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Fig. 1. (color online) The quantum coherence Cy of maximally coherent state under the incoherent operations (the red
curve depicts the quantum coherence before incoherent operations, the blue curve represents the quantum coherence after

incoherent operations where post-selection is enabled): (a) Parameters of incoherent operations, t3 =t4 =t5 =t = 1/ V6,

ta = 1/1/3 — t3; (b) parameters of incoherent operations, to = t4 = t5 = tg = 1/v/6,t3 = /1/3 — t3.
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Fig. 2. (color online) The quantum coherence Cy of pP = 1%;0[ + §(|0) +|1) +12))({0] + (1] + (2|) under the incoherent
operations (the green surface shows the quantum coherence before incoherent operations, The blue surface the quantum
coherence after incoherent operations where post-selection is enabled): (a) Parameters of incoherent operations: to = t4 =
ts =t6 = 1/v6, t3 = 1/1/3 — t%; (b) parameters of incoherent operations: to =t4 =t5 =t = 0,t3 = 1/1 — t%.
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Fig. 3. (color online) The blue curve depicts quantum
coherence Cw of pP, the red curve represents the [

norm coherence of pP.
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Abstract
Quantum coherence is an essential ingredient in quantum information processing and plays an important role in
quantum computation. Therefore, it is a hot issue about how to quantify the coherence of quantum states in theoretical
framework. The coherence effect of a state is usually described by the off-diagonal elements of its density matrix
with respect to a particular reference basis. Recently, based on the established notions from quantitative theory of

521 1In the theory framework, a proper

entanglement, a resource theory of coherence quantification has been proposed[
measure of coherence should satisfy three criteria: the coherence should be zero for all incoherent state; the coherence
should not increase under mixing quantum states; the coherence should not increase under incoherent operations. Then, a
number of coherence measures have been suggested, such as 1 norm of coherence and the relative entropy of coherence (21,
Wigner function is known as an important tool to study the non-classical property of quantum states for continuous-
variable quantum systems. It has been generalized to finite-dimensional Hilbert spaces, and named as discrete Wigner

[O=16] " The magic property of quantum states, which promotes stabilizer computation to universal quantum

function
computation, can be generally measured by the absolute sum of the negative items (negativity sum) in the discrete
Wigner function of the observed quantum states. In this paper we investigate quantum coherence from the view of
discrete Wigner function. From the definition of the discrete Wigner function of the quantum systems with odd prime
dimensions, for a given density matrix we analyze in phase space the performance of its diagonal and off-diagonal items.
We find that, the discrete Wigner function of a quantum state contains two aspects: the true quantum coherence and the
classical mixture, where the part of classical mixture can be excluded by only considering the discrete Wigner function of
the diagonal items of the density matrix. Thus, we propose a possible measure method for quantum coherence from the
discrete Wigner function of the off-diagonal items of the density matrix. We show that the proposed measure method
satisfies the criteria (C1) and (C2) of coherence measure perfectly. For the criteria (C3), we give a numerical proof in
three-dimensional quantum system. Meanwhile, we compare the proposed coherence measure with {; norm coherence,
and get an inequality relationship between them. Finally, an inequality is obtained to discuss the relation between
quantum coherence and the negativity sum of discrete Wigner function, which shows that the quantum coherence is only

necessary but not sufficient for quantum computation speed-up.
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