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Collective phenomena in Q
Quantum Communication
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How to measure
entanglement?

- Entanglement between two spins in the
network (bipartite)

- Multipartite entanglement
- Block entropy

- Localizable entanglement
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concurrence between spins at sites 1 and |

- construct
It = p(z,])ﬁ(z,])
where
0=0Q0oc’p 0 Q 0

- the concurrence Is defined as

C(Zaj) = ma,x{(), )\1(7’7.7) = A2(?’7]) = /\(Zaj) = )\4(27])}

where A\ s are the eigenvalues of /{ in ascending
order




Ising chain in a transverse field

Exact solution - free

fermions
Pfeuty ‘70




Entanglement correlation lenght

L=infinity, A=1

C,=0forn>2

A. Osterloh, L. Amuco, G. Falct, and R. Fazio 02



Next-neighbour
concurrence

critical region

A. Osterloh, L. Amico, G. Falci, and R. Fazio ‘02




Next-neighbour
concurrence

— L=infinity
— L=7

— CI(V

Nl ij In |A—1| + const.
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Block entropy

Ground State:
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Block entropy
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- G. Vidal, J. I. Latorre, E. Rico, A. Kitaev ‘02
- V. E. Korepin 04
- P. Calabrese, and J. Cardy 04
- |. Peschel and J. Zhao 05




Helsenberg IVlodel

Constant couplings

Random HM
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Entropy scaling - disordered case

The entropy should scale as in the clean case with
an “effective” central charge

G. Refael and J. Moore ‘04

Tested numerically for the XX model
N. Laflorencie ‘05




Entropy scaling - disordered case

.o'onn‘o..

N =50 10* realizations
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Prepare the system In a state (not an eigenstate) with
all the entanglement localized in a given part of the

chain L. Amico, A. Osterloh, F. Plastina, R. Fazio and G. M.
Palma ‘04
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Dynamics of Entangleme

N a state (not an elgenstate) with
localized In a given part of the
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L. Amico, A. Osterloh, F. Plastina, R. Fazio and G. M. Palma ‘04




Static
critical scaling

Dynamic

Entropy Increase IS proportional to quench

Entropy saturates att ™

{ 4depends on L and velocity



Dynamics of block entropy
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Instantaneous
Quench
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Dynamics of block entropy - DMRG results

INn this case -

saturation
at vi* = L




Dynamics of block entropy - DMRG results




Dynamics of block entropy - DMRG results




Dynamics of block entropy - DMRG results




Dynamics of block entropy - DMRG results




Dynamics of block

- | Disordered chains
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Entanglement localization ?
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- Entanglement very sensitive 1o guantum critical
points

- Numerical analysis of the block entropy for the
Heisenberg model

* |In the clean - linear increase with time

* In the disordered case - entanglement
localization?






