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Fig. 1. Schematic illustration of teleporting the Werner
state via the graphene-based quantum channels under the
dephasing environment: (a) Lattice geometry of the special
graphene nanoribbon (SGNR) used to form quantum chan-
nels. The ribbon length (L) and width (W) are character-
ized by the number of hexagons along the armchair and zig-
zag direction, respectively. The red and blue particles de-
note a pair of spins with the antiferromagnetic coupling,
which serve as physical qubits to support quantum chan-
nels. (b) Schematic illustration of teleporting the Werner
state. The black particles (1, 2) are physical qubits used to
prepare the Werner state. The physical qubits of quantum
channels are supported by two pairs of the entangled spins
(3, 5) and (4, 6) in two same SGNRs, respectively.
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Table 1.

measurements performed by Alice and the unitary

Sixteen possible results of joint Bell-state

operations performed by Bob according to each
measurement result for restoring the Werner state.
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Fig. 2. Concurrence Cfﬁm for the channel state pfﬁ‘a

p: (a) U=2.0¢eV; (b) U=35eV;(c) U=45eV;(d) U=6.0eV.

in the dephasing environment as a function of temperature 7 and probability
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Fig. 4. Concurrence Cgfta for the output state pgll}f‘ under the dephasing channel as a function of parameter b and probability p:

(a) T=5Kand U=35¢eV; (b) T=5Kand U=6.0eV; (¢) T=10Kand U=3.5¢V; (d) T=10K and U= 6.0 eV.
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Fig. 5. Fidelity F(pin, pgﬂf) for the output state pgﬂf under the dephasing channel as a function of parameter b and probability p:

(a) T=5Kand U=35¢eV; (b) T=5Kand U=6.0¢eV; (¢) T=10K and U=35¢V; (d) T=10 K and U= 6.0 eV.
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Fig. 6. Average fidelity Fa(pim, pgl'}f*) of the output state under the dephasing channel as a function of probability p and temperat-
ure T: (a) U=2.0eV; (b) U=35¢eV;(c) U=45¢eV; (d) U=6.0eV.
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Abstract

The teleportation of Werner state in the graphene-based quantum channels under the dephasing

environment is studied through the effective low-energy theory in this paper. The results show that the output

entanglement normally reaches a higher level as the input entanglement increases, while the performance of the

corresponding fidelity is opposite. Given the input state, the greater entanglement in the quantum channel can

provide the higher-quality output state. For graphene-based quantum channels, the low temperature and weak

Coulomb repulsive potential can decelerate the attenuation of entanglement resources in the dephasing

environment. Moreover, when the temperature is lower than 40 K and the coulomb repulsive potential between

electrons is less than 6 eV, the average fidelity of the output state reaches more than 80%. These results

indicate that graphene has potential applications in quantum information.
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