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|. Spacetimel.ocality and ER=EPR Conjecture
ll. Construction of the Countezxample

ll. Debate with Professor J. Maldacena
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Space-time Locality

Locality (Impossibility of superluminal signal)
1.Quantum TheonyEPR entanglement
2.General RelativiBER bridge

Violation of Locality?---NQO!

ER bridgeshould remairun-traversable even
In the quantum theory



AdS Black Holes

INAASCFT framework, an eternAldS
Schwarzschild BH and the Penrose diagram:
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Consider such a scenario:

A large number of particlentangled into
separate Bell pairs and separate thenwhenwe
collapse each side to form two distant black
holes, the two black holes will be entangled

Nowthey make aconjecture that they will also
be connected by an EinsteiRosen bridge
ER=EPR Known: ERA EPR

Conjecture: EPRA ER



The ER=EPR Conjecture

How to realize in the usual Hawking radiation
scenario?
Second black hole= early half of HR.

/ \Bl ck ho ]/ Hawkmg radiation /
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The Broken Bridges

Step 1. Generate an entangled system
Step 2: Formation of the ER bridge
Step 3: Collapsing of the bubble

Step 4: Evaporation of the black hole

Step 5: Communication via ER bridge



Generate an entangled system

GR with N massless scalar fields
S=f/ 90§ AZ( B UT A 5( D

The potential haswo minima: (AdSspace)
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Generate an entangled system

Prepared in advance (e.g. by a third observer




Trapping by Bubbles

Two true vacuum bubbles are created and
trap the L and R.

Conditions:
1. One bubble is contracting, the

other expanding
. \2 Spherically-sym thin -shell
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Formation of the ER Bridge

According to ER=EPR, we induce the ER bridg
(by scramblingthe two aremaximally entangled)
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Collapsing of the Bubble
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By changing boundary conditions of R, \ Y
We can induce the shrink of the black hole. \

(through Hawking radiation)




Evaporation of the Black Hole

ds’ = _ég 2M (v) g\,? 2 dvd Consider semtlassical metric

C r Vaidya metric approximation
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Communication via ER Bridge

singularity




Conclusions

A counter-example of ER=EPR

1.1f the thought experiment and ER=EPR are
true---violate locality of EPR.

2.ER=EPR Is not generic

Perhaps quantum gravity do not respect
locality??



What is a counter-example?

One possible way:
ER=EPR respects locality.
Violation of locality through traversable ERB.

Violation of ANEC is a prerequisite.
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Criticism from Prof. Maldacena
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1. By changing the boundary conditions,
there would bepositive energy contribution
from the collapsing shell.

2.Positive energy wouldominate over the
negative energyof Hawking radiation.



Criticism from Prof. Maldacena

3.Even in largeN fields, the effect will not
only enhance the Hawking radiation balso
the positive energy.

4. TheER bridge would still be umaversable
since ANEC is not violated

5. Also, there are mamyroofs
regarding the ANEC.



