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Thermalization and Violation of Thermalization Eigenstates: Ergotropy crossover
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Dims of Constrained Hilbert space 𝐷) ∼ 𝐹)(*,
ℋ+,+-. = ℋ/01 	⨁	ℋ+2345-., host scar and thermal

Diagonalize 𝑷𝑬7𝟎	𝑷𝐅𝐒𝐀	𝑷𝑬7𝟎 to separate 
degenerated |scar⟩ and |thermal〉 in ℋ<7=

𝜓(𝜆) = 1 − 𝜆 scar + 𝜆|thermal>⟩

Global Rotation 𝑅(𝜆)

𝑃 is the entanglement spectrum of state 𝜌 
𝐸' is the energy spectrum of 𝐻 

H𝐸 = Tr(𝜌43?2@AB.3	𝐻)
𝑾 = 𝑬 − L𝑬 Maximal Extracble Work: Ergotropy

𝐸 = Tr(𝜌𝐻)
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Relation between ergotropy and entanglement entropy
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Quantum quench dynamics ergotropy

Ergotropy phase transition where ergotropy 𝑊!	 from extensive to sub 
extensive, by tuning entanglement from area-law scar state to the volume-law 
thermal state, observed from bipartie entanglement entropy density 𝑆EF/𝐿, 
tripartie mutual information (TMI) 𝐼!GH = 𝑆! + 𝑆G + 𝑆H − 𝑆!G − 𝑆!H − 𝑆GH + 𝑆!GH  
, multipartie entanglement the quantum Fisher information (QFI) density 
𝑓I(|𝐸'⟩) with repsect to the antiferromagnetic order operator ∑' −1 '("𝑍' 	 and 
mutual information (MI). Not perfect seperated thermal has non-zero ergotropy.
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𝑆 ∼ 𝑂 log𝑁 , Ergotropy	 𝑊! ∼ 𝑂 𝑁 	
𝑆 ∼ 𝑂 𝑁 ,	Ergotropy	𝑊!∼ 𝑂 1/𝑁 	Bound energy 𝑄! ∼

J!
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Ergotropy crossover exists for states with finite overlap with scar states 
Ergotropy crossover can be observed at experiment accessible states.

Outlook: unitary + measurement  -> Maxwell’s demon

Scar
Thermal

Scar: High energy density

Thermalization: Thermal Violation of Thermalization: Scar

Scar: Low entanglement
 

𝜌K-??LM3 no extractable energy
𝜌+2345-. ⊂ 𝜌K-??LM3

Unitary (reshuffle)
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For non-interacting 
critical state, 𝑄 ∼ 𝑆EF* /𝐿
𝐿 is the system size

𝜓 𝜃, 𝑡 = 𝑈(𝑡)𝑃𝛱'𝑅'
D 𝜃 ℤ*

Global projector 𝑃: Rydberg blockade

Divide into subsystem 𝐴 and environment 𝐴̅, 𝐻	 = 	𝐻! 	⨂	𝐻!̅ 
consider subsystem mixed state 𝜌

Q: How much energy can we extract 
from quantum many-body scar (QMBS)?

PXP model
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𝜓 0 = scar , 𝜓 𝜋/2 = thermal
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