
Did physicists create a
wormhole in the lab?

AdS/CFT, SYK, wormholes, ER = EPR,
Sycamore, AI, and all that

DALL·E “Alice and the cat from Alice in Wonderland going
down a blackhole in synthwave style”

Antoine Tilloy
November 28th, 2022
Christmas TLS



A recent breakthrough?



A recent breakthrough?
▶ Quanta magazine:

The unprecedented experiment explores the possibility that space-time
somehow emerges from quantum information

▶ Nature article:
This work is a successful attempt at observing traversable wormhole dy-
namics in an experimental setting.

▶ France Info:
Alors, les trous de ver existent ? En un sens, oui : l’ordinateur quantique
a reproduit toutes les caractéristiques du trou de ver : deux paquets
de particules séparées ont été connectées, via une sorte de tunnel, une
particule supplémentaire a été ajoutée d’un côté. Et elle est ressortie de
l’autre. Ça donne corps à cette vieille idée de la physique, qui avait été
posée en 1935 par Einstein, comme une solution possible de sa théorie
de la relativité.
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Actually
An experiment on 9 qubits with 164 two-qubit gates:
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Objective

Debunk the claims while understanding a bit more of the jargon

1. General relativity and Einstein-Rosen bridges
2. Holography
3. Sachdev-Ye-Kitaev model
4. The experiment (AI sparsification)



General Relativity, Black holes, and Einstein-Rosen bridges

DALL·E “Two astrophyiscal blackholes connected by a thin tube”



General relativity

▶ Matter follows geodesics in space-time ∂µ → Dµ

▶ Space-time is curved by matter

Rµν −
1
2R gµν +Λgµν = 8πG Tµν



Black holes I

Schwarzschild’s metric

ds2 = −
1

1 − 2m/r dr 2 − r 2(dθ2 + sin(θ)2dϕ2) + (1 − 2m/r)dt2

Spherically symmetric solution without matter, i.e. Tµν = 0
→ weird at r = 2m



Intermezzo: Penrose’s conformal coordinates
Minkowsky space-time

x + t = tan(u + v) and x − t = tan(u − v)

perserves local lightcones!

credit Izaak Neutelings



Black holes II: Penrose coordinates
Schwartzschild’s space-time in spherical coordinates (r , t) → Kruskal
coordinates (U ,V ) → Penrose conformal coordinates (u, v)

credit Izaak Neutelings



Black holes III: Maximally extended solution

credit Izaak Neutelings

A (non-traversable) wormhole or Einstein-Rosen bridge



A (non-traversable) wormhole

Interesting if I and III are two patches of the same space-time

Falling into two different black holes, you could fall into the same interior



A traversable wormhole?

Proposed by Ellis and Bronnikov in 1973
Rediscovered and popularized by Thorne in 1988

1. Has geodesics joining both sides!
2. Not a solution of Einstein’s equation in a vacuum (unstable)
3. Requires negative energy to stay open



ER = EPR

Maldacena and Susskind 2013
Black holes connected by a bridge are a lot like EPR pairs.
▶ funky non-local stuff going on
▶ no information transferable

What if it’s the same thing?

From vague analogy to duality to equality



Holography and AdS/CFT



Holographic duality

Bekenstein-Hawking formula
A black hole with an event horizon of area A has entropy

SBH =
kB

4ℓ2P
A

As if the “relevant” degrees of freedom lie on the surface



The original Maldacena duality

Conjecture by Maldacena, 1998
The following two theories are “dual” to each other
▶ Type II-B string theory on AdS5 × S5

▶ N = 4 supersymmetric Yang-Mills quantum field theory

→ Most cited paper in high energy theory (∼ 23000)



AdS / CFT correspondence

One should always be able to relate observables in
1. Conformal Field Theories CFT in d dimensions
2. Gravitational Theories in d + 1 dimensional anti de Sitter space AdS

From conjecture to correspondence and from duality to equality
Comment: our universe is dS
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Traversable holographic wormhole

Gao – Jafferis – Wall 2017
Add an interaction term between two holographic black holes L and R

HCFT → HCFT + µ

∫
OL ⊗ OR

Information can now be sent from one BH to the other

▶ Sort of obvious without invoking gravity
▶ Fancy on the gravity side (“wormhole is held open by a negative energy

pulse”)
▶ They call it “quantum teleportation” through the wormhole
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The Sachdev-Ye-Kitaev model



SYK

Definition
It is a model of N Majorana fermions with all possible random 4-body interaction

H = −
1
4!

N∑
i1,i2,i3,i4=1

Ji1i2i3i4ψi1ψi2ψi3ψi4

▶ ψ†
i = ψi and {ψi , ψj } = 2δij

▶ Jijkl independent Gaussian random variables

Interesting features
1. Maximally chaotic
2. Solvable at N → +∞
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SYK duality

Duality to JT gravity – Kitaev 2019
SYK (0+1 dimensions) at large N is dual to Jackiw–Teitelboim gravity (toy
model of gravity in 1 + 1 dimensions)

SYK looks like it describes the point boundary of toy gravity in 1 + 1 dimensions



SYK “traversable wormhole”

Gao - Jafferis 2021
Take two SYK models,
Initialize the pair in a “thermofield double state”

|ψ⟩ =
∑

n
e−βEn/2|n⟩L|n⟩R

couple them with

V = µ
∑

i
ψL

i ψ
R
i

Tuning µ you transfer information well from L to R

▶ Surprising? we added by hand what is needed!



The experiment

Albert Einstein riding a unicorn on the surface of the moon, in the style Hergé



The paper



SYK with N = 10

For N = 10,

H = −
1
4!

N∑
i1,i2,i3,i4=1

Ji1i2i3i4ψi1ψi2ψi3ψi4

is still too deep to simulate with Sycamore
→ sparsify massively



Sparsified SYK

Testing theoretically the state transfer protocol suggests qualitative agreement:

▶ State transfer still pretty bad
▶ So far, pure theory



Implementation
Supplementary:

Results:



Some conclusions about the logic

▶ A sparsified version of a conjectured dual of an unphysical toy model of
gravity was quantum simulated with an additional term in the dynamics.

▶ All was exactly simulable classically and experimental results were mixed

▶ No holography or ER=EPR stuff can be validated since they are assumed,
and only one side of the duality (the trivial one) is simulated

▶ The link with gravity is words, a nice story



Conclusion – from the AI


