5, Wak+5)

|
|
|
|
T <
O(w2k+6,@2k+6)( -
Vs Se__=-1 A

X! !

Agm _ 1 log Tr(pn) | _ 1 log[<O(w17wl)OT(w%wQ)“'O(an?U_J2n)>2n
A 1 —n Tr(pgx)))n 1 —n (<O(w1, U_Jl)OT(’wg,U_JQ»El)n

[Sierra et al.,’12] [Nozaki,Numasawa, Takayanagi, 13]




Rational CFT [He,Numasawa, Takayanagi,Watanabe’14]
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I_arge C [PC,M.Nozaki,T.Takayanagii4]

Conformal block expansion
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Energy density
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Falling particle of mass m in AdS (Nozaki,Numasawa, Takayanagi 3]

[PC,Nozaki, Takayanagi’'14]

CFT (chain)

Boundary AdS
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Twist operators [Bernamonti et al.’14]
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Large c¢ limit of conformal blocks [Zamolodchikov....]
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Two-heavy and two light operators [Fitzpatrick et al."14]

h/c— 0 Ao /c — fixed

Using this we can compute

t <L

AGH g log {SIH o t(L — t)}

Q el



Back-reaction from a point particle in AdS  [Horowitz,ltzhaki'99]
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In order to find a back-reaction from a particle in AdS we “just” have to find
the map to the r=0 solution in global AdS and insert to the above metric
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Map:
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Entanglement Entropy (d=2)
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Finite lemperature
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Eternal BR-TED duality

Eternal BH
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Evolution of EE In TED
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Operator Insertion to TED [P.C,Simon,Stikonas, Takayanagi'14]
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Point particle in BT/ [PC,Simon,Stikonas, Takayanagi'14]
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Check:

Entanglement Entropy gravity
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Point particle in Kruskal coordinates
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using a map with two parameters
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Mutual Information CFT [PC,Simon,Stikonas, Takayanagi,Watanabe]
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Mutual Information results

[PC,Simon,Stikonas, Takayanagi,Watanabe]
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Scrambling time and two-point functions
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Conclusions

Local excitations are exciting !
Entanglement Entropy (and MI) is the right tool to explore

* We have a model for studying local excitations in AdS/CFT

* Perfect agreement with CF

 Scrambling time from AdS and CFT



