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Abstract: <span>We consider rather general spin-1/2 lattices with large coordination numbers Z.<br> Based on the monogamy of entanglement and
other properties of the concurrence C,<br> we derive rigorous bounds for the entanglement between neighboring spins,<br> which show that C
decreases for large Z. In addition, the concurrence C measures the deviation from mean-field behavior and can only vanish if the mean-field ansatz
yields an exact ground state of the Hamiltonian. Motivated by these findings, we propose an improved mean-field ansatz by adding
entanglement</span>
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Problem: system of equations does not close. ..
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Reduced density matrices
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Consider limit Z >> 1 (formally)

. single site: p, = O(1) , e.g.. Trip,}

« two-site correlations S0 = O(1/2)

)
v

. three-site correlations pfo} = O(1 /Z=) etc.

122
Idea: law of large numbers (BBGKY etc.)
8ip = Fousbiw ) = folp) +O1/2)
apie” = 9(Pu- s e ) = qo(Ppus P )t 0(1/Z°)

~() ACOTT
first p, (— mean field), then p;,; - €tc.
P. Navez and R. 5., Phys. Rev. A 82, 063603 (2010).
F. Queisser. K. Krutitsky. P. Navez, R.S. Phys. Rev. A 89, 033616 (2014).
P. Navez, F. Queisser, R.S., J. Phys. A 47.225004 (2014
¢, R.S., EPI Quantum Technology (2014

1. Krutitsky. P Navez. F. Queisse
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Consider limit Z > 1 (formally)
« single site: p, = O(1) ,e.g.. Ir{p,} =
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— mean field), then p/", etc.
P. Navez and R. S.. Phys. Rev. A 82. 063603 (2010).
F. Queisser. K. Krutitsky, P. Navez, R. S., Phys. Rev. A 89, 033616 (2014).

P. Navez. F. Queisser. R.S.. J. Phys. A 47.225004 (2014).

K. Kratitsky., P. Navez. F. Queisser. R.S.. EPJ Quantum Technology (2014).
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Consider two spins (qubits) s« and 7: not entangled 1ff

N4 )
(W) = ) [U0)  e.g.. H>,; 1, \/—)|J>

Maximum entanglement (Bell state)
T, D+ 11D,
V2

General state with concurrence (' with O << " < |

V) = V1 —C |[¢u) |¢) + VCULU, |Bell),

W.K. Wootters. Phys. Rev. Lett. 80, 2245 (1998).
Note: qutrits or three qubits are more complicated

Weapg) = DI + 1D 1D 1)
= V2

1T ,,,) = = |Bell)

nd mean-field ansatz for spin lattices — p.5/16
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Upper bound for concurrence of qubit—pairs
T1(p,) = ddet(p,,) = E C=(peyi~)

- =T —_— . ('
with one-tangle 71 (p,) = 1
V. Coftman. J. Kundu. W.K. Wootters. Phys. Rev. A 61. 052306 (2000):

T.J. Osborne. F. Verstraete. Phys. Rev. Lett. 96, 220503 (2006).

Lattice 1sotropy

(‘(/) V> ) £

Entanglement decreases for large 2

Expectation: mean-field ansatz becomes better
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u'.
Nearest-neighbour interactions only: d" b/ #’

HYme  (H)exact | : __
SH )t \>T“" 4 >\ < (|l 2||B|)VC + O(C)

Concurrence (' measures deviation from mean field

« (' = 0 <= mean field yields exact ground state

monogamy: Z > 1 — C < 1/V/Z < 1
unique mean-field ground state: ' = O (2 =/°

improved mean-field ansatz: (' = O(1/2)
(note: not rigorously proven)

Outlook: bi-partite — tri-partite entanglement. . .
A.Osterloh, RS., arXiv:1406.0311
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