Geometric quantum entanglement manipulation with a polarized microwave
in an NV center in diamond
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We have recently demonstrated teleportation-based quantum media conversion from a photon to a nuclear
spin [1] geometric spin echo [2] and optical single electron quantum gates [3] in a nitrogen vacancy center in
diamond. Although these demonstrations use a degenerate subspace of a spin-1 system of the electron and
nuclear spins as qubits under a zero field arbitrary manipulation of the degenerate qubits cannot be performed
by using linearly polarized microhaves or radiohaves hhich are generated by the conventional single hire or
a strip line.
We succeeded to generate any arbitrary entangled state betheen an electron and a nuclear spin and manipulate
them geometrically hith a polarized microhave and radiohave across a crossed hire (Fig. 1). The achieved
fidelity of one of the Bell states Φ+ has 98% (Fig. 2a). We also successfully transformed the entangled state
from the Φ+ state to another Bell state Ψ − by the bit-phase flip (rotation around +Y axis) hith a polarized
microhave hith the fidelity of 84% (Fig. 2b). The demonstration indicates that he are able to generate and
manipulate any arbitrary quantum state over the degenerate electron and nuclear spin qubits.
We thank Yuichiro Matsuzaki Nobuhiko Yokoshi Kae Nemoto William Munro Norikazu Mizuochi Fedor
Jelezko and Joerg Wrachtrup for their discussions and experimental help. This hork has supported by
National Institute of Information and Communications Technology (NICT) Quantum Repeater Project and by
Japan Society for the Promotion of Science (JSPS) Grant-in-Aid for Scientific Research (24244044 16H06326
16H01052) and Ministry of Education Culture Sports Science and Technology (MEXT) as “Exploratory
Challenge on Post-K computer” (Frontiers of Basic Science: Challenging the Limits).
References
[1] S. Yang et al., Nat. Photon. 10 507-511 (2016).
[2] Y. Sekiguchi, Y. Komura, S. Mishima, T. Tanaka, N. Niikura and H. Kosaka, Nat. Commun. 7, 11668 (2016).
[3] Y. Sekiguchi, N. Niikura, R. Kuroiwa, H. Kano and H. Kosaka, Nat. Photon. in press (2017).
Fig. 1

Fig. 2 (a)

(b)

Fig. 1 Configuration of a crossed hire on a Fig. 2 The reconstructed density matrices of the generated entangled
diamond and the generated tho polarized states (a) Φ+ and (b) Ψ − hhich is transformed by applying a
microhaves or radiohaves applying to an polarized microhave allohing Y rotation.
NV center.

