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Can we still learn something from it?
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We would like to approach the problem using the language of open quantum systems.

Consider a bipartite system H = Hgys @ Heny with Hamiltonian

H — Hsys ® 1 _|_ 1 ® Henv _|_ HCOU.p
We want to study

Psys (t) = Trenv| p(t) ]
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Influence Functional

A simple example

In most cases it’s possible to compute systematically the Influence Functional in
perturbation theory. For example with

16, x] = Lysl@] + Lonv[x] + 7 / Az ¢() x(2)

one obtains

Flo| = Z, exp (Z (_13 1 /da71 odxp o) - 9(x) G (21,4 - ,azl))
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Entanglement Entropy and Replica Trick

We are interested in computing entanglement entropies S = Tr| plog(p) |

1
Replica trick: — — n
eplica trick: S = 71L1_>mlS ilini — nlog (Tr[p"]) _
/ S
Euclidean path integrals prepare states = -
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Using the replica trick we can compute the EE for a free scalar in 2D

Cardy-Calabrese (2004): S = ! log !
0 Mme

Then if
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the entropy is
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Entanglement Entropy from Open EFT

Computing the system entanglement entropy from this Open EFT we get

1 1 n?
SS S — 1 I I o o o
ST G0 (ms) 24m*

The global one was




What about gravity?



Gravity EFT and matter

We can use the same machinery for the EFT of gravity coupled to matter

Mot == [ dvg (Rl =)+ [ d%vGLuuls.o

o 2




Gravity EFT and matter

We can use the same machinery for the EFT of gravity coupled to matter

Mot == [ dvg (Rl =)+ [ d%vGLuuls.o

o 2

We expand in fluctuations from a saddle 9, = gy + K h,u to obtain
2 - . "
Mol = — [ dto/j (R -A)+ | a%ege,ln
M M
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Computing the entanglement entropy for the matter theory coupled to gravity
applying the EFT approach developed above we get

Ssys — S¢[§] T 0(1{2)
This is Hawking’s result and

However, we do know how to get a result consistent with unitarity, which is

SrA(OI)

o 2

Ssys = MiNy { - Shulk fields ({ U R)}
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Replicated Influence Functional for gravity

To obtain this result, we propose the following prescription to compute the replicated
open effective theory.

* Replicate the global system (matter and gravity) as specified by the boundary
conditions of interest

* Find all saddle-point geometries

» Consider the effective theory on these backgrounds, and integrate out the metric
fluctuations to obtain the “gravitational” matter open effective theory

Following this prescription and computing the entanglement entropy we get the
island formula.



A non-commutative diagram

. Integrate out .
Gravity and gravity Matter effective
matter theory

Replica EFT Replica
trick trick

Replica Integrate out Island
gravity

M EE
wormbholes > | formula | # atter

Sg SEFT

and matter




Discussion

Results

* We computed the Open EFT for matter in a gravitational environment, which at
leading order is a T'T-like deformation.

* We proposed a prescription to obtain the replicated partition function for systems
in a gravitational environment

Future directions
* Can we learn something from this results?

* Can we understand better this prescription from other pov’s? Tensor networks?



'Thank you!



