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Motivation

From AdS/CFT, celestial holography, 3D gravity, corner symmetries =⇒
Holographic correspondences encode parts of gravity

Goal: Understand holography and information transport in spin network

context

Study restricted class of spin network states using random tensor network

techniques:

Fix graph structure and intertwiner data, randomise the rest.
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Spin networks as tensor networks

Key strategy: Apply tensor network methods for a typicity statement.

Individual vertex states, apply projection onto maximally entangled link state

=⇒ Dependence on single group element on glued edge.

Ψ(g1, g2) =

∫
dhψ1(g1h)ψ2(g2h) = Ψ(g1(g2)

−1, e) (1)

Spin network basis states are naturally tensor network states, with individual

tensors: Ψ ∈ L2(G v/GDiag )
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Context and previous work

(Han, Hung ’17): Similar method, with focus on boundary entropy.

(Colafranceschi, Oriti, Chirco ’21,’22): Isometry degree of maps from inter-

twiners to boundary edges, with fixed edge spins.

Study entropy and isometry questions through Ising model on graph.

=⇒ Holographic maps possible only with inhomogeneities in the spins.

=⇒ Ryu-Takayanagi formula for bulk entropy.

Colafranceschi, Oriti, Chirco - 2105.06454 , 2012.12622 , 2110.15166, Han - 1610.02134
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Methods

Extend this to superpositions of different spins. Same method - work in tensor

network (PEPS) class of spin network superpositions and randomise over vertex

wavefunctions. (Harlow ’15, Yang ’16, Hayden ’16, Qi ’17, ...)

Check induced boundary (A)-to-boundary (B) map ⟨θB |Φ |θA⟩ = ⟨ϕ| θA, θB⟩.

|ϕ⟩ = ⟨ζ|I
⊗
e∈E

⟨e|
⊗
x∈V

|Ψx⟩ , where |Ψx⟩ = Ux |Ψ0⟩ random (2)

▶ Renyi 2-Entropy of reduced state ρA maximal ↔ isometry.

▶ Seperate calculation into sets of spin values {je : e ∈ Eγ}
▶ Replica trick, introduction of Z2 spin to account for swaps

=⇒ Equal to partition sum(s) of random Ising model.

⟨e−S2⟩=̂Z =
∑
J,K

P(J,K )Z J,K (3)

Hayden, Harlow, Yang et al - 1601.01694 , 1503.06237 , 1510.03784, JHEP08(2017)060
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Results

Condition for isometry:

▶ isometry for each set of spins

▶ weights related to product of areas

For high spins, P(m, n) = pmpn. Then needed:

pn ≈ dim(HC ,n)

dim(HC )
=

∏
e∈C djn,e∑

m

∏
e∈C djm,e

(4)

Calculate EV of area of a boundary region: In a holographic state, given by

simple combination of individual values. For many similar geometries:

⟨⟨AC ⟩ρ⟩U ≈ 4

3
AC ⟨⟨(∆AC )

2⟩ρ⟩U ≈ 2

9
AC

2
(5)

(∆AC )
2

(AC )2
≈ 1

6
=⇒ nonvanishing relative uncertainty (6)

2207.07625
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Summary

Typical large-spin superpositions of spin networks feature boundary/boundary

isometry under simple conditions.

If so, their geometric properties are easily related to the constituents.
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Outlook

Possible applications

▶ Radially symmetric geometries (compare to Yi Li Wang’s talk of yesterday)

▶ Spin network states as channels between boundary models of punctures

▶ With Dynamics: Causal characterisation of entanglement shadow

▶ Semiclassical superpositions?

Thank you for your attention!
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