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𝐶,≼ 𝐶 ≼

∀𝑥 ∈ 𝐶: 𝑥 ≼ 𝑥

∀𝑥, 𝑦 ∈ 𝐶: 𝑥 ≼ 𝑦 ≼ 𝑥 ⇒ 𝑥 = 𝑦

∀𝑥, 𝑦, 𝑧 ∈ 𝐶: 𝑥 ≼ 𝑦 ≼ 𝑧 ⇒ 𝑥 ≼ 𝑧

∀𝑥, 𝑦 ∈ 𝑐𝑎𝑟𝑑 𝑧 ∈ 𝐶: 𝑥 ≼ 𝑧 ≼ 𝑦 < ∞

𝑁

→



• 𝜌 ∝ ℓ−1/𝑑

• < 𝑁 >= 𝜌 𝑉
• 𝑉𝑠𝑡 ∝ 𝑁
•

•
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3 4

𝐿 =

0 1 0 0
0 0 1 1
0 0 0 0
0 0 0 0

𝐶 =

0 1 1 1
0 0 1 1
0 0 0 0
0 0 0 0
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Σ

𝑡

A B

𝜌Σ

𝜌𝐵 = Tr𝐴𝜌Σ

𝑆𝐵 = −Tr𝜌𝐵 log 𝜌𝐵

𝑆𝐴 = 𝑆𝐵 = ∞

•

•

ℓ 𝑆𝐴,𝐵 ∝
Area 𝜕𝐴

ℓ𝑑−2
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• 𝜕𝑡 + 𝑓 𝜕𝑥 𝜙 = 0

• 𝑓 □ 𝜙 = 0

•
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Spacetime entropy

• 𝑖Δ = GR − (GR)𝑇 Δ = [𝜙, 𝜙]

• 𝑊 = ⟨𝜙𝜙⟩
Δ = 2 ℑ 𝑊 ; ℜ 𝑊

𝑊 ⋅ 𝑣 = 𝑖𝜆 Δ ⋅ 𝑣 Δ 𝑣 ≠ 0 → 𝑆 = σ𝜆 log |𝜆|

SJ quantization

□ → 𝐺𝑅 → Δ → 𝜙,𝜙
𝑓𝑟𝑒𝑞

𝑎 → 0 → 𝑊

• 𝐺𝑅 → Δ → 𝑊𝑆𝐽

𝑊 specifies completely the free theory.

• 𝑊 −𝑊∗ = 𝑖Δ
• 𝑊 ≥ 0
• 𝑊𝑊∗ = 0

𝑊𝑆𝐽 = 𝑃𝑜𝑠 𝑖Δ
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𝐺𝑥𝑦
(2)

=
1

2
𝐶𝑥𝑦

𝐺𝑥𝑦
(3)

=
1

2𝜋

𝜋𝜌

12

1/3
𝐶 + 𝕀 2

𝑥𝑦

−1/3

𝐺𝑥𝑦
(4)

=
𝜌

2𝜋 6
𝐿𝑥𝑦

•

𝐵𝜌
(𝑑)

𝜙 𝑥 = (𝜖𝜌)2/𝑑 𝑎𝜙 𝑥 +

𝑛=0

∞

𝑏𝑛 

𝑦∈𝐼𝑛 𝑥

𝜙 𝑦

𝜖 =
ℓ

𝑙𝑘

𝑑

, 𝑙𝑘 ≥ ℓ
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𝑁 ∝ 𝑉𝑠𝑡 ⇒ 𝑆 𝑈 ∝ 𝑉𝑠𝑡

Δ, 𝑊𝑆𝐽 = 𝑃𝑜𝑠(𝑖Δ)

𝑊𝑆𝐽 ቚ
𝑈
𝑣 = 𝑖𝜆 Δ ቚ

𝑈
𝑣, 𝑆 =𝜆 log |𝜆| , ℓ ∝ 𝜌−1/𝑑 ↗

U
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𝑊 ቚ
𝑈
𝑣 = 𝑖𝜆 Δ ቚ

𝑈
𝑣, Δ ቚ

𝑈
𝑣 ≠ 0

ker Δ → 𝑘𝑚𝑎𝑥 ∝ ℓ−1 = 𝜌1/𝑑

𝛼min = 𝑐𝑑 𝑉
2𝑑−1 𝑁1−1/𝑑

𝑆 ∝
𝐴

ℓ𝑑−2
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•

→

•

Δ = ker(□)

𝑣𝑗 σΔ𝑖𝑗𝑣𝑗 = 0 𝑣𝑗𝜙
𝑗 = 0 →

→ dimker Δ =𝑘 ∼ 𝑂 log𝑁 ≪ 𝑁 →

Δ = [𝜙, 𝜙] →
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