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Experiments show local thermal behavior in 

globally pure states

A.M. Kaufman et al., Science 19 Aug 2016:

Vol. 353, Issue 6301, pp. 794-800
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needed to specify a 

particular string?

𝑆𝑆 = −෍𝑥 𝑝 𝑥 log 𝑝 𝑥
For 8 strings, 𝑝 𝑥 = 18:𝑆𝑆 = −log2 18 = 3 bits

(not necessarily a whole number)



Information and entropy

𝑉𝑁 8𝑁𝑉𝑁

Correlations reduce uncertainty



Extension to quantum mechanics

𝑆𝑣𝑁 = −Tr ො𝜌 log ො𝜌
𝑆𝑛 = 11 − 𝑛 logTr ො𝜌𝑛
𝑆2 = − logTr ො𝜌2

Pure state: 𝑆2 = 0 𝑇 = 0
Mixed with equal weights: 𝑆2 = log𝑁
Maximally mixed: 𝑆2 = log𝑉ℋ 𝑇 → ∞

1Tr ො𝜌2~weighted # of states contributing to ො𝜌

= log rank ො𝜌

von Neumann:

Rényi:



System of interest

෡𝐻 = Ƹ𝑝↑,↓22𝑚 − 𝑔𝛿 ො𝑥↑ − ො𝑥↓ + 12𝑚𝜔02 ො𝑥↑,↓2 1 + 𝛼 sin 𝑡𝑇 ෠𝒯 = exp −𝜏 ෡𝐻

𝜏 → 𝑖𝛿𝑡
lim𝑁→∞ ෠𝒯𝑁 Ψ = Ψ0

෠𝒯 Ψ 𝑡 = Ψ 𝑡 + 𝛿𝑡
Not Monte Carlo; 

numerically exact

Transfer matrix:

Ground state projection:

Wick rotation:

Real-time evolution:

WJ Porter and JE Drut, Phys. Rev. B 94, 165112, 2016.



Agreement with previous work

𝜔2 𝑡 = ቊ𝑒±𝑡, 𝑡 < 1𝑒±1, 𝑡 ≥ 1 𝜔2 𝑡 = 𝜔02 1 + 0.5 sin 𝑡𝑇
Ebert, Martin et al. Annalen Phys. 528 

(2016) no.9-10, 693-704 arXiv:1512.06628
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Small subsystems appear thermal

ො𝜌𝐴 = Tr ҧ𝐴 ො𝜌 Fraction of Hilbert space occupied indicates 

quasi-temperature à la exp −𝛽Δ𝐸

𝐿𝐴

𝑉ℋ𝐴 = ෍𝑘=0𝑁↑ 𝐿𝐴𝑘 ෍𝑘=0𝑁↓ 𝐿𝐴𝑘



Energy reveals unstable regions

Non-interactingAttractive Repulsive

2-body

3-body



Hilbert space occupation around resonances

Non-interactingAttractive Repulsive

𝐿𝐴 = 2

𝐿𝐴 = 3



Summary and acknowledgements

• Entanglement causes locally 

thermal behavior in a globally 

pure state

• Measured by 

entanglement entropy, 

fraction of Hilbert space

• Driven behavior is coupling-

dependent

• Off-resonant driving yields 

non-trivial entanglement 

structure
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