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Quantum Entanglement

Del Maestro Group

Part of the group research focuses on Quantum
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Mode Entanglement

Quantum information shared between different partitions
of a state
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Symmetry resolved entanglement
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Particle number conservation limits the amount of
entanglement that can be physically accessed



Symmetry resolved entanglement
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Accessible Entanglement
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Particle Partition Entanglement
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Computational Tools

Fermions
< Exact diagonalization of interacting “* Generalization of Correlation Matrix
fermions including time after a quantum method targeting Symmetry resolved
guench entanglement.
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Computational Tools
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Computational Tools

Bosons

** PIGSFLI: A Path Integral Ground
State Monte Carlo Algorithm for
Entanglement of Lattice Bosons,
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Balls and Walls: A Compact Unary Coding
for Bosonic States

L = 11 sites
N = 11 bosons
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Balls and Walls: A Compact Unary Coding
for Bosonic States

L = 11 sites
N = 11 bosons

11 t ~ O(L) 32 bit integer
2,0,1,0,3,0,1,0,0,0,4)

l

Soft-Spin (SS) Iss 64 bit integer

Permanent Ordering (PO) Ipo

00100000000100000011000000100000000000000100



Balls and Walls: A Compact Unary Coding
for Bosonic States

N = 11 bosons L = 11 sites
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Balls and Walls: A Compact Unary Coding
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Balls and Walls: A Compact Unary Coding
for Bosonic States

N = 11 bosons L = 11 sites
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L=L+N Unary coding for bosonic states is as efficient
as conventional binary encoding for fermionic
states



Bose—Hubbard model
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Bose—Hubbard model

Example: L =N =3

Translational symmetry: [T, H] = 0, Ta,:-r = a,L_lT
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Bose—Hubbard model

Example: L =N =3
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Bose—Hubbard model

Example: L =N =3
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Bose—Hubbard model

Example: L =N =3
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Bose—Hubbard model

Example: L =N =3
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Bose—Hubbard model

Example: L =N =3
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Bose—Hubbard model

Example: L =N =3
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Bose—Hubbard model
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Bose—Hubbard model
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Quantum Entanglement

Exact diagonalization
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Soft-spin approximation
Setting hard cutoff on the allowed occupation 1, ., = 3’ 47 and 5
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Soft-spin approximation

Setting hard cutoff on the allowed occupation  n,,,,. = 3,4, and 5
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L=N
The relative error in accessible entanglement increases with the
system size



Relative error scaling

Free bosons
S2°(0) = 0

Accessible Entanglement
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Particle Entanglement

Free bosons Interacting bosons
n
S(n) =0 S(Tl) ~ E In /N bosonic Luttinger liquids
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Luttinger parameter

C. M. Herdman and A. Del Maestro, Phys. Rev. B 91, 184507




CONCLUSIONS

Unary coding for bosonic states is as efficient as the

conventional binary encoding for fermionic states.

Time complexity is reduction by O(L).

In the Bose—Hubbard model, restricting the bosonic occupation
numbers to a few bosons per lattice site could lead to large

relative errors in the accessible entanglement.

Similar behavior is expected in the case of particle bipartition.
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One-particle entanglement for one dimensional
spinless fermions after an interaction quantum quench
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