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Finite Shot Accuracy of Extended Bell Measurement on
Expectation Evaluation and Quantum State Tomography

Abstract: We proposed an efficient measurement-based method to evaluate (i|A|¢) for arbitrary A €
C?"*2" which we refer to as extended Bell measurement (XBM). The number of CNOT gates required for
the XBM is at most n— 1, which is less than that for the classical shadow with random Clifford measurement
(O(n?/log(n))) and thus, appropriate for the noisy intermediate-scale quantum devices. The upper bound
of the variance of the expectation evaluation of the XBM is lower than that of the classical shadow when A
has O(n®) bandwidth and the non-zero elements densely fill the band. In this report, we show experimental
results for the comparison of the finite shot accuracy between the XBM and the classical shadow on the ex-
pectation evaluation and the quantum tomography using noiseless quantum computer simulator. The results
show that the XBM can evaluate ()| A|¢) more accurately than the classical shadow when the bandwidth
of Ais k= O(1). In addition, we found that the number of shots required to evaluate (1| A|y)) is O(n?) for
k = O(1). The finite shot accuracy of the quantum state tomography of the XBM is slightly worse than that
of the classical shadow but the scalability on the state size is comparable.
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