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Abstract Quantum information masking, an emerging concept in quantum information processing, refers to the
complete quantum information transfer from a single quantum carrier to the correlations of multiple quantum
carriers, so that any single carrier no longer contains any information of the pre-masked state. Quantum information
masking has applications in the fields such as qubit commitment and secret sharing; however, similar to operations
like the cloning, broadcasting, and hiding of quantum states, masking of quantum information cannot be
accomplished with a universal bipartite isometry. We will provide a systematical introduction of recent progress
about quantum information masking: firstly, we will describe the geometric characteristics of the maskable set,
discuss the realization of the masking operation, its information-theoretical implication and its relationship with
quantum error correction; secondly, we will present the experimental realizations of quantum information masking,
expound the feasibility of quantum information masking in complex systems such as high-dimensional systems, and
demonstrate its application in quantum secret sharing and noise-resilient quantum communication.
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Fig. 1 Conceptual art of quantum information masking.
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Fig. 2 Circuit realizing quantum information masking. (a) A quantum controlled-NOT gate can realize bipartite quantum

information masking in the limited qubit state space. Top: symbol of the quantum controlled-NOT gate in quantum

circuit. Bottom: each state on a disk in the Bloch sphere corresponds to a maximum masking set; (b) realization of

quadpartite and tripartite masking of high-dimensional quantum information; the composition is derived from

reference [31]. "8"-shaped connection between the lines indicates that the corresponding bipartite subsystem is

maximally entangled
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Fig. 3 Experimental configuration of quantum information masking based on two-photon interference™ . BBO:

beta barium borate (nonlinear crystal); HWP: half-wave plate; QWP: quarter-wave plate; PBS: polarizing beam splitter
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Fig. 4 Experimental results of quantum information masking using two-photon interference™” .

(a) A qubit maskable disk

represented on the Bloch sphere. The data points are {ive quantum states on the maskable disk and the recovered

state from masking, deduced by numerically invert the masking isometry; (b) marginal states of the five data points

after masking almost completely overlap; the inset quantifies the trace distance between the experimental results and

the theoretical predictions of the marginal states; (c¢) (d) bipartite density matrix after masking p, and p, inferred

from quantum state tomography. The dashed boxes show the theoretical predictions
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Fig. 5 Zero volume measure of the qubit maskable set

[25]

. Each subfigure shows the trace distance between one of the

reduced density matrix of the output state after masking and the reduced density matrix of the masked reference state

when the input state deviates from the reference state on different latitudes along a parallel or a meridian. A trace

distance of 0 indicates the success of masking. Under this experimental configuration, the maskable disks are

encircled by the line of constant latitudes on the Bloch sphere. The error bars show the standard deviations deduced

from the photon counting statistics, and the solid curves depict the theoretical predictions
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[26]

BD: calcite crystal optical beam splitter; SPCM: single photon counting module
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Fig. 8 Quantum secret sharing using quantum information masking. (a) Conceptual art of quantum secret sharing

[25] .

Three receivers use their corresponding marginal state to reconstruct the masked quantum state. (b) schematic plot

of quantum secret sharing and image transmission through quantum information masking. Each receiver can use its

own marginal state to fix the location of quantum state on a disk in the Bloch sphere, so three receivers can

completely determine the position of the quantum state in the Bloch sphere after comparing their information.

Moreover, the Bloch sphere and the color space are isomorphic establishing the one-to-one correspondence between

the qubit states and all possible colors. (¢) result of image transmission using quantum secret sharing. The left and

right panels are the original and reconstruction image after transmission using quantum information masking
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