Exploiting low entanglement in nuclear shells
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Entanglement in many-body physics

Measures unseparability of quantum states:
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Quantified with Von Neuman entropy:
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Shell model

1. Single particle Schrodinger equation 2. Interaction shell model:

H.O. potential + spin-orbit — Mean field + residual two-body
Interactions:
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— Dlagonallzatlon problem
— Provides orbital/valence space
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Single orbital & orbital-orbital entanglement

sd shell, Z=2, N=6
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Mutual information across the sd shell
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Equipartition entanglement

most natural partitions
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Can we harness (low) entanglement?

I

Schmidt decomposition:
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Can we harness (low) entanglement?

Non-degenerate
A=0.83
M=0,0

Schmidt decomposition:
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Adapt VQE

1. Initial state: lowest energy basis state
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2. Pool of operators for the ansatz
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Can we harness (low) entanglement?

let’'s simulate 6 product states
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Can we harness (low) entanglement?

let’'s simulate 6 product states
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Conclusions

Entanglement in nuclei: fundamental & practical interests

Entanglement is low (lowest) between protons & neutrons and large (~largest) between
M<O0&M>0

Circuit cutting + degeneracy of SV improves adapt VQE (smaller circuits, faster convergence)
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