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Abstract: We succeeded to generate and manipulate any arbitrary quantum state with 

polarized microwaves across a crossed wire over an electron spin and a nuclear spin in 

nitrogen-vacancy center in diamond. We achieved manipulation fidelity over 80% for both. 

 

1. Introduction 

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 ±1 subspace of a spin-1 system of an electron 

and a nuclear spin as qubits under a zero magnetic field, arbitrary manipulation of these degenerate qubits 

cannot be performed by using linearly polarized microwaves or radiowaves, which are generated by the 

conventional a single wire or a strip line. Here we show that we can manipulate the degenerate qubits with 

polarized microwaves or radiowaves, respectively, instead of energy gaps of two spin sublevels with utilizing 

the geometric nature of those spins. 

 

2.  Experimental setups 

We used a native NV center in a high-purity type-IIa chemical-vapor-deposition grown bulk diamond with a 

<001> crystal orientation (electronic grade from Element Six) without any electron-beam dose or annealing. 

A negatively charged NV center located at about 30 m below the surface was found using a confocal laser 

microscope. Two nearly perpendicularly crossed copper wires of 25-m in diameter mechanically attached to 

the surface of the diamond were used to apply microwaves and radiowaves for the optically detected magnetic 

resonance (ODMR) measurement (Fig. 1). An external magnetic field to the NV axis was applied to 

compensate the geomagnetic field of about 0.045 mT using a permanent magnet. Careful orientation of the 

magnet was conducted with monitoring of the ODMR spectrum within 0.1 MHz. All experiments were 

performed at room temperature. 

   The spin sublevels ±1 of spin-1 electron and 14N nuclear spins in an NV center completely degenerate 

under a zero magnetic field. We first initialize those spin states into ms=0 and mI=0 states. We then apply a 

polarized microwave for the electron spin or a polarized radiowave for the nuclear spin, respectively, with 

using the crossed wires to prepare the corresponding logical qubit state in the ±1 subspace. We then apply 

another microwave or radiowave to add a geometric phase induced by a cyclic rotation of the bight state 

corresponding to the polarization via the ms=0 or mI=0 states as ancillary states. This allows any arbitrary axis 

rotation of the degenerate logical qubits with properly selected polarization. We finally perform quantum state 

tomography and quantum process tomography using the bright state projection technique [4]. 

 

3.  Experimental results 

We succeeded to generate arbitrary quantum states of an electron and a nuclear spin and manipulate them 

geometrically with a polarized microwave and radiowave, respectively, using crossed wires. We achieved 

manipulation fidelities of as high as 86% for an electron spin and 93% for a nuclear spin in average based on 

the quantum state tomography (not shown). Further detailed analysis using the process tomography indicates 

that the X-axis rotation has the fidelity of 82% and 97% for respectively the electron and nuclear spins (Fig. 

2). 
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Fig.2. Experimental results showing the fidelity of the electron spin and nuclear spin rotation. 

Fig.1. Experimental configuration showing the crossed wire and nitrogen-vacancy center in diamond 


