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Fig. 1. (color online) Optimal coding capacity x1 as a function of anisotropic coupling parameter A and
time t with J = 1 and v = 0.1 for different initial states: (a) a = b= +/2/2; (b) a = /3/2,b=1/2; (c) a = 1,

b=0.
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Fig. 2. (color online) Optimal coding capacity x2 versus z-component parameter of DM interaction D, and
time ¢ with J = 1 and ~ = 0.1 for different initial states: (a) c=1,d = 0; (b) ¢ = d = v/2/2; (c) ¢ = v/3/2,
d =1/2; (d) the given two-dimensional figure of panel (c).
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3 1

[1h2(0)) = % 01) + 5 [10) with J =1 and D = 1.
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Fig. 4. (color online) Optimal coding capacity x ver-
sus y-component parameter of DM interaction Dy and
time ¢ with J' =1 and « = 0.1.
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Fig. 5. (color online) Optimal coding capacity x} ver-
sus intrinsic decoherence rate y and time ¢t with J' = 1
and Dy = 1.
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Effects of Dzyaloshinskii-Moriya interaction and intrinsic
decoherence on quantum dense coding via a two-qubit
Heisenberg spin system”
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Abstract

By solving the Milburn equation, we investigate the properties of optimal channel capacity for the quantum dense
coding via a two-qubit Heisenberg spin system with Dzyaloshinskii-Moriya (DM) interaction in the presence of intrinsic
decoherence. The influences of different DM interactions, different initial states, anisotropic coupling parameters, and
intrinsic decoherence on optimal coding capacity are analyzed in detail. It is found that the initial state of the system
affects optimal coding capacity greatly, whose dependent parameters are not identical for different types of initial states.
When the system is initially in the form of the nonmaximally entangled state ¢|01) + d|10), a weak z-component DM
interaction can enhance the value of optimal coding capacity as compared with the value without DM interaction, and
the phase decoherence effect can suppress the oscillation of optimal coding capacity and make the capacity decrease to
a stable value for the long-time evolution. It is also found that under the influence of intrinsic decoherence, the optimal
transmission capacity of dense coding can keep an ideal maximal value of 2 by choosing the proper initial maximally
entangled state. Moreover, no matter from which direction the DM interaction is introduced, the optimal coding capacity

via the two-qubit Heisenberg spin system is always larger than the transmission capacity of any classical communication.

Keywords: Heisenberg model, Dzyaloshinskii-Moriya interaction, intrinsic decoherence, optimal coding
capacity
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