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Problems

� Which is the maximum degree of nonlocality D for a six-
qubit graph state allowing bipartite elements of reality?

� Which is the maximum D for the perfect correlations of a 
n-qubit graph state?

� Which is the relation between D and η?

� Can these results help us to make a loophole-free 
experiment?

(D is the ratio between the QM value and the bound of the Bell 
inequality. η is the minimum overall detection efficiency required for a 
loophole-free experiment.)



Plan

� Previously on the School…

� Problem #1… Solved

� Problem #2… Solved for n < 7 

� Problem #3… Solved for GHZ states� Problem #3… Solved for GHZ states

� Problem #4… Work in progress



Plan

� Previously on the School…

� Problem #1… Solved

� Problem #2… Solved for n < 7 

� Problem #3… Solved for GHZ states� Problem #3… Solved for GHZ states

� Problem #4… Work in progress



The Mermin inequality
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The n-qubit Mermin inequality
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Graph states

Graph states are a family of multiqubit pure entangled states. 

Each graph state is associated to a graph 

Vertices: qubits.

Edges: entanglement between the connected qubits. 



Graph states: Constructive definition

For a given graph G, a preparation of the corresponding graph state  
consists:

• In associating wich each vertex a qubit in the state
then

• In applying, for each edge between two qubits a and b, the unitary 
transformation CZ on the qubits a and b
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Graph states: Entanglement

The following graphs represent LC-equivalent graph states. 
Therefore, they represent LU-equivalent states. 
Therefore, they have the same entanglement.



All graph states up to seven qubits

Graphs corresponding to all possible graph states, up to 
seven qubits, which are not equivalent under single-qubit 
transformations and graph isomorphism, M. Hein, J. 
Eisert, and H. J. Briegel, PRA 69, 062311 (2004).



Problem

• If we distribute n qubits between two parties, 
what quantum graph states and distributions of qubits 
allow AVN proofs using only single-qubit measurements?



Six-qubit graph states allowing bipartite AVN proofs



Problems

� Which is the maximum degree of nonlocality D for a six-
qubit graph state allowing bipartite elements of reality?

� Which is the maximum D for the perfect correlations of a 
n-qubit graph state?

� Which is the relation between D and η?

� Can these results help us to make a loophole-free 
experiment?

(D is the ratio between the QM value and the bound of the Bell 
inequality. η is the minimum overall detection efficiency required for a 
loophole-free experiment.)



Two-photon four-qubit experiments

M. Barbieri, F. De Martini, P. Mataloni, 
G. Vallone, and AC,
PRL 97, 140407 (2006).

G. Vallone, E. Pomarico, P. Mataloni, 
F. De Martini, and V. Berardi,
PRL 98, 180502 (2007).



Two-photon four-qubit experiments

D = 2, 16 terms D = 2, 4 terms



Two-photon six-qubit experiments 

D = 4, 16 terms; η > 0.40D = 2.8, 64 terms
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The Mermin inequality
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Mermin inequalities for graph states

� Gühne et al., 2005:

� Now: Find the one with the largest degree of nonlocality 
of the family
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For GHZ states and the Mermin inequalities
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