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Reconstructing low-rank density matrix via matrix completion

WEI Xian
Faculty of Science, Taiyuan Institute of Technology, Shanxi 030008, China

Abstract; The problem of reconstructing low—rank or approximately low—rank matrix from the limited infor-
mation is getting people’s attention and solving this problem is well known as matrix completion. For the pure
or nearly pure quantum state (ie. low entropy state) in a Hilbert space, the density matrix is low-rank and
has trace 1. This paper is concerned with applying matrix completion theory to the unknown density matrix
recovery which is from Pauli measurements. The singular value thresholding (SVT) algorithm was utilized to
numerical simulation by Matlab software programs. And its soft—thresholding rule was used to singular values
of the unknown state density matrix. The threshold iteration was conducted by SVT algorithm through comput-
er programming until a stopping criteria was reached, which could greatly improve the run rate. We took the
density matrix from Pauli measurements for example because of the convenience on getting the tensor product
structure based on Pauli matrices in experiment. The effect of matrix reconstruction was studied in the case of
sampling a small number of entries from the matrix. We conclude that the density matrix can be reconstructed
successfully by studying the aspects of reconstruction error, run—time and sampling rate.

Keywords: matrix completion; density matrix; low-rank; quantum state tomography
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