#12 Testing Bell inequalities

“What can be more fascinating than experimental metaphysics?”
-Abner Shimony-

Siheon Park, Uinyung Han, Jeungrac Lee,
Yunjung Quim, Yeomoon Yun

QISKIT code: https://github.com/Siheon-Park/test-bell-ineq




Motivation
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Background of Bell inequality
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Entanglement Swapping
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CHSH, := CHSH(1,2;1,2) + CHSH(1, 3; 3,4) + CHSH(2,3;5,6) <6,  +X“(Dgy + Ey) — YO (DY, — EL)).
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Result

We performed $CHSH_3$ inequality violation experiment on various IBMQ quantum devices. To reproduce the
experiment, rtun Entanglement_Swapping CHSH_3 with_2 graphs.ipynb Notebook with your choice of IBMQ
devices. The meaningful result against quantum volume of the devices are shown in the table.

Device QuantumVolume  # qubits CHSH_3
ibmg_quito 16 5 1.769776616219977
ibm_lagos 32 T 5.812749912639812

Although we did not achieved violation due to noise, as QV improves, the bound becomes larger. It seems that
SCHSHS of specific measurment basis is responsible for the inviolation. We also presents experiment result figure
performed on ibm_lagos.
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Green line represents $7.66$ and red line represents $6%$. Dashed biack line is $6\sqrt{2}$. label 'CHSH-Sim' is the
experiment result.
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Figure S2. The weights ¥ for the game score.
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Conclusion

. used as a nice benchmark method
« Quantum Algorithm to solve SDP
« Readout error correction had minimal effect

Convex Optimization

Least-squares Linear Program
1800s (LP) 1939

Quadratic Program (QP) 1956

Second-Order Cone Program
(SOCP)1994

Semi-Definite Program
(SDP) 1994

ery few applications in this class




THANK YOU!
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