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JT Gravity and SYK Model

JT Gravity [Teitelboim 1983] [Jackiw 1985]
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SYK Model ∑
1≤i1<i2<i3<i4≤N

ji1i2i3i4ψi1ψi2ψi3ψi4 (2)

• solvable in strong coupling limit (N ≫ βJ ≫ 1)

• maximally chaotic (Quantum Chaos)

• emergent conformal symmetry (Emergence)
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Information Loss

von Neumann Algebra [Leutheusser, Liu 2021] [Witten 2021]

• I: algebra of all bounded operators (finite N)

• II: loss of pure states (large N expansion to all orders);

II1: allowance of maximally mixed state

II∞: no maximally mixed state

• III: loss of pure state, density matrix, and trace operations

(N →∞ or large N expansion up to some orders)
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SYK Model and Backreaction

• Extension of SYK Model

i√
M

M∑
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∑
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†
j + g∗

i1i2,jψi1ψi2Ψj), (3)
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• Dirac fermion Matter (from the extension)

SDF =
λ

32πG2M̃

M̃∑
k=1

∫
d2x

√
| det gρσ| Ψ̄k γ̄

µ←→D µΨk , (5)

where M̃ = M/2
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Maximally Mixed State

• simulations suggest EE with a fixed initial state, |0 · · · 0⟩ by
tracing over the matter sector:

(i) first increases and then saturates

(ii) saturates to the maximally allowed value of M ln 2 in the

large-N limit

(iii) saturation time is finite in the large-N limit

• state is well approximated by one that is maximally entangled

|ψ⟩ = 1√
2M

2M∑
j=1

|jM⟩ ⊗ |jD⟩ . (6)

when reaching the saturation regime in the large-N limit
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Symmetry

• Hamiltonian do not commute with the particle-hole operator

H ≡ K

Td∏
j=1

(cj + c†j ), (7)

where Td ≡ N/2 +M, and K is an anti-linear operator

• charge-conjugation operators:

P ≡ K

Td∏
j=1

γ2j−1; R ≡ K

Td∏
j=1

iγ2j , (8)

where Td ≡ N/2 +M, commute with the Hamiltonian
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Random Matrix

• N/M is large enough:

• Td mod 4 = 0, (P2,R2) = (1, 1), no degeneracy, GOE;

• Td mod 4 = 1, (P2,R2) = (1,−1), no degeneracy, GUE;

• Td mod 4 = 2, (P2,R2) = (−1,−1), twofold degeneracy,

GSE;

• Td mod 4 = 3, (P2,R2) = (−1, 1), no degeneracy, GUE,



Introduction Backreaction of Dirac Matter EE and vN Algebra Quantum Chaos

Thank you!
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