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Theoretical studies of magnetic impurity effects in Dirac electron systems
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We have introduced a numerical technique to study the general impurity problems
using the density-matrix renormalization group method. The method has been applied to the effective
models for (a) a single adatom on graphene, (b) a substitutional impurity in graphene, and (c) a single
carbon vacancy in graphene. We have found that the ground state of the model (i) behaves as an isolated
magnetic impurity in a parameter region, while the ground state of the other two models forms a
spin-singlet state where the impurity moment is screened by the conduction electrons. We have also
established the ground state phase diagram for model (a) in a wide parameter region including the
particle-hole asymmetric case, and we have clarified the relation between the impurity quantum phase
transition and the entanglement spectrum for the ground state in this system.
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(a) half-side hydrogenated graphene
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(b) non-interacting case (c) interacting case
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