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Outline 

- Entanglement in condensed matter systems

- Entanglement and quantum phase transitions
    
    * Bipartite entanglement

    * Block entropy

- Statics & Dynamics



• Spin Systems
• Superconductivity
• Quantum Hall Effect
•….

Entanglement in Condensed Matter

Characterization of condensed phases

Collective phenomena in Quantum Information and 
Quantum Communication



Quantum Computer

two-level systems

Interaction between qubits



Quantum Phase Transitions

- T=0 phase transition driven by a coupling constant  “g”  of the system
Correlations diverge as   |g - gc|-n

 - The phase transition reflects in a change of  the ground  state wavefunction - 

?? Change in the entanglement properties of the ground state ??
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Bipartite entanglement

The state of the two selected spins is mixed









Cn = 0 for n>2

Entanglement correlation lenght
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Dynamics of Entanglement

* Prepare the system in a state (not an eigenstate) with all 
the entanglement localized in a given part of the chain

* Sudden quench of some of the couplings of the model 
Hamiltonian. 



























SUMMARYSUMMARY
- Entanglement very sensitive to quantum critical 
points

- Numerical analysis of the block entropy for the 
Heisenberg model
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* In the clean - linear increase with time

* In the disordered case - entanglement 
localization?
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