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Fig. 2. Control sequences for various operation modes of the magnetometer and corresponding sensitivities to
magnetic fields (191, (a) ESR pulse sequences for magnetometry, where x and y indicate the linear polarization
of the ESR pulse in the laboratory frame. Left: Ramsey pulse sequence for d.c.-field measurement. Middle:
Echo-based pulse sequence for a.c. magnetometry. Right: CPMG-based pulse sequence for improved a.c.

magnetometry, where ng is the number of repetitions of the paired 7 pulses. (b) d.c. and a.c. sensitivity to

magnetic fields for a single nitrogen-vacancy centre as a function of signal frequency, v.
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Fig. 3. Resonance spectrum measurement by NV center: (a) Nuclear magnetic resonance spectrum of hydrogen

nucleus in a liquid sample (immersion oil), a deuterated solid ( 2H PMMA), and a protonated solid sample ( 1H

PMMA, green squares) [2]; (b) high-resolution spectrum [2]; (c) electron spin resonance spectrum of a spin label in

a protein [3]; (d) Electron spin resonance spectrum of liquid and solid protein ensemble with a spin label (31,
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scaning by diamond nanocrystal attached to a cantilever; (d) image of scaning a magnetic particle.
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Fig. 5. Imaging stray field of a magnetic vortex (351 (a), (b) Stray field image with different NV directions and
distances; (c), (d) corresponding simulations of stray field. Magnetic vortex is one kind of chiral magnetic structure,

and has important value in many study fields such as spin dynamics and magnetic storage instrument.
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Fig. 6. Stray field and magnetization distribution of the skyrmion [40]: (a) z-component of the stray field from measured
data; (b) simulated map of z-component of the stray field in both the Néel and the Bloch assumption; (c) cuts along the z =
xo and y = yo lines shown in (b) (solid lines) and comparison with experimental data in (a) (markers); (d), (e) magnetization
distribution obtained in the Néel and the Bloch assumption, respectively; (f) comparison between the reconstructed local

magnetization in the Bloch assumption at two different bias fields.
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Abstract

Magnetic field measurement and imaging with nanometer resolution is a key tool in the study of magnetism.
There have been several powerful techniques such as superconducting quantum interference device, hall sensor, electron
microscopy, magnetic force microscopy and spin polarized scanning tunneling microscopy. However, they either have poor
sensitivity or resolution, or need severe environment of cryogenic temperature or vacuum. The nitrogen-vacancy color
center (NV center) in diamond, serving as a quantum magnetic sensor, has great advantages such as long decoherence
time, atomic size, and ambient working conditions. The NV center consists of a substitutional nitrogen atom and an
adjacent vacancy in diamond. Its electronic structure of ground state is a spin triplet. The spin state can be initialized
to ms = 0 state and read out by laser pulse, and coherently manipulated by microwave pulse. It is sensitive to the
magnetic field by measuring the magnetic Zeeman splitting or quantum phase in quantum interferometer strategies. By
using dynamical decoupling sequence to prolong the decoherence time, the sensitivities approach to nano tesla for a
single NV center and pico tesla for the NV center ensemble, respectively. As a sensor with an atomic size, it reaches
single-nuclear-spin sensitivity and sub-nanometer spatial resolution. Combining with scanning microscopy technology, it
can accomplish high-sensitivity and high-resolution magnetic field imaging so that the stray field can be reconstructed
quantitatively. The magnetic field is calculated from the two resonant frequencies by solving the Hamiltonian of NV
center in order to obtain the value of stray field. Recently, this novel magnetic imaging technique has revealed the
magnetization structures of many important objects in magnetism research. The polarity and chirality of magnetic
vortex core are determined by imaging its stray field; laser induced domain wall hopping is observed quantitatively with
a nanoscale resolution; non-linear antimagnetic order is imaged in real space by NV center. It was recently reported that
magnetization of the magnetic skyrmion is imaged by NV center. The magnetization distribution is reconstructed from
stray field imaging. With the topological number limited to one, the Néel type magnetization is uniquely determined.
These results show that the magnetic imaging method has great advantages to resolve the emerging magnetic structure
materials. The magnetic imaging technology based on the NV center will potentially become an important method to
study magnetic materials under continuous development.

Keywords: nitrogen-vacancy color center, quantum measurement, magnetic sensing, magnetic imaging
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