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CORRELATION FUNCTIONS
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QUANTUM CORRELATION FUNCTIONS
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RANDOM CORRELATIONS

Squared correlation functions averaged over uniform 
choices of settings for each individual observer.



LENGTH OF CORRELATIONS
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1. Length of correlations is invariant under local unitary operations.
2. Local unitary operations are isomorphic to local rotations.
3. R is the average of any squared correlation over random rotations.
4. There are 3N correlations summed, hence the pre-factor.



RANDOM CORRELATIONS AND TWO COPIES
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EVERY PHYSICAL SYSTEM IS CORRELATED

Universal lower bound:
For all pure states of N qubits

1. Heisenberg hamiltonian has eigenvalues -3 (singlet) and +1 (triplet). 
2. We have to restrict the solution to symmetric subspace.
3. Hence only even number of singlets is allowed, 2k.
4. Therefore the eigenvalues of H11’…HNN’ are given by (-3)2k.
5. The expectation of H11’…HNN’ is not below the smallest eigenvalue.



QUANTUM ENTANGLEMENT AND RANDOM CORRELATIONS

A pure state is entangled if and only if

• Operational significance of entanglement
• Entanglement is solely characterised by correlations between all parties
• Entangled states are more correlated in random measurements

A. S. M. Hassan, P. S. Joag QIC 8, 773 (2007); PRA 77, 062334 (2008); PRA 80, 042302 (2009)



DO RANDOM CORRELATIONS MEASURE ENTANGLEMENT?
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MICROSCOPIC REFERENCES
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MICROSCOPIC REFERENCES
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CORRELATIONS WITH MICROSCOPIC REFERENCES
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ENTANGLEMENT DETECTION WITH MINIMAL INDEPENDENT FRAMES
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SPONTANEOUS MAGNETISATION



ENTANGLEMENT DETECTION WITH A SINGLE RANDOM SETTING
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Probability density of observing squared correlations
in a random measurement on a product state
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N 3 4 5 6 7 8 9 10

26% 44% 48% 63% 67% 77% 80% 86%

Probability to detect GHZ entanglement with confidence 95.4%



FINITE RESOURCES

N 3 4 5 6 7 8 9 10

26% 44% 47% 57% 52% 48% 41% 34%

26% 44% 48% 63% 67% 77% 80% 86%

Probability to detect GHZ entanglement in 1000 trials with confidence 95.4%

M: number of random measurement settings
K: number of experimental runs to estimate correlations

then likely state is entangled



PRACTICAL APPLICATION

X.-C. Yao, T.-X. Wang,…,J.-W. Pan, Nature Phot. 6, 225 (2012)

Coincidence click only about every 6 minutes!

Density matrix reconstruction would take 75 years!

With the random setting you likely detect entanglement in 4.5 days



SUMMARY

Pure state entanglement is solely characterised by N-party correlations 

Entangled states are more correlated in random measurements
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