
• Thermodynamic Arrow of Time: 
Heat spontaneously pass from a hotter system to a colder system.
However, it does not always hold in the present of initial correlation.
• Anomalous Heat Flow:
It is possible that energy can pass from colder 
system to hotter system by consuming correlation.
• AdS2/CFT1: Hilbert space      ℋ = ℋ𝐿𝐿 ⊗ℋ𝑅𝑅 .
Hamiltonian 𝐻𝐻𝑡𝑡𝑡𝑡𝑡𝑡 𝑡𝑡 = 𝐻𝐻⊗ 1 + 1 ⊗𝜆𝜆𝐻𝐻 + 𝐻𝐻𝐼𝐼 𝑡𝑡 , with 𝜆𝜆 > 1,

where 𝐻𝐻𝐼𝐼 𝑡𝑡 = �𝑔𝑔 𝑉𝑉𝐿𝐿𝑊𝑊𝑅𝑅 −𝑊𝑊𝐿𝐿𝑉𝑉𝑅𝑅 , 𝑡𝑡𝑖𝑖 < 𝑡𝑡 < 𝑡𝑡𝑓𝑓
0, 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜

, scalar operators 𝑉𝑉 ≠ W.

State at 𝑡𝑡 = 0, 𝑇𝑇𝑇𝑇𝑇𝑇 = 1
𝑍𝑍
∑𝑛𝑛 𝑒𝑒 −𝛽𝛽𝐸𝐸𝑛𝑛/2 𝑛𝑛 𝐿𝐿 𝑛𝑛 𝑅𝑅.
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